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Motor vehicle activity is growing and air quality is deteriorating rapidly in Indian and other 

less-industrialized country cities. The contribution of transport to air pollution is increasing. 

Motorized two-wheeled (MZW) vehicles, mainly powered by two-stroke engines, account for 

a significant proportion of motor vehicle activity and emissions. These issues are important 

because, in addition to local health and welfare impacts, they have important implications for 

energy securhy, acidification and climate change. The challenge in terms of M2W vehicles is 

to address their emissions while rninimizing adverse policy impacts for vehicle users, since 

these vehicles provide mobility to millions. 

The dissertation illuminates key aspects of the M2W vehicle air pollution problem, and 

reports on policy-relevant research related to M2W vehicte emissions in Delhi. It investigates 

contributory factors and the institutional setting, and explores the policy implications of 

critical vehicle user choices and perspectives. The dissertation proposes an analytic framework 

for effective policy-making and implementation, and multiple objectives and measures to 

characterize the impacts of policy alternatives. 

Information sources include published and unpublished literature on various aspects of the 

problem, discussions with decision makers, industry representatives and researchers, and a 

questionnaire survey of?, and in-depth i n t e ~ e w s  with, M2W veillcle users. 

The dissertation demonstrates the importance of considering system-wide emissions due to 

vehicle activity, technology-human behaviour-political institution interactions, in-use realities 

and institutional constraints, and implementation issues including how vehicle users are 

affected by and respond to policies. In addition to these issues, the policy-analytic fktrnework 

incorporates a wide range of poiicy impacts, and the concems of various actors and aEected 

groups, to address transport air pollution effectively and equitably over the long term. 

Tt is argued that policy-making and implernentation should be adaptive and flexible, and 

prornote continual learning, for policy effectiveness. While considering implementation issues 

wili lead to robust policies, policies that rninimize reliance on expensive technologies and 

institutional mechanisms, and that are impervious to in-use realities and constraints, should be 

hplemented. Since technological measures can be neutralized over tirne, and given multiple 



transport impacts and constrained resources, the a h  should be to achieve transport synergies, 

in addition to improving air quality. 

Keywords: Urban Transport, Air Quality, Less-Industriaiized Countries, Motorized two- 

wheeied vehicles, Poiicy Making and Impiementation, Human Dimensions, Multiple 

Objectives. 



TABLE OF CONTENTS 

Abstract 

Table of Contents 

List of Tables 

List of Figures 

G l o s s q  

Dedication 

Acknowledgrnents 

CHAPTER 1 

CHAPTER II 

.......................................................................... Introduction 

............ 1.1 Background, and the Public Policy Challenge 
........................... 1 -2 Research Objectives and Approach 

..................................... 1.2.1 Contributory Factors 
................................ 1.2.2 The Institutional Setting 

........................... 1 -2 -3 Policy- Analytic Framework 
.......... 1.2.4 Vehicle User Choices and Perspectives 

............................. 1 -2.5 Multiple Policy Objectives 
1.3 Level of Analysis ...................................................... 
1.4 Methodology .............................. .-. ........................ 

........................................... 1.5 Structure of Dissertation 

The Transport Air Pollution Problem in Delhi. India ............. 

2.1 Introduction .............................................................. 
2.2 Urbanization and Motor Vehicle Activity in Delhi ..... 
2.3 Air Pollution and Health Effects in Delhi ................... 

..................................... 2.3.1 Air Pollution in Delhi 
........... 2 -3 -2 Air Pollutants and their Health Effects 

2.3 -3 Studies Linking Air Pollution and 
.............. Health and Econornic Costs in Delhi 

2.4 The Role of Transport in Delhi's Air Pollution .......... 
2.5 Delhi's Motor Vehicle Activity and Air Pollution 

in a Wider Context ................................................... 
2.5.1 Motor Vehicle Activity and Urban Air 

.................. Pollution in India and Other LICs 
2.5.2 Transport, Energy Security and 

............................................. Clirnate Change 



2.5.3 Regional Acidification and Tropospheric 
Ozone ........................................................... 

2.5.4 Other Impacts of Motor Vehicle Activity 
and Urbanization ........................................... 

2.6 Summary and Conclusions ........................................ 

CHAPTER III Transport Air Pollution In India: 
A Discussion Of Contributory Factors .................................. 

3.1 Introduction .............................................................. 
3 -2 Methodology ..................... , .................................... 
3.3 Factors Contributing to Motorized Two-wheeled 

Vehicle Air Pollutant Emissions in the 
Indian Context .......................................................... 
3.3.1 Vehicle Technology ....................................... 
3 -3.2 Vehicle Operation, Maintenance, 

and Disposal ................................................. 
........ 3 -3 -3 Ineffective Monitoring and Edorcement 

3.3 -4 Congestion, and Road Availability and 
Condition ...................................................... 

.................... 3.3 -5 Fuel and Lubncating Oil Quality 
............ 3.3 -6 Fuel and Oil Pricing and Adulteration 

.................................. 3 -3 -7 Motor Vehicle Activity 
..................... 3 -3.8 The Role of Governent Policy 

3 -4 Conclusions .............................................................. 

CKAPTER IV Transport Air Pollution in India: 
A Discussion of the Institutional Setting ............................... 

4.1 Introduction ................. ...,. . ..... .................................. 
4.1.1 The Urban Challenge in Asian LICs, 

.............. and the Role of Institutional Factors 
..................... 4.1.2 Chapter Objectives and Outline 

4.2 MethodoIogy ............................................................ 
............................. 4.3 Actors, Responsibilities and Roles 

4.4 Institutional Constraints ............................................ 
4.5 Policy-Making and Implementation: 

Actors' Interactions . ....................................... .......... 
4.5.1 Vehicle Emission Standards 

..................... and Fuel Quality Improvements 
4.5.2 In-use Vehicle Emissions Monitoring 

and Control ................................................... 
......................................... 4.5.3 Vehicle Scrappage 

4.5 -4 Public Interest Litigation and 
........................................ the Supreme Court 



..................................... 4.5.5 NGOs and the Media 
4.6 Conclusions .............................................................. 

CHAPTER V A Policy Analytic Frarnework For Prevention And Control 
Of Au Pollutant Emissions From Motorized Two-wheeled 
Vehicles In The Indian Context ......................... ... ............. 

Introduction .............................................................. 
Methodology ............................................................ 
Critena for Good Policy Analysis .............................. 
5.3.1 Important Contextuid Characteristics ............. 
Applying Systematic and Value-Focused 
Thinking to Motorized Two-wheeled Vehicle 
Air Pollution in the Indian Context ............................ 
5.4.1 Pnoritizing Air Pollution Impacts 

and Air Po tlutants ...................... .-. ............. 
5.4.2 Priontinng Motorized Two-wheeled 

.......... Vehicle and Transport System Sources 
5 .4.3 Policy Options .............................................. 
Analytical Frarnework for Evaluating Policies 
Targeted at Motorized Two-wheeled Vehicle 
Air Pollutant Emissions in the Indian Context ............ 
5 -5.1 Determination of Motor Vehicle Activity 

and Emissions ............................................... 
5.5.2 Determination and Valuation of 

Emissions Impacts ......................................... 
The Multiple-Objectives Approach ............................ 
Conclusions .............................................................. 

CHAPTER VI Motorized Two-wheefed Vehicfe User Choices And 
Perspectives: Implications For Air Pollution Prevention 

......................................................................... And Control 

6 . I Intraduction .............................................................. 
6.1.1 Rationale and Objectives ............................... 
6.1.2 Research Questions ....................................... 

6 -2 Methodology ............................................................ 
6.2.1 Research Instruments ................................... 
6.2.2 Study Participants, Household 

.......... Characteristics and Vehicle Ownership 
6.2.3 Implementation of the Study .......................... 

...... 6.2.4 Analysis and Discussion of Study Results 
6.3 Results and Discussion ........................... ... ............ 

6.3.1 Factors Contnbuting to Choice 
of M2W Vehicle as Travel Mode ................... 





References 

Appendix I 

Appendix Il[ 

Appendix III 

Appendix IV 

Appendix V 

Appendix VI 

Appendix VI1 

Appendix VlD 

Appendix IX 

Appendix X 

Appendix XI 

8.8 Suggestions for Further Research .............................. 

Comparison of Indian National Arnbient Quality Standards 
(NAAQS) with WHO/US/CaMorria Ambient Air Quality 
Standards ............................................................................. 

Air Pollutants and their Health Effects .................................. 

........ Indian Motor Vehicular Emission Standards since 199 1 

Indian Motor Gasoline Specifications (Current and 
Proposed for 2000) . Cornparison of Key Characteristics ..... 

List of Interviewees in Govemment Agencies. 
Industry. and Research Institutions ....................................... 

Morrned Consent Form for Discussions with 
Government Decision Makers. Experts and 
Vehicle and Fuel Industry Representatives ............................ 

Proposed Rules for Vehicle ScrappagdPhase-out in Delhi .... 

M2W Vehicle User Survey Fnfonned Consent Form ............. 

M2W Vehicle User Survey Questionnaire ............................. 

M2W Vehicle User Interview Protocol ................................. 

M2W Vehicle User Survey Supplementary Questionnaire ..... 318 





LIST OF FIGURES 

Figure 2.1 
Figure 2.2 
Figure 2.3 

Figure 2.4 

Figure 2.5 

Figure 2.6 

Figure 2.7 
Figure 2.8 

Figure 2.9 

Figure 2.10 

Figure 2.1 1 

Figure 2.12 

Figure 2.13 

Figure 2.14 

Figure 2.1 5 
Figure 2.16 
Figure 2.17 

Figure 3.1 
Figure 3 -2 
Figure 3 -3 

Figure 4.1 

Figure 5.1 

Figure 5.2 

Figure 5.3 

Population Growth, Delhi Urban Area .................................. 
Motor Vehicle Growth in Delhi. 1971-1996 ......................... 
Population and Motor Vehicle Growth Rates 

.............................................................. in Delhi, 194 1-200 1 
Delhi's Motor Vehicles Compared to Other 
Major Indian Cîties, 1994 ..................................................... 
Annud Average Sulphur Dioxide Levels 

.............................................................. in Delhi, 1978-1996 
Annual Average Nitrogen Dioxide Levels 

.............................................................. in Delhi, 1978-1996 
Annual Average Particulate Levels in Delhi, 1978- 1996 ........ 
Peak 24-Hour Sulphur and Nitrogen Dioxide 
Levels at Various Sites in Delhi, 1994 .................................. 
Peak 24-Hour SPM Levels at Various Sites 
in Delhi, 1994 ....................................................................... 
8-Hour Mean and 1-Hour Maximum Ozone Levels 
in Delhi, 1997 ........................ ,, .......................................... 
Transport Share of Air Pollutant Ernissions in Delhi 
-Data fiom NEERI and CPCB, 1981-1996 ......................... 
Air Pollutant Emissions hventory 

............*.. ............................*.... for Delhi - CPCB, 1996 ....,,. 
Motor Vehicular Exhaust Ernissions in Delhi 
- Modal Shares .................................................................... 
Passenger Motor Vehicular VKM and PKM 
in Delhi - Modal Cornparison ............................................... 
Motor Vehicle Growth in India, 1961-1994 .......................... 
Petroleum Products Consumption in India, 1970-1 995 ......... 
Mechanical Mode Share Changes in Delhi, 1957-1994 .......... 

Door-to-door Joumey Times by DifFerent Modes in Delhi .... 
.............................. Factors Iduencing Transport Emissions 

Factors Influencing the Extent and Nature of 
......................................................... Motor Vehicle Activity 

Actors. Roles and Responsibilities ........................................ 

Percentage of Residential Households in Delhi Owning 
..................... At Least One M2W VehicIe. by Income Group 

Distribution of M2W Vehicle Owning Households and 
M2W Vehicle Trips by Household Incorne in 
Residential Households in Delhi ............................ .... ....... 
Distribution of Al1 Trips and M2W Vehicle Trips 

.................... by Residentid Households in Delhi. by Purpose 



Figure 5.4 

Figure 5.5 

Figure 5.6 

Figure 5.7 

Figure 6.1 
Figure 6.2 

Figure 6.3 
Figure 6.4 

Figure 6.5 

Figure 6.6 
Figure 6.7 
Figure 6.8 
Figure 6.9 
Figure 6.10 

Figure 6.1 1 

Figure 6.12 

Figure 6.13 

Figure 6.14 

Figure 6.1 5 

Figure 6.16 

Figure 6.17 

Figure 6.18 

Figure 6.19 
Figure 6.20 
Figure 6.2 1 
Figure 6.22 
Figure 6.23 

Distniution of Trips for AU Purposes and Work Trips 
by Mode in Residential Households in Delhi ......................... 
Percentage of Ali Trips and Work Trips Performed on 
M2W Vehicles by Residentid Households in Dehi, 
by Income Group ................................................................. 
Policy-Analytic Frarnework for Evaluating Policies 
Targeted at Motor Vehicle Emissions ................................... 
Anaiyticd Framework for Evaiuation of Policies 
Targeted at M2W Vehicle Air Pollutant Ernissions ............... 

Gender and Age Distribution of Participants ......................... 
Distribution of Participants by Household Size 
and Earners Per Household .................................................. 

................ Distribution of Participants by Household Incorne 
Distribution of Survey Households by Household 
Income in RITESIORG (1 994) ............................................. 
Distribution of Participants by Per Capita 
Household Income .................... ., ...................................... 
Participants' Journey-to-Work Trip Lengths ......................... 

...................... Participants' Opinions and Use of Bus Service 
Participants' Opinions and Use of Bicycle Cornmuthg .......... 
Participants' Involvement in Road Accidents ........................ 
Rating of Factors Inûuencing Choice of M2W Vehicle 
as Travel Mode .................................................................... 
Participants' Joumey Times for Work Trips 
-- M2W Vehicle versus Bus ............................................... 
Modes Used for Work and Education Trips 
by Participants and their Households ..................... ,.... .... 
Rating of Factors Infiuencing Choice of 
M2W Vehicle Mode1 ............................................................ 
Distribution of M2W Vehicle Types in 
Participants' Households .................................................... 
Annual Production of DifYerent M2W Vehicle Types 
in India, 1960-1995 .............................................................. 
Sales of Different M2W Vehicle Types 
in Delhi and India, 1980- 1995 ............................................... 
Frequency and Quantity of FueVOil Fills 
on Participants' Vehicles ...................................................... 
OiVFuel Ratios and 0i1 Purchase Mode 
Used by Participants ............................................................. 
M2W Vehicle Disposal Ages Planned by Participants ........... 
Minimum Acceptable Scrappage Penod ................................ 
Participants' Ranking of Policy Alternatives ......................... 
Rathg of Bus Service Improvernents .................................... 
Distribution of Trips by Distance in Delhi ............................. 



Figure 7.1 

xii 

Means-Ends Objectives Network . . . . . . . . . . . . . . . . . . . - - - -. . . . . . -. . . . . . . -. . . - 23 5 



GLOSSARY 

AIAM 

m s  
APM 
AQ 
ASRTU 
BaP 
BAU 
BC 
BIS 
CBA 
CE 
CFC 
CIRT 
CNG 
CoHB 
CoP 
COPD 
CPCB 
CRRI 
CSE 
cv 
DCB 
DDA 
DPCC 
DTC 
DUA 
ECE 
EPEFE 
ESCAP 
ES1 
FE 
FTP 
GEMS 
GNP 
Go1 
GVRD 
GVW 
HSU 
I&M 
IARC 
IDRC 
I1P 

Association of Indian Automobile Manufacturers, Mumbai and New De& 
India 
AU India Institute of Medical Sciences, New Delhi, India 
Admùiistered Pncing Mechanism 
Air QuaMy Improvement 
Association of State Road Transport Undertakhgs, New Delhi, India 
B enzo(a)p yrene 
Business-as-usual (scenario) 
British Columbia 
Bureau of Indian Standards, New Delhi, India 
Cost-benefit Analysis 
Cost-effectiveness 
Chlorofluorocarbons 
Central Institute of Road Transport, Pune, India 
Compressed Natural Gas 
Carboxyhaemoglobin 
Conforrnity of Production 
Chronic Obstructive Pulmonq Disease 
Central Pollution Control Board, New Delhi, India 
Central Road Research Institute, New Delhi, India 
Centre for Science and Environment, New Delhi, India 
Contingent Valuation 
Delhi Cantonment Board, New Delhi, India 
Dehi Development Authority, New Delhi, India 
Delhi Pollution Control Cornmittee, New Delhi, India 
D e h  Transport Corporation, New Delhi, India 
Delhi Urban Area 
Economic Commission for Europe 
European Programme on Emissions, Fuels, and Engine Technologies 
United Nations Economic and Social Commission for Asia and the PacZc 
Ernployees' State Insurance Corporation (India) 
Fuel Efficiency Improvement 
Federd Test Procedure (US) 
Global Environment Monitoring System 
Gross National Product 
Government of India 
Greater Vancouver Regional District 
Gross Vehide Weight 
Hartridge Smoke Unit 
Inspection and Maintenance 
International Agency for Research on Cancer, Lyon, France 
International Development Research Centre, Ottawa 
Indian Institute of Petroleum, Dehra Dun, India 



IIT Deihi 
INR 
IP 
ITO 
JNU 
JTW 
LCV 
LIC 
LPG 
M-O 
M2W 
M3 W 
MCD 
MoEF 
MoF 
MoH 
Mo1 
MoPNG 

MOST 
MQ 
MRTS 
MTBE 
NAAQM 
NAAQS 
NCR 
NCTD 
NDMC 
NEERI 
N O  
NMT 
OCC 
OECD 
ORG 
PAH 
personsiha 
PKM 
PM 
l'Pm 
PWC 
Q 
R&D 
RFG 
RITES 
RPM 

Indian Institute of Technology, Delhi, India 
hdian Rupee 
Interview Protocol 
Income Tax Office, New Delhi, India 
Jawaharld Nehru University, New Delhi, India 
Journey to Work 
Light Commercial Vehicle 
Less-industrialized country 
Liquefied Petroleum Gas 
Multiple-objectives 
Motorized two-wheeled (vehicle) 
Motorized three-wheeled (vehicle) 
MunicipaI Corporation of Dehi, Delhi, India 
Mïnistry of Environment and Forests, Government of India, New Delhi, India 
Ministry of Finance, Governrnent of India, New Delhi, India 
Ministry of Health, Government of India, New Delhi, India 
Ministry of Industty, Govemment of India, New Delhi, India 
Ministry of Petroleum and Natural Gas, Government of India, New Delhi, 
India 
Ministry of Environment and Forests, Government of India, New Delhi, India 
Survey Questionnaire 
Mass Rapid Transit System (New Delhi, India) 
Methyl tertiary-buty l ether 
National Ambient Air Quality Monitoring Programme (India) 
National Ambient Air Quality Standards (India) 
National Capital Region (India) 
Govenunent of the National Capital Territory of Deihi, New Defi, India 
New Delhi Municipal Corporation, New Delhi, India 
National Environmental Engineering Research Institut e, Nagpur, India 
Non-governmentai organization 
Non-motorized transport 
Oil Co-ordination C o d t t e e ,  Govemment of India, New Delhi, India 
Organization for Economic Cooperation and Developrnent 
Operations Research Group, Baroda, India 
Polycyclic Aromatic Hydrocarbons 
persons per hectare 
Passenger-kilometres 
Particulate Matter 
parts per million 
Pollution Under Control (Certificate) (New Dehi, India) 
Question 
Research and Development 
Refomlated Gasoline 
Rail India Technical and Economic Services Ltd., New Delhi 
Respirable Particulate Matter 



RVP 
SAE 
SOF 
SPM 
SQ 
TER1 
TSM 
TSP 
TVS 
UBC 
UNEP 
USEPA 
VKM 
VOC 
WHO 
WTAC 
WTP 

% vol. 
M/dI 
~g/m' 

Reid Vapour Pressure 
Society of Automotive Engineers (USA) 
Soluble Organic Fraction 
Suspended Particdate Matter 
Supplementary Questionnaire 
Tata Energy Research Institute, New Deihi, India 
Transport Systern Management 
Total Suspended Particulates 
T. V. Sundaram Iyengar Group of Cornpanies, India 
The University of British Columbia, Vancouver, BC 
United Nations Environment P r o g r m e  
United States Environmental Protection Agency 
Vehicle-kilometres 
Volatile Organic Compounds 
World Health Organization 
Willingness to Accept Compensation 
Wiliingness to Pay 

Percentage on a volume basis 
Micrograms per decilitre 
Micrograms per cubic metre 
micrornetre 
Degrees Celsius 
Ozone 
(Lubricant for) two-stroke spark-ignition air-cooled gasoline engines 
Cubic centimetres 
Candian Dollar 
Methane 
Carbon Monoxide 
Carbon Dioxide 
Unit of relative intensity of sound, using the A weighting network which 
discriminates against tow frequency sounds 
Grarns per kilometre 
Grams per litre 
Grams per cubic metre 
Gram per passenger-kilomtre 
Hydrocarbons 
Kilometre 
Kilometres per hour 
Kilometres per litre 
Kilopascal 
Milligrams per cubic metre 
Millilitre 
=trous Oxide 
Nanograms per cubic metre 



Nitorgen Dioxide 
N~trogen Oxides 
Hydroxyl radical 
Lead 
Suspended particulate matter of diameter 1 micrometre or l e s  
Suspended particulate matter of diameter 10 micrometres or less 
Suspended particulate matter of diameter 2.5 micrometres or less 
Sulp hur Dioxide 
Sulphur Oxides 
Temperature in degrees Celsius at which 90% of the fuel evaporates and is 
recovered in the distillation process 
United States Dollar 



To my parents 

Radha and Govind Badami 



Many persons heiped make this dissertation possible. To ali of them, 1 express rny deepest 
gratitude. 1 thank the following individuals in particular for their guidance, help, 
encouragement and support: 

Dr. T h  McDanieIs, School of Community and Regional Planning, UBC 
Dr. V. Setty Pendakur, School of Community and Regional Plarmhg, UBC 
Dr. Clyde Hextzman, Department of Health Care and Epidemiology, UBC 

Adiîya Badami and Anita Rau Badami 
Suman and Harish Badami, New Delhi 

Mr. T. M. Balaraman, Bajaj Auto Lirnited, Pune 
Dr. Kamal Bhattachatyya, Air Quality Department, GVRD 

Dr. Ranjan Bose, Tata Energy Research Institute, New Delhi 
Dr. T. Chandini, Ministry of Environment and Forests, Govemrnent of India, New Dehi 

Dr. Hadi Dowlatabadi, Carnegie Meiion University 
Keisuke Enokido, UBC Centre for Human Settlements 

Mr. Mahesh Gaur, Transportation Research and Injury Prevention Programme, IILT Delhi 
Dr. Prodipto Ghosh, Asian Development Bank, Manila 

Dr. H e q  Hightower, School of Comunity and Regiond Planning, UBC 
Dr. Thomas A. Hutton, School of Community and Regional Planning, UBC 

Mr. N. V. Iyer, Bajaj Auto Limited, Pune 
Dr. Rajive Kumar, Al1 India Institute of Medical Sciences, New Delhi 

Dr. MiSind Kandlikar, Carnegie Mellon University 
Dr. Ajay Mathur and colleagues, Tata Energy Research Institute, New Delhi 

Dr. Dinesh Mohan, Transportation Research and Injury Prevention Programme, IIT Delhi 
Mr. M. N. Muralikrishna and colleagues, TVS-Sumki Limited, Hosur 

My colleagues in the UBC Centre for Human Settlements 
Dr. R K. Pachauri, Tata Energy Research Institute, New Delhi 

Dr. Sudarsanam Padam, Central Institute of Road Transport, Pune 
Mr. N. R. Raje, Indian Oil Corporation R&D Centre, Faridabad 

Dr. A. T. K. Rau, h e d  Forces Research and Referral Hospital, New Delhi 
Mr. T. S. Reddy, Central Road Research Institute, New Delhi 

Mr. A. S. Subramanian, Tata Engineering and Locomotive Company Limited, Pune 
The participants in my vehicle user survey and interviews 

Dr. Geetam Tiwari, Transportation Research and Injury Prevention Programme, IIT Delhi 
Mr. Saurabh Yadav, IIT Delhi 

1 thank the foilowing institutions for their financial andor institutional support, andor 
hospitality : 

Centre for India and South Asia Research, Institute of Asian Research, UBC 
Centre for Integrated Study of the Human Dimensions of Global Change, Department of 

Engineering and Public Policy, Carnegie Mellon University 



International Development Research Centre 
Socid Sciences and Humanities Research Council 

Tata Energy Research Institute, New Deihi 
The University of British Columbia 

Transportation Research and Injury Prevention Programme, Indian Institute of Technology, 
Delhi 

UBC Centre for Human Settlements 



CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND, AND THE PUBLIC f OLICY CHALLENGE 

Global motor vehicle numbers and activity are growing rapidly. If present trends continue, the 

global motor vehicle fleet is Wrely to double fiom its 1990 level of around 700 million by 

2020. While the OECD countries account for the bulk of global motor vehicle activity, much 

of the growth will iïkely be concentrated in the less-industrialized countries (LICs), including 

in Asia. Motor vehicle numbers are doubling every 7-10 years in many Asian LICs. By 2040, 

rapidly hdustrialinng LICs could have as many vehicles as North America and Western 

Europe. An important characteristic of rnotor vehicle activity in Asian LICs is the 

predominance of motorized two-wheeled (MîW) vehicles (Fait et al 1992; Sathaye, Tyler and 

Goldman 1994; Walsh 1 99 1 a; Walsh 1994). 

Because of the concentration of motor vehicular and other energy-intensive activities in 

LIC megacities, air quality in these cities is detenorathg rapidly, and could soon rival Mexico 

City's, where levels of several air pollutants already exceed WHO limits by more than a factor 

of two. Further, because of the large populations of urban poor, who suffer from inadequate 

nutrition and lirnited medical care, significant health impacts ensue. The contribution of 

transport to air pollution in LIC cities is significant and growing (Brandon and Rarnankutty 

1993; CPCB 1995; CPCB 1996; CSE 1996; Faiz et al 1992; Romieu, Weitzenfeld and 

Finkelman 1 99 1 ; WHOKNEP 1 992). 

The trends in motor vehicle activity and urban air quality in the LICs are abundantly 

evident in India. India's motor vehicle fleet increased fiorn only 665,000 in 1961, and 5.4 

million as late as 198 1, to over 27 million in 1994. The fleet is ke ly  in the range of 40 million 

as of 2000. MZW vehicles are the most rapidly growing vehicle type in India, and represent 

around 67% of motor vehicles nationally. India arguably has the largest population of this 

vehicle type of any country. In the Indian capital, Delhi, motor vehicles grew 20% annually in 

the 1970s and 1980s, as against a population increase of 506% per annum. While motor 

vehicle numbers no longer appear to be increasing at the sarne pace, they are still growing at 

around 8% per annum. In 1996, around 2.6 miliion motor vehicles were registered in the city. 



Of these, about 1.7 million were M2W vehicles- If current trends persist, Delhi will likely have 

around 5.2 million motor vehicles by 2005. Around 3.4 millions of these will likely be M2W 

vehicles (AIAM 1994a; AIAM 1995; ASRTUKIRT 1997; Faiz et al 1992; Mohan et al 1997; 

TER1 1997; WHO/UNEP 1992). 

Air quality in Delhi is poor, and deteriorating. In particuiar, annual average suspended 

particulate (SPM) levels, which are strongly correlated with respiratory and cardiovascular 

diseases, have been routinely around five times the World Health Organization (WHO) 

guidehe Lunit since the 1980s. Daily average SPM levels exceed WHO limits almost every 

day, with peak levels as high as 6-10 times the WHO Limit at many sites. Daily average 

sulphur dioxide (S03 and nitrogen dioxide (NOù levels exceed WHO guideline Limits on 

several days of the year, at several sites. Ozone appears to be a major problem, especially in 

winter (CPCB 1995; CPCB 1996; CSE 1996; WHO/[TNEP 1992). 

The contribution of transport to air pollution is growing in Delhi, as in many other Indian 

and LIC cities (CPCB 1996; CSE 1996; Faiz et al 1992). Because M2W vehides are used 

intensively, and are for the most part powered by highly polluting two-stroke engines, these 

vehicles play an important role in transport air pollution, particularly on a passenger-kilometre 

basis (ASR'MJCIRT 1997; Bose 1996; CPCB 1997; GOESCAP 1991; IIP 1994; Shah and 

Nagpal 1997). 

The rapid growth in motor vehicle activity in Delhi and other LIC cities has important 

implications for local well-being, in terms of air poilution, road safety, land use, access and 

mobility, and other transport impacts. This growth also has implications for regional and 

global issues such as energy security, acidification and clirnate change. While the OECD 

countnes account for about two-thirds of global commercial energy consumption due to 

transport, their demand growth is expected to be flat or growing slowly. On the other hand, 

LIC transport energy demand, currently only around one-third that in the OECD, could 

increase as much as three times in as many decades. Transport already consumes around 45% 

of the world's oil, and is the fastest growing end-use category. India's and China's combined 

oil consumption accounts for 6.6% of the world's, but is increasing at 6.4% per annum, while 

world oil consumption is increasing at 1.5% per annum (Brandon and Ramankutty 1993; 

Flavin and Lenssen 199 1 ; GrUbler 1994; Holdren 1990; TERI 1997). 



Air poilution due to M2W and other rnotor vehicles, and more generally, transport- 

energy-environment linkages in India and other LICs, are therefore issues worthy of public 

policy attention. M2W vehicles play an important role in transport air pollution in Delhi and 

other Asian LIC cities, but they also provide mobiiity to millions who have few other 

attractive options (Sathaye, Tyler, and Goldman 1994). Thus, the public policy challenge in 

terms of M2W vehicle emissions is to address the problem while myiimiring adverse policy 

impacts for vehicle users. This challenge is made more daunting by the fact that transport air 

pollution is far more difEcult to control than stationary source emissions, because it is more 

complex in its causes and effects, and involves a large number and variety of motor vehicles 

(Faiz et al 1992), and the choices of millions of vehicle users. Finally, the institutionai setting 

for policy-making and implementation in the Indian and LIC contexts is characterized by 

serious technological, financial and administrative constraints (Author's survey and interviews 

1997; Brandon and Rarnankutty 1993; Douglass and Lee 1996; Faiz et al 1992; Hardoy, 

M i t h  and Satterthwaite 1992). 

It is this challenge that provides the rationaie for this dissertation, which focuses on policy 

analysis of air poliution due to M2W vehicles in Delhi. This focus is al1 the more relevant 

because the city's rapid growth in motor vehicle activity, particularly in terms of M2W 

vehicles, and its deteriorating air quality, are features shared by many other Indian and LIC 

cities. 

1.2 RESEARCH OBJECTIVES AND APPROACH 

This dissertation has two objectives. The first is to contribute to a more thorough 

understanding of, and to the academic policy analysis literature on, transport air pollution in 

the Indian and LIC contexts. The second objective is to inform policy-making and 

irnplementation for prevention and control of M2W vehicle air pollution in those contexts. 

The dissertation attempts to achieve these objectives by illuminating key aspects of the M2W 

vehicle air pollution problem, presenting an analytic fiamework for addressing the problem 

effectively, and reporting on policy-relevant research that the author conducted on M2W 

vehicle emissions in Deihi. 



The dissertation addresses the following specinc research questions: 

What are the technological, institutional, and vehicle user behavioural factors that 

contribute to  air pollution due to M2W vehicle activity in Delhi? 

What is the institutional setting for prevention and control of transport air poilution in the 

Indian context? Who are the actors and what are their roles, responsibilities and 

interactions in terms of policy-making and implernentation? What are the institutional 

barriers and constraints? What are the implications of al1 of the above for transport air 

pollution prevention and control in the Indian context? 

What is an appropriate analytic framework for thinking systematically about, and for 

enabling effective policy-making and implementation with regard to air pollution firom 

M2W vehicles, given the characteristics of the Indian context? 

What are the important vehicle user preferences, choices, and motivations that infiuence 

M2W vehicle activity and air pollution in Delhi? What are M2W vehicle user perspectives 

on various current, proposed and possible policies, in terms of how they would be afYected 

by and would respond to these policies? What measures would likely make these policies 

more attractive to users? What are the implications for policy-making and implementation, 

and how can policies be better designed in light of user preferences, choices and 

perspectives? 

What are appropriate objectives and rneasures on the basis of which to evaluate policies 

targeted at M2W vehicle emissions in the Indian context? In this regard, can tools 

employed with success in Western settings to clariQ and structure public policy problems 

be used to achieve similar ends when applied to a highly complex issue such as transport 

air pollution in the LIC context? 

What are the broader implications of this study for transport air pollution prevention and 

control, urban transport, and urban environmental policy and planning in India? 

The dissertation research focuses on M2W vehicles in Delhi, but aims to have relevance 

for transport air pollution generally in the Indian and LIC contexts. Following is a bnef 

introduction to the approaches used to answer the research questions, and their contribution 

to  fiilfilhg the dissertation objectives. 



1.2.1 Contributory Factors 

Transport air poilution is a complex and multi-dimensional problem. It is cntically important 

to ucderstand the various factors that contibute to the problem, in order to effectively 

address it. The dissertation analyses the factors that contribute to M2W vehicle air pollutant 

emissions in Delhi, and more generally, transport air poilution and energy consumption in 

India. This anaiysis can help idente  policy levers to target key contributory factors, and make 

transport emissions and energy consumpt ion measurement and modeling efforts more 

effective. 

The dissertation addresses proximate technologicai as well as underIying institutional 

contnbutory factors. Since transport air poliution is a fùnction of per-vehicle emissions as well 

as overall vehicle activity, factors that contnbute to both of these components of the problem 

are addressed. Further, the dissertation focuses on system-wide air pollution due to M2W 

vehicle activity, not merely vehicle exhaust pipe emissions. Also, it addresses important 

contextual characteristics that critically influence emissions in the Indian context. Thus, 

technological-curative as well as preventive alternatives may be identifïed to address the 

problem comprehensively and effectivety over the long term. 

1.2.2 The Znstiîutional Setrihg 

The dissertation cntically examines the institutional setting in relation to the transport air 

pollution problem in the Indian context. The actors whose roles, responsibilities and 

interactions are analyzed include key govemment agencies at the national and local levels, 

vehicle and fiel manufacturers, academic and research institutions, environmentai N o s ,  the 

courts and public interest litigators, and the media. This analysis can heIp identifjr criticai 

institutional barriers and constraints, and mechanisms to overcome them. 

The institutional setting is shown to be characterized by a multitude of actors with 

fiagmented, overlapping, and conflicting roles and responsibilities, and by restricted financial, 

technological, and administrative resources. Actors' interactions have been characterized by 

conflict. Many current and proposed policies have not been thoroughly considered, in tems of 

the institutional support mechanisms necessary for their success, or their long-term 

consequences. The result is that many policies are likeiy to be costly and burdensome, yet 



ineffective in addressing transport air pollution (Author's interviews 1997; CSE 1996; CSE 

1997). 

1.2.3 Policy AnaZyric Framework 

Given the institutional setting, an analytical fiamework is needed for systematic thinking and 

effective policy analysis and implementation with regard to transport air pollution in the Indian 

context. This dissertation attempts to fUlfiU this need, by building on similar attempts in the 

current literature (Faiz et al 1992; Carbajo 1993; Shah, Nagpal and Brandon 1997), and by 

addressing their shortcomings. 

A systematic methodology is proposed for estimating air poilutant emissions due to 

various policy alternatives. The rnethodology stresses the need to minimize system-wide 

ernissions due to M2W vehicle activity, over the long term. It takes into consideration 

important in-use realities, urban transport issues, the inter-dependence between modes and 

pollutants, and vicious circles and side-effects. Issues that are typicaily relegated to the policy 

hplementation phase are considered explicitly. So are data uncertainties and variabilities, 

based in part on informed expert judgments. 

Welfare economists suggest cost-benefit analysis (CBA) as an ideal methodology for 

comparing policy alternatives (Carbajo 1993; Pearce and Markandya in Faiz et al 1992). The 

dissertation argues that operationalking CBA would be problematic in the Indian context, 

because of the technical, conceptual and philosophical difficulties involved in the estimation 

and monetization of policy benefits. Instead, the fi-amework proposes cost-effectiveness as a 

basis for estimating and valuing emissions impacts due to policy alternatives, with individual 

pollutants weighted to reflect their contributions to health, environmental and other impacts of 

concern. Further, because each policy can potentialIy have transport impacts other than those 

related to air pollution, and a range of cost and welfare impacts for different actors and 

groups, the fiamework proposes, based on the work of Edwards and von Winterfeldt (1987), 

Hobbs and Hom (1997), Keeney (1982, 1988% 1988b, 1990, 1992), Keeney, von Witerfeldt 

and Eppel(1990) and Keeney and McDaniels (1 Wî), that policy alternatives be evaluated in 

terms of multiple objectives reflecting these impacts and the diverse interests and concerns of 

various actors and afEected groups. 



1-2.4 Vehicle User Choices and Perspectives 

Transport air pollution inevitably involves technological issues. At the same t h e ,  transport air 

pollution, and the effectiveness of prevention and control policies, are strongly iduenced by 

vehicle user choices, and by how users are afFected by and respond to policies. Indeed, some 

of the policy diiculties in the Indian context have corne about as a result of these issues not 

having been adequately considered. 

An investigation into these human dimensions would be usefùl in targeting critical user 

behavioural factors that contribute to transport air pollution. It would also be useful in 

developing policies that are attractive to users, and therefore have a greater chance of being 

effective in the long term. But neither the urban transport literature focused on the LIC 

context nor the environmental policy analytic literature related to transport air pollution (for 

exampie, Faiz et al (1992), RITES/ORG (1994), Shah, Nagpal and Brandon (1997)), pay 

much attention to vehicle user behavioural factors and perspectives as they specifically relate 

to transport air pollution and emission prevention and control policies. 

This dissertation attempts to address these gaps. Based on information gathered nom a 

questionnaire survey of, and in-depth interviews with M2W vehicle users in Delhi, the 

dissertation investigates important M2W vehicle user and user household preferences, choices 

and motivations that influence M2W vehicle activity and air pollutant emissions in Delhi. 

These preferences, choices and motivations relate to vehicle ownership, mode choice, daily 

travel, and vehicle purchasing, operation, maintenance, disposa1 and replacement. The 

dissertation also investigates user perspectives on various technological and regulatory policy 

alternatives targeted at M2W vehicle emissions, on public transit and bicycle cornmuting, and 

on measures that would make these policy alternatives and alternative modes more attractive 

to them. Finally, the dissertation explores the implications of the user choices and perspectives 

for policy-making and implementation, particularly in light of institutional capabilities and 

constraints. 

1.2.5 Multiple Policy Objectives 

Policies to address complex public policy problems such as transport air pollution involve 

environmental, heahh, socio-economic, safety and other implications for large sections of the 



public and for future generations. They also involve multiple stakeholders, with multiple, 

conflicting interests and concems. Gaining an understanding of these impacts, interests and 

concerns, and developing a broad range of policy objectives that reflect them, would be useful 

in terms of understanding the barriers to policy-making and implementation, and in designing 

policy packages that represent a win-win condition for d, thus enhancing chances of long- 

tenn policy success (Edwards and von Winterfeldt 1987; Keeney 1982; Keeney 1988a; 

Keeney 1992; Keeney and McDaniels 1992; Keeney and McDaniels 1999). Further, given the 

lack of effective CO-ordination, and the tenuous linkages between the policy-analytic and 

decision-making communities in the Indian context (Kandlikar 1 998), an integrative 

perspective on what is a multi-dimensional problem would be particularly valuable. 

Unfortunately, policy objectives for transport air pollution prevention and control are not well 

understood or articulated, and are therefore not considered in policy-making and 

implementation. 

Analytical methods to cl- and structure public policy problems characterized by 

multiple stakeholders with multiple confiicting objectives are well established, and have been 

applied to a diversity of policy situations in Western settings. These problem-stmctunng tools 

of "value-focused t hinking", which directly involve st akeholders to identw key public values, 

enable selection of alternatives that better serve these values (Keeney 1988b; Keeney, von 

Winterfeldt and Eppel 1990; Keeney 1992; Keeney and McDaniels 1992; Keeney and 

McDaniels 1999). This dissertation applies these tools to better understand the problern of 

M2W vehicle air poliution in the Indian context, and to idente and structure multiple 

objectives and measures on the basis of which to systematically create, evaluate, irnplement 

and monitor poIicy alternatives for long-term effectiveness. 

Problem-structuring tools to clarifjr and structure public values have been used in only a 

few cases in the LIC context (Gregory and Keeney 1994; McDaniels and Trousdale 1999), 

but have not been applied, to the author's knowledge, to a highly complex situation such as 

the one this dissertation addresses. At any rate, this is perhaps the first attempt at developing 

multiple policy objectives related to transport air pollution in the Indian context. In addition to 

fulfilling an important policy-analytic need in relation to this problem in this context, the 



dissertation also addresses the question of whether such tools can be applied to better 

understand and structure complex public policy problems in LIC contexts generally. 

1.3 LEVEL OF ANALYSIS 

Any research endeavour inevitably involves choices in ternis of problem definition and 

boundaries, the various aspects of the problem that will be addressed, and policy alternatives 

that wiil be evaluated, among other issues. This dissertation is no exception, particularly since 

it addresses a highly complex, multi-dimensional problem like transport air pollution. 

The first choice related to the component of the transport air pollution problem in the 

Indian context on which to focus. Note in this respect that transport air pollution prevention 

and control is itself ody one part of the much larger problem of how to achieve a resource 

conserving, environmentally benign, safe, and socially just urban transport system in this 

context. WhiIe fùlly recognizing the important role of other motorized modes and transport 

system components, the decision was made to focus on M2W vehicles, based on their 

intensity of use, contribution to pollution on a passenger-kilometre basis, and their importance 

to millions of users, as already discussed. Also, it was reasoned that policies targeted at M2W 

vehicles would have relevance for M3W vehicles as well. 

The second choice related to the aspects of the MZW vehicle ernissions problem to 

address. It was decided that this problem would be addressed in its environmental, 

technological, socio-economic, human behavioural and political-institutional dimensions, in 

order to gain a thorough understanding of the problem, and to be better able to inform policy- 

making and implementation. The treatment of contnbutory factors, institutional setthg, 

vehicle user choices and perspectives, and the policy-analytic framework and multiple 

objectives and measures as outlined above reflects this decision. 

The thkd choice related to the contributory factors and policy alternatives on which to 

focus. There is a wide range of factors contributing to the per-vehicle ernissions and vehicle 

activity components of the problem. Correspondingly, there is a wide range of technological, 

infiastructural, econornic, regulatory and transport demand reduction policies that may be 

applied to address the problem. This dissertation focuses on technological factors and 

technological and regulatory policies, but recognizes the importance oc and discusses non- 



technological factors influencing vehicle ownership and activity, and policies to address this 

component of the problem. Indeed, these factors and policies are considered throughout the 

dissertation, in each of the research tasks outlined earlier under Research Approach- 

Thus, while the discussion of contributory factors and institutional setting focuses on 

vehicle and fuel technology, factors such as population growth, income, land use and housing 

location choice, sprawl and access for non-motorized modes, and transport i&astructure and 

public transit provision, and actors' roles and institutional constraints with respect to these 

factors are also addressed. Similady, M2W vehicle user choices and perspectives are 

investigated with respect to technological and regulatory policies as well as public transit and 

bicycle commuting. Lastly, while the policy-analytic framework and multiple objectives and 

measures apply to technological and regulatory policies targeted at M2W vehicles, they dso 

accommodate other policies. Further, they reflect the interdependence between modes, and 

berneen transport air pollution and other transport system impacts, including land use. 

In summary, the research approach attempts to reflect the complexity and multi- 

dimensional nature of the M2W vehicle emissions problem, and integrates environmental 

policy-analytic, urban transport, engineering and planning perspectives. It is policy-relevant, 

and sensitive to the Indian context. It explicitly considers contextual capabilities and 

constraints, implementation issues, and the multiple contlicting interests and concems of 

various actors and affected groups, in order to more efectively achieve its objective, which is 

to inform policy-rnaking and implementation. 

1.4 METHODOLOGY 

This dissertation draws on published literzture on a range of subjects including environmental 

policy, engineering, urban transport, and urbanization, reflecting the multi-dimensional nature 

of the transport air pollution problem. Documents relating to the state of vehicle and fuel 

technology and the urban transport system in the Indian context were also reviewed. In order 

to gain an understanding of policy-making and implementation processes, a wide range of 

published as well as unpublished written material, including pertinent environrnental 

legislation, reports and position papers prepared recently by local and national govenunent 

agencies, environrnental NGOs and vehicle and fuel manufacturers and industry associations, 



and transcnpts of proceedings of Supreme Court public interest cases, were criticdy 

analyzed. 

In addition to published literature and other secondq sources, the dissertation draws on 

in-depth i n t e ~ e w s  that the author conducted with various individuals interested in andor 

knowledgeable about the range of issues involved, and representatives of institutions whose 

actions have an important bearing on transport air poliution in the Indian context. These 

individuals, listed in Appendk V, included decision makers in various relevant government 

agencies at the national and local levels, senior executives in the Indian M2W vehicle and fuel 

industries, and academics and researchers in the fields of environmental policy and urban 

transport. 

The i n t e ~ e w s  focused on a wide range of issues, including technical and institutional 

factors contributhg to transport air pollution; actors' roles, responsibilities and interactions; 

institutional barriers and constraints; considerations underlying current and proposed policies; 

and Wcely impacts of policies on vehicle users and industry. In addition to sharing their 

insights, the in te~ewees  made available to the author the bulk of the documents referred to in 

the first paragraph in this section. As indicated, M2W vehicle user preferences, choices, 

perspectives and motivations were elicited by means of a questionnaire survey and in-depth 

interviews with M2W vehicle users in Delhi, in late 1997. The survey and in-depth i n t e ~ e w s  

covered a wide range of issues, including those referred to under Research Approach. 

The interviews, along with the information culled from the other sources indicated helped 

the author gain a comprehensive understanding of the transport air poliution problem in the 

Indian context. 

1.5 S T R U C m  OF THE DISSERTATION 

Each aspect of the M2W vehicle air pollution problem in the Indian context discussed earlier 

under Research Approach is treated separately and in depth in the following chapters. At the 

same time, an attempt has been made to maintain a logical flow fiom one chapter to the next. 

Chapter II describes the problem that forms the focus of this dissertation. It presents a 

comprehensive picture of motor vehicle activity, and air pollution and its impacts in Delhi, and 

stresses the important role of M2W vehicles. The chapter presents a rationale for public policy 



attention to, and ou thes  the larger context that needs to be considered in addressing, the 

problem. Chapter III discusses the technological, institutional and vehicle user behavioural 

factors that contribute to  M2W vehicle air pollutant emissions in Deihi, and more generally, 

transport air pollution and energy consumption in India. Chapter N discusses actors' roles, 

responsibilities and interactions, and institutional constrauits and barriers, in relation to the 

various aspects of the transport air pollution problem discussed in Chapter m. 
Chapter V proposes an analytic fiamework for systematic thinkùig and effective policy- 

making and implementation for addressing air pollution f h m  M2W vehicles in the Indian 

context. Chapter VI describes the methodology for eliciting M2W vehicle user preferences, 

choices, perspectives and motivations by means of a ques t io~ai re  survey and in-depth 

interviews, and presents and discusses the results. The chapter then explores the implications 

of these results for policy-making and implementation. Chapter VI1 details the methodology 

for eliciting and structuring multiple policy objectives with respect to the issue at hand, and 

presents the results, in the form of a fiindamental objectives hierarchy, measures, and a means- 

ends objectives network. Chapter VIII summarizes the implications of the dissertation 

research for transport air pollution prevention and control, and for urban transport and 

environmental planning, in the Indian context. The chapter also makes suggestions for fùrther 

research. 



CHAPTER II 

TEE TRANSPORT AIR POLLUTION PROBLEM IN DELHI, INDIA 

2 INTRODUCTLON 

The purpose of this chapter is to present a rationale for public policy attention to air pollution 

fiom motorized two-wheeled (MZW) vehicles in Delhi, which is the dissertation focus. In 

order to achieve this purpose, the chapter discusses motor vehicle activity, and air pollution 

and its impacts, in Delhi. It stresses the role of M2W vehicles, which account for an 

increasingly important share of motor vehicle activity as well as transport air pollution. The 

dissertation focus is shown to be all the more relevant in light of the fact that Dellu's transport 

air pollution problem is shared by many other cities in India and other les-industriaiized 

countries (LICs). Further, the growing importance of transport in India and other LICs in 

terms of global issues such as climate change, acidincation and energy security is stressed. 

Fmally, the public policy challenge is highiighted by situating Delhi's transport air pollution 

problem in the context of broader urban transport impacts. The chapter describes the problem 

that forms the focus of this dissertation, argues why it is worthy of urgent public policy 

attention, and outlines the larger context that needs to be considered in addressing the 

problem. 

The information on which this chapter is based was culled f?om a wide range of secondary 

sources, many of which were identified during the course of meetings conducted by the author 

with decision makers in various relevant governrnent agencies, representatives of vehicle and 

£bel manufacturing industries, and academics and researchers. These i n t e ~ e w e e s  are Listed in 

Appendix V. 

2.2 URBANIZATION AND MOTOR VEHICLE ACTIVlTY IN DELHIi 

DeW has a history going back more than 2000 years. The city has been the capital of several 

kingdoms and empires. Delhi is today the third most populous city in India, d e r  Calcutta and 

Greater Mumbai. The present-day union territory of Delhi, spread over 1,483 square 

kilometres, comprises the cities of Delhi, popularly known as Old Dehi, the capital of Muslim 

India fiom the 12th to the 19th centuries, and New Delhi, the capital of British India fiom 



1912, and of the Republic of India since independence in 1947, and adjacent rural areas.' 

Deihi has been the dominant trading and commercial centre of northem India for centuries. 

The city is now a key transportation centre, with several national highways and railway h e s  

passing through. Govemment and administrative services, industry and commerce, 

transportation, storage, distribution, and wholesale trading are the chief economic sectors 

(Encyclopaedia Britannica 1998; WHO/UNEP 1992). 

In 1941, the number of people in the Delhi urban area was only 700,000, which is roughly 

the current population of several medium-sized Western cities. By 199 1, Delhi's population 

had increased to 8.48 million, representing a 1100% increase over a mere half-century, and a 

doubling in less than twenty years, since 1971 (Figures 2.1 and 2.3).* If present trends 

continue, Delhi's urban population is likely to increase to around 13 million by 2001. 

According to the Master Plon for Delhi, Delhi's urban and rural population could together 

reach 15 million in the same year @DA 1996; Faiz et al 1992; Midgley 1994; RITES/ORG 

1994; Tiwari and Kale 1997; WHO/UNEP 1992). 

Motor vehicle sales sky-rocketed in Delhi in the 1980s. In 1990, annual sales of motor 

vehicles were 370% higher than in 1980. But the rate of growth in Delhi's motor vehicle sales 

is tapering off. Annual motor vehicle sales in 1995 were only 19.4% higher than in 1990. Even 

so, over 550 motor vehicles of all types are sold daily in the city. Delhi accounted for 6.2, 18.1 

and 5.1% of ail-hdia sales of motor vehicles, cars and jeeps, and M2W vehicles respectively 

in 1995. Interestingly, Delhi's annual motor vehicle sales in 1995 equaled that in many large 

states such as Tamil Nadu (population 60 million). Car sales in the city exceeded those in any 

of the other Indian states, and were in fact three times that in Uttar Pradesh, the most 

populous Indian state (149 million) (AIAM 1994a and 1995; Encyclopaedia Britannica 1998). 

-- 

I While the mars economy and population are centred mainly in Old Delhi, government is concentrated in 
New Delhi. Old Delhi has nearly ten times the population densiiy of New Delhi (Encyclopaedia B r i W c a  
1998). 
2 This rapid surge in population was due to the massive influx of refügees during Partition (1948), and then 
the strong puil Delhi has exerted since the 1950s, because of the concentration of economic and political 
power and employrnent there (Misra et al 1998). 
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Correspondhg to the rapid growth in vehicle sales, Delhi's motor vehicle fleet grew at an 

m u a l  rate of around 20% in the 1970s and 1980s (Figure 2.2). The figure shows that, 

astoundïng as Delhi's population growth has been, motor vehicle numbers have grown even 

more rapidly. While the city's population grew approxhately 18-fold in 60 years, its motor 

vehicle population has grown more than twenty-fold in half the tirne. 

Further, the growth rates for M2W vehicles and cars - 24-25% in the 1980s -- have 

exceeded the overall motor vehicle growth rate. h o t o r  vehicle numbers are not increasing at 

the sarne Pace in this decade, but they are still growing at around 8% per annum. In 1996, 

around 2.6 million vehicles were registered in Delhi. Of these, 1.7 million (67%) were M2W 

vehicles. Additionally, 70,000 motor vehicles from neighbouring States were estimated to ply 

in Delhi daily (AIAM 1994a and 1995; CPCB 1997; Mohan et ai 1997; WHO/UNEP 1992). 

In 1994, the latest year for which data are avaiiable for all major Indian cities, Delhi had 

nearly as many motor vehicles as, and more M2W vehicles than, Calcutta, Chennai, and 

Greater Mumbai put together, plus Bangalore, perhaps the fastest growing Asian metropolis, 

and the second most motonzed Indian city after Delhi (Figure 2.4). Delhi's motor vehicle fleet 

also exceeded that in every Indian state except Maharashtra and Gujarat. In 1995, Delhi 

accounted for 8.1% of motor vehicles, 7.8% of M2W vehicles, and 16.6% of cars registered 

nation-wide, with oniy a little over 1% of India's population. If curent trends persist, Delhi 

will likely have around 5.2 million motor vehicles by 2005. Around 3.4 millions of these will 

Iikely be M2W vehicles (AIAM 1994a and 1995; ASRTU/CIEtT 1997; Faiz et al 1992; Mohan 

et al 1997; TER1 1997). 

To get a real sense of rnotor vehicle activity and its impacts, it is necessary to consider not 

merely motor vehicle mmbers. While Delhi's motor vehicle numbers in 1995 had increased 

3 -4-5 -2 tirnes since 198 1, depending on motor vehicle type, average trip lengths had increased 

1.2- 1.4 times (RITES/ORG 1994). Effectively, M2W vehicle and total motor vehicle 

kilornetres in Delhi had increased 6.7 and 5.5 times in only 14 years (1981-1995), assuming no 

increases in diri& trips per mode in the interval. 



2.3 AIR POLLUTION AND HEALTE EFFECTS IN DELHI 

2.3.1 Air Pollution in Delhi 

One does not have to be an expert to know that Des 's  air quality is poor. It is patently 

obvîous with every breath one takes. People cornplain of a sore throat, wheezing, and 

coughing. The newspapers regularly cover the problem, and attempts to address it. This 

author counted 22 news items, articles, and editonals on the subject in just three of Delhi's 

English language newspapers in s u  months in 1997. The city is blanketed in a haze for much 

of every day, particularly in winter. M2W vehicle riders Wear masks. The leaves on the trees 

are covered with a thick coat of grime and soot. 

But if "~cientific'~ rather than merely anecdotal proof were needed, that is there too. 

Figures 2.5 to 2.10 show the evolving air quaiity situation in Delhi, compared to World Health 

Organization (WHO) guideline ambient air poilutant concentration limits. Appendix 1 

compares the Indian NAAQS (national ambient air quality standards) with corresponding 

WHO, US and Californian Iimits. A detailed critique of the Indian NAAQS standards is also 

presented in Appendix I . ~  

Figures 2.5-2.10 are based primarily on Central Poilution Control Board (CPCB) and 

National Environmental Engineering Research Institute (NEERI) air quality data for   el hi.^ 
CPCB and NEERI data are generally not comparable, because the measurement sites are 

different, measurements are canied out on diEerent days, different methodologies are 

employed, and analysis is conducted in difKerent Iaboratories. Discrepancies exist between 

The gist of the critique is that the Indian NAAQS Merentiate between "industriai", "residential" and 
"sensitive" areas. This differentiation is pointless in the Indian context, because supposediy industrial areas are 
also heavily populated, and a signifïcant proportion of industries are located in residential areas. Further, the 
Indian NAAQS are either unnecessarily or ruirealistically stringent in some cases, and too lenient in some 
others, as compareci to WHO limits (see Appendix i). 
NEERI has been operating three United Nations GEMS (Global Environment Monitoring System) air quality 

monitoring stations in one industrial and two residential locations in Delhi since 1978. Sulphur dioxide (S02), 
suspended particdate matter (SPM), and nitrogen dioxide (Nw have been regularly monitored at these 
locations, except in 1988 and 1989, when monitoring was discontinued. Airborne lead levels were rneacllled at 
the three NEERI sites in 1990. The CPCB initiated the National Ambient Air Quality Monitoring (NAAQM) 
programme coliaboratively with the poilution control boards in the States in 1984. This programme currently 
involves 290 monitoring stations in 92 ciries and towns. In Delhi, the CPCB commenced air quality 
monitoring at five stations in 1987. As at 1996, CPCB gathered S a ,  SPM and NO2 data fkom five stations in 
industrial, and four stations in residential, areas. According to Cropper et al (1997), CPCB have been directiy 
operating six stations since 1987. CPCB added three more in 1990, and these are operateci on theu behalf by 
NEEN. 



NEW and CPCB data for the same year, and between these and reports in various other 

 source^.^ Further, neither NEERI nor CPCB monitored carbon monoxide (CO), ozone (03) or 

PM10 (suspended particulate matter (SPM) below 10 microns diameter) on a regular basis, at 

least during tb period covered in Figures 2.5-2.1 Even those pollutants monitored by the 

CPCB are not monitored continuously, or even regularly, contrary to requirements stipulated 

in the Indian NAAQS. Thus, while the data for six Delhi sites in 1993 in CPCB (1996) were 

based on measurements on 69-79 days, those for the three other sites were based on 

measurements on only 21-23 days (Brandon and Hammonn 1995; CPCB 1995 and 1996; 

Shah and Nagpd 1997; WHO/UNEP 1992). 

With those caveats, let us now turn our attention to the annual average sulphur dioxide 

(SOù, nitrogen dioxide (NO2) and SPM levels in Delhi from 1978, presented in Figures 2.5- 

2.7. In addition to the annual averages for al1 sites, the maximum annuai average recorded for 

each year is also presented, dong with the area type at which the maximum occurred. For the 

sake of consistency, the CPCB data shown fiom 1990 onward is for the sarne three sites as for 

the NEERI data fiom 1978. 

While annual average SOz levels appeared to be rising in the early 1980s, and even 

exceeded the applicable WHO Mt of 50 pg/m3 in 1984-1986, they are now below this limit. 

Sirnilarly, annual average NO2 levels have been generally below the Indian NAAQS standard 

of 60 &m3 for residential areas until the early 1990s (there is no WHO annual average 

standard for NO2). However, CPCB data for 1994 and NEERI data for 1996 appear to 

indicate an increasing trend (and even exceedence above the Indian NAAQS k t  for 

industrial areas in 1996). It is therefore not possible to Say anything conclusive about NOz 

trends in Delhi. However, if N O 2  levels are indeed increasing in Delhi, it wouid not be 

surprising, considering the rapidly increasing motor vehicular activity. 

5 CPCB data for different cities cannot be cornpared, since the monitoring is conducted by the various state 
poliution control boards, and a large number of personnel and equipment types are involved in sampling and 
chernical analysis (CPCB 1996). There is a dire need for consistent air quality measurement and reporting, not 
just in Delhi, but across the country, to enable reiiable cornparisons and effective monitoring and control 
action. 
6 Though NEERI had apparently commenced measuring PMlo, CPCB had not (CPCB 1995 and 1996; Shah 
and Nagpal 1997; WHO/UNEP 1992). 



Most importantly, annual average SPM levels, which are strongly correlated with 

respiratory and cardiovascular diseases, have been routinely exceediig the WHO limit of 60- 

90 pg/m3 by as much as five tirnes, and even the Indian NAAQS standard of 360 &m3 for 

industrial areas, since the early 1980s. LncidentaUy, the CPCB itself designates 210 ug/m3 as 

"critical" (and 70-140 @n3 as "moderate") (CPCB 1996), on what grounds precisely is not 

clear. The one reported annual average PMlo figure, for 1992 (in Brandon and Hommann 

1995), is 18 1 &m3, measured by NEERI. This level is nearly 2.5 times higher than even the 

WHO annual average Limit for total SPM, let done the WHO 24-hour limit for PMio 

Airbome lead levels do not appear to be measured on a regular basis in Delhi. The annual 

average (as measured by NEERI) was reported as being around 0.5 and 0.27 &m) in 1990 

and 1992, and 0.20 &m3 in 1996/97 (Brandon and Hornmann 1995; MoEF 199%; 

WHO/UNEP 1992). Annual average lead levels are below the WHO limit, and appear to be 

deciining, likely due to the progressive reduction of lead in Indian gasohe  (Appendix Iv). 

As aiready mentioned, CO levels are not monitored on a regular basis. But annual average 

CO was measured at the ITO crossing, one of Delhi's busiest t r a c  centres, fiom 1990 

(MoEF 199%). This data shows a rising trend, from 2.7 mg/rn3 in 1990, to 5.6 mg/m3 in 

1996. But these figures are below even the WHO 8-hour limit (WHO/UNEP 1992). 

The annual average values, senous as they are in the case of health-critical air pollutants 

such as SPM, hide site-to-site variations. Annual average SOz levels at all measurement sites 

are below the applicable WHO limit generdy, but those at specific industrial and even 

residential sites regularly exceed it (Figures 2.5 and 2.8). W e  the annual average SPM levels 

at all sites have been routinely exceeding the WHO limit by five times since the earIy 1 9 8 0 ~ ~  as 

noted, those at specific industrial and even residentid sites have been as high as 6-10 times the 

WHO limit (Figures 2.7 and 2.9). There are also important seasonal ~ariations.~ 

7 PMI0 is suspendeci particdate rnatter below 10 micron diameter. It is also referred to as thoracic PM (Faiz et 
al 1992; GVRD 1996; WHO/UNEP 1992). Though PMIo is not mea~ufeà, it may be calculateci because it is 
estimated to be 0.50-0.60 of SPM by mass for Delhi (Cropper et al 1997). The WHO 24-hour PMlo limit is 70 
&m3. The Californian 24-how PM, standard is oniy 30 Iig/m3 (WHONNEP 1992). 
8 Seasonal variations in air pollutant concentrations in Delhi are a h c t i o n  of the local climatic features there. 
While the city's annuai mean temperature is around is 2S°C, the summers are extremely hot and dry, with 
temperatures as high as 47OC in June. In winter (November-Febniary), temperatures dip as low as 3°C. While 
the heavy monsoon rains fiom June to October have a scrubbing effect, mong pre-monsoon westerly winds 



Fially, to gain an appreciation of the acute exposures in Dehi, let us consider the short- 

term (24-hour, 8-hour and 1-hour) concentrations of various pollutants (Figures 2.8-2.10). 

The 24-hour average S02 and NO2 levels were above the correspondmg WHO iimits for many 

days in 1994 at several sites in Delhi, including at residential sites. 24-hour average SPM 

levels exceeded the corresponding WHO limit on a daily basis. In fact, the 24-hour WHO limit 

was exceeded by even the monthly average SPM levels every month in 1993 and 1994 (the 

years for which the author has data for ail months), at al1 of the CPCB measurement sites, 

both industrial and residential. Peak 24-hour average SPM levels were 6-10 times the WHO 

lirnit at many sites (Figure 2.9).' In a 1997 study by Cropper et al (1997), the authors found 

that daily levels exceeded @y several times) the WHO limït 97% of days. The WHO Iunit they 

considered was 150-230 pg/m3, not 120 &m3, which should apply in Delhi's case, since S 0 2  

is also present (WHO/IR\SEP 1992). According to Priti Kumar et al (1997), the highest 24- 

hour average SPM levels recorded in the three years preceding 1994 were as high as 2338, 

2340 and 1227 pg/m3. 

8-hour and 1-hour CO levels were found to be within WHO guidelines, when averaged 

over various locations. At the busy ITO traffic junction in 1984, 8-hour average CO levels 

were around 5.5 mg/m3, as against the WHO limit of 10 mg/m3. However, the peak hourly 

concentration was 29 mg/m3, as againsr the WHO 1-hour limit of 30 mg/m3 (CPCB 1995). 

Short-term CO levels have very likely increased dramatically since 1984 at several sites in 

Delhi, as motor vehicle activity has grown rapidly, with important implications for the 

thousands who eke out a living daily on the street, including police personnel and street 

vendors. 

bring in large concentrations of SPM from the Thar Desert, and re-suspend it for long periods. Winters are 
characterized by m u e n t  calms and temperature inversions which restrict mixing heights and thus pollutant 
dispersal and dilution. SOz levels typically peak in winter, due to increased coal burning for space heating, and 
N& levels peak in October-November when maximum insolation occurs (Faiz et al 1992; WHO/üNEP 1992). 
9 Once again, it should be noted that CPCB measurements were conducteci only a few days each month, and 
for ody 16 hours each &y (CPCB 1995 and 1996). 
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I I h n u a l  Average +Mu. Annual Average 1 

Figure 28 Peak 2441our Sulphur and Nibogen Dioxide Levels 

at Various Sites in üelhl. 1994 



Figurt 2 3  Peak 2(hour SPM Lewis 

d Various Sites in Delhi, 1984 

microanmrlcu bic metre 
1200 r 
1000 

800 

a00 

400 

200 

WHO U+ir 
iiiirtlaog 

Figure 2.10 8hour Mean and 141our Maximum Ozone Lcvels in üelhi 

1 OS7 

micrognmrlcubic metre 
300 

I i8hour  m n  l l h o u r  maximuml 

Sou-: Roy Chdhury  1-7. ingm 



The only recent study on ozone (O3) in Delhi was conducted by the Central Road 

Research Institute (CRRI) at seven sites in the winter of 1993. WHO 8-hour Limits were 

exceeded at most locations (Figure 2.10). The peak 1-hour levels across all sites averaged 203 

pg/m3, with the peaks in areas with heavy tratfic We Karol Bagh, Daryaganj and Parliament 

Street 3040% in excess of the WHO 1-hour limit. Studies conducted by the Jawaharlal Nehru 

University (INU) and the Tata Energy Research Institute (TERI) in 1989-90 had shown peak 

levels of 256 lig/m3, well above the WHO 1-hour Lirnit (CSE 1997; Roy Chowdhury 1997). 

Delhi's smog could simply be reduced visibility due to increased SPM, but the city has the 

potential for photochernical smog, because of growing transport and other emissions, anci a 

climate favourable to O3 formation, particularly in winter, which is when NO, levels are high, 

and inversions occur (Faiz et al 1992; WHO/IJNEP 1992). 

To summarize the air quality situation in Delhi: annual average CO and S 0 2  levels appear 

to be within WHO limits. So are annual average NO2 levels, but they may be increasing (not 

surprisingly, given the rapid increase in motor vehicle activity). Airbome lead levels appear to 

be declining generally, Wtely due to lowered lead levels in gasoline and the introduction of 

unleaded gasoline, but appear to be high at isolated sites. One cannot be sure if this is due to 

non-transport sources. Most irnportantly, annual average SPM levels, which are strongly 

correlated with respiratory and cardiovascular diseases, have been routinely around five times 

the WHO limit since the 1980s. In terms of short-term exposure, daily average S 0 2  and NO2 

levels exceed WHO limits on several days of the year, at several sites. 24-hour average SPM 

levels exceed WHû limits nearly evexy day of the year, with peak levels as high as 6-10 times 

the WHO Limit at many sites. Based on a limited study, O3 appears to be a major problem, 

especially in winter, exceeding 8-hour and 1-hour WHO limits at several sites. 

It is often reported in the media, as in the Toronto Star (1997), that Delhi has the world's 

fourth worst air pollution. This ranking is immaterial. For example, Delhi could be far more 

poliuted than presently, and be ranked the twentieth most polluted city globally. Regardless of 

such rankings, one can get a sense of the seriousness of Delhi's air pollution problem by 

considering that, while the great histoncal air pollution disasters, in London (in the winters of 

1955-1960), and in New York (1953-1964) were characterized by 24-hour SPM 

concentrations of 1200-3250 and 500-1000 &m3 respectively, and excess mortalities of 5- 



30% (Smith 1994), Delhi's mmal average SPM levels are themselves r o u ~ e l y  close to 400 

pg/m3, and daily averages range between 500 and over 1000 @n3 at several sites on rnany 

days in the 'O Further, Delhi's peak Oa levels of 250 &m3 at some sites (Figure 2.10) are 

half the peaks in Los Angeles (Lents and Kelly 1993), which has nearly four times the motor 

vehicles. 

2.3.2 Air Pollutants and their He& Effects 

The air pollutants discussed so far -- CO, NO2, S02, SPU, Pb, and 0 3  -- have health effects 

that range fiom irritation of eyes and mucous membranes and aggravation of asthma and 

bronchitis, to damage to circulatory, kidney and nervous systems, and cancer. These health 

effects are discussed in detail in Appendk II. Of primary concem in terms of health effects are 

particulates, in particular PMio (and P M ~ ~ ) .  '' PMio and PM2s are dangerous because they 

remain suspended ionger than larger particles (5-15 days for PMI), and penetrate deeper into, 

and take longer to be cleared Erom, the respiratory tract. 

Transport-generated SPM is associated prirnarily with uncontrolled diesels, but gasohe  

vehicles including two-strokes, which power the majority of Indian M2W vehicles, are an 

important source as well. The buk  of transport-generated SPM is in the PMlo range. Indeed, 

motor vehicles contribute significantly to PMio and PM+s ernissions, and proportionately more 

to these fiactions than to total PM. Further, transport PM10 consists of a solid carbonaceous 

core on which unbumed HCs  sulphuric acid, sulphates, nitrates, and known carcinogens 

andor mutagens such as benzo(a)pyrene and polycyclic aromatic hydrocarbons (PAHs), ais0 

transport-generated, adsorb. Transport-generated particulates also contain respirable lead 

(fiom leaded gasoline) and other metals (Faiz et al 1992; GVRD 1995; GVRD 1998; Walsh 

199 l a  and 1994; Wijetilleke and Kaninaratne 1997). 

Epidemiological studies worldwide have consistently shown that non-accidental deaths and 

other health end-points, including hospital admissions for chronic respiratory, cardio-vascular 

and acute respiratory diseases, are closely linked to arnbient TSP, PMio, PM25, and particulate 

1 O Interestingiy, al1 of the historical air pollution disasters and episodes of high air-pollution related excess 
mortality (Smith 1994) seem to have o c m e d  in the winter months. 
11 PM25, suspended particulate matter of diameter below 2.5 pm, is referred to as fine partîculates (GVRD 
1998). 



sulphates, in addition to Sot and 03. Parthlates are closely Iinked to various health-points 

even when no S 0 2  is present. TSP levels below 100 pg/m3 were once considered harmless, 

but linking data tiom the great air pohtion disasters and studies relating to levels below 120 

pg/m3 showed no sign of either any threshold or saturation in the dose-response relationship 

over a range of more than two orders of magnitude f?om levels in the tens of &m3. Infants 

are particularly vulnerable. A study in Brad  in the late 1980s found that the nsk for 

pneumonia deaths, a major component of infant mortaiity in the LICs, was substantially 

greater than that for adult mortality, because of the sensitivity of children, and the intimate 

link between particulates and this end-point. Finally, PMlo and PMrs are even more strongly 

correlated with health end-points than TSP. Californian and Canadian studies have found that 

85% of air pollution health effects were attributable to PMlo @ockery et al 1993; Fazio 1997; 

Smith 1994; Walsh 1994a and 1994b). 

Another transport air pollutant of concern in the Indian context is lead. Nearly all lead in 

gasoline is released tu the atmosphere, mainly as inorganic lead salts (chlorides, bromides and 

sulphates) and oxides in aerosol form, al1 in the PMlo range, but mostly as fine particulates. 

There is a signiticant relationship between lead in gasoline, airborne lead, and blood-lead. 

While high concentrations can lead to anaernia, hypertension, heart attacks, strokes, kidney 

failure, massive and permanent brain darnage and death in adults, even low blood-lead levels 

induce neurological damage and lowered learning ability in children. Infants and children 

under five are at high risk of excessive lead exposure, because they take in dust and soi1 

through normal mouthing habits.12 In this connection, it is worth noting that about 10% of 

transport-generated lead is deposited within 100 metres of roadsides, where children 

fiequently play in the LICs. A study in Mexico City, where gasoline vehicles account for the 

bulk of airbome lead, revealed that children who Lived in low t r a c  areas had a significantly 

lower blood-lead level than those living close to main roads (CPCB 1992; CSE 1996; Driscoll 

et al 1992; Faiz et al 1992; Romieu, Weitzenfeld and Finkelman 1991; Romieu et al 1992; 

Wijetilleke and Karunaratne 1997). 

'* Maternai lead can be transmitted to the fetus via the placenta at blood lead levels as low as 10 pg/dl, thus 
affecthg gestational age, birth weight, and mental dwelopment (CPCB 1992; CSE 1996; Faiz et al 1992; 
Wijetilleke and Kaninaratne 1997). 



The econornic and social costs of the health effects of lead can be significant. Exposure to 

even low lead levels cm cause neurological and other adverse effects in children, and c m  

persist irreversibly into adulthood even after exposure ends (CPCB 1992; Wijetilleke and 

Karunaratne 1997). This fact is pertinent in the Indian conte- since gasoline lead levels have 

been lowered and unleaded gasoline introduced only in 1995. Lead levels prior to 1995 were 

hi& (at least 0.56 g/L since 1971) (BIS 1995a; CSE 1996; Appendix IV). Indeed, high 

ambient lead levels were observed even as late as 1992, in areas of heavy tratnc in Delhi 

(CPCB 1992). Lastly, note that a lot of human activity occurs, and food is cooked and eaten, 

in such areas. 

As discussed in the previous section, Delhi appears to have an ozone problem, which is 

Wcely to intens@ with tirne. North American, European, and Japanese studies have s h o w  that 

O:, is related to mortality independently of particulates, and to hospital admissions for chronic 

and acute respiratory and cardio-vascular diseases (Bates 1994; Brandon and Hornmann 1995; 

CPCB 1992, 1995 and 1996; CSE 1996; Faiz et al 1992; Roy Chowdhury 1997; Wijetilleke 

and Kaninaratne 1997; WHO/UNEP 1992). 

While attention is typically focused on conventional (regulated) pollutants in vehicle 

exhaust, there are several other transport-generated air poilutants with senous health and 

other effects, fiom other vehicular and transport system sources. Metals in motor vehicular 

exhaust, as weii as fiom clutch, brake and tyre abrasion, include aluminium, arsenic, beryllium, 

cadmium, chrornium, cobalt, manganese and nickel. Many of these metals are known or 

suspected rnutagens and carcinogens. While asbestos-fiee materials are now the nom for 

brakes and clutches in the West, asbestos, implicated in mesothelioma, a cancer of the 

pentoneum with an extremely poor prognosis and long latency penods, continues to be used 

in these applications in Indian vehicles. Asbestos and other metal emissions fkom motor 

vehicles are commonly in the respirable range (Author's i n t e ~ e w s  1997; Bates 1994; CSE 

1996; Govemment of Canada 1991; Faiz et al 1992; IARC 1989; Walsh 1991a; Whitelegg 

1993). These emissions may be particularly relevant in the case of M2W vehicles, because 

they tend to be used to maneuver through high t r a c  areas, with consequently excessive 

brake and clutch use. 



Benzene, a cmde oil constituent, occurs in exhaust and due to fiel evaporation. Refinery 

processes to compensate for lead removal increase levels of this and other hi&-octane HCs 

(such as toluene and ~ l e n e ,  which cause neurological, kidney and Liver damage). Short-term 

exposure to benzene in high concentrations causes respiratory tract i d m a t i o n  and lung 

hemorrhaging, and can even be lethal, but the main concem is its M a g e  to adult leukemia 

and lung cancer. Other effects include centrai nervous system damage and birth defects. WHO 

specifies no safe lirnit for benzene in air. Benzene levels in gasoline were not controiled until 

very recently (BIS 199Sa; Appendk IV), and are even now considerably higher than those in 

gasoline in the OECD countnes (BIS 1995a; Calvert et al 1993; Mercedes Benz 1997). 

Aldehydes are another important exhaust product. Though diesels produce them at a greater 

percentage of total HC, gasoline vehicles produce them too." Fomaidehyde is particularly 

conceming, because of its photochernical reactivity, and possible carcinogenicity. As will be 

discussed in subsequent chapters, aldehyde emissions wiii likely increase in the Indian context, 

due to the addition of oxygenates to gasoline, to be ailowed from 2000 (BIS 19951; CSE 

1996; Govemment of Canada 1991; Faiz et al 1992; Walsh 1991a and 1994; Wijetilieke and 

Karunaratne 1997). 

Fuel additives cm have significant impacts of their own. Lead "scavengers7' such as 

ethylene dichlonde and dibrornide added to leaded gasoline to prevent excessive lead deposits 

are a concem, because these are emitted in the f o m  of inorganic lead chlorides and bromides 

in fine PM fom. Ethylene dibromide is potentially carcinogenic (Faiz et al 1992; Walsh 

1991a).'~ 

Finally, there are important contextual factors that would likely exacerbate pollution 

impacts in India. The effects of air pollutants in combination may be far more serious than 

l 3  Diesels emit rnany toxic air contaminants, such as 1,3-butadiene. dioxins and dibenzofiuans, po1ycyclic 
aromatic hydrocahns ( P a )  including benzo(a)pyrene (BaP), and PAH denvatives, such as 3-nitro- 
benzo(a)pyrene, a powerfirl mutagen. Atmospheric reactions form new species. 1,3-butadiene can react with 
OH radicais and ozone to form formaldehyde. Ln short, transport can contribute signincantly to air toits and 
associated health risks. In 1990, transport air toxics, including PM, 1,3-butadiene, benzene, and formaldehyde, 
caused 54-58% of al1 air toxic related US cancers (Finlayson-Pitts and Pitts 1986; Williams 1989; Walsh 
1991a and 1994; Wijetilleke and Kaninaratne 1997). Indian data on air toxics is sparse. BaP Ievek in Delhi 
were 30-750 ng/m3 in 1990 (Agrawai 1997; Biswas and Dutta 1994). 
14 This is an exarnple of how, in solving one problem, others may be created. Additionally, ethylene dichloride 
and dibromide also form acids, causing engine and exhaust system rusting and reduced engine oil Me. 
Similarly, calcium and barium additives in diesel suppress visible black smoke, but can signiîïcantly increase 
the PAH content and mutagenicity of SOF, and particdate d p h a t e  emissions (Faiz et al 1992; Walsh 199la). 



singiy. Particulate effects are enhanced ifhigh PM10 levels are associated with high S02, N02, 

and ozone levels, increasingly the situation in Delhi and other Indian cities. Further, in the 

Indian context, large numbers of people (ïmcluding infants, the old and the infkm) live and 

work road-side. This situation, coupled with the f a a  that air pollution is typicaiiy higher in 

hi&-tr&c areas than farther away, causes much larger exposures for a large number of 

people than for the general urban population.L" i6 ~ e c d  in this context that CO levels at trafnc 

junctions such as ITO reach 10 mg/m3 over extended periods, and peak as high as 29 mg/m3, 

daily, and that daily average NOÎ levels are high, and are likely increashg, at several sites. 

Recurrent exposure to high NO2 levels is more harmfil than continuous exposure to lower 

concentrations p a r d e  and Button 1990; Brandon and Hommann 1995; CSE 1996; Faiz et d 

1992; Romieu, Weitzenfeld and Finkelman 199 1; Romieu et al 1992; WHO/UNEP 1992; 

Wijetilleke and Kaninaratne 1997). 

Pollution exposure and impacts also depend on activity levels. SPM deposition depends 

not only on particle size but also on breathing effort. Larger particles are deposited in the 

exothoracic part of the respiratory tract, and PMI0 in proximity to the fine ainuays wîth 

normal nasal breathing, but mouth breathing typical of physical activity increases tracheo- 

bronchial and pulmonary deposition." Finaily, there are synergies between pollution, poverty 

and nutritional deficiency. For exarnple, diets deficient in calcium, vitamin D, iron and zinc 

increase lead absorption (CSE 1996; Faiz et al 1992; Romieu, Weitzenfeld and Finkelman 

1991; Romieu et al 1992; Wijetilleke and Kaninaratne 1997). 

1s Ambient measurements such as those conduçted at fLved stations by CPCB in Deihi - high as they are for 
some pollutants - may actually be under-estimating the nsk for a large number of minerable people. This may 
be less of a problem with 03, which tends to disperse broadly, as opposed to lead and SPM (WHO/CR\TEP 1992; 
Wijetilleke and Karunaratne 1997). 
16 Interestingly, though, motor vehicle occupants rnay be at most risk to air pollutants. Air pollution levels 
inside cars, particularly in terms of CO and VOCs, can be up to five times higher than background 
concentrations, and much higher than levels to which pedestnans and cyclists are usually exposed (Taylor and 
Fergusson 1998). Because of the generally p r  condition of vehicles, including exhaust system fracture, and 
the stop-and-go trafnc (common in the indian context), very hi& even lethal concentrations of CO could 
accumulate inside vehicles (Wijetilleke and Kanuiarame 1997). Studies in Delhi show that M2W and M3W 
vehicle riders are exposed to much higher PM and CO levels than car and bus riders W R I  199%). 
17 In this regard, note that, while 240 &m3 is the USEPA limit for short-term O3 exposure, lung fiinction is 
adversely affecteci in the young if they exercise for six hours at 160 &m3 (Wijetilleke and Karunaratne 1997). 



2.3.3 Studies linking Air Pollution and HeaIth and Econumic Costs in Delhi 

No systematic Indian epidemiological study linking air poilution and health effects exists to the 

author's knowledge. Brandon and Hommann (1995) of the World Bank made rough estimates 

of the health and economic costs of air pollution in 36 Indian cities including Delhi. They used 

mual  average air poliutant concentrations fiom NEERI and CPCB, dose-response data fkom 

US studies, and various conversion factors based on GNP-, medical cost-, and wage-ratios.'' 

They concluded, based on the air quality in 1992, that there are around 7500 premature 

deaths, and four million hospital admissions and illnesses r e q u i ~ g  medical treatment annually 

due to air pollution exceeding WHO limits in Delhi, at an economic cost of around US$ 100- 

400 million. Airborne lead exposure in Delhi was estimated to be responsible for around 

41,194 hospitat admissions and medical treatments, costing US$ 267,000-667,000, plus US$ 

1.5-3.7 million to remedy "children's IQ points loss". The premature deaths, hospital 

admissions and economic costs in Delhi constituted 19, 20, and 20-30% of the corresponding 

totals for ail 36 cities. More than 95% of the health damage due to air pollution in the 36 cities 

was estimated to be due to PM10 and S02, with the remainder due to high lead levels 

(Brandon and H o m m a ~  1995).19 

Cropper et al (1997) recently conducted a study relating daily PM levels to daily deaths in 

Delhi in 1991-1994. Mortality data were obtained fiom the New Delhi Municipal Corporation 

(NDMC), which has a large number of hospitals. 25% of Delhi's mortalities occur in the 

NDMC.*' Daily mean TSP, SOz and N O ,  based on CPCB data, were found to be strongiy 

related to cardiac and respiratory diseases. As already indicated, average annual TSP was five 

tixnes the WHO limit, and daily TSP exceeded the WHO 24-hour limit 97% of the tirne, 

d u ~ g  1991-1994. Surprisingly, the percentage mortality increase in Delhi was found to be 

only one-third that in the US studies for the same TSP increase. Thus, while applying US 

18 The study also estimated the heaith and economic cos& of water and industrial pollution, soil degradation, 
and deforestation (Brandon and Hommann 1995). 
'' Wijetilleke and Karunaratne (1997) observe, in commenting on such studies, that the actual effects of S02 
may be underestimateci, because typically, sulphates, formed by transformation to acid aerosols, are counted as 
particdates. Thus, sorne benefits fiom reducing PM should properly be attributed to S a .  This point is valid, 
but only if fiel sulphur is also reduced, However, there is no question that reducing S a  (and lead, which as 
we have seen, is in the PMlo range) will also reduce PM, and more specifically, PMlo. 
20 The snidy was based on deaths in NDMC hospitals only, because NDMC was the only jurisdiction with a 
detailed computerized data base (Cropper et al 1997). 



PMlo-non-trauma death dose-response coefficients to Delhi, as Brandon and Homrnann 

(1995) did, predicted 7500 premature deaths, Cropper et al, based on acniai DeIhi data, 

estimated only 3430 premature deaths, for the same PMlo levels (Brandon and Hommann 

1995; Cropper et al 1997). 

The above discrepancies highlight the difficulties in transferring dose-response fiinctions 

fiom North American and European epidemiological studies to the LIC context. For a variety 

of reasons including higher pollution levels and exposure, greater dfision of outdoor air 

indoors, and a higher percentage of people in marginal health due to lower living standards 

and poor nutrition, one would have expected that usïng US or European dose-response 

fbnctions would underestimate health effects in the LIC context (Brandon and Hommann 

1995; Wijetilleke and Karunaratne 1997). Thus, Brandon and Hommann's predicted eEects 

should have been lower than Cropper et al's, but the reverse is the case. 

There are severai possible reasons why PM in Delhi has a smailer effect than in the USA. 

Delhi's PM may be larger in size, and a larger proportion may be natural rather than 

combustive in origin. But Delhi's PMldTSP ratio is only slightly smaller than the US cities 

average, and its annual PMlo is well above even the WHO 24-hour limit, as discussed. The 

most likely reason is that in Delhi, people die at younger ages and fiom different causes. Whiie 

over 70% of al1 US deaths occur after 65, over 70% of Delhi's occur before 65, with 20% 

occurring before age five. Further, while 46% of al1 non-trauma US deaths are due to cardio- 

vascular disease, which is strongly associated with air poilution, both cardio-vascular and 

respiratory deaths account for only 24% of non-trauma deaths in Delhi (infectious diseases 

account for as many as 20%). But PM have a smaller impact even on cardio-vascular and 

respiratory deaths in Delhi. This may be because pneumonia, which has a weaker association 

with PM than Say chronic obstructive pulmonary disease (COPD), comprises a larger fiaction 

of respiratory deaths in Delhi. Also, in the USA the impact of PM is significant for deaths 

after, not before, 65. In Delhi, the peak impact occurs in the 15-44 age group, with signincant 

effects also for the 5-14 group (Cropper et al 1997). 

But this does not mean that PM is not a health hazard in Delhi. The dose-response 

relationship is flatter than in the USA, but this is likely because other diseases claim Dehi-ites 

sooner. Further, if life-years lost rather than Iives lost is the cntenon, Delhi's situation is 



more senous. Because the largest impacts there occw in the 15-44, as opposed to the 65 plus 

age group in the US, more We years will be lost in Delhi on average than in the US, for each 

air-potlution related death (Cropper et ai 1997). 

In any case, medical professionals report that respiratory diseases are increasing rapidly in 

Delhi, and that five of its 13 millions, including 40% of its children, suffer from them. In a 

study of 10,000 5-16 year-old school children, Dr. Chhabra of the Patel Chest Institute found 

that 12% had asthma Including those who showed symptoms in the past, the figure was 

closer to 17%. Asthma attacks are reportedly becoming more fiequent and severe, including 

in children, with 5% being fatal compared to only 2% a few years ago. Not surprisingiy, tr&c 

policemen are particularly vulnerable. Studies show a greater susceptibility to lung disorders, 

and significantly larger proportions of decreased lung capacity and abnormal COHb among 

them as compared to office workers (Basu 1997; Chhabra 1997; CSE 1996; Priti Kumar et ai 

1997; Roy Chowdhury 1997).~' 

2.4 THE ROLE OF TRANSPORT IN DELHI'S AIR POLLUTION 

Figure 2.11 traces the contribution of transport to air poliutant emissions in Delhi over tirne, 

and from ditferent information sources (Brandon and Ramankutty 1993; CSE 1996; Faiz et al 

1992; WHONNEP 1992). Figure 2.12 shows the contnbution of transport and other sectors 

to emissions in the most recent (1996) CPCB emissions inventory (CSE 1996). 

There are serious discrepancies between the CPCB inventory and that in Faiz et al (1992). 

Besides, it is unclear what methodology was used in each case. Given the rapid growth in 

motor vehicle activity in Delhi, it is surpnsing that while the contribution of transport to HC 

appears to be increasing, its contribution to CO and NO, is not (Figure 2.11). Further, whiie it 

is unsurprising that power generation and industry account for the bulk of SPM and S02, it is 

surprising that the contnbution of transport, particularly to SPM, is decreasing, as the CPCB 

data for 1996 appears to suggest, given that transport energy consumption is increasing 

rapidly, and no control actions have been taken in that sector. There is a need for a reliable 

21 Dr. Naresh T r e k  of Delhi's Escorts Heart Institute can apparentiy idenw Delhi inhabitants easily; while 
patients fiom outside have pink lungs, those from Delhi have black ones (CSE 1996). 



inventory of emissions nom transport and other s e ~ t o r s . ~  Regardless of the discrepancies, 

however, the figures show the predominance of motor vehicles in terrns of CO, HC and NO*- 

The role of motor vehicles, even in terms of SPM and S 0 2  is growing with tirne (Faiz et al 

1992).= 

The rapid growth in Deihi's motor vehicle activity since the 1 9 7 0 ~ ~  particularly in tems of 

M2W vehicles, has been discussed. The majority of Delhi's M2W (and M3W) vehicles are 

powered by highly polluting two-stroke engines." Many of the city's buses (dl diesel- 

operated), and goods vehicles (predominantly diesel-operated), are of old vintage and poorly 

maintained, and are gross poliuters, particularly in tems of PM. 

Though vehicular emission standards have been progressively tightened in the 1990s 

(Appendix m), and those related to M2W vehicles proposed for 2000 are some of the 

strictest in the world, many in-use M2W and M3 W vehicles, and also cars, particularly those 

manufactured prior to 1991, poliute heavily (AIAM 1994% 1995 and 1997; CSE 1996; Faiz et 

al 1992; Faiz et al 1996; Shah and Nagpal 1997; Narayana 1994). 

Two-stroke engines are preferred for M2W and M3 W vehicles because they are simple in 

design, have high power/swept volume and power/weight ratios, and are relat ive1 y inexpensive 

to own, operate, maintain and service. But since exhaust and intake events occur 

simultaneously in two-strokes, 20-30% of the fiel-air charge escapes unburned through the 

exhaust. Further, lubricating oil is added to the fuel to lubricate engine parts, since the fbel-air 

charge is drawn through a "dry" crankcase. The oil is b c l ~ ~ t "  due to combustion, but does not 

bum completely. These factors in combination result in high HC and PM ernissions (Faiz et al 

1992).= 

" WHO/UNEP (1992) also remarks on discrepancies between the NEERI and CPCB ernissions inventories. 
Apart from many other problerns that will be discussed shortly (and in subsequent chapters), the CPCB 
transport emissions inventory (CSE 1996) likely accounts only for ernissions ftom vehicular exhaust, not fkom 
other vehicuIar and transport system sources. 
23 It is certainly interesting that air quality monitoring in Delhi should have stmed around the time motor 
vehicles began to grow rapidly. 
24 While al l  the M2W vehicles are gasoline powered, 97% of Delhi's M3 W vehicle fleet are. Many para-transit 
vehicles also employ two-stroke engines (Cervero 1997; Faiz et al  1992; MoEF 199%). 
2s Though catalytidy controlled spark-ignition (gasoline) vehicles emit 50-80 and 10-120 h e s  less PM 
than iight- and heavyduty diesels respectively, spark-ignition PM can be signincant where poor maintenance 
or engine Wear lead to high oil consumption, andlor where (as in two-strokes), oil is mixed with the fuel. 
Further, inorganic lead salts are an important exhaust component on engines operated on leaded gasoline, as 



Fuel and lubricating oil quality also contribute significantly to the air pollution problem. 

Their quality is being improved in a phased manner (BIS 199%; Appendix but lead 

content was as high as 0.56 g/L in 87 octane (and 0.8 g/L in 93 octane) gasoline until 1995. 

SUnilarly, gasoline and diesel sulphur were as high as 0.2 and 1% by weight respectively until 

1995 (BIS 199%; BIS 1995b).*' Fuel and lubricating oii adulteration are also an important 

factor, particularly in the case of M3 W and commercial vehicles (Raje and Malhotra 1997). 

Table 2.1 compares the exhaust emission factors measured on in-use M W  and M3W 

vehicles, cars and urban buses in the early 1990s @P 1994; Shah and Nagpal 1997). These 

measurements are relevant even today because many vehicles fkom that period are likely still 

operational (of course, fuel and oil quality have improved since then).28 M2W and M3W 

vehicles carrying just 1-2 persons produce higher CO and HC and one-fourth the PM per 

kilometre relative to a bus (Table 2. l), despite the bus having a much larger, more powerful 

engine, and carrying over 40 people. Effectively then, in terms of CO and HC, Delhi now has 

more than two million buses, each of which cames only 1-2 people. 

-- - -- 

already noted. Finally, the mutagenicity of gasoline soluble organic fraction (SOF) per unit mass is greater 
than for diesel SOF (Faiz et al 1992; Lowenthal 1994; McClellan 1986; Walsh 1991a and 1994). 
26 Govemments. boa at the nationai and local levels, have instituted or are contemplating severai masures in 
addition to progressively stringent vehicle emission standards and fuel and lubricating oil quality 
irnprovements (Appendices ï I ï  and N). These measures include enforcement of in-use emissions standards in 
Delhi (and in some other Indian cities), by means of a road-side no-load pollution check, on the basis of which 
a "Pollution Under Control" sticker is issued, scrappage of old vehicles in a phased manner in Delhi, 
alternative fiels, and the introduction of a mass rapid transit system (MRTS) in Delhi and some other cities 
(CSE 1996 and 1997; MoEF 199%; NCTD 1997% b and c). 
*' Fuel sulphur is an important component of exhaust PM. While approximately 98% of diesel sulphw is 
ernitted as S G  and 2% as particdate metal sulphates, the latter can contribute up to 14% of diesel PM mas. 
Further, sulphur oxides from diesels may undergo reactions in the atmosphere to form acidic sulphates and 
sulphuric acid (Faiz et al 1992; Lowenthai 1994; Pierson 1988; Truex et al 1980). 
" However, there are many data gaps, uncenainties, and discrepancies in Indian emission factors (Bose 1996; 
IIP 1994; NCTD 1996; AIAM 1997a). Some data (NCTD 1996) simply reproduces 1973 USEPA data for US 
vehicles. The IIP (1994) data, perhaps the most dependable, presents actual emission measurements on used 
vehicles. But this is not without its problems either. These problems are detailed in Chapter III. Table 2.1 is 
b a s 4  on ITP (1 994) data, supplemented with average PM values for M2 W and M3 W vehicles, and buses, fiom 
Shah and Nagpal (1997). They quote data from South and South-East Asia showing PM emission factors 
ranging fiom 0.2 @km to as high as 2 glkm in poorly maintained M2W and M3W two-stroke vehicles using 
poor quality lubricating oii, and i3om 0.75 g/km to 8 glkm in "smoke belcher" buses. 
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Because of their e x c e e d i y  high emissions per vehicle-kiiometre, and the fact that they 

are used intensively, M2W vehicles account for sigdicant proportions of CO, HC and PM 

exhaust emissions fiom motor vehicle activity in Deihi (Figure 2.13). Theu contribution is 

marginal only in terms of NO. and SO, for which buses (and other diesel-powered vehicles) 

are primarily r e ~ ~ o n s i b l e . ~  

Further, buses account for only around 10% of vehicle-kilometres, but 71% of passenger- 

Hometres, in motorized passenger vehicles in DeUi. On the other hand, M2W vehicles 

account for 60% of vehicle-kilometres, and only 16% of passenger-küometres, in such 

vehicles (Figure 2.14). Thus, on an emissions per passenger-kilometre basis, M2W vehicles 

produce roughly 33, 50 and 7 times the amount of CO, HC, and PM, and one-fourth the SO,, 

that buses do (Table 2.2). 

To conclude this section, the share of transport is high in terms of CO, HC and NOK 

emissions in Delhi, and its role in terms of SPM and SOz is growing with tirne. Further, the 

share of transport in high t r a c  areas, where large nurnbers of people live and work, is 

considerably higher than on a city-wide basis, thus causing significant exposures and health 

risks. M2W vehicles are an important transport source of CO, HC and PM, particularly on an 

emissions per passenger-kiiometre basis. While not ignoring the key role of diesel vehicles, 

particularly in terms of NO., SO, and PM, this fact highlights the need to direct public policy 

attention to M2W vehicle emissions in Delhi (and in the Indian context generally). 

2.5 DELHI'S MOTOR VEEICLE ACTIVITY AND AIR POLLUTION IN A 

WIDER CONTEXT 

So far, we have discussed air pollution and its local health effects in Delhi, and the 

increasingly important roie of transport in general, and M2W vehicles in particular. In order to 

more strongly j u s t e  public policy attention, Delhi's transport air pollution problem is shown 

to be shared by many other Indian and LIC cities in the following discussion. Further, 

29 It must be stress& that al1 the calcuiations in this section focus on exhaust emissions alone. In addition to 
the other problems, Indian uanspon emissions inventories (such as that conducted by CPCB - CSE 1996) do 
not appear to take into account crankcase and evaporative emissions, which are likely significant in the Indian 
context, nor PM due to brake, clutch and tyre wear, and re-e-suspended dust. Emissions from these sources 
would need to be included for a tnily comprehensive accounting of transport emissions. 



transport air pollution and energy consumption have many non-health welfare effects, locdy 

as well as regionally and globaily. The growing role of transport in India and the other LICs in 

t ems  of climate change, acidincation and energy security is discussed. Finally, Delhi's 

transport air pollution problem is placed in the context of broader urban transport and 

urbanization impacts, as a means of highiighting the public policy challenge. 

2.5.1 Motor Vehicle Activig and Urbm Air Pollution in India and Other L K s  

Deihi is by no means unique, either in tenns of rapid growth in rnotor vehicles, or the 

predominance of M2W vehicles. Motor vehicle growth has been at least as rapid in other 

Indian cities. Between 1971 and 1995, motor vehicle numbers increased more rapidly in 

Ahmedabad, Bangalore and Chemai than in Delhi. In fact, Chemai's rnotor vehicle fleet 

increased fiom only 120,000 to 768,000 in that penod. While M2W vehicles form 67% of 

Delhi's motor vehicle fleet, they represent 70-80% of the fleet in Ahmedabad, Bangalore, 

Chemai, and Hyderabad. Only Calcutta and Mumbai have a low percentage (43%) in this 

respect (ASRTUKRT 1997). 

In India as a whole, motor vehicle numbers increased fiom only 665,000 in 1961, and 5.4 

miliions as late as 198 1, to over 27 million in 1994 (Figure 2-15). At 8% pa (per annum) 

growth, this number could touch 43 million by 2000 (AIAM 1994a; TER1 1997a). As in 

Delhi, M2W vehicles are the most rapidly growing vehicle type country-wide (44% pa in the 

1980s). M2W vehicles represent nearly 80% of al1 motor vehicles produced and sold, and 

67% of those registered, nationdy. India arguably has the largest population of this vehicle 

type of any country. Even in 1988, India accounted for only 0.04% and 1.3% of the world's 

cars and trucks/buses, but 8 -4% of global M2W (and M3 W) vehicles (AIAM 1994a and 1995; 

ASRTU/CIRT 1997; Faiz et ai 1992; TERI 1997a). 

The motor vehide trends in India are shared by many other Asian LICs. While the growth 

in motor vehicles is rapid giobatly, it is rnost so in Asia, as markets become saturated in the 

OECD, and production moves to large untapped markets in Asia, where policies now 

encourage investment. Though Asia accounts for a small proportion of the global fleet, motor 



vehicles are doubling every seven years in many of its nations.30 By 2040, rapidly 

industrial'ig LICs could have as many vehicles as North Amerka and Western Europe 

(Champagne 1998; Faiz et ai 1992; Mohan, Tiwari and Kanungo 1997; Walsh 1991a and 

1994). 

South and East Asia collectively had only 8.5% of the worid's motor vehicles, but 36% of 

its M2W and M3W vehicles, in 1988. M2W and M3W vehicles make up more than 50% of 

the fleet in Bangladesh, Thailand, Malaysia, Indonesia and Taiwan. In Bangkok, M2W 

vehictes increased three-fold in just six years f?om 1980, and might reach three million by 

2000, if trends follow those in Taipei, where each household owns at least one such vehicle 

(Faiz et al 1992; Poboon et al 1994). 

As in the Indian context, rnotor vehicle activity in other LICs is characterized by restncted 

technological, financial and administrative resources for manufacturing and maintainhg clean 

vehicles and fiiels, providing transport inftastntcture, public transit and transport system 

management, and for policy-making and implementation. Aiso, unlike in the West, motor 

vehicle activity in the LICs is typicaily concentrated in one or a few major cities. In Iran, 

Korea, Mexico, Philippines, and Thailand, the capital cities account for 40-50% of national 

automobile fieets (Faiz et aI 1992; Faiz and Aloisi de Larderel 1993; Sathaye, Tyler, and 

Goldman 1 994; S halizi and Carbajo 1 994; WHO/UNEP 1 9921.~ * 
The rote of the LICs is currently not signifïcant in terms of global motor vehicle nurnbers 

and motor vehicular CO, HC and NO, emissions (10-25%), but their share of these pollutants, 

and of global motor vehicular SOz and PM, already considerable (40-60%), is expected to 

grow significantly, even with progressive controls. The OECD, on the other hand, will likely 

experience reductions (Faiz et al 1992; Walsh 1 994).32 

30 Motor vehicle numbers increased fiom a mere 40,000 in 1971 to nearly 400,000 in 1993 in Bangladesh, and 
fkom 177,000 in 1970 to 1.24 million in 1995 in Sri Lanka, thus giving an annual growth rate of 40 and 25% 
in the two countries (Mohan, Tiwari and Kanungo 1997). 
31 This concentration is more accentuated for cars than for other modes, reflecting the concentration of 
economic power. W e  76% of Thailand's M2W vehicles were registered outside Bangkok, only 23% cars 
were. india is in a much better position. 35% of its motor vehicles operate in 23 metroplitan centres. 
However, Bangalore, Delhi, Calcutta, Chennai and Mumbai jointly account for 17% of the national motor 
vehicle f l e t  (ASRTU/CIR.T 1997; Sathaye, Tyler, and Goldman 1994). 
32 M2W vehicles (mostly in the LICs), will likely contribute signincantly to increased HC emissions globally, 
and trucks will be a rapidIy growing contributor to global NO, and PM (Walsh 1994). 



The share of transport in air pollution in LIC cities is significant and growing. The 

concentration of national motor vehicular actMty in these cities is certainly a factor. Air 

pollution in many LIC (iicluding Asian) cities, already serious, could soon rivai Mexico 

City's, where levels of several air pollutants already exceed WHO limits by more than a factor 

of two. 12 of the 15 cities globaiiy with the highest SPM levels, and the six with the highest 

S 0 2  levels are in h i a  (these include Deihi, Beijing, Calcutta, Jakarta, Shanghai, Seoul, 

Manila, and ~ a n ~ k o k ) . ' ~  Lead levels have been high in many Indian (and Asian LIC) cities, 

with blood lead three times that in the OECD. Respiratory diseases, the second commonest 

cause of death in children under five in the LICs, kill more than four million globally annually 

(Agrawal 1997; Brandon and Rarnankutty 1993; Faiz et al 1992; Faiz and Aloisi de Larderel 

1993; Smith 1988 and 1994; Walsh 1994; WHO/UNEP 1992) .~~ 

2. S. 2 Transporî, Energy Security, and aimate Change 

Delhi consumes nearly 10% of the nation's gasoline, 3.3% of its diesel (and 4% of its 

petroleum products), with only 1.4% of its population. Annual growth rates for these 

categones range fi-om 58%. Nationaliy, industry continues to consume the largest share 

(50%) of India's commercial energy, whereas transport consumes around 24% (as opposed to 

5% in China). However, energy intensity is reducing in the former, and increasing at 7% 

annuaily in the latter sector, less rapidly than in only the domestic sector. Further, as in other 

countries, transport is a major consumer of petroleum products (44 and 51% in 1985 and 

1995) (Brandon and Rmankutty 1993; GOYESCAP 1991; TERI 1997a). 

Diesel is the pnncipai Indian petroleum product consurned (43%, as against 6% for 

gasoline), the pnmary source of transport energy (75%, as against 25% for gasoline) and the 

fastest consumed petroleum product since the 1970s (11.8% annuaily, as against 6% for 

gasoline). But passenger movement by private modes (predominantly urban and gasoline- 

powered), currently only 20% of passenger movement by road, is likely to increase rnuch 

33 Monthly SPM and Sa maxima in Calcutta are 891 and 300 ~.tg,/rn~, and annual average SPM Ievels as high 
as 1000-1700 p@m3 have b a n  recordai at trafiïc junctions (Priti Kumar et al 1997). 
34 It is not merely major Indian and LIC cities that have severe air pollution. Air pollution and per capita air 
pollution effects are significantly higher in secondary Indian cities than in Delhi. Ove; 90% of CPCB stations 
nationwide record annual SPM levels exceeding the WHO standard, with S a  levels doing likewise in many 
cities (Brandon and Hommann 1995; CPCB 1992 and 1996). 



faster (13% annually) than by public modes. Also, fieight is expected to grow slowly. As a 

result of these trends, gasoline consumption in transport wili likely increase twice as rapidly as 

diesel. Incidentally, M2W vehicles already consume nearly 50% of Indian gasoline. In 2009, 

gasoline will likely contribute one-third and diesel two-thirds, of transport energy 

(GoyESCAP 199 1; Faiz et al 1996; TERI 1997a). 

If motor vehicle activity trends persist, transport energy demand will increase dramaticaliy. 

This trend wili Wcely have signifcant energy and political security Petroteum 

product consumption increased three times between 1970 and 1990 (Figure 2.16). The gap 

between local oil production and rehing capacity and demand is rising rapidly, and has to be 

met through imports. India's vulnerability to world oil prices and crises is borne out by the 

fact that while imports increased 9% annually in the 1970s, their cost increased 389%. The net 

oi. import biil as a percentage of net export earnings increased fiom 8% in the 1960s, to over 

30% and 75% in 1973/74 and 1980/8 1 respectively, and currently stands at 32%. 36, 37 The 

future is womsome, given rapid demand growth, and the possibility that Indian oil reserves 

wiil last only 25 years at current production levels (GoyESCAP 199 1 ; TER1 1997a). 

At the global level, transport already consumes about 25% of commercial energy, and is 

the fastest growing end-use category. The OECD, with 15% of world population, accounted 

for nearly two-thirds of global commercial energy consumption for transport in 1995, but its 

demand over the next two or three decades is expected to be flat or growing slowly. In 

contrast, transport energy demand in the LICs, now around one-third that in the OECD 

countnes, could increase two to three times in as many decades. This has senous security 

implications, since transport already consumes around 45% of the world's oil. India's and 

China's combined oil consumption accounts for ody 6.6% of the world's, but is increasing at 

6.4% annually, while world oil consumption is increasing at 1.5%. 

35 Energy consumption is increasing rapidly in ail sectors. It is currentiy doubling every 12 yean in hdia (and 
Asia), as opposed to 28 years globally (Brandon and Ramankutty 1993). 
36 Besides, oil irnports alone account for nearly a quarter of al1 Indian imports (Nag 1997). 
37 The predominant role of diesei in Indian transport is of conœm because of its implications for air poilution 
health M e ç t s .  Further, diesel accounts for 62% of petroleum imports, which are vulnerable to pnce 
fluctuations, and it has dso been heavily subsiàized (GoUESCAP 1991; Nag 1997; TERI 1997a). 



Figure 2.16 Petroleum Products Consumption in India 
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At this rate, two-thirds of global oil will kely have to corne fiom the politically volatile 

Middle East, as against only 26% in 1991. If, as some scenarïos suggest, the gIobal fleet 

grows to five billion motor vehicles by the end of the 21st century, transport alone would 

require, even with efficiency improvements, up to 50% more than the present total OC 

consumption world-wide (Flavin and Lenssen 199 1 ; Griibler 1994; Holdren 1990). 

The rapid growth in motor vehicfe activity and transport energy demand dso have 

important implications for clirnate change. Globally, motor vehicles contribute signiiicantly to 

emissions of gases implicated in climate change, including CO2 and CFCs (the two major 

climate change gases),38 tropospheric Oi, nitrous oxide, methane, and CO. Transport accounts 

for around 14% of CO2 and 25% of CFC emissions globally, and around 15% of aU global 

wanning. The share of non-OECD countnes, including the LICs, is only 33 and 10% of giobd 

motor vehicle generated CO2 and CFCs respectively. However, with rapid growth in motor 

vehicle activity, CO2 emissions fiom global transport wili Wcely be two-thirds above current 

levels by 2030, with nearly half corning f?om non-OECD countries. In these countries, 

transport CO2 emissions could increase thrice in as many decades, even with &el economy 

improvernent~.~~ Of course, even with this increase, their share will barely equal that of the 

OECD.~' 

2.5.3 Regional AcidifScntion and Troposp heric Ozone 

Acidification results from S 0 2  and NO, king transported by prevailing winds and returned to 

earth in wet or dry form. Typically, sulphuric acid makes up 60-70% of total acidity, and nitnc 

acid the balance. While transport contributes insignificantly to SOz, its contribution to NO, is 

38 CFCs are not caused by M2W vehicles, the focus of this study. Indeed, CFCs are not n o d y  associated 
with transport. However, CFCs fiom motor vehicle air-conditioning, and other automotive systems, are a 
major contributor to ove rd  CFC emissions. A signincant contrï'butor to climate change, CFCs are a h  
predominantly responsible for stratospheric ozone depletion (Faiz et ai 1992; Goverment of Canada 1991; 
Walsh 1994). 
39 Cars b i l l  likely dominate in terms of COz. However, heavyduty trucks, accounting for under 10% of the 
global f l e t  but aimost 20% of motor vehicle-kilometres, and 25% of C G  fiom road transport, wiil be a 
rapidly growing contributor, due to minimal fuel efficiency improvements. By 2030, they will likely be the 
dominant vehicular CO2 source (Faiz et al 1992; MacKenzie and Walsh 1990; Walsh 199 la). 
40  Thus, as Faiz et al (1992) point out, policy in most LICs would be driven by energy conservation, rathet 
than global environmental, considerations. 



substantial. O3 and its precursors (a growing problem in Dehi and other LIC cities) also travel 

great distances, so that high levels can occur far fiom major sources. For example, while 0 3  

levels exceed WHO limits by up to 9% within Delhi, they typically do so by 20% outside (Faiz 

et al 1992; Roy Chowdhury 1997; Walsh 1994). 

Local and regional impacts due to acidification and ground level 0 3  (and PM) include 

damage to soils, vegetation and crops, and forest and aquatic ecosystems, groundwater 

pollution due to toxic metal leaching, impaired visibility, metal corrosion, and stnictural 

damage to buildings and monuments (the Taj Mahal is a prominent victirn). Acidifîcation and 

0 3  effects in the LICs, particularly in Asia, are increasing rapidly. India and China are 

particularly prone to high emissions and depositions.41 While this is the case, even low 0 3  

levels can senously diminish crop yields. More importantly, O3 appears to affect tropical crops 

more severely than US and European ones. While daxnage is estimated to be 10% in the USA 

(except for sensitive crops in California), it could be 40% for wheat, soybean, rice and 

groundnut in the North Indian bread-basket states of Punjab and Haryana (Brandon and 

Rarnankutty 1993; Faiz et al 1992; Roychowdhury 1997; Walsh 1994). 

2.5-4 ûther Impacts of Mofor Vehicle Activig and Urbanizaîion 

This dissertation focuses on transport air pollution. However, it is important to keep in rnind 

that while air pollution might be the most widely felt impact of motor vehicle activity, there 

are other important transport impacts, and that air poliution is inextricably linked with them. 

Delhi's (and India's) road safety record, already arnong of the world's worst, are 

deteriorating steadily. In 1993, Delhi accounted for 19% of al1 road accidents, and 36% of all 

resulting mortalities, in 12 major Indian cities (interestingly, Calcutta and Bombay had more 

accidents, but far fewer mortalities). Nationwide, road accidents are the prhary cause of 

accidental deaths. They caused 54,058 and 60,595 mortalities in 1990 and 1993 respectively, 

as many as in North Arnenca, and with a Gaction of its motor vehicle activity. While car 

occupants accounted for only 12% of Delhi's road accident fatalities in 1994, pedestrians, 

cyclists and M2W vehicle users accounted for 42, 14 and 27% (AIAM 1995; ASRTUKIRT 

4 1 Asia's S& emissions, mainly fiom coai-fired power plants and industry, but also domestic sources, codd 
easiIy exceed the OECD's by 20 IO (Brandon and Ramankutty 1993). 



1997; Mohan and Tiwari 1997; Mohan, Tiwari and Kanungo 1997; Stackhouse 1995; TERX 

1997a). 42.43 

Peak-hour speeds are dropping with growing motor vehicle activity, and now average 10- 

20 lon/h in Delhi, Bombay, Calcutta and many other Asian LIC cities." Besides causing time 

and productivity losses, congestion significantly exacerbates air pollution and energy 

consumption (Brandon and Ramankutty 19% ; CSE 1996; Faiz et al 1992; Sathaye, Tyler, and 

Goldman 1994; Poboon et al 1994). Since congestion involves a large number of vehicles 

movhg in a "stop-and-go" fashion over narrow comdors, the net result in t ems  of local 

poll~rmr levels is bound to be dramatic. 

As motor vehicle activity, sprawl, and accommodation of motor vehicles feed on each 

other, NMVs become Iess viable, and access and mobility for pedestrians, NMV users, and for 

those too poor to a£Eord even the least expensive modes, s ae r s .  Even in Delhi, around 50% 

of the population lives in slums, and many residential households do not possess even bicycles. 

The trend in the LICs has been a significant reduction in non-motorized vehicle CNMV) 

shares. In Delhi (Figure 2-17), bicycle trips dramatically reduced fiom 36 to 7% of trips by al1 

mechanical modes between 1957 and 1994. In the western Lndian city of Pune, households 

with bicycles fell fiom 61 to 29%, while those with M W  vehicles rose f?om 17 to 41%, 

between 1982 and 1989 (Hillrnan 1990; Whitelegg 1993; Midgley 1994; Pendakur 1987 and 

1988; Replogle 1992; RITES/ORG 1994; Sathaye, Tyler, and Goldman 1994). 

Though generally overlooked, transport wastes include used crankcase oils, lubricants, 

transmission and brake fluids, coolants, automobile batteries and acids, filters, tyres and 

solvents generated d u ~ g  vehicle operation, maintenance, servicing and disposal. Many of 

these wastes are hazardous, contain carcinogens a d o r  neurotoxins, and when disposed of 

42 Other LIC counuies show a similar trend. In Bangladesh, Sri  Lanka, and Thailand, 53-72% of such 
fatalities are pedestrians and NMV users. In the USA, by contrast, less than 20% are pedestrians or cyclists. In 
Sri  Lanka, Malaysia and Thailand, M2W vehicle users account for 3447% of road fatalities. The high shares 
of NMV and M2W vehicle users in countnes Iike hdia are of course due to their high shares in travel activity. 
Additionally, there is little separation between motorized and non-motorized modes and sidewalk activity, and 
tranic regdations are hardly enforced (Mohan and Tiwari 1997; Mohan, Tiwari and Kanungo 1997). Finaliy, 
M2W vehicles are unstable, and are rendered more so by k ing  used to carry passengers a d o r  goods. 
43 In addition to the disproportionate representation of pedestrians and cyclists, there is also a dramatic skew in 
terms of gender. More than 80% of Indian road fâtalities are male (Mohan, Tiwari and Kanungo 1997). 
44 However, we must be arefiil when comparing average speeds in merent  contexts, because the share of 
walking and non-motorized trips, which of course lower average speeds, can vary widely across contexts. 



indiscrirninately (there are virtudy no controls in the Indian context), can either persist in the 

air, water or soil, or be absorbed by the lower organisms, and travel up the food chah. As the 

number of under-ground fûel storage tanks increase with growing motor vehicle activity, so 

will the likelihood of leakage and contamination of ground water (California Environmental 

Protection Agency 1988; Governrnent of Canada 1992). 

Figure 217 Mechaniciil Mode Share Changes in ûelhi 

1967-1994 

% Mode Share 

Bicycle MZW M3W Car Taxi Bus Rail Others 

Traffic noise, including that due to fiequent hom usage (because of the chaotic traBc), is 

high, and increasing. Levels of the order of 80 dB(A), typical of road traffic, can induce both 

physiological as well as psychological effects (Barde and Button 1990). Finally: associated 

with high motor vehicle activity levels is the operation and maintenance of various facilities 

such as t r a c  control, policing, and Street maintenance, activities that are resource-intensive 

and which require transport systems of their own. 

Transport is by no means the only source of air pollution, and neither is outdoor urban air 

pollution the only air pollution problem. The buming of fbeiwood and other 'traditional' fuels 

by the vast majority for cooking and space heating creates indoor PM levels of 6000 @m3, 



and health impacts far more severe than in even the most polluted urban environments. Not 

only the vast majority of rural inhabitants, but also a signincant number of low-income urban 
45. 46 households, rely on these fùels. Thus, the urban poor receive very high PM exposures 

from city-wide as well as indoor sources (Brandon and Ramankutty 1993; GOYESCAP 1991; 

Priti Kumar et al 1997; Smith 1988 and 1994; TERI 1997a). 

Neither air pollution nor the other transport impacts discussed are the only senous urban 

problems in Delhi and other Indian and LIC cities. Water pollution due to ineffective sewage 

and human waste disposai, and other effluents, is perhaps the most widespread urban 

environmental problem in India (and Asia). Coupled with inadequate and overcrowded 

housing and poor solid waste disposal, water pollution causes water and vector borne diseases 

that are responsible for miliions of mortalities and morbidities amually, mainly among 

children. It is worth noting in this c o ~ e c t i o n  that water pollution aione accounts for 59% of 

total health impacts due to environmental pollution in India, as against only 14% for air 

pollution. Infectious and parasitic diseases account for 1849% of ail deaths in India, and 27% 

of deaths among children under five, and are increasing rapidly. Thus, the scale and range of 

problems in Indian (and LIC) cities is massive, and many of these do far greater, and more 

easily preventable, damage to human health than air pollution, important as that is (Brandon 

and Ramankutty 1993; Brandon and H o m r n a ~  1995; Hardoy and Satterthwaite 1991; 

Mohan, Tiwari and Kanungo 1997). 

2.6 SUMMARY AND CONCLUSIONS 

Motor vehicle activity is increasing rapidly in Delhi. Also, Delhi's air quality is poor, and 

deteriorating. The contribution of transport to the city's air pollution is s i e c a n t  and 

45 In India, these fiels even now account for 75% of total household energy use (90 and 40% in niral and 
urban areas), and over one-third of final energy consumption, with coal, soft coke, and charcoal accounting for 
another 24%. In addition to adverse heaith impacts, these fiels are a major cause of deforestation. A h ,  for 
example, buming dung instead of using it as fertilizer deprives the soi1 of nutrients (Brandon and Ramankutty 
1993; GoUESCAP 1991; T'EN 1997a). 
46 In the Indian c0nte.q the effect of high partieulate levels is exacerbateci by widespread smoking, which 
affects non-smokers only marginally less than it does smokers. Also, the growing electrical power shortage has 
resulted in increased use of portable generators, many of which are powered by two-stroke gasoline and diesel 
engines (CSE 1996). Though generators may not be significant in terms of total pollution load, they tend to be 
used over prolonged periods daily in residences and other enclosed areas such as markets, and are therefore of 
conceni in terms of totai hurnan exposure and h d t h  impacts. 



growing. M2W vehicles account for the Lion's share of the city's motor vehicle activity. 

Because of this fact, and their exceedhgly high emission factors, M2W vehicles contribute 

signincantly to transport air pollution, particularly on a per passenger-kilometre basis. At the 

same time, M2W vehicles provide affordable mobility to millions who have few other 

attractive options. 

Transport air poilution poses a particularly difficult public policy challenge. It is an 

extemality that transport system users impose on non-users, as opposed to congestion, which 

primarily affects users, who at least benefit nom motor vehicles (Hanson 1992; MacKenzie et 

al 1992; OECD 1992). In Indian cities, a majonty of the non-users are poor and enjoy none of 

the benefits of motor vehicles, while invoiuntarily bearing the brunt of its impacts. Chronic 

health and welfare effects of long term exposure to multiple transport poliutants may be far 

more serious than those due to acute episodes involving stationary sources, and are far more 

difncult to document and quanta. Besides, pollutant emissions £tom a large number and 

varïety of motor vehicles are far more dficult to control than fiom stationary sources (Faiz et 

al 1992). Finally, transport is arguably the most complex sector in terms of human behavioural 

issues. In the case of M2W vehicles in India, the additional challenge is how to address their 

emissions while rninimizing adverse policy impacts for vehicle users. It is this challenge, and 

the challenge that transport air pollution poses generally, that provides the rationale for this 

dissertation. 

Delhi's rapid growth in motor vehicle activity, particularly in terms of M2W vehicles, and 

its deteriorating air quality, are features shared by many other Indian and LIC cities. Transport 

emissions, already significant in terms of the rapidly worsening urban air poliution in the LICs, 

will likely become even more so. Additionaily, transport energy demand in the LICs could 

increase as much as three times in as many decades. 

Addressing transport-energy-air pollution linkages in India and other LICs is therefore 

important, in terms of local weIi-being as well as regional and global issues such as energy 

secunty, acidification and climate change. Focusing on M2W vehicle emissions in Delhi, as 

this dissertation does, is all the more relevant in light of the above considerations. 

The effort to address transport air pollution must recognize that air pollution is by no 

means the only important transport impact. Neither is transport the only source of air 



pollution. Further, neither transport air pollution nor the other transport impacts are the o d y  

serious urban problems in Delhi and other Indian and LIC cities. Lastly, the Indian and LIC 

contexts are characterized by multiple urgent demands on meagre technical, financial and 

administrative resources. 



CHAPTER In 
TRANSPORT A I R  POLLUTION IN INDLA: 

A DISCUSSION OF CONTRIBUTORY FACTORS 

3.1 INTRODUCTION 

In order to gain a good understanding oc and to effectively address, any problem, it is 

important to investigate the various factors that contribute to it. This is particularly tme of 

complex and multi-dimensional public policy challenges such as transport air pollution. In 

Chapter II, reference was made to some of the critical factors contributing to a i .  pollutant 

emissions fiom M2W and other vehicles in Delhi, including outdated vehicle technology, 

poor vehicle maintenance, poor quality fiel and oil, and £bel and oii adulteration. But there 

are many other contributory factors. Also, addressing the transport air pollution problem 

in India requires an understanding of important contextual characteristics that cntically 

influence emissions. 

This chapter discusses in some detail the complex of inter-locking factors that 

contribute to M2W vehicle air pollutant emissions in Delhi. This discussion c m  help 

idente policy levers to target key contributory factors. Just as importantly, it c m  help 

idente factors that are impervious to policy interventions, and must therefore be accepted 

as constraints. Lastly, identifLing cntical contributory factors wiii help in making transport 

emissions and energy consumption measurement and modeling efforts more effective. 

While the discussion focuses prirnarily on M2W vehicles in Delhi, it is relevant to the 

overali transport air pollution and energy consumption problem in India. Further, while the 

proximate causes of the problem are technological, the more hndamental causes are non- 

technological and institutional, and must be considered for long-term poiicy effectiveness. 

Institutional factors are discussed in this chapter, but are treated in greater detail in 

Chapter N, which addresses the institutional setting for policy-rnaking and 

irnplementation with regard to this problem in the Indian context. Vehicle user behavioural 

factors play a crucially important role in infiuencing transport air pollutant emissions. 

Reference is made to some key user behavioural factors, but they are discussed in detail in 

Chapter VI, which focuses on M2W vehicle user preferences, choices and motivations, 



and their perspectives on how they would be Sected by, and would respond to various 

policy alternatives. Since transport air pollution is a fùnction of both per-vehicle emissions, 

as well as overall vehicle activity, the chapter addresses factors that contribute to both of 

these key components of the problem. The advantage of this approach is that 

technological-curative as well as preventive alternatives may be identifïed, for long-tem 

effectiveness. Indeed, the chapter focuses on air poliutant emissions transport system-wide 

due to M2W vehicle activity, rather than merely from vehicle exhaust. 

3.2 METHODOLOGY 

The discussion in this chapter draws on published Literature on a range of subjects 

including environmental policy, engineering, urban transport, and urbanization, reflecting 

the multi-dimensional nature of the transport air pollution problem. Documents relating to 

vehicle and fuel technology and the urban transport system in the Indian context that the 

author culled during the course of his field work in late 1997 are also referred to. 

Additionally, the chapter draws on in-depth i n t e ~ e w s  with various individuals interested 

in and/or knowledgeable about the range of issues involved, and representatives of 

institutions whose actions have an imporîant bearing on transport air pollution in the 

hdian context. These individuals included decision makers in various relevant government 

agencies at both the national and local levels, vehicle and £bel industry representatives, 

academics and researchers,' and last but not least, M2W vehicle users. Combinhg 

information fi-om these diverse sources helped the author gain a comprehensive 

understanding of the various contributory factors and their interactions, and how the 

situation is evolving and is likely to continue to evolve over the coming years. 

1 A list of these interviewees is provided in Appendix V. Interviewees' Monned consent was obtained 
prior to in te~ews  being conducted. The i n t e ~ e w  protocol, and the hfonned Consent Form (Appendix 
VI), were approved by the Behavioural Research Ethics Board of the UBC Ofnce of Research Services and 
Administration, One of the conditions of this approval was Uiat the identity of interview participants 
would be kept confidentid. It is for this reason that, while theu information and insights were of immense 
value to the author, interviewees are not explicitly acknowledged. For the questionnaire, interview 
protocol and Informed Consent Form relating to the survey of, and indepth inteniews with M2W vehicle 
users, see Appendices VITI-XI. 



3.3 FACTORS CONTRIBUTING TO M2W VEHICLE AIR POLLUTANT 

EMISSIONS IN TEE INDIAN CONTEXT 

Before we discuss factors contributing to M2W vehicle air poilutant emissions, it is useful 

to note that it is exposure to air pollution, not merely air pollutant emissions, that 

determine health and welfare impacts. In turn, exposure is a funaion of local pollutant 

concentrations, duration of exposure, and the number of people exposed (Faiz et al 1992). 

However, air poliution impacts are not a fùnction of exposure only. Aiso important are 

factors such as nutrition quality, and level of physical activity during exposure, as noted in 

Chapter II (CSE 1996; Faiz et al 1992; Romiey Weitzenfeld and Finkelman, 1991; 

Romieu et al 1992; Wijetilieke and Karunaratne 1997). While ai i  of the above factors in 

combination detennine susceptibility to health impacts, access to  quality health care 

influences the ability to cope with impacts, once they occur. Factors such as nutrition 

quality and access to quality health care are strongly related to income. And so, one might 

argue, are the level of physical activity to earn a living and housing location, both of which 

c m  strongly influence exposure. In short, income may likely be an important determinant 

of air poilution exposure and impacts. 

Factors such as topography, ventilation (and in turn, wind transport, dispersion and 

inversions), weather (ii terms of precipitation), and vegetation have an important bearing 

on air pollutant concentrations, apart Born transport and other emissions (Faiz et al 

1 9 9 2 ) ~ ~  Deihi's SPM concentrations would be a lot lower, for example, if its rainfall were 

distributed more evenly over the year. The point of the foregoing is that, while the best 

line of action is of course to minimize emissions in the first place, measures such as 

housing away fkom areas of high local poliutant concentrations, improved nutrition, and 

access to good quality health care would also help. 

3.3.1 Vehicle Technology 

In general tems, Indian motor vehicle technology is decades behind global practice. 1950s 

and 1960s vintage vehicles, with considerably lower fuel economy than OECD vehicles, 

* AS Faiz et al (1992) point out, though air pollutant emissions in Santiago, Chiie are only 10% of those in 
Sao Paulo, Brazil, the severity of pollution episodes in Santiago quai those in Sao Paulo. 



continue to be manufactured in India and other LICs. This situation is changing, however, 

as more recent mode1 vehicles are entering the Indian market with economic liberalkation 

(Faiz et al 1992; Champagne 1998).'" 

Two-stroke engines power the bulk of Indian M2W vehicles, as indicated in Chapter 

II. M2W vehicles powered by four-stroke engines are expected to grow in prominence, as 

industry increashgly relies on this technology, arnong other options, in response to the 

stringent emission standards scheduled to corne into force in 2000 (Central Motor 

Vehicles (Amendment) Rules 1995; CSE 1996; MoST 1996).' Until recently, however, 

four-strokes have accounted for only 1045% of annual M2W vehicies sales, and thus 

constitute oniy a s m d  proportion of this fleet in India. In 1997, there were around eight 

M2W vehicle models that were powered by four-stroke engines in the Indian market 

(Narayana 1994)~~  

Table 3.1 compares the in-use fiiel economy and exhaust emissions of Indian M2W 

vehides with their two-stroke European counterparts in the eary 1990s. This cornparison 

is relevant, because many M2W vehicles from that period are likely operational on Indian 

roads. It appears fiom the figure that even in the early 1990s, Indian M2W vehicles were 

-- - 

For example, fuel injection is beginning to replace carburetion in cars, as emission standards becorne 
more stringent, and three-way catalytic converters, which requise füel injection for optimum effectiveness, 
become necessary in order to achieve those emission standards. Catalytic converters were mandateci on ail 
new cars in the major Indian cities in 1995, dong with the introduction of more stringent emission 
standards (Centrai Motor Vehicles (Amendment) Rules 1995; CSE 1996; Faiz et al 1992; MoST 1996). 
4 Fuei economy data on Indian vehicies is sketchy, particularIy for vehicles other than M2W and M3W 
vehicles. Where fuel economy data is presented, test conditions are rarely indicated. Average fuel 
economy for new Indian cars (including recent models) appears to be around 13 km/l on the Indian 
driving cycle, compared to around 11 km/l in Europe for both urban and highway driving, and 17 kmn in- 
city in North America (AIAM 1994b and 1997b; Environment Canada 1998; Faiz et al 1996; IIP 1994). 
* Four-stroke engines deliver one power stroke for r e r y  two revolutions of the engine crankshaft, as 
opposed to two-strokes, which deliver a power stroke every revolution. The problem of fuel-air charge 
escaping unbumed through the exhaust is eliminated on four strokes. Aîso, four strokes employ crankcase 
lubrication. HC, CO and PM ernissiom z e  reduced significantly, and fuel economy is considerably 
improved, compared to two-strokes. However, four strokes are larger (and heavier) for the same power 
output, and more expensive than two strokes. This is precisely why two-strokes are preferred for s d l  
M2W vehides (Faiz et ai 1992 and 1996). 
6 M2W vehicles sold over the last 30 years, and manufactureci to this day, in India and other LICs, were 
developed in the 1960s by the Japanese, Italians and others. At the tirne, there was understandably no 
great interest in either emissions or bel economy, and most such vehicies under 200 cc capacity were two- 
strokes. Only Honda offer a variety of four-strokes with displacements below 200 cc, and Kawasaki and 
Yamaha have a few models (Duleep 1994). Not surprisingly, ail the motorcycle models o f f e d  by Hero- 
Honda in India are four-strokes (so is the Kawasaki-Bajaj 4s) (AIAM 1994b and 1995). 



considerably superior to their European co~nter~ar t s .~  However, it should be noted that 

the Indian drivhg cycle, which was used to generate the data for Indian M2W vehicles in 

Table 3.1, is based on, but is not identical to, the ECE @conoMc Commission for 

Europe) cycle, which itself reportedly underestirnates emission factors by 1525% with 

respect to more realistic driving at the same average speede8 Further, while the ECE cycle 

requires starting vehicles after a six hour soak at 20-30 OC, the Indian cycle was nin on 

wann vehicles until recently, and could have underestimated CO and HC on this score 

alone (AIAM 1996a; Calvert et al 1993; Faiz et al 1992; Faiz et al 1996; IIP 1994; Centrd 

Motor Vehicles (Amendment) Rules 1995; CSE 1996; MoST 1996).' Finally, it is not 

clear to what extent the Indian M2W vehicle data (or for that matter, the European data) 

in Table 3.1 were representative of in-use fuel and oil quality, and vehicle operation and 

maintenance. Actual emission factors for Indian M2W vehicles could therefore be higher 

than the numbers shown in Table 3.1. 

7 The fuel economy of Indian two-stroke and four-stroke M2W vehicles, and two-stroke mopeds, averaged 
54, 73 and 61 km/l respectively on the Indian driving cycle, on the tests by IIP (1994). However, fuel 
economy figures reported during the author's user i n t e ~ e w s  averaged 35 ladi for two-strokes. This 
matches very well the 35 km/l figure quoted in Duleep (1994). The fuel econorny figures for European and 
US M2W vehicles average 20-25 M, and 42 km11 on European mopeds (Faiz et al 1996). 
8 Even the US FïP driving cycle, perhaps the rnost representative cycle in terms of accelerations and 
transients, likely underestirnates CO and HC (and also NOJ, because the maximum speed and 
acceleration levels are lower than those achieved in reality (Faiz et al 1992; Faiz et ai 1996). Calvert et al 
(1993) estirnate that this underestimation could be as much as two rimes. The ECE cycle is far less 
representative of actual driving than the US FTP, involving as it does steady state comiitions linked by 
wllform speed changes, and much lower maximum speed and acceleration levels than the US FïP. 
Additionai driving cycles have been developed to make both the US FTP and ECE cycles more 
representative of reality. In the Iatter case, an extra urban dnvïng cycle has been added to account for 
much higher speeds outside urban areas. F h e r ,  in order to account for the enhanced CO levels at low 
temperahirzs, the US FTP procedure has recentIy been modined to include a CO emissions test at -7 OC in 
addition to the existing 20-30 OC- The ECE cycle on the other hand continues to be run with the vehicle 
started at 20-30 OC (Faiz et al 1992; Faiz et al 1996). The Kndian driving cycle involves a lower maximum 
speed than even the ECE cycle, on which it is based, which is reasonable given Indian conditions, but aiso 
Iower acceleration Ievels (AIAM 1996a). Note that the e.utra urt>an driving cycle is not included in the 
ECE or the Indian driving cycles in the case of M2W -~ehicles, 
9 Cold start was made a requirement in the Indian emission standards fiom ApriI 1998 for M2W and 
M3 W vehicles, and fiom April 1996 for lightduty diesel vehicles (Central Motor Vehicles (Amendment) 
Rules 1995; CSE 1996; MoST 1996). However, there is no clear specifïcation of the temperature at which 
the emissions test is to be started, or of the satic time. Since the Indian driving cycle is based on the ECE 
cycle, it rnay be assumeci that test vehicles are to be d e d  for six hours at 20-30 OC before starting, 
which are the ECE requirements (Faiz et al 1996). 



In addition to the above issues, it should be noted that there are no evaporative 

controls on the fuet distribution system, or on vehicles except cars produced f?om 1996 

(MOST 1996). Indian gasolines have a wide volatility range, with a high maximum value 

(BIS 1995a), as will be discussed in a subsequent section on fùel and oil quality. The vast 

majority of gasohe vehicles on Indian roads are carbureted, not fiel-injecteci (AIAM 

1994b and 1995). These facts, dong with India's high ambient temperatures, which can 

reach 45°C in Dehi in the summer, heighten the potential for evaporative emissions, which 

are rich in reactive hydrocarbons that participate in the formation of tropospheric ozone. 'O 

Tibk 3.1 Inuse lndian M2W Vehicle Fuel Economy and Ewhaust Emlsslon Factors 

Cornplrd to Europe, Early 1990% 

Evaporative emissions increase exponentially with increasing volatility and ambient 

temperatures. These emissions can be as hi& as 20-32% of total HC emissions on 
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uncontroiled vehicles, and even higher on hot daYs.'' Also, evaporative losses are a 

'O Evaporative emissions comprise diumal or 'breathing' loaes due to expansion and contradon of 
gasoline in the fuel tank with changes in air temperature, 'hot soakl emissions fiom the carburetor bowl 
when a warmeù up engine is shut down, nuuring loss emissions due to vapour generated in hel tanks 
during vehide operation, and re-fùeling emissions. Kot soak emissions do not occur in sealeci fuel 
systems, such as those used with fuel injection systems (Calvert et al 1993). 
" Ambient temperature and altitude play an important role in transport energy and air pollution. Elevated 
ambient temperatures and altitude would tend to increase evaporative emissions. Additionally, these two 
factors affect engine power, and therefore fuel efficiency, as air density reduces with increasing ambient 
temperature and altitude. Unless equipped with electronic air-fuel ratio control, or unless adjustments 
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signifïcant source of vehicular benzene emissions. Evaporative emissions per kilometre 

fiom M2W vehicles can be as high as 40% of that in an uncontrolled car (Calvert et al 

1993; Faiz et al 1992; Faiz et al 1996). In view of the foregoing, evaporative emissions 

fiom M2W vehicles can be significant in the Indian context (in addition to their high 

exhaust emissions). Recall in this connection that in Delhi, M2W vehicles account for 

around 2.7 times the vehicle-kilometres as cars. hdeed, M2W vehicle-kilometres are 

around 1.5 times the total vehicle-kilometres by all other motorited passenger transport 

modes in Delhi (Figure 2.14 in Chapter II). 

Table 3.2 Evolution of lndian M2W Vehicie Exhaust Emission Standards 

Compared to Taiwan 

M W  Vehlcla = Motorizad two-whaeied Vahicle. Sources: CMV (Amandment) Rul- 19%; CSE 1996; Fdr at al 19S; 
MOST 19S. mgbOO 

Engine crankcase emissions cm also be substantial. This source accounts for 13-25% 

of total VOCs on uncontroiled gasoline powered cars (Faiz et al 1992). These emissions 

were made to suit the higher altitude, engines would consume more energy and produce higher exhaust 
ernissions for the sarne performance as at sea level (Calvert et al 1993; Faiz et al 1992). In terms of health 
impacts, increased emissions at altitude would Uely  be coupled with the effects of altitude on the buman 
respiratory system. In the Indian context, th is  is of concern in the case of Bangalore, which is situated at 
an elevation, and is also the most motorized city d e r  Deihi (ASRTUICIRT 1997). 



were mandated to be controlled, commencing in 1996, but only for cars, not for M2W and 

M3 W vehicles or diesels (Central Motor Vehicles (Amendment) Rules 1995; CSE 1996; 

MoST 1996). As more M2W (and M3 W) vehicles fitted with four-stroke engines begin to 

be produced in response to more stringent emission standards, crankcase emissions will 

gain in prominence as far as these vehicles are concemed. Crankcase HC emissions can be 

as high as 20% of exhaust HC emissions on four-stroke MîW vehicles (Hare et al 1974).12 

AU in dl, in-use emissions fiom the vehicle as a whole could be  considerably higher 

than would appear to be the case for hdian M2W vehicles 6.om Table 3.1. Moreover, 

what makes M2W vehicles so important in terms of urban transport air pollution in the 

Indian context is the fact that these vehicles are used in large numbers for daily 

comrnuting, uniike in Europe and North America- Besides, many M2W vehicles in Europe 

and North America are large-di splacement, high-powered machines. Therefore, let us 

compare Indian M2W vehicle emission factors with those in Taiwan and Thailand, 

countties which have similar M2W vehicle ownership and usage characteristics as India. 

This may be done by tracing the evolution of M2W vehicle emission standards in these 

countries since the early 1990s (Table 3.2). As may be seen fiom this table, the emission 

standards for Indian M2W vehicles have improved vastly over just nine years, but have 

been infenor to those for their Taiwanese and Thai counterparts, until very recently. Even 

the Indian standards proposed for 2000 are not as stringent as those proposed for 1997 in 

Taiwan and Thailand, the most saingent globally except for Swiss mopeds. Besides, there 

were no cold start requirements in the Indian emission standards until recently, whereas 

the standards in Taiwan and Thailand foIlow the ECE cycle, which caiis for a starting 

temperature of 20-30 OC. And the maximum speed in the Indian driving cycle is lower than 

in the ECE cycle (AIAM 1 W6a; Central Motor Vehicles (Amendment) Rules 1995; CSE 

1996; Faiz et al 1992 and 1996; MoST 1996).13 Further, Confonnity of Production (CoP) 

limits, which s p e c e  the maximum allowable deviation fiom standards for production lots, 

'' Even so, HC emissions fiom exhaust as well as crankcase on four-strokes wouid be considerably lower 
than e.xhaust HC emissions from two-strokes (Hare et al 1974). 
13 However, there are no M2W vehicle emission standards that are more stringent than the 2000 (and even 
the 1996) Indian standards, with the exception of those in Taiwan and Thailand, and for Swiss and 
Austrian mopeds. (Centrat Motor Vehicles (Amendment) Rules 1995; CSE 1996; Faiz et al 1992 and 
1996; MoST 1996). Note aiso that the 1997 standards for Taiwan and Thailand are only proposed figures. 



were as high as 25 and 33% for CO and HC fiom Indian M2W vehicles in 1991, and were 

brought down to 20% for CO and HC+NO, in 1996 (Appendix m). Fhdy,  u&e for 

vehicles in the USA, no clear stipulations as to emissions durability appear to have been 

made, nor are any ernissions warranty or vehicle recali requirements irnposed on 

manufacturers WoST 1996)." Consequently, there is Little i f  any incentive for 

manufacturers to design and maintain vehicles for emissions durability. 

The upshot of ali of the foregoing is that, while Indian M2W (and other vehicle) 

emission standards have become increasingly stringent, in-use ernissions per vehicle- 

kilometre h m  the vehicle as a whole on even recent mode1 Indian M2W vehicles could be 

considerably higher than the emission standards would seem to indicate. This situation is 

rendered al1 the more liiely because of in-use vehicle operation and maintenance realities, 

which we discuss below. 

Before doing so, note that while we have been focusing on the engine and exhaust 

system, vehicle components such as transmission, brake and tyre are also important in 

terms of transport air pollution and energy (Alberta Energy 1988; Duleep 1994; Faiz et al 

1996). In this connection, recail f7om Chapter II that asbestos continues to be used for 

vehicle brakes and clutches in Indian vehicles, because it is 40% less expensive than 

alternative materials. 

3.3.2 Vehicle Operation, Maintenance and Disposal 

Vehicle user choices and behaviours play a key role in transport emissions, and aiso in 

efforts to prevent and control them. This issue is discussed in considerable detail in 

Chapter VI, so only some brief points wifl be made here, with regard to vehicle operation 

and maintenance. Driving behaviours such as "jack-rabbit" starts and stops can increase 

ernissions dramatically (Faiz et al 1992). Many M2W vehicle users in te~ewed by the 

author reported fiequent fùel refilis, and oil-fuel ratios not always as per specification, 

14 In the USA, clear emissions durability requirements, emissions warranties, in-use surveillance, and 
vehicle recall have k e n  irnplemented in addition to emission standards. Emissions durability 
requirements have been extended fiom 80,000 to 160,000 km, Such requirements have not been 
incorporated even in the European standards. In Taiwan, M2W vehicle emissions durability requirements 
of 6,000 km have been in force since 1991, and were upgraded to 20,000 km fiom 1998 (Faiz et ai 1992 
and Faiz et al 1996). 



with significant implications for evaporative and exhaust PM emissions (Author's user 

interviews 1997). 

Coupled with the high motor vehicle activity rates in the Indian (and LIC) context is 

the high average fleet age because of low scrappage rates, and poor maintenance. Several 

studies worldwide have shown that maintenance is a significant factor in vehicular 

emissions. Among uncontrolied vehicles, HC and CO emissions between properly and 

poorly adjusted engines cm Vary by a factor of four or more. CO emissions c m  increase as 

much as 400% due to normal drift between services. Factors such as faulty ignition which 

have considerable scope to occur in the Indian context, can affect emissions durability.15 

This is particularly so in the case of technologies such as catalytic converters, which are 

entering the Indian market in response to more s t ~ g e n t  emission standards. A darnaged 

catalytic converter can increase HC and CO by 20 times, and NO, by 3-5 times. Data from 

South and South-East Asia show that PM emissions can increase ten-fold in poorly 

maintained M2W and M3W two-stroke vehicles using poor quaiity lubricating oil (Shah 

and Nagpal 1997)." Finab whiie average emissions typically increase with age, US 

studies have shown that 20% of recent mode1 vehicles are "super emitters" (Calvert et al 

1993; Faiz et al 1992 and 1996). 

One would expect good vehicle maintenance, given low labour and high fuel costs in 

the Indian context (Duleep 1994). However, many M2W vehicle users interviewed by the 

author (see Chapter VI) reported maintaining their vehicles themselves, or using the 

services of local mechanics, and only when absolutely unavoidable. Further, spurious 

spares are commonly used. Quality spares in India are expensive, in part because of high 

sales taxes (Author's user i n t e ~ e w s  1997; Duleep 1994). Obviously, apart h m  user 

knowledge and sMls, user incomes strongly influence vehicle operation, maintenance and 

l5 Fauity ignition is common on M2W and M3W vehicles in the Indian contea Spark plugs on these 
vehicles are highiy susceptible to malfunctioning, because of dirty operating conditions, poor air filtration, 
and poor maintenance. Misfiring can give rise to high HC and CO emissions (Faiz et al 1992). 
16 In diesels, damaged fuel injection systems can increase PM at least 20 times. 6% of buses (and 22% of 
trucks and 37% of LCVs) in Delhi were found to have a the-acceleration smoke reading of 85 HSU 
(Hariridge Smoke UNts), corresponding roughly to 8 glkm PM. 37% of buses, 62% of trucks and 57% of 
LCVs registered over 65 HSU (Faiz et al 1996; IIP 1994). 



disposai choices. At any rate, these choices exacerbate the effect of vehicle (and fiel) 

technology. l7 

3.3.3 Ineffective Monitoring and Enforcement 

Poor vehicle maintenance is dso enabled by largely ineffective monitoring and 

enforcement in the Indian context. A more detailed discussion is presented in Chapter IV, 

but briefly, this is because inspection of in-use emissions in Delhi (and other Indian cities), 

which is conducted in a decentralied fashion and is riddled with corruption, is 

burdensome for users, who therefore find ways and means of circumventing andor 

subverting the test ing process (C SE 1 996; Pnti Kumar 1997). Moreover, the testing 

procedure is itseif problematic. Only CO ernissions are measured at idle on gasoline- 

powered M2W and M3 W vehicles and cars WoST 1996). These tests can iden* gross 

malfiinctions on uncontrolled, carbureted vehicles, but correlate poorly with real-life 

emissions, particularly for HC and NO,, and give rise to fdse passes and failures, on 

vehicles with electronic fùel injection and catalytic converters (Faiz et al 1996). 

3.3.4 Congestion, and Road Availability and Condition 

As noted in Chapter II, congestion is increasing rapidly, as a resuit of rapid motorization, 

in Delhi md other Indian and Asian LIC cities. Peak-hour speeds now average 10-20 km/h 

in many of these cities (Brandon and Ramankutty 1993; CSE 1996; Faiz et al 1992; 

Sathaye, Tyler and Goldman 1994; Poboon et al 1994). As far as Delhi is concerned, the 

average speed for al1 trips is reported to be oniy 10.7 km/h (RITES/ORG 1994). 

However, a carefùI examination of the data reveals that speeds for motorized modes, 

which are key in terms of transport air pollution and energy consumption, are higher - 

19.7, 17.8, and 12.1 km/h for cars, M2W vehicles, and buses? ~urther, while the average 

17 Poor maintenance is not unique to M2W and other personal motorized modes. Buses and other 
commercid vehicles in Delhi are for the most part owned by a large number of private parties, who have 
Little ability or incentive to invest in proper maintenance (especially given Iax inspection), let aione 
improved vehicle technology. Even the 15% or so of Delhi's buses operateci by the Delhi Transport 
Corporation (DTC), the state-owned public bus transit operator in Delhi, are poorly maintaineci 
(ASRTU/CIRT 1997; Chima 1997; Duleep 1994; Gambhir and Narayan 1992). 
18 The average speed for ail trips is much lower than for motorized modes, because waiking accounts for 
as many as 32% of trips in Delhi (EUTES/ORG 1994). 



speed (presumably for motorized modes) is reported to be only 10-15 km/h in the central 

area, it is 25-40 kdh on arterials (CSE 1996). 

Ernissions of ail gasoline engine pollutants, except for NO,, increase dramatically at 

low speeds.lg Excessive idling and jerky "stop-and-go" operation due to congested tratnc, 

too many intersections, and poor TSM (transport system management) fbrther aggravate 

emissions. A French study showed that CO and HC emissions per vehicle-kilometre 

increase by around 200%, and fuel consumption and C a  emissions by around 260%. in 

congested flow as opposed to smooth flow (Journard 1990 in Faiz et a1 1992). So, 

congestion fùrther exacerbates the effects of vehicle and fbel technology, and the vehicle 

user behaviours discussed above. 

Vehicle driving behaviour is of course influenced by user choices, knowledge and skill, 

but also by the level of congestion, which in turn is d e t e h e d  by road availability in 

relation to vehicular activity, the level of modal separation, and the effectiveness of TSM 

and traflic regulations enfurcement, factors over which vehicle users have no control. 

Another factor is the presence of travel peak penods. But travel peaks become irrelevant 

when road availability is the constraining factor, in which case congestion is likely to be a 

round-the-clock, or at least a day-long, phenomenon. 

While the road and highway system is inadequate n a t i ~ n a l i ~ , ~ ~  Delhi does not suffer 

fkom a lack of roads. The city has an extensive road network of over 21,000 kilometres 

(12-feet width), with 800 km of 30-metre plus width roads. Indeed, Delhi has the highest 

road density per square kilometre in India, and a higher road iength per capita than most 

countries in Europe and Asia (Mohan et al 1997; TERI 1997a). Notwithstanding this fact, 

and the point made earlier about the speeds for motorized modes in Delhi, congestion is 

increasing, and is likely to continue to do so, dong with increased motor vehicle activity. 

So far in this section, we have been discussing the importance of transport system 

characteristics such as road availability, modal separation, TSM, and trafnc regulations 

l9 Engines (and for that matter, vehicles as a whole) are typically designeci to opcrate over a aide speed 
range. If, as is reasonable to expect, the bulk of passenger vehicles in Indian cities are operated at low to 
medium speeds (because of congestion), and rarely if ever out of tom, it may be worthwhile considering 
optimizing fiiel efficiency and emissions selectively for the low and medium s p e d  range. 
20 India has only around one million kilometres of SUCfaced roads, with the remainder being unsurfad 
(TERI 1997a). 



enfbrcement. As fàr as transport infkistructure is concemed, it is not only these factors, 

but also the quality of roads, that plays an important role in transport energy consumption 

and emissions. First, unsurfiaced roads increase re-suspended PM emissions, which can 

contnbute significantly to total transport PM (and PMI*) inventories (Bhattacharyya 2000; 

CSE 1996; GVRD 1995). Second, and more importantly, the low load-bearing capacity of 

Indian roads have a profound impact on overd fleet fùel efficiency and emissions. This is 

particularly so for commercial vehicles, which account for the lion's share of transport 

energy consumption in the country, as discussed in Chapter 11. Vehicle size cntically 

influences fleet fuel efficiency. The larger the vehicle size, the higher the potential overall 

transport fbel efficiency on a per unit payload basis, because payload increases faster than 

empty vehicle weight. Because of the low load-bearing capacity of Indian roads, vehicIes 

of no more than around 15 ton gross vehicle weight (GVW) can be used, as opposed to 

the 40 ton GVW vehicles commonly seen on roads in USA, Canada, and other OECD 

countries. This constraint, dong with the varying speedAoad conditions typical of travel 

on Indian roads, leads to fleet bel efficiencies haK of those in the OECD on a ton- 

kilometre basis, and much higher ernissions per ton-kilometre and road and vehicle 

maintenance and operating costs (Duleep 1994; Faiz et al 1996)~~' 

3.3.5 Fuel and Lubricating Oil Quality 

The health and welfare effects of fbel quality parameters such as lead, sulphur, and 

benzene content were discussed in Chapter II. Apart from these effects, fuel lead and 

sulphur degrade catdytic converter effectiveness by forming deposits on, and blocking 

exhaust gas access to, the catalyst. As little as a single tank of leaded gasoline c m  cause 

permanent catalyst damage. On the other hand, fùel sulphur causes reversible catalytic 

performance deterioration (Faiz et ai 1992). Other gasoline quality parameters that have a 

significant bearing on exhaust and evaporative emissions and atmosphenc reactivity 

21 Further, engine and vehicle technologies such as turboçhargers and aerodynamic improvements, which 
have the potential to provide significant fuel economy and emissions benefits, are not msteffective in the 
Indian context, because these benefits are obtained at sustained high speeds, a difncult proposition on 
Indian roads, and also since diesel is heavily subsidized (ASRTUKIRT 1997; Brandon and Ramankutty 
1993; CSE 1996; Duleep 1994; Faiz et al 1996; TER1 1997a). 



include fuel volatility, aromatic, o l eh  and oxygen content, and distillation and deposit- 

control characteristics (Faiz et al 1992 and 1996; Calvert et al 1993; Raje and Maihotra 

1997). 

Until 1995, lead content in Indian gasoline was as high as 0.56 g/L (in 87 octane), and 

sulphur content was as high as 0.2% (2000 ppm) by weigkn Benzene, a known 

carcinogen, was not controlled at ail (BIS 1995a). With rapidly deteriorating urban air 

quality, fùel quality improvements have been implemented in a phased manner, as shown 

in Appendk IV, and as discussed in a subsequent paragraph. In 2000, unleaded gasoline is 

expected to be avaiiable country-wide. Gasoline benzene content is expected to be 

controlled to 5% by volume country-wide, and to 3% in the four major cities. Gasoline 

sulphur is expected to be lowered to 0.1% (1000 ppm) by weight, for unleaded fiels. 

Simultaneously, Mprovements have been proposed in deposit control and fuel volatility 

(BIS 1995a)? 

The above improvements in the quality of Indian gasoline represent a significant 

advance over the situation that prevailed in 1995. Even so, Indian gasoline continues to be 

considerably inferior to that presently available and likely to corne on Stream shortly in 

Europe and the USA (Table 3.3). In addition to the stringent controls on sulphur, benzene 

and fùel volatility in US and European gasolines (Table 3.3), aromatic and olefin content 

are also controlled (Calvert et al 1993; Faiz et al 1996; Mercedes Benz 1997). These fùel 

quality differences can have significant air quality implications. In terms of gasoline 

sulphur, for example, an increase from 100 to 900 ppm by weight can produce a 13-14% 

deterioration in catalytic converter performance (Faiz et al 1992). The author learned Erom 

his interviews that many vehicles with fuel injection systems being imported into India 

have encountered problems with fuel injector blockage because of poor deposit control on 

Indian gasolines. 

22 Lead content was 0.8 g/L in 93 octane gasoline. Such high levels of lead were necessitated in part 
because knock susceptibility, and thus octane requirement, increases with increased engine operating 
temperatures and deposit accumuiation (Faiz et al 1992). Both of these factors are common in the Lndian 
context. 
23 Diesel suiphur, an important contributor to PM, was as high as 1% (10,000 ppm) by weight until 
recently. It was brought down to 0.25% (2500 ppm) in Deihi and its neighbourhood in 1996, and country- 
wide in 1999 (BIS 1995b; Appendix IV). E3y cornparison, diesel sdphur levels are below 100 ppm in 
many European countries (Mercedes Benz 1997). 



Unleaded gasoline (0.0 13 g/L lead) was introduced for new four-wheeIed gasoline- 

powered vehicles with catalytic converters in Delhi and the three other major metropolitan 

centres in 1995, and in di other state capitals and major cities in late 1998. As already 

indicated, unleaded gasoline is expected to be available country-wide in 2000. Thus, ody 

about 10-20% of gasolme sold in Delhi was unleaded fiom 1995 until recently. The fùel 

for M2W and ali other gasohe-powered vehicles (the overwhelming majority of vehicles 

on the road), has been 0.15 g/L lead gasohe, which was introduced in the four major 

cities in 1994. Unleaded gasoline is understood to have been restricted to new four- 

wheeled vehicles with catalytic converters, because of concems about the high levels of 

benzene in unleaded gasoIine going into the atmosphere untreated in vtkcles wirhout 

catalytic converters. However, it is also the case that it has been a challenge for Indian 

rekeries to produce adequate quantities of unleaded gasoline, while also controlling 

important fiel quality parameters such as octane rating, benzene and other aromatics, 

volatility, and gummllig properties (CSE 1996; Faiz et al 1996; Han 1994; Raje and 

Malhotra 1997). 

There was no fùel price differential between leaded and unleaded gasoline in India, 

unlike in Mexico, when unleaded fuel was introduced in 1990 (Humbert0 Bravo et al 

1991). Mis-fiieling vehicles with catalytic converters with leaded gasoline was therefore 

not likely to occur on this account within Dehi and the other major cities. However, mis- 

fbeiing was certainiy a possibiiity on new cars with catalytic converters operating both 

within and outside major cities until 2000, on account of the widespread availability of 

leaded &el outside the cities. This possibility raises doubts about the effectiveness of 

catalytic converters, particularly given the IargeIy ineffective I&M regke. Indeed, it is 

reported that many vehicles with catalytic converters in Delhi have failed the in-use 

emissions test (CSE 1 9 9 6 ) ~ ~ ~  

*' However, as noted, no-load b u s e  emissions tests are unreliable on vehicles with catalyiic converters. 
Since unleaded gasoline is e-uperted to be widely available nation-wide effective 2000 (Appendix IV), the 
possibility of catalytic poisoning due to misfiieling with leaded fiiel will not be an issue after this date. 
Also, since benzene levels are going to be controlled simultaneously, the use of unleaded fiel in vehicles 
without catalytic converters will not be an issue either, at least as far as benzene is concemed. 



Tabk 3.3 ûuality of lndrn Gadine 

Complred to California and Europe 

RFO - R.-lormul.t.d gasoiino; ACEA - Europein Automobile Manuhctur.rrS Assoei8îion; ppmw - parts par 
million by weight; RVP -Reid Vapour Prossure; kPa - Kilop8salr. O.ruene k v d  in Thai garoline 3.6% vol. since 
1933; US RVP 4S.US6.8 in 8r.u with urious m i r  pollution problems. Sourca: #S lm; C8lvert et al 1W; Fdz et 
PI 1936: Mercedes Ben2 (1 937). JWm 

The implementation of the phased two-gasoline policy may therefore also have 

contributed to transport emissions. Further, some experts believe that restricting unleaded 

gasoline to vehicles with catalytic converters was a wrong policy, because lead is less 

preferable than benzene in terms of health effects Friedrich and Walsh 1997). According 

to Weaver (1995), though, a two-gasoline policy is a good transitional measure, with a 

tightly controlled low-lead fuel for older vehicles, and less tightly controlled unleaded 

gasoline for newer vehicles. The first 0.1 g/L lead provides the largest octane boost, with 

diminishing returns thereafter, and the quickest and most economical way to reduce lead 

emissions generdy is to reduce lead content of al1 gasoline grades as much as possible, 

rather than to have vehicles without catalytic converters use unieaded fuel. This helps 

conserve fimited unleaded gasoline supplies for vehicles with converters, and reduces the 

price dïerential between leaded and unleaded gasolines, thus reducing the incentive to 

misfuel such vehicles. While this is precisely the approach adopted in India, low-lead 



gasoline for the rnajority of vehicles was by no means tightly controlied in tems of other 

fuel parameters (BIS 1995a)? 

Findy, lubricating oil quality has important implications for transport PM and HC 

emissions, particularly in the case of two-stroke engines fined on M2W and M3W 

vehicles, in which the oil is "lost" due to combustion, but does not bum c ~ r n ~ l e t e l ~ . ~ ~  

Additionaily, phosphoms and other oil additives coat and poison catalytic converters (Faiz 

et al 1992 and 1996). Two-stroke lubricating oils in India are proposed to be made 

phosphorus-fiee fkom 2000 (BIS 1996). 

3.3.6 Fuel and OÏZ Pncing and Adulteration 

In the Indian context, the problem of poor quality fuel and oii is further exacerbated by 

fuel and oil adulteration. M3W vehicle operators, who typicdy do not own their vehicles, 

cornmonly addterate their gasoline with as much as 30% kerosene, and even solvents. To 

guard against the resuiting Wear and tear, they mix as much as 10% of lubncating oil, the 

principal source of PM emissions in two-strokes. Lubricating oil, sold loose mainly for use 

in M2W and M3W vehicles, is also adulterated (Raje and Malhotra 1997). 

Adulteration is enabled principally by the fact that kerosene (and diesel) have been 

heaviiy cross-subsidized by gasoline, as a part of the administered pricing mechanism 

(APM). In the case of kerosene, subsidization is justified on the grounds that this fuel 

caters for the energy needs of lower income urban households. Kerosene retailed at I N R  

(Indian Rupees) 2.60 per litre in Delhi in 1995, as compared to gasoline at INR 17 per 

litre. Given this price dinèrential, operators find it attractive to adulterate gasoline with 

kerosene, rather than using straight gasoline, even though frequent piston changes are 

necessary. Diesel is adulterated with kerosene as well, though the diesel-kerosene price 

differential is not as great as that for gasoline-kerosene (in D e b  in 1995, diesel retailed at 

INR 7 per litre)27 (TERI 1997a). Adulteration is Wcely at least as much of a problem in 

25 The two-gasoline policy also involves the added cost of duplicating storage, delivery and distribution 
facilities (Weaver 1995). 
*' In diesels, lubricating oil can contribute up to 248% of e-uhaust PM mas,  and up to 88% of mutagenic 
andtor carcinogenic diesel particdate SOF (Pierson 1988; Tnaex et al 1980; Lowenthal 1994). 
27 Sirnilar disparities exist in other Asian counuies, including Pakistan, Thailand, Indonesia and China, 
particularly for gasoline and kerosene. But the disparity for gasoline has been by far the highest in India. 



smaller cities and towns. In Bhopal, for example, 90% of dealers reportedly seli 

adulterated fuel, despite random checks and punitive measures by district authorïties 

(Kumar et al 1997). 

Fuel and oil adulteration, and factors such as excessive oil usage in M3W vehicles, 

have a sigrifkant impact on transport emissions, not to mention fuel economy and engine 

Life. As noted earlier, such in-use realities are not reflected in Indian emissions inventories. 

Apart fiom its implications for transport air pollution and emissions inventories, the 

foregoing discussion demonstrates the interactions between fuel adulteration and other 

vehicle user choices, monitoring and enforcement, and fuel pncing. 

3.3.7 Motor Vehicle Activiîy 

The foregoing sections explored the various vehicle and fuel technology, transport system, 

climatic and vehicle user behavioural factors that contribute to air pollutant emissions from 

M2W vehicles in the Indian context, on a vehicle-kilometre basis. It would now be usehl 

to exahnine the factors that contribute to motor vehicular activity, since transport 

emissions are a function of emissions per vehicle-kilometre and vehicle-kilometres 

d r i ~ e n . ~ ~  And &er all, vehicle and fuel technology have, if anything, been improving over 

the last decade, as discussed. Transport emissions are becoming a public policy issue in 

that context, because of technological factors, but also because motor vehicular activity, 

particularly on M2W vehicles, and congestion, are growing rapidly. Specincally in terms 

of the high level of M2W vehicle activity in India, it would be useful to understand vehicle 

user motivations, within the context of wider institutional factors. 

Subsidies exist in terms of coal prices and electricity tariffs as well, Apart nom king a banier to long- 
term financial viability, energy subsidies have signifiant environmental effects. +An example in Indian 
transport is inappropriate dieselization. About 20% of Mumbai's vehicles are diesel powered, though only 
9% are trucks or buses. Progress is k i n g  made in eliminating energy subsidies, including in India. The 
ratio of Indian domestic to international prices in 1991 were 3.8, 0.8 and 0.62 for gasoline, diesel and 
kerosene. In late 1997, the ratios for gasoline and diesel stood at around 2 and 1 (ASRTU/CIRT 1997; 
Brandon and Ramankutty 1993; CSE 1996; TERI 1997a). 
28 Motor vehicular activity is particuiarly important in terms of re-suspended road dus& a sigriincant 
source of transport P M  While other vansport emissions can be controlled fairly effectively by 
technologies that target per-vehicle emissions, re-suspended emissions cannot, since they are largely 
dependent on total vehicular activity. 



Rising incomes are certainly an important factor contributing to rapid motorization in 

Indian (and other LIC) cities (Faiz et al 1992). As incomes increase, the poor majority 

purchase bicycles, and those who own bicycles graduate to M2W v e h i ~ l e s . ~ ~  Second, as 

motor vehicle production has grown rapidly over the last decade or so (AIAM 1994a and 

199 5; ASRTUKIRT 1997), supply constraints have greatly eased. Further, with economic 

Liberabation, many automobile purchase fkancing institutions have started business lately, 

and credit has become easy to obtain (Bhardwaj 1994). Also, manufacturers are offerhg 

old vehicle buy-back schemes in order to generate new vehicle sales (Kinetic Honda 

1997). 

While the above factors certainly play an important role, increased motor vehicle 

ownership and use are also responses to circumstances in which users find themselves. A 

key factor in this regard is the growing consumerism, dnven by social pressures and 

aggressive marketing, in urban India. Second, the rapid Pace of urbanization and 

motorization have contnbuted to sprawl, which in a vicious circle hrther increases motor 

vehicle ownership and activity. The urban area of Dehi has grown more than 15 times 

since 191 1, and five times since just 1981 @DA 2996; Misra et al 1998). 

Correspondingly, average trip lengths have increased 79, 122 and 62% since 1969, and 37, 

40, and 24% since only 1981, for M2W vehicles, cars and buses respectively 

@ITES/ORG 1994).~' The effect of urban sprawl is exacerbated by rental housing 

becoming increasingly unaffordable in the heart of Delhi, which is where the bulk of 

employrnent is. Many M2W vehicle users interviewed by the author reported being forced 

to live far fiom their workplaces on account of this fact. 

Buses are ofien the o d y  affordable motorized modes for the majority, but demand far 

exceeds availability. Deihi has the country's largest bus fleet, numbering around 28,000." 

Even this fleet has not been able to keep up with ndership, which increased from 22.4% of 

Nearly every M2W vehicle user in t e~ewed  by the author said s@e) would buy a car when they could 
S o r d  it (see Chapter VI). 
30 Sprawl likely has a greater impact on motor vehicie activity in the suburbs and outer periphery than in 
the i ~ e r  core. In the outlying areas of Greater Mumbai, M2W vehicle activity has reportedly increased 
200% in just a decade (CSE 1996). '' The state-owned Delhi Transport Corporation @TC) operates around 3000 of Delhi's buses 
(ASRTU/CIRT 1997; Chima 1997). A large number of private bus operators run the city's balance 
25,000-odd buses. 



ali trips in 1957 to 39.6% in 1969 and 42.3% in 1994 (RITES/ORG 1994). Buses are 

generally becoming more crowded, inconvenient and tirne-consumllig. The situation is 

firrther aggravated by the shortened bus life due to heavy use, poor fleet maintenance, and 

poor roads (Sathaye, Tyler and Goldman 1994).~~ 

Because of sprawl, unsordable housing close to workplaces, and increasingly 

unreliable and inconvenient public transit, people are forced to purchase and use persona1 

motorized modes if they can afEord them. As congestion increases due to motorkation, 

walking and cycling become increasingly tedious and hazardous, and owners of persona1 

rnotorized modes begin to use them, even over short distances." Children are dnven to 

and fiom school, to protect them firom other motor vehicles. Given these eEects, it is not 

surprising that the mode shares of personal motorized modes have increased as rapidly as 

they have (EuTES/ORG 1994; Sathaye, Tyler and Goldman 1994). Nor is it surprising that 

large numbers of the not-so-poor, for whom cars are out of reach, purchase and use M W  

vehicles in Delhi and other Indian cities. 

M2W vehicles oEer door-to-door capability, require very little parking space, can be 

(and typically are) parked securely inside the home, and carry passengers as well as things. 

Though these vehicles contribute to congestion, they can cope with it as no other 

motorized mode can, because of their size and maneuverability. Their average speed in 

Delhi is 17.8 kmJh, as against 19.7 km/h for cars, and 12.1 km/h for buses. The superiority 

of M2W vehicles in this regard is demonstrated in Figure 3.1, which compares door-to- 

door joumey times for various modes by distance, computed based on data in 

RITESIORG (1994). M2W vehicles are only rnarginally slower than cars, right up to 

distances of 25 kil~rnetres.~~ In short, M2W vehicles offer excellent and Sordable 

32 The problems of inadequate and poorly maintahed transit are shared by other LIC coutries. Public 
spending on h a n  transport in these counuies, massive as it has ken, has met no more than 15% of 
ne&. With the myriad urgent demands on scant resources, there is iittle room for expansion. In 
Bangkok, bus trips increased 85% in the 1980s, but the fleet increased only 7%. In Mumbai, almost 80% 
of trips are by transit - 44% by bus, 36% by suburban rail - but the WorId Bank has wvamed that unless 
services are improved, personal vehicle use will increase (Brown and Jacobson 1987; CSE 1996; Pendakur 
1987; Sathaye, Tyler and Goldman 1994). 
33 Compromised access also a i t s  public transit usage, since users need to walk to and fkom bus-stops. 
Additionally, it becornes increasingly difncult for low-incorne people who cannot a o r d  motonzed modes 
to walk or cycle to essential services. 
34 Interestingly, bicycles in Delhi appear to be faster than buses right up to 25 km (RITESIORG 1994). 
Obviously, there is considerable potential for efficient bicycle travel, ifonly the facilities existed for them. 



mobility, and easy access to employment and other essential services, in a context in which 

there are few other attractive options. And thanks to technology, M2W vehicles are 

becoming increasingly easy to use. The Kinetic Honda scooter, for example, is push- 

button, rather than kick-started (Kinetic Honda 1997), and has reportedly dramaticdly 

expanded mobility for women, who are entering the work-force in large numbers. 

Ironicaliy though, advances such as these will only serve to increase motor vehicle 

ownership and activity. 

Figure 3.1 Door-to-door Joumey Times by Different Modes 

in Delhi 

Door-to-door Journey r i ,  min. 
120 1 1 

Distance, km 

Before closing this section, it is worth noting the importance of vehicle trips in terms 

of transport emissions and energy consumption. While sprawl increases trips and trip 

lengths, compromised access due to motorization tends to increase motorized trips over 

short distances. Short distance trips are the most polluting on a per-kilometre basis, 

because trip-end (cold start and hot-soak evaporative) emissions form a significant 

proportion of total trip emissions, and are the same regardless of trip length. Indeed, the 

shorter the trip, the greater the tip-end emissions as a percentage of total trip emissions. 

While a 32 km trip on an average 1987 mode1 car with a catalytic converter would 



produce 34 grarns HC, a mere 8 km trip would produce 25 grarns (Fak  et al 1992; Kessler 

and Schroeer 1993). Of course, in the Indian case, cold starts would not play a major role, 

but hot-soak evaporative emissions would. Further, because the vast majority of Indian 

vehicles are not fitted with catalytic converters, ruMing emissions would fom a much 

larger percentage of total emissions. Nevertheiess, vehicle nips, particularly over short 

distances, are critically important. Nearly one-third of motorized trips (and 60% of di 

trips), are executed over distances less than five km in Delhi, and the average speed for 

trips over this distance is lower than over greater distances (RITES/ORG 1994). 

3.3.8 me Role of Government Polky 

Travel behaviour in terms of personal motorized mode ownership and use of course 

depend on urbanization, incornes, and user preferences and choices. But also critical is 

governrnent policy with regard to planning and infiastructure provision for private 

motorized modes versus public transit and non-motorized modes, fùll cost pricing of 

travel, and land use and housing. For example, planning for persona1 motorized modes in 

the form of road building to relieve congestion and maintain high speeds, and provision of 

parking, serves to increase their use, and render other modes less viable. As personal 

motorized mode use increases, the system is increasingly designed to suit these modes, 

and those who can &ord them. Conversely, the fact that the other modes are becoming 

increasingiy ünviable serves as a justification for not providing for them, which in turn 

makes them even less viable than previously, and those who rely on these modes more 

vulnerable. A vicious circle is created in which persona1 motorized modes become self- 

perpetuating. Further, once a city becomes dependent on automobiles, automobile reliance 

and inefficient land use patterns tend to become seKrelliforcing (Brown and Jacobson 

1987; Hillman 1990; Richmond 1990; Whitelegg 1993). Brown and facobson (1987) put 

it well: "Urban pianners, by assuming ever greater automobile use, build cities that make it 

inevitable" . 

Variations in car dependence and transit use, and travel behaviour generally, even 

arnong countries with sirnilar per capita incornes and urbanization, arise largely f?om 

public policy daerences. The low automobile dependence of muen t  Singapore, Toiqo 



and Hong Kong and Manhattan show that wealth need not inevitably lead to heavy 

dependence on private motorized modes. Policies which favour more compact 

development, promote investments in transit, and keep automobile ~ a s t r u c t u r e  spending 

to a minimum, darnpen automobile ownership and use, while at the same tirne 

strengthening transit use, even as wealth increases (Kenworthy et ai 1994; Pucher 1988). 

Unfortunately, urban transport decision making in the LICs is biased in favour of 

rnotorized vehicles and other extremely costly modes of transportation that serve only a 

smaii section of society. Little or no restrictions are placed on cars (of course, it would be 

highly problematic to put in parking restrictions, for example, without also providing 

attractive options). While scarce resources are made available for expensive infrastructure 

to accommodate motorization, apparently nothing can be found for low-cost 

irnprovernents to benefit the poor majority. Non-motorized modes are not only ignored, 

but actively discriminated against (Replogle 1991; Whitelegg 1993). This is despite the 

fact that these modes account for a significant proportion of travel activity in the LICs. In 

Delhi, for example, walking and cycling (and travel by cycle rickshaws) account for nearly 

39% of all trips, even among residential households (RITES/ORG 1994). It is likely that 

these modes account for an even higher share of trips in the city as a whole, since every 

second person in Delhi reportedly lives in a slum or a squatter settlement (Singh 1997b). 

Meanwhile, policies in countries like India (and China) are providing market and 

investment oppominities for international automobile manufacturers. In India, 1 1 heavy 

truck and 16 car companies are forecast for the near fbture, involving collaborations with 

Daewoo, Fiat, Ford, GM, Honda, Hyundai, Mercedes-Benz, Opel, Peugeot, Renault, 

Suniki, and Volvo, among others (AIAM 1997a; Champagne 1998).~' 

In this comection, a rail-based Mass Rapid Transit System (MRTS), an idea studied 

repeatedly since the 1950s, is at last taking shape in Delhi. When completed in the 

"horizon year" of 2021, the system is expected to be 198.5 km. long* comprishg 11 1 km. 

35 SigRificant excise and import duty reductions related to motor vehicler and parts have been introduced 
recentiy (Ramachandran 1994; Mohan Ram 1994). In China, the growth of private vehicles since the 
1980s has been drarnatic. Foreign manufacturers are aiready producing a million vehicles anniially. By 
2000, haif of this production is expected to be cars. It should be noted, however, that while this trend will 
.fuel rapid motorization, it will a h  (for what it is worth) improve per-vehicle füel economy and emissions. 



at grade and 3 5.5 km. underground, and a 35.5 km. elevated portion. Construction on the 

initiai 8.3 km. surface comdor has commenced, and the fist  phase of 52 kilometres 

(compnsing 11 km. underground and the balance elevated and at grade) is expected to be 

completed by 2005. The first phase is expected to cost Cdn $1.6 billion, 56% of which wiil 

be loaned by Japan @elhi Metro Rail Corporation 2001; Gambhir and Narayan 1992; 

Iijima 1999; Mohan et al 1997; Singh 1997a). 

There are divergent views on the ability of MRTS to reduce personal motor vehicle 

activity and congestion., and its hancial viability in the LIC context. Kenworthy et al 

(1994), Kenworthy and Laube (1999a), Kenworthy and Laube (1999b), and Poboon et al 

(1994) argue strongly in favour of urban rail. They point out that a high level of service 

including t h e  competitiveness is required to persuade personal motor vehicle users to 

switch to transit, particularly as incomes grow. Buses play an important public transit role, 

but cannot provide the fiequency or capacity to cope with heavy passenger loads. This is 

particularly so in dense cities such as those in the Asian LICs. Such cities constrain bus 

seMce due to fimited road capacity and severe trafnc congestion. Note in this regard the 

unfavourable door-to-door journey times for buses compared to cars and M2W vehicles, 

and even bicycles, in Figure 3.1. On the other hand, segregated rail systems, because they 

are not constrained by traEc, have the potentiaf to transport large numbers of people 

quickly -- up to five times the passengers per hour as buses in mixed traffic (Mohan et al 

1997). This potential is particularly enhanced when rail is weli integrated with land use 

around stations and with feeder buses, and delivers passengers into pedestnan-fiendly 

environments. Further, urban rail provides more reliable, confortable, safe and high profile 

semice than do buses. As a result, rail has the potential to attract people fiorn persona1 

motor vehicles in addition to only captive users (Kenworthy et al 1994; Kenworthy and 

Laube 1999a; Kenworthy and Laube 1999b; Poboon et al 1994). 

Cities with a higher level of rail service within their transit systems generally have 

lower automobile dependence and higher transit utilization, due to the superior speed of 

rail systems and the other advantages alluded to above. Further, many more rail systems 

around the world have provided effective sites for integrating high density rnixed-use 

development with public transit and the formation of poly-centnc urban form than have 



bus systems. This in tum is due to the ability of rail systems to transport large numbers of 

people to high density nodes without compromising the pedestrian environment at these 

nodes. Finally, rail is the most energy efficient motorized urban transport mode, 

consuming 2.5-5 tirnes less energy per passenger-kilometre than buses (Kenworthy et al 

1994; Kenworthy and Laube 1999a; Kenworthy and Laube 1999b). 

While highly dense cities can constrain buses, they have the potential to support high 

capacity rail systems on account of the presence of strong comdors of deveiopment, as 

exemplsed by Hong Kong, Singapore and Tokyo. Despite their wealth, these cities have 

low automobile dependence and high transit usage, in large part due to investment in rail, 

and the degree to which land use is integrated with transit, particularly rail (Kenworthy et 

al 1994; Kenworthy and Laube 1999a; Kenworthy and Laube 1999b; Poboon et ai 1994). 

Mohan et al (1997) have assessed urban rail with specific reference to the LIC context, 

based on a survey of the performance of rail systems constructed over the past 25 years in 

Bogota, Cairo, Calcutta, Hong Kong, Istanbul, Manila, Mexico City, Medellin, Porto 

Allegre, Pusan, Rio de Janeiro, Santiago, Sao Paulo, Seoul, Singapore and Tunis. This 

survey revealed that rail systems in only three cities, Hong Kong, Seoul and Singapore 

were built on time. Most of the others experienced construction delays. Calcutta, the only 

Indian city to have an urban rail system, stands out in this regard. The city's 16.5 km. 

system, originally scheduled to be completed in six years, took 23 years to complete. 

Construction delays have occurred in cities such as Calcutta because of lack of awareness 

of what Lies beneath the surface. Delays have also been caused by disputes of various 

kinds, seMce diversions, material and funding shortages, and traflic disruptions @jima 

1999; Mohan et ai 1997; Rekhi 1996). 

Urban rail systems typically entai1 huge capital costs, ranging from US$ 8 million to 

US$ 165 million per kilometre, many times more than bus based systems (Mohan et al 

1997). Further, only the systems in Hong Kong, Singapore and Porto AUegre were 

constructed within the projected budget. Only four systems in the Mohan et al (1997) 

survey, including Hong Kong, show patronage levels up to or close to expectations. Once 

again, Calcutta's system appears to be the one with the highest cost overrun and the 

lowest patronage relative to what was projected. Revenue-to-operating cost ratios are 



greater than unity only for Hong Kong, Manila, Santiago and Seoul (this figure was not 

available to Mohan et al (1997) for Singapore). Thus, while rail systems require heavy 

levels of investment, many require continued subsidies (Brown and Jacobson 1987; 

Sathaye, Tyler and Goldman 1994). 

It is dficult tu estirnate the impact of urban rail systems on congestion. However, 

there appears to  be only short-lived or no impact in the majority of cities for which 

information exists. Congestion relief is short lived because private trafnc rapidly grows to 

utilize released road capacity. Expenence fiom even well mn high-capacity rail systems as 

Singapore's and Hong Kong's shows that while they may cause bus users t o  transfer to 

them, they attract no more than a smail share of private motor vehicle users (which is key 

in terms of reducing congestion and emissions). Further, while passengers are mostly 

captured from buses, reduction in bus trafic is not proportional, and in any case 

represents only a smaU portion of overali t r a c .  Finally, the extent of energy savings due 

to (underground) urban rail systems is unclear, because of energy requirements for air- 

conditioning and escalators in stations (Mohan et al 1997; Sathaye, Tyler and Goldman 

1994). 

Based on their survey, Mohan et al (1997) conclude that a large population with a high 

per capita income is required to provide the revenue base to sustain urban r d  systems. A 

high per capita income would ensure high rail shares of work as well as non-work trips. A 

report quoted by Mohan et al (1997) suggests that a minimum per capita income of US% 

1000 is necessq  to just@ urban rail. In this regard, it is worth noting that in their survey, 

Calcutta, whose rail system is the worst perîormer in terms of various parameters also has 

the lowest per capita income. The three cities with the best performance in the survey, 

Hong Kong, Singapore and Seoul, have the highest per capita incornes. 

The financial viability of urban rail systems depends critically on keeping utilization 

and fares as high as possible, and staffkg and wage levels as low as possible. But 

experience f?om several LIC cities suggests that high fares cannot be charged without 

losing patronage. In order to  attract patronage, the integrated bus and rail fare should 

ideally not be much higher than the existing bus fare; if it is, the poor will continue to use 

buses. And any attempt to remove bus cornpetition will likely cause major disruptions in 



peoples' iives, and the displacement of many small operators, as wodd be the case in 

Delhi (Mohan et al 1997). AU of this means that k e s  in LIC cities have to be subsidized. 

But this would effectively drain resources nom other important social sectors (and rural 

areas), to benefit the urban middle class. This has in fact been Calcutta's experience. 

Between 1972 and 1978, expenditures related to its subway consumed 48% of the city's 

investment for all purposes. And despite massive cost ovemins and time delays, and 

continuing subsidies, the poor majority cannot afEord to ride it (Brown and Jacobson 

1987). 

In order to be truly effective, urban rail needs to be supported by multiple intensely 

mked-use centres close to stations. This is possible to achieve in dense LIC cities, and in 

tum, urban rail enables such densification, as discussed. Additionally, strong economic 

controls to curb persona1 motor vehicle ownership and use, by means of high taxes, 

parking costs and tr&c restraint, would be required. In this regard, low provision of road 

Uifrastructure (to maintain transit speeds cornpetitive with pnvate motor vehicle speeds), 

and good provision for non-motorized modes, would also be desirable. The success of the 

urban rail systems in Hong Kong, Singapore and Tokyo is in fact largely due to these 

features. Half of Hong Kong's population lives within walking distance of, and 69% of rail 

passengers in the city wallc to and Erom, a Mass Transit Railway station. In Singapore, 

which is less dense than Hong Kong, the corresponding figures are 30% and 65%, in large 

part because new development is being integrated with rail and routes have been planned 

to seMce existing development (Kenworthy et al 1994; Poboon et al 1994). 36. 37 M~~~ 

LIC cities, however, do not have such large numbers of people in proxirnity to rail 

stations. This would necessitate many passengers using buses to access urban rail (Mohan 

et al 1997), which in turn would cail for efficient feeder bus senrices. 

36 Whiie such figures are the result of conscious planning, it is also the case that the intense pressure on 
scarce land, and the potential for ovenvhelming congestion if private vehicles remain uncontrolled, has 
necessitateci physical planning based on highly compact nodes of mVced-use development in Hong Kong 
(Kenworthy et al 1994). 
37 The close integration of rail and land use in Hong Kong has in turn attracted major capital 
contributions h m  private developers, and enabled on-going non-fbe revenue flows fiom property leases 
around stations. Aiso, the transit operator is actively involved in controllhg development which Ml 
determine how effective the system will be at meeting access needs (Kenworthy et al 1994). 



Several of the issues raised above are worthy of consideration in relation to the urban 

rail system under construction in Delhi. Whereas Singapore's gross regional product per 

capita is around US$ 12,939 (Kenworthy and Laube 1999a), the per capita income in 

Deihi (icidentaily India's wealthiest region) is only US$ 740 at current pnces (NCTD 

2001). In terrns of the hanciaI viabiiity of Dehi's MRTS, it should be noted that wWe 

the Japanese loan carries a low interest rate of 2.3%, interest payments could effectively 

escaiate due to rupee depreciation and other factors (Ii jha 1999; Rekhi 1996). Whiie 

Hong Kong and Singapore have the demonstrated ability to control land use, plan and 

implement intense mixed-use development integrated with rail transit, and apply strong 

economic and t r a c  restraint measures to curb persona1 motor vehicle ownership and use, 

it is unclear how successfùl Delhi will be in accomplishing these ends, which as discussed 

are so necessary for the success of  urban rail systems. Fhdy,  while Singapore (for 

example) is a smd ,  wealthy city state, Delhi is predominantly poor, growing in all 

directions, cannot control in-migration, which is occurring at a rapid rate, and attracts 

motor vehicle activity from the surrounding regions (NCTD 2001; RITES/ORG 1994; 

Singh 1997b; WHO/UNEP 1992). 

Last but not least in the cornplex of factors that contribute to motorirattion and 

transport emissions and energy consumption is urbanization itself It is important to 

understand the forces that drive the phenornenon, and the role of goverment. The 

locational advantages, concentration of economic and political power, and economies of 

scale of large cities enable them to generate econornic activity and jobs disproportionate to 

their share of national populations. Because economic and political power are 

concentrated in urban centres, little public investment occurs in rural areas, limiting 

productivity and non-farm employment. Land allocation regirnes oRen compel the poor to 

cultivate marginal land, with no tenure. The resulting environmental degradation and 

poverty drive migration to the cities. While urbanization accelerates, the dwindling 

resources of the hinterland are bled fùrther to cope with its impacts. Environmentai 

degradation, poverty, population growth and urbanization thus spiral on inexorably 

(Brandon and Ramankutty 1993; Brown and Young 1990; Harrison 1988; The Economist 

1995; WHO 1992). 



Because of its geographic location, Delhi has been an important tradiig and 

commercial centre for centuries. Several national highways and railway lines converge 

there. Its pre-eminent position was reùiforced by the concentration of govemment, 

administrative, and commercial services and employment opportunities in this century. The 

most recent spurt in Delhi's urbanization was caused by massive investments related to the 

Asian Games in 1984. Delhi now adds around 600,000 people to a population of 13 

millions every year @DA 1996; Dhingra 1997; Encyclopaedia Britannica 1998; Singh 

1 997b).38 

3.4 CONCLUSIONS 

The foregoing discussion highlights the fact that transport air pollution is not just a matter 

of vehicle, fiel and oil technolugy. A multitude of other technological, transport system, 

climatic and user behavioural factors exacerbate per-vehicle kilometre emissions due to 

vehicle and fuel technology. These factors include congestion, road quality, fuel systern 

evaporative controls, vehicle maintenance, and &el and oil adulteration. 

WhiIe the above factors influence per vehicle-kilometre emissions, motor vehicle 

activity, in terms of vehicle kilometres as well as vehicle trips, also plays a key role in 

transport air pollution and energy consumption. Mer  d, vehicle and fùel technology have 

if anything improved over the last decade. Transport air pollution has become an 

increasingly important public policy issue in Delhi and other Indian cities largely due to 

rapidly growing motor vehicIe activity, and resulting congestion. The discussion in the 

chapter aiso highlights the importance of considering system-wide emissions due to motor 

vehicle activity, including re-suspended dust, an important source of transport PM 

emissions, and evaporative ernissions fiom the vehicle as well as the fhel distribution 

system. 

38 Iiidusby and employment have been growing rapidly in Delhi. Its industrial units increased from 8000 
in 195 1 to 125,000 in 1991. In 1961-71 alone, srnail industries grew 444%. But Delhi is by no means 
unique. Bangkok, Dhaka, Manila, Mexico City and Shanghai also account for economic activity and jobs 
disproportionate to their share of population. Mumbai, with 1% of India's population, generates 10% of 
its industrial jobs, and more than a quarter of its foreign mde (Brandon and Ramankutty 1993; Misra et 
al 1998). 



Technological, transport system and vehicle user behavioural factors that influence 

transport air poliution and energy consumption have underlying institutional causes. 

Travel behaviour in terms of personal motorized mode ownership and use, and vehicle 

operation and maintenance behaviours such as fùel and oil adulteration, depend on 

incornes, and user preferences and choices, but are also responses to circumstances in 

which vehicle users find themselves, which in tum are influenced strongly by institutional 

factors. These factors include the quality of public transit service, provision for non- 

motorized modes, and fuel and spare parts prices. 

In short, as Figures 3 -2 and 3.3 show, a whole complex of inter-locking technological, 

climatic, vehicle user behavioural, institutional, and ultimately political factors, influence 

motor vehicle activity, and transport air pollution and energy consumption. A good 

example of how these various factors interact is the role of fùel pncing and monitoring and 

enforcement in fùel adulteration, and in tum in fiel quality. The complex of factors in 

Figures 3.2 and 3.3 shows the magnitude of the public policy challenge. If we are to 

effectively deal with transport air pollution and energy over the long term, al1 of these 

factors need to be addressed in a comprehensive and integrated manner. In this 

co~ection,  note the critical role of govemment policy with regard to vehicle emission and 

fuel quality standards, monitoring and enforcement of in-use vehicle emissions and fuel 

and oil quaiity, vehicle, fùel and spares duties and taxes, hli cost pncing of travel, 

planning and iiinastmcture provision for private versus public and non-motorized modes, 

land use and housing, and regional development. 

Of course, some of these factors are more easy to address than others, particularly 

given resource constraints. Urban form and land use are strong d e t e d a n t s  of persona1 

motorized vehicle ownership and use (Kenworthy et al 1994; Kenworthy and Laube 

1999a), but are rather difficult to control, particularly to influence travel demand and 

patterns, and especially ovcr the short term. This is true even in the West where the 

potential for such control exists by vimie of effective local governments, because of strong 

cultural and political bamiers (Downs 1992). In the case of Delhi, as discussed in Chapter 

IV, there are senous constraints in the ability to control land use, especially at the urban 

f i ge  (Chandra 1997; Misra et ai 1998; Singh 1997b). 



But in any case, Delhi, including its rural areas, already has population densities 

ranging fiom 65 personiha to 665 personsiha, with an average value (estirnated by the 

author) of 90-100 personsha. Even in recently developed areas at the urban fiinge, 

population densities are 200 persondha @DA 1996; Mohan et al 1997; Tiwari and Kale 

1997). These figures for Delhi are higher than those for North American and European 

cities, and even for Asian cowtries, with the exception of Bangkok Hong Kong7 Jakarta, 

Manila and Seoul (Poboon et ai 1994; Raad and Kenworthy 1998; Kenworthy and Laube 

1999a; Kenworthy and Laube 1999b). It is important to note that while the densities 

quoted above for Delhi were computed based on the total land area including rural areas, 

those for the other cities were based on the urbanized area and excluded ail undeveloped 

land, regional open space, forests agricultural land and water bodies (Kenworthy and 

Laube 1999a). Further, land use in Delhi is quite rnixed in both the inner and outer areas, 

in part due to a conscious effort to develop district centres with Mxed-use zoning, but 

also due to pressure on scarce land and high land prices, and the inability of authorities to 

control the proliferation of commercial operations to serve peoples' needs. Ss much so 

that household trip rates for different purposes in the outer areas are s i d a r  to those in the 

inner areas (Mohan et al 1997; Tiwari and Kale 1997). More importantly, non-rnotorized 

modes and public transit account for 39 and 42% of ail trips, and 22 and 53% of work 

trips respectively, even among residential households. Further, public transit accounts for 

71% of total passenger-kiiometres in motor vehicles (RITES/ORG 1994). These figures 

compare favourably with those quoted for the least automobile dependent Asian (and 

global) cities in Kenworthy and Laube (1999a), with the possible exception of Hong 

~ o n g . ' ~  

Moreover, sprawl in Delhi is quite different fioom, and has been caused by different 

reasons than, the sprawl in North Amenca (for example). Urban sprawl in the latter case, 

involving small populations spread over large areas, has in part been made possible by high 

incomes, abundant land, substantial and subsidized transport i~as tmcture ,  and low 

energy prices, as Hanson (1992) argues. In a situation like Delhi's, on the other hand, 

39 Such high non-motorized mode and public transit shares in Indian cities are enabled by high densities 
and mixed land use, but are also due to the fact that the majority have low incomes and caunot aord 
personal motorized modes. 



sprawl has occurred due to rapidly growing population pressures, which in tum have been 

caused largely by the in-migration of the nirai poor nom the hinterland, as discussed. 

Further, none of the features that made sprawl in North America possible have obtained in 

the case of Delhi, except for the fact that several national highways pass through the 

region. In Delhi, the lower and middle income groups have been priced out of the land 

market in the inner areas and have been forced to move to areas in the periphery despite 

the lack of adequate transit and other services there. Indeed, land demand has been 

concentrated outside the urban boundaries over the past three decades (Misra et al 

1998)." Under these circumstances, it is hardly surprishg that large numbers who can 

mord M2W vehicles purchase and use them, as discussed. Finaily, if land use control 

impiies influencing where people live with respect to where they work it should be noted 

that many of the miliions who live in Delhi's slums and squatter settlements often move 

where work (in the informal sector) is available. Given al1 of the foregoing, land use 

control in Deihi is neither as feasible nor as imperative as in the   est." 
As for urban rail in Delhi: it is difficult to Say when it will be fùliy operational, and how 

effective it wili eventually be in reducing personal rnotor vehicle activity and ernissions. 

But it is reasonable to expect that the population and personal motor vehicle aawity will 

continue to grow in Delhi and the surroundhg regions in the foreseeable future, for al1 of 

the reasons discussed earlier in this Chapter. M2W vehicles will very likely continue to be 

the persona1 motor vehicle of choice for the middle classes for a long t h e  to come in 

Delhi and the rest of the country, because of the lack of other dordable and attractive 

options. Further, urban rail, and for that matter public transit generally, will contribute 

nothing to reducing air pollution fiom the goods sector, which is predorninantly diesel 

based and accounts for the bulk of PM, S 0 2  and NO2 emissions in Delhi, as discussed in 

Chapter II. Finaily, it is unlikely that urban rail will significantly displace buses, which are 

40 Additionally, resettlement of the poor in the urban fringes during the mid-1970s drasticaliy increased 
trip lengths for them (Mohan et al 1997). 
4' However, much higher densities than currently obtain would be desirable, especialiy in some of the 
h e r  areas in South Delhi. As Hong Kong's e.uperience shows, inner city areas can accommodate 
densities of 3 00-400 persondha without compromising healthy environments (Mohan et al 1997). It 
would also be desirable to plan for high densities and mixai land use to enable high public transit and 
non-rnotorized mode use, particularly in the newly developing areas, and in areas dong the proposed 
MRTS route in Delhi. 



also diesel operated. Indeed, feeder buses will be needed to transport passengers to rail 

stations. 

In view of the foregoing, vehicle, niel and transport infiastructure technologies will be 

important issues to address, particularly since these technologies in India lag behind global 

standards. In this regard, note that emissions and other transport impacts in Dehi are 

already exceedingly high despite far lower absolute motor vehicle activity levels compared 

to OECD cities, and despite significant public transit and non-motorized mode shares. At 

the sarne tirne however, technological soIutions will not be sufficient since they cm be 

neutraiized by increases in motor vehicle activity and congestion. Further, given multiple 

urgent demands on scarce resources, and factors such as high population pressures, there 

is little scope to expand transport infkastructure to accommodate growing motor vehicle 

a~ t iv i t~ .~ '  A wide range of technological, economic, regulatory as well as transport 

demand reduction policies will therefore be needed to address the transport air pollution 

problem effectively over the long term. This dissertation recognizes and reflects this need, 

by addressing the questions of how to think systematically about policies generally, and of 

what issues and perspectives to consider in order to make policies more attractive and 

effective over the long term. And although the dissertation focuses on technological and 

regulatory policies targeted at M2W vehicles, it has relevance for these and other policies 

targeted at other modes as well. 

Lastly, consideration of system-wide sources of pollutant emissions due to motor 

vehicle activity, and of contnbutory factors as discussed, including in particular in-use 

vehicle operation and maintenance, and fuel and oil quality realities, will make emissions 

measurement and modeling efforts more effective, in tum allowing for more effective 

policy evaluation and monitoring.43 A framework for modeling long-term emissions and 

" In this connection, it is worth critiquing the view that because there is great scope for improving 
transport eficiency in the LICs, their motor vehicle usage could increase two to three times without 
affecting their contribution to greenhouse gases (Faiz et al 1992)- This may weU be true, but it does not 
consider other transport emissions and impacts, and how LIC cities, with their meagre resources, might 
cope with them. 
43 In this regard, the importance of a driving cycle that reflects local driving conditions cannot be stresseci 
enough. In the Indian context, this is borne out by studies conducteci by Gandhi et al (1983), and by 
Tiwari and Kale (1997)- Although dated, the former snidy, based on tests on the driving patterns of a car 
in Delhi, showed that acceleration and deceleration accounted for as much as 78% of the total dnving 
time, significantly higher than in the ECE cycle (on which the Indian driving cycle is based). The latter 



other policy impacts that takes into consideration these in-use realities, among other 

things, is proposed in Chapter V. 

study confirmed the preùominance of accelerations and decelerations, and also showed that driving 
patterns varied signüïcantiy fiom mode ro mode. Finally, it is worth noting that maximum acceleration 
levels 3-5 times higher than in the US FTP and ECE cycles have k e n  recordeci on M2W vebicles in 
Bangkok (Faiz et al 1996). 



-- Exhaust, crankcase, evaporative (vehicular and fuel distribution system), n-suspended PM 



Figure 3.3 Factors lnfluencing the Entent and Natum of Motor Vehicle Activity 



CHAPTER N 

TRANSPORT AIR POLLUTION IN INDIA: 

A DISCUSSION OF THE INSTITUTIONAL SETTING 

4.1 INTRODUCTION 

4.1.1 Tlie U r h n  Challenge in Asian LIG, and the Role of Irrrt~tutiond Factors 

The global urban challenge is greatest in the LICs, particularly in Asia. Urbanization is most 

pronounced in Asia, with the bulk of urban growth occurring in the region's low incorne 

countries. In 2025, South Asia's urban population will likely be 1.4 billion (out of a total 

global population of 8 billion). Rapid urbanïzation in the LICs is characterized by a 

proliferation of megacities. In 2015, India alone will likely have four of the wodd's 27 (and 

Asia's 15) megacities, in addition t~ 40 cities with over one million population.' Rapid 

urbanization is causing massive environmental and sociai impacts in LIC cities, including those 

related to air pollution and transport. And it is the poor who bear the bnint of these impacts, 

since they are typically the most exposed to, afTected by, and least capable of coping with 

them. Nearly half the world's poor will likely be urban, and concentrated mainly in South 

Asia. The poor already account for 45-60% of Calcutta's and Chennai's populations (Brandon 

and Ramankutty 1993 ; Hardoy, Mitlin and Satterthwaite 1992; Midgley 1994; Romieu, 

Weitzenfeld and F i e l m a n  1991; Rornieu et d 1992; The Economist 1995). 

The serious urban situation in the LICs is rendered more daunting by the fact that, even as 

basic urban infiastructure and seMces are already woefùlly inadequate, and the resources 

necessary to provide them dwindle, demands multiply rapidly. While London's population 

took 100 years to grow f?om one to seven million, Delhi's increased fiom 0.7 to 13 million in 

a mere 50 years. Moreover, LIC cities lack the resources and power of their industrialized 

country counterparts, which are able to keep their local environments clean and export their 

wastes, thus directing their impacts mostly at the global level (Brown and Jacobson 1987; 

Midgley 1994; The Economist 1995; WCED 1987; White and Whitney 1992). This fact is 

borne out, interestingly, by the OECD accounting for the bulk of motor vehicle activity, and 

' India's megacities in 2015 will be Murnbai (with a projected population of 27 million), Calcutta, Delhi and 
Hyderabad, with Bangalore and Chennai not fa. behind (Brandon and Ramankutty 1993; Midgley 1994; The 
Economist 1995). 



transport energy consumption and greenhouse gas emissions, with potentidy global effects, 

but a much smaller proportion of emissions with adverse local or regional effects, whereas the 

situation is reversed for the LICs, as discussed in Chapter 11 (Faiz et ai 1992; Grübler 1994; 

Walsh 1994). 

Institutional and politicai factors also play a cnicially important role in urban 

environmental problems. Urban environmental issues are complex and multi-dimensional, and 

highly effective institutional mechanisms are required to address them. Yet, LIC governments 

largely lack the institutional capacity to formulate, implement and enforce urban 

environmental policies. It is not so much in terms of environrnental legislation or even political 

cornmitment, but implementation, and monitoring and enforcement at the local level, that LIC 

institutional weaknesses are greatest (Brandon and Rarnankutty 1993; Douglass and Lee 

1996; Hardoy, Mitlin and Satterthwaite 1992). 

One important reason for weak institutional capacity at the local level is the fact that in 

most Asian countries, govemance is dominated by the central govemmenf and municipal 

govemments have little power. Perhaps most importantly, local governments lack the 

authority to raise revenues, even as t heu mandates are expanding. Urban environrnental 

agencies in particular have low status, and inadequate political authority and human resources 

to change the behaviours of firms and individuals. Thus, environrnental regdations are not 

taken senously. Weak institutional capacity is exacerbated by junsdictional cornplexity. 

Actions by agencies at the municipal as well as provincial and national levels have an 

important bearing on urban environmental outcomes. However, these agencies often have 

unclear, overlapping, and uncoordinated responsibilities. Further, while urban environmental 

problems are cross-sectoral, most planning and investment is sectoral (Brandon and 

Ramankutty 1993; Douglass and Lee 1996; Hardoy, Mitlin and Satterthwaite 1992). 

Environmental policy and planning are also hampered by the inability to coilect reliable 

Uiformation and conduct quality policy analyses. National capabilities that do exist in these 

areas are often not tapped, because of poor interaction between the policy-analytic and 

decision-making communities. The inability (or unwillingness) to involve the public at large 

results in less support for long term operations. At the same t h e ,  ad hoc responses to specific 

local pressures, rather than coherent, sustained programmes, become the nom (Brandon and 



Ramankutty 1993; Douglass and Lee 1996; Hardoy, Mitlin and Satterthwaite 

1998). 

41.2 Chapter Objectives and Outiine 

As Chapter III showed, transport-generated air pollution is a complex problem, involving a 

range of inter-dependent technologicd, vehicle user behavioural and institutional factors. By 

its very nature, this problem requires a range of public policy interventions CO-ordinated by an 

equally wide range of agencies. It would be useiùl to criticdy examine the institutionai setting 

in relation to this problem in the Indian context, in terms of the effectiveness with which 

various concemed agencies and actors in that context formulate and implement prevention and 

control policies. This chapter attempts this t a ~ k . ~  

The chapter addresses the following research questions: Who are the actors and what are 

their roles, responsibilities and interactions in terms of policy-making and implementation with 

respect to prevention and control of transport air pollutant emissions? What are the 

institutional barriers and constraints? And finally, what are the implications of ail of the above 

for transport air pollution prevention and control in the Indian context? The discussion 

addresses actors' roles, responsibilities, interactions, and buriers and constraints in relation to 

the various aspects of the transport air pollution problem discussed in Chapter III. The actors 

include key government agencies at vanous levels, vehicle and fiel manufacturers, acadernic 

and research institutions, environmental NGOs, the courts and public interest litigators, and 

the media. 

The discussion is intended to help in identwng institutional barriers and constraints that 

are criticai to long term policy effectiveness, and in developing institutional mechanisms and 

arrangements to overcome these barriers and constraints. At the same tirne, policies cm be 

designed to be insensitive to the lack of these mechanisms, and therefore to have a better 

chance of long-term effectiveness, given contextual constraints. Finaily, while the discussion 

focuses on prevention and control of m W  vehicle emissions prevention in Delhi, it has 

* A similar institutional analysis focusing on the Indian context is the work by Kandlikar and Sagar (1999), 
which examinai climate change research and analysis in India, the factors that contribute to India's 
capabilities and constraints in this regard, and implications for international cosperation on climate change. 



relevance for transport air pollution generally, and indeed other urban environmental issues, in 

the Indian context. 

4.2 METKODOLOGY 

The discussion in this Chapter is based on a cntical anaiysis of a wide range of published as 

weli as unpublished written material, includiig pertinent environmental legislabon, reports and 

position papers prepared by local and national govemment agencies, environmental NGOs, 

and vehicle and fiel manufacturers and industry associations, transcripts of proceedings in 

Supreme Court public interest cases, excerpts fiom reports of the Saikia C o d t t e e ,  which 

was charged by the Court to develop emission control action plans, and media reports and 

commentaries. 

Information cuiled fiom the above sources was supplemented with that obtained in the 

course of in-depth interviews with various individuals interested in andor knowledgeable 

about the range of issues involved, and representatives of institutions whose actions have an 

important bearing on transport air pollutant emissions in the Indian context. These individuals 

included decision makers in relevant governent agencies at the national and local levels, 

vehicle and fùel industry representatives, and academics and researchers. A list of interviewees 

is provided in Appendix V. In addition to sharing their insights, the interviewees made 

available to the author the bulk of the documents referred to in the previous paragraph. The 

interviews were therefore invaluable in gaining a comprehensive understanding of policy- 

making and implementation processes, and institutional capabiiities and constraints, in relation 

to transport air pollution in the Indian context. 

Interviewees' informed consent was obtained pnor to i n t e ~ e w s  being conducted. The 

interview protocol, and the Informed Consent Form (Appendix VI), were approved by the 

Behavioural Research Ethics Board of the UBC Office of Research Services and 

Administration. One of the conditions of this approval was that the identities of i n t e ~ e w  

participants would be kept confidentid. It is for this reason that, while their iîi6ormation and 

insights were of immense value to the author, interviewees are not explicitly acknowledged in 

the following discussion. 



4.3 ACTORS, RESPONSIBILITIES AND ROLES 

The Ministry of Environment and Forests (MoEF) is the lead Government of hdia agency for 

all national environmental and forestry programmes. Its mandate includes environmental 

policy formulation, developing and enforcing environmental legislation, and executing, CO- 

ordinating and monitoring pollution prevention and control programmes. These tasks are 

implemented through its various divisions and agencies, one of which is the Central Pollution 

Control Board (CPCB). The CPCB's fùnctions regarding air pollution include advising the 

Government of India, setting national air quality standards, air quality monitoring, and 

recommending motor vehicle emission and fuel quality standards, based on the work of 

committees representing, arnong others, R&D institutions and other ministries. The CPCB is 

also mandated to conduct and sponsor research, CO-ordinate and assist state poliution control 

boards, and disseminate uiformation on air poliution and its prevention and control. The 

enabling legislation include the Air (Prevention and Control of PoUution) Act (198 l), and the 

omnibus Enwonment Protection Act (1986), enacted foliowing the 1984 Bhopal disaster 

(CPCB 1996; CSE 1996; Go1 198 1; Go1 2986; MoEF 1991; MoEF 1997a; TERI 1997a). 

While local state pollution control boards implement poliution control action in the Indian 

States (the equivalent of the Canadian provinces), the CPCB is mandated to play the rote of a 

state board in Delhi and other union territones. Interestingly, it is also only for the union 

temtones that CPCB is additionally mandated to conduct studies on air pollution effects. 

Finally, Delhi and other union temtories have been declared 'air pollution control areas" (Go1 

1982; Go1 1983), thus privileging these over other regions in the country, many of which have 

air pollution levels that are at least as high as in Delhi, as discussed in Chapter II (Brandon and 

Hommann 1995; CPCB 1992; CPCB 1996). 

MoEF recommends vehicle emission standards, but it is the W s t r y  of Surface Transport 

(MoST) that notifies and enforces them. Other responsibilities of MoST that are pertinent in 

the context of the present discussion include developing standards, d e s ,  and procedures with 

regard to type approval and in-use vehicle emissions testing, and vehicle licensing, 

registration, road-worthiness, and seMce Me, through the Central Motor Vehicle Rules 

(MOST 1996; Universal Law Publishing 1995). It is worth noting that, while MoST is 

responsible for enforcing vehicle emission standards, the agency's prirnary mandate is the 



well-being of the transport industry, which is a major economic player and employer 

nation*. MoST7s role in transport air pollution prevention and control is inherently 

conflicted, since the agency has the task ofregulating the industry whose interests it also has 

the mandate to promote. 

The Ministry of Petroleum and Natural Gas (MoPNG), dong with the oil refineries, which 

are predorninantly state-owned (this is changing), are responsible for exploration, production, 

refining, distribution, marketing, and export and import of crude oil and petroleum products. 

As such, MoPNG and the oil refineries detemine the quality of Indian transport fuels and 

lubricating oils, which critically influence transport emissions. Fuel and oil quality standards 

are nominally developed by the Bureau of  Indian Standards, an independent statutory body, 

through committees which include the oiI refinenes and vehicle manufacturers, but it is 

actually MoPNG that drafts and implements them. Other energy-related governrnent agencies 

which influence policies and actions atfecting transport emissions include the Energy Policy 

Unit of the Planning Commission, whose mandate is to plan for energy self-sufficiency, the Oil 

Co-ordination Cornmittee (OCC), which coordinates and monitors oil imports, exports, and 

refining, and perhaps most irnportantly adrninisters fuel pricing (through the 'hdministered 

pricing mechanism': or APM),~ and the Petroleum Conservation Research Association 

(Author's interviews 1997; BIS 1995a; BIS 1995b; BIS 1996; CSE 1996; TERI 1997a). 

MoEF, MOST and MoPNG are the three national govenunent agencies whose policies and 

actions most cntically influence transport air pollution and energy consumption. But other 

agencies at the national level also play a role. The Ministry of Industry (MOI), whose mandate 

is industrial policy and promotion, was powerfùl until the early 1990s, but their role has 

declined considerably because of econornic liberalization and nsing environmental concems. 

The Ministry of Finance plays a crucial role in setting excise and import duties and tariEs, and 

vehicle, fuel and spares sales taxes. Both the UNon Ministry of Health, and its Delhi 

government counterpart, surprisingly play a marginal role in air pollution control (Author's 

interviews 1997; CSE 1996; CSE 1997). 

3 The cross-subsidization of kerosene and diesel, among other fiels, under the APM, was discussed in Chapter 
m. 



Several academic and research institutions in the public, pnvate and quasi-public sectors 

are involved in R&D and policy analysis related to urban transport, vehicle and &el 

technology, and transport emissions and control. Representatives of these institutions serve on 

cornmittees to set vehicle ernissions and fuel and oil quality standards, andior investigate the 

problem of transport air pollution and energy consumption generally (BIS 1995a; BIS 1995b; 

BIS 1996; CSE 1996; IP 1994; MoEF 1991; Mohan et al 1997; Mohan and Tiwari 1997; 

RZTES/ORG 1994; TERI 1997a).~ 

In addition to the above agencies at the national level, there are several local agencies in 

Delhi with jurisdiction over issues that have a significant bearing on the city's transport air 

pollution. As indicated earlier, the CPCB is mandated to play the role of a state pollution 

control board in Delhi and other union temtories (Go1 1982; Go1 1983). At the same t h e ,  the 

Delhi Pollution Control Cornmittee @PCC), an agency of the Government of the National 

Capital Territory of Delhi (NCTD) has responsibility for pollution control in the city (Prem 

Kumar 1997). But CPCB reportedly conducts its work in Delhi in collaboration with the 

DPCC (Author's interviews 1997). Nevertheless, this situation has the potential to be a recipe 

for jurisdictional confùsion. 

The Transport Department of the Govenunent of NCTD is responsible pt-imarily for 

vehicle licensing, registration, and inspection and road taxation in Delhi. As will be discussed 

later, vehicle licensing and registration are fùnctions with important implications for in-use 

transport emissions control, for which the agency is also responsible. In this comection, the 

Transport Department of the Government of NCTD certifies and licenses fiel dispensing and 

seMce stations to test in-use vehicle ernissions and repair non-complying vehicles. The 

regulation of vehicle service Me, and therefore vehicle scrappage, is MOST'S responsibility, as 

already indicated, but it is the Transport Department of the Govemment of NCTD that 

enforces this regulation. Further, in the case of Delhi exclusively, MOST has delegated the 

These institutions include the Automotive Research Association of India (ARAI), Centrai Institute of Road 
Transport, Central Road Research Institute (CRRI), lndian Institute of Petroleum @P), the Indian M t u t e s  of 
Technology, Indian Oil Corporation R&D Centre, National Environmentai Engineering Research Institute, 
Operations Research Group, Rail India Technical and Economic SeMces Ltd., and Tata Energy Research 
Institute (BIS 1995a; BIS 199%; BIS 1996; CSE 1996; IIP 1994; MoEF 1991; Mohan et al 1997; Mohan and 
Tiwari 1997; RITES/ORG 1994; TERI 1997a). 



authority for fixing vehicle life spans to the Govemment of NCTD (MoEF 1997; NCTD 

1997a; NCTD 1997~). 

Trafic control and the enforcement of t r a c  regulations, wbch have important 

implications for smooth trafnc flow and therefore for transport emissions, are the 

responsibility of Delhi's Police Department. The police are also charged with booking vehicle 

users with polluting vehicles or with invalid PUC ('Pollution under Contrai") in-use emissions 

test certificates, a largely futile exercise fiaught with legal difnculties, as discussed later. 

Interestingly, fuel adulteration control f d s  under the p u ~ e w  of the Ministry of Food and 

Civil Supplies, though the police are also responsible for this fùnction (Author's i n t e ~ e w s  

1997; MoEF 199%; NCTD 1997a; NCTD 1997c; NCTD 1997d). 

The Delhi Transport Corporation @TC), which operates no more than 3000 of Delhi's 

buses (ASRTUKIRT 1997; Chima 1997), and the large number of pnvate bus operators who 

run the city's balance 25,000-odd buses, critically affect transport emissions, because the 

quaiity of the service they provide influences private (including M2W) vehicle use, as 

discussed in some detail in Chapter VI. Additionally of course, DTC and the pnvate bus 

operators determine transit vehicle maintenance, a key factor in vehicle emissions, as 

discussed in Chapter III. 

Three agencies, New Delhi Municipal Corporation (NDMC), Municipal Corporation of 

D e b  (MCD), and Delhi Cantonment Board, are responsible for transportation planning, road 

construction and maintenance, and transport system management in Delhi. Land development 

and use is the responsibility of the Delhi Development Authority @DA) (Author's interviews 

1997; DDA 1996). In light of Chapter III, the actions of these agencies have profoundly 

important long-term implications for access and mobility, private motor vehicle ownership and 

use, congestion, and transport emissions and energy consumption, in Delhi and the 

surrounding region. So do agencies responsible for development and transport policies in the 

states surrounding Delhi. In this comection, note that nearly 200,000 people in the 

neighbou~g industrial centre of Faridabad in the state of Haryana State cornmute to and h m  

Delhi daily (Misra et al 1998; Verma 1997). 

So far, we have discussed the roles and responsibilities of govemment agencies and other 

institutions at the national, local and regional levels in relation to transport air pollution. We 



now tum Our attention to  the crucially important role of private sector actors. Perhaps the 

most important of these in terms of their influence on transport emissions are the vehicle 

manufacturers, fùel refiners and marketers, and vehicle users, who daily make critical trave1 

and vehicle purchasing, operation and maintenance choices. The interests of the vehicIe 

manufacturers in relation to transport air pollution controi, arnong other transport-related 

matters, are jointly represented by the Association of Indian Automobile Manufacturers 

(AIAM). As indicated earlier, private fuel dispensing stations test in-use vehicle emissions, 

and repair non-complying vehicles. These stations therefore obviously play a critical role in 

controlling in-use vehicle emissions, and in ensuMg the quality of in-use transport fueis and 

Iubricants (Author's i n t e ~ e w s  1997; AIAM 1994a; AIAM 1995; AIAM 1996a; AIAM 

1996b; NCTD 1997% NCTD 199%). 

The NGOs and the media can and do play a key role in transport air pollution prevention 

and control, as indeed in the case of other environmental issues. They do so by building public 

awareness of the air pollution problem, and of control measures that are either in piace or are 

being contemplated, and by cntiquing or building political support for govemment policy and 

decisions. Several such efforts by NGûs and the media (for example, CSE 1996; CSE 1997; 

Deihi Midday 1997; Gangdi 1997; Indian Express 1997; Nag 1997) are referred to and 

cntiqued in the following discussions. 

As govemments at both the national and local levels are increasingly perceived to  be 

unwilling to address, or incapable of effectively addressing, transport air pollution and other 

environmental problems, the role of public interest litigation has grown rapidly. An activist 

Supreme Court has responded,' with sweeping decisions that have in many cases gone well 

beyond merely laying d o m  the law. In response to public interest litigation to save the Taj 

MahaI fiom air pollution, the Supreme Court has, arnong other things, directed that new 

registrations of coal based industries in the surrounding area be stopped, that a whole range of 

industries either convert to natural gas or relocate outside the region, that govenunent 

agencies lay a gas pipeline to the industries, and that non-complying industries be shut d o m .  

Similady, the Supreme Court has ordered the relocation of polluting industries in Delhi. In 

5 The Supreme Court of India and the High Courts have long had a tradition of accepting petitions on even 
postcards, brought by people who claim to be aggrieved or affected by state action or inaction, and also by 
citizens acting pro bono public0 (Author's inte~ews  1997; Bal Krishna 1997). 



response to public interest iitigation on transport emissions, the Supreme Court has directed, 

among ot her t hings, that catalytic converten be fitted on new motorized four-wheeled 

vehicles in Deihi and the other major cities, thus actualiy spe-g vehicular technologies. 

Additionally, the Court has commissioned studies of technological options, and directed 

governments to stop new M3W vehicle registrations in Delhi, and that M3W vehicles and 

buses in that city be operated on alternative fiiels. Finaily, the Court has closely monitored 

implementation of its directives (Agarwal 2000; CSE 1996 and 1997; CSE/DTE 1997a; 

Hindustan Times 1997; Prem Kumar 1997; Sharma 1997; Mehta 1993; Saikia Cornmittee 

1997a and 199%; Supreme Court 1996a-g; Supreme Court 1997a and b). In short, the 

increasingly active role of public interest litigants, and of the judiciary, is becoming an 

important factor in the prevention and control of transport air pollution, and other 

environmental issues. Their role is discussed at some length later. 

To conclude this section: the institutional setting for policy-making and implementation 

with regard to transport air pollution in the Indian context is characterized by a multitude of 

agencies and actors with diverse interests, and fragmented, overlapping andor conflicting, 

roles and responsibilities, in terms of the various aspects that have important implications for 

the problem. This situation, depicted in Figure 4.1, is a good illustration of the point made by 

Brandon and Rarnankutty (1993) about the jurisdictional complexity that characterizes 

environmental management generally! This jurisdictional complexity exacerbates the difficulty 

of dealing with transport air poilution, characterized as it is by a large number and variety of 

motor vehicles and literaiiy millions of vehicle users. Additionally, many actors face political, 

technological, financial, and administrative constraints and barriers, which we now discuss. 

4.4 INSTITUTIONAL CONSTRAINTS 

MoEF potentiaily has enormous powers under the Environment Protection Act (19861, to the 

extent that it can order units, including automobile manufacturers, to close down, if it deems 

fit. In practice, however, the agency is largeiy restricted in its ability to even CO-ordinate 

implementation of policies on issues l i e  air pollution. Despite its title, and the mandate 

Figure 4.1 shows the key actors and issues in terms of transport air poliution prevention and control. Actors 
with roles related to several issues are shaded, to minimize clutter. AU the abbreviations used in the Figure are 
expanded in the Chapter text. 



conferred upon it by the Environment Protection Act, the CPCB can in practice only advise 

govemment, conduct and commission studies, and exhort action. According to the CPCB 

chair, Mr. Biswas, the only way in which the agency can effect change is by providiig 

information to the Supreme Court, NGOs and the media (CSE 1996). 

Unfortunately, the CPCB's resources and capabiiities in terms of data generation and 

analyses appear to be restricted. As discussed in Chapter II, air quality monitoring, even in 

Delhi, is far from adequate. Neither CPCB (nor the NEERI) monitored CO, 0 3  or PM10 on a 

regular basis, at least until 1997. Even those pollutants that were monitored were not 

rnonitored continuously, or even regularly, contrary to requirements that the CPCB itseif 

stipulates in the Indian NAAQS. More findamentally, as also discussed in Chapter II, the 

Indian NAAQS are either umecessarily or unrealistically stringent in some cases, and too 

lenient in some others, as compared to WHO limits. No reliable exposure studies nor 

emissions inventories exist, to enable priorituation of emissions sources for control action. 

This is true not only for Delhi, but also other cities like Mumbai. In this regard, recall the 

critique of Indian transport emissions inventories oEered in Chapters II and III.' Further, no 

systematic indigenous epiderniological studies to iink air pollution with health effects, using 

actual Indian mortality and morbidity data, have been conducted (Brandon and Hammom 

1995; CPCB 1995 and 1996; CSE 1996 and 1997; Shah and Nagpal 1997; WHO/UNEP 

1992)- 

Anil Agarwal, who heads the Centre for Science and Environment (CSE), a leading Indian 

environmental NGO, charges MoEF and the CPCB with not developing the necessary 

institutional mechanisms to study air pollution (or other environmental issues) 

comprehensively, and in an inter-disciplinary fiamework, because doing so 'ivould threaten 

the generalist bureaucracy and the ministef' (CSE 1996). The motivation ascribed to MoEF 

and CPCB is open to debate, but Agarwal is not far off the mark as to the net result. 

7 However, WHO ranked Delhi's emissions inventory as 'good" in 1992. A h ,  WHO ranked Delhi's 
monitoring of S a ,  SPM, and NO2 as adequate, of CO and Oj 'hon-existent", and lead 'hrdirnenta~y'~ (CSE 
1996; WHO/UNEP 1992). 
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The CPCB's own view of the matter is that the agency has considerable diniculties, owing 

to restricted resources, in conducting even the air quality and other environmentai monitoring 

that they do, let alone policy analyses. Further, according to Mr. Biswas, CPCB's chairperson, 

there is an unnecessary obsession with monitoring and "academic exercises", when the focus 

should be on preventive and control action. Lastly, good air quality monitoring, emissions 

inventories and policy analyses are usefùl, but futile without effective policy implementation, 

for which the mechanisms are lacking (Author's i n t e ~ e w s  1997; CSE 1996; Prabhu 1997). 

One can sympathire with the CPCB view that given the growing senousness of the air 

pollution problem, there is liale sense in waiting for studies, which are resource-intensive in 

any case, before initiating action. And it certainly is true that policy implernentation 

mechanisms leave much to be desired, as wiii be discussed shortly. However, precisely 

because resources are scarce, it is important to priontize action, based on whatever data 

exists, even as plans are drawn up for more effective data gathering and policy 

implementation. This is in fact the approach that underlies the policy-analytic framework 

proposed in Chapter V. 

Anil Aganval and others believe that the involvement of the Ministry of Health in aû 

pollution prevention and control is essentid, in terms of, for example, epidemiological studies. 

However, the Ministry's involvement in this area is minimal. The air pollution related 

epidemiological studies that are conducted are reportedly poorly designed and executed. But 

even if the capabilities existed to do quality studies, health records, which are also the domain 

of local and national Ministries of Health, are unreliable for scientific analysis (Author's 

i n t e ~ e w s  1997; Agrawal 1997; Cropper et al 1997; CSE 1997; Mohan, Tiwari and Kanungo 

1996). Even if none of these obstacles existed, such work would be very expensive, time 

consuming and require skilled manpower. Findy, given the range of iduencing factors in the 

context, it would be diIncult to isolate the contribution of au pollution to health outcornes. 

This is particularly so in the case of transport emissions, because of the multitude of organic 

and inorganic pollutants and atmosphenc reaction products, and the uncertain nature of their 



toxicology and synergistic effects, and of chronic effects of long term low dosage exposure 

Pa tes  1994; Chang et ai 1991; Faiz et al 1992; Hardoy and Satterthwaite 1991).' 

According to the national Ministry of Health, there are no fbnds available for studies on air 

poliution health effects. Besides, the Ministry is far more concemed about infectious and 

parasitic diseases, which account for nearly 20% of Indian deaths (Mohan, Tiwai and 

Kanungo 1997), and AIDS. The position of the Muiistry of Health in relation to air pollution 

may be justified. Air pollution, though important, does far less darnage to health than poor 

quality water (Brandon and Hornmann 1995). Further, indoor air pollution (rural as well as 

urban) does far more damage than outdoor urban air pollution (Smith 1988 and 1994).' 

According to Brandon and Ramankutty (1993), urban air pollution tends to be the most 

well-documented environmental impact in Asian LICs. Perhaps urban air poilution gets the 

most attention, because it is a great leveler. The weil-off can insulate themselves fiom other 

environmental impacts, but not air pollution. One decision maker that the author interviewed 

caiied air pollution a "bourgeois pre-occ~pation".~~ Even in terms of transport, air pollution 

may be its most widely felt impact. But road accidents cause a significant number of 

mortalities and morbidities in Delhi and other Indian cities, with considerable productivity loss 

and expenses that are often not recovered. The health and economic damages due to road 

accidents, which predorninantly affect young men in their prime (Mohan and Tiwari 1997) 

very likely exceed the damages due to transport air pollution, which incidentally cannot be 

attributed with certainty to the sector, for al1 of the reasons just discussed, and also because 

8 Note in this regard the discrepancy behveen the annual air poliution deaths estimated for Delhi by Brandon 
and Hommann (1995) and by Cropper et al (1997), referre-d to in Chapter II. Delhi's Health Minister is 
reported to have challenged his colleague, the Transport Minister's stress on air pollution and its health effects 
based on Brandon and Hommann's study. 
9 Rather than taking MoH to task for not paying attention to Uùs or that specific environmental health risk, its 
critics rnay do better to urge it to use its lirnited resources to do good research on prioritization of h d t h  nsks 
generaiiy, and then to focus on the most serious (and easily preventable) ones. 
'O The argument that urban air pollution is a bourgeois pre-occupation is given credence by comrnents on the 
subject in the press, such as: "environmental ha;riiràs for long considerd the problem of the poor, have now 
entered the world of the urban rich and the middle class" (Prabhu 1997). Similariy, the then Minister of MoEF 
is quoted as saying: "(Air) pollution in Delhi will be controlled as al1 high-ups like me, Members of 
Parliament and journalists Live in Delhi. So it will be our first conceni." (India Today 1996)- This also 
e-xplains why air poliution in Delhi is more important than air pollution in other cities. Interestingly, the 
magazine in which this quotation appeared did not criticize it, but rather offered it as evidence that something 
would actualiy be done about Delhi's air pollution, 



transport is but one of several air poliution sources. 'l And yet, the transport problem that gets 

the most sustained media and policy attention is air pollution. Indeed, the transport problem 

increasingly tends to be fiamed almost exclusively in terms of air pollution. Because of this, 

and also because resources are scarce, other important transport impacts such as road safêty, 

and loss of access are likely to be given short shrift. 

As indicated in Chapter III, Indian vehicle technology is decades behind that in the West- 

The long-standing protection of local industry by means of high tariffs has been an important 

factor (Biswas in CSE 1996). Given this, and the lack of incentives/disincentives related to 

fuel economy and emissions, user choice has had little role in determinhg vehicle technology. 

R&D lead-times in the industry typically run into years, and require massive investments in 

financial and technical resources, which, even if forthcoming, cannot be mustered quickly 

enough to effect urgently required improvements. Technology import, which is occurring in 

the case of cars (and to an extent, in trucks), encounters barriers in the case of the M2W 

vehicle industry. This is because of the limited role that these vehicles play in the 

technologically advanced countries, and also because of the (recreational) uses they are 

typicdy put to there (Author's i n t e ~ e w s  1997; CSE 1996). As discussed in Chapter ICI, 

M2W emission standards in many of these countries are considerably iderior to current Indian 

standards (Faiz et al 1996; MOST 1996). But more importantly, M2W vehicle rnanufacturers 

such as Bajaj control significant market share (AIAM 1994a and 1995), and would not like to 

see this dominance diluted through foreign collaborations (Author's i n t e ~ e w s  1997; CSE 

1996). '* 
Al1 aspects of the Indian petroleum industry, from oil exploration and production, to 

refining and marketing, are dominated by state-owned public sector undertakings, under the 

administrative control of MoPNG. India is one of the few countries globally in which 

govemment has a monopoly over these activities, and also determines fuel pricing. While the 

BIS cornmittees for fiel and lubncation oil standards include automobile industry 

" 1885 people were kiileà, and 8099 injured in road accidents in Delhi in 1993 (ASRTWCIRT 1997). 
Compare these figures to the 3430 premahire mortalities due to PM fiom al1 air pollution sources estimated by 
Cropper et al (1997) for Delhi. Further, many accidents go unreported, as the author discovered d d g  his 
inteniews with M2 W vehicle users (Chapter VI). 
l2 Bajaj Auto and TVS aaount for 39 and 14.6% of al1 Indian M2W vehicle production respectively (AIAM 
1995). 



representatives and other actors, they are headed by a representative of MoPNG. Effectively, 

therefore, the manufacturers have until recently detennined the standards they wiu follow. 

Further, BIS standards, mandatory for other industries, are voluntary in the case of the 

petroleum industry (Author's in te~ews 1997; CSE 1996; Ganguli 1997; Nag 1997; Paul 

1997; TERT 1997a). 

At the same the,  as discussed in Chapter II, petroleum products demand has been 

growing dramatically, and continues to grow, especially in terms of middle distillates, largely 

due to rapidly increasing diesel-based road transport. Domestic rehing capacity has been 

unable to meet demand. To boost production, Indian refineries take wide cuts of high demand 

products like diesel and gasoline, and crack heavy distillates (to maximize middle distillates). 

This practice, coupled with outdated technology, and the use of cheap, high-sulphur imported 

crude, to make up for the shortfall in domestic crude, has contnbuted to poor quality fbel in 

India (CSE 1996; GOESCAP 199 1; TERI 1997a). 

However, because of increasing urban air pollution, and also because of increasingly 

stringent vehicle emission standards in response to this problem, it has become imperative to 

improve transport fiel quaiity, as discussed in Chapters II and III. With MoEF taking the lead, 

under the Environment Protection Act, tighter &el standards have been developed (BIS 

1995a; BIS 1995b; Appendix IV). Their task of meeting rapidly growing demand, hard as it 

already was, has been made even harder for Indian refineries with the tightening of fuel quality 

standards. It has been a major challenge for the rekeries to produce adequate quantities of 

unleaded gasoline, while also meeting the more stringent requirements for other fuel 

parameters (Author's interviews 1997; CSE 1996; Hari 1994; La1 1994a; Lal 1996b; Lai 

1996d; Mehta 1993; Supreme Court 1996~). 

Reforming is the simplest option for boosting production, and is either available, or is 

being installed at various Indian refinenes. Reforming converts naphtha into high octane 

aromatics, to compensate for lead removal, but increases levels of benzene and other 

arornatics. Also, yields fa11 as octane number increases, and reformate alone is too involatile. 

Reformates thus have to be complemented with Lighter components, by means of catalytic 

cracking, to maintain volatility, control benzene and aromatics, and boost gasoline yield. 

However, cat-cracked components have relatively low octane quality, and increase gumrning, 



which affects fùel injectors, and HC emissions (Author's interviews 1997; CSE 1996; Faiz et 

al 1996; Han 1994; Raje and Malhotra 1997). 

It is estimated that Indian reheries wili need to invest around US$ 1,600 millions over the 

next few years, in hydro-desulphurization, hydro-cracking, MTBE blending, alkylation and 

isomerization units, to irnprove gasoline and diesel quality to meet year 2000 specifications. 

This task is al1 the more difficult, because it has been postponed so long. The adrninistered 

pricing mechanism (APM), by means of which diesel and other fiels were heavily cross- 

subsidized, is believed to have contnbuted to this delay. Because of the APM, there has been a 

lack of resources for boosting oil exploration and production, and for improved refining 

technology. Further, investors are understandably unwilling to commit large fin& under an 

administered price regime. In fact, private refineries aiiowed under the gradual re-structuring 

(and APM dismantling) currently undenvay, propose to use 40-year old refining equipment 

that had been lying idle abroad (Author's interviews 1997; CSE 1996; Ganguli 1997; Nag 

1997; Paul 1997; TERI 1997a).13 

As for the local govemment agencies: the Transport Department of the NCTD, which is 

responsible for the important function of in-use transport emissions control, is seriously short 

of staff to properly certie and monitor the fuel dispensing stations that actuaily conduct the 

vehicle testing and repair, in terms of operator qualifications, equipment calibration and test 

procedures. In 1997, the Department reportedly had only one mobile inspecter for every 50- 

100,000 vehicles on the road. It cannot even ensure that personal vehicles retum d e r  15 

years for re-registration, as requïred by the law. Similarly, the Ministry of Food and Civil 

13 The APM itself is going to be di6ncult to dismantle. Since so much of transport in india (particularly 
fkeight) is dependent on diesel, deregulating diesel prices might cause inflation to nse, with consequent 
regressive effects and political outcry (Duleep 1994; TERI 1997a). A h ,  vehicle manufacturers who had 
invested in producing diesel cars, to take advantage of administered diesel pnces, wouid now be at a 
disadvantage. Further, if diesel were deregulated and kerosene were not (and there is justification for kerosene 
subsidies as discussed in Chapter m), diesel adulteration would only increase. If bot.  diesel and kerosene were 
deregulated, regressive effects would further intensifl. Kerosene subsidies hardly benefit the rural poor, since 
they rely principally on uaditional fbels. The urban poor are Iikely to be harder hit energy-Wise tha. the rural 
poor, due to fuel price increases. As kerosene became more expensive, there wouid likely be increased use of 
traditional fiiels arnong the urban poor, with consequent increased exposures to indoor air pollution and 
increased deforestation. On the other h a n 4  if the APM were not disrnantled, massive oil pool deficits would 
continue, and opportunities wouid be lost in social spending. M y ,  there would be no incentives for the motor 
vehicle industry to improve fùel efficiencies. The foregoing demonstrates the importance of considering 
system-wide impacts of transport policies. 



Supplies and the Police Department have neither the equiprnent nor the personnel to 

efEectively deal with fuel adulteration. While the police are mandated to book vehicles with 

invalid in-use emissions test certificates, they do not have the resources to even deai 

effectively with tratFc violations. The police, and enforcement officiais generaiiy' are highiy 

susceptible to corruption. This is not surprising, given their paltry salaries. The vaa majority 

of police personnel in Delhi reportedly iive with their familes in slums (Author's interviews 

1997; NCTD 1997a). l4 

As discussed, and as will be demonstrated in Chapter VI, the quality of public transit 

seMce criticdy influences private (including M2W) vehicle use and ernissions. But even the 

Dehi Transport Corporation @TC), the state-owned public bus transit operator in Delhi, has 

experienced ever increasing gaps between revenues and expenditures. DTC, dong with 

Calcutta's bus transit operator, has the lowest revenue and the highest costs per vehicle- 

kilometre in the country. The Corporation is continually dependent on government loans, 

which can realisticaily never be repaid, for maintainhg operations to meet ever growing 

demand. Its buses are poorly maintained, and fiequently non-operational." DTC runs no more 

than 15% of Delhi's buses. The vast majority of buses in Dehi are owned and operated by a 

large number of pnvate parties. These private operators have to operate under conditions of 

high capital costs, regulated fares, and extremely slender margins, and therefore have little 

ability or  incentive (given lax inspection) to properly maintain theû vehicles for passenger 

cornfort and convenience or emissions, let alone invest in improved vehicle technology 

(ASRTU/CIRT 1997; Chima 1997; Duleep 1994; Garnbhir and Narayan 1992). 

The agency responsible for land use, DDA, lacks the resources to control unplanned 

development in fiinge areas. The National Capital Region (NCR), formed in 1985 to achieve 

planned development in these areas on land to be given by neighbouring States, and with 

central govenunent fùnding, has been ineffective. The fùnds have not been forthcorning, and 

14 There is a general inabiliiy to wntrol polluting activities. While ody  3700 diesel generating sets have k e n  
licensed, about 150,000 power generators are estimated to be operating in Delhi, as power supply falls short of 
demand. Notices to close/relocate polluting industries, pursuant to court orders, have not been effective (CSE 
1996). 
15 This is a fâte apparently shared by many LIC city bus fleets. Supply shortage causes buses to be heavily 
over-loaded, leading to maintenance problems, which in turn exacerbate the supply situation (Sathaye, Tyler 
and Goldman 1994). 



the States, increasingly assertive, have in fact encouraged massive private development on 

these lands to take advantage of their proximity to Delhi, thus aggravating the transport 

situation there. DDA's own financial position, and therefore its ability to control land use, has 

been further weakened because it has not coliected bettement charges fiom private 

developers (Chandra 1997; Misra et al 1998; NCTD 1997a and d; Singh 1997b). 

Thus, in addition to the jurisdictional complexity discussed in the previous section, the 

institutional setting related to transport emissions prevention and control in the Xndian context 

is characterized by serious barriers and constraints. 

4.5 POLICY-MAKING AND IMPLEMENTATION: ACTORS' INTERACTIONS 

This section discusses actors' agendas and interactions related to policy-making and 

implementation for prevention and control of transport air poliution in the Indian context. The 

discussion focuses on vehicle emissions and fuel and oil quality standards, monitoring of in- 

use emissions, and vehicle scrappage. The implications of the policy-making and 

implementation process for policy effectiveness are explored, especially in light of the 

institutional bamers and constraints discussed earlier. 

Each of the principal actors brings to this issue positions that reflect its agendas, interests 

and concems. Each stresses the importance of action on those aspects of the multi- 

dimensional transport air poilution problem for which they are not responsible. This situation 

is not surprising because, for each of them, taking action involves spending considerable 

amounts of money and effort, which they are il-equipped to do, given the constraints they 

face. Govement and the state-owned fuel industry stress the need to tighten new vehicle 

emission standards, improve vehicle technologies, and scrap aging vehicles. Meanwhile, the 

vehicle industry stresses the need to improve fuel quality and tratfic management, enforce 

vehicle scrappage, and implement effective I&M programmes. Interestingly in this comection, 

while the "experts" reportedly claim that transport emissions can be reduced 70-90% by 

engine modifications alone, a representative of AIAM, the vehicle industv association, 

believes fuel quality improvements, traEic management and I&M will together produce a 70% 

reduction (India Today 1996; Shah 1996). 



The Indian motor vehicle industry has felt little pressure until recentiy to  improve vehicle 

technology, because it was largely insulated f?om international competition. But with the 

advent of economic liberalization in the early 1990s (and detenorating urban air quality), the 

industry has been compelled to do so (Biswas in CSE 1996). As Ani1 Agarwal observes, the 

rnotor vehicle industry "cm and wiU respond . . .. if we are prepared to h<rn the heat on them", 

or ifthey have no choice (CSE 1996). Interestingly, while liberalization is leading to increased 

motor vehicle activity, it is also helping improve vehicle performance, including emissions, at 

least on a vehicle-kilometre basis.16 Another strong motivation for the Indian vehicle industry 

to reduce emissions (and improve fiel economy and vehicle performance) is the potentially 

large export market, which demands competitively priced vehicles with these parameters 

conforming to international standards (Author's interviews 1997; CSE 1996). Interestïngly 

though, whiie this motivation would be suong in the case of Indian cars and trucks, which lag 

behind international standards, it would not be so for M2W vehicles, for which emission 

standards are already some of the most stringent globally, as discussed in Chapter IQ." 

4.5.1 Vekicle Enrission Standards and Fuel Qualiîy Improvements 

The pcocess of developing Indian vehicle emissions standards, and correspondingly tightening 

fuel and oil quality standards, started as early as the late 1980s (IIP 1994; MoEF 199 1). And 

as discussed, progressively stringent standards have been stipulated and implemented since 

199 1 (Appendices IIi and IV). However, the vehicle manufacturers and other observers have 

serious doubts that these standards have a rational basis (Author's interviews 1997). As 

discussed in Chapters II and m[, there is no reliable accounting of the contribution of various 

transport modes and system components, or indeed of other sectors, to air pollutant emissions 

and related health effects.18 Further, there have been no studies of the likely impacts of the 

16 A similar example from another seçtor is the Indian leather indu* rapidiy changing to cleaner dyes once 
the German market indicated it would not buy leather goods with azodyes (CSE 1996). 
17 At the same time, Indian M2W vehicle rnanufacturers are weil positioned to exploit the export market, at 
least in tenns of emission standards. 
18 Also, it is likely that transport is less important than other sources in terms of e x p m  to critical 
poliutants, which is the key factor in te- of health effects. As for the epidemiological studies that have been 
conducteci (such as Cropper et al 1997), while it is Iikely that respiratory diseases and deaths are under- 
reported, it is also the case îhat indoor, not outdoor, air pollution may be the most important cause. Howwer, 
in the Indian context, outdoor air pollution has a greater influence on indoor levels than in the West. 



standards (and of technologies to  achieve them) over the long term, in t ems  of air poliutant 

emissions and related health effects, and other policy impacts. 

Even the Mathur Committee Report (MoEF 1991), which foms the ba i s  of vehicle 

emission standards over the last decade, acknowledged that since no reliable emissions 

inventories exist, the Cornmittee's recommendations were based on standards in force in other 

countries, and on technological availability or achievability. While ECE standards were 

recornmended for cars, standards for M2W vehicles were based on their large numbers, and 

were suitably tightened for subsequent years, so as to maintain the same pollution loading 

nom these vehicles as in the early 1990s (Author's i n t e ~ e w s  1997; MoEF 1991).19 Lipacts 

such as costs to vehicle users and industry profitability were raised (Singhal 1996) but not 

considered in any great detail. 

The perceived, if not actual, lack of a rational basis for vehicle emission standards causes 

vehicle manufacturers (and other actors) to feel that they are being blarned for somebody 

else's problem (Author's interviews 1997). This not only reduces their cornmitment to 

environmentai action, but also allows them to push their own agendas, as discussed. Most 

importantly, tiom a public policy standpoint, it is not clear that the most stringent standards 

are applied to the most important poiiutants, or (transport and other) sources.20 Motor vehicle 

industry representatives i n t e ~ e w e d  by the author pointed out that they are agreeable to  

progressively tightened emission standards, provided these are adequately justified. The W W  

industry feels particulariy put upon, because they believe decision makers are responding 

merely to the high visibility of these vehicles, by virtue of their large numbers, and the equally 

visible nature of their exhaust. They also argue, with justification, that in ternis of HC 

emissions, sources such as the tùel system evaporative losses and solvent use are ignored 

(Author's interviews 1997; Nandi 1 996b). 

l9 This approach has some justification. Notwithstanding the need to reflect local realities (as discussed in 
Chapter III), there is Littie practical sense in developing new standards (and accompanying test prdures )  for 
cars, especially in small markets like India (Faiz et al 1992). In the case of M2W vehicles, hdia is the 
dominant market, and these vehicles are an important contributor to transport emissions. 

The lack of reliable knowledge of which sector is responsible for how much of which pollutant, has other 
interesting consequences. In response to Supreme Court nilings closing industrial units in Delhi, workers' 
groups (quoting CPCB data) clairned transport was the main culprit, and demandeci curbs on private vehicles 
(Times of india 1997a). 



Insofar as actuaily implementing vehicle emission standards, recd that while MoEF 

recommends them, based on the work of consultative commïttees, MoST notifies and 

enforces them. Sunilarly, while MoEF has recentiy taken the lead in tightening fuel and oil 

quality standards, it is MoPNG and the fuel manufachirers that actualiy implement them. At 

least until recently, the working relationship between these p ~ c i p a l  actors, and the vehicle 

manufacturers, has been confiict-ndden (Author's i n t e ~ e w s  1997). 

Both the vehicle and fuel mandacturers have attempted to have standards d i i ed .  In the 

case of vehicle manufacturers, this has applied to the emission standards themselves, as weli as 

other stipulations. For example, when the 1996 emission standards (themselves a diiuted 

version of the Mathur Committee recommendations), were notified in 1993, the vehicle 

manufacturers successfuly protested the cold start and emissions durabiiity requirements on 

cars, on the grounds that they could not meet these requirements with carbureted engines. The 

cold start requirement, which they had wanted deferred until2000, was effected in 1998. The 

emissions durability requirement is expected to corne into force in 2000, in the form of a 

"deterioration factor" to be applied to the type approval test standards, but there is no clear 

stipulation as to the service life over which this deterioration may take place. Evaporative and 

crankcase emission requirements for cars were also sought to be deferred, but these came into 

effect in 1996. The M2W vehicle emissions durability requirement (recornmended by MoEF) 

was apparently deleted by MoST, at AIAM's request (Author's i n t e ~ e w s  1997; Central 

Motor Vehicles (Amendment) Rules 1995; AIAM 1996a; AIAM 1996b; CSE 1996; MoST 

1996). 

As for the emission standards proposed for 2000, the motor vehicle industry, through the 

AIAM (AIAM 1996a and b) suggested that the European dnving cycle be followed (with 

maximum speed in the extra urban driving cycle Limited to 90 kmh), rather than the Indian 

cycle with cold start (this is rather cunous, given that the ECE is more stringent than the 

Indian cycle, and involves cold start). They also cailed for more stringent fuel quality 

standards than those that are expected to be implemented (0.05% sulphur, and 0.005 g/L 

lead), and for these stipulations to be notified dong with the emission standards. Their 

justification for these demands was that these would be necessq to enable use of fuel- 

injected engines, which would be required to meet the 2000 emission standards and emissions 



durability requirements for cars. The M2W vehicle emissions durabîility issue had not been 

resolved until late 1997 (Author's interviews 1997; AIAM 1996a and b; CSE 1996 and 1997). 

The vehicle industry origlnally agreed to meet the 1996 car emission standards through 

engine design changes. but then claimed they codd do so only with catalytic conveners, 

which of course would require unleaded gasoline. The industry insisted that unleaded gasoline 

be made available country-wide, thus passing the buck to MoPNG and the refinerïes. 

Meanwhile, the Supreme Court mled in 1994 that aii new cars in the major cities would have 

to be fitted with catalytic converters fiom Apd 1995. The refïneries accepted the challenge 

and provided unleaded fuel in the major cities in 1995, and in a phased manner country-wide 

thereafler (Appendii IV) (Author's inte~ews; CSE 1996). 

Things took a slightly different course in the case of M2W vehicles. It appears that the 

M2W vehicle manufacturers originally considered catalytic converters to meet the 1996 

noms, but decided eventually on the engine design route. In 1996, the Supreme Court- 

appointed Saikia Comrnittee recommended that converters be required to be fitted on all new 

as weU as buse  M2W and M3W vehicles in the major cities, h m  1997 (Saikia Comrnittee 

1997a). AIAM, the vehicle industry association, argued strenuously against catalytic 

converters, citing converter durability concems on M2W vehicles, and other irnplementation 

issues (Nandi 1996a). MoEF supported the Saikia Comrnittee recommendation in principle, 

but suggested implementation in 1998, when unleaded gasoline would be available in al1 state 

capitals. But MOST and Mo1 were of the view that govenunent should mandate only 

performance standards, not technologies, and urged a go-slow approach in forcing vehicle 

manufacturers to fit catalytic converters on MZW vehicles. MoEF eventuaily backtracked, and 

restricted unleaded gasoline in the major cities to new cars with catalytic converters, because 

of concems over fuel supply problems and high benzene levels in unleaded gasoiine (Author's 

interviews 1997; CSE 1997; La1 1996b; Lal 19964; Mehta 1993; Nandi 1996 a and b; Saikia 

Cornmittee 1997a; Supreme Court 1996b). The foregoing demonstrates the confiicting, and 

rapidly shifting, positions of various govemment departments and other actors in the matter. 



4.5.2 In-use Vehicïe Emissions Monitoring and Contd  

As indicated, private fuel dispensing stations, licensed by the Transport Department of the 

NCTD, inspect in-use vehicle emissions in Deihi. Vehicles are required to be tested as 

fkequently as every three months. Testing is by means of a no-load road-side pollution check, 

on the basis of which "Poilution Under Control" (PUC) stickers are issued. In Chapter III, we 

discussed the technical shortcomings of no-load testing, particularly in the case of vehicles 

with catalytic converters. Quite apart fiom this, the system is nddled with loopholes and 

plagued by corruption. It is reportedly common for people to purchase stickers in bullc, often 

at a discount, and without so much as taking the vehicles to the inspection centre. Because the 

fuel dispensing stations also have the authority to repair non-complying vehicles, they have an 

incentive to needlessly claim that vehicles require adjustrnents to pass, for which they charge 

an additional fee, without a receipt. Because of the adjustments, there are fiequent driveability 

problems, which users typically rect@ by re-adjusting their carburetors immediately 

aflerward, and before the next test (Author's i n t e ~ e w s  1997). 

The inability of the Transport Department to either monitor the performance of the fuel 

dispensing stations, or to check vehicles for valid and up-to-date PUCs, because of severe 

stafnng shortages, has already been alluded to. The situation is only made worse by the fact 

that it is extremely ditFicult to ensure that users will in fact present their vehicles for 

inspection, since vehicles are currently required to be registered only when purchased, and 

there is no linkage between registration and inspection.21 Finally in this regard, a large number 

of vehicles registered outside Delhi ply in the city daily. These vehicles are not required to 

undergo in-use emissions testing in the States in which they are registered (Dhingra 1997). 

Various other steps to control in-use emissions have been of little avail. The Delhi 

governrnent launched surpnse road-checks in 1997, and began to h e  vehicIe owners with 

polluting vehicles, even those with a valid PUC sticker. Vehicle users were reportedly 

'' AU new vehicle registrations have been computerized since around 1994, and records of uafnc and other 
violations have begun to be recorded in the database. But PUC test results cannot be recorded, because of the 
decentralized system, and dso al1 in-use vehicles are yet to be included. By Iaw, personal vehicles are required 
to be re-registered (oniy) afler 15 years, but this rarely happens, and it is impossible to enforce, because of lack 
of records and adequate enforcement resources. Another baririer in the Indian context is the fact that 
automobile insurance is not mandatory. The MV Act is proposed to be amended to require registration and 
inspection periodically after purchase depending on the vehicle category (Author's interviews 1997). 



subjected to a great deal of harassrnent by inspectors and the police. The fines were mled 

ïilegal by the Delhi High Court. The petitioner argued that, because test equipment were 

situated at multiple locations, and were seldom properly calibrated, site-to-site measurement 

variations were common. It tumed out, in fact, that the machines had not even been certifieci 

by the Weights and Measures Department. Under these circumstances, the petitioner argued, 

in-use ernissions testing was meanhgless, and fines should be imposed on those issuing the 

certificates, not on vehicle users (CSE/DTE 199%; D e f i  Midday 1997; Indian Express 1997; 

NCTD 1997b; Times of India 199%; Times of India 1997e). In 1997, the Delhi governrnent 

decreed that users with vehicles without valid stickers would not be ailowed to purchase any 

fuel (Times of India 1997~).  This measure had to be abandoned shortly d e r  introduction, 

because literally thousands l k d  up at fuel dispensing stations, causing senous trafnc jams. In 

any case, the measure would not have succeeded, because the stations could not possibly 

refùse to sell fùel for very long. 

AU in d l ,  the b u s e  emissions monitoring and enforcement regime currently in place in 

Delhi (and other Indian cities), combining as it does a decentralized test-repair systema and 

no-load testing, is burdensome, both for users and the administrators, as well as ineffective in 

achievlng its intended purpose. Interestingly in this regard, when there were only a few test 

centres, users were at the mercy of the operators, and there were many false failures. Now, 

there are many false passes because there are many test stations al1 over the city, and vehicle 

users can take their "business" ekewhere if their vehicles are not passed. Al1 that the current 

in-use ernission testing appears to do is create the illusion that something is being done about 

the air pollution problem. Anil Agarwal (CSE 1996) believes the system to be no more than an 

attempt to shield the governrnent (and industry) fi-om any blame, and to &if3 the onus on to 

vehicle users. This impression is only reinforced by the fact that buses and trucks, which are 

significant polluters, and government vehicles, are hardly if ever checked. A recent study in 

Calcutta revealed that many polluting vehicles sported PUC stickers, and that state-owned 

22 Deceniraiized test-repair systerns invite hud, both against users and the system, and improper inspections. 
California's is a classic example. To deter fraud, the state bas had to mort to excessively complex and 
expensive automation, and extensive audits. Despite these measuses, improper inspection (and repairs) run as 
high as 50% (Bhattachayya 2000; Faiz et al 1996). 



buses were among the biggest defaulters (Author's i n t e ~ e w s  1997; CSE 1996; Pnti Kumar 

1997; Times of India 1997d).'~ 

4.5.3 Vehiele Scrappage 

Old vehicles, including MO-stroke M2W vehicles, are proposed to be scrapped in a phased 

marner in Delhi (Appendix VII). Mandated vehicle scrappage would undoubtedly be popular 

with the motor vehicle industry. It remains to be seen, however, if the rules announced will 

actually be implemented, and how effective implementation will be. The rules (Appendix W; 

MoEF 199%; NCTD 1997~: NCTD 1997d; Roy Paul 1997) are confusing, convoluted, and 

unrealistic, particularly with respect to M3W v e h i ~ l e s . ~ ~  There is lkely to be strong vehicle 

user resistance to mandated scrappage, given the absence of viable options to personal 

motorized vehicles, as discussed in Chapter VI. M2W vehicles are typically used for as long as 

20 years, and users expect to get a reasonable re-sale value when they do dispose of them in 

the second-hand markets that thrive in Deihi and elsewhere (Author's i n t e ~ e w s  1997). An 

effective scrappage programme requires the ability to track down and penalize non-cornpliant 

vehicle users, but institutional mechanisms for these are lacking, as we have seen in the case of 

in-use emissions monitoring and control. Lastly, given the likely resistance fkom vehicle users, 

implementing scrappage will cal1 for a considerable arnount of political cornmitment. Late in 

1997, the NCTD governments reportedly backed off on its decision to phase out old vehicles, 

particularly those in the commercial sector, because of the upcoming elections (CSEDTE 

1997~). 

4.5.4 Public Interest Litigatiion and the Supreme  cou^ 

The increasingly important role of public interest litigation and of the Supreme Court has 

already been alluded to. In this section, we cntically examine these roles. The public interest 

') World-wide experience has shown that effective monitoring and control of in-use emissions would require 
loaded tests, which give substantiaiiy better correlation with rd-life emissions, and centraiized inspections 
done in high volume facilities operateci by governent or by competitively selected operators regulated by 
govemment, with decentralized repair (Bhattacharyya 2000; Faiz et al 1992 and 1996; Radian 1994). A 
computerized system to link registrations with inspections, periodic re-registrations, and the administrative 
ability to penalize noncornpliant users, wouid also be needed. 
24 Even with regard to M2W vehicles, it is not clear if the rules wiii apply to two-strokes fitted with catalytic 
converters after 2007. 



petition caliing for regulation of poilution in Delhi was fled in 1985 (CSE 1997; Mehta 1993; 

Supreme Court 1996a-g). The Court has sat several times to hear submissions and deliver 

judgments on this petition, particularly since the early 1990s. Senior officiais representing 

various govemment agencies and vehicle and fuel manufacturers, and other interested parties, 

have been called frequently to make submissions to the Court on various matters related to the 

petition. Indeed, just one official in MoEF appeared before the Court five times in as many 

rnonths in 1996, by the author's counting (Author's interviews 1997; La1 1996a-d). 

An examination of the proceedings related to transport air pollution (Chandini 1996; Lal 

1996a-d; Mehta 1993; Nandi 1996a and b; Saikia Cornmittee 1997a and b; Supreme Court 

1996a-g; Supreme Court 1997a and b) reveals that the Supreme court moved f?om largely 

enforcing the law, in terms of ordenng the notification of emission standards, in the early 

1990s, to becorning involved in and passing judgments on purely technical issues, as opposed 

to legal and procedural matters. Not only that, the Court has, as already indicated, become 

increasingiy involved in the implementation of its judgments, cosrdinating action by various 

agencies, refereeing inter-agency contlicts, and monitoring progress, sometimes as fiequently 

as every week. 

Because of the technical complexity of the subject matter, the Court directed that a 

committee be appointed to advise them (Saikia Committee 1997a and b). This cornmittee, 

headed by a retired Supreme Court judge, was charged with assessing vehicle pollution 

control technologies available worldwide, and ident-g low-cost alternatives to minimize 

rnotor vehicular pollution over the long term. Given its sweeping mandate, and the Court's 

activism with regard to transport air pollution, this Cornmittee's powers to iduence policy 

were potentidy great. Further, given the technically cornplex, and multi-dimensional nature of 

the problem, one would have expected this Cornmittee to be comprised of persons with a wide 

range of expertise, and capable of givhg competent and independent advice. However, the 

cornmittee comprised, besides the retired Supreme Court judge, the lawyer who brought the 

petition in the £irst place, a representative of AIAM, the motor vehicle industry association, 

and the then Chair of the CPCB. 



The Saikia Cornmittee and the Court proceedings addressed many issues related to 

transport air pollution. However, the following discussion wiil restrict itself to their roles as 

they related to catalytic converters on M2W (and M3 W) vehicles, and alternate fiiels. 

That the Saikia Committee recommended fitrnent of catalytic converters on al1 new as well 

as in-use MîW and M3W vehides in the major cities, and the codictïng and shifting positions 

of various agencies and actors in this matter, have aiready been aiiuded to. The Cornrnittee's 

report (Saikia Comrnittee 1997a) appears to show that their recommendations were made on 

the basis of a visit to one Canadian Company. The report does refer to concerns over 

implementation issues such as catalyst durability and vehicle user safety (due to high operating 

temperatures), particularly on in-use vehicles, only to reject them out of hand, on the basis of 

assurances Çom the Canadian Company that these concems were baseless. Other criticdy 

important implementation issues, such as the lack of widespread availability of unleaded 

gasoline, catalyst contamination by lubricating oil, which then contained phosphorus, vehicle 

performance loss, the lack of effective in-use vehicle emissions monitoring, and long-term 

replacement costs, were not considered. Indeed, with regard to industry concerns over 

Liability, the Committee took the position that catalytic converters ought to be considered 

merely as a vehicle part, whose fitment industry could not in good conscience object to on in- 

use vehicles, suice, in the Cornmittee's view, industry did not appear to take responsibility for 

pollution. Left undefended was the position that govemment could mandate the use of 

cataiytic converters, without anyone being responsible for any mishaps users might suffer due 

to their use (Saikia Cornmittee 1997a). 

Not surprisingly, the AIAM representative did not sign the report. Another interesting 

aspect of the Committee's recommendation is that it may have been prompted by the 

impression on their (and CPCB's) part that unleaded gasoline required the use of catalytic 

converters, rather than the other way around, and due to concem over elevated benzene levels 

in unleaded gasoline &al l996b; Nandi 1996a and b; Saikia Cornmittee 1997b). 

At the same tirne that the Saikia Cornmittee was proposing implementation of catalytic 

converters on ail M2W and M3W vehicles in the major cities, they were also recommending 

conversion of all M3W vehicles in Deihî to run on propane (Saikia Cornmittee 1997b). As in 

the case of catalytic converters, this recommendation was made based on a visit to a Canadian 



company, who assured the Cornmittee that they could easiiy convert Delhi's 80,000 M3W 

vehicles in three years, and also on the basis of the fact that propane was used as a transport 

fuel in many countries. The Cornmittee went so far as to recommended a specinc technology 

for propane conversion marketed by the Canadian company (Saikia Cornmittee 1997a and 

199%). Senous concerns were raised by various govemment agencies (MoPNG 1996; 

Kanade 1 W6), relating to technology reliability and performance, lack of resources for 

importation, storage, transport and distribution, especially given emerging demands related to 

unleaded gasoline and CNG (see below), lack of resources for and regdation of vehicle 

conversion and dispensing sites, and public safety and liability. In particular, it was pointed out 

that there were severe constraints in meeting even current requirements of liquefied petroleum 

gas (LPG) for domestic cooking, a priority in terrns of avoiding indoor air pollution and 

deforestation, and that LPG had to be imported at volatile prices. Further, since it was highly 

subsidized, there were concerns about LPG being diverted corn domestic cooking to 

transport uses, with safety implications. 

Interestingly, the Saikia Cornmittee did acknowledge severe propane availability 

constraints, and also a law that specifically prohibits the use of propane as a transport fiel. 

Notwithstanding this, they recommended the fuel, seemingly with little regard to the 

implementation issues discussed above, and also matters such as flexibility of operation, and 

poor vehicle maintenance. Based on the Cornmittee's recornmendation, the Supreme Court 

ordered a pilot project to convert 50 M3W and 50 M2W vehicles to propane, and ordered 

various national and local govermnent agencies to extend their CO-operation to the Canadian 

company. Further, the Court ordered the govemment to study the possibility of importing 

propane for the purpose of converting al1 M3W and even M2W vehicles country-wide (Saikia 

Conmittee 1997a and 1997b; Supreme Court 1996c and d)? 

The Saikia Cornmittee recornmended the use of compressed natural gas (CNG) as weU 

(Saikia Cornmittee 1997b). Several concems were raised, including the lack of resources for 

ensuring widespread fuel availability, of workshops capable of carrying out conversions, and 

25 The Supreme Court ordered in December 1996 that the pilot tests be completed in a mere four months. 
However, the company had not conducted the tests even as late as November 1997. The Court extended the 
deadline for the tests untii March 1998. The company claimed bureaucratie delays and Iack of propane 
availability for their inability to complete the tests (CSEDTE 1997a). 



of appropriate ignition systems, and vehicle performance loss and reduced payload. An 

interesting constraint that was indicated was the inability to transport large quantities of CNG 

owing to truck weight restrictions because of road capacity limitations, an issue discussed in 

Chapter El (Author's i n t e ~ e w s  1997; Lal 1995a; Kanade 1996). But the Suprerne Court 

ordered that all governrnent vehicles in Delhi be converted to CNG or be fitted with catalytic 

converters, on a "war footing", within a mere six months, or else be scrapped. The Court was 

actuaiiy also considering ordenng the use of CNG in al1 old cars in Delhi (La1 2996~; Saikia 

Cornmittee 199%; Supreme Court 1996a and g; Supreme Court 1997a). But even the limited 

project to convert govemment vehicles quickly became a fiasco, because of the high capital 

costs of conversion kits, and the lack of a widespread distribution network. Three of eight 

CNG stations had apparently been non-functionai for two years (CPCB 1997). Additionally, 

there was a lack of cornmitment on the part of the drivers, because they could no longer 

siphon off money on fuel purchases, as they used to be able to do with gasoline. Only around 

1,000 vehicles in Delhi were converted, and most of these were converted back to gasoline 

(Author's interviews 1 997). 

Despite the foregoing, the Supreme Court ordered in July 1998 that al1 eight-year old 

buses in Delhi, both publicly and privately owned, be converted to CNG by April 2000. Not 

only that, the Court ordered DTC to augment its fleet to 10,000 by April 2001, and to ensure 

that all the new buses also operate on CNG. Apart from the issues discussed above, the 

indigenous bus manufacturers have expressed their inability to meet such a requirement at 

such short notice. And DTC have apparently just asked for an extension of the Court's 

deadline by five years ( A g a d  2000). 

To conclude this section: technological policy development is of necessity a painstaking, 

tirne-consuming process involving large numbers of people in a wide range of disciplines, and 

is best conducted outside the glare of publicity. As it is, governrnent agencies in the Indian 

context are severely constrained in terms of human and other resources. Given this, the time 

and effort decision makers appear to be spending on the public interest Litigation process can 

hardly make for carefuily designed and executed policy. 

There is an usehl role for public interest litigation and for judicial activism in the Indian 

context, &en its many unaddressed injustices, and executive lethargy and inability. However, 



judging fiom the results that it has actually achieved, it is ài&uit to conclude that the public 

interest litigation process has been particularly effective. The process certainly has helped raise 

awareness, and forced governments to take action, but it has been characterked by decisions 

that have not aiways been well-informed, that have not taken into account long-term 

consequences, and that have often been simply unimplementable. Further, many decisions 

have been made that would have been best lefi to the market. Quite apart f?om their 

implications for long-term policy effectiveness, such decisions c d  into question the credibiiity 

of the Court, an important issue in itself. Lastly, the process has potential for abuse. The CSE 

was apparently approached by private cornpanies to launch petitions before the Court to 

promote their technologies (CSE 1997). 

A cntical appraisal of the utility of the public interest litigation process, and how it can be 

made more effective, needs to be undertaken urgently. ln particular, the issue of how the 

process can better address and reconcile complex technical and social issues, needs to be 

addressed. As Prem Kurnar, the then Chief Metropolitan Magistrate of Delhi hirnself 

observed, a major challenge for the Court is to access reliable, competent, independent, 

dispassionate technical advice (Prem Kumar 1997). This challenge is perhaps best illustrated 

by governent agencies themselves quoting data in submissions to the Supreme Court that 

diesels are responsible for 100% of PM emissions due to motor vehicles (Dhingra 1996). The 

challenge in terrns of addressing social issues is demonstrateci by the fact that workers unions', 

in addition to clairning that rnotor vehicles were responsible for the buk of air pollution in 

Delhi, as already discussed, called for a review of the Court's order to close or relocate 

polIuting industries in Delhi, on the grounds that it would result in 700,000 workers becoming 

unemployed and displaced (Times of India 1997a). 

4.5.5 NGOs and the Media 

Representative (and responsive) government structures, particularly at the local level, are 

necessary for effective urban environmental management, but even these are unlikely to 

implement environmental policies without strong democratic pressure, as the European and 

North Amencan experience have shown. Unfortunately, both representative local 

governments and strong public pressure are lacking in India and other LICs. As Mr. Biswas of 



the CPCB observes: 'We talk about the environment but when it comes to paying for if we're 

not willing to pay even a single extra paisa" (CSE 1996). WMe the constituency opposing air 

pollution control is economically and politicdy powerfùl, that in favour of it is dispersed, 

poorly informed, and insufficiently motivated. Further, as discussed in Chapters II and III, 

current air pollution, particularly from transport, is complex in its origins and effects (Bates 

1994; Brandon and Ramankutty 1993; Douglass and Lee 1996; Faiz et al 1992; Hardoy and 

Satterthwaite 199 1; Hardoy, Mitlin and Satterthwaite 1992; Mehta 1997). Given ail of this, 

informed public awareness is imperative. Govenunent obviously has an important role in this 

matter, in tenns of the causes and effects of air pollution, and of possible control actions and 

potential trade-offs, but so do NGûs and the media. A particularly important role that these 

institutions c m  play is that of serving as 'watch dogs", by conducting and broadcasting the 

results of investigations and studies that serve as a counterfoil to those conducted by 

govermnent agencies, and critique government policies. 

Many Indian NGOs, such as CSE, have played and continue to play a vital role in building 

public awareness of and public support for environmental action, and critiquing government 

policy. CSE's report "Slow Murder-The Deadly Story of Vehicular Pollution in India" (CSE 

1996) is but one arnong many such efforts, both by the CSE as weii as other NGOs. But the 

NGOs have been less successfùl in terms of independent and critical analysis. Anil Agarwal, 

the founder and head of CSE (who has been quoted several times in this Chapter) himself 

adrnits that "the Indian NGû sector remains relatively weak on pollution-related issues 

(because of) their reluctance and inability to deal with technical issues" (CSE 1996). Further, 

the NGOs ceen tend to sensationalize issues, take unredistic positions, and, while there is 

much to criticize government and industry for, be a Little too harshly critical. 

This is true of even Agarwal and the CSE. For example, Aganval accuses Rahul Bajaj, the 

chief executive of Bajaj Auto, India's largest M2W and h43 W vehicle maker, as the country's 

"environmental criminal number one", because these vehicles are the "leading polluter on 

Indian roads", responsible for "much of the urban pollution in ~ndia".*~ He has also called for 

the Indian Council of Medical Research to be renamed the Indian Council for State-sponsored 

*' At the same tirne, Agarwal concedes that he found Rahui Bajaj's eagemcv for dialogue refï-eshing, and that 
he understands the latter's fnistration, considering that a wide range of issues need to dealt with, not aU of 
which the vehicle industry can be held responsible for. 



Promotion of Slow Murder, because of its "neglect of environmental health", and has labeled 

the Ministry cf Petroleum and Nahtral Gas, and the refineries, "environmental criminals of the 

fïrst order" (CSE 1996; CSE 1997). Such characterizations are not ody unduly harsh, given 

the very real constraints that these agencies face, but are also unproductive. M2W and M3W 

vehicles are undoubtedly major contributors to transport air pollution, especially on a 

passenger-kilometre basis. But they are by no means the prirnary contributor to transport air 

pollutant emissions, let alone urban air pollution, as discussed in Chapter II. Even ifM2W and 

M3 W vehicles were the prirnary contributor to urban air pollution, t heir manufacturers cannot 

justifïably be called crùninals. Mer  dl, they have been fùlfilling the mobility needs of millions 

of people for decades, and it is oniy since the 1980s that urban air pollution has become an 

issue. 

Some of the analysis in CSE documents (CSE 1996; CSE 1997; CSEDTE 19974 Pnti 

Kurnar et al 1997) shows a lack of clear thinking. Just a few examples follow. Not only are 

Brandon and Hommam7s 199 1-92 estimates of health effects due to air pollution in Delhi and 

other cities, which were based on US dose-response data, reported un cri tic al^^,^^ these 

estimates and extrapolations for subsequent years are presented as actual facts, rather than as 

merely estimates or projections (CSE 1996; CSE 1997; Pnti Kumar et al 1997). In this 

connection, it is worth noting that even the hospital admissions that Brandon and Hommann 

estimated for 1992, based on US dose-response data, might not have actually occurred in 

Delhi. Defi's poor air quality is explained on the grounds that motor vehicles account for 

64% of its air pollution, and that motor vehicle emissions in the city exceed those in 

Bangalore, Calcutta and Mumbai put together (CSE 1996). Apart from the desirability of 

evaluating sectoral contributions on a pollutant-by-pollutant basis, and ideally in terms of 

exposure to critical pollutants, these "facts" by themselves do not support the stated 

conciusion. Similarly, Priti Kumar et al (1997) attribute the "lion's share" of Pune's increased 

SPM to two-stroke engines, since these vehicles make up more than 67% of the city's motor 

vehicles, and because of the lack of polluting industries and thermal power plants in Pune. In 

the same article, Priti Kumar et al (1997) justm their subjective assessrnent that air quality is 

27 See Chapter II for a discussion of the problems associated with making such estimates, and the 
discrepancies between those by Brandon and Ho- (1995), which were based on US dose-response data, 
and those by Cropper et al (1997), which relatai daüy PM levels to daily mortalities in Delhi 



rnuch worse than that indicated by CPCB ai. quality data, on the grounds that this data does 

not reflect vehicular ernissions. Air quality data may be inaccurate, but cannot exclude any 

source. The benefits of using catalytic converters with Indian unleaded fiel is questioned, on 

the grounds that benzene emissions will increase (CSE 1996). This is not why catalytic 

converters are problematic @enzene is a reactive hydrocarbon, and is treated in the 

converter). The problem is the use of unleaded fuel with high benzene levels without 

converters. 

Lastly, contradictory figures are stated in various CSE documents for the transport 

sector's contribution to air poilutant ernissions. Whereas M2W and M3 W vehicles are labeled 

the most polluting motor vehicles in Delhi (CSE 1996), Priti Kurnar et al (1997) uncriticdy 

report a CPCB study that purports to show that diesel vehicles in the city account for 100% 

of particdate emissions fiom motor vehicles, which is definitely not the case (see Chapters II 

and In). 
Media reporting on environmental pollution, which is becoming increasingly fiequent, 

tends to focus, as does public policy attention, largely on outdoor urban air pollution, and the 

role of transport in it.28 Unfominately, the reporting is often sensationalistic, confusing, 

misleading, and even erroneous. Facts and opinions as to air pollution effects, the role of 

transport, and the potential of various control measures, are often reported uncriticaily. 

Examples abound, but following are only a few, al1 fiom the sarne article in a Ieading national 

news magazine: "close to 30% of vehicular emissions can be reduced if low quality fbel is 

improved"; "the leveI of sulphur and carbon in fùel is more than what it should be. Excess 

sulphur in diesel causes smokier exhausts; the sulphur is unbumt7*; "Indian automobile fiel is 

of poor quality and contains sulphur which does not bum but only adds to pollution -- despite 

the best of combustion engines"; (experts say that) "engine modifications alone can reduce 70- 

90% of auto emissions. Only the last 10% clean-up needs a catalytic converter" and "good 

fiiel reduces emissions by IO%, another 10% will corne fiom tr&c (moving at higher speeds), 

and good maintenance will reduce ernissions by a whopping 50%. These should cut down 

three-fourths of emissions" (India Today 1996). Rawat (1997) quotes an environrnentalist as 

The media discusses road accidents only as incidents, especialiy when catastrophes occur - as in the case of 
a school bus plunging into the Jarnuna in late 1997 - but rarely as a major public health issue. 



accusing the govemment of prornoting catalytic converters to increase demand for unleaded 

fuel (this at a tirne when the refïneries were hard put to meet even the supply requûements in 

the major chies). The same article shows MZW vehicles as being responsible for 77.7% of 

vehicular pollution, and trucks and buses for only 5.4%. Prasad (1999) goes one step h h e r  - 
- "two wheelers are the single biggest cause of urban pollution". 

The many contradictory and contùsing figures in media and NGO documents for the share 

of transport and individual transport modes in urban air pollution, which are in part a 

reflection of the lack of a reliable and comprehensive emissions inventory, does not bode well 

for increased public understanding, for purposive govenunent action, or for cooperation fkom 

industry. And given the excessive focus on M2W vehicles, the concern expressed by the 

manufacturers of t hese vehicles, discussed earlier, is hardly surprising. 

Brandon and Hommann's estimates of excess air pollution deaths in Delhi are reported 

widely (after all, even government agencies and NGOs quote them uncriticaily), and often as if 

these deaths were ail due to motor vehicles. Even the international media is not immune. 

Delhi's transport minister is quoted as saying that "there (are) 2.7 million vehicles in New 

Delhi and the stifhg poilution (is) killing some 7500 people every year" (Agence France 

Presse International News, 1997). The same day's Toronto Star also reported that "about 

7500 people died premature deaths" resulting from air pollution, and that "mounting pollution 

in the Indian capital . . . . caused deformed and premature babies to be born to its residents, 

officials and analysts said this week." One wonders how it is possible to defitively trace such 

births to air pollution. While such reporting highlights an important issue, it does little for 

informed public awareness, reasoned public choices and responses, or effective policy action. 

4.6 CONCLUSIONS 

The transport air pollution problem is complex and multi-dimensional, and requires concerted 

action by a range of agencies. However, the institutional setting for policy making and 

implernentation with regard to this issue in the Indian context is characterized by a multitude 

of actors and junsdictions with fiagmented, overlapping, and conflicting roles and 

responsibilities, and interests and agendas. The institutional setting is also characterized by 

restricted financial, technological, and administrative resources for the manufacture of dean 



vehicles and Gels, adequate transport and public transit infiastnicture, reliable information 

generation and policy analysis, and effective policy implementation, CO-ordination, monitoring, 

and enforcement. Actors' interactions have been characterized, at least untii recently, not only 

by the Iack of CO-ordinatiûn, but by confiict. MoEF, wtiich is nornindy responsible for co- 

ordimathg policy, is in practice largely restricted in its ability to do so. Another important 

barrier to rapid and effective action is the fact that many of the key actors, being government 

agencies, are diffcult to effectively regulate. A good exarnple are the state-owned oil 

rehenes and MoPNG effectively setting the fuel standards they will follow. Lastly, the 

absence of reliable information on the contribution of various modes and transport system 

components to air pollution, and therefore the lack of a rational basis for vehicle emission 

standards, contributes to reduced cornmitment on the part of vehicle manufacturers and other 

actors, and "passing the buck" and confiict. 

Overall, it appears that the major actors postponed action for long. While the Mathur 

Cornmittee recommendations were made in the early 1 9 9 0 ~ ~  the vehicle manufacturers only 

began to respond senously in 1995. There was no clear programme to implement fiel quality 

irnprovements until about the sarne t he ,  though lead phase-out in gasoline had been 

contemplated since 1988. Then, in the face of rapidly detenorating air quality in Delhi and the 

other major cities, and rulings by an activist Supreme Court, hasty decisions requiring urgent 

action by various actors appear to have been made, with little attention to implementability, 

and with long-term consequences not having been thought through. Some decisions have not 

taken into account the lack of institutional support mechanisms that are essential to their 

success. W d e  conveying the illusion of action, many of these decisions have been expensive 

and burdensome, yet have had not entirely positive outcomes. Mandating catalytic converters 

on new four-wheeled vehicles in the major cities from 1995, without appropnate engine fuel 

systems and widely available unleaded gasoline, fittùig converters on M2W and M3 W vehicles 

at short notice, which was considered but not implemented, conversion of governrnent 

vehicles to CNG, vehicle scrappage rules, and the in-use emissions monitoring and control 

regime currently in place, are only some examples. While the lack of policy-analytic and other 

resources have contributed to this situation, it is likely that the confiontational and not always 



weil-informed public litigation process has played a role as weU. Finaüy, the lack of reliable 

information has contributed to lack of public understanding, and misdirected public pressure. 

Given aii of above, the institutional setting appears to be unequai to the challenge of 

addressing transport air poliution, let alone transport impacts generally. 



CHAPTER V 

A POLICY ANALYTIC FRAMEWORK FOR PREVENITON AND CONTROL OF 

AIR POLLUTANT EMISSIONS FROM MOTORIZED TWO-WHEELED 

VEHTCLES IN THE INDIAN CONTEXT 

5.1 INTRODUCTIlON 

Chapter II discussed the seriousness of the urban air poilution problem in Delhi and other 

Indian and LIC cities, the increasingly important contribution of transport to the problem, and 

the prominent role of M2W vehicles in transport air pollution. An argument was made for 

urgent policy action to prevent and control transport air pollution, while recogninng growing 

access and mobility needs, in the Indian and LIC contexts. Chapters III and IV showed that, 

wbiie transport air pollution is multi-dimensional and cornplex, the institutional setting in the 

Indian context is characterized by fiagmented and confiicting actors' roles, responsibilities and 

interactions, and restricted technological, financial and administrative resources. Chapter N 

also argued that rnany current and proposed policies have not been sufficiently thought 

through in terms of their long-term effectiveness and other consequences, so that they couId 

tum out to be expensive and burdensome, and yet do little to address transport air pollution. 

In view of these concems about policy effectiveness, there is a critical need for an 

analytical framework. This fiamework should reflect the complexity oÇ b ~ g  to bear an 

integrative perspective on, and enable systematic thinking with regard to, M2W vehicle (and 

more generally, transport) air pollution, while taking into account contexhial needs and 

constraints. This need is particularly great, given the importance of long-term policy cost- 

effectiveness in view of multiple urgent dernands on scarce institutional resources in the Indian 

context, the lack of effective CO-ordination among key actors, and the tenuous Iinkages 

between the policy-analytic community and decision makers. 

The objective of this chapter is to propose such a policy-analytic fkamework. The chapter 

first discusses the criteria for good poiicy analysis, both generaily and with specific reference 

to transport air pollution in the Indian context. Then, it presents an anaIytica1 scheme based on 

these criteria, that prescribes a systematic methodology, with scope for re-examination and 

refkement, for: 



identification of pollutants, and vehicular and other related transportation system sources 

to be targeted, based on their contribution to critical health, weKme and environmental 

impacts; 

analysis of the technological, vehicle user behavioural and institutional contn'butory 

factors, and institutional barriers and constraints; and 

evaluation of policy alternatives based on long-term cost-effectiveness and other multiple 

objectives representing the interests and concerns of multiple stakeholders and af5ected 

groups, while explicitly considering contextual constraints, in-use realities, and other 

implernentation issues. 

Note that the second element in the above List was the subject of discussions in Chapters 

III and IV, but has been inciuded here for the sake of completeness. Also, while the above 

policy-analytic framework applies to M2W vehicles, it may be adapted to accommodate other 

modes and transport system components. The chapter concludes by e x p l o ~ g  the implications 

of the fiarnework for policy-making and implementation, and outhhg the policy-relevant 

research tasks conducted by the author on M2W vehicle emissions in Delhi. These tasks are 

the subject of subsequent dissertation chapters. 

5.2 METHODOLOGY 

This chapter integrates perspectives ~ o m  the environmentai policy analysis, urban transport 

and engineering literatures, and builds on analytic fiameworks proposed with respect to 

transport air pollution in the current literature (Faiz et al 1992; Carbajo 1993; Shah, Nagpal 

and Brandon 1997). At the same time, the chapter attempts to address their shortcomings, by 

demonstrating the inappropriateness of the conventional welfare economics based cost-benefit 

approach for policy evaluation in the Indian context, and by considering urban transport and 

long-term implementation issues, and multiple objectives for multiple actors and afEected 

groups, in estimating and valuing emissions and other policy impacts. Reference is also made 

to the scheme used by Bose (1993) to estimate air poliution from various personal motorized 

transport modes in Delhi. 



The proposed fiarnework is also informed by the in-depth i n t e ~ e w s  the author conducted 

with decision makers, vehicle and fuel industry representatives, academics and researchers, 

and M2W vehicle users. The interviews focused on a wide range of issues including technical 

and institutional factors contributing to emissions, actors' roles and interactions, 

considerations underlying current and proposed policies, Wcely impacts of policies on users 

and industry, institutional baniers and constraints, and M2W vehicle user choices and 

motivations relating to vehicle purchase, operation, maintenance and disposal, and their 

perspectives on various policy alternatives. 

Interview protocols were approved by the Behavioural Research Ethics Board of the UBC 

Office of Research SeMces and Administration, and discussed with researchers at the Indian 

Institute of Teclïnology, Delhi @T Delhi), the locaI institution with which the author was 

a l i a t ed  for the purposes of the IDRC award which partly funded the study. The Informed 

Consent Forms for the i n t e ~ e w s  are exhibited in Appendices VI and VIII. 

5.3 CRITERIA FOR GOOD POLICY ANALYSIS 

Environmental policy issues are inevitably characterized by complexity, uncertainty, conflicts 

between multiple stakeholders, and trade-offs. Several authors, including Keeney (1982; 

1988a; 1992) and Morgan and Kenrion (1990), have discussed what constitutes, and how to 

conduct, good policy analysis, including with respect to environmental issues. The following is 

a brief synthesis oftheir prescriptions. 

The purpose of policy analysis is not to make a decision or arrive at the "right" solution. 

Rather, it is to inform decision making, so that good decisions can be made (Keeney 1982; 

Morgan and Henrion 1990). At the same time, policy analysis should provide a basis on which 

decisions that result from such analysis cm be defended and comrnunicated in public. Policy 

analysis must therefore be based on systematic thinking, and on sound principles that 

reasonable people can agree on. In this regard, according to Keeney (1988a), good policy 

analysis should be informed by what he calls vnlue-focused thinking. Because the purpose of 

poiicy analysis is to help achieve objectives that reflect important values, it is important to 

cl- values early in the planning or policy analysis conte-. Value-focused thinking as 

applied to public policy problems would c d  for consideration of a broad range of societal 



values, shce such problems typically have a similarly broad range of implications for large 

sections of society and for future generations, and are typically characterized by multiple 

stakeholders with multiple, contlicting objectives (Keeney 1982; Keeney 1988a and b; Keeney 

and McDaniels 1 999). 

Policy analysis should also illuminate the cornplexity of the policy issue under 

consideration. An integrated rather than a reductionist approach should be foilowed, and 

multiple perspectives generated, for a full and deep understanding of issues and their inter- 

relationships (Ganapathy 1990; Fischer 1985; Keeney 1982; Morgan and H e ~ o n  1990). 

As aprocess, policy analysis should be self-reflective and iterative. Assumptions and value 

judgments which inevitably underlie every stage of the policy-analytic process, and thus 

ulthately detemine policy choice, should be exposed, and their implications explored. 

Problem definition, policy objectives, evaluation cntena, choice of policy alternatives and so 

on, should be open to re-examination and rehement, in the light of expenence, thereby 

enabling continual mutual leaming and adaptive policy-making and implementation. The 

policy-andytic process should enable stakeholders and afSected groups to become aware of 

complexities and trade-offs, and to help identify key issues over which they can carry on an 

informed debate leading to a mutually beneficial consensus (Anderson 1985; Argyris and 

Schon 1978; Forester 1979; Keeney 1982 and 1988; Wachs 1982 and 1985). 

Last but not least, policy analysis and implementation should be sensitive to the needs, 

capabilities and constraints in the relevant context. 

As discussed in Chapter IV, and in the introduction to this chapter, govemment agencies, 

vehicle and fuel manufacturing industries, and vehicle users in the Indian context are faced 

with restricted technological, financial and administrative resources for effective transport air 

poliution prevention and control. ' 
To foster long-terni policy effectiveness, policy-making and implementation, and the 

andytic fiamework to support these activities, should reflect these constraints and realities. 

I Another important contextual characteristic is the low awareness among vehicle users and vehicle servicing 
personnel, particularly in relation to advanced technologies. At the same tirne, the context is charactenzed by 
an abundance of inexpensive labour, which is a potential strength in cash-strapped countries such as India. 



Ideally, policy analysis should evaluate policies as they would be implemented under rd-life 

conditions, rather than in a fiction-fiee world. Therefore, it would be desirable to explicitly 

consider in policy analysis issues that are typically relegated to the policy implementation 

phase. This approach will enable problems to be anticipateci, and mechanisms to be put in 

place in a timely fashion to address them Just as importantly, policies cm be selected that 

minirnize demands on, and are insensitive to these mechanisms not w o r h g  optimally. Thus, 

in addition to the risk of failure being rninimized, the chances of long-term success will be 

enhanced, given the realities of the Indian context. Lastly, in view of the lack of reliable 

information in the context, it would be desirable for policy anaiysis to explicitly consider 

uncertainties and variabilities, by employing expert judgments based on the best available 

information. 

As noted in the previous chapters, although M2W vehicles are a significant contributor to 

transport emissions, they offer afEordable mobility for millions of people with few other viable 

options. Therefore, the public policy challenge is, how to address M2W vehicle emissions 

while minimizing adverse policy impacts for vehicle users. In this regard, it is worth 

considering the distribution of M2W vehicle ownership and usage by user income in Delhi. 

M2W Vehicle Ownership and Usage by Income Unsurprisingly, M2 W vehicle 

ownership rates increase with income (Figure 5.1), and the higher income groups account for 

the bulk of M2W vehicle usage (Figure 5.2). However, the majority of M2W vehicle owning 

households earned less than INR (Indian Rupees) 5000 monthly (Figure 5.2). This was not a 

very large sum for a 4-5 person household in Delhi, even in 1991. Besides, most of these 

households were unlikely to have any other personal motorized vehicles. 

Though users in households earning under INR 5000 relied on M2W vehicles for a smaller 

proportion of their trips than did higher income users (Figure 5 .9 ,  they accounted for the 

majority of M2W vehicle trips by ail households (Figure 5.2). While only 17% of ali work 

tnps were performed on M2W vehicles (Figure 5.4), the bulk of ali M2W vehicle trips were 

either work or business related (Figure 5.3). Further, while a much smaller percentage of 

work tnps were conducted on M2W vehicles by the two lowest income groups than by higher 

income groups (Figure 5S), 56% of aU work trips on these vehicles were by users in 

households eaming INR 5000 monthly or less. Finally, among those who used M2W vehicles 



regularly, 30% spent below INR 250, and 68% spent INR 250-1000 monthly on transport. By 

contrast, 81% of regular car users spent less than INR 250, and only 14% spent INR 250- 

1000 monthly. It is Wcely that such a large percentage of car users spent so little, compared to 

M2W vehicle users, because of company travel expense reimbursements (RITES/ORG 1994). 

The foregoing points show that, although hîgher income groups account for a considerable 

proportion of M2W vehicle ownership and usage, there is need to be concemed about policy 

impacts for low-incorne M2W vehicle users. Policies should attempt to avoid adverse impacts 

on the ability and cost of ownership and use. If policies do result in restncted ownership and 

usage, the benefits oEered by M2W vehicles should as far as possible be preserved by other 

means. Restricting M2W vehicle ownership and use without providing viable options, such as 

accessible, fiequent, convenient and affordable public transit service, would be to put M2W 

vehicle users to considerable hardship. 

It should be noted that the RITES/ORG (1994) travel suwey referred to is perhaps the 

most extensive conducted for Delhi, but it focused only on the residentiai population.2 The 

homeless, institutional and floating populations were not covered. As many as 50% of the 

residential households surveyed resided in "bungalow/plot" type houses. Every single 

household surveyed had at least one employed person. Even so, more than a quarter of the 

households had an income lower than INR 2000 monthly, and three quarters had an income 

lower than INR 5000 monthly. Nearly 20% did not own even one persona1 motorized vehicle. 

Findy, residential households form a minority proportion of the total urban population, even 

in a relatively afnuent city like Delhi, where every second person reportedly lives in a slum 

(Singh 1997b), as discussed in Chapter m. In view of this fact, it is iikely that walking and 

cycling, and to a lesser extent public transit, account for a signincantly higher share of trips in 

Delhi than the RITES/ORG (1994) survey would indicate. 

Quite apart fkom policy impacts for M2W vehicle users, therefore, potential access and 

mobility losses and other impacts for the vast majority in the Indian context without recourse 

to motorized modes should be an important consideration in developing policies. Emission 

control policies can have distributional consequences, even as they improve conditions that 

The RITEWORG (Rail India Technicd and Economic Se~ces/Operations Research Group) study was based 
on a m e y  of 18,721, or 1.1% of households in the Delhi Urbari Area @UA). The total nwnber of individds 
invotved was 99,868 (RITES/ORG 1994). 



affect the poor the most (Brandon and Rarnanlaitty 1993; OECD 1994). More generally, there 

are several groups, including vehicle usersY3 vehicle and fiel rnanufacturers, and the urban 

poor, that are diierentidy affected by motorization, as well as by the policies to deal with its 

impacts. Further, these groups have varying degrees of power to influence the decision 

making process. Policy analysis and implementation should reflect these realities. Therefore, in 

addition to the other considerations discussed, policies should be evaluated in terms of 

multiple objectives representing the interests and concems of multiple stakeholders and 

afEected groups. 

S A  APPLYING SYSTEMATIC AND VALUE-FOCUSED THINKING TO M2W 

VEHICLE AIR POLLUTION IN THE INDIAN CONTEXT 

Applying systernatic and value-focused thinking to the problem of M2W vehicle air pollution 

in the Indian context would lead to the foIlowing line of reasoning. n i e  policy objective is not 

M2W vehicle emissions prevention and control per se, but rather the rninimization of adverse 

impacts due to these emissions. Thus, a systematic analysis and prioritization of the adverse 

impacts, the pollutants responsible for the impacts, and the M2W vehicular and related 

transport system sources of these pollutants, is necessary. A bief treatment of each elernent in 

this analytic scheme follows. 

S. 4.1 Pn'oritidng Air Pollution Impacts and Air Pollutants 

Some air pollution impacts rnay be aesthetic in nature, or more of a nuisance than anything 

else. PoIiutants may cause acute or chronic morbidities of various kinds, a d o r  mortalities. 

The health impacts of some poliutants rnay manifest themselves only over the long term. A 

pertinent example, in the context of removal of lead in gasoline is that, apart fiom its other 

effects, lead induces neurological damage and lowered leaming ability in chiidren, and these 

efEects persist irreversibly into adulthood. On the other hand, the effects of benzene, the levels 

of which can be enhanced by refinery processes to compensate for lead removal, and asbestos 

f?om brake and clutch Wear, are typicaily manifested over the longer term. 

3 In this context, note that policies targeted at transport ernissions in Delhi and other major Indian cities which 
have serious air pollution, will have cost impacts for users in areas of the country where these policies might 
be unnecessary. 



Figure 5.1 Percentage of Residential Households in Delhi Owning At Least One 
M2W Vehicle by lncome Group 

Figure 5.2 Distribution of M2W Vehicle Owning Households and M2W Vehicle 
Trips by Househoid lncome in Residential Households in Delhi 
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Figum 5.3 Distribution of All Trips and M2W Vehicle Trips by Residential 
Households in Delhi, by Purpose 
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Figure 5.5 Percentage of All Trips and Work Trips Perfonned by M2W Vehitle by 
Residential Households in Delhi, by lncome Group 
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Air pollutants can thus be ranked based on mortalities and/or morbidities, among the old 

and the ~ o u n ~ , ~  over the short and long terms, and in ternis of hospital admissions, productive 

days lost, and so on. Synergistic eEects between pollutants may also be considered (Bates 

1994; Brandon and Homrnann 1995; Cropper et al 1997; Faiz et al 1992; Rornieu, 

Weitzenfeld and Finkeiman 1991; Romieu et al 1992; Wijetilleke and Karunaratne 1995). 

Whether ambient concentrations exceed WHO or other guidelines may be used as a basis 

for pnontizing pollutants, but this critenon must be used with caution. First, the guidelines 

themselves involve assumptions and value judgrnents that may not be valid in aU socio- 

econornic contexts, since poverty and nutrition levels, and the size and nature of sensitive 

populations vary fiom context to context. Further, there may be important pollutants that may 

not be covered by WHO guidelines. In this connection, it is pertinent to mention transport- 

generated air toxics such as benzene, aldehydes, and 1,3-butadiene (Brandon and Hornmann 

1995; Faiz et al 1992; Romieu et al 1992; Walsh 199 la). 

4 Greater importance may be ptaced on health effects for the Young, as opposed to the old, by using "life-years 
lost" as a measure rather than "lives lost", as discussed in Cropper et ai (1997). 



Since air poiiutants have regionai and global environmental impacts in addition to local 

health and welfare impacts, and since some of these impacts manifest themselves over the long 

term, trade-offs have to be made among various impacts, and between impacts to present and 

f h r e  generations. Finally, indirect hedth effects, in tems of, for example, poor nutrition, 

which may occur as a result of crop damage due to poiiutants such as ozone,' and due to 

climate change because of CO2 and C& emissions, would ideally dso need to be considered! 

Finaiiy, the spatial boundq  over which emissiow impacts will be considered, is an 

important issue. The spatial systern boundary is important because vehicular emissions within 

the boundary can have impacts outside it. Indeed, the worst af5ected people may not be in the 

area in which the poUutants are produced. Thus, a value judgment is involved in tems of 

whether or not to include in the analysis emissions impacts outside political jurisdictions. 

The prioritization of pollutants to refiect trade-offs between their various adverse impacts 

is discussed as part of a later section on valuation of policy impacts, but has been alluded to 

here, mainly to show that assumptions, value judgments, complexities, and uncertainties are 

inevitably involved even in the first step of the policy-analytic process, with significant 

implications for policy choice. Because poilutants contribute to dïerent emissions impacts to 

varying extents, which pollutants will be targeted, and to what extent, will depend on trade- 

offs between the impacts. 

5.4.2 Riori t i~ng M t  W Vehicdar and Transport Sysîem Sources 

As discussed in Chapters II to N, a reliable and comprehensive accounting of the contribution 

of M2W vehicles and other transport modes and systern components to emissions of cntical 

pollutants does not exist, either for Delhi or the other Indian cities (CSE 1996; CSE 1997; 

In this comection, it is usehil to r e d l  hom Chapter iI that damage to crops such as wheat, soybean, nce and 
groundnut due to tropospheric ozone could be substantial in india (Roy Chowdhury 1997). 
6 A fidl accounting of impacts is obviously ideai. However, in practice, impacts are selected based on available 
information. Attention therefore often tends to be focused on the already weU lit aspects of a problem, and on 
alternatives for which it is easiest to predict impacts. But it is likely that those impacl for which there is the 
kast information available (or obtainable) may in fact be the most important. For example, a study of the 
health benefits fiom improved air quality in Caiifoniia (HaIl 1989, quoted in Faiz et al 1992) focused on 
"adverse health effécts thar could be quuntified andfor which exposure and economic data were extensive 
enough to support the calculution of estimated benefib of reducing those eflecfs" (emphases added). This is of 
course understandable, but had other effects been included in the analysis, the benefk of mitigative policies 
wodd have been calcuIated to be much greater, and more stringent controIs would likely have been justifiai. 



Shah and Nagpal 1997). It is unclear what methodology was used to generate the most recent 

emissions inventory for Delhi (CPCB in CSE 1996; CPCB 1997). The transport component of 

this inventory more than likely focused only on vehicular exhaust emissions. Further, it is 

likely that the emission factors were not representative of real-lXe conditions. The need for a 

comprehensive and realistic emissions inventory cannot be stressed enough, since it would 

provide a rational basis for prioritizing pollutants and transport sources for control action. 

Detailed emissions inventories as exist in many jurisdictions in the OECD (for example, 

Calvert et al 1993) would obviously be very usefùl, but such inventories would require 

expensive and tirne-consumuig empirical studies. The challenge in the Indian context, given its 

constraints, is how to make intelligent choices, based on the information that is available o r  

can be discemed, and on informed estimates. There would be great value in generating an 

ernissions inventory based on avaliable information. Such an inventory would attempt to  

minirnize qpecijication errors, by accounting for all factors that criticaliy infiuence emissions in 

the Indian context, while accounting for rneasrcrement errors, by ernploying ranges for various 

variables.' 

Such an inventory targeted at the transport sector must focus on emissions of critical 

pollutants and poliutant components most closely correlated with the impacts of concern, due 

to vehicular activity, rather than merely vehicular exhaust, as discussed Ui Chapter III. Thus, 

for example, volatile organic compounds (VOCs) rather than ody total HCs fiom aii vehicular 

sources (exhaust, crankcase and evaporation) as well as the fuel distribution system, and PMio 

rather than only TSP, fkom al1 vehicular sources (exhaust, and brake, clutch and tyre wear) as  

weil as re-suspended dust due to vehicular activity, must be estimated. In this comection, note 

that on uncontrolled vehicles typical of the Indian context, only 55% of vehicular VOCs are 

fkom the exhaust (Faiz et al 1992). And as noted in Chapter III, crankcase HC ernissions can 

be as high as 20% of exhaust HC emissions on four-stroke M2W vehicles @are et al 1974). 

PMtdPM and PM25/PM ratios on a grarnhehicle-kilometre basis can Vary considerably fiom 

mode to mode (Bhattacharyya 2000; GVRD 1 9 9 ~ ) . ~  Finaily, re-suspended dust likely forms a 

' The distinction between specifïcation and meanirement errors is borrowed fiom Wachs (1985). 
8 Interestingly in this regard, while the PMldPM and PMflM ratios for North American gasoline and diesel 
vehicles range fkom 0.998-1 and 0.874.89 respectively, they are 0.96 and 0.50 for M2W vehicles (GVRD 



significant proportion of Delhi's PM, since SOz and NOx levels remab below WHO 

guidelines. The PMio component of re-suspended PM is considerably smailer than for 

vehicular exhaust and other combustive PM sources. However, although much of the road 

dust in Delhi is natural, a significant portion is likely combustive in origin (Bhattacharyya 

2000; Cropper et ai 1997; GVRD 1995; Shah, Nagpal and Brandon 1997). 

The inventory must as far as possible take into account all contributory factors, in-use 

conditions, and data uncertainties and variabilities that cntically influence emissions in the 

Indian context. These factors include vehicular activity growth rates, real-life driving cycles 

including cold starts, real-life fueVoil conditions, vehicle age distributions, emissions variations 

as a fiinction of vehicle age and maintenance levels, and trip length distributions, for various 

modes. An emissions inventory generated along the h e s  indicated would serve as a basis for 

designing and pnoritizing policy actions in a disaggregated manner, in terms of various 

vehicular sources for various modes, various components of the fiel distribution system., short 

and long distance trips, vehicle age and maintenance, and fuel and oil quality. More generaily, 

since urban transport is not the only air pollution source, particularly in the case of PM, VOCs 

and SOz, an emissions inventory along similar lines for various sectors including transport 

would be usefùl. It should not be the case that, afler expensive measures have been 

undertaken to control transport emissions, there is no substantiai reduction of air pollution 

impacts.g Finally, as noted in Chapter IV, exposure to, rather than merely emissions of, cntical 

pollutants, is key in t e m s  of evaluating the relative role of transport and other sectors to air 

pollution impacts. 'O 

- -- 

1995)- These figures appear to show that M2W vehicle PM comprises larger diameter particles than PM from 
other gasoline vehicles and diesels. 

As discussed in Chapter ïV, it is precisely the lack of such aa emissions inventory that various actors 
exploit, in order to m e r  their own agendas, and transfer the responsïbility for action to others. 
'O Smith (1988) proposes total exposure as an u s a  critenon for prioritizing action on polfutants and sources. 
In the case of bealth impacts, total exposure would be the product of the local concentration of health critical 
poliutants, exposure duration, and the number of people exposed. Strictly speaking, prioritization of various 
transport sources, discussed in the p r d n g  paragraphs, should be done based on exposures, which can vary 
with transport source, rather than only emissions. 



5.4.3 Policy Options 

After having prioritized poilutants and vehicle and related transport system sources for 

prevention and control action, as discussed, the next step in the policy-analytic process is to 

select appropriate policy alternatives that target these pohtants and sources. 

Table 5.1 (based on Carbajo 1993) summarizes the various technological, inf?astructural, 

economic, regulatory and transport demand reduction instruments for prevention and control 

of transport air pollution generaily. These policies are directed at a wide range of 

technologicaI, user behavioural and institutional contributory factors related to rnotor vehicles 

as well as the transport and urban activity system. The policies reflect the equaliy broad range 

of issues that influence motor vehicle ownership, use and emissions, discussed in Chapter III. 

The instruments in the lefi-hand column act on the gramdvehicZe-kilometre component of the 

transport emissions problem, and may be thought of as curative in nature. Those on the right, 

on the other hand, address the vehicle-kilometre, vehicle-rrip and vehicle ocmpancy 

components, and may be thought of as being prevenrive. As discussed in Chapter TI, M2W 

vehicles are important in the Indian context, because they are high emission factor, vehicle-trip 

and vehicle-kilometre, and low-occupancy vehicles. 

In order to evaluate policy alternatives meaningfirlly, it is desirable that alternatives are 

specified as clearly as possible. Further, given that carefùlly cosrdinated technological, 

economic, and regulatory policy packages need to be appüed for effectiveness, keeping in 

mind the range of inter-dependent contributory factors discussed in Chapter III, it is desirable 

to evaluate carefully specified policy packages, rather than individual policies (though in 

practice, it may be diacult to do so). Additional assumptions rnay need to be specified as 

weli, because the same policy package can have dif5erent impacts under different assumptions. 

Thus, in evaluating mandated emission standards via technological improvements, it would 

be desirable to consider, apart from emission factor changes, any fiscal incentives and 

disincentives that may be applied, since these will play an important role in policy 

attractiveness, and therefore effectiveness. In-use emissions monitoring and enforcement 

progranunes that may be applied also need to be considered, given the importance of such 

programmes to long-term emissions reductions. These programmes need to be specified in 

terms of the pollutants targeted, test and repair methods, and standards. Finaily, the modalities 



of any vehicle scrappage policies that may be applied to cornplement mandated emission 

standards should also be considered, since scrappage will affect the entry of new, improved 

vehicles into the fleet. 

In the case of fuel qudity irnprovements, the extent to which different fuel parameters 

(lead and sulphur content, fiiel vapour pressure, etc.) WU be improved would need to be 

specified. In the case of gasoiine taxation, modal shifts, travel activity and emission factors for 

various modes, and thus overalf emissions and other policy impacts, will depend cnticaliy on 

whether proceeds fiom taxation go into general revenue, or are used to augment highway 

ùifiastructure, or to improve public transit. Thus, how revenues will be used would need to be 

specified in addition to the level of gasoline taxation. 

In summary, policy packages comprising an appropnate mix of policies need to be 

selected and specified carefuily, in terms of their parameters and other assumptions, for a 

meaningfùl analysis of policy alternatives. 

5.5 ANALYTICAL FRAMEWORK FOR EVALUATLNG POL1:CLES TARGETED 

AT M2W VEHICLE AIR POLLUTANT EMISSIONS IN THE INDLAN CONTEXT 

Pearce and Markandya (in Faiz et al 1992) propose that the following be deterrnined, in order 

to evaluate policy alternatives with respect to transport air pollution: 

economic activity of the polluter (in vehicle-trips, vehicle-kilometres); 

pollutant emissions (in CO, HC, NO,, SO,, etc.); 

ambient pollutant concentrations; 

population exposure; 

physicai damage (in ternis of the health and welfare impacts of air pollution); 

monetary value of damage; and finally, 

cornparison of the monetary value of the darnage with the costs of policy implementation, 

in a cost-benefit analysis framework. 

The policy-analytic fiamework proposed by Shah, Nagpal and Brandon (1997) applies to 

air pollution fiom al1 sectors. It follows roughly the sarne scheme as above, but lays out the 

steps in detail. 



Fuel 
Relative fbel prices/ta..es 

(e.g. leaded vs- unleaded gasoline; 
gasoline vs. diesel; gasoline vs. 
alternative fùels) 

0 Fuel quality improvements and 
standards (gasoibe, diesel etc.) in 
terms of voIatility, lead or sulphur 
content, octane or cetane ratings etc. 
Vapour recovery systems 

Vehicle 
Fuel economy and emissions 
improvemen& and standards (new, 
in-use, retro-fi&) 
Inspection a d  maintenance 
programmes (private and high-use 
vehicles) 
Vehicle retrofits 
Vehicle replacement and scrappage 
progrmes 

Transport Activity 
Traffic system management 

0 Highway infrastnrcture investrnent 
Road maintenance 

Transport demand (Vehicle-kilometres, 
vehicle-trips), modal cchice, vehicle occupmcy 

Fuel pridtaxes 

Vehicle pnces/'tes 

Road, congestion pricing 
Vehicle use bans 
Public transport policy 

(fhres, seMce levels, modal 
integration) 
Parking policies 

0 NMT Policy 
0 Land use policies and integration 

with transport planning 

Table 5.1 Policy Instruments for Prevention and 
Control of Transport Air Pollution 

Figure 5.6 represents Shah, Nagpd and Brandon's fiamework, as appiied specifically to 

transport air pollution. This fiamework proposes that policies be evaluated either on the basis 

of cost-benefit, o r  cost-effectiveness, that is, on the basis of costs per unit mass of poilutant 

emissions avoided due to various policy alternatives. 

In the remainder of this Chapter, a policy-analytic fkarnework is proposed for evaluating 

policy alternatives targeted at M2W vehicle emissions in the Indian context. SpeciGcally, a 



detailed discussion follows of the various steps involved in the evaluation of policy 

alternatives. These steps relate, for each policy alternative, to the determination and valualion 

of emissions and other policy impacts. Figure 5.7 is a schematic depiction of the proposed 

policy-analytic fiamework. Various principles are proposed for making the above 

determinations more effectively, and to discriminate between various policy alternatives. Also 

discussed are the information requirements for each step. The policy-analytic fiamework 

reflects the criteria for good policy analysis discussed in the previous section, and provides for 

the evaluation of policy alternatives for long-term cost-effectiveness, by expiicitly considering 

contextual constraints, implementation issues, and the interests and concems of multiple 

stakeholders and affected groups. 

5.5.1 Determination of Motor Vehicle Activiîy and Emissions 

The fist step in evaluating policy alternatives is to determine the M2W vehicle activity and aû 

poliutant emissions due to each policy alternative, over the analysis period. Urban transport 

planners forecast fùture travel demand using a sequence of standardized cornputer models 

(Wachs 1982)." But these models require vast amounts of dEerent kinds of data and 

computational resources which may not be available in the Indian context, particularly at the 

local level. Bose (1993) uses a regression equation,12 and current mode shares, to estirnate 

travel demand by various passenger transport modes in Delhi. In view of the contextual 

constraints related to data generation and computation, it may be more preferable to rely on 

informed expert judgrnents, based on a range of contributing social, economic, and 

demographic factors, to esthate the rate of MZW vehicle growth for various policy 

alternatives, over the analysis period. Further, the uncertainty that is inevitably involved in 

estimating vehicle growth can be explicitly accounted for by considering a range of M2W 

I I  These models are: a) the urban activity (land use) modei, which determines the spatial distribution of 
population and economic activities; b) the trip generation and attraction model, which estimates the number of 
trips originating and terminating in each urban zone by purpose and time of dav; c) the trip distribution model, 
which determines the trip interchanges for each ongindestination zone pair, d) the mode choice model, which 
apportions the trip interchanges between various origins and destinations among various transport modes; and 
e) the îra£fïc assignment model, which forecasts the routes that will be followed by the trips using each mode, 
and travel volumes on various transport systern iinks (Wachs 1982). 
l2 The origin of the regression equation is not indicated (Bose 1993). 



vehicie growth rates. Thus, the sensitivity of various policy alternatives to such unceitainty 

may be determinedm 

M2W vehicle growth rates over the analysis period would need to be estirnated in terms of 

different M2W vehicle types (two- and four-strokes, for example), in order to account for the 

dserent emissions characteristics of the vehicle types. The rate at which M2W vehicles are 

scrapped needs to be accounted for as well, for each policy alternative, for the reason already 

discussed, and also because vehicle emissions are strongly influenced by vehicle age.13 A range 

of values, rather than a single value, may be considered for scrappage rate as welI. Combining 

determinations of the above variables with information from travel surveys on MîW vehicle 

tnps and trip lengths would yield estimates of age-distributed M2W vehicle tnps and 

kilometres over t h e ,  for each M2W vehicle type, for each policy alternative- It would be 

desirable to mode1 M2W vehicle travel activity in terms of vehicle trips in addition to vehicle 

kilometres, because vehicle trips are crucial in tems of evaporative trip-end emissions, as 

discussed in Chapter III. Emissions prevention and control policies can potentially affect both 

factors. l4 

For each policy alternative, it is important to estimate emissions of CO, HC, VOC, NO, 

S02, Pb, PM, and PMlo from al1 M2W vehicle and transport system sources, including re- 

suspended dust, tùel distribution and vehicle re-fùelhg, due to M2W vehicle activity. COn 

CH4 and N20 emissions may also be estimated, because of their implications for clhate 

change. CO2 is a proxy for energy conservation, which, as discussed in Chapter II, is an 

important consideration in itself in the Indian context. 

- 

13 Another important reason for accounrig for scrappage is that policies such as  emission standards typically 
raise the relative price of new vehicles and can delay scrappage of old and highiy polluting vehicles andlor 
induce substitution toward older vehicles (Gruenspecht 1982). This a i t  can be taken into account. 
14 Indeed, it is important to consider policies that target both vehicle trips and kilometres, in addition to 
emission factors. 
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Figure 5.6 Policy-Analytic Framework for Evaluating Policies Targeted at Motor Vehicle Emissions 
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Thus, emissions of ail critical air pollutants due to bflW vehicle activity system wide will 

be accounted for, for various policy alternatives. This is important because different policies 

would likely target difFerent pollutants and sources. Incidentally in this regard, Shah and 

Nagpal (1997) account for only exhaust emissions and re-suspended Pw whereas Bose 

(1993) targets only exhaust emissions. 

As in the case of the emissions inventory discussed in a previous section, all important in- 

use conditions and variabilities that critically innuence emissions must be accounted for in 

estimating system-wide emissions for various policy alternatives over the analysis period. 

After dl, the overd policy objective is to minimize in-use emissions over the Life of the 

vehicle fleet under actual driving conditions, rather than only new vehicle emissions. Emission 

factors that are measured or estimated for the in-use conditions pertaùllng to the poiicy 

alternatives being considered must therefore be used, rather than data on vehicle populations 

in other contexts (Faiz et al 1992), or even new vehicles in the Indian conte*. Emission 

factors should reflect human dimensional realities such as user choices as to vehicle operation 

and maintenance. 

In addition to estimating emission factors under in-use conditions, it would be desirable to 

account for variations in emission factors for various target pollutants fiom various sources 

for different MZW vehicle types with vehicle age, speed, vehicle maintenance, etc. for 

different policy altematives. Considenng emissions over tirne would take into account both 

improved emission standards as old vehicles are scrapped, and deterioration of new vehicle 

emissions with age, and declining road speeds." A range of values, rather than a single value, 

may be considered for emission factors, accounting for uncertainties with respect to the 

quality of vehicle maintenance, spares and servicing, and monitoring and edorcement.l6 

Finally, in the case of policies that rnight result in transfemng M2W vehicle trips to other 

modes, it would be desirable to know the distribution of M2W vehicle trips by trip length. 

Vehicle trips are important not only in terms of evaporative emissions, but also exhaust 

emissions, since average speeds tend to be lower for shorter trips (RITES/ORG 1994). Thus, 

knowing the distribution of M2W vehicle trips by trip length would enable the determination 

1s Tn this regard, recall the discussion on Confonnity of Production (CoP) limits in Chapter m. 
16 Software such as Analytiw (Lumina Decision Systems 1999) would be ideally suited for dealing with these 
and other uncertainties and variabilities that have been discussed, and in investigating scenarios. 



of the eEect of reducing long as opposed to short trips, as would happen in shiffing M2W 

vehicle trips to public transit. 

Some poliutants not onginally considered in the analysis might be generated as a result of 

certain policies. These pollutants must also be included in the model. Also, it would be 

desirable to consider unintended side-effects, in the interests of overali policy effectiveness. AS 

discussed in Chapters III and IV, catalytic cracking and reforming to produce unleaded 

gasoline increase levels of benzene, xylene, toluene, and other aromatics and olefhs. Thus, 

while lead emissions are minirnized, benzene emissions will likely increase, particularly in 

engines without catalytic converters. And xylenes and other olefins are much more reactive in 

producing ozone than most HCs. The use of MTBE (methyl tertiary butyl ether) to 

compensate for lead removal and reduce benzene and aromatics, can cause increased reactive 

HC and NOx emissions in engines without catalytic converters, thus aggravating the ozone 

problem. Fuel volatiüty reductions would help reduce evaporative emissions, but reductions 

below around 50 kPa can increase exhaust VOCs, particularly at low temperatures on non- 

fuel injected vehicles on oxygenated fiels (Calvert et al 1993; Faiz et al 1992 and 1996; 

Humberto Bravo et al 199 1). l7 It is for al1 of the above reasons that air toxics such as benzene 

and aldehydes have been included in the model in Figure 5.7. 

Finally, since certain policy alternatives targeted at M2W vehicle emissions c m  transfer 

M2W vehicle trips to other motorized modes, we must also include in the analysis other 

poilutants not uiitially targeted that these modes may generate. Also of course, certain policies 

like fuel quality improvement will positively affect emissions fiom gasoline-powered modes 

other than M2W vehicles as weU. To summarize the last few paragraphs: interdependencies 

between pollutants and modes must be kept in mind when estimating emission impacts of 

various poky alternatives. The foregoing also shows the usefulness of considering the effect 

of each policy alternative in terms of a wide range of pollutants fiom various sources system- 

wide in a disaggregated fashion.18 

17 These issues are pertinent in the Indian conte* since oxygenating agents such as MTBE wiil be ailowed in 
Indian gasoiines fiom 2000. Also, fuel volatility will be controiled (Appendix Iv), Lastly, a considerable 
proportion of vehicles in the Indian fieet wili likely be non-fiel injected, and without catalytic conveiters, for a 
long time. 
'* In this comection, it is instructive to note the results of a cornparison made behveen emissions fiom a 1988 
diesel engine with a ceramic particdate trap, and a 1991 diesel engine with an oxidation catalytic converter 



In addition to capturing effects such as emissions deterioration over thne due to increased 

vehicular activity and factors such as vehicle age and speed, it would be desirable to account 

for vicious circles and iatrogenies that typically manifest themselves over the long t e m  

Estimating emissions year by year over the long term, as proposed in the policy-analytic 

fiamework, would help achieve this goal.'g Following are a couple of examples of such 

vicious circles and iatrogenies. Fuel efficiency improvements can not only be neutralized by 

increased vehicle activity, they can actualiy induce increased vehicle activity by lowering 

dnving costs (Shalizi and Carbajo 1994), thus causing increased emissions, at least fiom 

sources other than vehicle exhaust. Infrastructure investment to relieve congestion would 

Wcely lower per-vehicle ernissions (except perhaps in terms of trip-end evaporative emissions). 

But over tirne, as vehicle activity increased due to suppressed demand, congestion would 

likely revert to its original level, with increased emissions fiom all sources.20 

Estimating emissions year by year over the long term would also help determine the 

rapidity with which policies Iower emissions, and whether these emissions improvements are 

sustained over tirne. This would help in differentiating between, for example, fuel quality and 

vehicle technology improvements. While fuel quality improvements Mght not be as effective 

as vehicle technology improvements in reducing per-vehicle ernissions, the former would 

begin to reduce emissions fiom al1 vehicles (and the fuel distribution system) as soon as they 

(Bagely et al 1993). Despite a substantial reduction in weight of total exhaust PM, the total number of particles 
from the more advanced 1991 engine was 15-35 times greater than from the 1988 engine when both were 
operated without emission control devices. This shows that fine particles, a senous health hazard, could be 
formed as a result of new technologies, even as PM mass is reduced, thus highlighting the importance of 
focusing not only on PM mass but also the number of particles. 
19 The duration over which emissions are determineci due to various policies is, of course, quite different ftom 
that for which the impacts of those emissions need to be considered. Heaith effects due to pollutants such as 
asbestos, benzcne and carbon dioxide begin to manifest themselves and develop well beyond the tùne the 
emissions occur, and can affiéct future generations. 

Pervefsely, per-vehicle ernissions improvernents fan lead to system-wide detenoration over time. On the 
other hand, policies that reduce motor vehicle activity can produce emissions (and other) benefits because of 
this reduction, and also because of improved per-vehicle emissions fiom the remaining vehicles. As 
automobile numbers grew 2.4% annually between 1970 and 1987 in the USA, and congestion increased, 
highway expenditure grew at 15%. Even so, congestion is expected to intemi@, as car travel becornes more 
inevitable, and other modes becorne less viable. Thus, despite per-vehicle emissions having been reduced 90% 
between 1977 and 1987, overall emissions are projected to increase almost 40%, and urban air quality is 
expected to worsen significantly, by 2010, because of increased vehicle activity and congestion, and slower 
vehicle turnover (Deakin 1990; Gordon 1991; MacKenzie et al 1992). 



are introduced, as opposed to the latter, which would be phased in only as old vehicles are 

taken out of the fleet (Faiz et al 1992). 

So far, we have addressed the matter of how to esthate emissions of various pollutants 

fiom M2W vehicle activity due to various policies. In the ne* section, we discuss issues 

related to determining and valuing the impacts of those emissions. 

5.5.2 Determination and ValuatiDn of Emissions Iinpacts 

Deterrnining the marginal health and welfare impacts associated wit h emissions reductions (or 

increases) due to various policy alternatives targeted at M2W vehicles would first entail 

determinhg changes in ambient concentrations of target pollutants as a result of the emissions 

reductions and increases, in order to use epidemiological models that comelate poiiutant 

concentrations with these effects. Since there are multiple sources of air poilution, ambient 

concentrations of various poilutants as a result of emissions from transport and other sectors, 

as weli as changes in these concentrations due to marginal changes in emissions due to the 

policy alternatives, would need to be determined over time. Apart f?om the fact that this 

exercise involves complex atmospheric dispersion and ozone formation modelin& capabilities 

for which may not be fùUy developed in the Indian context, a major constraining factor is the 

lack of a reliable and comprehensive emissions inventory required for estimating emissions 

fiom various sectors. 

Assuming that it was possible to determine with some degree of certainty the changes in 

ambient pollutant concentrations due to policies targeted at MZW vehicles (or transport), 

determination of the resulting marginal changes in health and welfare effects over time, 

compared to the business-as-usual (BAU) scenario, would c d  for reliable epidemiological 

studies based on equally reliable indigenous health and air qudity data.21 But even if the 

" The need for such epidemiological studies is borne out by the discrepancy between the annual air pollution 
deaths estimated for Delhi by Brandon and Hommann (1995), based on US dose-response data, and by 
Cropper et al (1997), based on indigenous health and air quality data, as discussed in Chapter II. Typically, 
epidemiological studies correlate observed health effects with one or more individual pollutants, and do not 
account for synergistic effects due to simultaneous exposure to multiple pollutants. While the bulk of air 
pollution related morîalities can be explained on the basis of PMlo, S a ,  ozone and lead @randon and 
Hornmann 1995; Smith 1994)- these effécts are important. This is particularly so in the case of Delhi, for 
example, where high PM levels co-exist with high Sa and ozone levels. Furüier, as Chang et al (1991) 
observe, the health effects of atmospheric reaction products must be considereà, in addition to those of direct 
vehicle emissions. 



capability existed to conduct such studies - which does not in the Indian context, as discussed 

in Chapter N - various air pollution impacts of interest, including mortalities and morbidities, 

crop Loss, and damage to structures, have multiple causes, making it diaicult to isolate the 

precise contribution of air poilution (Hardoy and Satterthwaïte 1991), let alone that of 

transport or M2W vehicle emis~ions .~  And even if it were possible to isolate the role of air 

pollution in terms of impacts, by means of quality studies based on reliable data, there is the 

issue of how t d y  the data reflects reality. In the case of hospitalizations as a measure of 

morbidities, for example, actud hospitalizations could likely be a vast underestimate in the 

Indian context, given that d o n s  simply lack the capacity to access hospital care. 

In short, determination of the marginal health and welfare impacts of various policy 

alternatives is subject to uncertainty and lack of information. As for valuing policy impacts, 

w e k e  economists suggest cost-benefit analysis (CBA) as an ided methodology (Carbajo 

1993; Pearce and Markandya in Faiz et al 1992). Operationalizing CBA would entail 

monetking the health and welfare impacts avoided due to each policy, comparing these 

monetized benefits with the monetary costs of each policy, and selecting that policy with the 

maximum net monetary benefits discounted to the present by means of a discount rate. This 

process is fiaught with various conceptual, operational and philosophical difnculties, as 

discussed below. 

Of all the steps in the monetary valuation of policy impacts, the determination of monetary 

costs is perhaps the one that is least fiaught with uncertainty. Quantwng environmental (and 

social) policy benefits in monetary terms, on the other hand, is dscu l t  because environmental 

and social values are intangible, and hard to defhe. Furâher, environmental values such as 

clean air are not traded on markets. However, econornists have devised methods for 

monetizing non-market values, as if hypothetical markets existed. These methods are based on 

reveded preferences, and expressed preferences, or contingent valuation (Pearce and Turner 

1990). The assumptions underlying both methods are that a) individuai preferences ought to 

be the basis of societal decision making, b) the market price that individuals are willing or 

The situation is compiicated by the fact that total exposures due to transport, which is a fùnction of the 
number of people exposed to transport poiiution, the exposure duration, and transport poiiutant concentrations, 
as opposed to exposures to other pollution sources, would need to be taken into account in order to determine 
the contribution of transport to health and weifhre impacts. 



observed to pay for environmental improvements is a mie measure of individual preference 

vis-a-vis such improvements, or, in other words, the value of environmental quality 

irnprovement to them, and c) the value of environmental quality irnprovement to society is the 

aggregate of the wiliingness to pay of ali individuais. 

In the reveded preference approach, individuals' willingness to pay is deterrnined by 

studying their actions in markets in which cornmodities or services are bought and sold, and in 

which the environmental value in question, which is not traded itself, is an attribute. For 

exarnple, this approach would measure the willingness to pay for clean air by comparing the 

property prices of similar residential properties over a number of years, andor property prices 

of a number of diverse properties at a point in t h e ,  and through multiple regression, isolate 

the eEects of air quality on pice by controlling for the effects of several other factors that also 

influence property price, such as access to seMces and facilities, property taxes, and other 

environmental factors such as noise levet (Pearce and Turner 1990). 

This is generaily extremely difEcult to accomplish in practice. In the Indian context, the 

diBculties would likely be compounded. It is likely that for the vast majority who are poor, 

the ability and therefore the willingness to pay, to move to areas of improved air quality, or 

for medical insurance, or treatment of air-quality induced illnesses, would be low. Further, 

they might be severely constrained in tems of choice of occupation, and workplace and 

residential location. In these circumstances, the assumption that observed behaviour in terms 

of willingness to pay is a genuine reflection of preferences, or of the value placed on human 

life, is unjustified. Arneliorative action would benefit the poor the most because they are the 

most severely affected by impacts, but, because of the very nature of the method and its 

assumptions, benefits to them would likely be severely underestimated, 

An alternative means of valuing environmental benefits is the contingent valuation (CV) or 

the expressed preference method. In this method, large numbers of randomly selected 

individuals are asked to assume a hypotheticai market for an unpnced good such as 

environmental quality and then to state how much they would be willing to pqy (WTP) to 

either secure an improvement (or to prevent a loss), or be willing to accept compensation 

(WTAC) to either forego an irnprovement or tolerate a loss. This elicitation is conducted by 

means of questiomaires and surveys, or by expenmental methods. For example, WTP for 



improved air quality is detemiined by having respondents view pictures simulating various 

degrees of air quality (Gregory, Lichtenstein and Slovic 1993; Pearce and Turner 1990). 

Underlying the CV approach is the assumption that monetary values for non-market goods 

exist in people's minds, and that researchers can find reliable and valid means to measure them. 

However, the elicitation of a single holistic response, in tems of WTP, represents a highiy 

unrealistic cognitive demand. Though people feei strongly about environmental (and other 

non-market) values, these values are not numericaily quantified, much less represented 

monetarily. Values such as the obligation to leave a clean and healthy environment to furure 

generations are hard to justifj. in instrumental terms, because they are based on deep moral 

feelings. Further, people's environmental values are multi-dimensional, and because they find 

it difncult to make trade-offs between these dimensions, they often resort to simpl@ng 

strategies which can lead to severe distortions in their expression of value (Gregory, 

Lichtenstein and Slovic 1993; Vatn and Bromley 1994; Hargrove 1989). 

Even subtle changes in the manner in which CV questions are ordered and fiarned, the 

amount and nature of information provided, and other contextual factors, can lead to 

important changes in expressions of value. WTP can differ based on whether the respondent is 

asked how much she would be willing to spend on herself and her farnily, or what she believes 

govemment should spend on their behalf, or what governrnent should spend on behalf of 

scsciety, for a given level of reduction in risk. Expressed WTP would also differ based on what 

impacts of, for exarnple, deteriorating air quality (impacts for the old, Young, future 

generations, people living outside political junsdictions, crop yields etc.) and what other 

societal needs respondents are told about and asked to consider before making their response 

(Dietz 1994; Gregory, Lichtenstein and SLovic 1993; Keeney, von Winterfeldt and Eppel 

1 

CV elicitations force respondents to assess both facts as well as values. Even 

knowledgeable respondents have no way of knowing ifwhat they Say they would like to see 

government spend (for example) would be sufficient to effect the reduction in risk they are 

being asked to express WTP to achieve. Finally, while CV methods at least make people the 

" In this connection, it is instructive to note that a 1987 study found that CV sufvey respondents dramatically 
changed their WTP for avoiding one day of coughing, nom USS355.10 to USS1.39, when told to keep in 
mind budgetary implications (Shah, Nagpal and Brandon 1997). 



judges of their own interests, they capture attitudinal intentions rather than actual behaviour. 

Several studies have shown that hypothetical WTP exceeds actual WTP, offen significantly 

(Gregory, Lichtenstein and SIovic 1993; Keeney, von Wmterfeldt and Eppet 1990; Lindsey 

and Knaap 1999). 

In summq, eiicitation of non-market values by means of CV is chimcterized by a range 

of conceptual and operational ditficulties, including the fact that it is strongly determined by 

the specifics of the instrument itself. CV surveys are a process of value construction, rather 

than a neutral process of value discovery, with researchers tùnctioning not so much as 

archaeologists, carefùlly uncovering what is there, but as architects, constmcting as they elicit. 

Given all of the foregoing, there are doubts as to whether any CV study will be able to meet 

standard criteria of reliability and validity (Gregory, Lichtenstein and Slovic 1993). 

Quite apart fiom the operational dficuhies discussed, there are serious philosophical and 

ethical problems involved in using revealed or expressed preferences in terms of WTP to 

monetize the health, welfare and environmental benefits of policy alternatives. Because WTP 

is strongly affected by ability to pay, CBA effectively represents a 'dolIar democracy', in which 

each person's vote is weighted by his or her income. Benefits and costs to higher income 

groups are valued more highly than those to lower income groups in determinhg the value to 

society of a given policy. Policies that favour the rich at the expense of the poor cm be, and 

often are, 'cost-beneficial'. The findamental moral issue, however, is whether, because of a 

public action, losses to one group, particularly the poor, can be justified by larger gains for 

others, particularly the rich. With respect to the environment, CBA assumes that its value to 

society exists only if, and to the extent that, there is WTP to see it preserved. People who 

have strong environmental values may place low emphasis on making high incornes. Their 

WTP, and that of the poor, would be a gross under-estimation of the value of the environment 

to them (Anderson 1985; Formaini 1990; McAUister 1980; Moore 1985). 

These dficulties are particularly important in the Indian context, in which the benefits and 

costs of motorization, and the capacity to cope with those costs, are not evenly distributed in 

society, and risks and costs are imposed on the poor involuntarily. The rich, though most 

responsible for the emissions, are also most able to insulate themselves fiom their impacts. 

They may therefore have WTP only for those emissions impacts that affect them immediately, 



and Little if any WTP to address impacts on which they either have no information or are 

insulated 6om spatiaily or tempordy (such as carbon dioxide emissions). CBA would thus 

jus* control ody  if the rich were affected, and only of those aspects of pollution that they 

were not insulated fiom. 

The choice of the discount rate cm significantiy affect how policy impacts are valued for 

future as compared to present generations, and thus, for example, the weightage accorded to 

policies to control pollutants such as carbon diox..de. The higher the discount rate, the less 

Likely it is that policies with early costs to present generations, and late benefits to future 

generations, such as those to control carbon dioxide, will be selected. Discounting results in 

long-term environmental degradation being virtually ignored; even very low discount rates 

give no weight to even large impacts beyond 50 years (McAlüster 1 980). 

Apart from the underlying value judgment that only those considerations that are monetary 

or monetizable are worth including in public policy analysis (Haines 1978), CBA assumes that 

simply summing up the un-coordinated preferences of individuals as consumers, in terms of 

willingness to pay, is a reliable means of gauging how to promote social welfare. These 

assumptions are particularly invalid when such preferences are either discemed fiorn 

behaviour observed in a context characterized by constrained choices, or are expressed 

without reflection as to broader consequences. As Sagoff (1988 and 1994) points out, public 

policy decisions ought to be made after serious reflection and debate, based on moral 

principles and values, not individual preferences, and certainly not individual preferences in 

terms of WTP. 

5.6 THE MULTIPLE-OBJECTIVES APPROACH 

There are alternative means of estimating and vaiuing emissions impacts which may be 

relevant, in light of the difnculties discussed above, and of data generation and policy analytic 

constraints in the Indian context. Carbajo (1993) suggests that, while it is ideal to evaluate 

policy alternatives in a CBA framework, it is practical to do so in terms of cost-effectiveness 

(CE), by comparing the money cost per kilogram of reduced emissions, in view of these 



d i ~ c u l t i e s . ~ ~  The CE fiamework is particularly appropriate in the Indian context, since 

decision makers have to operate within tight budgetary constrahts. 

Carbajo (1993) also suggests the use of a weighted pollution index, instead of considering 

emissions of each poliutant individudy. Doing so would help account for the combined effect 

of reductions (and increases) in the emissions of various poliutants due to policies. Thus, if 

alternative A reduced the emissions of a cntical p o b a n t  by a smaü amount compared to 

alternative B, it would be preferred to B, even though B reduced the emissions of a non- 

critical pollutant by a much larger amount than A. One option for weighting air pollutants in 

terms of hedth effects is to use the toxicity weighting factors developed by the World Bank 

(1992 World Bank data in Wijetilieke and Karunaratne 1995), and shown in the table below. 

emissions of various pollutants in the same m a s  uni& 

Table 5.2 Approximate Toxicity Weighting Factors for Selected Pollutants 

CO 

0.04 

A 

The factors in Table 5.2 rate individual pollutants for their health impacts, but it is unclear 

on what basis this rating was arrived at. For example, one wonders why PMlo has been 

assigned a iower weight than NO,. Besides, as discussed in an earlier section (and also in 

Chapter II), there are other important air pollution impacts of concem, apart fiom health 

impacts. A good strategy would therefore be to weight emissions of various air pollutants, 

including those in Table 5.2, based on informed judgments of the potential of each pollutant to 

affect all local, regional and global health, welfare and environmental impacts of concern, for 

present and future generations.u Further, rather than assigning k e d  weights, it would be 

desirable to select weights based on the need to reduce emissions of individual pollutants, 

Source: 1992 World Bank data in Wijetilleke and Karunaratne 1995, Figures shown are to be applied to 

Pollutant 

Relative 
Weight 

24 According to Horowitz (quoted in Faiz et al 1992), "The ünkage between air pollutant concentration and the 
harm caused by air pollution is so cornplex, ciifficuit to study, and poorly understood that for most purposes if 
is useful to avoid dealing explicitly with this linkage." (emphases added). 
2s In this connection, the unit risk factors developed for various carcinogenic air pollutants (including 
benzene, formaldehyde, and 1,3-butadiene) (Shah, Nagpal and Brandon 1997) would also be useW. 

PMio 

2 -3 

Lead 

85 

Nor  

4.7 

Dust 

0.9 

VOCs 

1.8 

SOx 

1.4 



considering the relative importance of various emissions impacts, the contribution of 

individual pollutants to the impacts, and the local ambient level of pollutants, includhg 

secondary transformation products Wce ozone, at the tirne. M e r  dl, while lead is certainly 

important fiom the health perspective, there would be Little sense in weighting it highly if its 

local ambient concentration were below the WHO guideline. 

Weighting emissions of individual pollutants in a flexible manner as above, based on local 

current conditions and needs, would be in keeping with the stress placed in this dissertation on 

continual learning, flexibility and adaptive policy-making. At the sarne the ,  note that such 

weighting still involves many of the difficult trade-offs between emissions impacts (for present 

and future generations, for exarnple) discussed earlier. 

Each policy will likely have a dzerent Stream of monetary implementation costs for M2W 

vehicle users, vehicle and &el manufactu~g and s e ~ c i n g  industries, and govemments. Also, 

each policy wiil potentidly have dserent welfare costs for users, in terms of travel 

opportunities foregone, and reduced access and mobility, travel cornfort and convenience, and 

t h e  savings, particularly among lower income groups. In this regard, consider the impacts of 

a policy such as fuel taxation that dramatically raised vehicle operating costs, for vehicle users 

living far away fiom their workplaces, in areas poorly served by public transit, and with no 

travel options other than their M2W vehicles. Such users would Wcely be forced to forego 

travel oppominities, andlor shoulder additional travel expenditure, ancilor shifi to less 

preferred modes like crowded public transit. Congestion pricing could have regressive effects 

by forcing low-incorne users to h d  alternative routes, while providing tirne savings for high- 

income motonsts, who are better able to afford congestion charges. This would be the case 

particularly if revenues h m  congestion pncing were spent on road building rather than public 

transit (Hau 1992; Neale 1 9 9 9 . ~ ~  

Policy alternatives targeted at motor vehicle emissions inevitably have wider transport 

system impacts apart from emissions impacts, and monetary and welfare costs to users, 

govemments and industry. These impacts include congestion, energy consumption and land 

use. Policies that are aimed at motor vehicle activity, rather than merely vehicle emission 

26 Unless it n'ils applied region-wide, congestion pricing would likely reduce congestion and emissions only in 
charging zones and times, and perhaps even increase overall vehicular m l  and pollution over the long term 
(Neaie 1995). 



factors, would likely have congestion impacts apart from affecting emissions. Energy 

consumption impacts may result both ffom vehicle technologies aimed at ernission factors, and 

fiom policies targeted at vehicle activity and transport system characteristics such as 

congestion. Tracking M2W vehicle fleet energy consumption year by year over the analysis 

period will help capture the effects on this parameter of the entry of new vehicle models, and 

changes with tirne in vehicle activity, vehicle age and speed. Policies involving transport 

inikastructure to either deviate congestion, such as highway capacity addition, or to effect 

mode transfers, such as mass rapid transit, wilt inevitably have land use impacts. As weil, such 

policies will IikeIy result in the displacement of the urban poor. 

Therefore, in addition to system-wide emissions over the long term, ail related transport 

system impacts should also be considered in evaluating policy alternatives. This is important 

because these impacts are inextricably linked. Also, given the multiple demands on scarce 

resources in the Indian context, it would be desirable for emissions prevention and control 

policies to generate transport synergies as far as possible, with the overall airn of achieving an 

access and mobility system that is resource conserving, environmentally benign, safe, and 

socially just. Additiondy, it should be noted that transport emissions prevention and control 

policies can generate impacts in sectors other than transport. For example, removing kerosene 

subsidies to prevent fuel adulteration wili Wcely reduce transport emissions. But kerosene 

rnight become unaffiordable for the large number of low-income households that use it as a 

cooking fuel, even in cities such as Delhi (GoI/ESCAP 1991; TER1 1997a). Thus, in the 

absence of alternatives, removing kerosene subsidies may have socio-economic and 

environmental impacts (in ternis of increased deforestation and indoor air poliution), as the 

poor are forced to spend more on fuel, a d o r  revert to fïrewood and other traditional fiels. 

The foregoing demonstrates the importance of considering system-wide impacts of transport 

policies. 

Policies targeted at transport emissions in India have been motivated by concem regarding 

the rapidly deteriorathg air quality situation in Delhi and other major Indian cities. But these 

policies might be umecessarily stnngent in other areas of the country, yet will have cost and 

welfare impacts for users in those areas. Strictly speaking, these impacts also need to be 



considered. Incidentaüy, this highlights the importance of the choice of a spatial system 

boundary for anaiysis, an issue that was raised in an earlier section. 

To summarize: just as motor vehicle activity creates costs and benefits that are 

dinerentially distributed between different groups (uicluding vehicle users, vehicle and fuel 

manufacturing industries, and the public at large), so do difEerent policy alternatives to address 

the impacts of motor vehicle activity. It would be desirable to evaluate policy alternatives in 

terms of the range of impacts discussed, in a disaggregated fashion, for various multiple 

aEected groups, over the long tenn, in order to compare alternatives sensitively. A multiple- 

objective (M-O) framework, based on Edwards and von Winterfeldt (1987), Hobbs and Hom 

f 1997), Keeney (1988a and b; 1992), Keeney, von Winterfeldt and Eppel (1990), Keeney and 

McDaniels (1992), and others, is proposed for this purpose. 

Briefly, the M-O approach consists in interacting with affected and interested groups 

relevant to the decision situation, to elicit the value dimensions on which the various groups 

would Like to see policy alternatives evaluated, representing the values in the form of 

objectives for each group separately, integrating the objectives of each group into a common 

objectives hierarchy for al1 groups, defining measures or attributes by means of which to judge 

the extent to which the objectives are achieved by various alternatives, assessing objective 

fùnctions incorporating trade-offs between objectives fiom various groups, and combinïng 

these objective fùnctions with expert assessments of policy impacts in terms of the measures," 

to generate a multiple objective evaluation of alternatives fiom each group' s perspective 

(Keeney 1982; Keeney 1988a and b; Keeney 1992; Edwards and von Winterfeldt 1987; 

Keeney, von Winterfeldt and Eppel 1990; and Keeney and McDanieIs 1999). 

Whereas CBA monetizes non-market values to make them comparable to other monetary 

benefits and costs in the analysis, the M-O h e w o r k  integrates multiple values by measuring 

economic d u e s  for which markets exist in m o n e t q  terms, and non-economic values for 

which they do not, in texms appropriate to them, rather than in monetary proxies. This is 

based on the recognition that monetization of non-market values may be difficult and 

'' As indicated in Figure 5.7, expert assessments may incorporate judgments as to the factors to be considered 
in estimating veliicular activity and emissions, changes in these factors over time due to various policy 
alternatives, and how alternatives will perform in terms of muitiple objectives generated, including emissions 
impacts and implementation costs. 



inappropriate. Whereas CBA assumes that values for non-market goods exist, and can be 

discovered and measured, the M-O approach recognizes that people's values are multi- 

dimensional, that they are typically constructed rather than merely reporte4 and that they are 

strongly affecteci by context. So, whereas CBA would ask WTP questions of hundreds or 

even thousands of people randomly selected, the M-O approach would involve detailed 

i n t e ~ e w s  with a few representatives of a handful of af5ected and interested groups 

representing a wide range of views. Thus, the M-O fiamework would accommodate multi- 

dimensionality of values and substitute depth for the CBA's breadth. 

The M-O fiamework would d o w  alternatives to be evaluated in terms of multiple 

objectives reflecting the interests and concems of various afiFected and interested groups, 

explicitly accommodate choices in terms of trade-offs between objectives by diierent groups, 

and enable one to clearly see how these trade-offs will affect the peifonnance of various 

policy alternatives for each group. This is important because, as Keeney (1988) points out, it 

is essential to  balance the interests of affected groups if policies are to have a fair chance of 

success when implemented. Further, alternatives can be creatively modifïed in light of key 

trade-offs of  afEected groups, to make them more attractive and effective over the long term. 

In the Indian context, M-O would enable the vitally important equity issue to be addressed 

explicitly. This is in direct contrast to CBA, which analyzes policy impacts in the aggregate 

while ignoring distnbutional impacts. Finally, M-O, instead of merely measuring preferences 

of individuais as consumers, in tems of WTP (as CBA does), is more amenable to 

determining objectives that they as cirirens believe would be good for society (Edwards and 

von Winterfeldt 1987; Gregory, Lichtenstein and Slovic 1993; Hobbs and Hom 1997; Keeney 

1982; Keeney 1988a and b; Keeney 1990 and 1992; Keeney, von Winterfeldt and Eppel 

2990). 

Of course, the M-O approach does not eliminate the many difficulties discussed earlier in 

connection with the CBA fiamework. These dficulties relate to the selection of the range of 

emissions impacts to focus on, the spatial and temporal boundaries for analysis, and prediction 

of policy impacts. Indeed, these dif£ïculties are inevitably cornmon to any analytical 

fiamework. However, the technical and philosophical problems involved in the monetary 

valuation of policy impacts, which is unique to the CBA fiamework, are obviated. Perhaps 



most irnportantly, unlike in the C B 4  value judgments terms of trade-offs, etc.), are made 

explicitly and are therefore open to scrutiny. 

5.7 CONCLUSXONS 

The analytical fkamework proposed in this Chapter will hopefùily enable effective 

prioritization of air pollutants, vehicular and transport system sources, and key urban transport 

and technological contniutory factors for control action, and evaluation of policy alternatives 

targeted at transport air pollution for long-tem cost-effectiveness in the Indian context. The 

fiamework focuses on air poilutant emissions due to vehicle activity, system wide. It proposes 

that policies be evaluated as they would be implemented, under real-life conditions, rather than 

in a fiction-eee world, and therefore explicitly considers issues typicaiiy relegated to the 

policy implementation phase. The framework takes into consideration key urban transport and 

technological contributory factors, and in-use conditions and variabilities that criticaily 

influence emissions in the Indian context. Implementation issues, such as deterioration in 

emissions performance over time due to in-use vehicle user operation and maintenance 

choices, and ineffective monitoring and enforcement, and vicious circles and side effects that 

typically manifest themselves over the long term, are considered. In view of the lack of reliable 

information in the context, uncertainties are considered explicitly, on the basis of infonned 

expert judgments. 

The fiarnework proposes a multiple objectives approach for evaluating policy alternatives. 

Besides obviating the need to monetize non-financial policy benefits, which would be 

problematic in the Indian context, the approach enables the consideration of a wide range of 

emissions and other policy impacts system wide over the long te- and environmental, 

economic and other objectives reflecting the interests and concerns of multiple actors and 

affected groups, including users, vehicle and fuel manufacturers, goverment decision makers, 

and the public at large, thus allowing a sensitive discrimination between a wide range of 

preventive and curative policy alternatives. 

Explicitly considering institutional constraints and implementation issues, multiple policy 

impacts for and objectives of multiple actors and affected parties, should not only rninimize 

the risk of faiiure, but increase the chances of long-term policy success, while also heiping 



generate transport synergies. Lastly, the framework stresses the importance of subjecting the 

policy-analytic process to constant self-reflective re-examination and refinement, in the light of 

experience, thereby enabling continual learning and adaptive policy-making and 

implernentation. 

The remainder of this dissertation reports on policy-relevant research conducted by the 

author on M2W vehicle air pollutant ernissions in Delhi. Chapter M presents the results of 

elicitations of M2W vehicle user preferences, choices, and motivations related to vehicle 

purchase, operation, maintenance and disposal, and of their perspectives on how they would 

be affected by and would respond to various policy alternatives, and explores the implications 

of these results for policy-making and implementation. Chapter M proposes and structures 

multiple objectives and mesures for the purpose of characterizing the impacts of policy 

alternatives, dong the lines suggested here. 



CHAPTER VI 

M2W VEHICLE USER CHOICES AND PERSPECTIVES: 

IMPLICATIONS FOR AIR POLLUTION PREVENTION AND CONTROL 

6.1 INTRODUCTION 

6.1.1 Rationale and Objectives 

In Chapter IV, we discussed how the institutional seîtïng for policy-making and 

implementation with regard to transport air poliution prevention and control in hdia  is 

characterized by a multitude of actors and jurisdictions with fkagmented, overlapping, and 

conflicting roles, responsibilities and interests, and constrained technological, hancial, and 

administrative resources. Even without these constraints, transport air poliution tends to be 

intractable, because of its multi-point nature. Also, whiie technological issues inevitably play 

an important role, transport air pollution is critically iduenced by the choices of millions of 

vehicle users. Lastly, the effectiveness of prevention and control policies ultimately depends 

on how users are afEected by and respond to those policies. This is particularly important in 

the Indian context, given the significant proportion of users with low incomes. Transport air 

pollution is thus effectively characterized by millions of actors, rendering moot the comrnon 

policy-analytic perspective of a single decision rnaker. 

An investigation of the human dimensions of transport air pollution, dong with a 

consideration of relevant technological and institutional issues, would therefore contribute to a 

better understanding and more effective resolution of the problem. The urban transport 

literature focused on the LIC context is replete with studies of mode choice and travel 

behaviour, and of the effect on these of urban transport policies. Examples of  such studies in 

the Indian context include Khisty (1993), Maunder (1981), Maunder (1982). Maunder (1983), 

Maunder et al (1981), and RITES/ORG (1994), which is referred to in this and other 

chapters. However, iittle if any research attention has been paid, to the author's knowledge, to 

vehicle user behavioural factors as they specifically relate to transport air pollution, or to  user 

perspectives on emission prevention and control policies. Additionaily, the urban transport 

literature does not address the complex technological and policy-analytic issues involved in 

transport air pollution. 



In contrast, the environmental policy analytic literature fonising on transport air pollution 

(for example Faiz et al 1992, Fak et al 1996, and Shah, Nagpal and Brandon 1997) does a 

commendable job of addressing technological and policy-analytic issues. But this Literature 

does not adequately consider key daily travel choices and motivations on the part of vehicle 

users, and institutional issues such as land use that determine the nature and scope of motor 

vehicle acfivty and play an important role in transport air pollution.1 The environmental policy 

literature therefore tends to take the transport air pollution problem as a given, and does not 

pay enough attention to preventive measures focusing on the motor vehicle activity 

component of the problem. 

This Chapter attempts to address and bridge these gaps in the two literatures. Some 

behavioural issues have aiready been touched upon in earlier chapters, including fuel 

adulteration, and users circumventing andlor subverting the burdensome, comption-ridden in- 

use emissions testing. Based on information gathered fiom a questionnaire survey of, and in- 

depth i n t e ~ e w s  with M2W vehicle users in Delhi, this Chapter discusses user choices related 

to factors contributhg to transport air pollution, and user perspectives on how they would be 

afTected by and respond to various policy alternatives targeted at M2W vehicle emissions. The 

Chapter then explores the implications of these user choices and perspectives for policy- 

making and implementation, particularly in Light of the institutional capabilities and constraints 

discussed in Chapter V. 

6 l. t Research Questions 

The specific research questions that this Chapter addresses are: 

What are the important M2W vehicle user and user household preferences, choices, and 

motivations with respect to vehicle ownership, mode choice, daily travel, and vehicle 

purchasing, operation, maintenance, disposa1 and replacement that influence M2W vehicle 

activity and au pollutant emissions in Delhi? 

What are M W  vehicle user perspectives on various current, proposed and possible 

technological and regulatory policies, in terrns of how they would be Sected by and 

' Neither does it adequately refiect the inter-dependence of uaospon air poliution and other transport impacts, 
as discussed in Chapter V. 



would respond to these policies? How would users rate these policies? What measures 

wouId iikely make these policies more attractive to users? What are user perspectives on 

public transit and bicycle comrnuting, and what rneasures would likely make these modes 

more attractive to them? 

What are the implications of these vehicle user choices and perspectives for policy-making 

and implementation with regard to transport air pollution prevention and control in the 

Indian context? How can these policies be better designed in light of this study? 

Note that the research described in this Chapter moves the focus away firom technological 

factors such as the vehicle, fiel and oil, to the vehicle user. Further, it describes, as well as 

probes motivations underlying, user preferences, choices and behaviours. The unit of analysis 

is the user household. Daily travel activity is studied in terms of ail modes including M2W 

vehicles, in order to explore the role of other modes, particularly transit, in M2W vehicle 

ownership and usage. User perspectives on technological and regulatory policy alternatives as 

weli as public transit and bicycle commuting are investigated. Lastly, the research explores 

linkages between user behavioural choices and perspectives and the technological and 

institutional factors discussed in previous chapters, thus addressing the gap between the urban 

transport and environmental policy anal ytic iiteratures. 

The research would be helpful in modeling system-wide ernissions due to M2W vehicle 

activity more effectively, and in developing preventive and curative measures to target not 

readily apparent but important user behaviours and emission sources, based on a keener 

understanding of user behavioural factors contributing to vehicular activity and per-vehicle 

emissions. It would also be helpful in more effectively modeiing policy impacts for users, so 

that more attractive policies may be designed. Lastiy, the research is intended to serve as an 

input in developing multiple objectives for M2W vehicle emissions prevention and control 

policy alternatives in Chapter W. 

6.2 METHODOLOGY 

6.2.1 Research Instruments 

In order to answer the research questions, the author conducted a questionnaire survey of, and 

in-depth inteniews with M2W vehicle users in Deihi in late 1997. The study, as weU as the 



related research instruments, including the Informed Consent Form, questionnaire, and 

interview protocol (presented in Appendices VIII to X) were approved by the Behavioural 

Research Ethics Board of the UBC Office of Research Services and Administration. The 

research purpose, objectives and procedure were discussed with, and permission to conduct 

the study was obtained fkom, researchers at the Indian Institute of Technology, Delhi (IIT 

Delhi), wfiich was the local institution with which the author was f i a t e d  for the purposes of 

the IDRC award which partly knded the study. The IIT Delhi researchers were also requested 

to cntically review the research instruments and offer suggestions for irnprovement. Some 

modifications were made based on their feedback, the most important of which was the 

addition of the section on road safety in the questionnaire survey (see below). 

The questionnaire survey instrument (Appendix IX) covered the following issues: 

users' household details, income, vehicle ownership, and monthly transport expenditure; 

users' daily travel, most common destinations, mode choices, jsux-ney distances and thnes; 

factors influencing modal choice and M2W mode1 selection; 

M2W vehicle disposal and replacement plans; 

users' views on bus s e ~ c e  in Delhi, theü bus usage, bus seMce availability and joumey 

times between residence and workplace as opposed to by M2W vehicle, reasons for 

traveling by M2W vehicle or bus to work, improvements to bus semice that would make it 

more attractive, and whether or not users would give up their M2W vehicles if bus service 

were irnproved; 

users' views on bicycle commuting in Delhi, their bicycle usage, and improvements that 

would make cycling more attractive; 

road accidents in which users had been involved in Delhi, and details of these accidents. 

The in-depth interviews with users, the instrument fur which is presented in Appendix X, 

explored the foliowïng issues: 

M2W vehicle purchasing, operation, maintenance, disposa1 and replacement preferences, 

choices and motivations; 

users' views as to the causes and effects of deteriorathg urban air quality in Dehi, and 

theü awareness and perceptions of vehicle ernissions control measures currently in place; 

desirable characteristics of emissions prevention and control policies nom their viewpoint; 



users' willingness to pay for vehicle technology and fuel quality improvements, and the 

minimum acceptable vehicle scrappage period; preferences among, and how they would be 

affected by and would respond to, these alternatives; and trade-offs in terms of benefits 

they would expect to receive in order to accept increased costs and that would make these 

alternatives more attractive to them. 

6.2.2 Sîudy Participants, Household Cliaractm*strks and Vehicle Ownership 

Several considerations inûuenced selection of study participants. First, ail of them obviously 

had to be M2W owners and users. Tirne and resource constraints necessarily limited their 

number. Participants would have to be willing to spend a total of 1.5 hours to answer the 

questionnaire and to engage in the interview. And they would need to be easily available for 

foliow up. This requirement became especidly cntical in view of the decision to conduct the 

survey and interview at separate tirnes (see below). For all of these reasons, it was decided to 

recruit volunteers at IIT Delhi, Tata Energy Research Institute (TERI), the AU India Institute 

of Medical Sciences (AIIMS) and the Armed Forces Research and Referrai Hospital, with the 

help of personnel at these institutions. Some participants were also recmited in residential 

areas in the adjoining state of Uttar Pradesh, fkom where people cornmute daily to and fiom 

Delhi. 

In all, 51 M2W vehicle users participated in the study. Figures 6.1 to 6.5 depict the 

distribution of the participants in terms of gender, age, household size, earners per household, 

and total and per capita household income. Also presented are the corresponding data fiom 

the RITES/ORG (1994) survey for the purposes of cornparison. 

Only four of the 5 1 participants were female. One reason for the low female representation 

may be that females were in a minority in the institutions where participants were recmited, 

though there is a large and growing nurnber of female employees in many Indian workplaces, 

particularly in offices. 



Survey of M2W Vehicle Usen In Delhi, 1997 

Figure 6.1 Gender and Age Distribution of Participants 
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Figure 6.2 Distribution of Participants by Household Size and Earnen p r  Household 
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Survey of M2W Vehicle Users in Delhi, 1997 

Figure 6.3 Dirtrïbutlon of Participants by Househdd Incorne 
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No data on the gender distribution of DeIhi's M2W vehicle users are availabte, but the 

percentage of females among the study participants is also likeIy reflective of the 

predominance of  males arnong M2W and other personal motor vehicle drivers (but not users) 

in the Indian CO ntext.2 Participants' households included 1 6 joint families,' representing nearly 

one-third of the study sample. This fact is interesting firom an urban transport perspective. The 

decline in joint families has important implications for vehicle ownership and use, as indeed for 

consumption generally. Five of the participants were single males. In cornparison with 

RITESIORG (1 994), the study sample had a higher percentage of smder households, a Iarger 

number of eamers per household, and higher household incomes (Figures 6.2-6.5), and thus 

higher per capita incomes. This pattern was likely due in part to the recmiting procedure 

discussed earlier. Additionally, the present study focused only on M2W vehicle users as 

* hblic  transit usage is likely high among females. Also, a significant proportion of public transit users are 
likely f e d e s ,  with important implications for public transit design. Urifortunately, no study that the author is 
aware of, including RTTES/ORG (1994), breaks down travel on various modes by gender. 

Joint families are here dehed as couples and their families, living together with siblings and their families 
andior aged parents. 



opposed to the RITESfORG (1994) survey, which included many low-income households 

owning no motor vehicles. Further, and perhaps most importantly, urban incomes (and vehicle 

ownership) likely increased rapidly between 199 1, the year for which income data was quoted 

in RITES/ûRG (1 994), and when economic liberalization was initiated in India, and 1997, the 

year of the present study. 

Table 6.1 details the distribution of vehicle ownership among the participants. 

Interestingly, there was a tendency for participants to leave out bicycles (and old disused 

motor vehicles) in their questionnaire responses, even though they were expressly directed to 

include all household vehicles. Another important point fiom a methodological perspective 

was the tendency for participants to either include vehicles belonging to family members (such 

as parents) living in separate households that they used, or to exclude vehicles belonging to 

extended family members living in the same household. AU such omissions and additions 

commonly came to light in the follow-up questioning during the persona1 interviews. 

Around 49 and 14% of the participant households owned one and two M2W vehicles 

respectively @ut no cars), and the remaïning 37% o m e d  at least one car in addition to their 

M2W vehicle(s). Only 28% of the households owned one or more bicycles (Table 6.2).4 Cycle 

ownership was only 34.4% of households even in the RZTES/ORG (1994) survey, which 

included al1 income groups. 

In the sarne survey, which included many households with no motor vehicles, around 16% 

of the households owned cars. Further, as discussed in Chapter V, those with incomes of INR 

(Indian Rupees) 2000 and above in that survey, roughiy correspondhg to the participants in 

the present study, accounted for 72% of al1 households, and around 93% of total household 

M2W vehicles and M2W vehicle trips. Finally, around 15% of the M2W vehicles, and 36% of 

the cars belonging to all households in the present study were second hand. Notwithstanding 

the foregoing, the sample in the present study is by no means representative of all M2W 

vehicle users in u el hi.' However, it may be considered adequate in tems of achieving 

4 AU but one of the households owned a refngerator, al1 but two a television set. 
Note in this regard that wen the large-scale RITES/ORG (1994) study on travel behaviour in Delhi 

focused on the residential population of the Delhi urban a r a  only, and did not cover the homeless, 
floating populations (RITESIORG 1994). 

the 

was 
and 



study objective, namely to gain insights into vehicle user choices and motivations with 

relevance for transport air pollution, and into how users would be afFected by and respond to 

various policy alternatives targeted at M2W vehicle emissions, in order to Uiform policy- 

making and implementation in the Indian context. Indeed, while resource constraints were an 

important consideration, the sample sue was also the result o fa  conscious decision to have a 

small number of participants, and to engage them in a detailed survey and in-depth one-on-one 

interviews. Lady, the fact that M2W vehicle technology and fiel quality improvements and 

vehicle scrappage similar to those posed as hypotheticals in this study were being or were 

proposed to be implemented at the time of the study, contnbuted to its relevance. 

Survey of MZW Vehicle Users in Dalhi, 1997 

Table 6.1 Vehicles Ownd by Participmt.' Houreholds 

2 hA2W Vehicles + 1 
ûïcvcie 2 5000 

, 1 M2W Vehide + 1 Car 12 7606 1 4 
1 M2W Vehiie + 1 Car 3 8333 ? 1 + 1 8icycle 

2 M2W Vehicles + 1 2 8500 1 Car 
1 M2W Vehicle + 2 
Cars+l Bicvcle 1 5250 

1 M2W Vehicie + 3 2 

6.2.3 lmplementation of the Study 

Most of the M2W vehicle users who were requested to participate in the questio~aire survey 

and in-depth i n t e ~ e w s  were more than willing to do so. However, many participants were 

concemed about the time commitment they would have to make. The original intention was to 

have 5-6 users complete the questionnaire and then participate in a focus group discussion 

immediately aftenvard. But this plan could not be implemented because participants were 



dispersed geographically. Further, almost al1 the participants wished to be i n t e ~ e w e d  

individudy, preferably at their desks, and when they were fiee. Lastly, many participants 

canceled appointments for i n t e ~ e w s  on several  occasion^.^ For ail of these reasons, it was 

decided to have participants complete the questionnaire first, and then conduct in-depth 

discussions with each of them individualiy at their convenience. It was also decided that the 

author should conduct d of the interviews himself. Though the-consurning, this procedure 

paid dividends in terms of the nchness of the information obtained. Conducting the interviews 

d e r  going through questionnaire responses enabled the author to encourage participants to 

cl* and expand on questionnaire responses, if they so wished, and to probe the motivations 

underlying the preferences and choices expressed. 

Participants' informed consent was obtained prior to their participation in the study. AU 

participants were thanked with a diary.' Questionnaires were returned by 50 participants. 

Individual i n t e ~ e w s  were held with 29 of them. The remaining 22 who could not be 

interviewed personally were requested to complete a supplementary questionnaire instrument 

(Appendix XI), which contained the most important questions fiom the i n t e ~ e w  protocol. 

Fifteen participants responded to these questionnaires. One person retumed the supplementary 

questionnaire completed but not the main questionnaire. EEectively then, 44 of the 51 

participants completed the main questionnaire, and were also either interviewed or completed 

the supplementary questionnaire (Table 6.2). 

I 
-- .- 

1 ~ u m b e r  of Participants 1 
Completed ma&questionnaire + 1 29 1 

Cornpleted only suppl&entaq questionnaire 11 1 

were interviewed 
Completed main and supplementaw questionnaires 
Completed only main questionnaire 

1 Total 1 5 1  1 

15 

6 - 

Table 6.2 Breakdown of Participant Response to Study Instruments 

To make matters worse, there was a major bus strike in Delhi in November 1997, followùig a Supreme Court 
ruling mandating strict Licensing requirements for bus drives after a tragic accident in which a bus with a 
hundred school children plunged into the Yamuna. Because of the strike, several of the participants did not 
attend work, and intewiews scheduled with them had to be postponed. Whiie fnistrating, this event alerteci the 
author to the fact that many M2W vehicle users commonly use the bus for their joumey to work, a fact that is 
discussed later in the chapter. ' Money payments were rejected as a means of expressing gratitude for participation, because of their 
inappropriatenesis in the Indian context. 



Eüciting information fiom i n t e ~ e w e e s  is, as Gregory et al (1993) point out, a matter of 

architecture rather than archaeology, i ~ .  the sense that responses are not unearthed readdy 

formed and intact. Rather, they are constructed and s . p e d  in the process of interaction 

between the interviewer and respondent, by the content of questions, and the manner in which 

they are posed. In terms of the present study, open-ended responses were encouraged to 

several questions in the main and supplementary questionnaires. The face-to-face i n t e ~ e w s  

were conducted as a conversation between equals, rather than as a mere question-and-answer 

session between interviewer and in te~ewee .  The interviews were characterized by a free 

ranging discussion of the transport air pollution problem and policies to address it, within the 

larger context of user household daily travel activity and living, with questions and responses 

clarified by both the author and participants, in order to capture their precise meanings. 

Participant responses were forthright, carefiilly considered, and often detailed, complex and 

nuanced. This reflected the complexity of the issues involved, and of participants7 perceptions 

of and responses to them. 

Several participants challenged the premise of certain questions, such as those related to 

wibgness-to-pay (WTP) and mandated vehicle scrappage. In several instances, they also 

chose to respond to questions as citizem rather than as connrmers. Following are some 

examples: 'This concept of WTP for clean air is foreign to Indians. Just because 1 Say 1 will 

not pay anything extra does not mean that 1 am not concerned about air quality. I am 

definiteh concemed, but 1 can pay only what 1 can afEord." And, '1 can &rd . . . .. rupees (or 

afEord to dispose of my vehicles in ... years), but what about low-income people? You have to 

think about them". Such responses serve to reinforce the value of the study in terms of gaining 

insights into the interests and concerns of Delhi's M2W vehicle users. 

Many participants expressed the view that engaging in the survey and in-depth i n t e ~ e w s  

was an interesthg and even educational experience for them, since they were forced to  think 

explicitly about how they make choices. 

6.2.4 Analysis and Discussion of Sfudy Results 

AU survey questionnaire, interview and supplementq questionnaire responses were entered 

on a spreadsheet. Responses were analyzed on the basis of measures of central tendency, 



maxima and minima, and ranges. Additionally, an attempt has been made to convey the rich 

complexity of participant responses, based on extensive notes made by the author during the 

in-depth interviews. 

The discussion of resuks below covers the following broad areas: mode choice; daily 

travel aciivty; vehicle purchase, operation, maintenance, disposal and replacement; and 

participant perspectives on policy alternatives. For each of these areas, the specific questions 

in the survey questionnaire (Appendii DQ, the interview protocol (Appendix X), and/or the 

supplementary questionnaire (Appendix XI) on which the discussion is based are reproduced. 

Pertinent methodological issues, such as how non-responses and outliers were treated, are 

discussed. The relevant sample sire in each case is indicated in the related graphic, which 

presents the descriptive statistics. The results are presented, followed by a discussion of their 

implications for transport air pollution, and for policy-making and implementation. 

6.3 RESULTS AND DISCUSSION 

6-3.1 Factors Contributing to Choice of M2 W Vehicle us Travel Mode 

The Introduction stressed the importance of addressing user motivations, and institutional 

issues such as land use that influence motor vehicle ownership and usage, which is a critical 

component of the transport air pollution problem. This section discusses user motivations that 

drive M2W vehicle ownership and usage in Delhi, based on participant responses to the 

questions shown in Table 6.3. 

Results The factors that participants most fiequently indicated as influencing choice of 

residential location were affordability, and the fact that they were living in their family homes, 

typicaily in extended farnilies. As noted earlier, 16 participants reported living in joint families. 

Most participants expressed serious concerns about unfiordable housing close to work. 

Rents had apparently increased 2-3 tirnes in a mere 3-6 years, even for small homes. 

According to many participants, this was due to the entry of multinational corporations, which 

paid huge salaries to their employees. Because of this situation, many participants reported 

living far from their workplaces. The mean joumey-to-work (JTW) distance reported by 

participants was 14.9 km, and around 35% reported living 20 kilometres or more fiom their 



workplaces (Figure 6.6). Many participants reported living on the outskirts, where rents were 

3-6 times lower than in South Delhi. Several cornmuted daily from the adjoining States of 

Haryana and Uttar Pradesh. Less than 25% reported living five kiiometres or less nom work 

(Figure 6.6). Many of these participants Lived in governrnent allotted quarters. One participant 

complained that because of high rents, his spouse was forced to work, thus necessitating 

additional household vehicle trips, not to speak of increased farnily connict and stress. 

Participants indicated that the most important problems associated with traveling in Delhi 

were congestion, poor bus s e ~ c e ,  air pollution, and lack of road safety. Other problems 

included long waits at intersections, and tirne losses. With regard to bus seMce in Delhi, the 

vast majority of respondents reported having used the bus at one tirne or the other in the city 

Pigure 6.7). Around 45% of respondents rated bus service in Delhi to be poor. Of the 30% 

who rated bus seMce as good, more than half used a limited seating, express charter bus 

senice either exclusively or at least a few days monthly to and from work, and one participant 

lived close to work and was therefore IargeIy not dependent on buses. Nearly 45% of 

respondents reported no substantial change in bus usage compared to five years earlier (Figure 

6.7). Of the remainder, twice as many reported substantiaiiy higher usage five years earlier 

than presently as those that reported the reverse. 

The most common bus service problems reported were extreme overcrowding, 

particularly during peak hours, and the lack of service reliability. Other problems included 

poor s e ~ c e  during off-peak hours, lack of coverage, particularly on the outskirts, unsafe 

driving by and rude behaviour of personnel, long wait and joumey tirnes, and the poor 

condition of buses. Many respondents remarked on the semai harassrnent female passengers 

had to deal with, and the hazard of pickpockets. Many also indicated that the private 'Blue 

Line" buses, because of the profit motive, stopped to pick up passengers at unscheduled 

stops, causing over-loading and inordinate joumey tirnes, and that the police were oflen bribed 

to avoid being fined for overcrowding. On the other hand, the publicly owned DTC buses 

often did not stop even at designated stops. For these reasons, it was impossible to travel with 

ladies, children and the elderly. 



location, and 
iduencing factors; 
distance between 1 
with travel in Delhi 1 

Questions 
Please indicate the locaiity and the street in which your home is (situated). 
(MQ, under Personal Information) 
What are the factors that determinecl your choice of residence location? If 
you live fiir from your place of work, why do you do so? (lP, 47; SQ, 43) 
Trip distance between residence and work (MQ, under Daily Travel) 
What do you see as the main problems related to travel in Delhi, and how 
have these influenaxi your choice of vehicle modes and models? (IP, Q5; 
SQ, 42) 
Have you ever used a bus in Delhi?; What is your opinion of the quaiity of 
the bus service beîween your residence and your most common daily 
destination?; What according to you are the main problems with bus service 
in Deihi?; How many times have you ridden in a bus in the last month?; How 
many times did you ride in a bus in a month five y m  âgo? (MQ, under 
Perceptions of Bus Service in Delhi) 
Have you ever cycled in Delhi?; What is your opinion of bicycle commuting 
in Delhi?; What according to you are the main problems related to bicycle 
commuting in Delhi?; How many times have you cycled in the last month?; 
How many times did you cycle in a month five years ago? (MQ, under 
Perceptions of Bicycle Conunuting in Delhi) 
Are other modes accessible to you? Buses? Bicycles? if so, but you do not use 
them, why not? What according to you are the main disadvantages of these 

generally 
Opinions and usage of 
bus and cycling 
facilities 

Jowney times by M2W 
vehicle and bus 

Road accidents in 
which users were 
involved 
Factors that influenaxi 
users' choice of M2 W 
vehicles for travel in 
Delhi 

Note: MQ - Survey 

modes which prevent your using hem? (IP, 4 3 )  
What is the approxirnate journey time behveen your residence and your 

Q ~ e s t i o ~ a i r e  (Appendix 1.);  IP - Interview Protocol (Appendix X); 

workplace: bi bus; by motorized two-wheeler? A d  How long would it take 
you to walk to the nearest bus stop fiom where you live?; f?om your common 

SQ - Supplementary Questionnaire (Appendix Xi); Q - Question. 

daily travel destination? (MQ, under perceptions of Bus Service) 
How many times have you been involved in a road accident? Describe the 
most serious road accident in which you were involved. (MQ, under Road 
Safes. in Delhi) 
Name the two most important reasons why yoii chose a motoked two- 
wheeler as your vehicle for traveiing in the city (MQ, under Motivations) 
Please indicate the importance of the (listeci) factors that influenced your 
cboice of motorized two-wheeler as your vehicle for traveling in the city 
(MQ, under Motivations) 
What according to you are the main advantages of the motorized two- 
wheeler which infhenced your using it (in comparison to other modes)? 

Table 6.3 Questions Related to Mode Choice 

Nearly 41% of the respondents reported never having cycIed in Delhi (Figure 6.8). A 

majority of those who expressed an opinion on the city's cycliig facilities rated them to be 

poor. Of the 14 respondents who rated them fair or good, six had never cycled in Delhi, 11 

were not cycling at the time of the study, and three were cycling or used to cycle only in 



secluded local neighbourhoods. Only one participant reported substantiaiiy higher bicycle use 

at the time of the study compared to five years earlier. This person lived far from the city 

centre. The mon cornrnon bicycle commuting problems indicated were lack of road safety, 

rash dnving by motor vehicle users, congestion, the lack of cycle lanes, long joumey distances 

and times, and air pollution. Many respondents reported that cycling was simply unthinkable 

in Delhi. With regard to road safety, nearly 57% of respondents reported h a h g  been involved 

in one or more road accidents (Figure 6.9).* 

The reasons indicated as most important in choosing a M2W vehicle for travel in Delhi 

were affordability of ownership, operation and maintenance, easy maneuverability in 

congested trafic, t h e  savings, easy availability and purchasability, 24-hour accessibility, ease 

of parking and accessing hard to reach locations, the poor quality of bus senice, 

independence, and reliability. Znterestingly, many of these reasons anticipated the influencing 

factors participants were asked to rate in the questionnaire. Reliability in getting to 

destinations in tirne, door-to-door capability, minimizing journey time and 24-hour 

accessibility were rated as important by the most respondents, and statudprestige by the least 

(Figure 6. IO).' 

Discussion The rapid growth in M2W vehicle numbers and activity in Delhi and other 

Indian cities may well be enabled by rising family incomes, easy vehicle and credit avaiiability, 

and driven by advertising and social pressures. 

Twenty-three participants describeci their most serious accident. A few interesthg points emerge. Not one of 
the accidents was reporteci to the police. Many participants indicated that they believed reporting to the police 
would only make a bad situation worse. Several of the accidents were 'kit and run" cases, with the perpetrators 
rarely beiag brought to book. Trucks were involved in many of the accidents. A number of the accidents 
involved animais. Incidentaily, trucks and buses are most commody responsible for road accident mortalities 
in Delhi (Mohan and Tiwari 1997; Mohan, Tiwari and Kanungo 1997). 
9 Foliowing are some individual responses îhat serve to shed light on the range of influencing and enabling 
factors: 'My husband has a good bus schedule to his workplace, but 1 do not, so we bought a scooter for my 
sake': "A M2W vehicle aiiows me to reach the nooks and crannies of places" (an expressive way of saying 
ease of gaining access to hard to reach locations); 'If it were not for an attractive h c i n g  scheme introduced 
by (my employer) just 1.5 years ago, which covered 80% of the vehicle cost, repayable in 54 ktallments at 
12% of the unpaid balance, it would have been difncult for me to purchase my M2W vehicle". 



Figure 6.6 Participants' Joumey4o-Work Trip Lengais 
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Figure 6.7 Participants' Opinions and Use of Bus Service 
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Survey of M2W Vehicle Users in Delhi, 1997 

Figure 6.8 Participants' Opiniori. and Use of Bicycle Commuting 
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Flgure 6.9 Participants' Invdvment ln R a d  Accidents 
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Flgun  6.10 Rathg of Factors Inlïrnmlng CM-  of M2W VICIkk as T n v d  Mode 

Percentage of Respondents Rating Very Imporîant or Important 

Ability b arry pass«iger.lluggage 

24-hour u m r s  ibitity 

Door-to4oor capability 

Incruscd i~comdaffordrbility 

Minimizing journey time 1 

Survey of M W  Vehicle UI.R In Delhi. tSS7 

No alternatives avaiiable 

Not having b transferlchange vehicles 

flgun 6.41 hrticlp.mts' Journey Times for Worû Trips - M m  Vehkk m u s  Bus 

1 
I 

Journey mm., min- 
140 

Distance, km 



But this growth is at least as importantly also a response to the circumstances people find 

themselves in, in terms of increasing home-work distances due to rapidly nsing rents close to 

work, increasing congestion (due to motor vehicles), comprornised access, lack of road sdety, 

time losses, and poor bus service. 

With regard to TTW distances, the mean reported by participants in this study (14.9 km), 

is much higher than the correspondmg figure (9.7 km) reported in RITESIORG (1994)." This 

may be because several participants commute long disîances fkom their homes outside Delhi, 

whereas IUTES/ORG (1994) focused on residential households within the Delhi Urban Area. 

Considering that tens of thousands commute to Delhi fiom outside the city, thereby 

contributhg to transport air poilution, the JTW distances in RITES/ORG (1994) may be an 

underestimate f?om this standpoint. Attitudes toward bicycie comrnuting reported by 

participants merely reflect the rapid decline in bicycle mode shares (Figure 2.17 in Chapter II). 

This decline is not surprising, considering the poor road safety, as reflected in the large 

number of accidents reported by participants. 

Personal motor vehicles have become a forced choice (and expenditure) in the face of the 

lack of viable options. Buses are used only as long as unavoidable, and since cars are out of 

reach of ali but a few, a M2W vehicle is purchased as soon as possible.1' In this regard, it is 

notable that the factors rated as important by the most participants relate to accessibility, 

reliability and joumey t h e ,  al1 of which have been cornpromised by the travel problems 

discussed, and that the bus s e ~ c e  does liale to alleviate. Not surprisingly, M2W vehicle 

joumey times reported by participants for the JTW compared favourably with those by bus, 

also reported by participants (Figure 6.1 1) .12 Al1 in dl ,  it is not surprising that M2W vehicles 

10 The mean total daily kilometres traveled on the M2W vehicles in participants' households was 29.6 km- 
This figure is also higher than that quoted in other references, for example, Bose (1996). 
11 As one participant rernarked, 'if you make my life chaotic, a M2W vehicle is what 1 am forced to use*. 
According to another participaat, the M2W vehicle had become 'the salaried person's best fiend". He would 
ideally like to use his M2W vehicle only sparingly, and maximize bus use, on account of poor road safety. But 
because of the poor bus service, he is forced to use his M2W vehicle for a i l  purposes, and with his wife and 
nine-year old son as passengers. Of course, M2W vehicles are not eveq 'Waried person's best fiend''. Whiie 
family incomes have certainly increased (for many but not ail), so have M2W vehicle prices. An examination 
of prices over the years for new scooters in the present study revealed roughly a two-fold increase over just the 
last 10 years. Mordability has increased for some but not for all. 
12 It should be noted that in Figure 6.11, the journey times would approximate the door-todoor times for M2W 
vehicles, but not for buses. Door-todmr times were estimatecl for buses by adding the average walking time to 
and fiom bus stops of 6.2 minutes, which, incidentally, compared well with the 6.5 minutes reporteci in 



are so much preferred. They are much faster than buses up to 25 kilometres and beyond 

(Figure 6.1 1),13 and also no more than five minutes slower than a car (RITES/ORG 1994). 

Yet, they cost a fraction of what cars do. 

6.3.2 Daiiy Travel Activity 

This section focuses on daiiy travel activity on the part of M2W vehicle users and members of 

their households, in terms of the most common trip purposes, the modes used for these 

purposes, and the motivations for choosing these modes (icluding M2W vehicles). Among 

other things, the discussion in this section is intended to provide insights into the trip purposes 

for which M2W vehicle users would be willing to transfer to other modes, particularly public 

transit. The discussion is based on participant responses to the questions shown in Table 6.4. 

Results Al1 except two of the 51 participants indicated that theu workplaces were their 

most common daily travel destinations; for the two, this was an educational institution. This 

break-down is merely a reflection of the participants recruited for the study. Unfortunately, 

travel destinations were not reported for all household members, in particular for housewives 

and the elderly. Thus, it is likely that shopping and other domestic trips were under-counted. 

But assuming that the most common daily trips for all household members listed as employed 

were work trips, and that those for all children of school-going age were education trips, work 

and education were the most common daily trip purposes for 54 and 20% of the household 

members respectively. l4 

RITES/ORG (1994), and the average m i t  time of 7.5 minutes (fiom RITES/ORG 1994), to the jouniey times 
reported by participants. Tnterestingly, this graph for buses matches weil with that generated by using data 
fÎom RITES/ORG (1994) exclusively. 
13 Note that the RITES/ORG (1994) graph for buses in Figwe 6.1 1 was based on data that applied to ail trips, 
whereas the graph based on the present study used data on JTW trips. This may partly explain why the door- 
to-door times are slightly longer in the latter case. It is likely that for long distances, the Merence in jouniey 
and door-todoor times between bus and M2W vehicles would reduce, because over such distances, buses 
would Iikely use higher speed roads, with fewer stops. 
14 Of the 177 household members including the participants, there were 39 housewives and retirees, and 8 
Uifants. 



1 other trip purposes, for 1 
Issue 
Most common and 

participants and 
household members 
Modes used for these 
pwpo=, by 
participants and 
househdd members 

Questions 
MQ, under Household Details and Daily Travel 

choice 

l 
MQ, under Household Details and Daily Travel 
ifyou continue to use other mo&(s), what purposes do you use them for and 
why, and for what purposes do you use your motorized two-wheeler, and 
why? (IP, QJ) 
Please list aiï vehicle modes you use - two-wheder, bus, auto, nckshaw, car, 
etc., and indicate the pirpo& you typ idy  use each vehicle for (SQ, QI) 
(Ifbus seMce is available between where you reside and your pIace of work), 
ifyou use a motorized two-wheeler to work, why?; ifyou take the bus rather 
than your motorized two-wheeler, why?; What would the bus fare be? (MQ, 

1 1 undei Perceptions of Bus Semice in Delhi) 
Note: MQ - Swvey Questionnaire (Appendix IX); IP - Tntemiew Protocol (Appendix X); 
SQ - Supplementary Questionnaire (Appendix XI); Q - Question- 

Table 6.4 Questions Related to Daily Travel Activity 

Nearly two-thirds of the participants conducted work and education trips on their M2W 

vehicles. But just over a quarter reported choosing to travel by bus either daily or on many 

days monthly (Figure 6.12). Close to half of these participants also had cars in their 

households. On the other hand, among household mernbers for whom modes were indicated 

for their work and education trips, only around 18% reported using a M 2 W  vehicle for these 

purposes. Nearly 40% reported traveling by bus daily, and another 14% at least some days 

every month (Figure 6.12). 

Whereas the mean JTW distance for dl respondents was 14.9 km, as aiready noted, it 

ranged fiom 16 to 30 km, and averaged 23 km, for those respondents who reported using the 

bus either da* or on most days of the month for this trip purpose. Several respondents 

indicated that they preferred to take the bus in order to insulate themselves from the 

congestion, air pollution and accidents caused by motor vehicles, and to reduce stress. One 

respondent said that when congestion was much lower five years earlier, he used to comrnute 

to work only by M2W vehicle, but had switched to buses because of the deteriorating tranic 

situation. Weather was also reported as a factor. Some respondents reported using the bus to 

and fiom work when it rained. 



Respondents reported that they and their families used buses for many of their trips 

(mcluding work trips, as noted), and in fact picked and chose fiom a wide range of modes, 

dependiig on trip purpose and destination, day of the week, and tirne of day. Their M2W 

vehicle or car, or occasionaily a M3W vehicle or even rickshaw, was used for shopping and 

social trips, often with fh i iy ,  in the evenings or on the weekend." 

Discussion The predorninance of work and education trips observed in this study is borne 

out by RITES/ORG (1994) as weli. In that survey, these two purposes accounted for 52 and 

43% of al1 trips respectively in Delhi. 

It is notable that, while M2W vehicle ownership is at least in part a response to increasing 

congestion, tirne losses, and poor bus service, so much travel in M2W vehicle owning 

households should be conducted on buses. It is aIso notable that M2W vehicle owners should 

use buses precisely because of the same conditions contributing to M2W vehicle ownership. It 

is hardly surprising that bus modal shares have been growing, not declining (Figure 2.17 in 

Chapter II), despite the state of Delhi's bus senrice. 

The higher bus usage rates for household members as opposed to the study participants is 

not surprising, considering their demographics, l6 the much higher share of education trips 

among the former, and the fact that bus usage for education trips is considerably higher than 

for work trips (RITES/ORG 1994). And after all, only one member can use the household 

M2W vehicle at a tirne. The significant use of buses by M2W vehicle owning households for 

work and education trips is also borne out by the RITES/ORG (1994) survey. According to 

this survey, 42% of such trips in these households, and 38% of trips for all purposes, are 

'' One participant indicated that he and his wife used to uavel together to work on their motorcycle, which 
was also used for al1 other purposes. But after their child was bont, they purchased a second-hand car, which 
they now drove daily to and from work, dropping off their child at the d e ' s  parents' home en route. The 
motorcycle was now used for shopping trips with his wife, and his car for family trips. Another participant, 
who iived in Gurgaon in the adjoining state of Haryana, took a charter bus on most days with his wife, whose 
workplace in Delhi was close to the participant's, though it was more expensive than if they traveled together 
on their scooter. They left their infant child in the care of their rnaid, and if the maid was late, the M e  
traveled by bus, while the participant took his scooter to work. 
16 In the RITES/ORG (1994) survey, which showed that buses aocounted for the largest proportion (42%) of 
trips of any mode in Delhi, nearly 60% of individuals surveyed were housewives, students, retirees, or 
unemployed persons. It is reasonable to expect bus usage to be high among these groups. 



conducted by bus, as against only 23% of work and education tnps, and 29% of trips for aü 

purposes, by hd2W vehicles. " 

What is surprishg is the bus usage by the participants themselves. One motivation for their 

choosing the bus uistead of M2W vehicle for work trips could be distance. As noted, the mean 

ITW distance for participants using the bus either d d y  or on most days was higher than for all 

participants. Also, a comparison of JTW-related round-trip bus fares and MZW vehicle &el 

costs reported by participants shows that buses were less expensive, especially for long 

distances, since bus fares did not increase proportionately with distance.*' 

The predominance of work and education trips, and the fact that a sigdicant proportion 

of these tnps are performed by bus in M2W vehicie owning households, demonstrates the 

potential for M2W vehicle trips to be transferred to public transit. The fact that these trips are 

typically conducted by people traveling alone heightens this potential. Also however, these 

patterns show the potential for increased M2W trips, should bus service become less attractive 

than it already is. Thus, maintainhg good bus s e ~ c e  as part of a well-integrated urban 

transport systern is important for bus as well as for M2W vehicle and car users. This 

importance will increase as ernissions prevention and control policies make MZW vehicle 

ownership and use more expensive. Transfer to public transit would most Likely occur for long 

work joumeys by single travelers, particularly if cornfortable, reliable and punctual service 

were available. The economics of bus travel favour such transfers, and there appears to be 

willingness to pay for such service, as evidenced by the popularity of charter buses. 

Lastly, the fact that M2W vehicle users pick and choose modes, depending on trip purpose 

and length, day of the week, and time of day, shows that mode choice is extremely cornplex, 

and dso that persona1 motor vehicle ownership does not necessariiy translate into usage. 

17 Also, 23% of work and education trips, and 20% of trips for al1 purposes, were conducted by walk. Similar 
signincant bus usage occurs even in car owning households (RITES/ORG 1994). 
18 Daily round-trip bus fares ranged fiom N R  2 to 36, and averaged ïNR 13.1 1. Given the mean round-trip 
SLW distance of 29.8 km, and average fuel economy for two-stroke M2W vehicles (see later section) of 37 
km/L, daily fuel cost, at INR 23 per litre, works out to INR 18.52 per day. The economics of bus travel, given 
these figures, would be even more favourable for longer distances. But for more than one person traveüng 
together to the same destination, M2W vehicles would be less expensive, with of course the added benefits of 
flexibility and door-to-door capability. 



63.3 Mt W Vehicle Ptrrchase 

So far, we have discussed user househoId choices and motivations related to selection of 

modes, and their daiiy travel activity. We now tum Our attention to user choices, behaviours 

and motivations related to vehicle purchase, and impiications for transport air pollution, and 

policy-making and implementation. Among other things, the discussion in this section is 

intended to help identifjr the aspects of user purchase choices that need to be considered to 

make policies more attractive and equitable, and therefore more effective. The discussion is 

based on participant responses to the questions shown in Table 6.5. 

Issue 
M2W Vehicle 
purchase 
choices and 
motivations 

Questions 
Vehicle Type, Manufacturer and Mode1 (MQ, under Household Vehicle Details) 
Please indicate the manufacturer and mode1 of the motorized two-wheeler you use; 
Name the two most important reasons that influenced your (or your family's) decision 
to purchase the particular motorized two-wheeler referred to above; PIease rank the 
factors that influenced your (or your family's) decision to purchase the particular 
motorized two-wheeler referred to above; What kind of engine does the two-wheeler 
you currently use have? WQ, under Motivations) 
What factors influenced your choice of the particular mode1 of motorued two-wheeler 

1 you use? (IP, Q 8) 
Note: MQ - Suvey Questionnaire (Appendix IX); iP - interview Protocol (Appendix X); 
SQ - Supplementaty Questionnaire (Appendut Xi); Q - Question. 

Table 6.5 Questions Related to M2W Vehicle Purchase Choices and Motivations 

Resulis Figure 6.13 shows how participants rated the importance of various factors 

Muencing the choice of their M2W vehicle. Trouble-f?ee service, safety, &el economy and 

eordability were rated as important by the most participants (Figure 6.13). Interestingiy, the 

same factors, in addition to easy and inexpensive serviceability, were most frequently 

mentioned by participants, when asked to narne the two most important influencing factors in 

an open-ended question in the questionnaire. 

The overwhelrning majority (78%) of M2W vehicles owned by participant households 

were scooters, with motorcycies making up the balance (Figure 6.14). Several participants 

expressed the view that motorcycles were more suited to single males than families. Their 

reasons were that these vehicles have little provision for carrying extra passengers or 

grocenes, and no spare tire. Also, women are liable to have their garments tangled in the 

exposed wheel spokes. hterestingly, the mean age of the 13 participants whose households 



owned motorcycles was 29 years, as opposed to 34 years for al1 participants. Also, these 13 

participants included ail the five single males in the sample. Of the other eight, all except two 

were young and recently married, with no chiidren or with infants.'g 

Only two among ai l  of the MZW vehicles in the study households were four-strokes, and 

both of these were motorcycles. Mopeds, which are small, low-power, low purchase-prke 

(INR 12-15,000) and operating-cost vehicles, are favoured by low-income users. None of the 

participants' households owned a moped. One participant, who had a moped for a brief period 

suggested that it was suited to use in small cities, and for travel in neighbourhoods, but not in 

Delhi, because of the city's high road speeds. Also, he said, mopeds were highiy vulnerable to 

being stolen, as his was. 

Another interesting aspect of MîW vehicle purchase choice is that nearly one-fXth of the 

M2W vehicles, and one out of every four scooters in participant households was a Kinetic 

Honda. This and similar models, which have recently been introduced, are easy to operate 

because of their clutchless, gearless drive, and because they are push-button, rather than kick- 

started (AIAM 1994b; AIAM 199%; Kinetic Honda 1997). All four fernale participants 

owned a Kinetic Honda, and the wives of al1 but two of the other participants who owned this 

mode1 were employed, and rrsed it. Every owner of this model indicated it was purchased 

because it was easy for her (or his d e )  to use it. One participant said that his wife had been 

fe&l of even leaming to drive a MZW vehicle until this model was introduced. 

Discussion The predorninance of scooters among participant households reflects their pre- 

eminent position among all M2W vehicles in Delhi (Figures 6.15 and 6.16). Incidentally, Delhi 

accounts for the most scooters sold nation-wide. Scooters are preferred by the vast majority 

of urban M2W vehicle users, particularly those with families, because these vehicles offer 

more luggage space than other M2W vehicle types, and the possibility of carrying more than 

one passenger. Besides, scooters are less expensive on average than r n o t ~ r c ~ c l e s . ~ ~  

19 Severai of the motorcycle owning participants, particularly the single males, believed motorcyc1es were 
"Wppy" and made them look "young and smart". According to one, " ( r d )  men ride motorcycles". They also 
believed, with justification, that motorcycles, king more stable, were safer than scooters. 
20 However, the share of motorcycles is much higher nationally than in Delhi, and appears to be growing 
(Figures 6.15 and 6.16; Prasad 1999). 
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Figure 6.12 Modes Used for Work and Edwaüon 1 rips by Partlcipantr and Their Households 
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Figure 6.13 Rating of Factors Infiuencing Choice of M2W Vehicle Model 
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Figure 6.14 Distribution of M2W Vehkk Types in Partklpants' Househdds 
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Flgure 6.15 Annual Production of Mffercnt MZW Vehkle Types in Indla, 1960-1995 



Figure 6.16 Sales of mrmt M2W VehicCa Types In Whl and India, 1980-1995 

Mopeds are unpopular in Delhi (Figure 6.16), because of the city's much higher road 

speeds. Cultural reasons may also play a role, in that users in Delhi tend to prefer more rugged 

vehicles (Author's survey and interviews 1997; AIAM 1994a; AIAM 1995). The iow 

representation of four-strokes arnong participants' M2W vehicles is not surprising, given that 

fous-strokes have accounted for only 1045% of national M2W vehicle sales untii recently, as 

discussed in Chapter III, and that four-strokes have been available only on motorcycles 

(Narayana 1994). 

The above patterns in ownership of M2W vehicle types have interesthg implications for 

the implementation of vehicle technologies in response to tightened emission standards. Four- 

strokes are typically larger for the same power output than two strokes, as discussed in 

Chapter III. They can be easily accommodated on motorcycles, which have no space 

constraint. However, scooters have space constraints, and require extensive and expensive 

design and tooiing changes to accommodate four-strokes (Author's interviews 1997). This is 



why four-strokes have been available on motorcycles rather than scooters. But scooters are 

far more popular than motorcycles in ~ e l h ï . ~ '  

Mopeds may not be popular in Delhi, but they are in the rest of the country (Figures 6.15 

and 6.16). Accommodating four-strokes on mopeds would be even more problematic than on 

scooters, because of even more severe space constraints. Catalytic converters c m  run as hot 

as 500 OC (Faiz et al 1996), and user safety would be an important issue on mopeds, for the 

same reason. The cost increase due to four-strokes and catalytic converters on mopeds would 

be much higher in percentage tems than on other M2W vehicle types. Thus, ernission 

standards, mainly motivated by the rapidly deteriorating air qudity situation in Delhi and other 

cities, will likely be unnecessady burdensome on the large number of low-income moped 

users living in non-polluted regions of the country. 

Lastly, the Kinetic Honda is a good example o f  how relatively simple technological 

innovations can quite dramaticdy affect travel choices. This and similar models are extremely 

popular among female users? Because of such innovations, and increasing female work force 

participation and incornes, M2W ownership and use could increase rapidly, as women 

abandon an increasingly inconvenient (and oppressive) public transit, with important 

implications for transport energy and ernissions. 

Issue 
Fuel and oil 
consumption 
patterns 

Vehicle 
maintenance 

- - - - -- 

Questions 
Monthiy expenses on fiiel and oil (MQ, under Household Vehicle Details) 
How much do you spend on fuel and oil monthiy for your two-wheeler? 1s this 
reflected in the arnount show under fiel in the questionnaire?; How many kilometres 
per litre does your two-wheeler give? How fiequently do you fi11 your fuel tank? How 
much do you fi11 each t h e ?  How much 2-T oil do you ask for dong with the fiel? Do 
you s p e c e  the 2-T oil to be used? Or do you use your own 2-T oil? if so, which one? 
(P, Q 14, 15, and 16; SQ, Q 9 and 10) 
In what form do you buy 2-T oil (loose, pouch etc.)? (SQ, Q10) 
What servicing do you have done regularly, and who does it? (P. Q 17; SQ, Q11) 

choices 1 
Note: MQ - Survey Questionnaire (Appendix m; IP - Interview Protocol (Appendix X); 
SQ - Supplementaq Questionnaire (Appendix Xi); Q - Question. 

Tabfe 6.6 Questions Related to M2W Vehicle Operation and Maintenance 

2' Four-stroke scooter modeis have been recently introduced (Prasad 1999), in anticipation of 2000 n o m .  
ri A female professionai suggested, in a conversation with the author, that the Kinetic Honda is liberating 
urban Indian women. 
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Figure 6.1 7 Frequency uid Quuitity of FucUOil Fills on Participants' Vehicks 
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Figure 6.18 OlllFuel Ratios and Oit Purchase Mode Used by Participants 
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6.3.4 M t  W Vehicle ûperaîion and Maintenance 

This section examines user fiel and oil consumption and vehicle maintenance patterns, 

because these parameters critically mect emissions as weli as transport expenditure and 

vehicle Ne. The discussion is based on participant responses to the questions shown in Table 

6.6. 

Results Fuel economy figures reported for two-stroke M2W vehicles in the study 

ranged fiom 25 to 55 km/', and averaged 37 M. The figures reported for the two four- 

stroke vehicles in the sample were 45 and 72 kmL. 

The bulk of the respondents reported refùeling their vehicles up to ten times monthly (or 

every three days), but around 15% refùeled more fiequently, with one retùeling daily (Figure 

6.17). The mean fill quantity reported was 3 -7 litres, with 44% reporting three litres or under. 

Of the M2W vehicles used by the participants, 20 (the Kinetic Hondas and some motorcycle 

models including the two four-strokes) employed line-mïxing or oil injection? Counting only 

the two-strokes among participants' M2W vehicles which did not have either line-mUcing or 

oil injection, and for which data was provided, only 39% reported purchasing their oil in either 

a pouch or a can, because of concerns about "100se~~ oil being adulteratedez4 One respondent 

reported purchasing his fùel and oil pre-mixed, at one of the few stations dispensing it in this 

manner in Delhi. The remainder purchased their oil loose. 

Again excluding the two-strokes with he-mixing or oil injection, for which it may be 

assumed it was to specification (2%), oivfuel ratio was found to be excessive on nearly two- 

thirds of the vehicles for which this data was provided. The oil-fùel ratio was two to three 

times higher than specification on nearly a fiflh of the vehicles (Figure 6.18)? Curiously, the 

station where the lone participant purchased pre-mked fuel-oil reportedly offered the option 

of a 5% oiVfùel ratio in addition to the specified 2% ratio, to cater for users who felt their 

vehicles ccshould get more oii". Indeed, one participant, an engineer, reported f i h g  ody one 

" In iine-mixing, oil is metered directly into the fùel between the fuel tank and the engine. Oil injection 
involves oil being pumped directly into the intake manifold or other engine points (Faiz et al 1996). 
24 AU participants whose vehicles had the line-mixhg or oïl injection facility also purchased their oil in c a s ,  
and Figure 6.18 reflects this. 
zs As noted in an earlier chapter, rnany M3 W vehicle operators reportedly use an oil-fuel ratio of 10%. 



litre fuel at a t h e ,  and adding as much as 50 ml oil, to give a ratio of 5%. because he believed 

this would irnprove vehicle startabiiïty. 

Lastly, only around a quarter of the participants indicated that they had their M2W 

vehicles serviceci regularly by an authorized dealer. Most participants reported maintaining 

their vehicles themselves, largely on an as-needed basis, and using the services of local 

mechanics, in the case of major repairs. 

Discussion The fiel economy figures reported by participants for two-stroke M2W 

vehicles is significantly lower than the 54 kmn reported for two-strokes on the Indian driving 

cycle in the IIP (1994) study discussed in Chapters II and III. The self-reported figures in this 

study could weli be more representative of the fuel economy under actual driving and 

maintenance conditions in the Indian context, with implications for real-life M2W vehicle 

emissions and energy consumption, and also for efforts to measure and mode1 them. There 

was no discemible relationship with vehicle age. Thus, some old vehicles were reported to 

have high, and some new ones low kmn. Individual driving styles are undoubtedly a critical 

factor, but so aiso is vehicle maintenance regardless of age (Faiz et al 1992 and 1996), which 

shows the potential for well-run in-use emissions monitoring and controi programmes. 

Refùeling fiequency is obviously detennined by vehicle kilometres, but it varied widely 

even for the same vehicle kilometres. Part of the reason for the high refùeling fiequency is that 

M2W vehicle fuel tank capacities are typicaily on the order of seven litres, as opposed to 40- 

50 Litres on cars (AIAM 1994b).'~ But even so, M2W vehicle fuel tanks appear to be rarely 

topped up. One of the reasons for not fiiling to capacity may be the concem about fuel 

pilferage that some participants expressed. Whatever the causes, fiequent refùeling has 

important implications for fiel losses due to spillage and evaporative emissions, especialiy in 

the high temperature ambients in the Indian context. A back-of-the-envelope estimate, based 

on this study, is around 670,000 filis daily by three miliion M2W users in Delhi. 

Both line-mixing and oil injection ensure optimum oiyfuel ratio and reliable lubrication, 

thus rninimizing PM and HC emissions and optimizing oil consumption. But vehicles with 

26 Actually, fiel tank capacities range fiom around three litres on mopeds to around seven litres on scooters, 
and ten litres on motorcycles (AIAM 1994b). 



these facilities are significantly less represented in the M2W vehicle fleet than in the sample. 

The majority of M2W vehicle users mix oil with fuel when refùeling. Loose oü is best for this 

purpose, since oil quantity has to be calibrated depending on the fuel quantity, in order to 

maintain the specified oiVfuel ratio of 2%. Hence, the rnajority of M2W vehicle users ais0 

purchase their oil loose when refueling. Using oiI from cans is cumbersome, because this 

involves measuring out oil depending on the fuel quantity intended to be purchased, and 

taking it to the Ne1 dispensing station. And pouches contain a k e d  quantity of oil, typicdy 

60 ml, and since fbel fill quantities Vary, it is ofien the case that the resulting oiilfuel ratio is 

not as per specification. 

AU in all, fiequent refbeling, oil (and fuel) adulteration and high oiVfùel ratios in M2W 

(and M3 W) vehicles have important implications for evaporative and exhaust PM emissions, 

and for efforts to measure and mode1 them. Controhg gasoline volatility will of course 

rnitigate the impacts of fiequent refueling, but it may be possible to tackle excessively fiequent 

refùeling itself by ofFering discounts for full-tank Ws, and designing vehicles to prevent fuel 

piIferage. The problem of excessive oiVfuel ratios will likely reduce as more M2W vehicles 

(icluding four-strokes) with line-mixing or oil injection, and also low dosage lubricating oils, 

enter the market. These relatively simple technologies have the potentid to significantly 

reduce PM emissions nom two-strokes. Vehicles with oïl metering will also iikely help reduce 

oil adulteration, because these will require oil to be topped up f?om cans rather than being 

purchased loose and mixed at each refùeling. But in the interim, the use of loose oil in the 

large number of vehicles without a metering facility is an issue of concern. 

According to vehicle industry representatives in te~ewed by the author, many users do 

not have their vehicles serviced regularly by authorized seMce stations, even during warranty, 

and in spite of fiee seMce coupons. Further, spurious spares are commonly used. New vehicle 

technologies to reduce emissions typically involve complexity and are sensitive to maintenance 

quality. Given that many users maintain their vehicles themselves, and the need for long-term 

policy effectiveness, easy maintainability and spare parts availability wili become important. 

These features in tum have implications for design of technologies to withstand poor 



maintenance, spare parts sales taxes, and training of servicing staff  weli in advance of 

introduction of new te~hnolo~ies.~' 

6.3.5 M2 W Vehicle Disposal and Replacement 

As discussed in Chapter III, vehicle age is an important factor in transport air pollution and 

energy consumption (Calvert et al 1993). It is therefore usefùl to investigate user choices and 

motivations related to vehicle senice lie, disposal and replacement. This section disuisses 

these choices and motivations on the part of M2W vehicle users in Delhi, based on the 

questions in Table 6.7. 

, Issue 
Current 

replacement 
choices and 
motivations 

Questions 
Year purchased (MQ, under Household Vehicle Details) 

vehicle age 
M2W Vehicle 
disposal and 

Motivations) 
How many years do you expect to use your vehicle totally? Under what circumstances 
wiU you dispose of your vehicle?; When you dispose of your vehicle, what model and 
make will you buy and why? What will you be looking for most of al1 in your 
replacement vehicle?; If cost were no constraint, which vehicle and model would you 
get, and why? Which two-wheeler mode1 and make, and why? (IP, Q 18, 19, and 20) 

' f ien do you propose to dispose of the two-wheeler you currently use?; When you 
dispose of your vehide, which vehicle and model would you like to buy? (MQ, under 

HOW many years do you expect to use your present two-wheeler totally (nom purchase 
to disposal) before you dispose of it? (SQ, 412) 

Note: MQ - Survey Questionnaire (Appendix IX); IP - InteMew Protocol (Appendix X); 
SQ - Supplementary Questionnaire (Appendk XI);  Q - Question. 

Table 6.7 Questions Related to M2W Vehicle Disposa1 and Replacement 

Resulis Figure 6.19 shows the vehicle age at which respondents said they would 

consider disposing of their vehicles. Nearly two-thirds of the respondents indicated an 

intended vehicle disposa1 age of 10 years or longer, including a quarter who said they would 

never dispose of their vehicles, or would use them for as long as they worked (Figure 6.19). 

27 Repairs can be counter-productive if not done right. Since Ir is impossible for them to either own or control 
road-side garages, vehicle manufacturers are helping up-grade their equipment and skiUs (Author's i n t e ~ e w s  
1997). 
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Figure 8.1 9 M2W Vehick Disposal Ages Pknned by Pmtkipants 
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The majority of respondents who did not own a car, including some with low incomes, 

said they would ideally like to buy one if they could a o r d  it, when disposing of their M2W 

vehicles. In addition to family pressures, motivations driving the desire to purchase a car 

included road safeS, particularly when traveling with the f d y ,  and protection from air 

pollution. Most respondents however said they would realisticdy replace their M2W vehicles 

with newer M2W vehicle models. Many hoped to get a reasonable re-sale value for their old 

vehicles. The Kinetic Honda and four-strokes were the replacement models most fkequently 

indicated. One respondent wished there were four-stroke scooters available, with the Kinetic 

Honda's driveability. Only one in five respondents not currently owning a motorcycle 

indicated they would consider buying one. Lastly, some who said they would likely purchase a 

car also indicated that they would retain their M2W vehicles, and continue to take the bus to 

work. 

Discussion More than half the respondents who indicated an intended disposa1 age of 10 

years or longer were in households owning only one M2W vehicle and no other motorized 

vehicle. Also, nearly half of those who intended to use their vehicles for as long as they 



worked, had vehicles that were already 10-17 years old. It is Wcely that lower incorne users 

who have only one M2W vehicle (as is common), wiil use it for long periods cf t h e  before 

disposal. This has important implications for the effectiveness and distributional effects of 

mandated vehicle scrappage, and for emissions. It also demonstrates the need for an effective 

in-use emissions monitoring and control regime, given that mandated vehicle scrappage is 

Wely to be ineffective, as discussed in Chapter IV. Lastly, the fact that users would likely 

retain their M2W vehicles, and continue to take the bus to work, even ifthey purchased a car, 

again dernonstrates the complexity of mode choice, and that private rnotorized vehicle 

owners hip need not necessarily translate into usage. 

6.3.6 Parhkipant Perspectives on Trunsporî Air Poliution Reventioit and Conhol Policies 

So fat, this Chapter has focused on travel activity and vehicle operation, maintenance and 

disposd choices and motivations with important implications for transport air pollution. In the 

final part of this Chapter, vehicle user perspectives on how they would be aEected by, and 

would respond to, various emissions prevention and control poiicies are discussed. The 

rationale for focusing on these issues was provided in some detail in the introductory section 

of this Chapter, and will not be repeated here. 

First, this section focuses on vehicle user awareness of and views on current policies, 

followed by their responses to specific policy alternatives involving vehicle technology and 

fùel and oil quality improvernents, and vehicle scrappage. Participants' ranking of the policy 

alternatives are then talcen up, foiiowed by a discussion of participant views on measures that 

would enhance the attractiveness of the alternatives, particulady when irnplemented jointly. 

This is followed by a discussion of participant views on how their families' lives would be 

affecteci if they had tu curtail the use, or give up uwnership, of their M2W vehicles as a result 

of emissions policies, and desirable characteristics of M2W emjssions prevention and control 

policies fiom their perspective. Lastly, given the importance of public transit to M2W vehicle 

users, and its potential to blunt the effects of emissions policies, the section closes with a 

discussion of participants' ranking of specific improvements to the bus service (and cycling 

facilities) in Delhi, and their willingness to use these modes if the improvements are made. The 

discussion in this section is based on the questions in Table 6.8. 



Issue 
User 
knowledge of 
four-stroke 
engines 

Awareness of 
and views on 

licies 

on vehicle 
technology 

1 improvements 

Perspectives 
on fbel-oil 
q d t y  
inprovements 

Perspectives 
on mandated 
vehicle 
=-aPPage 

Rankùig of 
policy 
al ternatives 

What kind of engine does the two-wheeler you use have?; Can you name any 
motorized hvo-wheelers currently k i n g  sold in India that have four-stroke engines? 
(MQ, under Motivations) 
If your two-wheeler has a four-stroke engine, why did you choose it? (IP, QI 1; SQ, 
47) 
Do you know the Merences between vehicles with a four-stroke and a two-stroke 
engine, in terms of their performance, fuel cunsumption, emissions and cost? (IP, 
412) 
Do you know what measures are k i n g  taken to improve urban air quality in Delhi? 
Do you think they are effective? Why or why not? How have these measures affecteci 
you? (IP, 424 and 25; SQ, 413) 

How much do you think you could comfortably a o r d  to spend on a new two-wheeler 
ifyou were buying one today? (IP, 426; SQ, 414); Does this figure assume re-sale of 
your present two-wheeler? If so, what is the amount you think you would get for it? 
(SQ, Q 14) 
Given that motorized two-wheelers are a major contributor to air pollutant emissions 
fiom motor vehicular sources in Delhi; that air quality could be improved by more 
people using four-strokes or sunilar improved technology two-wheeler, and that two- 
wheelers with improved technology would likely be more expensive, how much would 
you be W n g  and able to pay for such a vehicle, over and above the amount you 
indicated in respoase to the previous question? (IF, 427; SQ, Q15) 
How much wodd you be willing and able to pay for an improved technology two- 
wheeler over and above the amount you indicated in response to the previous 
question, if this improved technology two-wheeler gave 1.3 - 1.6 times improved fuel 
economy in addition to lowering ernissions? (P, 428; SQ, 416) 
What is the absolute maximum price that you would be willing and able to pay for a 
two-wheeler, if you were buying it today? if the price of a two-wheeler exceeded this 
amount, wbat would you do? (Il?, 429; SQ. Q 17)- 
Irnproving fiel (and 2-T oil) quality is another way of reducing air pollutant 
emissions, but this wiIl likely involve increased fuel cost. How much (either per 
month or per litre) would you be wiliing and able to spend on improved quality fuel 
and oil for your present two-wheeler over and above the current level, for improved 
air quality? (P, 4 3  1; SQ, Q18) 
How much would you be willing and able to spend on improved quality fhel (and oil) 
over and above the current level, on an improved technology two-wheeler, given that 
the fiid economy would be better by a factor of 1.3-1.6, and given also that such a 
vehicle would be more expensive? (KP, 432; SQ, QI9) 
What is the m.um fuel plus oil cost (either per month or per litre) you think you 
couid bear for your two-wheeler? (IP, 433; SQ, 420); If f i e l  cost went up by more 
than this, how k d  your family's life be afkted? (IP, 433)  
Given that old vehicles generally tend to be more poliuting than new vehicles: if 
governent passed a law preventing vehicles older than a certain nurnber of years 
fiom king driven in Delhi, what is the minimum service life that would be 
acceptable to yoy fiom your point of view? At present, and with more expensive 
impmed technology two-wheelers? (IP, 934; SQ, ~ 2 1 )  
Please rank in order of acceptability (most acceptable, least acceptable, etc.) the 
following policies: a) a govenunent mandate requinng only improved technology 
two-wheelers to be manufactured, and assuming the cost of these two-wheelers is 
40,000 rupees; b) a fiel plus oil cost increase (for improved quality fiel) of five 
rupees per iitre, and c) a law preventing two-wheelers older than 10 years fiom being 
dnven in Delhi? (IP, 435; SQ, 422) 



Desirable 
characteristics 
of policies 
fkom users' 
p e w v e  
rmpacts of 
policies on 
users' families 

Improvements 
to bus service 
and cycling 
facilities 

Questions 
B a d  on our discussion, what kind of policies would you prefer, what would you be 
opposed to, and why? (IP, 436) 
What sort of incentives would make a) more expensive improved technology M2W 
vehicles, b) more expensive improved quality fiel and oil, and c) a law preventhg 
vehicles beyond a ceRain age h m  king used, more attractive to you? When these 
are implemented singly, and jointly? (P, 437; SQ 24) 
From your point of view, what do you think ought to be the objectives for policies to 
control air pollution due to motorized two-wheelers in Delhi? (IP, 438) 

How important is it for you and your M y  to have the use of the motorized two- 
wheeler? How wodd your life and that of your family be affiected if you did not have 
or could not operate a motorized two-wheeler? (XP, 439; SQ, 423) 
ifvehicle operation and k e l  costs increased, would it reduce your travel? Under what 
circumstances wodd you use your motorized two-wheeler more? (fuel cost, reduced 
congestion, etc.) (IP, 442) 
If you were paying the same amount of money on fiel  costs, but could travel twice as 
far, would you increase your comrnuting (for what purposes), or would you uavel the 
sarne amount and save money? (P. 443) 
Name the two most important improvements that you thhk ought to be made to bus 
service in Delhi that would make you use it/use it more; If you do not curreatly use a 
bus, would you do so if these and other improvements were made to the service?; 
Please indicate the importance of the (listecl) improvements to bus service in Delhi 
that would make it more attractive; Even if bus service were improved dramatically, 
would you give up your motorized two-wheeler? (MQ, under Perceptions of Bus 
S e ~ c e  in Delhi) 
Name the two most important improvements that you think ought to be made to 
cycling in Delhi that would make you use itluse it more; If you do not currently use a 
bicycle, wodd you do so if these and other improvements were made to cycling 
facilities?; Please indicate the importance of the (iisted) improvements to cycling in 
Delhi that would make it more attractive (MQ, under Perceptions of Bicycle 
Commuting in Delhi) 
Under what cirnunstances would you use buses/bicycles rather than your motonzed 
two-wheeler, for which trip purposes, and why? Under what circumstances would you 
give up your two-wheeler for al1 purposes in favour of busedbicycles? (IP, Q40) 
Now that you have become used to your motonzed two-wheeler, would you stay with 
it (or even get a car), as long as you could afford it, regardles of the improvements 
made to the bus service? If fiel costs went up? K congestion increased significantly? 1 

Note: MQ - S w e y  ~ u e s t i o s r e  (Appendix IX); IP - Interview Protocol (Appendiu X); 
SQ - Supplementary Questionnaire (Appendix XI); Q - Question. 

Table 6.8 Questions Related to Perspectives on Policies 

A few points related to the questions in Table 6.8 foiiow. User perspectives were elicited 

on technological as weil as preventive measures. As noted earlier, policies and technologies 

similar to those posed as hypotheticals in the questions were being or were proposed to be 



implemented, at the time of the study. In particular, note that new rules on vehicle scrappage 

were announced even as this study was being conducted, and the scrappage period mandated 

for two-stroke M2W vehicles (Appendix WI) was similar to that indicated in the question 

related to this issue in this s t ~ d ~ . ~ '  The issues in Table 6.8 are listed in the order in which 

questions relating to them were put to participants, except for the last issue, improvements in 

bus seMce and cycling facilities. However, the questions relating to this and each of the other 

issues in Table 6.8 are listed in the order in which they were asked. 

The benefits of vehicle technology and fiel-oil quality improvements, in terms of improved 

air quality, were described in the related WTP questions, and participant responses give some 

indication of how vehicle users might value such improvements. However, the study is not 

intended to be a WTP survey in the conventionai sense.= The WTP questions, and the order 

in which they were posed, were primarily intended to help gain an understanding of how 

M2W vehicle users rnight respond to such improvements, and how the attractiveness of these 

hprovements might be enhanced by means of a fuel economy benefit. Further, because these 

and subsequent questions in Table 6.8 explore vehicle user perspectives on actual or realistic 

policies, and because many participants responded as cifizens as weil as cormmers, their 

responses have the potential to be useful in informing policy-making and implementation. 

The 1.3-1.6 figure in Question 28 in the Interview Protocol and Question 16 in the 

Supplementary Questionnaire is the approxirnate fùei economy improvement expected fiom 

four-strokes compared to two-strokes.)' In this regard, the questions relating to participants' 

knowledge of four-strokes were intended to serve as a means of deterrnining how this 

knowledge, particularly relating to fùel economy, innuenced their WTP responses with regard 

to vehicle technology improvements. 

With regard to &el-oil quality improvements: both fiel and oil were included in the 

questions related to this issue, because they are typically mixed and bumed in two-strokes, 

and both contribute to air pollution, as discussed in Chapter III. While the WTP responses of 

'S However, note that the scrappage measure related to two-strokes (Appendix 7/11) is intended to be a one- 
time measure, with the objective of phasing out two-strokes once and for alI. But the d e  is not clear on how, 
for example, mo-suokes fitted with catalytic converters, wodd be dealt with after 2007. 
" The technical and conceptual difficuities associateci with WTP questions relating to transport emissions 
prevention and control policies in the Indian context were discussed in Chapter V. 
30 The differences between two- and four-strokes are d e s c r i i  in Chapter m. 



several participants were in the form of INRllitre, those of others were in the form of total 

INR/rnonth, which were then converted to W t r e ,  based on individual participants' fiel 

consumption. 

In relation to ranking of policy alternatives, it should be noted that whiIe the alternatives 

were presented to participants as if they were mutualiy exclusive, they are typically applied 

simultaneously. This reality is reflected in the earlier questions relating to these altematives. 

Also, note that the fuel efficiency aspect of improved vehicle technology was lefi out of the 

question on ranking alternatives, in order to see how vehicle technology improvement without 

this benefit would be rated by participants. 

Participant views as to desirable policy characteristics were elicited directly in response to 

the question related to this issue in Table 6.8. But they were also based on discussions of the 

pros and cons of specific policies and technologies, such as in-use emissions testing, vehicle 

scrappage and four-strokes, on participants' ratings of factors motivating model (and mode) 

choice, and on their views on measures to enhance policy attractiveness. All of these 

perspectives were employed in the construction of multiple policy objectives, discussed in 

Chapter VII. 

6.3.6.1 Current Policies 

Results Every respondent was aware of the periodic "Poliution Under Control" (PUC) 

in-use emissions testing referred to in Chapter W .  However, many were unaware of other 

measures in place in Delhi at the time of the study, or unsure as to their purpose or effectsm3l 

Foliowing, for exarnple, are some participant views regardiig vehicle ernission standards and 

technologies: "I thought ernission standards were only for Manitis (a leading car model)" and 

"Catalytic converters reduce only lead, not other pohtants". Typical views of unieaded fuel 

included "Unleaded gasoline is twice-punfied petrol, and is poilution f?ee7', Y do not know 

how it helps, it has something to do with catalytic converters", and 'Unleaded gasoline is only 

3 i At the t h e  of the study, the foilowing measures were in place in Delhi: ernission standards for dinerent 
vehicle classes, unleaded gasoline for new four-wheeled motorized vehicles fitted with catalytic converters, 
reduced lead-level gasoline for al1 other gasoline-powered vehicles, low-sulphur diesel, and PUC in-use 
emissions testing for cars, M2W and M3 W vehicles. A new M3W vehicle registration ban had just corne into 
force, and vehicle scrappage laws were just king introduced (see Appendices III, N and VI1 for details). 



for Marutis, and is not suitable for M2W vehicles, which are not designed for it". Several 

participants were even unsure as to what precisely was being checked on the PUC test. 

The PUC test has been cntiqued in detail in Chapter IV, and the points made there will not 

be repeated. Suffice it to Say, therefore, that the ovenvheiming consensus among participants 

was that the test was burdensome, unfair, and open to corruption and harassment, yet totally 

ineffective. It was no more than a "sham", an "eye-wash", just a "money-making gimrnick", 

that served only to shift the responsibility nom the vehicle manufacturers and govenunent, 

where it rightly belonged, to the user. The only good thing participants couid Say about the 

test was that it made people more conscious of air pollution and their role in it, and that it 

created employment . 

Discussion The fact that many participants were unsure as to what was being checked on 

the PUC test is noteworthy, considering that every M2W vehicle was required to undergo the 

test every three months. Such lack of awareness, which is likely far more widespread among 

the general population, can prornote fraud, and has important implications for policy 

effectiveness. With regard to catalytic converters, the fact is that these devices can effect 

signincant CO, HC and NO, reductions (Fak  et al 1992). And rather than reducing lead, they 

require unleaded gasoline in order to fùnction. Findy, it is interesting to contrast the reasons 

to which participants attributed the restriction of unleaded fuel to vehicles with catalytic 

converters, with the officia1 reasons, viz., concems about high levels of benzene in unleaded 

gasoline being emitted untreated in vehicles without catalytic converters, and supply 

constraints (Author's i n t e ~ e w s  1997; CSE 1997; La1 1996b; La1 1 996d; Mehta 1993; Nandi 

1996a and b; Saikia Cornmittee 1997a; Supreme Court 1996b). 

6.3.6.2 Vehicle Technology Improvements 

Results Responses to the questions relating to M2W vehicle technology improvements 

are represented in Table 6.9. New M2W vehicle affordability ranged fiom INR 13,500 to 

40,000.'~ Severai participants who indicated they could afTiord pices at the upper end said 

32 For the purpose of this and subsequent WTP questions, the two four-stmke MZW vehicle ownen were asked 
to respond as if they were purchasing a two-stroke vehicle. 



they could do so because of easy credit availability. Not surpnsingly, several participants 

indicated that they expected to realize some re-sale value on theu old vehicles when 

purchashg the new vehicles they were being hypotheticaily asked to consider." Some 

participants indicated exceedingly hi& re-sale values for their old vehicles, some of which had 

been purchased second hand many years earlier. On the other hand, some stated they were not 

taking into account any re-sale value for their old vehicles in estimating new vehicle 

affordability. 
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Table 6.9 Participantsa WTP for M2W Vehicle Technology Improvements 

New Vehicle 
Affordability 

Rc-sale Value Expected 
for Old Vehicle 

WrP for AQ 

W P  for A 9  + FE 

Max. New Vehicle 
Affordability 1 

RInge, INR 

Excluding 9 
respondents, who 

41 W S û O O  factord in FE; 
including 8 'zero* WïP 
responses 

Including above 9 

including 2 'zeroa WTP 
responses 

M2W Vehicle - Motorizcd wo-whnlcd vehicle; WrP - Willingness to Pay; AQ -Air Quality Improvement; FE - Fuel Effkiency Improvement; INR - Indian Rupees. Source: Author's suwey and interviews (1 997). 

Before discussing participant responses to the WTP questions, it is important to discuss 

their knowledge of four-strokes, in order to understand its effect on their WTP. Around 82% 

of the participants identined the engine type on their M2W vehicles correctly, includiig the 

two owners of four-strokes. 73% of the participants, including some who could not identfi 

their engine type, named one or  more four-stroke M2W models then available in the Indian 

" As a result, participants to whom the supplementary questionnaire was administered were explicitly asked 
to indicate their expecîations in this regard. 



market, Further, nearly 70% correctly described the differences between two- and four- 

strokes. Severai participants were intimately acquainted with the dierences in fiel efficiency, 

emissions and vehicle performance, and also with the reasons for those dierences. Some 

participants used the question related to the diierences between two- and four-strokes as an 

opportunity to talk about their reasons for deciding against four-strokes (these views are 

discussed later). 

Eight out of 41 respondents indicated zero WTP for four-strokes or  similar technologies 

to improve air quality, over and above their new vehicle affordability. AU the others indicated 

a positive WTP, which ranged up to INR 20,000 (Table 6.9). Although a large nurnber of 

participants were acquainted with four-stroke fbel efficiency and other characteristics, only 

nine of 41 respondents reported having factored in irnproved fbel efficiency when indicating 

their WTP." The mean WTP for four-strokes or similar technologies to improve air quality, 

including the zero WTP responses, worked out to roughly 14% of the mean new vehicle 

affordability . 

Twenty-four respondents indicated a higher WTP for technologies that would deliver 1.3- 

1.6 times improved &el economy in addition to lowering emissions than they had for air 

quality improvement alone. Two respondents indicated a zero WTP response, as they had 

previously for air quality improvement alone. Recall that nine participants factored fiel 

efficiency into their WTP for air quality improvement. For these participants, it was not 

possible to separate out their WTP for air quality improvement fiom their WTP for additional 

fiiel economy improvernent. In any case, the rnean WTP for air quality as well as &el 

econorny improvement, including the zero WTP responses, worked out to 25% of new vehicle 

affordability. Mean WTP for the &el economy benefit alone was therefore around 11% of 

new vehicle aordability, only slightly lower than for air quality improvement alone. Lastly, 

'4 Also, 23 participants, including both four-stroke onmers, indicated a higher WTP in response to the 
subsequent WTP question, which asked them to consider fuel effkiency in addition to air quality 
improvement. It may therefore be concluded that participants' responses to the nrst of the WTP questions were 
not influenceci by expectations of fbel economy benefits, except for the nine participants referred to. In this 
regard, it is important to reiterate that questions regarding knowledge of four-strokes and Merences between 
two- and four-strokes were asked before the WTP questions. Further, responses to these questions were merely 
recorded, not discussed with participants- 



Table 6.9 shows the maximum vehicle pnce that respondents indicated they couid afford, 

given the improvements just discussed. 

Discussion The foregoing suggests that environmental policies involving higher costs can 

be made more attractive to vehicle users by offering a pnvate benefit. It is iiiely that many 

M2W vehicle users in Delhi would accept higher costs for technologies that were more fuel 

efficient in addition t c  being less polluting. 

The premium for air quality as well as fuel economy improvement should cover the likely 

vehicle price increase due to four-strokes being fitted on M2W vehicles (Author's survey and 

i n t e ~ e w s  1997). However, this has to be set against the re-sale value that users would expect 

when disposing of their old vehicles, with which to partly hance  their new vehicle purchase. 

Taking into consideration the mean expected re-sale value, the maximum vehicle pnce 

eordability indicated would have cornfortably bought a scooter or motorcycle at the upper 

end, but would have been barely sufficient for a moped at the lower end. Old vehicle re-sale 

values would be affected by vehicle scrappage laws proposed to be irnplemented, with 

implications for the effectiveness of such laws, and for aordability of expensive new vehicle 

emissions control technologies. Lastly, many participants said they would senously consider 

purchasing a car if the M2W vehicle price exceeded around DR 40,000 by very much. This 

irnplies limits to users' WTP for these irnprovements, and the need to control the costs of new 

technologies. 

6.3.6.3 FuePOil Quality Improvements 

Results Table 6.10 represents participant responses to the questions related to fuel-oil 

quality improvements to achieve improved air quality. Out of 42 respondents, nine indicated 

zero WTP. Two respondents said they would be wiliing to pay as much as was necessary, and 

one said he would be wiliing to pay "anything reasonable". Excluding these three, but 

including the zero responses, the mean WTP for improved fuel and oïl to  reduce emissions 

worked out to around 17% of the approximate base price of INR 24.5 per litre of fuel-oil 

mixture at the tirne of the study. 



Eleven respondents indicated a higher WTP for improved qualitty fùel and oil on a M2W 

vehicle with 1.3-1 -6 times better fuel economy, than they had in response to the previous 

question, despite the fact that such a vehicle would be more expensive. These respondents 

included five oiit of the nine who had indicated zero WTP earlier. The prospect of improved 

fuel economy did not affect the WTP of 27 respondents, including four who had indicated 

zero WTP in response to the previous question. The mean WTP for improved fuel and oil 

quality on a MîW vehicle with 1.3-1.6 times better fùel economy worked out to 24% above 

the base price of INR 24.5 per litre of fiel-oil mixture. Thus, the marginal WTP for fiel-oil 

quality improvement provided it was accompanied by improved fùel economy, as opposed to 

fuel-oil quality improvement alone, was 7% of the base fuel-oil pice. Finally, the maximum 

fuel-oil pnce participants said they could S o r d  was roughly 30% more than the base fuel-oil 

price. 3 5 
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Table 6.1 0 Partlclpants' WTP 

I I I 

WTP for AQ on 
lmproved FE M2W 38 
Vehicle 

Number of 
Respondents 

Max. FuelOil Price 
Affordability 

Rsngel lNR 

br Fuel-Oil Quality improvements 

l I 
MeanMedian ' 
Values, INR 

Includinq 9 ' z d  WW 
responses; ucluding 2 
raspondent8 who indicated no 
limif and one who said 
"anything reasonable" 

Including 4 'zero' WTP 
responses; ucluding those 

6.9016.1 0 excluded above, plus one 
respondent who said question 
was difficult to answer 

Excluding two respondents wlro 
indicated no Iimit 

M2W Vehicle - Motorizrd two-whe&d vehicle; WTP - Willingness to Pay; AQ - Air Quality Irnprovemant; FE 
-Fuel Efficitncy ImprovamenS INR - lndian Rupees. Source: Author's survey and interviews (1 997). 

- -  

'' It is iikely that fuel-oil prices have already reached this level, d w  to racent global oil shortages. 



Several participants pointed out that fiel economy benefits offered by expensive 

technologies such as four-strokes would be fttile if increased gasoline costs were going to 

neutralize fuel economy gains. Further, they felt fuel prices were already excessive. At the 

same tirne, they felt that they would have no choice but to purchase fuel even if pnces 

increased, because their vehicle use was unavoidable. As one participant remarked, gasohe 

was considered too expensive at INR 13Aitre a few years earlier, and prices had doubled since 

then. 

Discussion AU in ail, there will likely be more resistance to increases in fiievoil rather than 

vehicle prices, because of the recurring nature of the former. At the same time, fuel-related 

policies involving price increases would be less susceptible to the "free rider" problem than 

vehicle-related policies, as a participant pointed out. At any rate, the maximum WTP indicated 

is impressive, and would cover all of the various W o i l  irnprovements envisaged in the Indian 

context (Appendix IV)." However, it should be noted that over 20% of the respondents said 

they could tolerate no o r  onfy marginal fuel price increases. This percentage will Likely be 

higher among the general population. 

While approxirnately the same percentage of respondents indicated a WTP for vehicle 

technology and fuel-oil quality improvements to improve air quality, a much smaller 

percentage of respondents indicated a higher WTP for additional fuel economy enhancement 

in the case of fuel-oil quality compared to vehicle technology improvements. This has 

important implications for the effectiveness of vehicle and fuel policies when implemented 

jointly. But fuel pnce hcreases would be rendered less unattractive by vehicle fuel economy 

benefits, provided the associated vehicle price increase were not excessive. 

Finally in the context of fuel price increases for M2W and other gasoline-powered 

vehicles, an expert the author intewiewed was of the view that gasoline quality could be 

improved without any price increases, by reducing diesel subsidies. Doing so even fractionally 

would generate significant revenues (because of the large share of diesel in transport energy 

36 TO put this MIT in perspective, fiiel p r i a  increases in the USA for lead removal, and for aromatics, MTBE, 
olefin, Tg0 and sulphur control to roughiy California Phase II reformulated gasoline Ievels were estimated at 
approximately 15% (Faiz et al 1996). 



consumption - see Chapter II), and encourage more fuel-efficient (and cleaner) diesel 

transport, with positive environmental as weli as fiscal benefits. 

6.3.6.4 Mandared Vehicle Scrappuge 

Results The last specific policy alternative on which participants' views were elicited 

was mandated M2W vehicle scrappage. Note that whereas they were earlier asked to state the 

vehicle age at which they planned to dispose of their M2W vehicles (Section 6-3.5,  M W  

Vehicle Disposd and Replacement), participants were now asked to indicate the minimum 

scrappage period acceptable to them, given that "old vehicles generaliy tend to be more 

polIuting than new vehicles". Participant responses to this question are represented in Figure 

6.20. Two-thirds of the respondents indicated a minimum acceptable M2W vehicle s e ~ c e  life 

of 10 years or more. Another 14% indicated that no vehicle service îife lirnit should be 

imposed. Some of these respondents refhed to accept the premise of s e ~ c e  life limits in the 

Indian context. They did not see why users should have to give up their M2W vehicles, which 

typically ran trouble £tee for 1 5-20 years, and pay more for a replacement vehicle, without the 

benefit of re-sale value for their old vehicles, as second hand markets collapsed. And after all, 

such measures did not exist even in affluent Western countries. 

Many participants were of the view that enforced scrappage would be opposed strongly 

even in Delhi, and more so in the country-side. Two participants who opted for no senice life 

limits felt that, if at al! such limits were imposed, they should be on the basis of actual 

emissions performance rather than on a fuced number of years. Several participants indicated 

that the service life limit should be longer for more expensive advanced technology vehicles, 

for cars as opposed to M2W vehicles, and for regional cities and towns as opposed to 

metropolitan centres. Finally, one participant suggested that instead of scrapping the entire 

vehicle, components critical to  emissions performance could be retro-fitted, to  minimixe costs 

and conserve resources. 

Discussion Explainhg the benefits of vehicle scrappage appeared to do little to  change 

participant preferences regarding vehicle disposal. A smalier percentage of respondents opted 

for no mandated seMce Life l i i t  than indicated that they would use their vehicles as long as 



they worked, or never dispose of their vehicles, Î n  response to the question on M2W vehicle 

disposal discussed in Section 6.3.5. However, the median response in both cases was the 

same, and the mean was actudy higher in the present case. This indicates how deep-seated 

the opposition to mandated vehicle scrappage is likely to be. 

63.6.5 Ranking of Policy Altprnatives 

Afler having elicited their views on the above s p e d c  policy alternatives individually, 

participants were asked to rank them in order of acceptability. It is noteworthy that the 

alternatives (Figure 6.21 and Table 6.8) had been specified in terms that were aùnon identical 

to the maximum vehicle and fuel price afEordability, and the minimum acceptable vehicle 

service Me indicated by participants. 

Resu lts Of the 37 participants who responded, three did not rank the policies explicitly, 

but provided detailed replies on how their rankuig rnight change depending on changes in 

policy characteristics, including £bel economy improvement. Their responses are incorporated 

into the discussion in the next section. One respondent ranked the alternatives equally. Figure 

6.21 depicts the responses of the remaining 33 respondents who provided explicit rankings. 

Several of these respondents reported having found none of the policies acceptable, but 

ranking them nevertheless. A few reported basing their rankings on their concems as citizens, 

rather than on their o m  self-interest as consumers. 

hproved (and more expensive) M2W vehicle technologies, even without a tùel economy 

benefit, were ranked as the most preferred policy by the largest number of participants. 

Mandatory vehicle scrappage was ranked as the least attractive policy. 

Discussion The rankings are not surprising, in light of the foregoing discussions on the 

individual poticy alternatives. Unlike fuel prke increases, vehicle price increases are largely 

"out of sight, out of rnind", especially in the absence of mandated vehicle scrappage. 
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Figure 6.20 Minimum AcceptaMc Scrappage Period 

For first three categarïe 
Range 6-20 pars 
Mun 11.2 yean 
M i a n  10 yews 1 

Pucmlge  of Respondcntr 
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Figure 6.21 Participants' Ranklnp of Policy Aîtematives - 

lrnproved Vehide Technology, INR (0,000 
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Mandat4 Vehicle Scrappage at 10 p a r s  
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Fuel quality improvements involving higher costs are kely to be unpopular with low 

income andor high-kilometreage users, because of their recurring nature, but not particularly 

so with higher h o m e  users or with those who use the bus for critical trip purposes such as 

work, and are thus not too dependent on their M2W vehicles. 

6 3.6- 6 Policy Impacts, Measures to Enhance Poliey Attractiveness, and Desrorable Policy 

Charactmktics 

This section discusses participants' views on how the above policy alternatives would affect 

their lives, measures to enhance policy attractiveness, and desirable policy characteristics fiom 

their perspective. 

Results Policies related to vehicle technology, fiel-oil quality, and vehicle scrappage 

are in fact being irnplemented in combination. However, many participants said that policy 

alternatives as described in this stu4 would need to be phased in incrementdy, rather than 

irnplemented jointly, in order to be acceptable to the generality of users. When asked to 

describe acceptable combinations of policies, many participants downscaled the WTP they had 

indicated eariier for vehicle technology and fiel quality improvements, and insisted that a 

personal benefit such as fuel economy enhancement would be essential to make joint 

irnplementation of policies acceptable to them. 

Participants indicated that being unable to use their M2W vehicles would cause their 

f d e s  major inconvenience and time losses, especiaüy since the only other afEordable 

rnotorized travel option, buses, were unreliable, overcrowded and slow. Most participants said 

that their travel would reduce only slightly if at all, in the event of fuel price increases. On the 

other hand, iftravel costs went down (due to fiel economy improvements, for example), they 

would likely not travel more, but would rather intemalize any fuel cost savings that rnight 

result fiom such irnprovements. 

Not surprisingly, the consensus was that overall cost impacts due to policies should be 

minimal. Expensive vehicle and fuel technologies to minimue air pollution would be 

acceptable to users provided vehicle performance, reliability and service We, fuel economy, 

easy and low cost maintainability, spare parts availability, safety, and passenger and luggage 



carryhg capacity, were not compromised. In this regard, it is usefùl to note the issues 

participants said they considered when contemplating buying four-strokes. They felt that four- 

strokes were more fuel efficient than two-strokes, but had poorer "pick up" and performance, 

were prone to more frequent problems, and cost cowiderably more to own and maintain- In 

some cases, four-strokes required an engine overhaul in as little as three years, and only a few 

mechanics were able to service themS3' 

Participants also expressed the view that, if they had to bear higher vehicle and fiel costs, 

in-use emissions testing should be made less fiequent, expensive, and burdensome. Measures 

such as in-use emissions testing and scrappage should be applied (and be seen to t e  applied) 

uniformly and f d y  to all, and be fiee of loopholes that "fkee rided' could exploit, whik 

others made sacrifices. As one participant said, he would not mind paying whatever was 

necessary for irnproved air quality, as long as everyone was made to share the burden, and 

there were real air quality improvements. 

Participants made many suggestions to increase policy attractiveness. These included 

excise duty and sales tax concessions, and fuel efficiency rebates, to encourage production and 

purchase of low-pollution, fuel-efficient vehicles. To make emissions performance-based 

scrappage more attractive, and to promote timely vehicle disposal and rapid penetration of 

improved technologies, participants suggested a scheme to buy back old vehicles (which 

would help users r e h e  re-sale value), and sel1 them after re-conditioning, in the hinterland. 

Another suggestion in this regard was that vehicle manufacturers could be given credits for 

implementing such a scheme. 

Many participants, taking the citizens ' perspective, felt that policy-making and 

implementation must consider the needs and capabilities of low income vehicle users, many of 

whom have no choice but to rely on their M2W vehicles. In their view, expensive policies 

must not be mandated without providing viable, low cost alternatives, like adequate public 

37 Some specific participant views on four-strokes: "1 needed a motorcycle for two years, because 1 wiii be 
buying a car aflerwards. I decided that the fuel savings over two years would just equal the ciifference in capital 
cos& so 1 decided 1 might as well go in for a two-stroke, which has better pick-up, and no high frequency 
sound like the four-stroke"; ''1 would like to buy a four-stroke for its fuel economy, but 1 am worrled about 
serious maintenance problems"; and "1 did not consider a four-stroke beçause 1 wanted a zippy motorcycle" (as 
discussed, four-strokes were, at the time of the study, available only on motorcycles, and users who choose 
motorcycles typically do so because they perceive them to be more powerful ttian scooters). 



transit. In this regard, a participant pointed out that a recent gasoline price escalation was 

strongiy protested in Delhi, but not in Mumbai, where public transit is excellent. 

Discussion The foregohg demonstrates the importance of CO-ordhating policies to work 

effectively in tandem, fiom a technical standpoint, and also to account for how vehicle users 

wili respond to policies when implemented in combination. 

It appears from participant G ~ W S  that vehicle users would prefer policies that are applied 

fairly, and that minirnize the need for burdensome initiatives on their part, by way of vehicle 

maintenance and presenting their vehicles periodically for in-use emissions testhg (for 

example). Exarnples of such policies are line-mixing of &el and oil on two-strokes, and fiel- 

oïl quality improvements."g Costly emissions reduction technologies would not only be 

acceptable but could even be rendered attractive to users, if they offered personal benefits 

such as fuel economy improvementq while at the same tirne not compromising vehicle 

performance characteristics. These perspectives are usefiil in discriminating between 

technologies such as four-strokes, wbich offer fuel economy benefits, and catalytic converters, 

which do not necessarily do so. Fuel economy improvements would pay back any associated 

vehicle price increase, and also help mitigate the cost impacts of fiel-oil quality irnprovements. 

Conversely, more costly fuel-oil would make expensive vehicle emissions reduction 

technologies that deliver fiiel economy benefits more attractive. 

Vehicle fbel economy improvements will likely become more attractive, as sprawl 

increases and access and public transit availability degrade, and vehicle users become more 

dependent on their vehicles and travel longer distances on them, and consequently become 

more sensitive to fuel pnce increases. Fuel efficiency rebates calibrated to actual fuel economy 

performance would serve to intensQ fbel economy efforts. Since users might delay disposhg 

of their vehicles because of new, less-pouuting vehicles being more expensive, such rebates 

would encourage timely disposa1 and promote more rapid penetration of improved 

technologies. This is particularly so in the case of M2W vehicle users, many of whom are 

38 Given that fiiel-oil quality improvements become effective transport system wide as soon as they are 
introduceà, but that they would likely be iess popular than vehide technology improvements, as evidenced in 
this study, there is a case to be made for building public awareness of the advantages of fuel-oil quality 
improvements. 



price-sensitive. Vehicle features such as easy dnveability would aiso increase the 

attractiveness of expensive new vehicles, particularly as more women enter the work force 

and begin to use M2W vehicles. Recall in this regard that the ideal M2W vehicle fiom one 

participant's viewpoint was a four-stroke scooter with the driveability of a Kinetic Honda. 

The dilemma with regard to vehicle scrappage is that, in the absence of an effective 

scrappage regime that is enforced region-wide, poorly maintained and polluting vehicles 

would not be disposed of in a timely fashion, even by those who could Bord to do so. 

Further, emission standards and other measures that increased costs, could delay even the 

scrappage that would have occurred voluntarily. On the other hand, enforced vehicle 

scrappage would be burdensome, especially for low income users who could not afford to 

replace their vehicles periodically, particularly in view of the absence of viable options to 

personal motorized vehicles. The potential for fiaud would be great, given the institutional 

constraints discussed in Chapter IV. There are other issues as weil. Recall that users would 

expect more expensive vehicle technologies to deliver a longer seMce iife. But mandated 

scrappage, Say every ten years, would negate this. Apart fiom again showing the importance 

of understanding how policies can affect users and how they will respond to them when 

implemented in combination, the foregoing demonstrates the need for effective in-use 

emissions monitoring and control. 

A vehicle scrappage scheme based on emissions performance would be more attractive to 

users, than one based on a fixed number of years. While scrappage based on vehicle age 

would discriminate against well-maintained old vehicles, that based on emissions irrespective 

of age would serve as an incentive to quality maintenance, while p r e s e ~ n g  vehicle value, and 

thus also be more effective in reducing emissions. In this regard, note that while emissions 

increase on average with vehicle age, vehicle maintenance regardless of age is also critical 

(Calvert et al 1993; Faiz et al, 1992; Faiz et al, 1996). Thus, such a scrappage scheme would 

require a weli designed and effective in-use emissions monitoring and control regime, linked 

to an equally effective vehicle registration regirne. 

Lastly, participant responses regarding how increased travel costs would affect travel 

activity are not surpnsing. According to the RITEWORG (1994) survey, cornmuters value 

t h e  savings more highly than cost, and discretionary travel (for social and recreational 



purposes) accounts for only around 4% of d trips in Delhi. Further, congestion, which is 

increasing rapidly, would be a damper on non-essential travel, even iftravel costs were low. 

6.3- 6 7 Public Transit and CycZing 

Results Figure 6.22 shows how participants rated improvernents that would make bus 

service more attractive to them. Direct routes, improved schedule reliability, higher bus 

fiequency, and less crowded buses were rated as important by the most respondents. Lower 

trip cost was rated as important by the least respondents. Other improvements suggested were 

sôfer bus operation, stopping only at designated stops, better vehicle maintenance, enhancing 

non-peak service, and making bus seMce less hostile to women (by providing "ladies 

specials", as in Chennai, for example). Several respondents suggested introducing higher 

capacity "double-deckei' buses, rather than increasing the number of existing buses, to 

achieve these improvements without increasing congestion. Some participants stressed the 

need for thorough-going institutional reforrn of public transit in Delhi. They felt that it should 

be privatized, but stnctly regulated. They believed ownership should not be fiagmented as 

currently, and suggested that contracts could be auctioned on a regional or route basis. 

The vast majority of respondents, including those not using buses for their work trips at 

the tirne of the study, said they would be willing to use buses, if senrice were improved along 

the lines they had suggested, but mainly for long distance and work trips. At the same time, 

three-quarters of the respondents said they would not give up their M2W vehicles even ifbus 

seMce were improved signiflcantly. This reluctance was due to the many advantages of M2W 

vehicles that have aiready been discussed, including their ready availability in emergencies and 

for short evening trips, their usefulness to users' family members, and finally, in the words of 

one respondent, because "buses are not available at 2 

39 Of the 11 respondents who said they would give up their M2W vehicles, nine either had another M2W 
vehicle or car, or traveled by bus daily to work. One of these said he wodd never give up bis car because of the 
prestige it conferrd on bis family. Only four of the 13 respondents who took the bus to work regularly said 
they would give up their M2W vehicles. 
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As for improvements to make cycling more attractive, dedicated bicycle lanes (to protect 

cyclists fkom motorized tratnc) was rated as important by the most respondents, followed by 

reduction in time delays due to motorized tratfic. Other suggested improvements included 

t r s c  management according priority to bicycles, enforcing motor vehicle driver discipline, 

improving bicycle quaiity, and ensuring secure bicycle parking. Nearly two-thirds of those not 

cycling at the time of the study said they would consider cyciing, but only for short local 

shopping trips. 

Discussion The foregoing results reconfirm the potential for transferring medium to long 

distance work-related M2W vehicle trips to buses, and demonstrate the importance of 

improving bus service in enabling this mode transfer. At the same tirne, the results show that 

M2W vehicle ownership would likely not decline, even if bus service were improved 

sipificantly. 

Transfemng medium to long distance JTW trips to bus would help minimize M2W vehicle 

emissions, because such trips form a significant proportion of all M2W trips (RITES/ORG 

1994). Improving bus seMce dong the lines discussed would benefit bus users, and also help 

mitigate emissions policy impacts for M î W  vehicle users. It is interesting that trip cost was 

rated as a low priority in making buses more attractive to M2W vehicle users. This finding is 

corroborated by RITES/ORG (1994), which found that journey tirne was more importmt ththan 

travel cost in deciding to shift to mass transit." 

The importance accorded to improved schedule reliability and less crowded buses explains 

the growing popularity of, and underlines the need for, seMces such as those provided by 

charter buses, discussed in Sections 6.3.1 and 6.3.4. The potentiai for such seMces to reduce 

personal vehicle trips is underscored by the fact that regular buses are routinely overcrowded, 

and by the willingness of many car and M2W vehicle users, according to some participants, to 

pay as much as INR 800 monthly to switch to air-conditioned, reserved seating buses. 

40 Only 5% of respondents in the RXTES/ORG (1994) survey expresseci willingness to pay more than 25% for a 
journey time reduction of less than 25%. Neariy 50% reported wiiiingness to pay 2540% more for an equal 
reduction in jouniey tirne, and 21% said they would pay more than 50% for a journey time reduction greater 
than 50%. Recall that the RiTESIORG swvey covered a wider range of residential households than this study, 
in terms of incorne. 



Given the study results, it is not Siely that M2W users wiU switch to cycling in any 

significant way. Apart from dedicated bicycle lanes, perhaps the most important change that 

would prcmote cycluig would be for motor vehicle owners to not consider cychg and cyclists 

as a nuisance, as one participant pointed out. There appears to be little interest in using 

bicycles, even for short distance tnps, because of lack of road safety and congestion due to 

motor vehicles, and the lack of cycling facilities and bicycle-focused trafEc management. 

Recaii in this regard that the majonty of road accident victims in Dehi are pedestrians and 

cyclists (C hapter II). 

That users are udkely to take to cycling to any great extent, even over shon distances, 

has important implications for reducing M2W vehicle usage and emissions. Short distance 

M2W vehicle tnps are important, because their contribution to total h42W vehicle energy and 

air pollutant emissions is disproportionate to their share of total M2W vehicle-kilometres, 

because of low speeds at low distances,41 and the constancy of trip-start and trip-end 

(evaporative) ernissions regardless of trip length. Although the average M2W vehicle trip in 

Delhi is 10.03 kilometres long, around 33% of dl MZW vehicle trips are five kilometres or 

shorter (Figure 6.23). Many of these are not only shopping trips, for which the M2W vehicle 

is ideally suited, but also work and education trips. 

Short distance travel is as important as long distance travel in terms of M2W vehicle usage 

and emissions, and also in motivating M2W ownership. Buses are not an attractive option for 

short distances, because of long walk and wait tirnes relative to bus joumey times. Further, 

while participants said they would consider switching to buses for long trips, it is for short 

distance trips that they did not wish to give up their M2W vehicles. This is Wcely because, 

although the potential for walking and cycliig rather than using a M2W vehicle is 

considerable, as evidenced by the signifïcant proportion of tnps below 2.5 and 5 km in D e b  

(Figure 6-23), M2W vehicle usage is forced upon users over these distances, because of 

compromised access. 

4L SpeedS for ail modes are low over short distances, because they are slowed d o m  by the preponderance of 
waik and cycling over those distances. Speeds increase with distance, except for buses, for which the speed 
curve with distance is flat, as the RITES/ORG (1994) data shows. Over longer distances, motorized modes 
have far fewer slow-moving vehicles to contend with, plus they are more Iikely to cake higher-speed routes. 



Technological poiicies such as fuel volatility control certainly have an important role in 

iimiting evaporative emissions, whic h form a signincant proportion of total emissions over 

short distances. But in view of the foregoin& removing barriers to safe walking and cycling on 

neighbourhood streets would likely be beneficial, in minimieng the rnost poiluting M2W trips, 

and in increasing average speeds for M2W vehicle trips that do occur over these distances and 

thereby reducing exhaust emissions. Further, as the RITES/ORG (1994) survey shows, 

walking and cycling (and travel by cycle rickshaws) account for nearly 39% of trips in Delhi 

even arnong residential households. As discussed in Chapters III and V, the shares for these 

modes would likely be significantly higher for the total urban population in Delhi, cons ide~g  

that every second person in that city lives in a slum (Singh 1997b). 

6.4 CONCLUSIONS 

The study demonstrates the utility in focusing on human dimensional in addition to 

technological factors associated with motor vehicle activity and emissions. SpecScally, the 

study shows that understanding vehicle user choices and motivations, and how users are 

aEected by and respond to policies, can contribute to more effectively modeling transport 

emissions, and designing policy packages that are attractive to users, and that therefore have a 

greater chance of success over the long term. Further, the study shows how integrating 

environmental policy and urban transport perspectives, by focusing on travel activity by 

various modes at the household level, can help identify technological-curative as well as 

preventive policies to blunt the impact of emissions policies, and minimize M2W vehicle usage 

and ownership. Last but not least, the study demonstrates the value of eliciting views and 

judgments on complex public policy matters involving technologicd issues fiom lay persons. 



CaAPTERVII 

STRUCTURING MULTIPLlb: OBJECTIVES AND MEASURES 

FOR POLICIES TO PREVENT AND CONTROL 

M2W VEEiICLE EMISSIONS IN THE INDIAN CONTEXT 
r 

7.1 INTRODUCTION 

In Chapter V, we discussed the need to consider a wide range of environmental, health, socio- 

economic, and other policy impacts for various actors and affected groups, and also other 

interests and concems these actors and groups rnight have with respect to policies, to 

effectively address transport air pollution. Further, the multiple-objectives approach was 

proposed for discriminating between policy alternatives, and the approach was described in 

brief. But the multiple policy objectives to be considered were not specified. 

In Chapter IV, we discussed the conflicting interests, concems and agendas of various key 

actors involved in developing and implementing policies to address transport air pollution in 

the Indian context. It was argued that since the actors prefer policies that minllnize 

implementation costs for themselves, their interactions are marked by conflict. Given this, it 

would be reasonable to expect each actor and affected group to have a range of objectives 

that they would Wre policies to achieve, fkom their own perspective. Further, there would 

likely be conflicts between the objectives of one actor or group and those of other actors and 

groups, as well as among the objectives of each actor or group. 

Gaining an understanding of these multiple confiicting objectives nom the perspective of 

various actors and af5ected groups, and the trade-offs they make between these objectives, 

would be usefid in understanding the barriers to policy-making and irnplementation, and in 

designhg policy packages that address the interests and concems of dl. This is particularly 

important, given that poticy impacts are ofien unevenly distributed among actors and affected 

groups. Recali in this regard, from Chapter VI, the usefûlness of considering policy impacts 

for, and the perspectives of, motor vehicle users, in designing policies that would be more 

acceptable to them. Finaliy7 given the lack of effective inter-agency CO-ordination, and the 

tenuous Linkages between the policy-analytic and decision-making communities in the Indian 



context wandlikar 1998), an integrative perspective on what is a multi-dimensional problem 

would be particularly valuabte. 

While generaîing multiple policy objectives would be usefiil, as discussed above, it is 

rather difficult to do in practice. Unfortunately, poky  objectives for transport air pollution 

prevention and contra1 are not weli understood or articulated. Decision makers are ofien 

unaware of system-wide and long-terrn policy consequences, even fiom their own 

perspectives, let alone for affected groups with no Muence over the decision making process. 

The lack of CO-ordination among decision makers, and between decision makers and the 

policy-analytic community, also serves as a barrier. Finally, the diversity of policy alternatives 

that may be applied (Table 5. l), and the wide range of impacts each of these alternatives c m  

have for Merent actors and affiected groups, only serves to make a difficult enterprise even 

more difiïcult. 

7.1.1 Chapter Objectives and Outline 

In Chapter V, an argument was made for value-focused thinking, which essentially consists in 

being clear about and structuring values on which policy objectives should be based, rather 

than simply basing decisions on already obvious alternatives. Analytical methods to clarify and 

structure public policy problems characterized by multiple stakeholders with multiple 

conflicting objectives are well established, and have been applied to a diversity of policy 

situations in Western settings. These problem-stmcturing tools of value-focused thinking, 

which are discussed in the next section, directly involve stakeholders to ctarie and structure 

key public values, and enable selection of alternatives that better serve these vaiues (Keeney 

1988b; Keeney, von Winterfeldt and Eppel 1990; Keeney 1992; Keeney and McDaniels 1992; 

Keeney and McDaniels 1999). This Chapter applies these tools to better understand the 

problem of M2W vehicle air pollution in the Indian context, and to identiQ and structure 

multiple objectives on the basis of which to systematically create, evaluate, implement and 

monitor policy alternatives for long-term effectiveness. 

The problem-structuring tools of value-focused thinking have been used in only a few 

cases in the LIC context. Gregory and Keeney (1992) and McDaniels and Trousdale (1999) 

applied these tools to help decision makers and stakeholders cl* objectives and devise new 



alternatives related to preservation and development in Malaysia and rural tourism in the 

Philippines respectively. But these tools have not been appiied, to the author's knowledge, to 

a highly complex situation such as the one this dissertation addresses. At any rate, this is 

perhaps the fïrst attempt at developing multiple policy objectives related to transport air 

poilution in the Indian context. In addition to fblfilling an important policy-analytic need in 

relation to this problem in this context, the Chapter aiso addresses the question of whether 

such tools can be applied to better understand and structure complex public policy problems in 

LIC contexts generally. 

In the sections that follow, the methodology for eliciting, clarZjiing and structuring 

multiple objectives and measures for policies targeted at M2W vehicle air pollution is 

described. The multiple objectives and measures that were developed are presented, and the 

implications for policy-making and implementation are explored. 

7.2 METHODOLOGY 

7.2.1 TIie Multiple-Objectives Approach for Eliciting, Clarifiing, and Structuring Public 

Values 

The multiple-objectives approach directly involves actors and affected and interested groups 

to idente  and structure multiple policy objectives, develop measures or attributes to gauge 

the achievement of these objectives, and investigate trade-offs representing stakeholder 

priorities among the objectives. Directly involving actors and afîected groups, and expiicitly 

accounting for their diverse objectives and trade-offs can serve as an effective means of 

enhancing involvement, improving communications, facilitating mutual appreciation of 

problem complexity and trade-offs, identifjing and resolving conflicts, and f o s t e ~ g  

compromise and consensus arnong stakeholders. While the diversity of objectives might make 

confiict seem inevitable, it can actually be the key to creating alternatives that have the 

potential to be widely accepted. The objectives and measures, dong with value trade-offs 

representing priorities among objectives, can be used to evaluate alternatives fiom the 

perspective of each actor and aec ted  group. Policy packages that represent a win-win 

condition for al1 can be developed, thus enhancing the chances of long-term policy success 



(Edwards and von Winterfeldt 1987; Keeney 1988b; Keeney, von Whterfeldt and Eppel 1990; 

Keeney 1992; Keeney and McDaniels 1992; Keeney and McDaniels 1999). 

The multiple-objectives approach consists first of all in identifyllig the actors and other 

aEected and interested groups relevant to the decision situation, and then interacting with 

them to gain a good understanding of this situation and of policy options, to arrive at a 

common problem structure that all groups can agree on. Next, the value dimensions on which 

the various groups would like to see options evaluated are structured in the form of 

objectives, for each group separately. Value elicitation is best done by engaging 

representatives of the groups in fiee-flowing and detailed discussions. Policy analysts can 

facilitate the process by using various cues. These include urging participants to consider what 

is important, and the information they would Like to know, in making the decision, to make up 

wish lists, and explore the pros and cons of existing, proposed or hypotheticai alternatives, in 

terms of their trade-offs and impacts. Participants can dso be asked to consider impacts and 

objectives fiom the point of view of other interested and aflFected groups, and for society as a 

whole, in addition to those fiom their own perspectives (Edwards and von Winterfeldt 1987; 

Keeney 1988b; Keeney, von Witerfeldt and Eppel 1990; Keeney 1992; Keeney and 

McDaniels 1992; and Keeney and McDaniels 1999). 

The goal is to clearly spec@ and structure values, instead of merely Listing them. This may 

be achieved by first separating means fiom fundamental objectives, by applying the WITI or 

"why is this (objective) important" test. A fundamental objective is that for which the answer 

to this question is, because it is important. If the answer is that it is important because of its 

implications for some other objective, this is a means objective, and a fùndamental objective 

can then be identified. It is important to avoid double counting by ensuring that Nndamental 

objectives, on the basis of which alternatives will be evaluated, do not include means 

objectives, which are merely ways of achieving the fundamental objectives. Next, the 

fundamental objectives elicited are sharply defined, in other words, specified, in order to 

enable the impact of each option to be measured effectively. In the case of the fùndamental 

objective "minirnize environmental impacts", for example, the precise environmental impacts 

to be rninimized are elaborated. Lower-level objectives collectively provide an exhaustive 

characterization of the higher-level fùndamental objectives, so that alternatives c m  be 



compared in terms of ali important consequences. At the same tirne, it is ensured that 

objectives are mutualiy exclusive, again to avoid double counting. Lady, it is ensured that 

objectives are not so broad that alternatives other than those In the decision context can 

innuence their achievement. Conversely, if objectives do not discriminate between alternatives 

in the decision context, they are either ranked low or eliminated (Keeney 1992). 

M e r  multiple objectives are specified clearly and clarified, they are stnictured into a 

hierarchy for each group by aggregating them into categories, and a comrnon objectives 

hierarchy for d groups is developed by integrating the hierarchies for each group. This 

involves judgment and finesse on the part of the analyst, because each objective in the 

hierarchy of each group is included either explicitly or implicitly, whiie at the same time 

achieving conciseness. Al1 in aIl, st~cturing and cl-g objectives enables clearer and 

deeper understanding and communication of the f u U  range of values pertinent to the decision 

problem (Keeney 1992). 

The next step is to define measures or attributes by means of which to judge the extent to 

which the objectives are achieved by various alternatives. Measures are specified precisely, so 

that they convey precisely what the related objectives mean. They are easy to develop for cost 

objectives, but are more difncult to constmct for other objectives. The complete set of lower 

level objectives dong with thei measures enables assessing an objective fûnction appropriate 

for the problem, in tems of al1 important consequences. Structuring objectives and developing 

measures is an intertwined process. W l e  c lawng objectives sharpens selection of measures, 

thinking about rneasures can help cl- objectives. Finally, measures guide data collection for 

evaluating alternatives (Keeney 1992). 

&ifter objectives have been structured and clarified, and measures developed for 

operationalizing objectives, objective functions incorporating trade-offs between objectives 

are assessed fiom various groups, by h a h g  thern assign weights to the objectives. These 

objective functions are combined with expert assessments of the policy alternatives in tems of 

the measures, to generate a multiple objective evaluation of alternatives fiom each group's 

perspective. This process can also serve as a basis for mutual learning, and constructive 

discussions Ieading to a mutually beneficial compromise (Edwards and von Winterfeldt 1987; 



Keeney 1988b; Keeney, von Winterfeldt and Eppel 1990; Keeney 1992; Keeney and 

McDaniels 1992; and Keeney and McDaniels 1999). 

Z2.2 Metlrodology Used in the Resent Study 

The multiple objectives and measures presented in this Chapter in relation to policies to 

prevent and control M2W vehicle emissions in the Indian context were developed based on in- 

depth interviews conducted by the author in India in late 1997. These interviews were held 

with vanous individuals interested in and/or knowledgeable about the range of issues 

involved, and representatives of institutions whose actions have an important bearing on 

transport air pollutant ernissions in the Indian context. These individuals included decision 

makers in various relevant government agencies at the national and local levels, senior 

executives in Bajaj Auto Limited and TVS-Suniki Limited, two leading Indian M2W vehicle 

manufacturers, and in Indian Oil Corporation, the largest fuel and oil refiner and marketer in 

the country, and academics and researchers in the fields of environmental policy and urban 

transport. A list of in te~ewees  is provided in Appendix V. 

Inte~ewees '  informed consent was obtained prior to intewiews being conducted. The 

approach followed in the interviews, and the Informed Consent Form (Appendk VI), were 

approved by the Behavioural Research Ethics Board of the UBC Office of Research SeMces 

and Administration, and discussed with researchers at the Indian Institute of Technology, 

Delhi @T Delhi), the local institution with which the author was affïliated for the purposes of 

the IDRC award which partly fùnded the study. 

The process of eliciting, cla-g and smicturing policy objectives and measures typically 

involves interacting with representatives of various groups separately, jointly, and iteratively, 

and can therefore be quite time and resource intensive. The interviewees in the present case 

were geographically dispersed, and had extremely busy schedules. The author was able to 

meet with each individual no more than once or twice. During these meetings, several issues 

relevant to this dissertation were discussed, apart fiom policy objectives. Funher, many of the 

individuals interviewed felt uncornfortable when confionted with the request to suggest policy 

objectives and evaluation cntena on the spot. Nevertheless, the intewiews were extremely 

usefùl in developing objectives and measures with regard to prevention and control of M2W 



vehicle emissions in the Xndian context. These interviews focused on, arnong other things, 

technical and institutional factors contnbuting to emissions, considerations underlying current 

and proposed policies, likely impacts of policies on users and industry, implementation issues 

includmg financial, technological and administrative constraints on the part of various actors, 

and problems in terms of inspection, m o n i t o ~ g  and enforcement. Many of these issues 

correspond to the cues that Keeney (1988b), Keeney, von Witerfeldt and Eppel (1990), 

Keeney (1992), Keeney and McDanieIs (1992), and Keeney and McDaniels (1999) 

recomrnend for value elicitation, and that were discussed in the previous section. Also, the 

discussion of contributory factors, barriers and constraints suggested various means 

objectives, which in turn were used to develop fwidarnental objectives, by means of the WITI 

test. 

The multiple objectives and measures presented in this Chapter were also based on the 

principles enunciated in Chapter V for the determination of policy impacts, and on hsights 

gained fiom the work on M2W vehicle user choices and perspectives discussed in Chapter VI. 

In addition to user perspectives on policy impacts and responses, measures to enhance policy 

attractiveness, and desirable policy characteristics, issues and trade-offs users would consider 

in making choices regarding vehicle models such as four-strokes were also employed in 

developing objectives fkom the user perspective. 

The multiple objectives and measures developed in this Chapter were primarily intended to 

be applied to technological and regdatory policies targeted at M2W vehicle emissions. 

However, it was decided that the objectives and measures should be able to accommodate a 

wide range of policies to address both the per-vehicle emissions as well as the vehicle activity 

components of the problem (see Table 5.1). As discussed in Chapter V, policies targeted at 

M2W vehicle emissions can have a wide range of emissions, socio-econornic and transport 

system impacts over the long term for various actors and affected groups, and for fiiture 

generations. Thus, for example, policies such as congestion management have the potential to 

cause access for non-motorized mode users to be compromised, apart from their implications 

for emissions from M W  and other motorized vehicles. In evaluating policies targeted at 

M2W vehicle emissions, therefore, it would be desirable to consider impacts for users of non- 

motorized modes (and public transit) in addition to those for M2W vehicle users. Lastly, 



policies directed at M2W vehicles in Delhi and other major cities wiii inevitably have 

implications for M2W vehicle users in other parts of the country as well. The objectives and 

measures developed in this Chapter are therefore designed to be capable of discriminating 

among M2W vehicle ernissions prevention and control alternatives broadly conceived as 

above, in tems of impacts that are just as broadly conceived. 

7.3 STRUCTLTRING MüLTIPLE O B J E C m S  

This section presents a multiple objectives hierarchy with regard to prevention and control of 

M2W vehicle air pollutant emissions in the Indian context. Multiple objectives were developed 

fiom the perspective of each of the three principal stakeholders related to the issue, namely 

decision makers, presumed to represent the interests of the public at large, M2W vehicle, fuel 

and vehicle servicing industries, and M2W vehicle users, and then integrated into the overd 

fundamental objectives hierarchy (Table 7.1), by applying the WITI test. In addition to 

presenting the multiple policy objectives, a rationale for them is provided as well. 

The first objective in the hierarchy specifies the local, regional and global health, welfare 

and environmental impacts of system-wide air pollutant emissions due to M2W vehicle 

activity that policies should attempt to rninimize. The importance of these impacts was 

discussed in Chapter II. The objective also reflects the desirability of policies to minimize 

emissions impacts rapidly, in order to win public confidence, while at the same time sustainhg 

these reductions over the long tem. This specincation would help discriminate between fuel 

and oii quality improvements, which begin to take effect straight away, as opposed to vehicle 

technology improvements, which take much longer to show results, as noted in Chapter V. 

Further, stressing the long t em would aliow for in-use realities such as travel activity changes 

and vehicle emissions performance detenoration, and possible vicious circles and side effects, 

that may manifest themselves over tirne, to be considered. In mm, this specification would 

help discriminate between preventive and technological-curative policies. 

The second objective reflects the desire of decision makers, the vehicle, fùel and oii, and 

vehicle servicing industries, and M2W vehicle users, to minimize the long-terrn costs of 

implementing policies, and specifies, f?om the perspective of each key stakeholder, the precise 

costs to be minimized. Thus, from the decision rnakers' perspective, the objective reflects the 



need to minünize the costs of providing the various kinds of institutional support to ensure 

policy effectiveness. Such support tasks are specified: regdation, monitoring, and 

enforcement related to MZW vehicles, fbel and oil, and transport Uifiastructure provision. In 

the case of M2W vehicles, these tasks could include setting up and operating an effective 

I&M (inspection and maintenance) regime, and a reliable computerized system Iinking vehicle 

registrations and I&M. In the case of iùet and oil, these tasks could include setting up and 

operating mechanisms for monitoring and enforcement related to fbel and oil adulteration. 

Transport infiastructure requirements would be a mitical consideration in evaluating poficies 

such as highway capacity addition (to increase average speeds), and increasing public transit 

capacity (to effect mode transfers f?om M2W vehicles).' 

Given the severely restricted institutional capabilities in the Indian context, it would be 

desirable to select alternatives that minimize not only the long term costs of providiig, but 

also the need for, institutional support mechanisms to ensure policy effectiveness. For M2W 

vehicle and fuel and oil manufacturers, developing and implementing emissions prevention and 

control technologies, some of which may have to be irnported, could involve considerable 

outlays of capital. In the case of improved quality fbels and oils, fuel dispensing stations might 

have to be re-designed and re-constructed, and evaporative controls implemented on various 

components of the fbel distribution system, in addition to developing and implementing 

refinery technologies. The importance of maintenance and servicing quality for the long-term 

effectiveness of new and often complex technologies, was stressed in Chapter VI. Ensunng 

good maintenance and s e ~ c i n g  quality in tum would c d  for new equipment and training of 

service personnel, with associated costs. Lastly, the M2W vehicle industry could incur costs 

associated with warranty, vehicle re-cal1 and liability due to ineffective and/or unsafe 

emissions prevention and control technologies. The objective therefore refiects the desirability 

of r n i n i b g  all of the above costs, fiom the perspective of the M2W vehicle, fuel and oil, 

and vehicle s e ~ c i n g  industries. 

Just as it is important to minirnize the impacts of emissions system wide over the long tenn 

fkom the decision makers' perspective, it is important from the point of view of users, as 

1 In the case of highway capacity addition, it is possible that increased travel activity by M2W (and other) 
vehicles may be induced over the long terrn. Evaluation of emissions and other poiicy impacts over the long 
term, as îhe proposed objectives hierarchy stresses, would account for such effects. 



consumers, to mlliimize cost impacts of policies on a We-cycle basis. Therefore, based on the 

user perspectives discussed in Chapter VI, the objective is speciîïed in terms of costs related 

to vehicle purchase, fuel and oil consumption, vehicle maintenance and servicing, and 

rnandated vehicle I&M. In connection with the last cost item, note that users would strongly 

prefer that in-use emissions testing be less frequent, expensive, and burdensome. Stnctly 

speaking, the need to preserve vehicle re-sale value should also have been included dong with 

the other cost components. This was not done, since the objective was to minimire lif-cyc2e 

cos&, and re-sale value would acnially need to be rnawnized in order to achieve this 

objective. To avoid confusion, therefore, re-sale value was included under the next objective, 

"minimize loss of M2W vehicle characteristics due to policies". FinaUy with regard to the lie- 

cycle costs objective, it was decided that minimizing fuel and oil costs would help account for 

fuel economy advantages (and reduced oil consumption) offered by certain emissions 

prevention and control technologies, such as four strokes and line-mbÜng. Enhancing fuel 

economy was consequently not included in the objectives hierarchy, since this would have led 

to double counting. 

The next three fundamental objectives in the hierarchy in Table 7.1, atong with their sub- 

objectives, reflect key M2W vehicle user concems, apart fiom the need to rninimize long term 

capital and operating costs associated with policies. As discussed in Chapter VI, users would 

prefer that policies not compromise vehicle performance, reliability, easy maintainability and 

serviceability, spare parts availability, passenger and luggage carrying capacity, s e ~ c e  Iife, 

and re-sale value. At the same time, the attractiveness of policies may be enhanced, if in 

addition to the foregoing charactenstics not being compromised, they offered personal 

benefits such as irnproved dnveability (and fuel e c ~ n o r n ~ ) . ~  

2 Interestingly in this regard, the AIAM expressed the concern that with M2W vehicle emission standards 
becoming ever more stringent, engines might become very sensitive and be prone to poor startability and 
driveability. Also, AïAM expressed the view that vehicle power could not be compromised, given that M2W 
vehicles in India are used not only for personal transport but also to cany goods (AIAM 1996b). 
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One might wonder why maïntainability and serviceability were included as a sub-objective, 

when minimization of maintenance and servicing costs was already considered under the He- 

cycle costs objective. This was done because the ease with which new technologies can be 

maintained and serviced, regardless of their cost, is in itself an important consideration, given 

the complexity of some new technologies, the lack of quality maintenance and s e ~ c i n g ,  and 

the tendency of many users to maintain their vehicles themselves, as discussed in Chapter VI. 

The need to consider user safêety impacts due to policies is stressed in order to account for, 

for exarnple, the possibility of bum injuries due to catalytic converters on M2W vehicles (Faiz 

et al 1996). 

F o s t e ~ g  transfers to less polluting modes, and even restricting M2W vehicle ownership 

and usage, are obviously desirable, ~ o m  the standpoint of emissions reductions, but would 

involve inconvenience and loss of time for MZW vehicle users. Hence the objective "minimize 

inconvenience and loss of time related to restricted M2W vehicle ownership and usage and 

mode changes due to policies". This objective does not imply that such mode transfers must 

be lunited, or that efforts not be made to restrict M2W vehicle ownership and usage, but 

rather that viable alternatives such as enhanced public transit service be provided, to make up 

for the inconvenience and loss of 

The next tùndarnental objective, "rninirnize other transport system impacts" reflects the 

importance, stressed in Chapter V, of considering the inter-dependence between transport air 

pollution and other transport impacts. Loss of access and t h e  delays for users of non- 

motorized modes, land use, and population displacement are specified as the sub-objectives, 

because these would be important impacts of policies such as congestion management, 

particularly given the large proportion of urban pour and non-motorized mode users, the 

severe land shortages, and the need to control sprawl, in the Indian context. Another 
. . .  

important transport system impact is energy consumption. Minimizuig energy consumption is 

an important objective in itsec as discussed in Chapter II. Additionally, it is an important 

consideration in evaluating M2W vehicle emissions prevention and control policies and 

' By the same token, the objectives "minimize l o s  of M2W vehicle characteristicsn, and "minimize other 
transport systern impactsn, are not to be taken to mean that deterioration with respect to the status quo is 
merely to be ïninimized, Indeed, it would be desirable for emissions prevention and control policies to actually 
improve conditions in terms of these parameters, if possible, in addition to minimizing emissions impacts. 



technologies, since some of these would promote energy conservation in addition to lowering 

emissions, while others would not. However, energy consumption is already accounted for in 

the sub-objective "minimize (fuel and oil) costs" (for users), and is therefore not repeated 

here, in order to avoid double counting. 

The next objective in the hierarchy, which relates to rninimizing the winerability of 

policies due to future scenarios, reflects the desirability of ensuring that policies do not lose 

their effectiveness on account of fiiture conditions other than those anticipated at the t h e  of 

the evaluation.' Similarly, minllninng vulnerability to future regdatory changes would be a 

key concern, fiom the perspective of industry. Industry would f&r prefer implementing 

technologies that can be easily extended as emissions standards become more stringent, than 

those that cannot. The "rninimize vulnerability over the long term" objective, as several others 

in the objectives hierarchy, reflects the importance accorded to irnplementation issues 

throughout this dissertation. 

The last fundamental objective in the hierarchy in Table 7.1 relates to promoting equity 

and fairness in applying policies. Recd in this regard that vehicle users expressed the view 

that policy attractiveness may be enhanced by policies being applied uniformly and fairly to ali. 

Fairness would thus make policies more acceptable and effective over the long run. While the 

fkst sub-objective relates to equity between M2W vehicle users and users of other motorized 

modes, the second stresses the importance of ensuring that policies do not disproportionately 

affect users of one M2W vehicle type compared to users of other types. This objective is 

particularly relevant in the case of mopeds, which cater for low-income users. The equity and 

fiiniess objective is important not only fiom the point of view of M2W vehicle users, but f?om 

a broad societal perspective. As discussed in Chapter IV, policies targeted at transport 

emissions, including ernission standards, have been motivated by the rapidly detenorating air 

quality situation in Delhi and other major Indian cities. But these policies might be 

unnecessarily stringent in other areas of the country, yet wili have cost impacts for users in 

those areas. It is in the light of this consideration that the objective relating to geographical 

equity is included in the hierarchy. Applying this critenon might lead to emissions and fbel 

standards dflerentiated by region, for example. Policies targeted at M2W vehicles can affect 

4 Operationaking this objective would cal1 for anticipating in advance what these scenarios might likely be. 



users of non-motorized vehicle modes as well, but equity between these users and M2W 

vehicle users is not included here, since access and time rosses for users of non-motorized 

modes are already accounted for iri the objectives hierarchy. 

7.4 MEANS-ENDS OBJECTIVES NETWORK 

It is useful to develop a means-ends objectives network, which shows the various means 

objectives that need to be achieved in order to attain the overail fûndamental objectives. 

Means objectives need a network, as opposed to a hierarchy for fundamental objectives, since 

a single means objective can have implications for several fùndamental objectives, and several 

means objectives cm infiuence a single fundamental objective. Objectives in a means-ends 

objectives network indicate how higher level objectives can be better achieved, and are thus 

vaiuable in identifjhng policy levers. Value judgments are required to construct tiindamental 

objective hierarchies, but knowledge of facts is needed to construct means-ends objectives 

networks. Fundamental objective hierarchies comprise objectives over which measures should 

be defined, whereas means-ends networks indicate the objectives and factors that should be 

considered in developing models to relate alternatives to their impacts (Keeney 1992; Keeney 

and McDaniels 1999). 

Figure 7.1 shows the various means objectives to achieve the overall fùndamental 

objectives developed in the previous section with respect to policies to prevent and control 

M2W vehicle emissions in the Indian contea. The means objectives were developed based on 

the discussions in Chapters III to VI, and are presented in the form of strategies rather than as 

specific policies and technologies. There are other means objectives and M a g e s  that could 

have been included in the figure, but only the most important have been shown, because of 

space con~traints.~ The fundamental and means objectives have been condensed, vk, the 

preference orientation and sub-objectives (in the case of the fundamental objectives) have 

been omitted, for the sarne reason. 

First of all, Figure 7.1 attempts to show that there is a wide range of means objectives that 

need to be achieved in an integrated manner by multiple actors, including decision makers, 

For example, as noted in Chapter V, there are other means for minimizing emissions exposure and impacts, 
such as improving houshg location, nutrition, and health care access. But the means indicated in Figure 7.1 
relate only to systern-wide ernissions due to M2W vehicles. 



industry, and vehicle users, in order to meet the fùndamentai objectives. The air poliutants to 

be targeted in order to minimiEe local, regional and global health, welfare and environmentai 

impacts due to M2W vehicle emissions are specified. Each poilutant contributes to one or 

more of the emissions impacts to be minimized, and dflerent policies will affect emissions of 

each pollutant to varying extents. Note that VOCs have been specXed in addition to total HC, 

to reflect their importance in tems of ozone formation. Similarly, PMI0 has been specified in 

addition to PM, since the former is cntical in tems of health impacts and visibiiity, and the 

latter in terms of damage to structures. 

The inclusion of air toxics (which include aidehydes and benzene) is relevant in terms of 

the need to anticipate undesirable side-effects, which was stressed in Chapter V. The addition 

of MTBE (methyl tertiary butyl ether) to Indian gasoline Rom 2000, in order to make up for 

Iead removal (BIS 1995a; Appendix IV), is like1y to cause increased aldehyde (and reactive 

HC and NOS emissions in vehicles without catalytic converters, thus aggravating the ozone 

problem (Humbert0 Bravo et ai 1991). Similarly, unleaded gasoline can have a significantly 

high benzene content, depending on the refinery process used, as discussed in Chapter IV 

(Faiz et ai 1996; Raje and Malhotra 1997). Lastly, CO2 has been included in the interests of 

mlluminng climate change impacts, and also as a proxy for energy conservation. 

The means-ends objectives network in Figure 7.1 reflects the need to minimize in-use 

emissions of the above air pollutants system-wide due to M2W vehicle activity. I t  does so by 

first s p e c w g  the various M2W vehicle and transport system sources to be targeted. Both 

technologicai strategies, related to these sources, and targeting emission factors (in grams per 

vehicle-kilometre), as well as preventive strategies targeting the vehicle-trip and vehicle- 

kilometre components of the emissions problem, are included, dong with various supporting 

infiastructura1 and institutional measures. In the case of M2W vehicle exhaust emissions, the 

need to control emission factors (in grams per vehicle-kilometre) at 80-100,000 kilometres is 

included as a means objective, to ensure emissions reduction over the long term at the level of 

individual vehicles. 





In-use realities and implementation issues are considered by including key user behavioural 

factors to be targeted for long-term policy effectiveness, such as oil dosage and adulteration, 

refbeling fiequency, quaiïty and timely vehicle maintenance, servicing and disposal. Also 

included are the regulatory, economic and other institutional rneasures to be implemented by 

various actors to target these factors. These measures include wide avdability of quality 

fÙeWoil, spares, and vehicle s e ~ c i n g  Facilities, training of s e ~ c e  personnel, effective 

m o n i t o ~ g  and enforcement, fuel economy rebates, excise duty incentives, and innovative 

scrappage and relocation schemes. 

Lastly, the means-ends objectives network in Figure 7.1 suggests some broad institutional 

approaches to better achieve the overall fùndamental objectives. These include close co- 

ordination arnong stakeholders, attention to vehicle user and industry perspectives, and 

continual leamhg and flexible and adaptive policy-making. Exarnples of such policy-mahg 

could include policies differentiated geographically and by M2W vehicle type, and innovative 

scrappage and relocation schemes. 

7.5 MEASURES 

While fundamental objectives specfi the important poiicy impacts to be considered, measures 

are necessary to actually evaluate, select and monitor policies. As stressed in Section 7.2.1, it 

is important that measures be such that data necessq to operationalize them be easiiy 

obtainable, given available resources. There would be little sense in measures that necessitated 

the expenditure of excessive amounts of time and resources in data gathering (Keeney 1992). 

Table 7.2 presents measures to allow characterization of the impacts of M2W vehicle 

ernissions prevention and controi policies in ternis of the overall fiindamental objectives. These 

measures reflect the discussion on detennination and valuation of emissions and other policy 

impacts in Chapter V, and on user perspectives in Chapter VI. Some of the measures in Table 

7.2 were easy to develop, while others required knowledge of technical facts and urban 

transport issues, in order to capture the precise meaning of the objectives. Most of the 

measures are self-explanatory. Therefore, a detailed rationale for them is not provided here. 

But some comments are in order, with regard to specific measures. 



Fist of aü, note that the measures target impacts due specifically to the policy under 

consideration. The purpose of this stipulation is to ensure that impacts due to other factors are 

not attributed to the policy. Policy impacts are to be gauged relative to the business-as-usual 

@AU) scenario. Finally, the need to take a long-term perspective in policy analysis is 

accounted for by measures targeting policy impacts annually, so that it would be possible to 

study how various policies were performing on the multiple objectives over, Say, a IO-year 

period. 

Measures were not constructed for the ernissions impacts such as mortalities and 

morbidities, crop damage, and damage to structures, specified under the first fundamental 

objective. This is because of the considerable difficulties involved in measunng and valuing 

impacts, and in precisely i d e n t m g  the contribution of transport policies to those impacts. 

These dficulties, which were discussed in detail in Chapter V, are formidable in the best of 

circumstances, but are rendered even more so in the Indian context, given its data collection 

and policy-analytic constraints. 

The measure proposed therefore is an overd emissions impact which weights changes in 

emissions of individual pollutants specified in the means-ends objectives network, due to 

policies relative to the BAU scenario, based on informed expert judgments on the need to 

control the pollutants. The weights would reflect the relative importance of the impacts, and 

the contribution of individual pollutants to them, ut the tirne. Weighting emissions of 

individuai poliutants in a flexible marner, based on local current conditions and needs, would 

be in keeping with the stress placed in this dissertation on continual learning, and flexible and 

adaptive policy-making. In practical terms, it would help in making mid-course corrections to 

policies over tirne, to better ensure long-term policy effectiveness. 

Measures cl- the meanings of, and the subtle distinctions between, different objectives 

(Keeney 1992; Keeney and McDaniels 1999). Indeed, developing the measures in Table 7.2 

helped the author refine some of the objectives presented earlier. The maintainability and 

sewiceability objective relates to the ease with which M2W vehicle users are able to address 

problems related to new vehicle technologies without resorting to the senrices of mechanics. 

The vehicle maintenance and seMchg costs objective, on the other hand, relates to the actual 

costs of addressing those problems, in tenns oc for example, spare parts. Similarly, the 



reliability objective relates to the potential for new technologies to cause problems that dismpt 

vehicle service. On the other hand, the service life objective relates to  the duration that vehicle 

users can operate new technology vehicles without prohibitively expensive maintenance and 

servicing. The passenger and luggage canying capacity objective relates to the possibility that 

some new technologies could result in reduced ability in this regard? On the other hand, the 

vehicle performance objective relates to any performance deterioration that rnight result due 

to new technologies, with the sarne passenger and luggage loading. Lastly, the equity and 

faimess objective, and its related measure, have interesthg implications for creating flexible 

alternatives that are dzerentiated geographically and by M2W vehicle type. Perhaps only fiiel 

and oil quality improvements could be implemented nation-wide,' in order to address the moa 

serious impacts related to lead and particulates, with expensive M2W vehicle technology 

improvements restricted to the major cities with air pollution problems. 

7.6 CONCLUSIONS 

The multiple objectives and measures apply primariiy to technological and regulatory policies 

targeted at M2W vehicles, but are relevant for other policies. Further, the objectives and 

measures may be adapted to accommodate a wide range of policies targeted at other modes 

and transport system components. 

The multiple objectives and measures incorporate a wide range of environmental, health 

and welfare, socio-economic and transport systern impacts over the long tem. Because the 

objectives and measures integrate these impacts for and other interests and concems of a wide 

range of actors and afEected groups, they rnay be considered to represent a broad societal 

perspective that also takes into consideration long-term, system-wide effects. Since different 

policies would perform dinerently in terms of these multiple objectives, it would be possible to 

discriminate between a range of technological-curative as well as preventive policies. 

For example, some M2W vehicle technologies can be ammmodated more easily on a motorcycle, which 
tends to have a lower carrying capacity than a scooter. On the other hanci, some other technologies can be 
fitted more de1y on a scooter. 
7 This will happen in any case, as far as fiel is concerned, fiom April2000 (see Appenduc IV). 
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The objectives and measures have the potential to facilitate compromise among decision 

makers in government and industry and other actors, and help them work together to develop, 

implement and monitor effective poiicy alternatives, while rninimizing adverse policy impacts 

for di. This is particularly important, given the conflichial nature of actors' interactions, and 

the lack of institutional mechanisms to consider society-wide policy impacts. Fially, the 

objectives and measures explicitly consider implementation issues and in-use realities. Robust 

policy packages may thus be developed that enhance the chances of effectively and equitably 

addressing the probiem over the long term. 

The measures, which have been developed with the express purpose of making them 

operationalizable given contextual constraints, will help decision-makers develop and 

implement effective policy monitoring programmes. The means-ends objectives network will 

aid in developing a wide range of technological, economic, regdatory and travel-demand 

reduction measures to be undertaken in an integrated rnanner by various actors, to more 

effectively achieve the multiple policy objectives. 

In the spirit of continual learning and adaptive policy-rnaking and implementation stressed 

in this dissertation, the objectives and measures presented in this Chapter are open to 

modification and refinement in the Light of experience gained over time, to better measure 

policy impacts, and create better policy alternatives. Indeed, they have been developed to 

expressly d o w  policies to be continuously monitored and modified, so as to be responsive to 

changing needs. 

Lastly, we turn to the question of the usetiilness of the problem-stnicturing tools of value- 

focused thinking in the LIC context. The process of eliciting and structuring objectives and 

rneasures described in this Chapter has yielded a clearer understanding of the range of issues 

to be considered in order to more systematically evaluate and create better policy alternatives 

to address a complex problem such as transport air pollution in a context that is just as 

complex. No firm conclusion can be drawn from this one instance, but based on the 

experience gained as a result of this research, there is reason to believe that these tools have 

the potential to be used to better understand and structure complex public policy problems in 

the LIC context. 



CONCLUSIONS 

8.1 INTRODUCTION 

This dissertation has addressed the problem of air poliution nom M2W vehicles in the Indian 

context in its environmental, socio-economic, technological, institutional and hurnan 

behavioural dimensions, and has presented the results of policy-relevant research related to 

M2W vehicle emissions in Delhi, in order to promote a deeper understandimg of the problem, 

and to inform policy-making and implementation. Specificaliy, the dissertation has analysed 

technological and institutional contributory factors in Chapter III, cntically examined the 

institutional setting, in terms of actors' roles, responsibilities and interactions, and constraints 

and barriers, in Chapter IV, and proposed an analytic fiarnework for systematic thinking and 

effective policy-making and implementation in Chapter V. 

Based on a questionnaire survey of, and in-depth interviews with M2W vehicle users in 

Delhi, Chapter VI explored the implications of vehicle user choices related to daily travel and 

vehicle purchase, operation, maintenance and disposal, and of user perspectives on various 

policy alternatives. Finaliy, Chapter W pro posed multiple objectives and measures t O 

characterize the impacts of policies to address M2W vehicle air pollution in the Indian 

context, based on in-depth interviews with decision makers in govermnent and industry, and 

on insights gained fiom the elicitations of vehicle user perspectives. 

In this concluding chapter, the author sumrnarizes the insights gained fiom the dissertation 

research, and offers his perspectives on the implications of the research for air pollution fiom 

M2W vehicles, and its prevention and control, in the Indian context. The author also makes 

recommendations for more effective policy-making and implementation in relation to transport 

air pollution, urban transport and other urban environmental issues in that context. Finally, the 

author offers suggestions for fùrther research. 



8.2 TECHNOLOGY-POmCAL I N S m O N - H U M A N  BEHAVIOUR 

INTERACTIONS 

The analysis of contributory factors in Chapter III and the results of the vehicle user 

elicitations in Chapter VI show that transport air pollution inevitably involves technological 

issues, but is also influenced by choices that millions of vehicle users make on a daily basis, 

and by the political-institutional setting that in part influences those choices. 

Thus, for example, the rapid growth in M2W vehicle activity in Delhi is shown to result 

fiom nsing incomes, and easy vehicle and credit avaifability, but also fiom factors such as 

unaffordable housing close to work, compromised access and road safety due to motor vehiclz 

activity, increasingly unreliable and inconvenient public transit, and inadequate provision for 

non-motorized modes. Similarly, while rising female work-force participation contributes to 

growing M2W vehicle ownership and usage arnong women, user-friendly vehicle technologies 

aIso play an enabhg role. 

The fiequent re-fùeling reported by many M2W vehicle users, which has important 

implications for evaporative emissions, is a result of smali vehicle tank size, but is also due to 

user concerns over fuel pilferage. Poor in-use fùel and oil quality are a result of fuel and oïl 

technology constraints, but are also due to adulteration resulting from relative fùel pricing and 

ineffective enforcement. And fuel price subsidization is in part responsible for the lack of 

investment in improved fbel refining technologies. Excessive oil-fiel ratios, which have 

important implications for exhaust particulate emissions, are in part due to the use of fixed 

quantities of oil with varying quantities of fuel, because of concerns over adulterated oil. Poor 

vehicle maintenance may be due to limited Sordability on the part of vehicle users, but is also 

due to the burdensorne and ineffective in-use emissions monitoring and control regime, and 

high spare parts taxes. 

In view of the foregoing, the dissertation stresses the importance of cons ide~g  

interactions between technological, political-institutionai, and human behavioural factors that 

contibute to per-vehicle emissions as well as vehicle activity. The dissertation aIso stresses 

the need to consider emissions fiom all vehicular and system-wide sources, and b u s e  vehicle 

operation, maintenance and disposa1 redities, in order to mode1 transport air pollution and 



energy consumption more effectively, and to develop curative as well as preventive measures 

to address the probiem comprehensively and effectively over the long term. 

8.3 THE INSTITUTIONAL SETTING 

Addressing transport air pollution is chdenging enough because of the large number and 

vat-iety of motor vehicles and literally millions of vehicle users that are involved. But the 

multitude of agencies and actors with fiagmented, overlapping, and confiicting roles, 

responsibilities, interests and agendas makes a challenging task even more difficult. Further, 

actors' interactions have been characterized, at least until recently, not only by the lack of co- 

ordination, but by confiict. Most importantly, the various agencies and actors face restricted 

hancial, technological, and administrative resources for the provision and maintenance of 

clean vehicles and fbels and adequate transport and public transit infiastructure, and for 

effective policy analysis, implementation, monitoring? and enforcement. In short, the 

institutional setting is characterized by constraints that contribute to or exacerbate transport 

air pollution, as weii as hamper the ability to understand and address the problem effectively. 

Various criticai institutional barriers and constraints are discussed in the dissertation. One 

of the most important is the inability to effectively control in-use vehicle emissions, due to 

unclear emissions durability requirements, decentralized testing and repair, inadequate 

resources to monitor testing stations, and the lack of linkages between vehicle registration and 

inspection. Motor vehicle activity generated by neighbounng states contnbutes significantly to 

transport air poilution in the Delhi region, but there is little inter-state CO-ordination in terms 

of land use and transport policy. The neighbouring states have encouraged development close 

to Delhi, in order to take advantage of the city's employment oppominities. However, the 

agency responsible for land use in Delhi lacks the resources to control unplanned development 

in finge areas, partly due to its own financial position having been weakened because it has 

not collected bettement charges fiom private developers. The growing inadequacy and 

inconvenience of public transit, which contributes to growing personai motor vehicle 

ownership and usage, is in part due to constrained resources for expansion. Also, however, 

the large number of smail private owners who operate the significant proportion of buses in 

Delhi, have iïttle ability or incentive to invest in proper maintenance, because they operate 



under a regulated fare structure. Overcrowding and poor fleet maintenance serve to shorten 

bus Me, thus firther exacerbating the poor transit availability situation. Lady, effective 

control action is hampered by the fact that many of the actors, being govemment agencies, are 

difficult to effectively regulate, as in the case of the publicly owned oil refineries and public 

transit organizations. 

The dissertation argues that, in the face of rapidly detenorating air quality in Delhi and the 

other major cities, hasty ad hoc decisions appear to have been made, with little attention to 

implementability or to institutional support mechanisms, and with long-term consequences not 

having been thought through. While conveying the illusion of action, many policies are likely 

to be costly and burdensome, yet ineffective in addressing transport air pollution, let alone 

urban air quality. The lack of resources for quality information generation and policy analysis 

has contributed to this situation, but it is likely that the confrontational public interest 

litigation process has also played a role. Connict between actors has in part resulted from a 

perceived lack of a rational basis for policies, which in tum is due to the lack of reliable 

information. 

8.4 VEHICLE USER PERSPECTIVES 

The dissertation argues that policy ineffectiveness is in part due to lack of attention to how 

vehicle users and industry are afEected by and respond to policies. It is this lack that motivated 

the ebcitations of vehicle user perspectives on policy alternatives reported and discussed in 

Chapter W. The study demonstrates that, just as understanding vehicle user choices related to 

daily travel activity, and vehicle purchase, operation, maintenance and disposal can help mode1 

transport air pollution more effectively, understanding how vehicle users are Sected by and 

respond to policies can contribute to designing attractive policy packages that have a greater 

chance of success over the long tenn. 

The vehicle user elicitations, dong with the RITES/ORG (1994) travel survey data for 

Delhi, show that M2W vehicle use is motivated in large part by the lack of other convenient 

and affordable options. A large proportion of M2W vehicle trips are performed by lower 

income users, and the buUr of M2W vehicle trips are work related and therefore unavoidable. 

Restricting vehicle ownership and usage would adversely affect daily family life. The 



dissertation therefore argues that, while it is important to address M2W vehicle emissions, 

because they contribute significantiy to transport air pollution, it is also important to minimize 

adverse policy impacts for vehicle users, particularly those with low incornes. The low 

afEordabi1ity and lack of viable options on the part of many users rnakes it aii the more 

important to understand how users are Bected by and respond to policies, to ensure long- 

term policy effectiveness and equity. 

The fact that vehicle users would find expensive vehicle technologies to rninimize air 

pollution acceptable, provided vehicle characteristics such as performance, reliability, service 

life and low cost maintainability were not compromised, and that users would fhd 

technologies attractive if they also offered fùel economy benefits, may be used to more 

effectively discriminate between policy and technology alternatives. For example, while four 

strokes would provide fùel economy benefits, an important user concern, catalytic converters 

might not necessarily do so. Catalytic converters on M2W vehicles might compromise user 

safety, another user concem. Further, catalytic converters raise emissions durability worries, 

given poor operating conditions and enforcement. 

Combining user perspectives on policies with their vehicle purchase preferences raises 

interesting implementation issues. Four-strokes, which are bigger than two strokes for the 

sarne power output, can be fitted easily on motorcycles, which have no space constraint, but 

require extensive and expensive design and tooling changes on scooters, which are preferred 

by the vast majonty of M2W vehicle users in Delhi and other urban centres, because of their 

higher passenger and luggage carrying abitity, and their lower cost. Accomrnodating four- 

strokes or catalytic converters would be even more problematic and proportionately more 

expensive on mopeds, which are small, low cost vehicles catering for lower incorne users, and 

which, whiie used little in Delhi, are popular in the rest of the country. Thus, emission 

standards, motivated by the rapidly detenorating air quality situation in Delhi and other cities, 

could be umecessarily burdensome for the large number of low-income moped users living in 

non-polluted regions. 

The vehicle user perspectives demonstrate the importance of CO-ordinating technological, 

economic and regulatory policies, as well as of considering how vehicle users would respond 

to dinerent kinds of policies when implemented in combination. Thus, for example, while it 



would be important, given vehicle operating conditions, to ensure good quality air filtration 

and ignition systems for the effective fùnctioning of caialytic converters, it would also be 

necessary to control &el and oil adulteration. Given the complexity of new vehicle 

technologies, poor maintenance, and resistance to scrappage, it would be important to ensure 

low spare parts taxes and training of vehicle s e ~ c i n g  staff. An effective but less burdensome 

b u s e  emissions monitoring and enforcement regime, ideally incorporating centrahed testing 

and decentralized repair, linked to an effective vehicle registration system would be necessary. 

Emissions durability and warranty mandates could also be considered. Given the growing 

importance of female M2W vehicle users, features such as irnproved vehicle driveability would 

encourage timely disposai and replacement. 

The user elicitations yielded various creative solutions to enhance policy attractiveness. 

One such solution was a vehicle scrappage scheme based on emissions performance, rather 

than on a fixed number of years, to serve as an incentive to quality maintenance, while 

preseMng vehicle value. Such a scrappage scheme would of course require an effective in-use 

emissions monitoring and control regime, once again highlighting the need for policy co- 

ordination. A system to buy back old vehicles and sel1 them after re-conditioning in the 

hinterland would make emissions performance-based scrappage more attractive, and promote 

timely vehicle disposal and rapid penetration of improved technologies. Offering credits to 

vehicle manufacturers would serve as an incentive to implement such a scheme. 

The foregoing shows the importance of explicitly considering in policy analysis issues that 

are typically relegated to the policy implementation phase. This approach will enable 

institutional mechanisms to be put in place to anticipate and address problems, and to support 

policies well in advance of their introduction. At the same time, this approach would enable 

the development and implementation of policies that muiimize reliance on expensive 

technologies and institutional support mechanisms, and that are insensitive to poor operating 

conditions. Such policies would not only rninimize the risk of failure, they would in fact have a 

better chance of long-term effectiveness, given contextual realities and constraints. 

It would be desirable to implement policies that deliver results rapidly, to ensure public 

support, while also being cost-effective over the long term. Fuel-oil quality improvements and 

low dosage oils on two strokes are good examples of such policies. They would target critical 



and neglected factors such as evaporative emissions due to fiequent re-fueling and excessive 

oil-fiel ratios, and would help minimize pollutants of concern such as particulates, volatile 

organics and air toxics. They would produce rapid results, since they would take effect neet- 

wide as soon as they are introduced, unlike vehicle technology improvements. Finally, they 

would be 'fit and forget" in nature, and would be insusceptible to the 'Free rider" problem, all 

of which would enhance vehicle user acceptabiiity. 

8.5 POLICY-ANALYTIC FRAMEWORK 

Given the possibility of transport air pollution policies being burdensome and expensive yet 

ineffective, because of long term consequences not havhg been thought through, and lack of 

CO-ordination, there is need for a systematic and integriftive approach that reflects the 

complexity of the problem, and is sensitive to contextual needs, capabilities and constraints. It 

is this need that the dissertation attempts to flllfill, by proposing a policy analytic fiamework 

and multiple objectives and measures to inform policy-making and irnplementation. While the 

analytical framework and multiple objectives and measures apply primariiy to technological 

and regulatory policies targeted at M2W vehicles, they may be adapted to accommodate a 

wide range of policies targeted at all modes and transport system components. 

Among other things, the framework incorporates a systematic methodology for estimating 

air poilutant emissions due to policy alternatives. The methodology reflects the need to 

minimue system-wide emissions due to vehicle activity, over the long term. The framework 

stresses the importance of evaluating policies as they would be implemented, rather than 

assurning a fiction-fiee world. Therefore, the framework explicitly considers key urban 

transport, technological and user behavioural contnbutory factors and in-use conditions and 

variabilities that cntically influence emissions. Thus, for example, emission factors are required 

to reflect real-life vehicle operation and fieUoil conditions, and deterioration in emissions 

performance over time due to increased vehicle activity, congestion, and vehicle age. Also 

considered are the effects of variations in monitoring and enforcement and maintenance levels 

on emissions for different policy alternatives. The fiamework c d s  for emissions to be 

esthated in terms of a wide range of pollutants, to account for unintended side-effects, such 

as increased aldehyde emissions in engines without catalytic converters, and thus the increased 



possibility of ozone fonnation, due to the use of MTBE to compensate for lead removal. In 

view of contextuai constraints in tenns of information generation and policy analysis, 

uncertainties are considered explicitly, by aiiowing for informed expert judgments with respect 

to various parameters. 

Similady, because of policy analytic constraints, and practical, theoretical and 

philosophical dficulties associated with monetizhg non-îïnancial policy benefits in the Indian 

context, the fiarnework proposes cost-effectiveness as a basis for estimating and valuing 

emissions impacts due to policy alternatives, with individual poilutants weighted to reflect 

their contributions to local, regional, and global health and welfare, environmental and other 

impacts of concem over the long term. Further, because policies can have transport impacts 

other than those related to air pollution, including congestion, energy consumption, land use, 

access and mobility losses, and a range of cost and welfare impacts for various actors and 

afEected groups, the h e w o r k  proposes that policy alternatives be evaluated in terms of 

multiple objectives reflecting these impacts, and the diverse interests and concerns of the 

actors and groups, to address transport air pollution effectively and equitably over the long 

terrn, 

The multiple objectives and measures proposed in Chapter VII reflect a wide range of 

policy impacts as discussed above. As for emissions impacts due to various policies, the 

dissertation proposes that they be measured by weighting emissions of individual pollutants 

due to each policy, based on informed expert judgments on the current need to control each 

poilutant, considering the relative importance of various emissions impacts of concem, the 

contribution of individual pollutants to the impacts, and the local ambient level of pohtants. 

Because a wide range of policy impacts are considered over the long term, and because 

different policies would perform dflerently in t e m s  of these impacts, the multiple objectives 

approach would enable discrimination between a range of technological-curative as weil as 

preventive policies. The long tenn perspective would help determine the rapidity with which 

policies lower emissions, an important consideration in winning public confidence, and also 

whether these emissions irnprovements are sustained cost-effectively, given vehicle activity 

increases, contextual realities, and vicious circles that may manifest themselves over time. 

Thus, for example, it could be shown that whereas highway capacity addition Mght reduce 



emissions in the short run by increasing average road speeds, but might compromise access for 

non-motorized mode users, displace the urban poor, and increase motor vehicle activity and 

emissions in the long run, improving public transit seMce would reduce M2W vehicle usage 

and emissions over the long tenn without causing any of the above adverse impacts. 

Considering urban transport factors such as the distniution of vehicle trips by trip length 

would enable the emissions effect of reducing long as opposed to short trips, as would happen 

in shifting M2W vehicle trips to public transit, to be detemiined. Lastly, explicitly considerhg 

uncertainties will enable decision makers to  explore the implications of changing scenarios in 

key technological and human dimensional variables. 

Because they integrate the concerns and interests of various actors and affected groups, 

the multiple objectives will help develop policy packages that represent a Win-win condition 

for all, thus enhancing the chances of long-term policy success. The multiple objectives will 

also enable the vitaliy important equity issue to be addressed explicitly. In this connection, 

note the stress placed on equity and fairness in the multiple objectives hierarchy, not only 

between users of difFerent M2W vehicle types, and between h42W vehicle users and users of 

other modes, but also fiom a broad societal standpoint. Applying the equity and fairness 

criterion might Iead, for example, to the flexible application of M2W vehicle emission 

standards so as not to unduly burden the large number of low-income moped users living in 

non-polluted regions. Perhaps only fiel and oil quality improvements could be implemented 

nation-wide, in order to address the most serious impacts related to lead and particdates, with 

expensive M2W vehicle technology irnprovements restricted to the major cities with air 

pollution problems. 

The analytical fiarnework and multiple objectives and measures will hopefùlly enable an 

integrated assessment of the  long-term environmental, socio-economic and equity impacts of 

policies, and thus more effective policy-making, implementation and monitoring, in relation to 

transport air pollution in India. 

8.6 INSTITUTIONAL REFORM AND CAPACITY-BUILDING 

Because transport air pollution and its causes transcend political, sectoral and disciplinary 

boundaries, it is desirable for the institutionai fiamework to take a national, cross-sectoral, 



interdisciplinary perspective. Since CO-ordination between technological, regulatory and 

economic policies is essential, and since these policies are determined by, or afEect multiple 

actors it is desirable to involve all the actors right fiom policy development through to 

implernentation, to CO-ordinate action for long term policy success. The actors include vehicle 

and fuel manufacturers, and government agencies at the national, regional, and municipal 

levels with responsibilïty for public health, air quality monitoring, transport planning, roads 

and transport system management, in-use emissions monitoring and control, and vehicle 

registration. To consider al1 transport impacts in an integrated fashion, and to address 

findamental in addition to technological contributory factors, representatives of agencies 

responsible for transit, land use and non-motorized transport should also be involved. 

In this regard, the Standing Cornmittee on Irnplementation of Emissions Legislation, with 

ail the major actors and testing and R&D agencies represented, to resolve conflicts, and the 

more recentiy instituted, and similarly constituted Inter-Sectoral Cornmittee to fomulate an 

integrated Auto-Oïl-I&M programme for 2005 (Author's interviews 1997; MoEF 199 1 and 

1997), are steps in the right direction. So also is Ani1 Aganual's suggestion (CSE 1996) that 

an adequately fiinded commission, comprising experts and public individuds, and operating at 

arms' length frorn the Ministry of Environment, be set up to deai comprehensively, and with a 

long-term perspective, with transport air pollution. This commission would organize 

independent studies to monitor the effectiveness of regulatory actions, and advise the CPCB, 

which in tum would be made an executive agency, with enforcing powers. 

The institutionai fiamework should ideally help decision makers and other actors to 

ident* key issues over which they can carry on an informed debate leading to a mutually 

beneficial consensus, rather than merely mandating standards and technologies without any 

thought to implementation. This requirement in turn highlights the importance of various 

actors gaining mutual appreciation of each other's perspectives, interests and concems. The 

problem-stmcturing tools of value-focused thinking are ideally suited to this purpose since 

they allow stakeholders to collaboratively understand and structure problems, resolve 

conflicts, and create better alternatives. Achieving these ends is particularly important in the 

Indian context, aven the nature of actors' interactions hitherto. The expenence gained as a 

result of developing multiple objectives and measures in this dissertation gives hope that these 



tools c m  be usefully employed to achieve the above ends in relation to transport air pollution 

and other complex policy problems in India and other LICs. 

While the institutional framework should ailow for CO-ordinated action, it should also be 

decentraiized and flexible. Govenrments at the national and regiond levels should focus 

primarily on policy andysis, prioritization of issues, long-range planning, regulating, and 

disseminating technicd information, whereas rotes such as policy implementation, monitoring 

and enforcement should be devolved to the local Ievel, with adequate resources to support 

these activities. Also, while there is an usefùl role for the private sector (in providing, for 

example, inspection and maintenance services), the public sector should retain responsibility 

for monitoring and enforcement. 

Policy-making and implementation should be adaptive and flexible, as exemplified by 

policies dzerentiated geographicaliy and by M2W vehicle type, emissions performance based 

scrappage with buy back and re-location, fuel efficiency rebates to prornote tirnely vehicle 

disposal and replacement, and weighting individual poliutants based on current local 

conditions and needs. Continual leamhg may be promoted by irnplementing a wide range of 

low-cost and complementary policies that target various dimensions of the problem, and 

drawing lessons from them. Implementing such measures would also obviate costly fdures, 

enhance flexibility, and enable easy and inexpensive "mid-course corrections". As Brandon 

and Ramankutty (1993) point out, inexpensive, partial and up-gradable measures that achieve 

significant improvements early, are preferable to 'permanent' but expensive measures. 

In the spirit of continual learning and adaptive policy-rnaking and implementation, policies 

as well as problem definition, policy objectives and evaluation critena should be subjected to 

constant re-examination. Note in this regard that the objectives and measures presented in 

Chapter W are open to modification and refinement in the light of experience gained over 

time, to better measure policy impacts, and create better policy alternatives that are responsive 

to changing needs. 

A previous paragraph stressed the need to involve al1 actors right fiom the policy 

development stage. It is just as important to involve vehicle usen and the wider public, to gain 

an understanding of their pnorities and concerns, and of society-wide policy impacts. It is 

particularly important to pay heed to the concems of and impacts for groups who will be 



affected by policies, but typicaily have no voice in the decision making process, such as non- 

motorized mode users. The multiple-objectives approach can be used to invoIve the public to  

adequately represent their interests and concerns, and to identw policy objectives fiom their 

perspective, and thus has the potential to contribute to participatory planning with regard to 

transport air pollution. In this regard, dso note that, as demonstrated in this dissertation, 

perspectives and judgments can usenilly be elicited on complex public policy matters involving 

technological issues fiom lay persons. 

Ultimately, effective and equitable resolution of transport air pollution and other urban 

environmental problems depends on representative, responsive, competent and kancialiy 

independent local governments. Institutional capacity needs to be built for reliable information 

generation, policy analysis, long-range planning, standards setting, and effective 

implementation, monitoring and enforcement. But even strong and responsive govemments 

are unlikely to implement environmental policies without strong democratic pressure, based 

on an informed public understanding of issues. 

The importance of public awareness is highlighted by the potential for fraud and policy 

ineffectiveness due to users being unclear about in-use emissions testing in Delhi. Lack of 

public awareness, and the inability to involve the public, can lead to misdirected public 

pressure and govemment action, and less support for long term policies such as fùel-oil 

quality improvements, which despite potentiai advantages are Likely to be less popular than 

vehicle technoIogy improvement s, as evidenced in t his study . Government obviously has an 

important role in building public awareness of air pollution and other environmental problems, 

and of the complexities, baniers and trade-offs involved in resolving them, but so do NGOs 

and the media. A particularly important role that these institutions can play is that o f  seMng 

as "watch dogs7', by conducting and broadcasting the results of investigations and studies that 

serve as a counterfoil to those conducted by government agencies, and that critique 

govenunent policies. Finally, elicitations of lay perspectives can contnbute not only to 

developing policy objectives that better represent public interests and concerns, but also to 

more effective public awareness efforts. 



8.7 PREVENTION IS BETIXR THAN CURE 

Technological measures to address air pollution have an important role, but can involve 

considerable expenditure of fuiancial, technological and administrative resources, and social 

control. Even without resource constrakts, however, technological measures can be 

neutraiized by increasùig motor vehicle activity and congestion, as the US experience shows. 

Despite drarnatic gains in pollution control and efficiency improvements over the years, 

overall US air poliutant emissions are projected to increase, and air quality is expected to 

worsen signincantly in US cities in the next two decades. Similady, despite financing for US 

highways increasing steadily over the last two decades, congestion has worsened, and is 

expected to continue to do so. 

Transport is by no means the ody source of air pollution, and neither is air pollution the 

only important transport impact. Road accidents cause a significant number of mortalities and 

morbidities in Delhi and other Indian cities, with health, econornic and emotional impacts that 

very likely exceed those due to transport air pollution. Further, the poor majority benefit little 

if at al1 from motor vehicle activity (many cannot even aEord subsidized public transport), but 

transport impacts affect them disproportionately. Pedestrians and cyclists account for around 

61% of road fatalities in Delhi, and are aiso most atfected by compromised access due to 

motor vehicle activity. FinaDy, as discussed in Chapter II, rapidly growing motor vehicle 

activity in India and other LICs has a wide range of regional and global impacts, including 

transport energy demand, which could increase as much as three times in as many decades. 

Transport impacts in Delhi and other Indian cities are already exceedingly high, despite far 

lower absolute motor vehicle activity levels compared to the OECD. Road accidents in India 

cause far more fatalities than in North America, with a fiaction of its motor vehicle activity. 

Further, transport impacts are not the only serious urban problems. Poor water quality, for 

example, Iikely does far greater and more easily preventable, damage. While urban demands 

multiply, the resources to address them dwindle. Indian cities do not have the wherewithal to 

accommodate even present levels of motor vehicle activity, let alone future growth. 

Notwithstanding the foregoing, air pollution is arguably the urban environmental issue in 

Asian LICs that attracts the most media and policy attention, perhaps because it is a great 

leveler. And urban air pollution is most readily associated with transport, perhaps because 



motor vehicles are the most visible source. Indeed, the urban transport problem increasingiy 

tends to be framed almost exclusively in tems of air pollution. But given resource constraints 

and the fact that motor vehicle emissions and other transport impacts are inexaicably linked, 

transport policies should, as far as possible, be designed to achieve synergies. These policies 

should ideally promote improved road safety, fiel economy, and equitable access in addition 

to  improving air quality, with the overall aim of achieving an access and mobility system that 

conserves material, energy and land resources, is environmentally benign, safe, and socidy 

just, and that promotes rather than hinders cornmunity life and conviviality. 

If the above objective is to be achieved, motor vehicle activity should be targeted in 

addition to per-vehicle emissions. In this regard, it is worth pointing out that, while the entry 

of foreign vehicle manufacturers and foreign investrnent in infrastructure to accommodate 

motor vehicle actïvity would improve vehicle emissions performance, Indian cities might 

become locked into a system that makes motor vehicle activity inevitable, negathg 

technological benefits in the long run, while creathg a whole range of other transport and 

urban impacts. 

Primacy should be accorded to minirnizing personal motor vehicle activity, both through 

policies that discourage their use, as well as by providing attractive alternatives such as 

extensive, reliable and convenient public transit. The fact that a substantial proportion of h p s  

are performed by public transit, including by members of M W  vehicle owning households, is 

an indication of the importance of this mode in the context (however, expanding services wiil 

not be easy, given the massive allocations required). Further, the willingness of M2W vehicle 

users to transfer to public transit for medium to long distance work-related trips, provided 

reliabie and cornfortable service is available, demonstrates the potential for rninimizing M2W 

vehicle emissions, since such trips form a signif~cant proportion of all M2W tnps. This also 

shows the importance of maintainhg good public transit service, not only for users of this 

mode, but also to rnitigate emissions policy impacts for M2W vehicle users. Note in this 

regard that a recent gasoline pice escalation was strongly protested in Delhi, but not in 

Mumbai, where public transit is excellent. 

In addition to providing public transit that is extensive, reliable and convenient, adequate 

facilities must be provided for walking and cycling. It is because of growing congestion and 



reduced access and road safety due to motorized t r a c  that large numbers use M2W vehicles, 

even over short distances. As discussed in Chapters V and VI, the potential for walking and 

cycling is great. Around 40% of ail trips are within 2.5 kilometres, and walking and cycling 

(and travel by cycle rickshaws) account for nearly 39% of ail trips even among residential 

households in Delhi, the most motorized Indian city. The shares for these modes would likely 

be significantly higher for the total urban population, considering that every second person in 

that city lives in a slum. Further, a sizeable mlliority of residential households does not own a 

personal motorized vehicle. For ali of these reasons, walking and cycling are likely to remain 

the mainstay of the majority for many years. In addition to c a t e ~ g  for the travel needs of the 

majority, planning for non-motorized modes would also help rninimize short distance M W  

vehicle trips, whose contribution to total M2W vehicle air pollutant emissions is 

disproportionate to their share of total M2W vehicle-kilometres, because of low speeds at low 

distances, and the constancy of trip-start and trip-end (evaporative) emissions regardless of 

trip length. 1t may be fbtile to expect M2W vehicle users to switch back to non-motorized 

modes, but usage cm be hopefully dampened, at least over short distances. Finally, e n s u ~ g  

the viability of non-motorized modes is important for transit viability. 

Thus, whereas transport policy focused on air pollution might be ineffective in reducing 

motor vehicle emissions in the long run, while leaving other transport impacts unresolved, an 

urban transport system focusing on access for the poor majority wiil likely produce air 

pollution benefits besides meeting other transport and urban livability objectives. Finally, 

preventive, and non-transport, solutions should be considered for the long term, such as 

Sordable housing close to workplaces, and obviating rural-urban migration by investing in 

rural infi-astructure. 

8.8 SUGGESTIONS FOR FURTHER RESEARCH 

There is currently no reliable accounting of the contribution of MZW vehicles and other 

modes and transport system components to air poilutant emissions, either for Delhi or the 

other Indian cities. The transport ernissions inventories that do exist very likely account only 

for vehicular exhaust ernissions, and are not representative of real-life conditions. The need for 

a comprehensive and representative emissions inventory cannot be stressed enough, since it 



would provide a rational basis for prioritizing vehicle and transport system sources for control 

action. The lack of  such an inventory contributes to confIict between various actors, and lack 

of public understanding and purposive governrnent action, as discussed. Most importantly, 

f?om a public policy standpoint, it is not clear that the most stringent standards and policies 

are applied to the most important transport sources. 

Emission factors need to be developed, through extensive and systematic testing, for 

various air pollutants nom various vehicular sources, including exhaust, crankcase, brake and 

tyre, for evaporation from vehicular as well as fuel distribution system sources, and for re- 

suspended dust. Particulate emissions fiom various sources need to be differentiated by 

particle size, and in terms of natural and combustive ongins. The emission factors should 

account for real-life vehicle operation and &el-oil conditions, and vehicle age, maintenance 

level, and trip length distributions for various modes. Emission factors and fuel consumption 

data that are representative of real-life conditions will in tum require the development of 

equaliy representative driving cycles, as discussed in Chapter III. 

The foregoing wili require considerable technical and financial resources and will likely be 

tirne-consurning. But, given resource constraints, and the need for urgent action in the Indian 

context, there would be great value in estimating an emissions inventory based on available 

information. The stress should be on minimizkg specification errors, by accounting for al1 

contributory factors, in-use conditions, and variabilities that influence emissions in the Indian 

context, while accounting for measurement errors by employing ranges for various variables, 

based on informed expert judgrnents. An emissions inventory generated along these lines 

would serve as a basis for designing and pnontizing policy actions in a disaggregated marner, 

in terms of various system-wide sources for various modes, short and long distance trips, 

vehicle age and maintenance, and fuel and oil quality. Since urban transport is not the only air 

pollution source, an emissions inventory dong similar Lines for other sectors would be usefbl. 

Kt should not be the case that, after expensive measures have been undertaken to control 

transport emissions, there is no substantial reduction of air pollution impacts. Finally, 

exposure to, rather than merely emissions of, critical pollutants, is key in terms of evaluating 

the relative role of transport and other sectors in air poliution impacts. 



The dissertation has presented some insights into M2W vehicle user choices in tems of 

vehicle operation, maintenance and disposal, based on a survey of and interviews with M2W 

vehicle users in Delhi, and has explored the implications of these choices for transport air 

poilution In order to gain a better understanding of vehicle age and maintenance level 

distributions, and variations in critical factors iike in-use fuel and oil quality, refueling 

fiequency and oil-fuel ratios, it would be desirable to conduct a more detailed study based on 

a representative sample of vehicles and vehicle users. Such a study would contribute to more 

effective ernissions measurement and modeling, and also help in designing in-use emissions 

monitoring and control and vehicle scrappage programmes. 

In order to evaluate its utility as an aid to decision-making, the multiple-objectives 

framework presented in the dissertation may be used to characterize the long-term health, 

welfâre, environmental, socio-econornic and equity impacts of a set of policy alternatives 

targeted at M2W vehicle emissions in India. This assessment would incorporate a cornputer 

model, to estimate the ernissions of various pollutants, and policy costs, over time. The model 

would refiect ai l  the issues discussed above in relation to the policy-analytic fiamework. 

Software such as Analytica (Lumina Decision Systems 1999) would be ideally suited for this 

purpose, and would allow the implications of changing scenarios in key variables to be 

explored. The assessment would also incorporate informed expert judgrnents with respect to 

various model parameters, weighting of emissions impacts and pollutants and characterization 

of policy impacts in terms of multiple objectives, and the vehicle user perspectives on policies 

presented in this dissertation. 

It would be useful to conduct an analysis of policy-making relating to transport energy and 

emissions in India, given the increasingly important role of the sector in terms of air pollution 

and energy security. The analysis should focus on the goods and public transit sectors in 

addition to M2W vehicles, and address technological, institutional, and human behavioural 

issues. As discussed in Chapter II, diesel, which powers the vast majority of goods and public 

transit vehicles, plays a predomlliant role in transport energy, and in transport-generated 

particulates, NO, and SOz. Further, diesel accounts for a significant proportion of Indian 

petroleum imports, which are wlnerable to price fluctuations. It is suggested that extensive 

and in-depth interviews be conducted with multiple stakeholders in the above sectors to elicit 



their perspectives, agendas and motivations with respect to energy efficiency and air pollution 

controi, and to gain an understanding of the barriers and constraints they face in terms of 

implementing various technologicai, economic and regulatory policies. The study could also 

explore the implications of the entxy of foreign vehicle manufacturers and transport 

infiastnicture investment into the Indian market. 

A critical appraisal of the utility of the public interest Litigation process, and how it can be 

made more effective, needs to be undertaken urgently, in view of its important role in decision 

making related to transport air pollution. In particular, the issue of how the process can access 

independent, competent and dispassionate technical advice, and can better address and 

reconcile complex technical and social issues, needs to be addressed. 

Economic policies such as pncing of transport infkastructure and vehicle and fiel taxation 

can play an important role in the management of transport demand and in promoting the 

choice of clean and fuel-efficient technologies. It would be worth investigating the role such 

policies cunently play in the Indian context, and the potentiai for and likely impacts of pricing 

and taxation refonn, and of innovative economic instruments such as "feebates", In this 

connection, note that vehicle taxation based on efficiency rather than on engine size, as was 

the case in 1994 (AIAM 1994a), would allow manufacturers to offer cleaner (and unavoidably 

larger) four-stroke engines on mopeds, without imposing an excessive pnce penalty on low- 

income users who own these vehicles (Author's i n t e ~ e w s  1997). Thus, while vehicle taxes 

based on engine size might result in sub-optimal designs, vehicle taxes based on fuel efficiency 

and emissions would have the potential to foster technological innovations and positively 

influence vehicle purchasing behaviour. 

As noted in Chapter III, kerosene and diesel subsidies play an important role in fuel 

adulteration and excessive dependence on diesel in Indian transport. It would be usefùl to 

investigate the socio-econornic, health, environmental and equity impacts of these subsidies, 

and of their elimination. Eliminating the subsidies would make investments in improved 

refining technologies more attractive, discourage inappropnate dieselization, encourage diesel 

efficiency, and reduce kerosene adulteration. However, deregulating diesel prices might cause 

inflation to nse, with regressive effects. Also, vehicle manufacturers who had invested in 

producing diesel cars, to take advantage of administered diesel prices, would be at a 



disadvantage. If diesel was deregulated and kerosene was not, diesel adulteration would only 

increase. If both diesel and kerosene were deregulated, regressive effects would likely fùrther 

intensifjr. Elirninating kerosene subsidies would Wcely reduce transport emissions, but could 

also increase indoor air pollution risks and deforestation, since a signincant proportion of the 

urban poor, who depend on kerosene as a cooking fuel, might revert to firewood. The 

foregoing demonstrates the importance of considering system-wide impacts of transport 

policies. 

Given the cntical need to rninimize motor vehicle trips in addition to controiiing per- 

vehicle emissions, it would be useful to investigate the barriers to, and institutional 

mechanisms for, enhanced use of non-motorized modes and public transit in Indian cities. 

With regard to public transit, constraints in terms of fleet operaiional efficiency and financial 

viability, and investment in fleet maintenance and expansion, should be investigated. It would 

also be usefùl to study in greater detail vehicle user choices in terms of the conditions under 

which they would be willing (and not willing) to transfer to public transit. This information 

will help more effectively design public transit policy and mode1 its impacts. 

The increase in female work-force participation and incomes in Indian cities will likely 

have important urban transport implications, as discussed. It would be useful to explore these 

implications in depth, and also to study, based on a survey and interviews, the needs, concerns 

and priorities of women with regard to daily travel, by private as well as public transport 

modes. Such a study would fuifili an important need, given the paucity of gender-based urban 

transport data. 

Lastly, given that Indian cities are faced with a multiplicity of demands, but senously 

constrained resources, it would be interesting and usefùl to undertake a study that contrasts 

decision maker and public perspectives with regard to urban transport and other urban 

ecological and health risks, compares resources allocated to these risks, and develops a 

prescriptive h e w o r k  for prioritizing them. 
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APPENDIX 1 

Cornparison of Indian Nationaï Ambient Air Quality Standards (NAAQS) with 
~ ~ ~ / U ~ / ~ a I i f o r n i a  Ambient Air Qudity Standards 

in&jsîcialarca 80 
Residcnti4 
nuai and 
mixeduse 
arcs 60 
Sensitive area 15 

industrial ara  120 
Residential, 
rural and 
miued usc 
area 80 
Sensitive area 30 
Annuai avenge* 

industrialarea 80 
Residenti4 
mrai and 
mixed use 
ares 60 
Sensitive area 15 

24-hour average ** 

Industriaiarea 120 
ResidentiaL 
nuai and 
mixed use 
area 80 
Sensitive area 30 
Anniinl averye 
TSP 

Ind&al area 360 
Rcsidcntiai, 
ntral and 
&ed use 
area 140 
Sensitive area 70 

24-hour nveragc TSP ** 

Industrial arcs 500 
Residential 
mral and 
mixecl use 
area 200 
Sensitive area 100 

24-how average 

24-hour average 

150 

1-bour average 

400 

h u i l  i v e r y c  
TSP 

24-hou avemge 
TSP 

2Chour average 

Annuai average 



rndustrialarea 120 
Residentiai, 
d a a d  
w u s e  
a r a  60 
Sensitive area 50 

industnal a -  150 
Residentiai, 
nird and 
mutedw 
are3 100 
Sensitive area 75 
Annuai avenue 

In-al a m  1.0 
Residentiai, 
nuai and 
mixeduse 
area 0.75 
Sensitive area 0.50 

Lndusirid area 1.5 
Raidential, 
rural m d  
muteduse 
area L .O 
Sensitive a r a  0.75 
û-hour average ** 

Industrial area 5.0 
Residential, 
rurai and 
mixeduse 
art0 2.0 
Sensitive area 1.0 

lhoar  avemge 

Indumial area 10.0 
Residential, 
niral and 
mixed use 
areil 4.0 
Sensitive area 2.0 

PCB (1 995); CPC8 (1996). Sb 

WHO stadud 

S h o w  average 

10 

1-hour average 

150-200 

MonMy average 

Calif 1.5 
shour average 

l-hour average 



Notes: 
* Annual arithmetic mean of a minimum of 104 measurements a year taken twice a week 24 
hourly at d o r m  interval. 
** 24-hour/8-hour values should be met 98% of the time in the year. While they may be 
exceeded 2% of the tirne, they may not be exceeded on two consecutive days. 
1) National Ambient Air Quality Standard: the levels of air quality necessary with an adequate 
margin of safety, to protect public health, vegetation and property. 
2) Whenever and wherever two consecutive values exceed the limit specified above for the 
respective category, it would be considered adequate reason to institute regular/continuous 
monitoring and fùrther investigations. 
3) The State Govenunent/State Board shall n o t e  the sensitive and other areas in the 
respective States within a penod of six months from the date of Notification of National 
Ambient Standards. 
3) The above standards shall be reviewed after five years from the date of notification. 
a) Guideline values for combined exposure to sulphur dioxide and suspended particulate 
matter (they may not apply to situations where only one of the components is present). 
b) With ozone > 0.10 ppm (200 Cig/m3), one-hour mean, or TSP > 100 p@m3, 24-hour mean. 
c) Geornetnc mean. 
d) Value not to be exceeded more than once a year. 

CRITIQUE OF INDIAN AMBlENT AIR QUALITY STANDARDS 

The Indian National Ambient Air Quality Standards (NAAQS) differentiate between 
'industrial", 'kesidential, rural and mixed usey: and 'Sensitive" areas. Prior to 1994, when the 
above standards were established, the Indian NAAQS specified limits for 'Industrial", 
'tesidentiai and mral and other", and 'Sensitive" areas (WHO/UNEP 1992; CPCB 1996). 
Incidentally, the PMLo standard was also added in 1994. It is not at aU clear what 'huxed 
means exactly, and thus is no improvement really over the earlier 'bther". Further, though the 
standard does not clearly specify what precisely is meant by a ''sensitive" area, it ostensibly 
includes sites such as hospitals, but also tourist and historical sites. The Chinese arnbient air 
quality standards (WHOAJNEP 1992) sirnilady differentiate between Class III (industrial and 
heavy traffic areas), Class II (residentiai urban areas and rural areas), and Class 1 (tourist, 
historical, and conservation areas). It is interesthg that areas where tourists visit are felt to be 
entitled to the most stringent air quality standard, rather than where the countq's masses live. 
In any case, any differentiation in air quality standards dong these lines is pointless in the 
Indian (and Chinese) context, because air pollution respects no boundaries, and supposedly 
industriai areas are also heavily populated. As Basu (1997) observes, as many as 50% of 
Delhi's industrial units are Iocated in residential areas. Findy, the standard is irrelevant to 
rural conditions, because in that context, the real problem is indoor, not outdoor air potlution, 
and the outdoor air pollution levels would seldom reach the stipulated lirnits. 

The Indian annual average SOz standard, which incidentaily is intended to protect against 
regular exposure, is less stringent than the WHO standard of 50 pg/m3 (the applicable limit in 
the Indian case, since both SOz and SPM are present), even for industriai areas. Indeed, it is 
questionable whether even the WHO limit is adequate fiom the health standpoint in the Indian 



context, given the large proportion of the population that would be highly susceptible to 
negative health effects of air pollution, because of the high levels of poverty, poor nutrition 
and marginal health, and also low-quality health care access and quality (Romieu et ai 1992; 
Brandon and Hornrnann 1995). Of course, there appropriately are other considerations in 
setting standards. The 24-hour standard, which is intended to protect against long-term 
chronic effects, on the other hand, is far more stringent than the WHO standard, which itself is 
far more stringent than the US standard. 

In terms of TSP, both the annual and 24-hour Indian standards for residential areas (let 
alone industrial areas) are much Iess stringent than the corresponding WHO standards. In 
terms of PMlo, which is considered to be the most cntical pollutant fiom the health 
standpoint, the 24-hour Indian standard even for sensitive areas fdls short of the 
corresponding WHO and US standards. It is worth noting in this context that the US and 
California have no l i t s  for TSP, and only a 24-hour and 8-hour Limit for PMlo, presumably 
because PM10 is the most health-critical component and also because, as long as 8-hour and 
24-hour Limits are met, so wiU annual limits. USEPA recently added an annual PMrs standard 
of 5 pg/m3 and a 24-hour standard of 50 &m), on the grounds that current PMlo standards 
do not adequately protect public health. 

In terms of the other pollutants, the Indian standards for NOz and CO are more stringent 
than the corresponding WHO as well as the US and Californian standards, even for industrial 
areas. One is lefi wondering what basis if any underlies the Indian NAAQS. Finally, there is no 
standard for 03. 



APPENDIX II 

Air Pollutants and their Health Effects 

CO is quickly absorbed by the lungs, and carried in the blood. Because the affinity of 
haemoglobin for it is about 240 tirnes that for oxygen, CO forms a strong bond with 
haemoglobii to produce carboxyhaemoglobin (COHb), which restricts the oxygen carrying 
capacity of blood. While the normal COHb level is 1.2-1.5%, levels in areas of heavy t r a c  
congestion, where CO levels can be as high as 20-30 mg/m3, can reach 3%, the same as in 
cigarette smokers. Luckiiy, except in poorly ventilated areas, CO disperses rapidly and its 
effects are reversible. Chances of coma and death are heightened at very high CO 
concentrations, but people with heart and respiratory diseases, pregnant women, infants, and 
senior citizens rnay suffer CO poisoning at rnuch lower levels. Indeed, CO concentrations of 9 
ppm (or 10.3 mg/m3, the WHO 8-hour Limit) rnay increase the chance of angina attacks for 
those at risk, and chronic exposure at 14 ppm cm cause adverse, even fatal, effects, in such 
people. Since CO readily crosses the placenta, exposure during pregnancy afFects both the 
mother and &us. Exercise hastens CO build-up, and those who work outdoors rnay be at 
elevated nsk due to short-term exposure (Brandon and Homrnann 1995; CSE 1996; Faiz et al 
1992; Govemment of Canada 1991; GVRD 1996; WijetilIeke and Kaninaratne 1997). 

NO, include NO and nitrous oxide m) but primarily consist of NOz, a respiratory irritant 
which can either cause or aggravate respiratory diseases, such as bronchitis, pneumonia, 
asthma or emphysema. Long-term exposure can cause irreversible lung damage. Recurrent 
exposure to high concentrations (such as in heavy traffic areas) is more h d i  than 
continuous exposure to lower concentrations. In this context, it should be noted that in Delhi, 
daily average NO2 levels are high, and are likely increasing, at several sites. Asthmatics rnay be 
particularly vulnerable; even if not affected directly, they rnay become more sensitive to 
environmental factors, such as dust and pollen, that can cause asthma (Barde and Button 
1990; Faiz et al 1992; Wijetilleke and Karunaratne 1997). 

S O I ,  which forms the bulk of sulphur ernissions f?om motor vehicles, is a harsh irritant. 
Individuals who suffer fiom chronic respiratory diseases, such as bronchitis, emphysema, and 
asthma rnay experience coughing and breathing difficulties at high concentrations, particularly 
in cold weather. Bnef exposures to high concentrations of SOz and its by-products can 
aggravate existing cardiac and respiratory disease, and long-term exposure rnay increase the 
rkk of developing chronic respiratory disease, particulariy in the Young. Recent data suggests 
that levels below the WHO limit are independently related to mortality and to worsening 
asthma (Faiz et al 1992; Govemment of Canada 1991; GVRD 1996; Wijetilleke and 
Kaninaratne 1997). 

SPM is a component of particulate matter, which comprises solid and Liquid particles 
suspended in air, resulting fiom combustive and industrial as well as natural sources. Particle 
sizes typically range from 0.005 to 100 pm, but particles that remain suspended are usually 
less than 40 Pm. SPM includes this size fiaction mainly. Particle types include various fbmes, 
soil, elemental carbon and soot, organic carbon (condensed VOCs), inorganic compounds (for 



example, sulphates, nitrates), trace rnetals (for example, lead and zinc), and biological particles 
such as mold and pollen. PM smaller than 10 p m  (PMlo) and 2.5 pm (PMzs) diameter are 
referred to as suspended inhalable and fine particulates respectively. PMio (and particularly 
PM~J), are dangerous because they remain suspended longer than larger particles (5-15 days 
for PMI), contribute to particulate smog, and penetrate deeper into, and take longer to be 
cleared fiom, the respiratory tract. Particulates, especially sulphates and acid aerosols, may 
increase persistent cough and acute respiratory illness. Exposure to high PMlo levels can 
chronicdy and acutely affect respiratory and cardio-vascular health, and initiate or aggravate 
morbidity and mortality due to chronic obstructive lung disease, bronchitis upper and lower 
tract infections, and lung cancer (Brandon and Homrnann 1995; Fak et al 1992; GVRD 1998; 
Wijetilleke and Kaninaratne 1 997). 

Epidemiological studies in North America, Europe and China consistently show non- 
accidental deaths closely linked to particulates but not other pollutants, and a 1% increase in 
non-accidental mortality risk per 20 !dm3 daily TSP Utcrease. Death risks fiom chronic 
obstructive lung disease, lung cancer, pneumonia and cardio-pulmonary disease are elevated 
over excess risk for all deaths. In a landmark prospective study of 81 1 1 adults in six US cities 
in 1974- 1991 by Dockery et al (1993), mortality data was correlated with ambient TSP, PMm, 
PM2.5, particulate sulphate, SOz, and 0,. Factors Uicluding smoking, sex, age, education, 
occupation, body weight, blood pressure, and diabetes, were controiled for. M e r  correcting 
for age and sex, the mortality risk in the city with the highest annual TSP was found to be a 
statistically signifïcant 1.26 times that in the city with the lowest (reflecting a 8.6% increased 
mortality risk per 20 &m3 annual TSP increase, more than eight times higher than the excess 
daily risks fiom short-term pollution increases). The statistical signtficance and risk remained 
largely unchanged regardless of correction for confounders. This trend is found to apply to 
other health end-points, including hospitai admissions (Smith 1994). A recent study by Kaiser 
Permanente of more than 1.6 million patients in Southem California showed that for each 10 
p g / d  increase in PM, their hospital admissions increased by 7, 3, and 3.5% for chronic 
respiratory, cardio-vascular and acute respiratory diseases (Fazio 1997; Smith 1994; Walsh 
1994). 

The only developing country study correlating mortality and particulates was conducted in 
Brazil in the late 1980s. It focused on infant pneumonia deaths, a specific but very important 
end-point, being a major component of infant mortality in the LICs. Such deaths were found 
to increase 20% for each 20 &m3 annual TSP rise. This risk is substantially greater than that 
for all adult mortality in the US, because of the sensitivity of children, and the intimate Luik 
between air pollution and this end-point (Smith 1994). 

Finally, a few important general points on studies correlating particulates and health. There 
are relatively Little differences in health effects due to particulates despite differences in their 
chemical composition. Particulates are closely linked to various health-points even when no 
SOz is present. Levels below 100 pg/m) were considered harrnless, but linking data fiom the 
great air pollution disasters and the new studies (below 120 &m3) showed no sign of either 
any threshold or saturation in the dose-response relationship over a range of more than two 
orders of magnitude fiom levels in the tens of pg/m3 (Smith 1994). PMlo and PM2.5 may be far 



better health indicators than TSP. Californian and Canadian studies have found that 85% of air 
poilution health effects (and the benefits of air quality management) were attributable to PMio, 
not photo-chemical smog (GVRD 1996). 

Lead The health hazards of lead have been known since the Romans. While most modem 
lead poisoning has been associated with emissions fiom local smelters or battery recovery 
plants, the widespread dissemination of lead, as evidenced by its drarnatic increase in the snow 
strata of Greenland after 1950 (a four-fold increase in 1940-1960), rnay be Iùiked to its 
equally widespread use as an anti-knock agent in gasoline, and its wide dispersal in air in fine 
particulate form, fiom about the same t h e  (Bates 1994). 

Nearly al1 lead in gasoline is released to the atmosphere, mainly as inorganic lead salts 
(chlorides, bromides and sulphates) and oxides in aerosol form, all in the PMlo range, but 
mostly as fine particulates (only 1% of lead in gasoline is emitted unchangeci as tetra-ethyl 
lead or tetra-methyl lead). Not surprisingly, lead particulates remain suspended in air for long 
periods before being deposited in the soil or on water. About 10% of motor vehicle generated 
lead is depositcd within 100 metres of roadsides, where children fiequently play in the LICS 
(Faiz et al 1992; Wijetilleke and Kamnaratne 1997). 

There is a signincant relationship between lead in gasoline, airbome lead, and blood-lead. The 
best evidence for this may be the 37% decline in average blood levels in the USA between 
1976 and 1980, while gasoline lead was reduced 55% (to coincide with the introduction of 
catalytic converters). Incidentally, while only 10% of refined lead in the USA was used in 
gasoline, such lead was responsible for 60% of airborne lead, and for as much as 90% in cities 
with heavy motor vehicle traf£ic. A statistical study of blood-lead levels of 90 children in 
Mexico City, where gasoline vehicles account for the bulk of airbome lead, revealed that 
those who lived in low tr&c areas had a significantly lower blood-lead level than those Living 
close to main roads. Similar results were obtained in a Manila study (Dnscoll et al 1992; 
Romieu et al 1992; Wijetiüeke and Kamnaratne 1997). 

Because lead particulates remain suspended in air for long periods, and may be deposited in 
the soil or on water, the primary pathways of lead exposure are inhalation and ingestion 
through food and water. While ingested lead results in only 10% being absorbed by the body, 
inhaled lead is absorbed rapidly by the lungs, resulting in 2540% retention. Regardless of 
exposure mode, the outcornes are the same. Tetra-ethyl lead is metabolized in the liver and 
other tissues to tri-alkyl lead, perhaps the most toxic metabolite. Normal ceil function and 
other physiological and enzymatic processes are disrupted. Chiefly afEected are peripheral and 
central nervous, circulatory, reproductive, and kidney systems. Diets deficient in calcium, 
vitamin D, iron and zinc increase lead absorption. Sufficiently hi@ concentrations can lead to 
anaernia, kidney failure, massive and permanent brain damage, and death (CPCB 1992; CSE 
1996; Faiz et al 1992; Wijetilleke and Karunaratne 1997). 

High airbome lead levels can contnbute to hypertension, and significantly increase risks of 
heart attacks and strokes in adults. Hypertensive adults, pregnant women and their fetuses, 
and children are the highest risk groups. Matemal lead c m  be transrnitted to the fetus via the 



placenta at blood lead levels as low as 10 pg/dl, thus affecthg gestational age, birthweight, 
and mental developrnent. Children, particularly those under five, are at high nsk of excessive 
exposure, because they take in dust and soi1 through normal mouthing habits. Further, lead 
has more severe consequences in children than adults, and the effects occur at lower 
concentrations. Since children inhale a higher volume of air than adults per body weight/area, 
their lung deposit rate is about 2.7 times higher. While 95% of lead in adults is iocated in the 
bones and teeth, 70% in children is lodged in blood and soft tissues. Blood-lead induces 
neurological damage, lowered intelligence and learning ability, and behavioural dysfunctions in 
children. Several US and European studies have consistentiy found these effects d e r  
correcting for confounders such as socio-economic status, and at blood-lead levels as low as 
10 pg/dl. More importantiy, the effects have been found to persist irreversibly into adulthood. 
One study showed that infants with elevated lead levels had a seven-fold increase in reading 
and motor ski11 deficits, and failure to graduate from school 11 years later, though their 
blood-lead levels as young adults were less than 10 pgldl (Bates 1994; CPCB 1992; CSE 
1996; Driscoll et al 1992; Faiz et al 1992; Romieu, Weitzenfeld and Finkelman 1991; Romieu 
et al 1992; Wijetilleke and Karunaratne 1997). 

The economic and social costs of the health eEects of lead can be very great indeed. Since 
exposure to even low lead levels can cause effects that persist even after exposure ends, it 
should be noted, in considering the health effects of gasoline lead in Delhi (and other Indian 
cities), that gasoline lead levels have been lowered and unleaded gasoline introduced only 
recently, that lead levels prior to this were high (at least 0.56 g/L since 1971), and that, in 
addition to a lot of human activity generally, food is cooked and eaten in the vicinity of high 
trafnc areas. It is instructive to note that, pnor to removal of lead in US gasoline, which was 
never higher than 0.29 g/L (in I982), blood lead averaged 16 pg/dl,' and that high arnbient 
lead levels have been observed, even as late as 1992, in areas of heavy tr&c in Delhi 
(Agrawal 1997; CPCB 1992; Wijetilleke and Karunaratne 1997). 

Ground-level Os, the major photochemicai oxidant resulting from reactions between reactive 
HCs and NO, in the presence of sunlight, is an intensely irritating gas. It causes cough and eye 
imtation, impairs lung function, reduces resistance to colds and pneumonia, and can aggravate 
heart disease, astluna, bronchitis, and emphysema. Whiie it is a special hazard to asthmatics, 
even short-term exposure can lead to shortness of breath, wheezing and chest pain in healthy 
people. Repeated exposure may retard lung development in children, accelerate lung aging, 
impair lung function permanently, and cause chronic lung diseases such as pulmonary fibrosis. 
In severe episodes, people who exert themselves heavily outdoors (as many do in the Indian 
context) are more at risk of respiratory irritation (Bates 1994; Faiz et al 1992; Wijetilleke and 
Karunaratne 1997). 

0 3  has been found to be related to mortality independently of PMlo. Data fiom Ontario and 
the Lower Fraser Valley in Canada shows a monotonie relationship between O3 and hospital 
admissions, and pulmonary function decrements in f' workers at levels below 140 &m3. 
Studies in the USA, Europe and Japan have show significant increases in respiratory and 

l Of course, motor vehicle activity in the USA has always been a lot higher than in India. 



asthma symptoms, medication and hospitai admissions, during high 0 3  periods. The Kaiser 
Permanente study referred to earlier showed that for each 20 &m3 O3 increase, 
hospitalizations for chronic respiratory, cardio-vascular, and acute respiratory diseases 
increased 2.7, 5 -7, and 1 -5% respectively. Based on health effects of short-term exposure, the 
USEPA has concluded that 0.12 ppm (240 pg/m3) is the permissible level, but lung function is 
adversely afEected in the young if they exercise for six hours at 160 pg/m3, roughiy the one- 
hour WHO standard (Brandon and H o r n m a .  1995; CSE 1996; Faiz et al 1992; Roy 
Chowdhury 1997; Wijetilleke and Karunaratne 1997). 



APPENDIX III 

Indian Motor Vehicular Emission Standards since 1991 

M2W vehicles (&km) 
CO 
HC 
HC + NO, 

M3W vehicles -) 
CO 
ac 
HC + NO, 

Remarks 

In 1991, Conformity of 
Production (CoP) 
rnargh were 25 and 
33% for CO and HC. 

In 1996, CoP marghs 
were limiteci to 20% for 
CO and HC + NO, 

From April 1998, cold 
start is required. 
In 1991, CoP margins 
were 25 and 33% for 
CO and HC. 

In 1996, CoP margins 
were limited to 20 % 
for CO and HC + NO, 

From April 1998, cold 
start is  required- 
In 199 1, CoP margins 
were 20 and 27% for 
CO and HC. 

In 1996, CoP margins 
were lirnited to 20% for 
CO and HC + NO,- 
Crankcase emissions 
were banned, and 
evaporative emission 
limits of 2 g/test were 
set. 

From April 1998, cold 
start is required. 



Diesel vehicles > 3.5 t 
GW(g/KWb) 
CO 
HC 
NO, 
PM 
Diesel vehicles < 3.5 t 

G v w  (%km) 
CO 
HC + NO, 

I 1 I 

Sources: Centrai Motor Vehicles (Amendment) Ruies (1995); CSE (1996); 

were limited to 10% for 
CO, HC and NO,. 

In 1996, CoP margins 
were limited to 10% for 
CO and HC + NO,. 
Cold s w t  was made a 
requirement- 
bST (1996). 



Indian Motor Gasoline Specifications (Current and Proposed for 2000) - Cornparison 
of Key Characteristics 

Schedule of hprovements (Unleaded and Low-lead Gasoline and Low-sulpur Diesel) 

Anti-knmk Index, 
min. 
Lead content, g/L, 
max. 
Sulphur, total, % by 
mass, max. 
Benzene content, % 
vol. 
Reid Vapour Pressure 
(RVP) at 38 deg C, 
kPa 
Existent gum, dm3, 
max. 

(0.15 g/L mm.) 
Gasoline 
Unleaded 
(0.013 g/L mar.) 
Gasoline 
Diesei, 0.5 % 
max. sulphur 
Diesel, 0.25 % 
max. sulphur 
Source: MoEF (199 

Source: BIS (1995a). 0.genates will be pemitted fkom 2000. Benzene wiU be controlled to 3% by volume in 
the four major cities in 2000. 

April 1994 Sept 1995 

April 1995 Apnl 1995 

Motor Gasoline prior to 1995 

Apnl 1996 Apnl 1996 

Sept 1996 6 

87 
Octane 

Unleaded 
82 

0.013 

0.20 

Motor Gasoline proposed for 2000 

Territory 
Capitals, I 

Lerided 
Regular 

. 

84 

O. 15 

0.20 

5.0 

35-60 

other major cities 1 1 

87 
Odane 
Leaded 

82 

0.56 

0.20 

40 

- Dec 1996 

93 
Octane 
Leaded 

88 

0.80 

0.20 

Unleaded 
Regular 

84 

0.0 13 

O. 10 

5 .O 

3 5-60 

40 

no standard 

- April 1999 

Unleaded 
Premium 

88 

0.013 

O. 10 

5 .O 

35-60 

40 

35-70 

40 

35-70 

30 

35-70 

40 



List of Interviewees in Goverurnent Agencies, Industry, and Research Institutions 

Mr. Vishwanath Anand, Additional Secretary, Ministry of Environment and Forests, 
Govemment of hdia, New Delhi 
Mr. Y. Ramachandra Babu, Member (R&D), TVS-Suniki Limited, Hosur 
Dr. Ranjan Bose, Feilow, Tata Energy Research Institute, New Delhi 
Mr. T. M. Balaraman, Senior Manager (Product Engineering), Bajaj Auto Limited, Pune 
Mr. Balraj Bhanot, Deputy Director General, Ministiy of Industry, Govenunent of India, New 
Delhi 
Dr. Shripad Bhat, Assistant Director, Association of Indian Automobile Manufacturers, New 
Delhi 
Dr. T. Chandini, Director (Technical), Ministry of Environment and Forests, Govemment of 
India, New Delhi 
Mrs. Kiran Dhgra ,  S ecretary and Commissioner, Transport Department, Govement of the 
National Capital Territory of Delhi, New Dehi 
Dr. Axe1 Friedrich, Director, and Head of Division, Transport and the Environment, Umwelt 
Bundes Arnt (Federai Environmental Agency), Germany (visiting Delhi) 
Dr. Prodipto Ghosh, Environment Specialist, Asian Development Bank, Manila 
Mr. N. V. Iyer, Generd Manager (Engineering Support), Bajaj Auto Limited, Pune 
Dr. T. K. Joshi, Professor, Centre for Occupational and Environmental Health, Maulana Azad 
Medical College, New Delhi 
Dr. Ajay Mathur, Dean, Energy Engineering and Technology, Tata Energy Research Institute, 
New Delhi 
Dr. Dinesh Mohan, Professor and Co-ordinator, Transportation Research and Injury 
Prevention Programme, Indian Institute of Technology, Deihi 
Mr. M. N. Muralikrishna, Vice President (Technical), TVS-Suzuki Limited, Hosur 
Mr. K. Pandarinath, Deputy General Manager wesearch), Sundararn Brake Linings Limited, 
Chennai 
Mr. N. R. Raje, Deputy General Manager, Indian Oil Corporation Lirnited, Research and 
Development Centre, Faridabad 
Dr. N. Ramani, General Manager W D ) ,  TVS-Suzuki Lirnited, Hosur 
Mr. T. S. Reddy, Chief, Trafnc and Transportation Division, Central Road Research Institute, 
New Delhi 
Mr. Dunu Roy, Peoples' Science Institute, New Delhi 
Mr. Jagdish Sagar, Principal Secretary, Ministry of Urban Development, Govemment of the 
National Capital Territory of Delhi, New Delhi 
Dr. Sareen, Deputy Director, Central Road Research Institute, New Delhi 
Dr. B. Sengupta, Central Pollution Control Board, New Deihi 
Dr Ajay Singh, Assistant Director, Central Road Research Institute, New Delhi 
Mr. A. S. Subramanian, Deputy General Manager, Tata Engineering and Locomotive 
Company Limited, Pune 
Dr. Geetarn Tiwari, Assistant Professor, Transportation Research and Injury Prevention 
Programme, Indian Institute of Technology, Delhi 
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Inforrned Consent Form # 1 

Projeet - Multiple Objective Evduition of Public. Policies to Addms 
Motorized Two-whteied Vehicle Emissions in Del hi, India 

Discussions with Government Decision Makers, Experts, 
and Vehicle and Fuel Industry Represcntatives 

.: - - Principal Invwtigator 

Dr. Timothy McDaniels 
Associate Professor 
School of Community and Regional Planning 
The University of British Columbia 
Vancouver, BC, V6T 122, Canada 
Phone: (604) 822-9288 

Co-Inves tigator 

Madhav Badami 
PhD Candidate 
School of Comrnunity and Regional Planning 
The University of British Columbia 
Vancouver, BC, V6T 122, canada 
Phone: (604) 822-608 1 

Note: This research is for Madhav Badami's PhD (Doctor of Philosophy) degree thesis in the 
School of Community and Regional Planning at The University of British Columbia. 

Purpose 

The purpose of this PhD project is to enable systematic thinking and sound public policy with 
regard to motor vehicle emissions in Indian cities. The objectives of the project are: first, to 
develop a policy-anaiytic fiamework to enable achievement of the above purpose; 

The Schoof of Community and Regional Planning is awiated with 
rhe Cerure for Hwnan Settlements 
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and second, to conduct reseacch focused on key components of the poiicy-analytic 
fkamework, as applied to the specific case of motorized two-wheeled vehicle ernissions in 
Delhi, including the evaluation of some policy aitematives 

In-depth discussions are king conducted with decision makers, experts and vehicle and fùel 
industry representatives to take advantage of their professional expertise, and to elicit 
information fiom them in order to faditate development of the policy-anaiytic framework and 
its application to motorized two-wheeled vehicle emissions in Delhi. 

Procedure 

Participation involves indepth, face-to-face discussions with the investigator(s), on the 
following issues: 

multiple policy objectives and evaiuation criteria for selection and evaluation of policy 
alternatives with regard to motor vehicular emissions in generaî, and rnotorized two- 
wheeled vehicle emissions in particular, 
technicd and institutional factors contributing to motorized two-wheeled vehicle 
ernissions, and the decision making fiamework and actors' roles; 
information and expert judgements regarding impacts of policy alternatives in terms of the 
multiple policy objectives. 

Time Required 

It is anticipated that the discussions will take no longer than three hours totally, spread over 
no more than three sessions. 

The identities of all of the participants wiU be kept strictly confidential. Participants will be 
referred to by number, with only Dr. Timothy McDaniels and Madhav Badami holding the key 
detailhg which number refers to which participant. Participants wiii not be identified by name 
in any reports based on this study. 

The School of Cornmunir). and Regional Planning i s  aflhred with 
the Centre for Hwnun Settlements 
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Questions and Inquiries 
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The investigator(s) wiii answer m y  inquines wncerning the research project and the 
procedures, to ensure that they are M y  understood. 

Contact 

VI have any questions or desire fbrther information with respect to this study, I may contact 
Dr. Timothy McDaniels, Principal Investigator, or Madhav Badami, Co-Investigator, at the 
addresses a d o r  phone numbers indicated on Page 1. 

If 1 have any concems about my treatment or rights as a research subject, 1 rnay contact: 

Dr. Richard Spratiey 
Director, Office of Research Services and Administration 
The University of British Columbia 
Room 323 - Woodward IRC 
2194 Health Sciences Maii 
Vancouver, BC, V6T 123, Canada 
Phone: (604) 822-8584 Fax: (604) 822-5093 

Consent 

1 understand that my participation in this study is entirely wluntary, and that 1 may refuse to . 
participate or withdraw at any time. 

1 have received a copy of this consent form for my own records. 

1 consent to participate in this study. 

Date 

The SchooC of Community and Regionai Plannikg is afiliated with 
the Centre for Human Settlements 



APPENDIX VU 

Proposed Rules for Vehicle Scrappage4Phaseout in Delhi 

M2W vehicles with two-stro ke engines 

From Apd 1, 2000 - all vehicles over 15 years old. 
From Apd 1, 2005 -- d vehicles over 10 years old. 
From April 1, 2007 - all vehicles. 

According to NCTD (1997d) 

AU autorickshaw permit holders are directed to dispose of their autor ick~ha~s  older than 15 
years by March 3 1, 1998. Failure to do so would result in impoundment and/or scrapping of 
the vehicles by the State Transport Authority. Old autonckshaws are to be replaced with new 
ones with "backloaded engines, as follows: 

Scrapping of vehicles older than 15 years to be replaced by new autorickshawq or 

Sale of the old autorickshaws outside NCTD and replacement of the old vehicles with new 
autonckshaws on proof of registration of the old vehicles outside NCTD. 

Additionally, according to MoEF: 

From Apd 1, 1999 -- vehicles older than 12 years to be scrapped. 
From April 1, 2000 -- vehicles older than 10 years to be scrapped; new vehicles only with 
alternative fiiels. 

According to NCTD (1997~) 

From Apnl 1992, no M3W goods camage operated on either gasoline or diesel shali be 
registered in Delhi. Permit holders of M3W goods or passenger camage shall be required to 
dispose of their vehicles by sale outside Delhi, and shali be entitled to register a new vehicle 
which shall be: 

A M3W vehicle fitted with rear four-stroke unleaded petrol driven engine and catalytic 
converter that meets 1996 mass emission norms with catalytic converter that meets 1996 
norms (2000 mass emission norms nom April 1, 1999, or 

A M3W vehicle fitted with rear two-stroke engine that meets 1996 mass emission norms 
(2000 mass emission noms from Apnl 1, 1999) till a M3W vehicle fitted with rear four-stroke 
unleaded petrol engine is not (sic) available, or 



A M3W vehicle fitted with rear engine and operated by altemate fiel or source of energy, that 
may be electricity, battery, CNG, LPG, propane, or solar power, or 

A 6-8 seater, metered and a four-wheeled vehicle fitted with unleaded petrol driven engine 
and catalytic converter meeting 1996 mass emission norms (2000 noms f?om April 1, 1999), 
or operated by altemate nie1 or source of energy, that may be electricity, battery, CNG, LPG, 
propane, or solar power. 

Taxis 

According to MoEF (1997b) 

From March 3 1, 1998 - all taxis older than 15 years to be scrapped. 
From March 3 1, 1999 -- al1 taxis older than 12 years to be scrapped. 
From March 3 1,2000 -- al1 taxis older than 10 years to be scrapped. 

According to NCTD (1997~) 

From April 1, 1998, no vehicle older than two years old shali be registeredas a taxi, provided 
that: 

Between April 1, 1998 and March 3 1, 1999, no vehicle s h d  be registered as a taxi unless it 
meets 1996 mass ernission norms or is operated on alternate fiiel or source of energy, that 
may be electricity, battery, CNG, LPG, propane, or solar power. 

From April 1, 1999, no vehicle shall be registered as a taxi unless it is operated on alternate 
fuel or source of energy, that may be electricity, battery, CNG, LPG, propane, or solar power, 
or meets 2000 mass ernission norms. 

From April 1, 2000, no vehicle shall be registered as a taxi unless it is operated on altemate 
fuel or source of energy, that may be electncity, battery, CNG, LPG, propane, or solar power. 

Transport (mediuni- and heavy-duty) Goods Vehicles and Buses 

After March 3 1, 1998 -- all transport vehicles over 15 years old. 
After March 3 1, 1999 -- ail transport vehicles over 12 years old. 
After March 3 1, 2000 -- al1 transport vehicles over 15 years old. 
After March 3 1, 2001 -- no medium- or heavy-duty vehicle (passenger and goods) over 8 
years old shall ply in Delhi. 

From April 1998, only those medium- and heavy-duty vehicles (passenger and goods) 
manufactured after March 31, 1996, and complying with 1996 norms, and f?om April 1999, 
only those complying with 2000 norms, shall ply in Delhi. 



From April 1998, replacement of engine shd be aliowed only with an engine complying with 
the mass emission standards in force at the t h e  of  replacement, provided that the replacement 
engine operates on the same &el specified in the registration certiticate. 

Sources: MoEF 199%; NCTD 1997c; NCTD 1997d; Roy Paul 1997. 
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Informed Consent Form 

Pmject - Multiple Objective Evduition of Public Policies to Addras 
Motorizeà Two-whetler Emissions in Delhi, India 

Questionnaire Survey of, and Discussions with, 
Motorized Two-wheeier Users 

This research project is fûnded by the International Development Research Centre in Ottawa, 
Canada, and is being conducted in association with the Indian W t u t e  of Technology, Defi. 
It is for Madhav Badami's PhD (Doctor of Phiiosophy) degree thesis in the School of 
Cornmunity and Regional Planning at The University of British Columbia, Vancouver, 
Canada- 

Principal Investigotor 

Dr. Timothy McDaniels 
Associate Professor 
School of Cornmunity and Regional Planning 
The University of British Columbia 
Vancouver, BC, V6T 122, Canada 
Phone: (604) 822-9288 

Co-Investigator 

Madhav Badami 
PhD Candidate 
School of Cornmunity and Regionai Planning 
The University of British Columbia 
Vancouver, BC, V6T 122, Canada 
Phone: (604) 822-608 1 

The Schod of Commiry und Regional P h k g  ir aBLiared wifh 
the Centre for H w ~ n  Settlements 
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Purpose 

The purpose of this PhD project is to enable good public policies to address the problem of 
motor vehicle ernissions efféctively in Indian cities. Toward this end, a method is being 
deveropecl by means ofwhich such policies can be setected, and is being applied to the specific. 
case of motorized two-wheeler emissions in Delhi. 

To accompiish the above tasks, it is necessary to understand the factors that contribute to 
motorized two-wheeler ownership, use, and emissions. Also, it is important to obtain fkom 
users their views as to the desirable characteristics that they believe emission prevention and 
control policies ought to have nom their point of view, and their views of various policies. 
The sessions being conducted with motorized two-wheeler users are designeci to provide this 
information. 

Procedure 

Participation involves a) f i g  out a questionnaire, and/or b) engaging in a discussion, either 
dong with other participants and the investigator(s), or face-to-face with the investigator(s). 

Participants wiii be request ed to provide information with regard to: 

their household and its vehicles; 
their travel on the previous working day, and on the previous weekend; 
the factors that infiuenced their choice of motorized two-wheelers as their mode for 
cornmutin& and of the particular motorized two-wheelers they use; 
their perceptions of bus service and bicycle commuting in Delhi; 
vehicle operation and maintenance; 
their views as to the causes and effects of deteriorating urban air quality in Delhi; 
their awareness and perceptions of vehicle emissions control measures currently in place in 
Delhi; 
desirable characteristics of emission prevention and control policies, fiom their point of 
view ; 
their views of various policies, and possible incentives that would make these attractive to 
them 

The Schaol of Commwiiry and Regional Planning is afiliated wirh 
the Centre for Hwnan Settlementr 
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It is expected that m e r h g  the questionnaire and participating in the discussion WU together 
take no longer than 1 hour 30 minutes. 

The identities of ali  of the participants will be kept strictly confïdential. Questionnaires and 
participants wiil be referred to by number, with only Dr. Timothy McDaniels and Madhav 
Badami holding the key detailing which number refers to which participant. Participants wiil 
not be identined by name in any reports based on this study. 

Questions and Inquiries 

The investigator(s) will m e r  any inquines concerning the research project and the 
procedures, to ensure that they are fully understood. 

Contact 

If1 have any questions or desire fùrther information with respect to this study, I may contact 
Dr. Timothy McDaniels, Principal Investigator, or Madhav Badami, Co-Investigator, at the 
addresses and/or phone numbers indicated on Page 1. 

If1 have any concems about my treatment or rights as a research subject, 1 may contact: 

Dr. Richard Spratley 
Director, OEce of Research Services and Administration 
The University of British Columbia 
Room 323 - Woodward IRC 
2194 Health Sciences Mall 
Vancouver, BC, V6T 123, Canada 
Phone: (604) 822-8584 Fax: (604) 822-5093 

The School of Commumiy and Regionai Planning Lr aBIiared with 
the Centre for Hwnan Sertiemenu 



T H E  U N I V E R S I T Y  O F  B R I T I S H  C O L U M B I A  

Schod of Community and Regional Planning 
433-6333 Mernorial Road 
Vancouver, B.C. Canada V6T 122 

Page 4 of 4 

Consent 

I understand that my phcipation in this study is entirely voluntary, and that 1 may refuse to 
participate or withdraw at any tirne. 

I have receked a copy of this consent form for my own records. 

I consent to participate in this study. 

- - 

Signature of  Participant Date 

The School of CommwtiLy anà R e g i d  P h h g  is afiliated with 
the Centre for Hwnan Settlements 
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Project - Multiple Objective Evaluation of Public Policies to Address 
Motorized Two-wheeler Emissions in Delhi, India 

Questionnaire Survey of Motorized Twwwheeler Users 

Important Note: Your responses should reflect your own views and judgements. Please feel free to 
express your views, and do not be concerned about whether they are right o r  wrong, Tbere are no right 
or wrong answers. Use the margins for any comments you may wish to maice, 

Personal Information 

Gender Male 0 
Female O 

Please indicate the locality and the Street in which your home is (please do not 
indicate your residential address) ........................ .......................... ............................ ......- 

Hwsebold Details 

For al1 members of yow household who share the same kitchen, please provide the foUowing information, 

Employed 
Full-tirnef 
Part time 

Unem ployed 

Housew ife 

Student 
etc) 

Profession 
and 
Occupation, 
if employed 

A P P ~ L  
monthly 
income 

Most 
cornmon 
daily travel 
destination 
(Office, 
school, 
market, 
temple etc.) 

Vehicle used 
for most 
common 
daily travel 
destination 
(bus, 
charter bus, 
car, scooter, 
motorcycle, 
bicycle, 
auto- 
rickshaw 
etc) 

Table Continued on Ned  Page 
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Persoos 
in House- 
hold 
(Plelse do 
not indicate 
names, only 
relation- 
ship to you) 

3 1 

Employed 
Full-timef 
Part time 

Unemployed 

Housewife 

Student 
etc) 

What is the approximate area of your house ? 

Profession 
and 
Occupation, 
if employed 

income 

... ... .. . .., square feet. 

Most 
common 
daily travel 
destination 
(Office, 
schooi, 
market, 
temple etc) 

Do you own a refngerator Yes Ci No O 
television Yes il No 0 
car Yes No O 

Ifyou are employed, please indicate the locaiity and Street in which your workplace is 
---.-.---...-....-.-.........-...*.~.......-........*..--..----..-.-..-.....*....-........-.-...~..-... 

1s the organization you work for 

or are you 

In the public sector O 
In the private sector O 
Self-employed O 

Vehide 
used for 
most 
COmmGn 
daily travel 
destination 
(bus, 
charter bu3, 
car, scooter, 
motorcycle, 
bicycle, 
auto- 
ricks haw 
etc) 
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Household Vehicle Details 

In the table below, please provide information for al1 vebicles owned and used by members in your household 
who share the same kitchen. Please remernber to include ail vehicies owned and used by members of your 
household, whether motorized or non-motorized (includung bicycles). 

Year 
purchased 

A P P ~ L  
purchase 
price 

People in 
houvehold 
who use it; 
highlight 
two- 
wheeler 
used the 
most with 
an 
mterisk - 

Fuel .+ Oil Semcing 

Approximte total monthly expenditure on transport 
for ail members of your household who share the same 
kitchen, including expenses on the 
above vehicles used in your household . .. . . . .. .. . .. .. . . . . . . .. . -. . .-. . . . . . . . . -. . . -. . . . . . . . . . . . . . . . . .. . . . . . . 
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Your Daiiy Travel 

In the table below, please provide information as requested about al1 the trips you made on the k t  full 
working day last week 

For vebicle(s) used, please spccify - sctwter/motorcycle/moped 
DTC budcharter b u s l t r ~ n / c a r l c a r p o o U a u t 0 - n c k s h a w / c y c l ~  
wplWbicycle/tempo-matador/government staff carfcompany car, 
If you used more than one vehicle on a trip, indicate di vehicles used, and cirrle the vehicle by wùich the 
greatest portion of the trip was conducted. 
For trip pu rposes, please specify - work/education/s hop piagi 
sociaVrecreation/retigioushediclrl, 

Similarly, pl- provide information as requested about al1 the trips you made on one day last weekend. 

Trip origin 

destination 

Trip 
purpose and 
A Q P ~ L  
Time of day 

-- 

Trip time 

Table Continued on next page 
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Motivations 

Name the two most important reasons why you chose a motorized two-wheeler as your vehicle for traveling in 
the city ................................................................................. 

Please indicate the importance of the factors that iduenced your choice of motorized two-wheeler as your 
vehide for traveling in the city (as opposed to other vehicles): 

1- Very important 2 - Important 3 - Of some importance 
4 - Of minor importance 5 - Unimportant 

Ability to carry passengers and luggage 
Accessible 24 hours 
Door-todoor capability 
Increased personal incorndaffordability 
Minimïzing journey tirne 
No alternatives available 
Not having to change vehicles 
Reliabiiity, feeling confident you will 
get to destinations on time 
Status/prestige due to owning personal 
motor vehicle 
Other .................. 

Please indicate the manufacturer and mode1 of the rnotorized two-wheeler you use 

Name the hvo most important reasons that infïuenced your (or your family's) decision to purchase the 
particular motorized two-wheeler referred to above 
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Please rank the factors that infiuenced your (or your family's) decision to purchase the particular motorized 
two-wheeler referred to above: 

1- Very important 2 - Important 3 - Of some importance 
4 - Of minor importance 5 - Unimportant 

Mordabiiity 
Appearane 
Attractive credit facili ties 
Long lifk 
Low fuel consumption 
PassengerAuggage carrying capacity 
Performance (power, acceleration, 
ability to pull heavy l a d s  easily) 
Safety 
Trouble-fke service 

.................... Other 

What kind of engine does the two-wheeler you use have ? 

Four-suoke O Two-stroke O Don't know Cl 

................................ When do you propose to dispose of the two-wheeler you currently use ? 

When you dispose of your vehicle, which vehicle and mode1 
would you like to buy ? .........................................................................................-.....-.--- 

Can you name any motorized two-wheelers cwrently being sold 
in india that have four-stroke engines ? ............................................................................ 

Perceptions of Bus SeMce in Delhi 

Have you ever used a bus in Delhi ? Yes O No D 

What is your opinion of the quality of the bus service between your residence and your most cornmon daily 
destination ? 

V e q  good O Good O Fair 13 Poor O Very poor O 
No basis for judgement, do not use buses enough to know O 

How long would it take you to walk to the nearest bus stop from 
where you live ? ............ minutes. 

From your most common daily travel destination ? ............... minutes. 

How many times have you ridden in a bus in the last month ? ............... times 

How many times did you ride in a bus in a month five years ago ? ................. times 
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1s bus service available between where you reside and your place of work ? 
Yes O No O 

.......................................... Ifso, and if you use a motorized two-wheeler to work, why ? 

........................................ Ifso, and you take the bus rather than your motorized two-wheeler, why ? 

What is the approximate joumey tirne between your residence and your workplace: 

........................................ BY bus 
By motorized two-wheeler ........................................ 

What would the bus fare be ? ............. WPeeS 

What according to you are the main problems with bus service in Delhi ? 
................................................................................................................................ 

Name the two most important improvements that you think ought to be made to bus senrice in Delhi that 
would make rnake you use i t h e  it more 

Ifyou do nat currently use a bus, would you do so if these and other improvements were made to the service ? 
Yes O No O 

For which trip purposes ? .................................................................................................. 

Please indicate the importance of following improvements to bus seMce in Delhi that would rnake it more 
attractive: 

1- Very important 2 - Important 3 - Of some importance 
4 - Of minor importance 5 -- Unimportant 

Lower trip cost O O O O Cl 
Less crowded buses O O O O O 
W ider coverage 0 O O O Cl 
More direct routes, fewer transfers O O O O O 
Improved safety/security O O O O O 
Lower journey times O 0 O O O 
Improved reliability O O 0 O O 
Higher service fiequency O O O O O 
Stops closer to homddestinations O Cl 0 0 O 
Other ..... 

Even if bus service were improved dramaticaiiy, would you give up your motorized two-wheeler ? 
Yes 17 No O 
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Perceptions of Bicycle Cornmuthg in Delhi 

Have you ever cycled in Delhi ? Yes 0 No O 

What is your opinion of bicycle commuting in Delhi ? 

Very good O God  O Fair O Poor O Very poor O 
No basis for judgement, do not bicyde enough io know O 

............... How many times have you cycled in the last month 7 times 

................. How many times did you cycle in a month five years ago ? times 

What according to you are the main probIems reiated to bicycle commuting in Delhi 7 
....................................................................................................... 

Name the two most important improvements that you think ought to be made to cycling in Delhi that would 
make make you use it/use it more 

If you do not cuxrently use a bicycle, would you do so if these and other improvements were made to cycling 
faciiities ? 
Yes Cl No O 

For which trip purposes ? ................................................................................................ 

Please indicate the importance of following improvements to cycling in Delhi that would make it more 
attractive: 

1- Very important 2 - Important 3 - Of some importance 
4 - Of minor importance 5 - Unimportant 

Reduction in time deIays 
due to t r a c  
More direct routes; fewer diversions 
Availability of dedicated 
bikelanes on roaddprotection from trafnc 
Improved security of bike storage 
Other .... 

Road Safety in Delhi 

How many rimes have you k e n  involved in a road accident ? 
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Descri'be the most serious road accident in which you were involved: 

When (approx, date and time of day) 
................................................................................................................................. 

Where 
................................................................................................................................ 

Vehicles involved (including your's) 
................................................................................................................................ 

Damage/injuries sustained (including to yourseif) 
........................................................... 

How it was resolved 
........................................................................................................................... 

The investigator administering this survey wili pick up this questionnaire from you when you have 
frnished, and will schedule a convenient time for a discussion. Many thanks for your co-operatian and 
participation ! 
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Project - Multiple Objective Evaluation of Public Policies to Address 
Motorized Two-wheeler Emissions in Delhi, India 

Discussious with Motorized Two-wheeler Users 

Thank you very much once again for your participation. 1 wili raise a number of issues for 
discussion. Some of the issues 1 raise may seem to be a repetition of questions you have 
already answered in the survey. Ifso, please bear with me. I wish to make sure 1 have covered 
everything, and that 1 understand your views and motivations clearly. Please feel fiee to 
express your views, and do not be concerned about whether they are nght or wrong. 1 am 
interested in everything you think about the issues 1 will be raising, and would like you to say 
everything you wish to express them. 

VEHICLE OWNERSHIP AND MOTIVATIONS 

1) What factors influenced your choice of a motorized hvo-wheeler ? What according to you 
are the main advantages of the motorized two-wheeler which influenced your using it (in 
cornparison to other modes) ? 

2) What mode@) did you use before you purchased a motonzed two-wheeler ? Have you 
stopped using them, now that you have a rnotorized two-wheeler ? What are the main 
drawbacks of those mode(s) ? 

3) Are other modes accessible to you ? Buses ? Bicycles ? If so, but you do not use them, why 
not ? What according to you are the main disadvantages of these modes which prevent your 
using them ? 

4) If you continue to use other mode@), what purposes do you use them for and why, and for 
what purposes do you use your motorked two-wheeler, and why ? 

5) What do you see as the main problems related to travel in Delhi, and how have these 
infiuenced your mode/model choice decisions ? 

6) Would you say it is easier or more difficult now, compared to five years ago, to buy a 
motorized two-wheeler ? Why ? 

7) What are the factors that deterrnined your choice of residence location ? If you live far fkom 
your place of work, why do you do so ? 

8) What factors influenced your choice of the particular mode1 of motorized two-wheeler you 
use (as opposed to other models of motorized two-wheelers) ? 



9) Was ycur present two-wheeler bought first-hand or second-hand ? 

10) How many two-wheelers have you had before your current one ? For how many years did 
you use each of these before disposing of them, and how was each disposed o f ?  

11) If your two-wheeler has a four-stroke engine, why did you choose it ? 

12) Do you know the ciifferences between vehicles with a four-stroke and a two-stroke 
engine, in terms of their performance, fuel consumption, emissions and cost ? 

13) Would you ever consider buying a motorcycle ? Please indicate the reasons for your 
answer. 

VEEIICLE OPERATION, MAINTENAICE AND DISPOSAI, 

14) How much do you spend on fuel and oil monthly for your two-wheeler ? 1s this reflected 
in the amount shown under fuel in the questionnaire ? 

15) How many kilometres per litre does your two-wheeler give ? 

16) How fiequently do you fill your fuel tank ? How much do you fill each tirne ? How much 
2-T oil do you ask for dong with the fuel ? Do you specify the 2-T oil to be used ? Or do you 
use your own 2-T oil ? Ifso, which one ? 

17) What servicing do you have done regularly, and who does it ? 

18) How many years do you expect to use your vehicle totaliy ? Under what circumstances 
will you dispose of your vehicle ? 

19) When you dispose of your vehicle, what model and make will you buy and why ? What 
will you be looking for most of al1 in your replacement vehicle ? 

20) If cost were no constraint, which vehicle and model would you get, and why ? Which 
two-wheeter model and make, and why ? 

USER VIEWS REGARDING AIR QUALITY 

21) What in your opinion are the two or three most serious problems relating to life in Deihi 
today ? 

22) What do you think about urban air quality in Delhi ? What are its impacts on people ? 
What are its causes ? Who and what factors are responsible ? 

23) Who should be responsible for irnproving urban air quality in Delhi ? What should they 
do? What should the role of government be ? 



24) Do you know what measures are being taken to improve urban air quality in Delhi ? 

25) Do you think they will be effective ? Why or why not ? How have these measures Sected 
you ? 

POLICIES 

26) How much do yoir think you could comfortably afford to spend on a new two-wheeler if' 
you were buying one today ? 

27) Given that motorized two-wheelers are a major contributor to air pollutant emissions fiom 
motor vehicular sources in Delhi; that air quality could be improved by more people using 
four-strokes or similar improved technoiogy two-wheeler; and that two-wheelers with 
improved technology would lïkely be more expensive, how much would you be willllig and 
able to pay for such a two-wheeIer, over and above the amount you indicated in response to 
the previous question ? 

28) How much would you be willing and able to pay for an improved technology two-wheeler 
over and above the amount you indicated in response to Question 18, if this improved 
technology two-wheeler gave 1.3- 1.6 tirnes improved fiel economy in addition to l o w e ~ g  
emissions ? 

29) What is the absolute maximuin price that you would be willing and able to pay for a two- 
wheeler, if you were buying it today ? If the price of a two-wheeler exceeded this arnount, 
what would you do ? 

30) If government mandated that firom Say 2000, a11 new two-wheelers should be with 
improved technology, and these cost more than what you could afford, would you delay 
disposing of your existing vehicle ? Buy a second-hand two-stroke vehicle ? What if you have 
a moped ? How would paying this extra price affect your family's life ? 

3 1) Improving fùel (and 2-T oil) quality is another way of reducing air poliutant emissions, but 
this will likely involve increased £bel cost. How much (either per month or per litre) would 
you be willing and able to spend on improved quality fbel and oil for your present two- 
wheeler over and above the current level, for improved air quality ? 

32) How much would you be willing and able to spend on improved quality fùel (and oil) over 
and above the current level, on an improved technology two-wheeler, given that the fuel 
economy would be better by a factor of 1.3-1.6, and given also that such a two-wheeler would 
be more expensive ? 



33) What is the m h u m  fùel plus oil cost (either per month or per litre) you think you could 
bear for your two-wheeler ? If fuel cost went up by more than this, how would your farnily's 
life be af£iected ? 

34) Given that old vehicles generdy tend to be more polluting than new vehicles: if 
government passed a law preventing vehicles older than a certain number of years fiom being 
driven in Delhi, what is the minimum service Life that would be acceptable to you fiom your 
point of view ? At present, and with more expensive improved technology two-wheelers? 

35) Please rank in order of acceptability (most acceptable, least acceptable etc.) the foUowing 
policies: a) a governent mandate r e q u i ~ g  only improved technoiogy two-wheelers to be 
manufactured, and assuming the cost of these two-wheelers is 40, 000 rupees b) a fuel plus oil 
cost increase (for improved quality fuel) of five rupees per Litre, and c) a law preventing two- 
wheelers older than 10 years fiom being driven in Delhi ? 

36) Based on Our discussion, what kind of policies would you prefer, what would you be 
opposed to, and why ? (emission standards requiring more expensive vehicles, a ban on two- 
strokes, vehicle scrappage laws, higher fùel costs etc.) 

37) What sort of incentives would make a) more expensive improved technology two- 
wheelers, b) more expensive improved quality fuel and oil, and c) a law preventing vehicles 
beyond a certain age fiom being used, more attractive to you ? When these are implemented 
singly, and jointly ? 

38) From your point of view, what do you think ought to be the objectives for policies to 
control air pollution due to motorized two-wheelers in Delhi ? 

39) How important is it for you and your family to have the use of the motorized two- 
wheeler? How would your Me and that of your family be affécted ifyou did not have or could 
not operate a motorized two-wheeler ? 

40) Under what circumstances would you use buseshicycles rather than your motorized two- 
wheeler, for which trips purposes, and why ? Under what circumstances would you give up 
your two-wheeler for ali purposes in favour of buses/bicycles ? 

41) Now that you have become used to your motonzed two-wheeler, would you stay with it 
(or even get a car), as long as you could afEord it, regardless of the improvements made to the 
bus seMce ? If fuel costs went up ? If congestion increased significantly ? 

42) If vehicle operation and fuel costs increased, would it reduce your travel ? Under what 
circumstances would you use your motorized two-wheeler more ? (fuel cost, reduced 
congestion etc.) 



43) Eyou were paying the same amount of money on fiel costs, but could travel twice as far, 
would you increase your commuting (for what purposes), or would you travel the same 
amount and save the money ? 

44) Do you think transportation expenditure shouid be focused on increasing road capacity (to 
reduce congestion), or on increasing and improving public transit s e ~ c e  ? 



APPENDIX XI 
M2W VEEICLE USER SURVEY SUPPLEMENTARY QUESTIONNAIRE 

Project - Multiple Objective Evaiuation of Public Policies to Address 
Motorized Two-wheeler Emissions in Delhi, India 

Supplementary Questionnaire (to be completed after finishing 
responding to the 9-page main questionnaire) 

NOTE 

Thank you very much once again for your participation. Some of the issues raised in this 
supplementary questionnaire may seem to be a repetition of questions you have aiready 
answered in the sunrey. If so, please bear with us. We wish to make sure we have covered 
everything, and that we understand your views and motivations clearly. Please feel fiee to 
express your views, and do not be concemed about whether they are right or wrong. We are 
interested in everythulg you think about the issues raised, and would like you to Say 
everything you wish to express them. Please use the margins ifnecessary. 

VEEiICLE OWNERSHIP, OPERATION, MAINTENANCE AND DISPOSAL 

1) Please list al1 vehicle modes you use - two-wheeler, bus, auto, rickshaw, car, etc., and 
indicate the purposes you typically use each vehicle for. 

2) What do you see as the main problems related to travel in Delhi, and how have these 
influenced your choice of vehicle modes and models ? 

3) What are the factors that detennined your choice of residence location ? If you live far fiom 
your place of work, why do you do so ? 

4) Was your present two-wheeler bought first-hand or second-band ? ........................ 

5) How many kilometres has your present two-wheeler done to date ? ....................... 

6) How many two-wheelers have you had before your present one ? For how many years did 
you use each of these before disposing of them, and how was each disposed of? 



7) If your two-wheefer has a four-stroke engine, why did you choose it ? 

8) Would you ever consider buyuig a motorcycle ? Please indicate the reasons for your 
answer. 

9) How many kilometres per litre does your present two-wheeler give ? .................... 

10) How frequently do you fill your fiel tank ? ................................................. 
How many litres do you fiil each tirne ? ......................................................... 
How much 2-T oil do you add to the &el? ...................................................... 
In what form do you buy 2-T oil (loose, pouch etc.) ? .......................................... 

11) M a t  s e ~ c i n g  do you have done regularly, and who does it ? 

12) How many years do you expect to use your present two-wheeler totally (fiom purchase to 
disposal) before you dispose of it ? 

CURRENT MEASURES 

13) Do you know what measures are being taken to improve urban air quality in Delhi ? Do 
you think they are effective ? Why or why not ? How have these measures aEected you ? 
Please give an example. 

POLICIES 

14) How much do you think you could comfortably afFord to spend on a new two-wheeler if 
you were buying one today ? Does this figure assume re-sale of your present two-wheeler? If 
so, what is the amount you think you would get for it ? 



15) Given: that motorized two-wheelers are a major contributor to air pollutant ernissions 
£?om motor vehicular sources in Delhi; that air quality could be improved by more people 
using four-strokes or similar improved technology two-wheeler, and that two-wheelers with 
improved technology would likely be more expensive, how much would you be willing and 
able to pay for such a two-wheeler, over and above the amount you indicated in response to 
Question 14 ? 

16) How much would you be willing and able to pay for an improved technology two-wheeler 
over and above the amount you indicated in response to Question 14, if this improved 
technology two-wheeler gave 1.3- 1.6 times improved fuel economy in addition to lowerhg 
ernissions ? 

17) What is the absolute maximum pnce that you would be willing and able to pay for a two- 
wheeter, if you were buying it today ? If the pnce of a two-wheeler exceeded this amount, 
what would you do ? 

18) Improving fiel (and 2-T oil) quality is another way of reducing air pollutant ernissions, but 
this will likely involve increased fuel cost. How much (either per month or per litre) would 
you be willing and able to spend on improved quality fuel and oil for your present two- 
wheeler over and above the current level, for irnproved air quality ? 

19) How much would you be willing and able to spend on improved quality fuel (and oil) over 
and above the current level, on an improved technology two-wheeler, given that the &el 
economy would be better by a factor of 1.3-1.6, and given also that such a two-wheeler would 
be more expensive ? 

20) What is the maximum fiel plus oil cost (either per month or per litre) you think you could 
bear for your two-wheeler ? 



21) Given that old vehicles generdy tend to be more polluting than new vehicles: if 
government passed a law preventing vehicles older than a certain number of years fiom being 
driven in Delhi, what is the minimum seMce life that would be acceptable to you fiom your 
point of view ? At present, and with more expensive improved technology two-wheelers? 

22) Please rank in order of acceptability (most acceptable, least acceptable etc.) the foflowing 
policies: a) a govemrnent mandate r e q u i ~ g  only improved technology two-wheelers to be 
manufactured, and assumhg the cost of these two-wheelers is 40, 000 rupees b) a &el plus oil 
cost increase (for improved quality hel) of five rupees per litre, and c) a law preventing two- 
wheelers older than 10 years fiom being driven in Delhi ? 

24) What sort of incentives would rnake a) more expensive improved technology two- 
wheelers, b) more expensive improved quality fuel and oil, and c) a law preventing vehicles 
beyond a certain age fiom being used, more attractive to you ? When these are implemented 
singly, and jointly ? 

23) How important is it for you and your family to have the use of the motorized two- 
wheeler? How would your Iife and that of your family be afEected ifyou did not have or could 
not operate a motorized two-wheeler ? 

SPACE FOR ADDITIONAL COMMENTS 




