
 

 

 
 
 
 
 
 

TRAVEL EMISSION 
PROFILES 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Energy and Environment Programme 
Environmental Change Unit 

University of Oxford 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 

TRAVEL EMISSION PROFILES: 
 

 a tool for strategy development and driver advice 
 
 
 
 
 

 
 

Jillian Anable 
Brenda Boardman 

Amanda Root 
 
 
 
 
 
 
 
 
 
 
 
 
 

Energy and Environment Programme 
Environmental Change Unit 

University of Oxford 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 
 
 
 
 
 
 
 

The project has been made  
possible by funding from: 

 
 

The Economic and Social Research Council (ESRC) 
 

Award Reference No.: R000222007 
 

for Energy Efficient Rural Travel (EFFORT) 
 

and 
 

PowerGen  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 University of Oxford, September 1997 
 

Environmental Change Unit 
Research Report 17 

 
 
 

ISBN 1 874370 18 4 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ENVIRONMENTAL CHANGE UNIT 
UNIVERSITY OF OXFORD 

 
5 South Parks Road 
Oxford OX1 3UB 
United Kingdom 

 
 

Telephone:   +44 (0) 1865 281180 
Facsimile:   +44 (0) 1865 281181 

E-mail: ADMINISTRATOR@ECU.OX.AC.UK 
 
 
 

 
Printed on recycled paper 

 
£15 

 
 



i 

TABLE OF CONTENTS 

 
Page

LIST OF FIGURES .................................................................................................................................................. iii 

LIST OF TABLES .................................................................................................................................................... iii 

ACKNOWLEDGEMENTS.......................................................................................................................................iv 

EXECUTIVE SUMMARY.........................................................................................................................................v 

 

CHAPTER 1:  CONTEXT .........................................................................................................................................1 

1.1  AIMS AND OBJECTIVES................................................................................................................................1 
1.2  TRAVEL GROWTH AND VEHICLE EMISSIONS ........................................................................................2 
1.3  POLICY CONTEXT..........................................................................................................................................5 
1.4  WHY CONCENTRATE ON RURAL TRANSPORT? .....................................................................................7 
1.5  CHOLSEY AND CHALGROVE ......................................................................................................................8 
1.6  WHY THE EMPHASIS ON CAR TRAVEL? ..................................................................................................9 
1.7  STRUCTURE OF THE REPORT .....................................................................................................................9 

 

CHAPTER 2:  SURVEY DESIGN AND ADMINISTRATION............................................................................10 

2.1  SURVEY DESIGN ..........................................................................................................................................10 
2.2  SURVEY PROCEDURE .................................................................................................................................12 
2.3  RESPONSE RATE ..........................................................................................................................................14 

 

CHAPTER 3:  QUESTIONNAIRE FORMAT.......................................................................................................16 

3.1  QUESTIONS IN THE SURVEY.....................................................................................................................16 
3.2  FACTORS  NOT INCLUDED IN THE SURVEY..........................................................................................22 
3.3  CONCLUSIONS..............................................................................................................................................23 

 

CHAPTER 4: CALCULATION AND VALIDATION METHODS.....................................................................24 

4.1  THE METHODS OF CALCULATING EMISSIONS.....................................................................................24 
4.2  THE ABILITY OF INDIVIDUALS TO ESTIMATE TRAVEL BEHAVIOUR ............................................27 
4.3  COMPARISON BETWEEN THE TWO EMISSIONS CALCULATION METHODS..................................31 
4.4  CONCLUSIONS..............................................................................................................................................32 

 

CHAPTER 5:  EMISSIONS PROFILING .............................................................................................................34 

5.1  THE SAMPLE .................................................................................................................................................34 
5.2  THE VILLAGES .............................................................................................................................................34 
5.3  THE DRIVERS................................................................................................................................................38 
5.4  THE CHOICE OF CAR...................................................................................................................................48 
5.5  CONCLUSIONS..............................................................................................................................................54 

 



 ii

CHAPTER 6:   PEOPLES' VIEWS AND DECISION-MAKING........................................................................57 

6.1 ATTITUDES TO THE CAR ............................................................................................................................57 
6.2 SURVEYING THE RESIDENTS OF CHOLSEY AND CHALGROVE ........................................................57 
6.3 CHANGING TRAVEL PATTERNS................................................................................................................58 
6.4 CONSTRAINTS ON CHANGE.......................................................................................................................60 
6.5 KNOWLEDGE ABOUT CAREFUL DRIVING..............................................................................................63 
6.6 FUEL CHOICE AND TECHNOLOGY ...........................................................................................................64 
6.7 POLLUTION, EMISSIONS AND CLIMATE CHANGE................................................................................65 
6.8 FACTS ABOUT EMISSIONS..........................................................................................................................67 
6.9 THE MOT.........................................................................................................................................................68 
6.10  CONCLUSIONS............................................................................................................................................69 

 

CHAPTER 7:  DISCUSSION...................................................................................................................................71 

7.1  DEVELOPING STRATEGIES........................................................................................................................71 
7.2 IMPROVING AWARENESS AND DELIVERING TARGETED ADVICE...................................................74 
7.3  IMPROVING THE SURVEY .........................................................................................................................75 
7.4  FURTHER RESEARCH..................................................................................................................................79 

 

APPENDIX A:  QUESTIONNAIRE .......................................................................................................................80 

APPENDIX B:  TABLE OF EMISSIONS FACTORS ..........................................................................................85 

APPENDIX C:  EMISSIONS CALCULATIONS..................................................................................................86 

APPENDIX D:  FOCUS GROUP TOPIC GUIDE.................................................................................................89 

REFERENCES..........................................................................................................................................................92 



iii 

 

LIST OF FIGURES 
 

Page 
 

Figure 1.1  Road Transport’s share of UK CO2 emissions 1994 .................................................................................... 3 
Figure 2.1  Location map of Cholsey and Chalgrove within Oxfordshire .................................................................... 13 
Figure 3.1  The effect of  speed on carbon dioxide emissions, by engine size.............................................................. 19 
Figure 4.1  Comparison of the five different methods of calculating fuel consumption ............................................... 30 
Figure 4.2  Comparison between two methods of emissions calculation...................................................................... 32 
Figure 5.1  Comparisons of individual and household distance and CO2 emissions by village.................................... 37 
Figure 5.2  Apportionment of emissions, miles and fuel consumption across the two villages .................................... 38 
Figure 5.3  Proportion of distance spent on journey types............................................................................................ 39 
Figure 5.4  Annual emissions with and without the effects of short journeys............................................................... 41 
Figure 5.5  CO2 with and without the effects of short journeys for 20 respondents ..................................................... 42 
Figure 5.6  Composition of distance and emissions by speed categories...................................................................... 43 
Figure 5.7  Carbon dioxide emissions by speed category per driver............................................................................. 44 
Figure 5.8  Composition of carbon dioxide by income levels....................................................................................... 46 
Figure 5.9  Composition of distance by speed for company and family cars. ............................................................... 47 
Figure 5.10  Fuel consumption and greenhouse gas emissions by vehicle age category .............................................. 52 
Figure 5.11  Composition of age categories by engine size .......................................................................................... 52 
Figure 5.12  Average fuel consumption by engine size ................................................................................................ 53 

 

LIST OF TABLES 
 

Page 
 

Table 1.1  Recent and projected UK carbon dioxide emissions (MtC) ...................................................................... 4 
Table 2.1  Results of chasing procedures ................................................................................................................. 15 
Table 4.1  Comparability of different methods of estimating fuel consumption ...................................................... 28 
Table 4.2  Fuel consumption and carbon dioxide figures generated by the two methods ........................................ 31 
Table 5.1  Response rate .......................................................................................................................................... 34 
Table 5.2  Representativeness of the sample compared to 1991 Census data .......................................................... 35 
Table 5.3  Emissions totals....................................................................................................................................... 36 
Table 5.4  Proportions of each gas in the ranked categories..................................................................................... 38 
Table 5.5  Overlap between high and low ranking of distance and emissions.......................................................... 39 
Table 5.6  Proportion of emissions attributable to ‘cold miles’................................................................................ 40 
Table 5.7:  Proportion of distance spent on various road categories ........................................................................ 43 
Table 5.8:  Socio-economic composition of carbon dioxide emissions.................................................................... 45 
Table 5.9  Company car characteristics .................................................................................................................... 47 
Table 5.10:  Characteristics of the main cars driven................................................................................................. 48 
Table 5.11:  Vehicle characteristics as determinants of emissions ........................................................................... 49 
Table 5.12  Comparison of petrol cars with and without a catalytic converter......................................................... 50 
Table 5.13: The relationship between engine size and emissions............................................................................. 50 
Table 5.14:  Petrol versus diesel representation in the survey.................................................................................. 51 
Table 5.15  Comparative average distance and emissions levels by fuel type.......................................................... 51 
Table 6.1: How do you feel about the amount you travelled in 1996? ..................................................................... 59 



 iv

 

ACKNOWLEDGEMENTS 
 
 
This research was funded by the Economic and Social Research Council (ESRC) and other support came 
from PowerGen who sponsor Brenda Boardman’s Senior Research Fellowship, through St Hilda’s 
College. We gratefully acknowledge this assistance.  
 
This study has only been made possible with the contribution from those in the villages of Cholsey and 
Chalgrove who answered the questionnaire or attended the focus group sessions. Our sincere gratitude 
goes out to them. We would also like to thank those in the local community who helped arrange the 
focus group sessions: Cllr. David and Cathy Turner; Gill Blackshaw, Sylvia Oliver and staff at the 
Community Education Centre in Chalgrove. 
 
Much credit for the data analysis is owed to Kate Lonsdale who stepped forward at short notice and 
whose hard work and patience were very much appreciated.  
 
We also owe thanks to our many colleagues at the Environmental Change Unit for their support and 
constructive criticism at various stages of this work. In particular, Mark Hinnells provided invaluable 
advice as the project developed and his enthusiasm for the task at hand was a constant source of 
encouragement and inspiration. Mark made a significant contribution to the interpretation of the results 
and the final chapter of this report. Sarah Darby did a wonderful job in making amendments to the final 
version.  
 
Nick Eyre of Eyre, Energy, Environment, Kirkby Lonsdale, Cumbria, Malcolm Fergusson of the Institute 
of European Environmental Policy, London and Simon Collings and David Moon of ETSU, Harwell 
must all be acknowledged with gratitude for their assistance with the methodological approach. 
Similarly, Peter Headicar of Oxford Brookes University and Dr Bridget Taylor of Nuffield College, 
University of Oxford must be thanked for their constructive and generous assistance with the design of 
the questionnaire.  
 
We would also like to thank Sylvia Boyce and Ann Heath, Administrator and Deputy Administrator of 
the Transport Studies Unit of the School of Geography, as they helpfully undertook transcribing and 
database entry. Thank you also to Ian Curtis, Anna Winton and Jo Hunter, who were always patient and 
helpful with the various administrative and other needs that arose during the course of the project.  
 



 Executive Summary
 

 v

EXECUTIVE SUMMARY 
 
Travel Emission Profiles 
This project assessed household car-based travel and has piloted address-specific travel emission profiles 
(TEPs). This is the first attempt to audit annual car usage through a simple self completion questionnaire 
for adults.  
 
The pilot was designed to break down average consumption and emission factors between representative 
groups in rural areas. Hence the questions were both about detailed travel patterns and the main social 
characteristics of the household. The result is a series of travel emission profiles that link car usage and 
the resultant gas emissions with attitudes and behaviour. 
 
The context for the research is the devolution of targets from central government to local authorities for 
energy use and emissions through the Home Energy Conservation Act and the Road Traffic Reduction 
Act. This is leading to an emphasis on simple methods of auditing at the household level so that effective 
policies can be developed and the impacts evaluated periodically. 
 
Rural car use represents a significant and growing proportion of car travel but is a poorly researched area 
of transport policy. Yet only the remotest rural areas are losing population in absolute terms. Car usage in 
rural areas is increasing as the population grows, public transport is reduced, employment declines and 
congestion is displaced into rural areas from congested roads. The average car mileage per rural resident 
is about twice that of urban dwellers, contributing to over 17% of total UK mileage. In general, rural 
residents make a similar number of trips, for similar purposes, but these trips are longer. 
 
The two villages studied, Chalgrove and Cholsey in South Oxfordshire, are representative of accessible 
rural communities in the affluent South-East. Settlements with a population of below 3,000 are defined 
as rural - about 11% of the UK population. The data obtained under this narrow definition of rural could 
have applicability to residents in areas where public transport usage is poor and reliance on the car is 
high. 
 
The survey 
There are two approaches to the calculation of emissions profiles. The conventional one is to aggregate 
driving styles and journey patterns and (using one figure of miles per gallon) to generate overall fuel 
consumption which can in turn be translated into carbon dioxide using a carbon calculation. The 
alternative approach, used here, is to establish the pollution created by each component of the travel 
profile tied to vehicle, journey and speed characteristics and then to sum the resultant emissions. This 
latter approach is more appropriate if the focus is on identifying the pollution that could be amenable to 
policy or behavioural influence. It was also required to ensure greater accuracy in a survey only dealing 
with rural areas and not national averages. 
 
Whether the appropriate unit of measurement should be the household, the individual or the driver is 
dependent on the type of policy and level of advice for which the results are used. The questionnaire 
covered all the approaches in order to clarify the relationship between trends and decision makers. 
Additional questions were asked about proposed or acceptable changes to car usage in order to aid 
comparisons across the years. 
 
The four-page questionnaire asked for a breakdown of distance travelled by car into categories of journey 
length and speed and appropriate conversion factors were used to get the emissions of carbon dioxide, 
carbon monoxide and nitrogen oxides. Information on car type, quantity of fuel bought, expenditure and 
estimated miles per gallon was used either to cross validate or to confirm the emissions factor chosen. All 
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emissions generated were allocated to the driver - and not shared with passengers - both for simplicity 
and completeness. 
 
The Results 
Most of the analysis took place on the 99 individual car drivers or the 44 households where all car drivers 
responded. These are two overlapping but not identical samples. The 13 non-car-drivers have not been 
analysed separately nor has the analysis included forms of transport other than the car. 
 
There were five sets of data per driver which should have been internally consistent. In most cases none 
of these could be anchored with certainty. Therefore the inconsistencies were relative rather than 
absolute and the tendency was for respondents to overestimate weekly expenditure in comparison with 
optimistic miles per gallon figures.  Respondents' estimates of expenditure on fuel and volume of fuel 
bought were consistent, indicating that one was often calculated from the other. Similarly, estimated 
miles per gallon closely reflected official test consumption from the manufacturer. This implies that 
many drivers remember rather than calculate the figure. 
 
The most accurate mileage came from the 26 drivers who used official documents to provide the 
information - usually the MOT certificate. Five of the six most consistent individuals had used MOT-
derived figures. 
 
The most significant outputs of the auditing process reveal the extent of the differences which exist 
between the population as a whole and subgroups within the population. These differences have far 
reaching implications for the development of transport and energy policies. For example, in comparison 
with the least polluting 20% of households, the most polluting quintile produce 14 times more carbon 
dioxide, 22 times more carbon monoxide and 18 times more nitrogen oxide. All three of these gases are 
greenhouse gases, directly or indirectly contributing to climate change.  
 
The top 10% of drivers in terms of pollution across both villages cause 33% of carbon dioxide emissions, 
whereas the least polluting 10% only cause 1%. Emissions are closely related to distance travelled. It is a 
minority of drivers, mainly in Chalgrove, travelling comparatively long distances which account for the 
differences. The presence of a railway station in Cholsey is reflected in the travel patterns as Chalgrove 
residents drive 24% further. 
 
Other greenhouse gases are less sensitive to distance: 31% of carbon monoxide is from journeys of less 
than 2 miles (11% of the distance). The short journeys are an important contributor to the extra pollution 
caused when the engine is cold. In total, cold miles comprised 25% of distance but produced 69% of 
carbon monoxide. 
 
Further scrutiny can then begin to associate these drivers with particular income, speed and vehicle 
characteristics. Some households in rural areas are contributing substantial carbon dioxide burdens. These 
are primarily better-off families, using company cars, who would not be affected by even substantial 
increases in road fuel tax. These drivers average 100 miles a day or more.  
 
Driving faster than 60mph, by implication on motorways, was the method of travelling for 32% of the 
distance in comparison with a national average of 14%. Carbon dioxide emissions would be reduced by 2% 
if the drivers did not exceed 80 mph on motorways. 
 
The qualitative data collection revealed that a significant minority of respondents, over a quarter in each 
case, would be prepared to undertake emissions reducing behaviour such as the purchase of a smaller car, 
change their driving style, car pool or walk more. These people represent a target group for awareness 
campaigns. 
 
The focus groups enabled the identification of practical factors that structure personal views on emissions 
such as the pivotal importance of the MOT test and the conflicting evidence from ‘experts’ on the causes 
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and effects of pollution from travel. These participants linked their concern over pollution with haze and 
smoke; they did not naturally use the word 'emissions'. 
 
Relevance of Travel Emissions Profiles (TEPs) 
This study has demonstrated the benefits of moving the debate away from average levels of car dependence,  
average emissions levels or average responses to an increase in cost. Instead, different people must be 
treated in different ways because they are affected in different ways by policy. The parameters for policy 
and the effectiveness of pollution reduction strategies begin to change when ‘indicators’ of travel begin to 
be identified. TEPs aid the development of strategies which seek out differences in behaviour, identify the 
causes and target these causes directly. 
 
As with policy, understanding the reasons for car dependence amongst different groups of the population 
will enable information campaigns to be targeted more accurately and encourage the change of behaviour to 
other modes. Emissions profiles have enormous potential for use as input into awareness campaigns and as 
educational tools in their own right. They are a way of enabling people to see the connections between their 
travel patterns and the emissions that they produce. 
 
Any campaign to change behaviour requires clearer indications through survey data of who should be 
targeted. This research aimed to identify where the potential to change behaviour exists, where there is a 
choice and the conditions under which people are prepared to give up car-dependent behaviour.  
 
Respondents in the focus groups wanted ‘facts’ about vehicle emissions. Delivery of a suitable explanatory 
questionnaire can clear up some of the uncertainties in knowledge. The contexts in which information is 
delivered and received are important as people are more disposed to receive information at certain moments 
rather than others. Surveys could be delivered in several ways such as through Local Energy Advice 
Centres, within MOT procedures, as part of specific campaigns such as fuel efficiency labelling of cars or as 
part of green travel campaigns. In addition, data on personal fuel consumption, emissions and costs based on 
the results of the questionnaire could be presented directly to people in comparative form. 
 
The annual audit could be undertaken over a period of years to provide feedback to the individual 
households and used to develop a model with predictive capacity. This would enable both individual and 
household profiles to be examined in combination with a variety of policies and educational campaigns. The 
audit could be developed in the context of one or more local communities and geographical regions, as there 
are different challenges in urban and rural areas. 
 
Hence, the pilot has demonstrated that Travel Emission Profiles are a useful policy and auditing tool, at both 
the household and individual level. The annual data appear to be of adequate accuracy to provide the basis 
for feedback and awareness campaigns as well as indicating opportunities for national policies and local 
inventories.  
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CHAPTER 1:  CONTEXT 
 
 
The debate on reducing emissions from personal travel has reached an important and critical stage. There is 
a recognition that the old assumptions are no longer valid, but no agreement on the most appropriate 
alternatives. Under this 'new realism' there is an acceptance that growth cannot continue at previous levels 
(Goodwin 1991). Public support for new road programmes is diminishing and the role of public transport is 
being reassessed under the new Labour Government. Innovative methods of emission control, such as 
catalytic converters, and the development of alternative fuels to replace petrol - for instance electric vehicles 
and hydrogen-power - could reduce the problems of urban pollution, sometimes by causing greater pollution 
elsewhere. They would, however, have no impact on congestion. There is a recognition of a problem, or 
rather of a series of problems, but no consensus yet on their relative importance nor on the types of 
solutions. There is uncertainty about what car drivers would be prepared to do, as well as the options that 
should be developed to help them. In this respect, the limited knowledge on the potential for behavioural 
change to reduce travel is similar to the ignorance on how to conserve energy exposed by the oil crisis in 
1973. 
 
This recognition of  ignorance and uncertainty about the human dimension was the stimulus behind earlier 
work undertaken at the Environmental Change Unit (Root et al 1996a + b). Through a traditional travel-
diary approach 94 households in two Oxfordshire villages provided information on how and where they had 
travelled on one summer day in August 1995. The cost of this survey was substantial and demonstrated the 
problems of collecting detailed travel information from a representative mix of people.  
 
In order to establish the impact people and households are having on the environment, through their travel, 
an alternative method of assessment would be needed. As consumers, we receive quarterly bills from the 
utilities for gas and electricity. We complete tax returns on our annual income. These periodic statements 
provide confirmation of our levels of consumption and feedback to help us regulate our financial affairs. 
With travel, we have no easy guide towards our annual budget and no way of assessing the impact this is 
having on the environment.  
 
Thus, the objective of this research is to find a simple method of auditing personal and household travel, 
over a whole year, through a self-completion questionnaire that could be completed in 15-20 minutes. This 
fascinating and challenging exercise has, we believe, opened up a hitherto unresearched area for debate: can 
individuals identify their own impact on the environment, and would this lead to new ways of increasing 
awareness about travel-related pollution and to identifying why and how individuals might change their 
travel pattern? 
 

1.1  AIMS AND OBJECTIVES 
This exploratory yet innovative approach to travel auditing uses the methodology of self-assessment of 
travel characteristics from personal car-based travel. The principal aim is to express these travel patterns 
in terms of greenhouse gas emissions at the local, household and individual levels and to use this 
information to develop measurement and informational tools for use in the identification, monitoring and 
influencing of local transport strategies. The survey was designed to form the basis of longitudinal 
studies in which similar measurements are made on the same sample at different points in time. The 
output is a series of personal and household annual emission budgets which identify the sources and 
distribution of emissions from car-based travel and show the proportion of residents contributing to 
emissions at each level. These budgets are supplemented with some attitudinal data to aid the 
identification of opportunities for less polluting travel patterns. 
 
The originality and strength of the research comes from the synthesis of quantitative assessment 
procedures with social characteristics and behaviour. The survey itself is an innovative, as it relies solely 
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on personal retrospective estimates of travel, broken down into component journey patterns. The choice 
of a self-assessment procedure not only meets the aims of developing a user-friendly and cost-effective 
data collection exercise, but can itself be used to assess the general levels of awareness of respondents of 
their travel patterns and environmental impacts. The quantitative data collection was paralleled both on 
the questionnaire itself and through the use of focus groups, by qualitative investigation of the attitudes 
to change and the potentials for emission reducing behaviour from travel. This will enable policy makers 
to set more appropriate environmental and sustainability targets whilst considering equity and social 
participation. 
 

1.2  TRAVEL GROWTH AND VEHICLE EMISSIONS 
In 1989 the Government projected an increase in road traffic of between 83 and 142% by the year 2025 
(DoT 1989). The forecasts caused considerable debate and marked a turning point in the definition of the 
problem and the framing of national and local government transport policy. Although these forecasts 
have been revised in the light of subsequent economic downturns so as to now predict a 58 - 92% growth 
over the same period (DoE 1996a), the implications are no less severe given the sheer impossibility of 
the original forecasts having ever been realistically accommodated. The fact still remains that car 
ownership continues to increase with the number of vehicles likely to reach 33 million from the current 
22 million cars on UK roads. Yearly mileage per vehicle is rising as a consequence of increasing 
personal mobility resulting from changing living and land use patterns, rising incomes, the low real 
prices of fuel and the inability of the public transport provision to compete on this basis. The car is still 
the main mode of travel for all major journey purpose categories. Although journey patterns are 
changing, the insatiable demand for travel that accompanies car ownership is leading to unsustainable 
volumes of traffic and near gridlock in many areas. Indeed the ‘new realism’ identified as emerging from 
the original forecasts (Goodwin 1991) has been described as reaching a second phase as the acceptance 
that restraint policies in congested urban areas are the only way forward is being expanded to apply to the 
trunk road and motorway sections of the network (Goodwin 1994). 
 
With the congestion on motorways and in urban areas, there is likely to be a displacement of traffic to 
rural areas. These and other factors lend weight to the assertion made in the recent report by the Royal 
Commission on Environmental Pollution (RCEP 1994) that: 

the unrelenting growth of transport has become possibly the greatest environmental threats 
facing the UK, one of the greatest obstacles to achieving sustainable development.  

 
The change in transport planning philosophy beginning to emerge from concerns of congestion have been 
paralleled by growing recognition and understanding of the environmental implications of transport at 
both the national and international level. The impacts of transport on the environment range from global 
warming to local impacts such as human health effects and material damage. 
 

1.2.1  Local air quality and health impacts 
As far as air pollution is concerned, the transport sector has a clear responsibility. Emissions from the 
exhaust of motor vehicles are known to introduce a range of substances into the atmosphere proven to 
have adverse effects on human health, vegetation and buildings (Select Committee 1996). Following the 
publication in 1990 of the White Paper This Common Inheritance, the Government established an Expert 
Panel on Air Quality Standards (EPAQS) in 1991 (Hughes 1996). The group identified 9 major 
pollutants, of which transport is a major contributor to all but one (Potter 1997). The main pollutants 
with respect to health issues are oxides of nitrogen (NOx), unburnt hydrocarbons, particulate matter, 
volatile organic compounds, sulphur dioxide, ozone  and carbon monoxide (CO). Air quality and health 
related issues are fast becoming the catalysts for changes in transport thinking that congestion has been in 
recent years - the increasing attention being paid to the likely links between the alarming rise in asthma 
incidence and motor traffic emissions a case in point. Most attention has tended to focus on periods when 
pollution has reached chronic levels and yet background air pollution poses an almost continuous health 
risk. The air pollution effects caused by motor vehicles are most serious in urban areas with dense 
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populations of people and vehicles, but implications over wider areas can cause high concentrations in 
rural areas where polluted air has dispersed from urban and industrial centres (House of Lords Select 
Committee on Science and Technology 1996). 
 

1.2.2  Wider implications of emissions from transport 
The environmental implications of vehicle emissions are in the long term no less worrying than the 
health effects. Transport constitutes the fastest growing end use sector and major source of emissions, 
especially those related to the accumulation of greenhouse gases in the atmosphere. Climate change, the 
subject of increasing concern world-wide, is the result of carbon dioxide and to a lesser extent other 
greenhouse gases such as nitrogen oxides, CFCs and methane building up in the atmosphere and limiting 
the amount of heat that can escape.  
 
The UK Government concluded in Transport - the way forward (1996b) that 

unless urgent action is taken, the global temperature is predicted to rise by 2oC by 2100 - 
Climate Change will have adverse effects on human health, on terrestrial and aquatic 
ecological systems and on social and economic life. 

 
Carbon dioxide (CO2) is the most abundant greenhouse gas. It is not always considered an air pollutant  
as it does not cause ill health in humans at usual ambient concentrations (HoL Select Committee 1996). 
However, due to its concentration and long lifetime it is responsible for at least 50% of global warming. 
 
Carbon dioxide is produced wherever fossil fuels are burned. The quantity of carbon dioxide emitted is 
directly related to the carbon content of the fuel. The amount of petroleum products consumed by 
transport in the UK has increased both absolutely and as a proportion of the total used in all sectors 
(ibid). In 1994, nearly 36m tonnes of petroleum products were accounted for by road transport, that is 
44% of the UK total. Most of this usage is from the private use of transport. As a consequence, energy 
consumption from road transport constitutes the fastest growing source of CO2 emissions - representing 
just over a fifth of total CO2 production in the UK in 1994 (Figure 1.1). This is without the calculation of 
the emissions from power stations and refineries allocated to end use figures. 

Industry
30%

Domestic
27%

Commercial
8%

Public Service
6%

Other Transport 
3%

Road Transport
21%

Exports
1%

Other
3%

Agriculture
1%

 

Figure 1.1  Road Transport’s share of UK CO2 emissions 1994  
Source: Saje 1994 
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Not only is road transport a major contributor of carbon dioxide emissions, it is the fastest growing 
source. Table 1.1 illustrates that whereas many of the other areas are improving their energy efficiency, 
road transport’s overall share of the pie is actually growing year on year, having risen 31% between 1984 
and 1994 (DoT 1996a). 

Table 1.1  Recent and projected UK carbon dioxide emissions (MtC) 
SECTOR 1970 1980 1990 2000 

Road 
Transport 

18 25 33 38 

Other 
Transport 

4 4 4 4 

Domestic 52 48 42 38 
Industry 82 60 54 48 
Commerce 8 12 14 12 
Other 18 13 11 10 
TOTAL 182 162 158 150 
Source: DoE 1995, cited in Potter 1997b 
 
At the 1992 Earth Summit in Rio, 150 countries committed themselves to returning emissions of CO2 to 
1990 levels by the year 2000. The UK has committed for a 20% reduction by the year 2010. The IPCC 
has estimated that emissions of CO2 must be reduced world-wide by at least 60% in order to halt the net 
growth of the gas in the atmosphere. 
 
Whilst emissions from the domestic, industrial and commercial sectors are declining and are projected to 
decline further, these savings have been thus far attributable to the commercially driven transfer in 
Britain’s power stations from coal to gas, a trend that cannot continue indefinitely (Potter 1997b). Yet, as 
Potter points out, emissions from road transport are continuing to grow and are not yet expected to 
contribute to the reductions required by the lower targets in international agreements. The Royal 
Commission on Environmental Pollution (RCEP 1994) has suggested that there should be specific targets 
relating to the transport sector in order to make progress with the overarching targets being set. However, 
the main methods of tackling vehicle emissions have been through improvements to vehicle and fuel 
technologies. The EC have imposed limits so that all cars sold after a certain date must comply with 
pollution standards which specify the amount of pollutant of a vehicle may emit per kilometre over a 
standard test driving cycle. These limits will continue to be strengthened (HoL Select Committee 1996). 
The practical manifestation of these emissions limits was that all new petrol engined cars sold in the EU 
from 1993 onwards had to be fitted with three way catalytic converters. Diesel engines are only now 
receiving special attention and major advances can be expected under future EU limits (RCEP 1994).  
 
Concentration on technological solutions can be criticised from many different angles: 
• The value of the emission limits themselves can be called into question given that they are measured by 

an unrealistic test cycle which does not give an accurate indication of emissions in real driving 
conditions. This criticism is similar to the discussion on the official test results for fuel consumption 
from new vehicles discussed in Chapter 4. 

• Tests by the Royal Automobile Club (RAC) show that half of the air pollution from all vehicles is 
caused by a disproportionately small minority of what it terms ‘gross polluters’. Hence it is older 
vehicles and the use of the existing vehicle stock which are and will continue to be the major problem. 
The environmental payback would be enormous if emissions in this group were improved (Hughes 
1995). 

• The stricter limits on carbon monoxide and hydrocarbons mean in reality that an even greater proportion 
of emissions will be in the form of CO2 (HoL Select Committee 1996). It has been calculated that the 
average car produces almost 4 times its own weight in CO2 every year (FoE 1991). There is no add-on 
technology to reduce emissions of CO2 from vehicle exhausts - the only way to reduce these emissions 
is to reduce the amount of fuel used. Although the efficiency of motor vehicles has improved and will 
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continue to do so, the number of vehicle miles travelled is rising, which is the root cause of increased 
fuel usage and CO2 emissions. However, given present trends in vehicle design coupled with the 
forecasts of high traffic growth, CO2 emissions from road transport may prove to be a more intractable 
problem than air pollution.  

• Technical measures to address local air quality issues marginally increase fuel use and carbon dioxide 
emissions and even the most radical responses such as the widespread introduction of electric 
powered vehicles serve mainly to transfer the source of emission generation to the power station 
(Potter 1997b).  

• Apart from CO2, cars also produce the precursors which give rise to the secondary pollutant, ozone, 
which is another main contributor to climate change. Whilst the introduction of catalytic converters will 
significantly reduce in the short term the emissions of the regulated pollutants so harmful to health - 
carbon monoxide, hydrocarbons and nitrogen oxides - it has been estimated that by 2006 emissions will 
once again begin to increase in line with the growth in vehicle use as the vehicle fleet becomes 
‘saturated’ with clean exhaust technology (Hughes, 1995). In addition, although levels of nitrogen oxides 
fell by 10% between 1993 and 1995, levels of other nitrogen compounds such as nitrogen dioxide have 
increased now for the second year running (ENDS 266). A main reason for this is that catalyst 
performance is affected by the predominance of short journeys with cold starts during which period 
emissions are not improved by this technology (Chapter 3). 

 
Given present trends in vehicle design coupled with the forecasts of high traffic growth, CO2 emissions 
from road transport may prove to be a more intractable problem than air pollution. Hence, the main 
emphasis in the calculation of emissions from personal travel has been placed on this gas. Measurements 
have been carried out additionally on: 
• Carbon monoxide (CO) - CO has traditionally been the gas which has been the indicator for traffic 

pollution. It is toxic in high concentration leading to a wide range of health effects. Once emitted into 
the atmosphere it is slowly oxidised to CO2, hence acting indirectly as a greenhouse gas.  Transport 
contributes to about 75% of CO in the atmosphere, with about 90% of this from cars (Hughes 1995). 

• Nitrogen oxides (NOx) consist of nitric oxide and nitrogen dioxide formed by the reaction of oxygen 
and nitrogen within an engine’s combustion chamber. Nitrogen oxides are critical to ozone formation 
at a high level, which is an important factor in climate change, while at a low level ozone is directly 
harmful to human health causing respiratory problems and reducing lung function. Transport is 
accountable for about half of total emissions of these gases (ibid). 

 

1.3  POLICY CONTEXT 
The changing policy objectives and the rejection of the demand led doctrine in transport thinking has had 
repercussions for both policy content and the formation and implementation processes. Greater emphasis 
is now being placed on reducing the need to travel with the concurrent recognition that ‘integrated’ 
solutions, that is not only physical/modal integration but also fiscal interdependence and the development 
of co-ordinated packages of policy measures across sectors, are imperative for the design of sustainable 
transport strategies. This change in direction to one which seeks to influence rather than follow demand 
also has implications for the types of information needed in the design and implementation of policy. A 
greater understanding of underlying processes, not just mere measurement and identification of the 
trends, is required (Potter 1996). 
 
Much new policy formation has stemmed around the introduction of targets, for instance for national and 
local traffic reduction or air quality indicators. Such an approach has been endorsed by the Royal 
Commission on Environmental Pollution, who believe quantifiable targets to be a legitimate and 
powerful method for bringing policies forward (RCEP 1994). 
 
At the broadest level, the Government has made commitments to meet the UN’s Framework Convention 
on Climate Change. The UK strategy is outlined in ‘Climate Change: the UK programme’ (January 1994) 
in which targets of 2.5m tonnes of carbon per annum have been set to be saved by the transport sector by 
the year 2000. However, as suggested by the Royal Commission, this may require further restrictions. 
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Most recent has been the introduction of the Road Traffic Reduction Act early in 1997. This is aimed at 
cutting congestion by requiring local authorities to draw up traffic reduction strategies and to set targets 
for reducing overall traffic levels or rates of traffic growth. The Bill underwent significant revisions 
before being passed and the result was that the Act takes on an advisory guidance role rather than 
imposing mandatory action on local authorities. Nevertheless, there is still the statutory obligation for all 
local authorities to undertake a review in their area to consider the need to tackle traffic growth (LTT, 
1996). Overall, the Act is an acknowledgement of the crucial role that local authorities have in 
regenerating local transport through local knowledge and increased powers to set priorities and produce 
plans to consider specifically what is feasible and in the interests of local transport needs. However, this 
study is being produced in a growing climate of concern about the lack of guidance and understanding of 
what kinds of targets are appropriate and how they should be implemented and assessed  
 
The trend of devolving monitoring and strategy to the level of the local authorities is also evident in two 
other transport related sectors - air quality and energy. Local authorities are being placed under new 
statutory obligations to manage local air quality within the framework of the Government’s air quality 
objectives. Specific standards and targets for the main pollutants together with a timetable for achieving 
them are being developed under the national air quality strategy under the terms of the Environment Act 
1995 (Hughes, 1995) and air quality information is being linked to various monitoring programmes 
underway at local government level. Further responsibility is being devolved through the Home Energy 
Conservation Act 1996 with respect to housing whereby local authorities are being given monitoring and 
planning responsibility for energy used in the home. The HECA is based on a simplified energy audit of 
the whole housing stock in the local authority's area, regardless of tenure. There are a variety of ways of 
undertaking these audits, but sufficient detail is required so that each house is covered. 
 
In order to meet these strategy development and monitoring responsibilities, local authorities will require 
new sources of data for measurement and monitoring of trends in transport behaviour in their area. 
However, the main existing sources of travel data (the National Travel Survey and the decennial Census) 
are generally deficient in terms of both the geographical coverage and the breadth and depth of the 
variables covered in the survey for detailed local applicability. The National Travel Survey (NTS) is a 
continuous survey that began in 1988 carried out in order to provide a better understanding of the use of 
transport facilities made by different sectors of the population and to provide a means of assessing future 
travel demand (DoT 1995a). With a sample size of around 4500 households per year, the survey is 
sufficient for national trend analysis but is unsuitable for small geographical area application. Whilst the 
survey includes over 200 variables on the use of all transport modes at area, household and individual 
levels and all trips made by each respondent on a daily basis by use of a travel diary, the sample size 
renders the data inadequate for most aspects of problem identification, forecasting and monitoring once 
broken down into local authority/district level. Unlike the NTS, travel data in the decennial Census are 
restricted largely to journeys to work. Despite its greater potential to be used at a more local level, its 
applicability is limited due to its larger remit and minimal travel content. In addition, local authorities 
carry out a variety of types of local survey ranging from specific surveys for site selection, or corridor 
analysis to wider area household surveys as part of more strategic assessment and auditing procedures. 
 
This research is consequently taking place against the backdrop of increasing recognition of the need to 
influence transport decisions at the policy and the individual level to reduce the need to travel and to 
encourage essential travel to take place in the most sustainable way possible. These policies in turn are 
being developed as more responsibility is being given at the local level to identify options and draw upon 
local knowledge and good practice to achieve clear and quantified aims. However, the extent to which 
motorists would accept or even choose to reduce their travel is poorly understood. Awareness of and 
attitudes to emissions and travel need further investigation, particularly in relation to possible motivators 
such as improved health, reduced travel stress, more time at home and reduced impact on the 
environment. Analysis of travel patterns and emission levels in the form of household audits has potential 
utility in the identification of location and socio-economic specific data to aid the entire implementation 
process - that is the measurement of existing trends, an interpretation of the parameters of behaviour 
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amongst both the general population and sub-groups within the population, the consequent identification 
of the most effective intervention strategies and the monitoring of progress and understanding of 
changing needs and behaviour over time. Without such disaggregated and interpretative data sources the 
move towards demand management strategies is gathering momentum without information to design 
effective policies and to measure if they are achieving the desired objectives (Potter 1996). 
 

1.4  WHY CONCENTRATE ON RURAL TRANSPORT? 
The focus of most recent transport research has been on urban, suburban or interurban traffic. Given the 
recognition of the inevitability of traffic restraint and demand management policies in congested 
conditions, it is not unreasonable to assert that, in its broadest sense, a consensus has now been reached 
in these areas as to the problems and the direction which policy should be taking. However, no agreement 
exists even on identification of the problems let alone the solutions to travel and traffic growth in rural 
areas. 
 
There are some definitional problems which hinder the progress in the area of rural transport research 
and policy. What is meant by rural? What constitutes the increase in traffic in rural areas? - the rural 
residents themselves or predominantly urban inhabitants travelling through remoter areas? Is the problem 
one of too little travel opportunity in rural areas or should the focus be on the proportion of the rural 
population known to travel further by car than their urban counterparts or than the national average? 
 
Generally rural areas do not receive as much attention because they are not perceived to suffer the same 
problems of pollution, environmental quality and congestion. The misperceptions lead to the definition of 
the problem in rural areas as one of accessibility or even the need for greater mobility in some cases, and 
not of congestion. This has led to advocacy of greater spending on the interurban road system to benefit 
rural residents. However, this perception of the situation is predominantly based on an image of remote 
rural areas of low density population in which public transport services are infrequent and high levels of 
financial support are required (White 1995). Concentration on this sort of definition of ‘rural’ (and on 
only the larger settlements as ‘urban’) results in a significant and continuously increasing section of the 
population being ignored in research and policy terms.  
 
Stokes (1997) attempts to provide a broad typology of rural areas recognising their diversity and the 
differential travel characteristics of each: 
1. semi urban sprawl - these areas have the highest levels of car ownership at the county level and 

congestion is unequivocal at peak times and common on a large part of the road network 
2. commuter countryside - this describes enlarged villages with a high proportion of the residents reliant 

on the urban area for employment and the majority of services and facilities 
3. rural tourist areas - areas such as National Parks and other areas of outstanding beauty are 

experiencing traffic congestion at peak periods.  
4. deep rural areas - at the extreme end of the spectrum of sparsely populated areas such as hill areas 

where congestion is seldom a problem. 
 
It is only the remotest of these areas which continue to lose population in absolute terms. The 1991 
Census confirmed this changing pattern of employment and demographic structure by revealing that 
whilst population had increased 3% nationally in the previous decade, population in the Shires had 
increased by 5% with an increase of up to 8% in resort, port, retirement and purely rural areas (ibid). In 
addition, the Office of Population, Census and Statistics (OPCS 1996 cited in Stokes 1997) claims 
forecasts of household growth rates showing increases of 40% for some counties, some of this in the 
urban fringe but much of it in free standing small settlements and rural areas.  
 
However, employment in all of these types of rural area is falling and, by implication, the people being 
attracted to these areas are either urban commuters or retired. In other words, the movement to rural areas 
is based on high car availability and mobility. The traditional ‘rural population’ characterised by lower 
income and car ownership may be gradually being displaced to larger towns (White 1995). Hence it is 
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commuters to ‘urban’ areas who constitute the greatest proportion of the economically active in most 
rural areas.  
 
Unsurprisingly the majority of these use cars as their main means of transport, not only for work journeys 
but for other journey purposes in the absence of local social networks and facilities (ibid). Based on 
definitions of ‘rural’ employed by both the OPCS and used in the National Travel Survey which regard 
all settlements of below 3,000 population as rural, that is about 11% of the UK population, a picture of 
the car dependent lifelstyles of these residents can be painted. According to the above definition, average 
car mileage per person by rural residents is about twice as much as for urban dwellers when income is 
allowed for, thereby contributing to just over 17% of total UK mileage (Stokes 1995a+b). In general, 
rural residents make similar numbers of trips and for similar purposes, but these trips tend to be longer. 
The National Travel Survey 1992/4 shows that 19% of rural residents do not own a car, whereas 37% of 
households had at least two cars in 1989/91. This compares with 35% and 21% respectively for urban 
areas (DoT 199). An even higher proportion of total personal distance travelled is by car, over two thirds, 
compared to a national average of about half. 
 
The polarisation of experience for the residents of rural areas is evident from these figures: the rich are 
travelling further but the poor are suffering relative accessibility deprivation as the availability of public 
transport and local facilities are in decline. Whilst it is imperative not to dismiss the issue of the ‘travel 
poor’, it is important that the rural transport problem is not seen purely as one of a lack of accessibility. 
As Stokes (1997) points out, while the lack of accessibility can be a real problem for those in isolated 
areas without cars, accessibility to facilities for those with cars can be higher than for many car users in 
urban areas because of the relative lack of congestion.  
 
Hence the problem of low mobility for some in rural areas can be directly contrasted with the concurrent 
forecasts of growth of very highly mobile, wealthier rural residents. Regardless of the definition used, 
‘rural’ residents as a proportion of the population as a whole are becoming more significant in terms of 
numbers and hence their contribution to transport problems, given their disproportionate levels of car 
use, is rising even faster. In addition, forecasts of traffic growth suggest that traffic levels on rural roads 
will more than double by 2025 as capacity constraints in urban areas mean that much growth that does 
occur will have to occur in rural areas (CPRE 1996). In other words, either national road traffic forecasts 
will not be realised or most of pending traffic growth will be in rural areas. These trends combined mean 
that rural areas will suffer from serious congestion, pollution and loss of amenity problems in years to 
come. 
 
Whereas rural car dependency in the past has largely been seen as an insurmountable problem, leading to 
the debate in rural areas centring on mobility rather than accessibility (Stokes 1995b), the gradual but 
now unequivocal recognition in the urban context that the supply of road travel cannot keep up with 
demand is presenting rural transport policy makers with a broader and more complex challenge than 
hitherto. The oversimplistic view is being discarded and the importance of rural transport policy 
heightened in favour of policies to tame the use of the car and reduce the need to travel outside larger 
built up areas.  
 

1.5  CHOLSEY AND CHALGROVE 
Given the above outline of the challenges currently facing rural transport policy, it could be concluded 
that if present trends are maintained, some of the most intractable problems will be experienced in the 
less isolated rural areas - that is those areas where the threat of population dispersal is greatest and where 
accessibility for the majority of the population with access to a car is still high even relative to urban 
areas. 
 
The data collection in this study took place in two such rural villages in South Oxfordshire - Chalgrove 
and Cholsey, which have been the focus of earlier studies of rural transport in the Environmental Change 
Unit (Root et al 1996a + b). The two villages are typical of many villages in the Shire Counties. They are 
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within commuting distance from London and residents rely heavily on the facilities of the city region, in 
this case Oxford. Between 1989-93 there was a 9% growth in distance travelled in Oxfordshire 
(Oxfordshire County Council, 1994), exemplifying the upward trend in travel in the South East of the 
UK. The two villages, Chalgrove with a population just under 3,000, Cholsey just over, typify the socio-
economic and travel characteristics of accessible rural locations. Their relative prosperity manifests itself 
in an average 4% rate of unemployment with a significant rate of out-commuting for those in work. 
Almost half of those over 16 were defined as working outside  their district of residence according to the 
1991 Census. 
 
Previous research in the village of Chalgrove in 1977 (Banister 1992) and in 1996 (Root et al 1996a+b) 
revealed a doubling in the distance travelled per day over this period with a small proportion of this 
undertaken by public transport. Despite the existence in Cholsey of a railway station with services 
between London and Oxford, only 3% used the bus and 1% the train to travel to work. Car ownership in 
the two villages was found to reach 91% compared with an 83% average figure for the county, once 
again fully reflective of the situation in rural areas as studied thus far (Stokes 1995a+b).  
 

1.6  WHY THE EMPHASIS ON CAR TRAVEL? 
This study may appear initially to provide an incomplete overview with respect to its overwhelming 
emphasis on car-based travel and the minimal treatment of the other main transport subsectors. At the 
national level, however, cars are by far the largest and most environmentally damaging subdivision of the 
entire transport sector, comprising over 80% of all road traffic and consuming more than 70% by weight 
of all the petroleum products used in road transport (Fergusson et al 1989). This is not intended to imply 
that any journeys by other transport means are unimportant either in terms of emissions or with respect to 
policy to mitigate the detrimental effects of our increasingly car oriented society. On the contrary, the 
new realism already described is part of a recognition that road based and car oriented solutions to 
transport problems merely serve to exacerbate the problems. Policies designed to meet the demand for 
car travel lead to further dependency on the car, self perpetuating reductions in public transport provision 
and minimal net improvements to accessibility. It is clear, therefore, that any strategy to reduce emissions 
from road transport must concentrate on mitigating the effects of private motorised traffic. This explains 
the concentration in the survey design and calculation methodology on car travel patterns 
 

1.7  STRUCTURE OF THE REPORT 
This study involved the synthesis of two research strands. The main focus was a self completion survey 
primarily requesting an assessment of travel patterns from each eligible individual in the household. The 
administration of the survey is outlined in Chapter 2 and a copy of the questionnaire available in 
Appendix A. A calculation model was designed to translate this data into annual emission profiles at the 
local, household and individual level. The main tenets of this calculation procedure are described in 
Chapter 3 by describing the rationale for the inclusion of questions on the survey and their relevance to 
the model. This is aided by a more detailed account of the calculations used in Appendix C. The reliance 
on individual estimates of travel behaviour combined with the use of externally derived emission factors 
renders this study as much about testing the validity of the approach as it is about assessing the utility 
and application of the results. The success of the methods used is evaluated in Chapter 4 and the detailed 
results are presented in Chapter 5 in an attempt to assess the determinants of emissions from car-based 
travel in Cholsey and Chalgrove.  
 
The other main focus was on qualitative information, some obtained from the questionnaire, but the 
majority from a series of focus groups in each village. These findings are summarised in Chapter 7. In the 
final chapter the quantitative and the qualitative work are brought together to assess the effectiveness of 
the methodology in terms of the quality of the data collected, its application as a tool to aid policy 
formation and implementation and the opportunities for building upon the technique as an educative 
process to encourage changes in travel behaviour. 
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CHAPTER 2:  SURVEY DESIGN AND 
ADMINISTRATION 
 
 
The impetus of this study is to develop a common evaluation tool to predict the emissions from 
individual and household travel behaviour. Once tested and modified, the outputs from such an 
evaluation could be used as both a comparative assessment and monitoring tool to assist policy making, 
and integrated within targeted or general awareness campaigns to influence the attitudes and behaviour of 
those individuals being monitored. The exploratory nature of this project and the diversity of its potential 
uses necessitates clear and concise commentary on the approaches and rationales adopted in the design, 
organisation and execution of the pilot survey, and on the methods used to calculate emissions profiles. 
Issues in both transport survey design, and in the availability and accuracy of methods of deriving 
emissions levels from travel characteristics, are relevant to the discussion of the evolution of this 
innovative methodology. 
 
Emissions from personal transport are dependent on a number of key parameters. The methods outlined 
below essentially synthesise the use of two tools of data collection and analysis. Firstly, a household 
survey technique is used to collect the minimum data required to measure the key determinants of 
emissions from travel. Secondly, the results are entered into an evaluation spreadsheet tool designed to 
incorporate this data with emission rates for each pollutant over a range of vehicle characteristics and 
operating conditions. The product is a series of individual, household or even local area audits of travel 
behaviour translated into annual emissions profiles. The structure, rationale and scope of these methods 
are assessed and the input assumptions and limitations of the model indicated before the results 
themselves are presented in the following chapters. 
 

2.1  SURVEY DESIGN 
In order to design a standard methodology for use in different contexts, the basic approach must be 
relatively simple, requiring a small amount of data input that can be collected effectively and efficiently 
from all households and combined with base data emissions factors that are acceptable across a range of 
conditions. As a result, the main focus of the methodology has been the design of a user-friendly, cost-
effective and concise method of documenting annual travel characteristics in a way that could enable 
individuals to carry out a self-assessment of their travel patterns in terms of mileage, expenditure and 
fuel consumption. The format visualised at the outset was based on the model of individual income tax 
returns whereby a streamlined information source is derived from self-assessment procedures at low cost. 
A data collection source of this kind could form the basis of a longitudinal survey in which similar 
measurements are made on the same sample over time, producing annual travel and emissions audits to 
support local decision making and even influence individual attitudes and behaviour. 
 

2.1.1  Questionnaire Design 
Given the principle objective of this study to develop a fast, effective, low budget method of collecting 
travel data from households, lengthy deliberation over the comparative merits of household self 
completion surveys versus personal interview surveys was deemed unnecessary. Whilst there are obvious 
disadvantages of the former over the latter, particularly in terms of response rates and validation of the 
data, self completion surveys offer the cost and time advantages necessary to achieve the aims of this 
study. Hence, a mail out/mail back survey was designed to fulfil five main functions: 
1. to obtain in a user-friendly and simple way from each eligible individual in a household the minimum 

information required to determine annual emissions from travel behaviour; 
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2. to focus on car use by eliciting specific details of the vehicles used, documented evidence or 
estimates of preceding annual vehicle mileage, and a breakdown of this mileage in terms of speed 
and journey type characteristics essential for the calculation of emissions; 

3. to obtain supplementary quantitative information on transport modes used other than the car; 
4. to include some qualitative assessment of satisfaction levels and respondents’ attitudes towards 

emissions and willingness to change travel behaviour; 
5. to provide basic socio-economic information about the household as a whole and each individual in 

order to provide a statistical description of our sample population and for the purposes of 
comparative analysis. 

 
These main functions were represented in two main components of the survey, the second of which was 
itself divided into distinct parts (see Appendix A):  
• Firstly, a cover sheet acted as both a letter containing information about the purposes of the survey 

and instructions on how to carry it out, and as the household element of the questionnaire to collect 
data on household structure and vehicle inventory. 

• Secondly, the main bulk of the questionnaire comprised a two sided A3 folded form divided into five 
sections which was provided for each individual in the household over 17 years of age. The first two 
sections of this form pertained entirely to vehicle use and hence were only to be filled out by car 
drivers. Part A asked information about the main vehicle driven by the respondent and part B related 
to other cars driven, individual mileage, expenditure on fuel and journey profiles. Part C provided a 
simple estimate of amounts of travel in modes other than the car. Part D attempted to elicit opinions 
on satisfaction levels, changes in travel behaviour and knowledge of petrol saving measures, and the 
final section asked for demographic information and qualifications, employment and income details 
for each individual. 

 
The detailed content of the questionnaire and rationale for the inclusion of specific questions is outlined 
in  Chapter 3. 
 

2.1.2  Estimates of distance travelled 
The main task of the survey was to elicit and measure individual detailed travel patterns. Most travel 
studies requiring detailed information on average distances travelled, trip rates and journey profiles, rely 
on a direct measurement approach, that of the daily or weekly travel diary. This is true for larger national 
surveys such as the UK National Travel Survey and was also the method adopted in the studies of rural 
travel in Oxfordshire which act in part as a precursor to this study (Root et al 1996a+b). However, an 
emerging area of importance in the collection of household travel data is the reliance upon recall 
methodology and the use of global estimates of mileage and other travel characteristics (Macafee, DoT, 
1997, pers com). 
 
It is clear that the degree of complexity adopted in any approach depends largely on the required amount 
and intended use for the data. As will be seen below, the level of data needed for input into a calculation 
of emissions profiles from travel is potentially very high given the number of factors that influence the 
level of exhaust pollution. Nevertheless, it is also evident in this study that the overriding methodological 
objective is the design of a survey that can be administered by post to households without the necessity 
for detailed instruction, can be filled out by respondents quickly with minimum need to consult 
documents or spend a whole day or days detailing their movements thereby enhancing the likelihood of 
poor response rates, and to reduce the time and effort required in coding and inputting data into the 
spreadsheet model. Hence, the choice of approach to question design was in reality a balance between 
accuracy and the need for detailed descriptions of individual travel patterns, effectiveness in terms of self 
completion and correction and sheer practicality and resource constraints. 
 
Consequently, this study opted for the extraction of annual mileage figures by reliance largely upon 
individual estimation. Respondents were asked to give an aggregate figure for the miles driven in their 
main car for the previous year. They were given three options of how to record this on the form, two of 
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which required consulting either consecutive MOT certificates or registration documents in conjunction 
with the odometer on the vehicle, and the third asked for a straightforward estimate. Subsequent 
questions were then based on this figure such as estimates requiring the apportionment of this mileage 
across different journey lengths, road types and levels of car occupancy. Weekly estimates of fuel 
consumption and expenditure were also requested. 
 
The significance of the resultant mileage figures and the data based on them in the end calculation of 
emissions is so great that an important task of this study was to assess the effectiveness of the use of 
crude estimates such as these. Despite the option of providing potentially accurate estimates from MOTs, 
other questions in the survey relied completely upon the ability of car drivers to provide further estimates 
by breaking down this mileage for different types of journey. Hence individual perceptions and any 
tendency for respondents to consistently either under or overestimate their distance travelled are crucial 
to the analysis.  
 
The only specific reference found in the travel survey literature to levels of awareness of personal car use 
patterns has pertained to a study which purposely compared results of two independent samples asked 
either to estimate total mileage or to record mileage at two intervals from the car odometer (Australian 
Bureau of Statistics, 1987). This study concluded that: 

there is no evidence from this test to suggest that the current and past methodology of the 
Survey of Motor Vehicle Use of asking respondents for an estimate of their distance 
travelled gives an estimate of total distance travelled that is significantly different to that 
which would have been obtained had the odometer survey been used (p38). 

 
Nevertheless, there is no doubt that problems are inherent in this method and need to be taken in to 
account in the analysis. Some accommodation was made in the content of the questionnaire to include a 
cross checking mechanism of annual mileage with estimates of fuel purchase and official fuel 
consumption figures in an attempt to assess the extent of any discrepancies and identify the most 
effective kind of cross checking and self correction mechanisms. The results will be discussed in the 
following chapters. 
 

2.2  SURVEY PROCEDURE 
The survey was carried out in January of 1997 by postal questionnaire to 200 households split evenly 
between the Oxfordshire villages of Cholsey and Chalgrove. Questionnaires were administered with 
prepaid return envelopes and reminder procedures were used to chase non responders after a week. 
Overall, the survey was administered and the responses chased and collected over a six week period. No 
pilot survey was carried out in the two villages due to the fact that the project was itself designed as a 
form of pilot project to evaluate the best methodological approaches to the achievement of annual 
emissions budgets.  However, the questionnaire was distributed before final completion at several stages 
in its evolution to a variety of academics and professionals with experience in questionnaire design and 
travel survey methods. 
 

2.2.1  Sampling Procedure 
Chapter 1 provided the rationale for the concentration in this study on the two Oxfordshire villages of 
Cholsey and Chalgrove. Their locations can be seen in Figure 2.1. Given the pilot nature of the survey 
and the limited budget and time available, the main objective of the sampling procedure was to ensure 
that, as far as was possible, respondents were selected in a way which was representative of the two 
villages as a whole. It was necessary to achieve an accurate cross section of the population in terms of 
household size, levels of car ownership and demographic composition so as to ensure the evaluation and 
subsequent revisions to the methodology being tested here would result in a robust method that could be 
recommended for use in a variety of locations and situations. 
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Figure 2.1  Location map of Cholsey and Chalgrove within Oxfordshire 
 
(i)  Sample Unit:  before deciding on the exact sample size, it was necessary to define the sample unit. A 
wider objective of this survey is its association and potential for convergence with separate studies of 
household energy consumption, in addition to more general monitoring and evaluation of travel 
behaviour and needs in any given locality. Hence these wider considerations demanded that the 
questionnaire design and selection procedure would enable final analysis to be carried out on the family 
unit as a whole as well as the production of individual assessments of travel and emissions. 
 
With car travel, household data collection and analysis are necessary to allow adequate interpretation of 
individual behaviour (Anderson et al, 1994). For example, travel patterns for each vehicle or individual 
in a multi driver /vehicle household are moderated as a function of influential household characteristics 
such as income, the presence of dependent children and the number of vehicles, drivers and workers. 
Careful treatment of the shared nature of the means of transport within a household and individual 
responsibilities which result is essential to be able to reveal accurate and fair reflections of travel and 
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emission levels. It is beyond the scope of this study to examine in detail the processes of interaction of 
decisions and power relationships within a household. However, the questions were designed so as to 
allow some scrutiny of the influences of household structure and the communal nature of travel on 
individual behaviour, as well as to permit some aggregate analysis of household energy and emissions. 
 
The other issue relating to sampling concerns the minimum age of persons whose travel is to be reported. 
Data collection was restricted to those members of the household 17 years of age and older, the minimum 
age of possession of a driver's licence. Whilst children are generally independent travellers before this 
age, they undertake less polluting forms of travel, so their exclusion is consistent with the overall 
emphasis of the survey on car travel. Narrowing the definition of a household also guaranteed a higher 
response rate given the relative complexity of some of the questions on the form. Measurement of travel 
of younger members and the dependent relationships involved is an area for further development with 
respect to the detailed evaluation of emissions profiles, the focus of this report. 
 
(ii) Sample Size and Selection: from the outset it was decided to aim for a high return from a small 
representative sample. Efforts were therefore concentrated on reducing non-response bias by putting 
effort into the pursuit of unreturned forms as opposed to increasing the initial size of the sample. A lower 
response rate from a bigger sample introduces bias from the tendency for certain types of people to resist 
completing the survey. 
 
A 10% sample size was chosen as adequate, resulting in 100 households being targeted in each village. A 
simple random sample was drawn from the most up-to-date and conventional sampling base - that of the 
electoral roll. This register had been produced in October 1997 and, from inspection of the house 
numbers in each street included on it, was almost fully representative of the population of the villages. 
Use of the electoral roll also enabled household size to be approximately determined so the appropriate 
number of forms could be sent, as well as the opportunity to address forms to the family name thereby 
enhancing ‘personalisation’ of the method. The families on the register were each assigned a consecutive 
household number on the form and the sample was chosen by the use of computer-generated random 
numbers. 
 

2.3  RESPONSE RATE 
Due to the distinction in this survey between household and individual, there is some potential for 
ambiguity in the exact meaning of the response rate. There are several possible outcomes for each 
targeted household: 
1. the household can complete all forms consistent with the number of eligible members recorded on 

the cover sheet  (= complete); 
2. the household can complete fewer than the required number of forms (= incomplete household); 
3. there is no way of telling if the correct number of forms has been received due to failure to return the 

cover sheet (= incomplete household); 
4. the forms are returned but are incomplete or data is invalid (= incomplete); 
5. the forms are returned all blank or with a reason for refusal (= refusal). 
 
The problem of low response rates in questionnaire surveys has been widely discussed (Manly 1994; de 
Vaus 1994; Richardson et al 1995) and many techniques are used to increase them. In this case, the 
incentive was a £50 prize draw. The effect of this measure is difficult to detect but any fear of 
introducing bias in to the survey is countered by any positive effects it has on the non-response bias. The 
initial distribution produced 29 forms (complete and incomplete). After the first mail out, two forms of 
reminder procedure were used to encourage completion of the forms. Half of the non respondents were 
contacted by telephone and asked if they had any particular problems in filling out the form. This 
produced some straight refusals or requests to re-send the questionnaire but a further 16 forms resulted 
from this method. The second half were sent a letter reminder and a new set of forms and this procedure 
produced 21 further forms. 18 sets of questionnaires were sent back indicating refusal, and only one case 
of unknown address or family name was recorded. In total therefore, not including refusals, 66 sets of 
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forms were returned (33%) albeit not always completed fully as explained above. No effort was made to 
obtain reasons why particular households did not want to take part in the survey. 

Table 2.1  Results of chasing procedures 
First Mail Out 29 households 

Second Mail out and reminder 21 households 

Telephone reminder 16 households 

Refusals sent back  18 households 

 
Complete cases, defined as ‘1’ above were obtained from 44 households (22% of total sample). These 
provided 112 individual forms, representing approximately 2% of the households and 3% of the total 
population of the villages. Analysis of whether the responses were slightly biased in favour of certain 
sectors of the population is discussed in Chapter 5. 
 
The response rate can be improved by obtaining additional information from households or by correcting 
apparent errors and anomalies in the data on the forms. These are actions which convert what is 
otherwise an unusable response to a usable one and are particularly relevant in this survey given the 
relatively complex nature of some of the questions. No attempts were made to re-contact households in 
the event of queries on this occasion, although this method may be feasible under more generous time 
constraints. However, data retrieved from individuals were corrected by the team where the information 
could be reasonably inferred from other data in the household’s or person’s records. This was deemed 
acceptable as many of the questions were critical to the analysis and had to be answered before the 
record could be considered usable. In most cases, the correction involved merely adding up totals which 
the respondent had not bothered to do or had done incorrectly and hence no interpretation was needed on 
the part of the researcher. The data were collated and directly coded and inputted from the original forms. 
The spreadsheet developed to calculate emissions and analyse the data will be discussed in the following 
chapters. 
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CHAPTER 3:  QUESTIONNAIRE FORMAT 
 
 
The design of the survey is a balance between the minimum set of data requirements required to model 
emissions and the information likely to be readily obtainable from households - a balance between 
accuracy and simplicity. Certain other questions were asked, because of a wish to use the information as 
part of future education programmes and to monitor change from one year to the next. The reasoning 
behind the questions and the way they have been used are given in the sequence they occur on the 
questionnaire, then the links with the model for calculating the emissions are examined. The full 
questionnaire is printed in Appendix A. 
 
Much of the debate about auditing focused on the most appropriate unit of analysis and whether this 
should be the car, the driver, the individual or the household. The choice of unit influences a large 
number of questions and the appropriate design of the questionnaire. The interplay between these factors, 
particularly in households with multiple cars and multiple drivers, causes considerable complexity. The 
focus in this pilot was on individual drivers and how they combine into households. These issues are 
discussed further in Chapter 7. 
 
There are two basic approaches to modelling emissions: top down or bottom up. With the top down 
approach, all assumptions are combined into one conversion figure that is applied to the total fuel 
consumption. This is the easiest to implement, but a substantial number of hidden decisions are 
embodied in the conversion factor. The objective of this pilot was to use the bottom-up approach to 
modelling, as the opportunity existed to identify the influential factors and quantify them at the 
individual and household level. Thus, the detail in the questions and the design of the model were 
considered together.  
 

3.1  QUESTIONS IN THE SURVEY 

3.1.1  Miles per gallon (Qa1 and a10) 
The make of car and model number was collected to identify the official fuel consumption figures, as a 
method of cross-checking the results from the user in question a10. The way in which these figures were 
used and the associated problems are outlined in Chapter 4.  
 

3.1.2  Car ownership and drivers (Qa2 and 3) 
The aim of this questionnaire was to look at driver behaviour, in the context of household travel. The 
joint ownership information helped with cross-checking the relationship between cars, drivers and 
households, but the analysis of ownership has only focused on company cars in detail. 
 

3.1.3  Age of car and presence of catalytic converter (Qa4 and 7) 
The first date of registration defines whether the car is subject to the annual test of performance and 
reliability, known as the MOT test. This is mandatory for all cars over three years old and includes 
emissions testing, to ensure that the car complies with the standards appropriate to its age.  
 
Similarly, only petrol cars bought in 1993 or later are assumed to have catalytic converters. Technology 
aimed specifically at cleaning up exhaust emissions on new cars has been limited to the introduction of 
the three way catalytic converter. Strict new European wide emissions standards (Directive 91/441/EEC) 
were introduced into UK law from 31/12/92, effectively requiring new petrol-engine cars to be fitted 
with the device. This does not apply to diesel cars. In a catalytic converter, carbon monoxide and unburnt 
hydrocarbons are oxidised and nitrogen oxide reduced, eliminating over 75% of these pollutants (DoT 
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1995b). The main by-products are nitrogen, water vapour and carbon dioxide. These combine with the 
detrimental fuel economy effects of a catalytic converter - sometimes amounting to a 10% increase in 
consumption - to produce a significant increase in emissions of carbon dioxide. In addition, catalytic 
converters do not operate efficiently for the first few miles of a journey, rendering short journeys 
significantly more polluting per kilometre than longer ones (Hughes 1993).  
 

3.1.4  Engine size (Qa5) 
For the calculations, passenger cars are segmented into three engine sizes and technologies: below 1.4 
litres, 1.4-2.0 litres and above 2.0 litres. Despite technical improvements in energy efficiency and a fall in 
official average fuel consumption in new cars in the UK over recent years, the fall has only amounted to 
5% over 23 years which contrasts with progress achieved in many other technical sectors (Potter 1997). 
The trend during this period towards heavy and more highly powered vehicles has mitigated the potential 
benefits from any efficiency gains made. In short, improvements in efficiency for any given engine size 
can be used either to improve fuel economy, or to increase performance at the expense of energy 
consumption (Hughes 1993). The average engine size of new cars registered has risen from 1396cc in 
1973 to 1540cc in 1992 with average power output rising 35% between 1982 and 1992 (RCEP 1994). At 
the same time, individual models have become significantly heavier, particularly due to the large 
numbers of accessories, safety and anti-pollution devices now fitted. Fuel consumption has subsequently 
worsened slightly in the presence of continuous relatively low real fuel prices and as the consumer 
demand for high performance prevails. Despite recent tax increases on fuel, the price of petrol is lower 
now in real terms than it was 20 years ago (Potter 1997). The 'company car factor' emanating from 
British company finance practices has exacerbated this effect as these cars tend to have large engine 
capacities and to be driven greater distances encouraged by past fuel subsidies (Hughes 1993). There is 
some evidence to suggest, however, that smaller, more economical models are becoming increasingly 
popular in the private market sectors as kilometres per litre are emphasised over kilometres per hour in 
some marketing campaigns (ibid). 
 

3.1.5  Fuel type (Qa6) 
The chemical composition of fuels has an important influence on emissions. Most road vehicles are 
powered either by petrol (spark ignition) or diesel (compression ignition) engines, the latter accounting 
for more than 20% of new cars sold in the UK by the end of 1993 (RCEP 1994), though still comprising 
less than 1% of the total private vehicle stock (DoT 1996a). Some of the increase in popularity of diesel 
cars can be attributed to their apparent favourable fuel economy and air quality effects. Diesel is a denser 
fuel than petrol and so emits more carbon dioxide for every litre of fuel burnt. However, because of the 
higher fuel efficiency of the combustion process in diesel engines, the net effect on carbon dioxide 
emissions for cars of comparable power is estimated to be a saving of between 20 and 30% (RCEP 
1994). This advantage is particularly prevalent at slower speeds up to about 40mph. In the 1989/1990 
National Travel Survey, the average fuel consumption recorded for diesel cars of all ages was 31% lower 
than for petrol cars. 
 
In addition, a diesel engine produces much less carbon monoxide and fewer nitrogen oxides and unburnt 
or partially unburnt hydrocarbons than a petrol engine. However, the introduction of three way catalytic 
converters to petrol engines (see above) has significantly reduced this advantage and indeed reversed it 
with respect to nitrogen oxide emissions. This, together with the fact that particulate emissions by mass 
for a diesel engine are 25% greater than for petrol combustion, means that the overall desirability of 
diesel engines both in terms of health and environmental concerns is now a controversial issue. In 1993, 
the DoE 'Quality of Urban Air Review Group’ (1993) concluded that 

any increase in the proportion of diesel vehicles on our urban streets is to be viewed with 
considerable concern unless the problems of particulate matter and nitrogen oxide 
emissions are conclusively addressed (cited in RCEP 1994 , p129). 
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Unleaded petrol was introduced into the UK in 1988 and has succeeded in reducing leaded petrol sales to 
less than 39% of the total petrol market (DoT 1995a). The decline has been enhanced by the requirement 
that all new cars manufactured from October 1990 are capable of running on unleaded petrol (RCEP 
1994). There was no difference between leaded and unleaded petrol for the emissions considered in this 
study. 
 

3.1.6  State of maintenance  (Qa8, 9) 
Vehicle age, accumulated mileage and standards of maintenance are also important when considering 
emissions. Worn components can begin to raise fuel consumption and the performance of catalytic 
converters is particularly subject to deterioration if car engines are not regulated and maintained 
efficiently. UK experience shows that catalytic converters are being damaged or failing at a higher rate 
than was originally foreseen and tests carried out by the RAC have shown that around 50% of air 
pollution is produced by just 10% of the car fleet as a whole (RAC 1993). Significantly, this test 
highlighted a severe maintenance problem as vehicles dubbed 'gross polluters' are generally not the 
oldest. Quantification of these effects in terms of emissions has proved difficult, but the differences in 
running costs between a well and poorly maintained vehicle of the same age may be as much as 35% 
(RAC 1993). The mandatory testing of emissions, introduced in 1991 in the UK as part of the MOT, may 
however go some way towards detecting the more serious faults causing excess emission rates.  
 
The averaging inherent in any emission inventory process means that the data used are taken from test 
results of vehicles in differing conditions and ages (Gover et al 1994). Hence the values quoted already 
include some of the effects of deterioration due to age and maintenance, although deterioration due to 
catalytic inefficiency will be underrepresented in the data due to the timing (1994) of the tests from 
which the base data in this model are derived. 
 
No specific way of using the date of the last or next service was found, so this information has not 
influenced the analysis. The attitudinal questions (Qd5), analysed in Chapter 6, indicate that some people 
may not be aware of the benefits of regular servicing. Few data on the quantification of these aspects are 
available and thus only broad correlations could be performed with the data in this model. 
 

3.1.7  Total mileage (Qa11, b3, 4 and 5) 
Respondents were asked either to give documented evidence of annual mileage done in their main car by 
way of MOT certificates, or by miles recorded on the registration document combined with miles 
currently on the clock, or by offering an estimate of their mileage. In order to account for shared use of 
the vehicle(s), an estimate was requested of how many of the total miles done in each car were the 
personal responsibility of that individual (Qb3 and 4). For the purposes of the emission calculations, 
where two cars were driven, mileage figures were divided between the two vehicles and the calculations 
performed separately to account for the variations in emissions effects of different size or fuel usage. 
Whilst the second car used was not allocated much space in the questionnaire, in the majority of cases all 
the relevant information could be taken from details provided by another household member. 
 
Confidence in mileage figures and their allocation between drivers and cars is dependent upon all drivers 
in the household completing separate questionnaires with the present design and could possibly be 
improved by some redesign of the layout in future audits (Chapter 4). 
 

3.1.8  Fuel consumption (Qb1 and 2) 
These questions asked, respectively, about both the quantity of fuel put into the car and then about the 
expenditure on fuel. These answers were also complicated when there were multiple drivers of a car and 
it was not clear whether inaccuracies for an individual driver were removed at the household level. For 
instance, one driver may be mainly responsible for filling up the tank, but the distance driven is shared 
between drivers. Again, this may be one area of the questionnaire that could be designed better.  
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The total mileage, miles per gallon, expenditure on fuel and quantity of fuel bought were used for cross-
checking (see next chapter) and should be internally consistent. Where there were inaccuracies, it was 
difficult to identify the reason. One lesson from this pilot is that respondents should be asked which of 
these figures they have confidence in, so that these data can be used as the reference points.  

3.1.9  Speed (Qb7-9) 
These questions and the ones relating to journey length were the most challenging to design and the most 
innovative. No attempt was made to ask about numbers of individual journeys - this was deemed 
impractical over a whole year and too detailed. Instead, respondents were asked to give the proportion of 
total mileage on different  types of road (with indicative speeds) and by journey length (Qb10-12). An 
alternative method, tried in the prototype, was to ask respondents to put in the actual number of miles in 
each of these categories, and to make sure that these added up to the total already given. Some 
respondents found this approach difficult, so the split in this pilot was in percentages. In some instances, 
this meant that adjustments had to be made by the analyst as shown in Appendix C (Chapter 4). 
 
Fuel consumption varies considerably with speed. Most cars are designed to operate most efficiently at 
road speeds of between 50 - 60mph (80 - 96 kmph) (40 - 50mph / 64 - 70 kmph for diesel) and below or 
above these thresholds consumption increases. This is due in part to engine design but also due to the 
drag on the vehicle as speed increases. Fig 4.1 illustrates how carbon dioxide emissions vary with speed 
for the three different engine sizes used, assuming the engine is warm and is driven at a steady speed. 
However, this is not the case for emissions of other pollutants upon which changes in speed have a far 
greater effect than on fuel consumption. Although maximum speeds are limited, models now coming on 
to the market often have the capacity to attain much higher speeds. Such increasingly powerful cars 
consume more fuel even at lower speeds.  
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Figure 3.1  The effect of  speed on carbon dioxide emissions, by engine size 
(petrol cars without a catalytic converter) 
source: derived from emissions factors, Appendix B 
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The effect on emissions of carbon dioxide is particularly noticeable when drivers start exceeding the 
speed limit of 70 mph, as is now commonplace in Britain. An additional question about average speeds 
on motorways would have allowed this factor to be calculated. In practice, the questionnaire asked about 
the distance on: 
• urban roads and country lanes, eg less than 40 mph; 
• open roads, 40-65 mph; 
• on motorways, over 65 mph. 
  
These three types are associated with certain driving patterns and the corresponding emission factors 
assume that vehicle speeds follow closely upon a normal distribution around the average speed for each 
road category (Fergusson et al 1989). The exact method for apportioning miles between cold miles and 
the three other speeds can be seen in Appendix C. It is however apparent that national average speeds, 
particularly for motorway driving, are considerably higher in reality. Hence, the initial calculations may 
have the effect of underestimating emissions for miles allocated to this part of the road network. The 
sensitivity of the model to the average speed assumptions is tested and evaluated in Chapter 5. 
 

3.1.10  Journey length (Qb10-12) 
Respondents were asked to apportion their total mileage across journey types of three different lengths 
(less than 2 miles, between 2 and 20 miles, and greater than 20 miles). The main reason for asking these 
questions was to identify both short trips and the effect of cold starts. 
 
Emissions are dependent not only on vehicle characteristics and the distances and speeds at which it is 
driven, but also on the number of trips, the time between them and whether the vehicle was warmed up or 
not at the start. 'Cold start' effects are the increases in fuel consumption and emissions experienced in the 
first few miles of a journey before the engine reaches normal operating temperature (Gover et al 1995). 
Slow fuel vaporisation causes low engine and transmission efficiency and combines with greater tyre 
rolling resistance to increase fuel consumption (FoE 1991). The effects are exacerbated in colder weather 
and are greater for petrol engines, particularly those with a catalytic converter, than for diesel. On 
average, it takes at least 2 miles (3.2 km) of driving from a cold start before an engine reaches its peak 
operating temperature and over this distance fuel consumption may be as much as twice that under fully 
warmed conditions. Whilst actual trip rates were not recorded in the survey, it is possible to assume 
average trip lengths in order to estimate the total cold miles undertaken in each journey category. How 
the miles were apportioned and the exact assumptions used are outlined in Appendix C.  
 

3.1.11  Occupancy rates (Qb13) 
The analysis of this question caused considerable debate within the team about the apportionment of 
emissions between driver and passengers. Where the presence of a passenger leads directly to a reduction 
in total vehicle miles and emissions, there is a justification for the conventional practice of apportioning 
energy and emissions amongst all the occupants of the car. An example of this is where two work 
colleagues combine to use one instead of two cars to go to work. However, within a family, the definition 
of a passenger is difficult: most journeys involving two or more family members are of people travelling 
together who would not ever have gone in separate cars. This is most obvious where the ‘passenger’ is a 
child or non-car driver, but it also applies to two adults going to a social event together. A possible 
division is given below: 
 
When emissions should be the full responsibility of the driver: 
• if the driver would have performed the same journey on his own anyway; 
• if the passenger(s) would have found another way of making the journey by a 'greener' mode' of 

transport (ie negative modal switch); 
• if the passenger(s) would not otherwise have travelled if they had not been given a lift by the driver 

(trip generation). 
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When emissions should be apportioned amongst passengers: 
• if the passenger would have used his/her car instead thus opting for ‘car sharing’ (positive modal 

switch) as a clear instance in which emissions should be directly shared amongst participating car 
occupants; 

• if the driver would not have done the journey anyway - ie if the passenger caused the driver to make 
a special journey on his/her behalf (in this instance there is a case for all the emissions to be 
allocated to the passenger). 

 
In the latter examples, it is debatable whether the driver should take any responsibility for the emissions. 
The questionnaire did not ask about passengers that were or were not family members, but it is known 
that the number of lifts offered to non-family members is declining in these villages, whereas the number 
of within-family lifts is increasing (Root et al 1996a). The decision was made, therefore, not to apportion 
any emissions between the driver and passengers, but to allocate them all to the driver. Within the family, 
this is justified as a lot of journeys are made because the driver acts as a chauffeur, either of necessity or 
from choice. These include taking the children to school or other activities. The extent to which these are 
choices - and what is implied by the word ‘choice’ - needs fuller discussion and relates to views on 
security, independence, use of time and so forth. But, for present purposes, the driver takes the decision 
to drive and thus was assumed to be responsible for all of the emissions resulting from that journey. 
 
Again, the analysis of emissions from shared journeys is simplified if the household is viewed as a 
whole, rather than just as car drivers or individuals. With the traditional method of apportionment, there 
would have been a risk of losing emissions that were the ‘responsibility’ of children, as they were not 
asked to complete questionnaires. 
 

3.1.12  Business travel (Qb14) 
The objective of this question was to clarify how much of the travel, particularly in company cars, was 
for work, rather than to work. However, the question should be phrased better to make this clearer in 
future surveys, as there is some doubt about the way that respondents answered it. For example, it is 
unclear whether or not respondents included travel to and from work and not merely that undertaken in 
the course of work. 
 

3.1.13  Other forms of travel - Section C 
For several reasons, this information has not been used. First, the sample was not representative: only 
four of the households responding were non car-owners and each of these was a single individual. There 
were nine other individuals who did not drive, but were within car-owning families so that their car-
based travel was included with the drivers. Secondly, the previous work on these two villages has 
demonstrated the low levels of public transport use, particularly amongst car owners (Root et al, 
1996a+b). The only exception to this is the use of the train from Cholsey. Therefore, for most households 
the car represents the primary method of travel and additional modes, such as walking or cycling, are 
non-polluting. Thirdly, only a limited amount of data had been collected in order to keep the 
questionnaire to four pages. Finally, the emissions factors used with public transport are very dependent 
upon the numbers of people assumed to be in the bus or on the train and there were no available data to 
confirm these assumptions. This was felt to be a particular problem in comparison with the detail and 
care that had gone into the calculation of car-based emissions. 
 

3.1.14  Attitudes to travel at present and in the future - Section D 
These are analysed and discussed in Chapter 6. 
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3.1.15  Personal characteristics - Section E 
The major variables used have been age, economic activity, socio-economic group (defined on the basis of the 
respondent’s job description) and income. More useful information has been collected than it has been possible to 
use in the time available on this project.  
 

3.2  FACTORS  NOT INCLUDED IN THE SURVEY 
The desire to limit the questionnaire in length and to target the most influential factors meant that some 
known influences on emissions had to be excluded. In the main, these were parameters that were difficult 
for the respondent to answer in an objective way. 
 

3.2.1  Driving style 
Fuel consumption and the emission of pollutants (and noise) are affected by the skill and attitudes of the 
individual driver. It is estimated that 10-15% of fuel consumption could be saved if speeds were 
moderated and drivers avoided rapid acceleration and inappropriate use of the gears (RCEP 1994). The 
effects of aggressive driving behaviour are disproportionately higher in terms of emission levels as 
exhaust gases contain larger amounts of pollutants during idling, acceleration or braking. Studies have 
shown that a single acceleration can produce more carbon monoxide than is emitted during the balance of 
a short trip (ibid). In addition, frequency of acceleration and braking can be almost four times as high in 
congested urban conditions as in free flowing motorway traffic (RCEP 1994) and this survey was of rural 
residents who drive a relatively small proportion of their miles in urban areas. Exhaust emissions always 
contain larger amounts of carbon monoxide, hydrocarbons and nitrogen oxide emissions when a vehicle 
is accelerating or decelerating as a greater proportion of these are emitted unburnt into the atmosphere 
than when vehicles are being driven at a steady speed (Plowden and Hillman 1996). 
 
Figures are based broadly upon ‘steady state’ driving within the chosen speed distribution thus taking 
little account of traffic conditions and driving styles. The degree to which acceleration and braking are 
part of a driver’s style creates potentially large discrepancies in emission levels between individuals, but 
these are omitted from all models. No questions could be framed in the survey to quantify driving 
behaviour for each individual, although the extent of awareness of driving style as an issue in fuel 
consumption was included in the qualitative analysis in section ‘D’ of the survey. In addition, no account 
is taken of idling time as this is neither a function of speed nor of distance travelled. All these factors are 
clearly exacerbated in conditions of congestion, the effects of which are also not explicitly included in 
the analysis, partly because this is a study in a rural area. 
  

3.2.2  Upstream petrol consumption 
Emissions from personal travel in this model are focused entirely on pollution effects at the point of 
consumption. However, a full determination would also include upstream petrol and energy consumption 
and associated emissions from the extraction, refining and distribution processes (Gover et al 1994). 
These indirect factors increase the greenhouse effect by approximately 20% above the direct CO2 
emissions of fuel combustion (RCEP 1994). This is similar to the relationship between primary and 
delivered energy when electricity is discussed. The net effect on the environment of the emissions from 
this driving behaviour should, therefore, be increased to take into account these upstream losses. End use 
emissions are analysed here because they constitute the bulk of emissions (typically 72% of greenhouse 
gases come from tailpipe emissions during vehicle operation (Schipper 1993)) and because a lifecycle 
analysis is beyond the scope of this study.  
 

3.2.3  Other omissions 
Other factors such as loading and the existence of accessories such as power steering and air conditioners 
costing between 0.5 and 2 miles per gallon in terms of performance cannot be easily incorporated into the 
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emissions factor method. A question asking drivers to further subdivide mileage between seasons in 
order to perform further analysis on the cold start effect was also omitted. 
 

3.3  CONCLUSIONS 
A simple questionnaire was designed that could be completed, perhaps from the armchair, in 15-20 
minutes and still cover the whole year’s driving pattern. The limitations of space (4 pages), respondent 
patience, non-subjective answers and the demands of a useful model were all accommodated. This was a 
pilot project and the experience would result in some important adjustments to the questions asked. Most 
of the uncertainty has been created by the tension between measuring household travel and the travel of 
the individual members of the family, particularly car drivers. This is a new and developing field and the 
policy objectives need to be clarified to assist in improving the questionnaire further. This is particularly 
evident with the treatment of passengers, who may be young, family members and for whom it is 
inappropriate to have an individual travel profile. They can only be covered adequately within a 
household profile. 
 
This questionnaire masters the complexity of measuring driving patterns, which is essential in working 
towards an understanding of transport in rural areas. The data collected on other forms of travel, 
particularly by public transport, need further work, perhaps through a pilot in an urban area. Again, a 
major problem comes from the allocation of emissions between an unknown number of passengers.  
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CHAPTER 4: CALCULATION AND VALIDATION 
METHODS 
 
 
The questions on the survey were designed in the light of two possible methods of calculating emissions 
resulting from personal car travel and bearing in mind the need to incorporate ways of cross checking 
individual respondents' answers. In broad terms there are two accepted methods of calculating emissions 
from a given set of input factors based on vehicle and travel characteristics. Both these models are 
currently used for aggregate analyses such as national or regional emissions inventories (eg Fergusson et 
al 1989, Gover et al 1994). The difference between the two models is that the former, the top-down 
method, works from an end calculation of fuel consumption whereas the latter, the bottom-up approach, 
considers travel patterns in more detail and combines this information with figures relating to emission 
levels for the various components in a single travel profile. 
 

4.1  THE METHODS OF CALCULATING EMISSIONS 
 

4.1.1  The official fuel consumption method 
This method calculates total fuel consumption from each vehicle used by combining distance figures for 
each category of road (speed). with corresponding official statistics for miles per gallon (or litres per 100 
kilometres). The final figure for fuel consumption can be used directly to calculate carbon dioxide due to 
the close proportionality between this gas and fuel used during the combustion process. The conversion 
factor is based on the average carbon content of each litre of fuel, all of which is assumed to be released 
to form carbon dioxide (Fergusson et al 1989) so that 
1 litre of petrol = 2.42 kg of CO2 
1 litre of diesel = 2.64 kg of CO2 
 
‘Official’ fuel consumption figures are generated by the standard tests carried out by manufacturers and 
supplied to the Department of Transport for publication in the booklet ‘New Car Fuel Consumption 
Figures’ every six months. The internationally agreed procedure consist of tests carried out on a 
predetermined driving cycle for urban, 56mph (90kmph) and 75mph (120kmph) conditions. These are the 
quantities most often used to represent car fuel use in various studies of transport fuel and energy 
consumption with aggregate figures calculated by weighting the results for various parts of the cycle 
representing different speeds and driving conditions. A new test (Directive 93/116/EC) has been 
introduced and is currently being phased in, designed to be more representative of actual on-road fuel 
consumption in an attempt to mitigate some of the problems inherent in the original procedures. The 
current procedure results in figures less than representative of real-life driving conditions as: 
• the original test is entirely based upon ‘steady state’ driving and does not reflect congestion and 

general traffic conditions (DoT 1997); 
• actual driving behaviour (ie speed, acceleration) exhibits patterns that are more fuel intensive than the 

patterns used in tests; 
• the tests are carried out with engines that are already fully warmed and only the new procedure 

ensures part of the driving mix is from ‘cold’; 
• the actual conditions of use such as hills and weather are themselves more variable and exaggerated 

than those modelled, leading to an increase in actual fuel consumption in reality (Schipper et al 1993); 
• the tests are not necessarily representative of cars sold because those tested are chosen for the purpose 

by the manufactures and because cars actually bought contain more fuel intensive features (larger 
engines, turbo-generation, more accessories) than are reflected either in the tests or any subsequent 
sales weightings used for aggregate data (ibid); 
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• standards of maintenance in the actual car fleet vary so that even relatively new vehicles soon fail to 
perform as designed (ibid). 

 
The method of calculation used in this study does, however, attempt to compensate for some of the 
inaccuracies by allowing for cold start effects. This involves a compensatory fuel ‘penalty’ for distance 
allocated to this part of journeys, the details of which are outlined in Appendix C. Other factors such as 
driving style and temperature have not been accounted for the reasons described in Chapter 2. This 
method was only used to derive carbon dioxide emissions from car-based travel. 
 

4.1.2  The emissions factor method 
This method uses a single emissions rate for each pollutant and vehicle category dependent on the types 
of vehicle operation and expressed in terms of the volume of emissions produced per kilometre travelled 
(Eggleston et al 1991): 

 
emissions (g) = emissions factor (g/km) x vehicle kilometres per year (km) 

 
These factors are derived from the results of on road testing programmes for UK cars and traffic 
conditions carried out by Government research bodies such as the Warren Spring Laboratory and the 
Transport Research Laboratory (TRL). Unlike official fuel consumption statistics they are not derived 
from artificial test procedures, but from tests carried out on real life driving cycles. For example, 
acceleration, deceleration, typography and temperature differences are all simulated (Hickman (TRL, 
1997, pers. com) and the emissions from diesel engines are based on the results of an extensive EC 
programme (CORINAIR - Eggleston et al 1991). The emissions factors which result represent the most 
up to date and comprehensive set of data currently available for the vehicle stock in this country. The 
basic data are published in an ETSU report (Gover et al, 1994) and are reproduced in Appendix B.  
 
These data provide a detailed breakdown of emissions levels for a number of pollutants by dividing the 
vehicle fleet into nine sections as follows: 
• three types of vehicles - petrol cars without catalysts, petrol cars with catalysts and diesel cars 
• three engine sizes - small (<1,4 litre); medium (1.4 - 2.0 litre) and large (> 2.0 litre) 
 
For each section, fuel use and emissions factors are given for four different (speed) conditions, including 
cold starts, so that in total, thirty six different type / engine / speed combinations exist, each with a 
different emissions factor for each pollutant. The incorporation of these factors into the spreadsheet 
based model involves the synthesis of the questionnaire generated data on individual car-based travel 
profiles which provides an estimation of total kilometres travelled by each vehicle under each operating 
condition, with the relevant emissions factor. The details of this calculation procedure can be found in 
Appendix C. The basic structure of the model is based on four main parameters: 
• vehicle characteristics - technology, fuel, engine size; 
• vehicle emission characteristics - cold starts and road class / speed profiles; 
• annual distance travelled apportioned across speed profiles; 
• emissions factors. 
 
The emissions factor method has been used to estimate emissions of three pollutants - carbon monoxide 
(CO), nitrogen oxides (NOx) and carbon dioxide (CO2). Particulate emissions are not included here as 
insufficient data exist to distinguish particulates from different engine sizes or driving modes (Gover et 
al 1994). The analysis focuses on CO2 as the principal greenhouse gas and as the substance which could 
be calculated using both the fuel consumption and emissions factors methods so as to facilitate 
comparison and refinement of the model. However, the model was run where data existed for the other 
emissions to indicate the causes of variation in these emission levels. 
 
Both methods involve input assumptions and the use of data generated by averaging results across large 
sections of the car fleet in variable operating conditions. Hence it was never the intention at the outset to 
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label one method as superior to another. Instead, elements of both methods are used and evaluated in 
order to make recommendations for any further refinements to the development of a standard emissions 
profiling method. However, the overriding emphasis was eventually placed on the latter, ‘bottom up’ 
method because: 
• Disaggregation of the figures means that more factors relating to engines sizes, cold starts and speeds 

could be incorporated into the calculation to ensure full use of the data collected and more accurate 
reflection of variations in behaviour. 

• Despite the uncertainties still inherent in the data, emissions factors are derived from tests more 
reflective of actual British driving conditions and thus give the best estimate of emissions levels 
which can be practicably expected in the absence of more secure information to be used at this micro 
level analysis.  

• Whilst no exact figures are available to take in to account age and maintenance levels, the emissions 
factors incorporate real life variations, albeit by using averages, whereas the official fuel consumption 
statistics are based solely on brand new vehicles. 

• The emissions factor method can be used to produce and contrast profiles of other gases such as 
carbon monoxide and nitrogen oxides used in this study which are not so tied to fuel consumption but 
are dependent on the chemistry and efficiency of the production process itself.  

 
There are therefore omissions inherent in the calculations of emissions due to the availability and the 
accuracy of the necessary data. Any attempt to simulate a complex aspect of the real world inevitably 
involves the use of simplifying assumptions. These are imperative in the design of a manageable 
methodology but their inclusion is often equally attributable to the fact that our knowledge of underlying 
processes and the necessary data is inadequate for the task at hand (Fergusson et al 1989). This is 
particularly true of the use of emission factors and official fuel consumption statistics. As a result, the 
assumptions combined with or inherent in the base data are likely to lead to the underestimation of 
individual emission totals. Further evaluation of the effects of any deficiencies in the data will be 
provided in the following sections. 
 

4.1.3  The need for validation of the data 
A principle objective of this study is the design and evaluation of both a household data collection 
exercise and a computer based calculation model with the aim of presenting clear recommendations for 
its further development and application. Its exploratory nature inevitably demands critical evaluation and 
refinement of the data collection and computer based calculation methods used. It was never intended, 
therefore, to propose at the outset one definitive set of questions and model calibrations. Instead, 
mechanisms were incorporated into the design of the questionnaire to enable both internal validation of 
the reliance on individual travel estimates, and to facilitate some comparison of the two available 
approaches to the calculation of emissions.  
 
As a consequence, before emissions profiles derived from the data can be presented and scrutinised, the 
quality and integrity of the data collected must first be assessed. The major assumptions made in the 
calculations are also explored and varied where possible. As a result, various areas of validation 
emerged: 
• In addition to mileage figures, respondents were asked to give estimations of petrol consumed both in 

terms of miles per gallon and weekly purchases of fuel (in volume and monetary terms). This 
allowed some assessment of the degree to which individuals were consistent in their estimations, 
where they were most accurate and a general indication of the integrity of the data even before it was 
entered into the calculation model. 

• Fuel consumption figures from the respondents' estimates were compared with ‘official’ fuel 
consumption totals both in terms of expenditure and total volumes to provide further indication of the 
accuracy of the results and / or integrity of the official fuel consumption statistics. 

• Whilst the calculations concentrated on use of the emissions factor method, the official fuel 
consumption method using a conversion factor for CO2 was used to compare the merits of both 
approaches. 
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• Assumptions made explicit in the calculation of emissions such as those inherent in the base data 
relating to average speed travelled on motorways (Chapter 5) and the decision not to apportion 
emissions among passenger miles (Chapter 7) were varied in order to assess the sensitivity of the 
model to such factors. 

 

4.2  THE ABILITY OF INDIVIDUALS TO ESTIMATE TRAVEL BEHAVIOUR 
A main distinguishing feature of this study is its attempt to elicit household travel data by requesting 
individual annual estimates of activity as opposed to the extrapolation of more detailed daily or weekly 
recorded travel profiles. Given the reliance on self-assessment and on the accuracy of certain crucial 
pieces of information, an integral part of this pilot study was the cross-validation of various responses on 
the questionnaire and a general assessment of the ability of individuals to provide consistent estimates of 
their travel.  
 
Ideally, a self-assessment methodology of travel behaviour would involve some documented form of 
evidence of distances travelled which could be referred to by respondents to ensure some degree of 
accuracy of the figures. A household interview technique, such as that used in the UK National Travel 
Survey, has the capacity to produce relatively reliable annual mileage figures by combining the 
examination of registration, service or test documents, plus the odometer on the vehicle, with 
respondents’ estimates of mileage. However, not only is such evidence often unavailable, but the  
willingness of the respondent to take the time to refer to it where it does exist can also be problematic 
with a self completion survey where the presence of an interviewer does not encourage its use. 
 
To get the maximum level of accuracy, respondents were given three opportunities to supply an estimate 
of the total distance travelled in the main vehicle driven. These options were offered on the questionnaire 
in order of preference with respect to potential levels of accuracy. The most preferred option (Qa11a) 
asked respondents to supply the recorded mileage figures for 1995 and 1996 from the vehicle annual 
MOT certificate from which an annual total could be deducted. However, not only is it difficult to 
encourage people to spend the time finding the certificates, that is assuming they are retained year upon 
year in the first place, but a proportion of the cars in the sample will inevitably be less than three years 
old, thus not requiring an annual MOT test (36 cars in this survey). Other cars may only have been 
acquired by the household within the last year or two and consecutive certificates not be available for this 
reason. Hence this method was only successful in 25 cases (out of a total of 99 car drivers).   
 
In addition, the shared use of the majority of household vehicles requires some estimation on the part of 
each individual as to the proportion of total distance travelled which is accountable to them personally as 
well as a further apportionment of these miles across various speed and journey profiles. This also 
applies to information requested on shared fuel purchases. Therefore, even the best record of annual 
vehicle mileage may require further thought. Consequently the ability of the respondent to provide 
reasonable estimates of their travel behaviour is equally important with respect to these other figures on 
the questionnaire, not just estimates of distance. 
 
As a result, mechanisms were incorporated into the design of the questionnaire to assess the care with 
which questions had been answered and the ability of individuals to give informed and consistent 
information on their travel behaviour. 
 

4.2.1  Five different ways of calculating fuel consumption: 
Transport emissions levels, particularly carbon dioxide, are inextricably linked to fuel usage. The 
information generated from the questionnaire, combined with official or measured fuel performance 
figures specific to vehicle categories or models, allows five separate methods of deriving individual 
annual fuel consumption totals from this survey. Hence, before evaluation of the calculation methods or 
analysis of the emissions totals, the data can be validated by contrasting the various ways of calculating 
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fuel consumption. Three of these five methods are generated from respondents’ estimates and two from 
externally derived fuel consumption figures as follows: 
 
1) ‘Respondent’s weekly fuel estimate’ - uses the estimate of how much fuel (by volume) each 

individual puts in to the tank each week (Qb.1). 
2) ‘Respondent’s weekly cost estimate’ - uses the estimate of how much money is spent each week on 

fuel, including business expenditure (Qb.2a + b), translated into volume by the average price  of fuel 
per litre for 1996 (DTI, DUKES 1995). 

3) ‘Respondent’s average mpg’ - use of the respondent’s estimate of average fuel consumption  (‘mpg’) 
(Qa.10) combined with their total mileage estimate to give annual fuel usage. 

4) ‘Emissions factor method’ - uses the fuel consumption figure (l/100km) supplied in the emissions 
factor table (Appendix B) based on test procedures for each type of vehicle (engine size and 
fuel/technology type) at each speed. Fuel consumption is calculated by applying the relevant figure to 
each allocation of distance in each category. 

5) ‘Official ‘mpg’ method’ - uses the official manufacturer fuel consumption figures specific to each 
model and speed category combined with total annual mileage for each individual (this also provides 
the second method by which CO2 emissions are calculated in this study).  

 
These five estimates can be compared and contrasted with each other in order to assess: 
i. the degree to which the methods produce similar results and where the main discrepancies lie;  
ii. whether certain methods produce results which are consistently higher or lower than another and 

what this tells us about the method or the ability of respondents to estimate particular figures; 
iii.  whether certain household, individual or vehicle characteristics consistently produce over- or under-
estimations of fuel consumption and if so, whether certain types of people can be identified as being 
‘most consistent’ to enable the incorporation of confidence levels into the analysis. 
 

4.2.2  How similar are the results produced ‘internally’? 
The first set of results to be compared is derived solely from figures supplied by the respondents 
themselves. These relate to the first three rows in Table 4.1. The most obvious comparison to make is 
between the two different ways in which respondents were asked to record weekly fuel consumption - 
that is both in terms of expenditure and in terms of the amount by volume (in litres or gallons). These 
were computed into two separate estimates of the total litres of fuel consumed per person over the year 
and hence could be compared and used as a test for consistency. The tendency for respondents to answer 
only one out of the two questions is testimony to their perceived overlap. Only 45 respondents took the 
time to answer both of these questions. Out of these, 70% produced two figures which differed from each 
other by no more than 20%.  

Table 4.1  Comparability of different methods of estimating fuel consumption 
 Proportion of cases falling within 

percentage difference levels between 
methods 

Method (figures relate to explanation above) < 20% 20 - 40% >40%  

Respondent estimates by volume (1) and expenditure (2) 70% 15% 15% 
Respondent expenditure (2) and ‘mpg’ estimates (3) 37% 22% 41% 
Respondent volume (1) and ‘mpg’ estimates (3) 39% 28% 33% 
Official ‘mpg’ (4) and respondent ‘mpg’ estimates (3) 61% 36% 3% 
Official ‘mpg’(4) and respondent volume estimates (1) 31% 24% 45% 

 
Respondents appear to be able to record fuel consumption in these two ways with a good degree of 
coherence. The level of consistency could indicate a general tendency for respondents to provide one 
estimate in which they have some confidence and base the second figure upon this, thus guaranteeing 
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some degree of similarity either way. Nevertheless, whatever the reason, the observed consistency 
provides some justification to believe that questions have generally been completed with some care by 
the respondents as opposed to indiscriminate guessing of the figures.  
 
These figures could then in turn be compared with the figures requested on the questionnaire for average 
‘mpg’. Most car drivers (75%) were able to provide an estimate of the average miles per gallon achieved 
in their main vehicle. Using this fuel efficiency figure and combining it with their best estimate of annual 
mileage, total annual fuel consumption can be derived and compared with the other methods of 
estimating usage from cost and volume. As can be seen from the table, the level of consistency 
deteriorates once respondents are required to supply a figure which cannot be so easily based on the more 
tangible or easily calculable activity of regularly filling up the fuel tank. It could be expected that the 
majority of people have a miles per gallon estimate for their vehicle based largely upon the official figure 
made known to them at the time of purchase of the vehicle and hence not necessarily based upon 
knowledge of what is achieved in reality. This is reflected in the figures in that 60% of the mpg figures 
vary more than 20% from the expenditure or volume estimates.  
 

4.2.3  Comparison of respondents and  model calculated estimates of consumption 
In addition to testing for the ‘internal’ consistency of the individual responses, the general accuracy and 
robustness of the data were evaluated through comparisons between fuel consumption calculated on the 
basis of respondent-supplied information with totals calculated using ‘external’ factors such as official 
fuel consumption statistics or figures derived from emissions factors.  
 
Once again, straightforward evaluation of the range of discrepancy between certain sets of fuel totals 
suffices to give an indication of the similarities or otherwise of the various methods available. The table 
above illustrates that there are two pairs of figures which relate well to each other but as the methods of 
calculation become more disparate in terms of the figures upon which they rely, the greater the 
inconsistency in the final figures. For example, a comparison of figures derived from respondents’ 
estimates of their average miles per gallon with actual official  miles per gallon figures shows that 61% 
of the results are within 20% ‘consistent’. However, the relationship between the official ‘mpg’ derived 
figures and those taken from the respondents’ weekly fuel estimates shows far less similarity - only 31% 
of cases resulted in final consumption totals within 20% of each other.  
 
None of these validation techniques allow definitive assessment of the levels of accuracy achieved by the 
figures in the survey. However, comparison of the results with each other does give some indication of 
which figures are likely to be based more on informed and considered assessment. On one level the 
results of the validation exercise thus far could merely be deemed predictable in that consistency is 
shown to deteriorate once respondents are required to supply figures which cannot easily be based on a 
regular activity. Nevertheless, because expectations have been met, such as the fact that where fuel 
consumption results could be expected to produce relatively higher levels of consistency this consistency 
has actually materialised from the data - such as between respondents' weekly expenditure and volume 
estimates and between estimated and official mpg figures - some  confidence can be gained in the quality 
and robustness of both the data and the methods used. 
 

4.2.4  Degree to which results are ‘consistently inconsistent’ 
The figures quoted above relate only to the range of discrepancy and not to whether results are generally 
higher or lower than those to which they are being compared. This is relevant for example with respect to 
respondents’ estimates of mpg when compared to their own weekly fuel consumption estimates. In this 
case (respondent mpg), the total amounts of fuel consumed prove to be consistently lower than the 
weekly expenditure estimates (in 74% of cases). In some cases this can be explained by a ‘double 
counting’ effect where respondents have not split fuel costs between themselves and other users of the 
vehicle leading to cost estimates not in proportion to the distance actually driven by them in the vehicles 
concerned (as explained in Chapter 3). However, these consistently lower mpg totals may equally 
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confirm that the estimated mpgs are based on some kind of ‘given’ or official figure which as already 
explained are known to have a tendency to underestimate fuel in reality.  
 
Thus, whilst ‘mpg’ figures appear to be underestimating fuel totals, respondent estimates of weekly 
expenditure on fuel appear to produce consistently higher than average totals of fuel consumption. This 
is also the case when comparing weekly cost estimates with straightforward estimates of volume put into 
the vehicle. Not only are cost based estimates consistently higher, they are often substantially higher than 
any comparative method of calculation. Again, some of the totals may be inflated by the double counting 
tendencies alluded to above, but this result may suggest some exaggeration of expenditure derived totals 
due to the misperceptions of car drivers as to how much they actually spend on fuel on a weekly basis. 
 
This is further demonstrated in the chart below which shows the percentage degree to which each method 
varies from the average totals reached for all the methods combined. The three methods calculated to be 
consistently below the average combined fuel consumption totals on the left have all been directly or 
indirectly (in the case of respondents’ mpg) based on ‘official’, externally derived figures, whereas on 
the right, that is above average, are the methods based entirely on what respondents reportedly do on a 
weekly basis. 
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Figure 4.1  Comparison of the five different methods of calculating fuel consumption 
 

4.2.5  Whether certain types of people are more ‘accurate’ than others 
In order to make some assessment of the actual ‘accuracy’ of the figures, arguably the most relevant 
trend to analyse between the methods is not the absolute differences which result, but whether certain 
patterns of consistency exist. For example, greater scrutiny of the data may enable certain household or 
individual socio-economic or vehicle type characteristics to be identified which regularly produce 
smaller or greater discrepancies between the results. 
 
There is, however, surprisingly little variation from the ‘norm’ assessed against socio-economic 
indicators. No statistically significant relationships were evident between those apparently able to 
provide comparable figures between methods and their age, income or vehicle characteristics. The 
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strongest of any of the relationships, although still relatively weak, is with gender. For example, when 
comparing the respondents estimates of mpg with the official method, 67% of those in the ‘most 
consistent’ category and none of those in the lowest, were male. Similar results were found for the other 
comparisons of the internally derived figures suggesting some gender differences in the awareness of 
indicators of car usage. There is also some evidence of a positive relationship between total miles 
travelled and the sizes of some of the discrepancies in the totals. However, this is self evident given that 
the calculations are tied to this figure and differences will merely be compounded in proportion to 
mileage. 
 
Where a stronger relationship does exist, however, is in those cases in which the respondent has ranked 
‘most consistent’ for each of the three comparisons of estimates derived ‘internally’ from the 
questionnaire. There were 6 individuals who ranked top for each of these sets of estimates (out of a 
possible 40 cases where all three estimates were provided) each sharing certain common characteristics. 
Most significant in terms of assessing the methodology used to elicit responses is the fact that 5 out of 
these 6 individuals had supplied their annual mileage estimates by use of MOT derived figures, the other 
case having supplied figures from the registration document instead. In other words, out of those people 
supplying three estimates across the survey as a whole, 1 in 7 of these were ranked highest in all three 
comparative tests compared to 1 in 3 of those with MOT derived figures. This may therefore suggest a 
greater awareness of travel related consumption, whether in terms of mileage, fuel or expenditure from 
those using documented evidence of miles. Other characteristics in common include age as all are in their 
40s, and 4 out of the 6 are in professional occupations and in the highest qualification groups. Further 
analysis reveals 11 individuals ranking either highest or second highest in all three tests, with similar 
characteristics and a disproportionate tendency to have supplied MOT figures as above. Only 3 
individuals were ranked top in all five comparative tests, but the fact that two of the tests used externally 
generated figures provides some justification for the low number of individuals having ‘success’ in this 
respect. 
 

4.3  COMPARISON BETWEEN THE TWO EMISSIONS CALCULATION METHODS 
With respect to the comparability of the official fuel consumption method with the emissions factor 
method, ie the ‘externally’ generated figures, 64% of the individual annual totals are within 20% of each 
other. However, this disguises some of the larger discrepancies that occur in the figures generated by the 
two methods. Table 4.2 provides an overview of the types of figures produced for each method for both 
annual fuel consumption and levels of carbon dioxide emissions from car travel. What is noticeable is the 
comparability of the average figures relative to aggregated totals or differences in the maximum figures 
produced.  

Table 4.2  Fuel consumption and carbon dioxide figures generated by the two methods 
 Fuel consumption 

(litres per annum) 
Carbon dioxide 
(kg per annum) 

 ave max total ave max total 
Official Method 1161 5521 132953 2809 13362 326050 
Emissions Factor Method 1210 9165 150120 2492 19777 321831 
Base:  99 car drivers 
 
The emissions factor method calculates the total annual fuel consumption across the sample to be 13% 
higher than the official figures. This is consistent with the criticisms made of these figures earlier in this 
chapter. Total carbon dioxide production does not differ to such a great extent between the two methods, 
but as with fuel consumption, differences in the maximum figures indicate that the official method does 
not generate the same degree of variation between individuals. This indicates a comparable lack of 
responsiveness to certain driving and vehicle characteristics. The determinants of variations in the figures 
produced by the emissions factor method are discussed in Chapter 5. Here it is merely sufficient to point 
out that both methods correlated strongly with various vehicle attributes such as engine size and age of 
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vehicle, but as would be expected, because the emissions factors could accommodate more directly 
variables such as the existence of a catalytic converter and the proportion of cold starts, there is greater 
variation and apparent sensitivity in the calculations method.  
 
Figure 4.2 is indicative of how much the emissions factor produces varied results when the totals from 
the official method are kept constant. The differences between the two methods are obviously 
compounded the greater the totals of carbon dioxide or fuel as can be seen from the graph. 
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Figure 4.2  Comparison between two methods of emissions calculation 
(fuel consumption and carbon dioxide emissions totals) 
Base:  99 car drivers 
 

4.4  CONCLUSIONS 
Whilst the validation procedures have been unable to assess conclusively the accuracy of the data in so 
far as it is a true reflection of individual travel and fuel consumption, it is possible to reach some 
conclusions as to the integrity of the data collected and the possible improvements that could be made to 
the collection methods used.  
 
The above analysis did not produce any definitive indication that subgroups in the population have 
different abilities to estimate their travel behaviour. Comparative levels of consistency were largely 
homogeneous across socio-economic, family and vehicle characteristics and hence no predictors of 
accuracy or confidence levels have been automatically generated for incorporation into the calculation of 
emissions profiles. The exception to this is the confirmation of the fact that the use of any documented 
evidence to record mileage, and any other pieces of information requested, produces seemingly better 
results. Most importantly, the validation exercise has highlighted the importance of including on the 
questionnaire at least two figures from which distance can be assessed- either estimates of distance itself, 
or fuel expenditure as a surrogate for the amount travelled. 
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Some examples of potential improvements to question design on the survey have been highlighted as a 
result of this analysis. These include better clarity of what is expected of those respondents who share 
vehicles in terms of apportioning not only the mileage across the users of the vehicle but also the weekly 
fuel costs. Had time permitted, revisions to the pilot questionnaire may have resulted in a complete 
change of format with respect to how certain ‘common’ information requests are elicited from household 
members. For example, a separate form pertaining to each vehicle used in the household with separate 
columns for the mileage and fuel consumed by each driver may avoid some of the double counting 
effects suspected as arising from the pilot study. This would then be supplemented by separate 
questionnaires for each individual to break down their journey profiles. The danger remains, however, of 
creating an overly complex and time consuming exercise which runs counter to the overall objective of 
designing an efficient and cost-effective survey to be carried out annually without detailed instruction. 
 
Another alteration may be the inclusion of questions which place the onus on the respondent to provide 
some indication of the level of accuracy of the figures. For example, when providing estimates of weekly 
cost or fuel input, the respondent could be asked to suggest which of these figures (s)he places most 
confidence in (and why). A question may also be included as to how long was spent filling out the 
questionnaire and whether any documentation was used. 
 
Whilst no conclusive evidence was discovered on accuracy levels, more general and instinctive 
comments can be made as to the ‘general care’ that people have taken to fill out the form and how they 
have recorded information. A quick assessment of some of the figures gives an immediate impression as 
to whether figures have been provided on the basis of pure estimation or whether respondents have 
generally referred to documented evidence such as fuel receipts or vehicle service documents. The fact 
that the majority of figures are ‘rounded’ up to the nearest five pounds or gallons suggests the former is 
true. A significant proportion of the responses when scrutinised as a household, appeared to have been 
completed ‘collaboratively’. In other words, both drivers of a vehicle had taken care to allocate miles to 
each other and ensure that totals were consistent. However, as explained above, this was not always the 
case, particularly with expenditure figures whereby fuel is often paid for by one family member but used 
by another. Hence revisions to the question wording are necessary here. 
 
On the whole, problems inherent in every pilot survey have materialised in this study to necessitate some 
critical assessment of the ambitious attempts used here to extract detailed travel characteristics through 
the use of a relatively simplistic and broad brush approach. These include the need for some question 
rewording and the use of more explicit instructions on the questionnaire, together with the possible 
inclusion of questions which may facilitate an assessment of confidence levels from the respondents 
themselves. However, the principle objective of the study, to produce key indicators of individual car-
based travel, has been met in so far as thoughtful and considered responses have generated disaggregated 
vehicle, mileage and journey profiles for use in the calibrated modelling of individual annual emissions. 
 
With respect to the choice of calculations method, the criticisms of the official fuel consumption figures 
outlined earlier in this chapter appear to have been borne out by the simple comparisons made of average 
or total fuel consumption and carbon dioxide emissions. The results in the following chapter are 
therefore based on the emissions factors which facilitate a more detailed and, by implication, more 
accurate measurement of individual profiles. Where any specific uncertainties in the data exist these will 
be explored further in the more detailed analysis of emissions in Chapter 5. 
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CHAPTER 5:  EMISSIONS PROFILING 
 

5.1  THE SAMPLE 
Overall, 33% of the 200 households contacted responded to the survey. This figure includes both 
‘complete’ and ‘incomplete’ responses referring to whether the correct number of questionnaires from all 
household members aged 17 years or over were collected (see Chapter 2). The net result of the initial 
mail out and reminder procedures can be seen in Table 5.1, differentiated according to responses from 
households or individuals. The analysis is based on either the proportion of the 112 respondents who are 
car drivers (99 in total) or the 44 households where enough data was supplied to enable analysis at the 
level of the family unit. The latter unit of analysis, however, usually refers to 40 households where car 
drivers were present.  

Table 5.1  Response rate 
 Households Individuals Car drivers Non-car-

drivers 

Sample 200 not known not known not known 
Response 
Completed Households 

 
44 

 
82 

 
72 

 
10 

Incomplete Households 22 30 27 3 

Total 66 112 99 13 
 
In terms of demographic characteristics, the data collected are representative of the population as a 
whole. Table 5.2 indicates the composition of the respondents in this survey as compared to 1991 Census 
data for the two villages. Cholsey and Chalgrove are of comparable size and demographic profile. 
Among the participants, there is some overrepresentation of occupations such as a higher than expected 
proportion of individuals employed in professional occupations and a consequent lower number of 
skilled and semi-skilled manual workers. The table gives an indication of the proportion of retired and 
non-economically-active respondents in the survey. The total number of economically-active residents 
was slightly high. In terms of age structure, gender and most aspects of economic activity, however, the 
respondents are representative of the village populations.  
 
This high degree of accuracy of representation allows discussion of the aggregated emissions and travel 
profiles to be discussed without adjustment for response bias. Some caution with regard to the potentially 
higher earning potential of our sample as compared to the population of the two villages as a whole may, 
however, have to be exercised. 
 

5.2  THE VILLAGES 
Cholsey and Chalgrove exemplify the travel characteristics of particular kinds of accessible rural 
locations, the broad tenets of which were outlined in the precursor to this study The Costs of Rural 
Travel (Root et al 1996b). This prior investigation revealed the travel intensive behaviour of these rural 
residents, particularly young adults, and the relative high levels of car ownership and use. Dependence on 
the car was shown to manifest itself in a high proportion of car owning households (91%), particularly 
high levels of car use for work journeys (75% of peak period travel), and very little use of the bus or train 
for any journey purposes. Many of the broad results outlined in this chapter concerning general travel 
patterns echo those found in the previous study carried out in the two villages, as well as national trends 
on rural travel behaviour.  
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For reasons outlined earlier in this report, the study of travel behaviour for the purpose of the calculation 
of annual emission budgets has concentrated on car-based travel. Out of the 112 individual respondents, 
99 of these were car drivers and 91% (40 out of 44) of the completed households had access to one or  

Table 5.2  Representativeness of the sample compared to 1991 Census data 
 Census 1991 

Chalgrove 
Census 1991 

Cholsey 
Two villages 

combined 
RESPON

SES 
combined 

 
POPULATION 2832 3428 6260 112 
 
GENDER     
Male 51% 50% 50% 49% 
Female 49% 50% 50% 51% 
 
AGE (over 16 years only)     
17 - 29 N/A N/A N/A 15% 
16 - 59 87% 77% 82% 82% 
60+ 13% 23% 18% 18% 
 
ECONOMIC ACTIVITY     
employed full time  58% 52% 55% 58% 
employed part time 13% 13% 13% 12% 
student full time 3% 4% 3.5% 5% 
student part time N/A N/A N/A 1% 
unemployed 3% 3% 3% 4% 
home keeper / carer N/A N/A N/A 5% 
retired 9% 15% 12% 13% 
other 13% 11% 12% 1% 
TOTAL economically active 75% 68% 72% 74% 
 
OCCUPATIONS     
managers and administrators 20% 14% 17% 11.6% 
professional occupations 11% 15% 13% 23.2% 
associate professional/ technical  11% 14% 13% 8.0% 
clerical and secretarial  15% 10% 13% 14.3% 
craft and related  14% 12% 13% 8.0% 
personal and protective service  5% 10% 8% 17.0% 
sales occupations 4% 7% 5% 5.4% 
plant and machine operatives 15% 8% 12% 3.6% 
other 4% 8% 6% - 
 
more vehicles. This level of car ownership compares to national average household car ownership of 
68% and translates into an average of 1.8 vehicles per completed car owning household, the most 
common number being two (20 of the 40 car owning households). 
 

5.2.1  Distances and emissions 
The average distance travelled by car drivers in the survey was 9,000 miles (14,400 km) a year with 
Chalgrove residents travelling on average 24% further than their Cholsey counterparts. This compares to 
a national average of 7,824 miles (12,518 km) for ‘main drivers’ (DoT 1995a). Comparisons can also be 
made with the earlier study whereby Chalgrove and Cholsey residents were found to travel 8,035 
(12,856) or 7,084 miles (113,344 km) respectively when the average daily trip diary rates were grossed 
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up (Root et al 1996b). The main explanation for the difference was concluded to be the existence of a rail 
station in Cholsey which explained the different modal composition of some of the longer distance 
journeys. Totals of carbon dioxide, nitrogen oxide and carbon monoxide were derived using emissions 
factors (see Appendix B) applied using the cumulative calculation procedures described in Chapter 4 and 
Appendix C. In summary this involves applying an emission rate for each pollutant and vehicle category 
dependent on the portion of distance driven at each speed. The emissions factor is expressed in terms of 
the volume of emissions generated per kilometre travelled as follows: 

emissions (g) = emissions factor (g/km) x vehicle kilometres per year (km) 
 
Table 5.3 summarises the individual and household average distances travelled as a car driver and 
resulting levels of emissions.  

Table 5.3  Emissions totals  
 Distance 

(m/km) 
Carbon  
dioxide 
(kg/yr) 

Carbon 
monoxide 

(kg/yr) 

Nitrogen 
oxides 
(kg/yr) 

Survey TOTAL 1,117,149 
(1,787,439) 

321,831 
 

17,355 2,761 

Individual average 9,000 
(14,400) 

2,493 
 

150 20 

Chalgrove 9,535 
(15,256) 

2,669 
 

162 23 

Cholsey 7,707 
(123,311) 

2,107 
 

110 16 

Household average 16,000 
(25,600) 

4,098 
 

279 43 

Chalgrove 16,600 
(26,560) 

4,263 
 

346 48 

Cholsey 14,174 
(22,678) 

3,995 
 

240 29 

Note: Differences in absolute figures are slightly affected by the fact that two more car driving 
individuals responded to the survey in Chalgrove than in Cholsey 
Base:  99 car drivers and 40 car owning households 
 
Figure 5.1 a and b highlight the differences in distances travelled and carbon dioxide emissions between 
the two villages for both individuals and households. In addition to highlighting the proportionality 
between distance and carbon dioxide emissions, it also serves to emphasise the unequal distribution 
between individuals, households and villages of amounts of car travel. Although average journey length 
can be seen to be generally higher in Chalgrove than in Cholsey, a large proportion of the population 
produce similar travel and carbon dioxide emission profiles, whilst a few are responsible for a 
disproportionately large share of the total. 
 
The distribution of the absolute totals of miles, fuel and emissions can be seen in Figure 5.2. From both 
this and the previous illustration it is noticeable that the extent of the differences between the villages 
with respect to either averages or proportions of total emission levels is not the same for each of the three 
greenhouse gases studied. For example, the average Chalgrove resident produces 47% more carbon 
monoxide but only 44% more nitrogen oxide and 27% more carbon dioxide than the average Cholsey 
resident. In addition, the relationships between the various totals within each village are not consistent. 
These relationships illustrate that mileage is not the only determinant of emissions and that the different 
gases are each influenced by different factors. The sources of these relative variations will be identified 
as the vehicle and travel characteristics of the individual car driving residents are examined with respect 
to emissions in Figure 5.2. 

a.  Distance travelled by car (kilometres) 
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b.  Carbon dioxide emissions produced from car travel 
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Figure 5.1  Comparisons of individual and household distance and CO2 emissions by village 
Base: 99 car drivers, 40 households containing car drivers 
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Figure 5.2  Apportionment of emissions, miles and fuel consumption across the two villages 
Base:  99 drivers 

5.3  THE DRIVERS 
When the analysis of emission levels moves from the village level to the individual, the scale of the 
disparities in car travel and emissions becomes even clearer. The continuous distribution of emissions 
was reduced so as to rank each individual or household according to where they lie in a scale of ‘high’ or 
‘low’ polluters. Table 5.4 shows that 20% of the respondents (those in the highest quintile for each gas) 
produce 50% of the carbon dioxide, 43% of the carbon monoxide and 49% of the nitrogen oxides. 

Table 5.4  Proportions of each gas in the ranked categories 
Ranking 

(each containing 
20% of the 
individuals) 

% of  
Carbon dioxide 

% of  
Carbon monoxide 

% of  
Nitrogen oxides 

1 lowest quintile 3% 2% 3% 
2 second quintile 10% 10% 8% 
3 third quintile 15% 17% 14% 
4 fourth quintile 22% 28% 26% 
5 highest quintile 50% 43% 49% 
Base:  99 car drivers 
 
Further analysis reveals that the top 10% of the sample releases 33% of the carbon dioxide and the 
bottom 10% of the respondents only 1% of the carbon dioxide calculated as resulting from personal car 
travel in this study. The amount of travel is obviously most strongly correlated with all absolute or 
ranked levels of all three emissions. However, the extent to which this is a guaranteed predictor of 
emissions varies according to the particular gas. Table 5.5 illustrates the extent to which being ranked 
high or low in terms of distance guarantees the same ranking for the production of the gases studied. For 
example, if a car driver appears in the highest category for miles, will s/he automatically appear in the 
highest category for all emission types? The relationship is shown to be strong for carbon dioxide but is 
least strong for carbon monoxide. Hence, there must be factors other than distance travelled which affect 
production of these gases. 
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Table 5.5  Overlap between high and low ranking of distance and emissions.  
 % in highest quintile for both 

distance and emissions 
% in lowest quintile for both 

distance and emissions 
Carbon dioxide 90% 95% 
Carbon monoxide 26% 37% 
Nitrogen oxides 37% 53% 
Base:  99 car drivers 
 

5.3.1  Journey lengths 
Nationally, travel growth and pressure on transport infrastructure has been largely created from the 
increasing average length of existing trips rather than the generation of additional journeys. Potter (1996) 
has referred to this as the ‘trip length surge’ as the shift from short to medium distance trips represents 
both the greatest proportion of all journeys made and the travel phenomenon having the greatest effect on 
modal shift. Journeys once conducive to walking or cycling are being rapidly replaced by longer journeys 
outside of the distance ‘threshold’ for non-motorised modes. In addition to the direct implications of this 
trend on the increased distances travelled by car, changes in average journey lengths are significant in 
terms of emissions. Journey lengths determine the fraction of total distance undertaken ‘cold’ as well as 
having a less direct influence on the road types used and average speeds. Rural residents generally 
exhibit their own distinctive travel profiles with journey lengths averaging 11 miles (17.6km), about 40% 
higher than the urban average (Stokes 1995b) and journey lengths are increasing disproportionately faster 
than the national average. 
 
In this study there were no specific questions about trip length. Instead distances were apportioned to 
categories of journey length. Nevertheless, a high proportion of total distance (11%) is generated by very 
short trips (Figure 5.3) and these are the most susceptible to mode switching away from the private car. 
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Figure 5.3  Proportion of distance spent on journey types 
Base:  99 car drivers.  
Please note that the figures used in this study are expressed as a proportion of total miles travelled and 
not number of trips. It must be borne in mind, however, that some respondents may have calculated their 
answers in terms of trips and not miles. 
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5.3.2  Cold starts  
By breaking down the mileage and apportioning emissions accordingly, a picture begins to emerge as to 
the most important determinants of the gases calculated in this study. As described in Chapter 3, cold 
starts have a detrimental effect on fuel consumption and emissions generation, particularly when 
combined with the ineffectiveness of a catalytic converter during this period. These ‘miles’ were 
estimated in this study by assuming average trip lengths in each of the above categories and applying the 
CORINAIR figure of approximately 2 miles (3.2km) as the initial portion of each trip undertaken without 
a fully warmed engine (Appendix C). The result was that 25% of total miles in this survey were 
attributable to cold miles. This is less than the European wide aggregated population average of 33.8% 
estimated by CORINAIR (Eggleston et al, 1991) but an understandable result for a rural location where 
average journey lengths are longer. According to the National Travel Survey, 25% of car journeys are 
under 2 miles in length (1992/4, Table 3.7) compared to the 11% revealed above. The majority of these 
are made from cold and in total, therefore, a high proportion of total mileage is represented by cold starts. 
It has been estimated that about one-third of national car fuel consumption could be attributed to cold 
running (Waters 1992).On an individual basis in this survey, as miles increased, the proportion of cold 
miles fell, confirming that any increase in mileage is generated by increased journey lengths and not 
more trips. The disproportionate effect on emissions can be seen in Table 5.6.  

Table 5.6  Proportion of emissions attributable to ‘cold miles’ 
 Percentage of total 

Carbon dioxide 29% 
Carbon monoxide 69% 
Nitrogen oxides 26% 
Base:  99 car drivers 
 
The majority of carbon monoxide (69%) is generated during the cold phase of journeys and over a 
quarter of the other gases can be attributed to this cause. From a policy perspective, therefore, it is 
important to find ways of targeting cold starts. It is inevitable that a proportion of every journey made by 
car from a cold starting position will involve a high polluting ‘warm up’ phase. Hence, aside from 
technological developments, the entire eradication of these is not a realistic option. However, if this 
portion of distance travelled is analysed further, the composition of cold ‘miles’ can provide some crucial 
indicators for policy. 
 
Using the assumptions made in the calculations to apportion ‘cold miles’ across the various journey types 
they can be seen to consist of: 
• 44% from journeys under 2 miles 
• 48% from journeys between 2 and 20 miles 
• 8% from journeys over 20 miles 
 
Given, for example, that 29% of carbon dioxide is generated from cold starts and that 44% of these cold 
starts in turn led to journeys of less than 2 miles, it follows that polices aimed at the elimination of short 
journeys in rural areas could reduce this greenhouse gas by 13%. For carbon monoxide and nitrogen 
oxides this works out as a 31% and 12% respective potential reduction. The effects of eliminating short 
journeys entirely from the travel profiles of the respondents in this rural-based survey can be seen with 
respect to carbon dioxide and carbon monoxide in Figure 5.4. 
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a.  Carbon dioxide 
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b.  Carbon monoxide 
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Figure 5.4  Annual emissions with and without the effects of short journeys 
Base:  99 car drivers 
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This type of analysis can be applied to the individual level, consistent with the objective of individual 
travel and emissions profiles. In this way, specific targeting of awareness campaigns or travel advice can 
be ‘personalised’ or aimed at identified groups or types of people on the specific issue, for example, of 
short journeys. In this sample, the twenty respondents with the highest proportions of their distance spent 
on journeys of less than 2 miles (3.2kms) were found to have emission profiles whereby 56% of their 
aggregated carbon dioxide was generated by this journey category. Individually this proportion ranged 
from 36 to 91% as can be seen in Figure 5.5. 

0

1000

2000

3000

4000

5000

6000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Twenty respondents ranked by emissions level

C
ar

bo
n 

di
ox

id
e 

(k
g 

pe
r a

nn
um

)

CO2 from short journeys

CO2 without effects of short journeys

 

Figure 5.5  CO2 with and without the effects of short journeys for 20 respondents 
with the highest proportion of distance spent on short journeys 
Base:  20 drivers 
 
The people in this group do not necessarily represent those with the highest overall carbon dioxide 
emission profiles. Indeed only 10% of them rank in the highest CO2 quintile. Instead, they comprise those 
most susceptible for mode switching for shorter journeys and can be examined in more detail to assess 
the potential for this switch to take place. For example, in this selection, 4 are retired and perhaps are 
reliant on the car for age or health related reasons, and 3 are housewives who are known to rely more 
heavily on the car for shorter journeys and trip chaining. 
 

5.3.3  Speed 
In this model, three road types were used as synonymous for certain driving patterns and speeds assumed 
to follow closely upon a normal distribution around the average speed for each road type. National travel 
statistics produce a snapshot of the average ‘driving mix’ at any one point in time showing the proportion 
of private car miles expended on three different road types: built-up major and minor (59%); non-built-up 
major (27%) and motorways (14%) (Gover et al 1994). How these figures compare to the survey results 
can be seen in Table 5.7. Again, the influence of rural location is evident as a greater proportion of 
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distance appears to be associated with higher speeds on the higher order road types, demonstrating once 
again the specific travel profiles of car drivers residing in accessible rural locations .  

Table 5.7:  Proportion of distance spent on various road categories 
 Mean number 

of miles (kms) 
spent on road 

type 

Percentage of  
total miles 

National driving 
mix 

Cold Miles (kms) + <40 mph (< 64 
kmph) 

3990 (6384) 35% 59% 

40 - 60 mph (64 - 84 kmph) 3664 (5826) 32% 27% 
>60 mph (>84 kmph) 3668 (5869) 32% 14% 
Note:  As the ‘cold miles’ were derived mainly from the lowest speed category, these two categories can 
be amalgamated for the purposes of comparison with the national statistics 
Base:  99 car drivers 
 
In addition to the striking influence of cold starts, the end data generated in this survey are true to reality 
in giving a strong relationship for all three gases with miles done at highest speeds. Distance travelled 
and the three gases can be broken down into their respective speed components as in figure 5.6. Whilst 
this serves once again to illustrate the proportionality between distance and carbon dioxide and to a 
slightly lesser extent nitrogen oxides, and the contrasting production pattern of carbon monoxide, it also 
clearly indicates the relative lack of influence of distances spent travelling at speeds lower than 
approximately 70mph (104kmph) but outside of the cold start phase. 
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Figure 5.6  Composition of distance and emissions by speed categories 
Base:  99 car drivers 
 
With respect to individual travel profiles, particular respondents can once again be identified as having 
detrimental effects due to the share of their total distance spent travelling at high speeds. As would be 
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expected, these tend to be those people travelling longer distances and with longer trips spent on faster 
roads. Figure 5.7 highlights these individuals whilst showing that ‘cold miles’, when contrasted to the 
higher speed categories, remain a relatively constant proportion of total carbon dioxide emissions 
generation.  
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Figure 5.7  Carbon dioxide emissions by speed category per driver 
Base:  99 car drivers 
 
The emission factors from which the above analysis of speed has been generated are based on certain 
assumptions about average speeds on given road types. A principle criticism of the use of these factors 
that has already been discussed is that they are derived from test cycles performed at around the average 
speed for each road category. Speeding is, however, widespread on almost all classes of road and it is 
apparent that average speeds, particularly on motorway driving, are considerably higher than the legal 
limit (DETR 1997). Hence, initial calculations of emissions are likely to have had the effect of 
underestimating emissions, particularly for proportions of distance allocated to the faster part of the 
network.  
 
In order to test the model for sensitivity to changes in assumptions about average speeds, the emissions 
factors used for motorway driving were adjusted by extrapolating the factor value to reflect a 80mph 
(128kmph) threshold. Whilst this is not ideal as extrapolation assumes a linear relationship between 
speed and emissions which is known not to be the case, it is still more likely to continue to underestimate 
rather than exaggerate the figures in these higher speed categories and hence still serves as a useful 
illustration of the principle being explored. Statistical data collected by the Department of Transport 
suggest that 19% of cars on motorways exceed 80mph (ibid) and this approximate proportion was used 
by extracting 20% of each driver’s distance allocated to motorway driving and applying the revised 
80mph emission factor to it. The resulting overall emission levels, that is across all distance travelled, 
were: 
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Carbon dioxide: 2% increase 
Carbon monoxide: 1% increase 
Nitrogen oxides: 3% increase 
 
Whilst these amounts may appear marginal, their importance lies in the relative ease with which their 
causes could be targeted by specific policy instruments. Speed limit enforcement or even reduction are 
areas of transport policy already in existence, but yet to be prioritised in the light of targets to reduce 
greenhouse gas production. When combined with the fact that it is not just a large proportion of 
motorway traffic which exceeds speed limits (57% exceeds 70mph) but also 72% of traffic on urban 
roads (with 30mph limits) (ibid), the significance of this area of travel behaviour for emissions profiling 
becomes clear.  
 

5.3.4  Socio-economic indicators of  emission levels 
The analysis of the extreme ends of the distribution provides a means of testing the strength of 
relationships between emission levels and various socio-economic attributes. Whilst it is not the main 
purpose of this study to interpret these findings in any detail, it is illustrative of the extent to which such 
surveys can be used to elicit predictors of emission levels from any given population or to target policies 
more effectively. Table 5.8 summarises which socio-economic attributes revealed in this study are 
disproportionately likely to lead to a respondent falling into either the highest or lowest category of 
carbon dioxide emissions. For example, men are have a greater likelihood of being in the highest quintile 
than women, although both sexes are equally likely to fall in the lowest quintile. The main conclusions to 
be drawn from these statistics are that higher emissions levels from personal car travel may be associated 
with socio-economic attributes such as income, employment status and the use of a company car. 

Table 5.8:  Socio-economic composition of carbon dioxide emissions 
 Highest quintile Lowest quintile 
Average CO2 level 8 309 kg/yr 579 kg/yr 
% of men 
% of women 

27% 
13% 

19% 
19% 

% of highest earners 
% of lowest earners 

67% 
4% 

none 
26% 

% of full time workers 
% of non economically active 

25% 
8% 

12% 
36% 

% of company car drivers 
% of family car drivers 

71% 
12% 

7% 
21% 

Base:  99 car drivers 
 
The average level of carbon dioxide emissions in the high and low quintiles differs by a factor of 14, 
although this ignores the extreme ends of the distribution revealed earlier (Figure 5.1) in which, for 
example, in the highest quintile alone, emission levels range between 4543 and 19777 kilos per annum.  
 
(i)  Income 
Income appears to be the clearest indicator of individual emission levels with 67% of the highest earners 
(greater than £40,000 per year) also ranking top in terms of emissions. Even though the highest earners 
only comprise 11% of the respondents who supplied details of their income (84 people), they comprise 
28% of total CO2  from this group, earning at least four times as much and producing on average four 
times the annual emissions level of the lowest earners (less than £10,000 per year). Fig 5.8 demonstrates 
how emission levels are directly related to income categories. Income plays a much greater role in 
determining car ownership and use in rural locations except for the lowest income groups where car 
ownership is much higher in rural areas (Stokes 1995B). Non-car-owning individuals still comprised a 
significant proportion of the respondents in this study (12%) and as might be expected, consisted almost 
totally of the lowest earners. The portion of each carbon dioxide ranking made up of these low earners 
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steadily declines as the emissions level increases so that conversely the largest polluters are also the 
largest earners. 
 
The same analysis can also take place with respect to households. Here, as would be expected, the total 
number of vehicles, household size and the number in full time employment are the clearest indicators of 
aggregate emissions levels. The relationships, however, are not as strong as might be predicted. There is 
surprisingly little variation across household size as, although all of those households ranked lowest in 
terms of carbon dioxide had no children, childless households were just as likely to appear in any other 
ranked category. Stronger relationships seem to exist with ‘standard of living’ type indicators (Greening 
et al 1995). Households with only one vehicle and lower levels of combined income will be associated 
with below average emission levels from car travel. 
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Figure 5.8  Composition of carbon dioxide by income levels 
Base:  12 non drivers, 84 car drivers who supplied income details 
 
This analysis, however, does not fully represent the distribution of emissions from personal transport as it 
excludes the role of other modes whose share of travel varies with income. Whilst income is reflected 
generally in the amount people travel, lower income households tend to rely more on public transport 
than others which may, depending on occupancy rates and other factors, often produce similar levels of 
energy and emissions per passenger kilometre (see Potter 1997a, p38). Regardless of the comparative 
emission levels of modes other than the car, travel generated emissions by income category must be 
compared bearing in mind the absence of the effects of these modes. Not only are totals from lower 
earning individuals underrepresented for this reason, national figures confirm that higher income families 
make significant use of air travel which is approximately 15 - 20% higher in terms of energy use per 
passenger kilometre than car travel. 
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(ii)  Company car use 
Car ownership and the existence of the ‘company car factor’ (Hughes 1993) in differences in travel 
behaviour and emissions is a crucial area of transport policy yet to be aligned directly to targets of 
emissions reduction. Table 5.8 illustrated that the majority of company car drivers (71%) are in the 
highest ranking quintile of carbon dioxide emissions compared to only 12% of family car users. 
Company cars are driven as the main car by 14% of the car drivers in the survey, but produce 36% of 
carbon dioxide emissions (Table 5.9). 

Table 5.9  Company car characteristics 
Company cars as a proportion of main cars 14% 
Company car distance as proportion of total 30% 
Company car proportion of carbon dioxide 36% 
Average annual mileage (kilometres) 22325 miles (35720) km 
Average age 1 years 
Average Size 2 litres 
Base:  14 company car drivers 
 
Company cars are driven on average over twice as far as other cars in the survey. However, when their 
journey patterns are examined in greater detail, the composition of their emissions profiles can be seen to 
contrast generally with other road users. For example, the comparatively large share of distance spent at 
higher speeds but relatively few expended on cold miles, results in company car drivers contributing a 
disproportionately low amount of carbon monoxide (only 13% of the survey total) but a high share of 
carbon dioxide (36%). A General Accident Survey (cited in Ashden Trust 1997, no reference given) 
recently claimed that 52% of company car drivers exceed the speed limit on motorways by at least 
10mph, rendering the emissions totals quoted on the conservative side.  
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Figure 5.9  Composition of distance by speed for company and family cars. 
Base:  99 car drivers 
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5.4  THE CHOICE OF CAR 
The main emphasis of this study has been the development of a survey technique which extracted and 
incorporated, with the greatest possible level of detail and accuracy, those aspects of individual travel 
patterns essential for the calculation of personal and household emissions profiles. It is those elements 
which are seen to have the greatest potential for local policy intervention or individual action. 
Nevertheless, an equally important part of the calculations procedure and aspect of regulatory 
instruments or awareness campaigns at higher levels of government, are the characteristics of the cars 
chosen for use (Table 5.10). 
 
The analysis of the car fleet is based on the main cars used by the 99 drivers in the survey. This needs 
some clarification for two reasons: 
• This does not necessarily mean that 99 different cars have been used. In 10 households (20 

individuals) the same car was shared and used as the main car by two drivers. Hence, in terms of 
‘main cars’, there were 89 vehicles in the survey, one of which is a motorcycle and another a van. 

• Out of the 99 drivers, 41 also drove a second car. In 33 cases, the second car driven was the main car 
of another member of the household included in the survey. In the remainder of cases, 3 additional 
cars (one of which was shared between two people), one motorcycle and two sports cars were 
introduced into the analysis. In total therefore, the vehicle stock represented in the survey comprised 
 As main vehicles: 87 cars (10 used twice as main car, 33 used as second cars for other 

       household members) 
1 van 
1 motorcycle 

 As second vehicles: 4 cars (1 used twice as second car) 
2 sports cars 
1 motorcycle 

 
The analysis which follows has been carried out on the 99 vehicles used as main cars in the survey. This 
means that 10 cars have been counted ‘twice’ and it means that where distance or emissions figures have 
been given as relating to particular vehicle characteristics the actual figures are in some cases an 
amalgamation of totals produced by two separate vehicles sometimes not having exactly the same 
features. Nevertheless, the effects on the results of not separating out the effects of the second car for the 
purpose of analysis were considered negligible as compared to the time required to analyse the figures 
separately, as distance travelled by the second cars in the survey only amounts to 6% of the total for the 
whole survey and 12% of distance travelled by those using second cars. The corresponding figures for 
CO2 production are 5% and 10%. What this difficulty highlights once again is the importance of the 
auditing unit, ie the household, individual or the vehicle, on the majority of the questions and analysis. 

Table 5.10:  Characteristics of the main cars driven 
 Percentage of  

car fleet 
Percentage of total 

distance 
Median number of 
miles (kilometres) 

Age of vehicle 
<1 year 

1 - 4.9 yrs 
5 - 9.9 yrs 

10+ yrs

 
7% 
38% 
39% 
17% 

 
10% 
53% 
29% 
8% 

 
17,500 (28,000) 
13,500 (21,600) 
8,000 (12,800) 
5,457 (8,731) 

Engine size 
<1.4 litres 

1.4  - 2.0 litres 
2.0 + litres

 
39% 
56% 
5% 

 
29% 
64% 
7% 

 
7,734 (12,374) 

10,000 (16,000) 
13,500 (21,600) 

Catalytic converter 
with 

without

 
33% 
67% 

 
33% 
67% 

 
12,000 (19,200) 
8,500 (13,600) 

Base: main cars of 99 drivers (not necessarily 99 cars) 
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The most striking feature of this cross-sectional data is the marked contrast in average distances travelled 
according to particular vehicle characteristics. As a general trend, the younger the car, the more modern 
the technology (existence of a catalytic converter) and the larger the engine size, the greater the average 
distances covered. Technological features of a vehicle - its size, fuel type and existence of a catalytic 
converter - combine to determine relative fuel consumption and emission levels which can be analysed 
irrespective of journey profile determinants. Because of the variety of factors, it is difficult to conclude 
which of these factors are the most influential on emissions levels, but relative importance can be seen in 
Table 5.11. 
 
The table indicates where the existence of a particular vehicle attribute disproportionately increases the 
likelihood of its driver being ranked either high or low for each emission type. The strongest 
relationships to emerge are described below. 

Table 5.11:  Vehicle characteristics as determinants of emissions 
 Carbon Dioxide Carbon Monoxide Nitrogen Oxide 
 Highest 

quintile 
Lowest 
quintile 

Highest 
quintile 

Lowest 
quintile 

Highest 
quintile 

Lowest 
quintile 

Catalytic converter* 
% of those:      with 

without 

 
42% 
10% 

 
none 
24% 

 
none 
30% 

 
11% 
5% 

 
none 
30% 

 
42% 
11% 

Engine size 
% of:           <1.4 litres 

1.4 - 2.0 litres 
 > 2.0 litres 

 

 
3% 
27% 
60% 

 
26% 
16% 
none 

 
26% 
16% 
none 

 
11% 
24% 
40% 

 
13% 
26% 
none 

 
24% 
18% 
none 

Age of vehicle 
% of those:       < 1 yrs 

1 - 4.9 yrs 
5 - 9.9 yrs 

> 10 yrs 

 
50% 
31% 
11% 
none 

 
none 
6% 
28% 
40% 

 
none 
20% 
25% 
13% 

 
33% 
29% 
8% 

13% 

 
none 
23% 
25% 
13% 

 
17% 
29% 
8% 

27% 
Fuel type 
% of :                leaded 

unleaded 
diesel 

 
11% 
22% 
33% 

 
29% 
13% 
20% 

 
23% 
24% 
none 

 
9% 
7% 

87% 

 
17% 
28% 
none 

 
14% 
24% 
20% 

* petrol cars only 
Base:  main cars of 99 drivers (not necessarily 99 cars) 
 
The table indicates where the existence of a particular vehicle attribute disproportionately increases the 
likelihood of its driver being ranked either high or low for each emission type. The strongest 
relationships to emerge are described below. 
 

5.4.1  Catalytic converters 
Table 5.11 and 5.12 shows that the existence of a catalytic converter means an individual using such a 
car as the main vehicle is unlikely to fall into the lowest category for carbon dioxide or in the highest 
quintiles for the other two gases calculated. Indeed, average carbon dioxide levels were 83% higher from 
cars with the technology, much of this increase of course purely attributable to the disproportionately 
higher distances covered by younger vehicles. When looked at per kilometre the difference amounts to 
only 27%. On the other hand, average carbon monoxide and nitrogen oxide levels were on average 43% 
and 71% lower, or 3.5 and 5.5 times lower per kilometre, as seen in Table 5.12. The fuel penalty effect of 
catalytic converters is in evidence in the data through the higher average number of litres required per 
100 kilometres. 
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Table 5.12  Comparison of petrol cars with and without a catalytic converter 
 Average 

distance 
Ave. 
fuel 
cons. 

Carbon 
dioxide 

Carbon 
monoxide 

Nitrogen 
oxides 

 m (km) l/100km kg/year g/km kg/year g/km kg/year g/km 
With CAT 12,000 

(19,200)  
8.5 3,789 195 105 4 8 0.3 

Petrol 
Without CAT 

8,000 (12,800) 7.9 2,065 154 216 18 30 2 

Base:  84 drivers using  petrol driven vehicles as main car 
 

5.4.2  Engine size 
As expected from the literature and the emissions factors used, the end data provide a clear indication of 
the negative correlation between engine size and fuel economy. This is shown in Table 5.13 with respect 
to emissions of carbon dioxide to which fuel consumption is directly proportionate. For the other two 
gases, however, the converse is true in that none of the sample of larger cars fell into the highest 
emission categories (Table 5.11). Indeed average emissions per kilometre for both carbon monoxide and 
nitrogen oxides tend towards a reduction as engine size increases since the largest cars in the survey are 
either those with catalytic converters or are diesel engines, both factors reducing the amounts of these 
gases produced. 

Table 5.13: The relationship between engine size and emissions  
 Average 

distance  
m/km 

Average 
individual CO2 

g/km 

Average 
individual CO 

g/km 

Average 
individual NOx 

g/km 
less than 1.4 litres 7,734 (12,374) 143 17 2 
1.4 - 2.0 litres 10,000 (16,000) 168 10 2 
> 2.0 litres 13,500 (21,600) 220 3 1 
Base:  main cars of 99 drivers 
 

5.4.3  Fuel Type 
In comparison to national averages of the distances travelled by cars using different fuel types, the data 
generated in this study once again have sufficient application to the wider population, though slightly 
under-representing diesel powered vehicles now comprising an increasing proportion of the national 
vehicle stock (Table 5.14). The relative influences on emissions of the different fuel types have again to 
be analysed with consideration of their related characteristics. For example, leaded cars are generally 
significantly older and diesel cars larger than the rest of the sample. Any emission differences may 
therefore have to be considered not only in relation to fuel technology, but also bearing in mind the 
effects of other factors such as the accumulated mileage and maintenance factors of older vehicles or the 
fuel penalties of larger engine sizes. 
 



Emissions Profiling 

51 

Table 5.14:  Petrol versus diesel representation in the survey 
Fuel type % of 

cars 
% of 

distance 
National 

average 1994 
(% of 

distance)* 

Average 
engine size 

(litres) 

Average age 
(yrs) 

leaded 36% 25% 30% 1.5 9 
unleaded 46% 57% 56% 1.6 3 
both 2% 1% 4% 1.1 6 
All petrol 85% 83% 89% 1.6 6 
diesel 15% 17% 11% 1.8 3 
Base:  main cars of 99 drivers 
* DoT 1995a 
 
Due to the absence of any analysis of particulate emissions in this study, diesel engines appear to be 
significantly favourable in terms of greenhouse gas production from personal car travel (Table 5.15). 
Particulates, as well as being insignificant in terms of climate change effects, were not analysed in this 
study as insufficient data exist to distinguish their production from different engine sizes or driving 
modes, mainly because for engines other than diesel, particulate emissions are minor in comparison to 
other gases. Whilst diesel cars comprise some of the largest cars in the survey, they are driven 
comparatively less than other cars in this engine size category. For example, diesel cars with engines 
greater than 2 litres are driven an average of 6,000 miles per annum (9,600 km) compared to 26,875 
miles (43,000 km) for their petrol (unleaded) equivalents. The fuel economy advantage of diesel engines 
can also be seen from the table. Emissions of carbon dioxide are almost twice as high from unleaded (ie 
with a catalytic converter) than leaded because of comparative age and subsequent annual usage 
differences. 

Table 5.15  Comparative average distance and emissions levels by fuel type 
 Average 

distance 
Ave. 
fuel 
cons. 

Carbon 
dioxide 

Carbon 
monoxide 

Nitrogen 
oxides 

 m (km) l/100k
m 

kg/year g/km kg/year g/km kg/year g/km

Leaded 7,000 (11,200) 8.3 1,675 153 205 19 21 2 
Unleaded 10,201(17921) 8.1 3,197 175 154 11 19 2 
Diesel 9,000 (14,400) 6.1 2,252 156 11 12 15 1 
Unleaded/leaded 7,775 (12,440) 8.8 1,954 154 300 13 18 2 
Base:  main cars of 99 car drivers 
 

5.4.4  Age of Car 
The age of a vehicle appears to have an influence on emissions for two principle reasons. Firstly, age is 
in most cases a surrogate for total usage and accumulated distance and hence a reflection of general state 
of maintenance. This has only been indirectly accounted for in the data by way of the use of emissions 
factors derived from cars at all age and service levels. Hence age as a determinant of emissions per se 
cannot be analysed here. Secondly, age is directly related to both total annual distances driven and the 
technology of the vehicle in that technology such as catalytic converters has only been mandatory in the 
past five years, the car fleet is becoming marginally more fuel efficient in general, and newer cars are 
driven farther as a factor of income and the company car influence. Divorcing the influences of 
comparative distances from the analysis, the trends in fuel consumed and gases emitted per kilometre can 
be seen in Figure 5.10 with respect to the age of the vehicles. Emissions of carbon monoxide and 
nitrogen oxides improve the younger the car, reflecting technology such as catalytic converters, whilst 
fuel consumption remains relatively constant and CO2 increases in newer cars. 
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Figure 5.10  Fuel consumption and greenhouse gas emissions by vehicle age category 
Base: main cars of  99 car drivers 
 
One aspect of vehicle characteristics that is within the sphere of influence of the individual is the size of 
engine chosen when making a new purchase. As reported in Chapter 3, whilst the trend over the past 
decade has been for manufacturers and consumers to concentrate on performance, there is some evidence 
to suggest a renewed preference by consumers for smaller engined vehicles. The data collected in this 
study reflect this. Although Figure 5.11 shows what has already been described in that all the larger 
engined cars are no older than 2 years of age, it also shows that smaller cars appear to be comprising an 
increasing share of newer cars, making up half of all cars registered in the last year compared to 26% of 
those bought new in the preceding five years. 
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Figure 5.11  Composition of age categories by engine size 
Base:  main cars of 99 car drivers 

5.4.5  Fuel efficiency 
The various different methods of calculating fuel consumption from this survey were outlined in Chapter 
4 and reasons for possible differences between them outlined. In this chapter, fuel consumption figures 
(litres per 100km) supplied alongside the emission factors base data are used to generate annual totals of 
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fuel consumption (Appendix B). Because these figures are disaggregated on exactly the same lines as the 
emission factors, they are directly comparable with the other totals of emissions discussed in this chapter. 
These figures were used for each engine/technology/speed category as were the emission factors to give a 
total amount of fuel used. This end figure was then divided by total distance to give an average fuel 
consumption estimate across the whole distance travelled. In other words, fuel consumption totals 
derived from respondents' own miles per gallon figures or expenditure or volume estimates have not been 
used here. Carbon dioxide is directly proportional to fuel consumption and therefore it is unnecessary to 
repeat comparisons between fuel efficiency and other vehicle characteristics such as size and technology, 
as results will be similar to the relationship to carbon dioxide totals. However, it is necessary to 
summarise the fuel efficiency of the sampled vehicle fleet to provide an indication of the trends as 
compared to national data. 
 
The current UK car fleet average equates to 9.1 litres per 100km (mpg), with best performers returning 
under 6 litres per 100km (Potter 1997b). Results in this survey are favourable compared to this national 
average. The median figure for all cars calculated as described above with the litres per 100km figures 
supplied alongside the emissions factors, is 8.0 litres per 100km with the most efficient measuring 
4.9l/100km. As expected and obvious from the analysis of carbon dioxide, the results vary predominantly 
with the size of the engine and the age of the vehicle, and with fuel type as Table 5.15 showed. For direct 
comparability, Figure 5.12 has been based entirely on petrol engines to eliminate the favourable fuel 
consumption bias of diesel. Although the relationship between engine size and consumption is clear with 
respect to the average (as was demonstrated in Chapter 3), it is not entirely predictable and straight 
forward. For example, the best performer in terms of fuel consumption is in the middle engine size 
category and the most inefficient vehicle in the smallest. Other factors such as driving mix have therefore 
had an influence on the figures. Analysis by age also shows a slight reversal in national trends in that 
efficiency deteriorates marginally the younger the vehicle. As described, despite the trend in favour of 
smaller engines, all the largest engines are very new vehicles in this study.  
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Figure 5.12  Average fuel consumption by engine size 
Base:  84 drivers using  petrol driven vehicles as main car 
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5.5  CONCLUSIONS 
The analysis of disaggregated individual and household driving patterns and vehicle characteristics has 
demonstrated how levels of greenhouse gas emissions from personal car travel vary significantly across 
sub groups in the population and according to particular journey profiles. The findings highlight the 
importance of the availability of location, household or person specific impact figures to assist in the 
identification of potential areas for government intervention and individual action.  
 
The travel emission profiles have produced findings on a variety of different levels. More generally, 
elements of travel behaviour specific to accessible rural areas have been confirmed. These include the 
15% higher than national average annual distance travelled by principal car drivers in the two villages 
and the high car ownership levels. Previous evidence (Root et al 1996a + b) of the influence of the 
presence in Cholsey of a railway station and the proximity of Chalgrove to the M40 motorway have also 
been clearly reflected in this study with respect to mileage and emissions, particularly carbon dioxide. 
Chalgrove residents travel an average of 24% further than their Cholsey counterparts and produce 27% 
more carbon dioxide, although more detailed scrutiny of these patterns revealed that only a minority of 
the respondents, those travelling the longest distances between 10 and 20 thousand miles per year (16-32 
thousand km), exhibited significantly different travel and emissions levels.  
 
Overall, only a few people cause most of the carbon dioxide pollution from car travel in the two villages. 
With respect to carbon dioxide, the top 10% of drivers cause 33% of emissions and the bottom 10% only 
1%, with the top 20% of polluters at least 14 times more polluting than the bottom quintile. Whilst this 
revelation is important for the realistic setting of targets and the realisation that intervention must be 
particularly aimed at a minority of the population in order to be effective, it is the composition of both 
the specific travel related causes of these highest emissions levels and the people producing them that are 
the most interesting and useful pieces evidence to be disclosed from this pilot survey. 
 
The amount of travel is obviously the greatest causal factor in emissions generation. A detailed survey of 
journey and vehicle characteristics was not necessary to conclude this. Carbon dioxide in particular is 
most closely related to distance travelled and almost all those respondents falling in the highest distance 
quintiles were also the worst offenders with respect to CO2. However, by breaking down journey 
characteristics, the exact sources of carbon dioxide emissions and other greenhouse gases which are more 
sensitive to other elements of driving patterns are revealed.  Journey length and cold start effects are the 
most prevalent examples. Journeys of less than 2 miles (3.2km) comprised 11% of distance of these rural 
residents. Based on evidence of national travel surveys, this proportion will almost certainly be higher in 
urban areas, but wherever these type of journeys are undertaken, they produce a disproportionate amount 
of emissions from travel. In Cholsey and Chalgrove, 13% of carbon dioxide but 31% of carbon monoxide 
resulted from these journeys. Yet for the majority of people performing them, these represent the 
elements of travel profiles most susceptible to modal switch. Whilst cold start effects cannot be 
eliminated from travel completely, their emission intensive implications can be dramatically reduced 
through policies linked to the reduction of short journeys. Again, the influence of rural location was 
favourable in this respect as cold ‘miles’ constitute a quarter of total distance compared to an average of 
34% found in a European wide study (Eggleston et al). An interesting manifestation of the choice to 
carry out this pilot study in the rural areas is that because of the reduced prevalence of short journeys and 
cold starts in these areas, whilst emission levels are generally greater in total, emissions per kilometre 
may be less for the equivalent distance and vehicle usage in an urban area. Nevertheless, for a significant 
proportion of the population, emissions generation from these types of journeys can be just as intense as 
anywhere else. Indeed, it was shown that for some respondents between 30 and 91% of their carbon 
monoxide production is produced by short journeys alone. 
 
The effect of travel emission profiles is to pinpoint precisely under what circumstances these short 
journeys take place, for what type of people they are above average components of travel and to set 
emission reduction targets specifically allied to policies to reduce short car journeys. The interplay 
between gases, objectives and policy was also demonstrated with respect to the other end of the journey 
length scale, that of distance undertaken at higher speeds. Compared to the national average of 14%, 
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almost a third of total distance from these two villages is covered at the highest speeds, the greatest 
individual shares from those driving large distances with many long trips on faster roads. Effects of a 
reduction in speed limits have not been calculated specifically in this study, although it is implied in the 
figures when higher speeds are seen to contribute to over a third of carbon dioxide and nitrogen oxides 
and a tenth of carbon monoxide emissions. What was specifically measured was the effect of enforcing 
compliance with existing speed limits where intervention mechanisms are already in place but 
ineffectively used. Preventing the 20% of drivers from travelling at over 80mph (128kmph) alone has the 
potential to reduce existing carbon dioxide levels by 2% which, in a climate of  increasing emissions 
from transport, is not an insignificant contribution to climate change.   
 
Levels of greenhouse gas emissions also vary with socio-economic factors. The most conclusive 
evidence from this study has been the relationship between income and emissions, although other studies 
have demonstrated how educational attainment, occupational role and point in the family lifecycle can 
also have a decisive influence (Greening et al 1995). Over two thirds of the highest 20% of earners in 
this survey also ranked highest in terms of emissions of carbon dioxide, although the size of the 
discrepancies could be moderated by the inclusion in the analysis of transport modes other than the car. 
This type of discovery has implications for those types of policies designed to exploit socio-economic 
characteristics. For example, less direct or modestly used fiscal instruments such as moderate petrol price 
increases are less likely to have an effect on the more wealthy sub-sector of the travelling community 
than more targeted efforts to promote reduced car ownership and use. These include, for example, the 
promotion of telecommuting, the development of alternative transport infrastructure, restrictive parking 
policies or differential car taxation system linked to usage and the amount of pollution a car generates. 
Restructuring of company car allocation and taxation policy belongs to the set of policy instruments most 
likely to impinge more directly on the worst polluters. The highest polluters in this study comprise either 
the highest earners or company car users or both, the latter comprising 14% of the respondents but 
causing 30% of CO2 emissions. Nationally company cars comprise 8% of the car fleet although around 
half of the 22 million vehicles on UK roads would have been used as company car vehicles in their 
lifetime (Ashden Trust 1997). The bigger share of company cars in this survey highlights once again the 
ability of this type of survey to link location, individual and policy specific issues together. Company car 
owners appear to be disproportionately likely to choose to live in rural areas. This area of policy would 
have to ensure not only adequate financial penalties for excessive use of such vehicles, but the 
unnecessary propensity for such vehicles to comprise the largest and fastest cars on the road. Financial 
measures could involve, for example, penalising drivers who clocked up more than 20,000 miles a year 
with exceptions favouring those that choose to live closer to their places of work. It must also be 
remembered that the calculations performed in this study ignore the increased likelihood of such vehicles 
to possess extra emission intensive features such as power steering or air conditioning not to mention the 
fact that this sector of the driving public tend not only to cover disproportionate distances at faster 
speeds, but also spend large amounts of time in urban areas during congested periods. The effects of 
congestion have not been explicitly incorporated into the analysis and for these reasons it should be 
remembered that the results presented here could be quite conservative estimates of total pollution levels. 
 
Hence, the identification of socio-economic indicators of emissions through travel profiling assists the 
potential development of a broader set of  policy instruments for the reduction of emissions than has 
hitherto been explicitly discussed. Much policy implementation in this area has concentrated more 
specifically on the potential for improvements in vehicle design and technology. The calculations 
exercise and the emissions factors used have confirmed prior assumptions of the differential effects of 
catalytic converters, fuel types and engine size on emissions. Implications for this area of policy can 
therefore be extracted from the emission profiling exercise. However, the real benefits in the auditing 
methodology lies once again in the more ‘personal’ perspective that results. The encouragement of 
technological innovation is in itself outside the remit of any emission profile exercise, but the potential 
for travel emissions profiles to identify trends in the market place, not only in terms of absolute numbers 
of types of cars being used, but with respect to the characteristics of the people using particular vehicles 
and how they are being used, distinguishes their use from mere confirmation of the technical evidence 
already available. This survey has revealed how cars with smaller engines appear to be an increasingly 
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popular choice. Cars smaller than 1.4 litres were purchased by half of those acquiring a new car in 1996, 
compared to only just over a quarter in the preceding 5 years. This opens questions as to the precise 
rationale behind such purchases, a factor to be discussed in Chapter 6. It nevertheless indicates a 
potential momentum which could render the introduction of emissions profiles used as educational and 
informative instruments a particularly timely innovation.  
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CHAPTER 6:   PEOPLES' VIEWS AND DECISION-
MAKING 
 

6.1 ATTITUDES TO THE CAR 
Public concern about the impact of the car on the environment is growing and changing its focus. In 
1985, one in five of those interviewed for the British Social Attitudes Survey said that 'motorways and 
road building' were the 'greatest' or the 'next greatest’ threat to the British countryside. By 1993 this 
figure had grown to one in three (DOE 1994). There was stronger support for the Government to improve 
public transport than to improve the roads, particularly in rural areas. In 1993, 64% of people supported 
improved rural public transport instead of 34% for improved rural roads (ibid).  
 
The main results of the 1993 survey into public attitudes to the environment showed that people are 
concerned about a wide range of environmental problems and issues. They are also relatively optimistic 
that a lot could be done about most of them. However, there is still a considerable amount of confusion 
and lack of understanding about causes of some environmental problems, and a high proportion of 
respondents said there was a need for more environmental information from both Government and 
manufacturers. However: 

...There is a strong specific unwillingness to cut down the use of their cars and use public 
transport as an alternative (DOE 1994). 

 
More detailed analysis found:  

... there are two distinct groups in the population - one concerned about congestion, another 
about environmental impacts - with differing characteristics...There appears to be a significant 
minority who are concerned about environmental aspects of transport who support policies 
which would place limitations or costs on themselves (Taylor and Stokes, 1995). 

 
Over half the people thought that ‘increased traffic on country roads’ was very serious or serious in 1993 
or 1994 (ibid). This is echoed by the Council for the Preservation of Rural England who are concerned 
about the ‘predicted doubling or trebling of traffic levels on rural roads' (CPRE 1997). 
 
One explanation for this apparent discrepancy between willingness to change, but not to use public 
transport, might be concern about safety. Fear of crime means that many may be using a car when they 
might otherwise walk, or use public transport. Walking may be suppressed more than using public 
transport. At times, walking may be suppressed by about one-third of the population, with about one-
tenth never likely to walk (Stokes and Taylor, 1995b). 
 
Just under half the drivers claimed that they had cut down on their speed 'for the sake of the environment' 
compared to two or three years ago, and 41% claimed they walked for short journeys rather than use their 
car. (Stokes and Taylor, 1995a) 
 

6.2 SURVEYING THE RESIDENTS OF CHOLSEY AND CHALGROVE 
The motivations and aspirations behind peoples' attitudes to the car and the environment were explored 
in this study through both the questionnaire and focus groups. There were two objectives: first, to ensure 
that the language employed in the questionnaire was recognized by the respondents. Secondly, the TEP 
pilot is intended to be used on an annual basis, providing feedback and evaluation of the participants. 
Their answers could be used to indicate expected trends and to provide the basis for next year's analysis 
and debate.  
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6.2.1 Focus groups 
Focus groups are an established research tool for finding out attitudes and feelings towards particular 
issues. Groups of between six and twelve people are brought together for a specific discussion, which is 
co-ordinated by a ‘moderator’, someone from outside the area. The aim is to have an informative 
discussion around selected issues, rather than to obtain the views of a representative sample.  
 
Focus group theory suggests that it is best to keep the groups homogeneous in terms of social class, so 
two of the six groups consisted predominantly of skilled manual workers, people who were unskilled or 
the unemployed. Two groups consisted of those who might be called ‘middle class’ ie those with 
education above tertiary level, and with non-manual, often professional jobs. The terms ‘middle class’ 
and ‘working class’ are used to signify a set of perceptions or attitudes, rather than a fixed set of 
attributes or characteristics (Canadine 1996). The remaining two groups consisted of those banded, 
largely, by age: one young, one elderly. The groups involved 50 residents from Chalgrove - the village 
without a station. No focus groups were held in Cholsey. 
 
In the group of young people, there were strong differences according to age (the drivers versus those 
who were too young to drive) and gender. These differences stifled discussion as they probably meant 
that differences and hostilities were too strong to allow the participants to feel comfortable talking in the 
group. The focus group of elderly people (60+) was also difficult, probably because one participant 
dominated the group. Many people assumed that the discussion groups were about public transport. 
Although the researchers were careful always to assert that the focus groups were about ‘transport’, it 
was noticeable that many people reacted as if it had been said that they were about ‘public transport’.  
The perceived linkage between concern about transport issues and public transport presumably reflects 
the previous dominance of debates about public transport services and the relative absence of debates 
about transport from other perspectives. 
 
A payment of £15 was made to each person attending the groups. It was considered helpful to give this 
money as an incentive, mainly because the focus groups were held in early to mid December. There were 
concerns that residents might not be willing to participate in the study unless some sort of ‘sweetener’ 
was given, because it involved attending a meeting on a dark and possibly wet and cold evening and 
losing a minimum of two hours’ time in the busy pre-Christmas period. In the event, none of the focus 
groups suffered from lack of attendees.  On the contrary: the group which consisted of young people was 
over-subscribed to the point where some participants had to be turned away. 
 
The participants discussed their perceptions of traffic emissions, how they felt about different kinds of 
environmental damage being done by cars and what, if anything, they felt were choices or forces for 
change. It was noticeable that, with the exception of one of the working-class groups and the young 
peoples' group, there were no eulogies to the joys of car ownership or car driving as an end in itself. 
 

6.2.2 Attitudinal section of the questionnaire 
In the fourth section of the questionnaire (filled in by 112 residents of both villages, not just Chalgrove) 
there were several questions asking if travel patterns had changed much and how respondents felt about 
their travel (a copy of the questionnaire is given as Appendix A). These answers illustrate some of the 
‘elasticities’: the extent to which people have changed or would like to change and some of the reasons 
why this is not possible or is desired.   
 

6.3 CHANGING TRAVEL PATTERNS 
Two-thirds of the questionnaire respondents felt that the amount they travelled was ‘about right’ (Table 
6.1). Those who felt that they travelled too much represented almost one in four of the sample (22%). 
Those who felt they travelled too little comprised ten per cent of the group. A third of the respondents are 
dissatisfied with their travel pattern and twice as many would rather travel less as would like to travel 
more. This confirms the findings of the previous studies in these villages (Root et al 1996b). 
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Table 6.1: How do you feel about the amount you travelled in 1996? 
 
 

  Per cent   Frequency

Much too much   4    4   
Rather too much 18  20
About right 66  74
Rather too little 8    9
Much too little 2      2
Missing 2      3
Total 100  112

Base: 112 individuals 
 
A quarter of all respondents stated that their travel pattern (all methods) was different in 1996 from 1995.  
For these twenty-nine, the changes fell into several main groups:  
• those who had changed job (including leaving or becoming students) or retired;  
• those who had stayed in the same job but had either moved house, which meant that they needed to 

drive further to work, or were required to drive more at work;  
• factors independent of work, such as buying a car, increasing or decreasing their mileage (using the 

train instead), or no longer ‘having to walk 4 miles a day to take the children to playschool’; 
• air travel patterns had changed, one more, one less. 
 
No-one stated that they had changed for personal reasons, such as a desire to be healthier or for the 
environment, though this may have been a correct response to the question of ‘How has it changed?’ The 
majority of respondents (78) did not consider their travel pattern had changed over the previous year.  
 

6.3.1 Further change 
Another question asked all respondents about their future travel: ‘If you could change your day to day 
travel patterns, HOW would you like to do it?’  Half of those who changed in the previous year still 
wanted further change (15 out of 29). Of the remaining 14, one person said they ‘could not’ change. The 
reasons for wanting to change were grouped into two broad categories: first the group who ‘would like to 
travel less or in a less polluting fashion’ (loosely typified as a ‘green’ answer), which got 6 responses. 
There was also a ‘reduce rush hours’ and ‘improve traffic flow’ type of comment which was made by 7 
respondents. This latter group included 1 person who said they would like to pass their driving test but it 
was not possible as ‘my wages are taken up in rent and child-care’. There is an almost even split between 
those who would like to reduce their mileage and/or travel in more environmentally sensitive ways versus 
those who would like others to reduce their car-use so that they can drive more easily. This replicates the 
finding that there are two main groups in society, mentioned above. 
 

6.3.2 Not changed yet, but would like to 
There were 26 respondents in the group that had not changed their travel pattern in 1996, but that would 
like to in the future. Their reasons for wanting to change were primarily linked to work (10 people) and 
dissatisfaction with the amount of time that this travel takes. They might change their job or work at 
home, but recognised the desire for change would be difficult to fulfil. Another 5 people might be 
suffering from a form of travel poverty as they wanted to travel more and this was often stated in terms of 
wanting to get a job, have a better bus service to get out more, and so forth. A final group want to cycle 
or walk more for a variety of reasons, such as healthier lifestyles, less stress and to save money (4 
people) or simply to avoid using the car and travelling on congested roads (4 people).  
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6.3.3 Reasons for change 
Only half of the respondents did not change their travel pattern in the last year and do not expect to in the 
foreseeable future. These people combine those who say they could not change as well as those who are 
happy with their present arrangements.  
 
Over a third of those who filled in the questionnaire would like to change their travel pattern, the 
majority of whom would like to decrease the amount they are in the car, whether for environmental, 
financial or personal reasons (waste of time or stress). The majority of these link their comments to 
dissatisfaction with their journey to work, even to the extent of being prepared to look for work closer to 
home.  
 
In summary: 

Travel pattern changed last year, no desire for further change  14 

Travel pattern changed last year, would still like further change  15 

Did not change last year, but would like to    26 

Did not change last year and do not anticipate changing   52 

Incomplete answers         3 

Total                   112 

 

6.4 CONSTRAINTS ON CHANGE 
The range of issues that combine to determine the level of choice that an individual has range from 
household decisions to historic trends beyond his/her control: 
 Woman: Yes, we made an informed choice, we could have lived in the city and we chose not to. 
 Man: We made the same choice. When we chose it there was an hourly bus service now we would 

move back into the city if we could because my wife doesn't drive. If you drive it's easy ... now they've 
done away with the buses, or virtually done away with the buses, Chalgrove is the pits. 

  
The issue of change has both general and individual aspects, although, of course, these elements interact, 
often irritatingly. In rural areas the crucial dependence on a car extends to all aspects of life now: 
 Woman: In 1990 our lifestyle is such that it's not the same as it was even in the '50s. You work away 

from the environment where you live, your shops are away from your environment, your family's 
away from you, your leisure activities, I mean even my leisure activity had to go further than I wanted 
it to go and so you are actually ... always on the road. I mean even to go to the hospital you would 
need transport ... and you lose your community hospital - you couldn't go to a dentist in Watlington 
which is what, a couple of miles up the road because you'd have to wait ... for the bus so you are 
really stuck. 

 
This woman was one of the few who used the word ‘environment’ naturally and her definition is the 
physical form of her house and village. There is little doubt that the growing acceptance and utility of 
mobility is pushing travel patterns upwards and that this trend is expected to continue: 
 Woman: You know when we were growing up things weren't as available as they are now, so therefore 

it's considered to be an improvement on the.. sixties.  And then you're not going to go backwards and the 
children of today certainly won't go backwards because they've been brought up to it. 

 
Some felt aggrieved about the extra problems being posed for rural residents by current policies to 
increase the price of petrol. This further emphasises the conflicts between the actions of external forces 
and the constraints that these place on their lifestyles: 
 Woman 1: I have no choice. That's it. I've got to get to work I have to earn money and there's no other 

way I can get there. If they are going to put vast amounts of buses on for me then I'll take the bus and it 
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will be cheaper for me, but they can't put the petrol up on one hand, and not give us anything to 
compensate. It's all right him turning round and saying in London we've great service ... we are not in 
London. I'm stuck in a village and need to get to work I have no choice other than to pay the petrol 
prices. 

 Woman 2: To go back to choices though ... you chose to live here. You could live in a city centre where 
it would be easy enough. 

 Woman 1: I grew up in a village, to me the natural place to live is a village....and I do pay, I have 
chosen that choice and I do pay but if I had my own way I would wish for a public transport service 
that would be suitable to all. 

 
The desire for better public transport is a refrain that is commonly expressed, but rarely acted upon, 
inasmuch as use of buses is in steady but seemingly irreversible decline in rural areas. The demise of 
employment and public transport were the main reasons for awkward choices and, often, financial 
hardship. In extreme cases, these problems were forcing people to consider moving to urban areas. 
 

6.4.1 Public transport 
In the questionnaire, only 11% said they use public transport at the moment, but about a third of 
respondents would think about it in the future, though another third were not prepared to consider that as 
a petrol-saving option. This may be a reflection that the service has dropped below a useful level for most 
village residents. 

Man: I would like not to run my car, I would like to put my car in the garage and say, well, ‘we’ll 
go somewhere today’, but where can I say we're going to go?   

  
The speaker’s feeling of choice being limited without a car is borne out by the evidence from the earlier 
study The Costs of Rural Transport, which found that those in households without a car visited only a 
third of the destinations of those household members with a car (Root et al, 1996b). 
 
The group of older people was characterised by greater dependency on public transport. The costs in 
terms of time and frustration at the lack of mobility were more evident in this group than in any of the 
others. They had other dislikes ‘about the seats not being wide enough’, causing difficulties with 
shopping bags and about ‘the speed they go trying to keep up a schedule which is absolutely stupid’.  
 
Vulnerable groups feel exposed on buses in other ways: 
 Woman: We fought and fought to keep the late night bus. OK we got it to 10.30 then we got it to 

quarter to eleven because people couldn't get out of the cinema, and it wasn't used ... and of course it 
was axed ... but I think it was probably because in Oxford things got a little more dangerous, people 
didn't want to stand at the bus stop, especially if you'd got children, you’d rather say I'll pick you up 
by car, rather than let you stand for the bus, it came back via Blackbird Leys [a housing estate on the 
outskirts of Oxford] did it not ... and there were a lot of punching incidents with drivers and things. 

 
The accuracy of such accounts is of less concern than their existence and currency. These sort of images 
add to the feelings of deprivation and exclusion of those who do not have adequate choice of travel. They 
also incidentally stigmatise bus services, so that the more affluent can, at times, be deterred from using 
them even when other issues - such as environmental concern - are encouraging them to do so. 
 

6.4.2 Employment opportunities 
In terms of the general trends, the need to travel further is linked to changing patterns of employment: 
 Woman: The whole population is more mobile - like I say, you go further to work. In the '60s and '70s, 

early '70s, you didn't go far to work, people did a short bus ride. 15 - 20 years ago the population 
suddenly changed and people were not driving to Oxford to work or catching a bus to Oxford to work.  
They're suddenly going to Windsor or Uxbridge [Middlesex] or somewhere else. 
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This comment reflects an increase in the average commuting journey from approximately eight miles in 
the 1950s to about 25 miles in the late 1980s (Goodwin, 1993). In rural areas, the change is both from the 
land to a factory as well as to a more distant factory: 
 Woman 1: When you think that probably Chalgrove in the pre-war '40s ... probably the highest 

percentage of people worked on the land and now you only have one farm and he might have only one 
member of his family helping him, whereas he used to have a whole load of workers. The Cowley 
Works [in Oxford] are going, so loads of people there lost their jobs which was local ... to put housing 
and jobs together is quite a good alternative but some of the jobs are perhaps more suited to part-time 
work. 

 
The first change required a transfer to public transport but now the car is the main means of transport to 
more distant jobs: 
 Woman 2: If people were in that factory, in industry - nothing's replaced it, there aren't any jobs for 

those people - I think quite a few people from Oxford were offered jobs in Swindon so there must be a 
lot of people who are actually driving from Oxford to Swindon [a distance of 25 miles/40 kms]. 

 
The choice for those that cannot afford a car is bleak: 
 Man: People are leaving jobs in Oxford to find jobs locally because of the amount of bad transport, 

they're probably giving up money because of the bus service - I know one person in this village who's 
just given up his first job in college because they can't reach the college. 

 
The impact on the individual will depend upon his/her skills and resources. In relation to the questions 
about ‘working at home some days’ (to minimise fuel use in travel) 18% said they already did it and 11% 
would consider it. The majority of respondents thought that the question was not applicable to them.  
 
Relatively few people car pool at the moment (6%), but a further 30% would consider it in the future. 
Over half of the people questioned would either not consider car pooling or did not think it was 
applicable to them. This also confirms earlier research, where the number of lifts given to neighbours or 
friends has declined over the years, mainly because of high levels of car ownership (Root et al 1996b). 
The greater preparedness to car-pool than is actually happening may indicate a developing trend or the 
lack of any mechanism to get potential car-poolers together and to include those, without cars, who need 
lifts. However, the more of the latter group that get to work in someone else's car, the less demand there 
is for public transport. 
 
There was also recognition of the increasing rise in women workers: 
 Woman: In fact the most of them - when I'm driving to Oxford.. on the Park and Ride, you look 

around and the most at that time of the morning, most of the drivers are women. You know the change 
around - I'm amazed. 

 
For working mothers in rural areas, the pressures of a tight timetable interact with other trends to force 
dependency on the car: 
 Woman: I think there are far more households where the wives are still working when they're bringing 

up children - I had to shuffle it around, got children to school, and gone to work and got home for the 
children, but I think there's more and more of that now. And you couldn't do it if you didn't have 
transport. 

 

6.4.3 Passengers and children 
The role of the parent as chauffeur for his/her children is another of the major trends, particularly in rural 
areas. This is a role that will become more problematic as the price of owning and running a car is 
increased, for instance through higher Road Fuel Tax. There was a sense of fatalism, of despondency, at 
the need for these actions and the lack of choice if trying to optimise childrens' opportunities:  
 Woman 1: ... with my sons - in a year or so they will be old enough to leave school. I will probably 

have to take them to work because it's the only way they're going to get there. 
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 Woman 2: When my daughter went to do her 'A' levels ... there's one bus on a Tuesday [to] market, so 
I ended up going around the outside of Oxford and that was hell. It really was awful for two years. 

 
These speakers expressed the life-style pursued by a lot of parents, but particularly those with access to 
cars and wishes to expose their children to ‘better’, perhaps non-local, schools and activities. Several 
middle-class participants expressed concern over another aspect of school journeys and the rising level of 
car usage in relation to the breakdown of community and the regret at the influence this has on the 
village: 
 Woman 1: But considering all the children that are taken [by car]. I find it quite shocking. 
 Man: And there's that many cars outside.   
 Woman 2: I'm thinking about the community spirit of the children attending the local primary 

school... 
 Woman 3: I found it quite an enjoyable experience because that was the time you would meet up with 

other people and walk down - it was part of community life and you got to know people walking. You 
don't get chatting to people in your car. 

  
The contradiction of these positions - of wanting to drive one’s own children about, but regretting others’ 
similar behaviour - was not made explicit in any of the groups. The working-class groups tended to have 
less access to cars and to take them less for granted than the middle-class groups. There was a lot more 
knowledgeable talk of public transport than in the middle-class groups. The concern of one of the groups 
was to defend local young people against the accusations of vandalism that were being made. The ability 
to empathise with the suspect young people is in stark contrast to a condemnation offered by more 
middle-class groups. 
 Woman: It's their future as well - a lot hang out in the village because they haven't got any transport to 

go anywhere, they're restricted so they start vandalising and doing things whereas if they had 
opportunities to go to different places I mean it might help a lot. 

 
The understanding of the problems of the young is couched in terms of travel deprivation, a problem that 
would be partly ameliorated if ‘Mum’ or ‘Dad’ were in a position to be able to provide more lifts. 
 

6.4.4 Short journeys 
As demonstrated in Chapter 5, a large proportion of all journeys are for distances of less than two miles. 
The questionnaire asked respondents if they would ‘walk or cycle so avoiding using a car for short 
journeys’. Of the valid answers, a third said they already did this, and 28% said they would consider it 
and 15% would not. Ten people stated that it was not applicable to them, which might mean they were 
disabled and so could not walk, never undertook short journeys, or had other reasons for answering in 
this way. This demonstrates that people are aware of the opportunity for change if they could be triggered 
into adopting this healthier, less polluting lifestyle. 
 

6.5 KNOWLEDGE ABOUT CAREFUL DRIVING 
The questionnaire asked about nine ‘petrol-saving measures’. Three-quarters of respondents stated that 
they already ‘get the car serviced and tuned frequently’ and even more keep the tyres at the correct 
pressure. For a few drivers, this appeared to be a new idea that they were receptive to: 8% said they 
would consider servicing the car frequently and 7% would use the correct tyre pressure. Similarly, people 
already combine their car journeys (40%), though 15% would be prepared to make more effort in the 
future. These high proportions are to be expected as a rational way of maintaining and making use of the 
investment in cars.   
 
Nearly two-thirds of respondents consider they drive steadily at the moment and another quarter would 
consider doing so. Some respondents are clearly aware of the relationship between speed and petrol 
consumption, but this was not fully tested:  
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 Woman: I mean you know like a few years ago there were arguments about how you worked out how 
many miles you did to the gallon and then they brought this thing in about urban routes...and how it 
changes and everyone who's ever driven a car knows that you use more petrol going through slow 
moving traffic than if you go at 50-70 mph going down the motorway. 

 
There was a positive response to the issue of cars with small engines - small was not defined in the 
questionnaire. The definition of small as ‘below 1.4 litres’ was introduced in the analysis. A quarter of 
respondents said they already had a car with a small engine, though 39% have the cars of less than 1.4 litres 
(Table 5.10). There is obviously some discrepancy in what is perceived to be a small car, and this question 
should be clarified in future surveys. 
 
As Chapter 5 demonstrated, half of the most recent purchases of new cars were below 1.4 litres, compared 
to 26% of those bought new in the preceding five years. In the questionnaire, a quarter of the respondents 
said they would consider buying a car with a smaller engine, and a third said they would not do it. These 
findings demonstrate an encouraging actual and potential shift that could be built on in awareness 
campaigns.  
 
The young people in the focus group that drive, or are considering it, are more concerned about mobility and 
independence than careful driving. Awareness of their impact on the environment is not sufficient for some: 
 I: You've obviously thought about it but would it affect the way you drove? 
 Boy: Not really, no. 
 
The older people highlighted the inability of respondents to believe that they can stop polluting the 
environment.   
 Man: I don't think it makes a lot of difference really because you're using fuel so whatever you use is 

still polluting the environment whether it's going to be diesel, leaded, whatever. 
 
The fatalism of the argument that ‘whatever you use is still polluting the environment’ is, in this context, 
incontrovertible.   
 

6.6 FUEL CHOICE AND TECHNOLOGY 
The respondents in focus groups showed high levels of understanding and concern about sources of 
energy for cars: 
 Man 1: I'm assuming that one day when petrol runs out the car manufacturers will turn round and say 

‘we've already got something that doesn't use petrol’.  Although I did see a report in a car magazine 
where some petrol company, some country, had developed petrol from coal.  You can get petrol out of 
coal, yes you can get petrol from coal and the next move will be on the road because everybody will 
have electric cars .... 

 Man 2: You'd still have the same problem with pollution - electric, a lot more people generating more 
[demand for] electricity than power stations [can produce] so whatever way it's done, it's still the same 
problems, still polluting the environment from the use of car. 

 
The first speaker is searching for technical solutions, but is fundamentally unsure whether ‘petrol out of 
coal’ will be helpful or not. He also seems to introduce the idea of greater ownership of electric cars, 
thinking that such a shift will bring agreement into the floundering conversation. This man knows that 
energy use is ‘polluting the environment’. The second speaker is more sure of his ground, and adds that 
even electric cars require power from power stations which cause pollution. 
 
Another man makes the point that electric cars are not pollution-free. He also addresses the issue of the 
second-hand market and the slow-down of technological innovations because of its presence:  
 Man: But also, if they do develop one [an electric car] in this country and bring it out it will be a long 

time before there's enough second hand ones going around...everybody else can afford it - not that 
expensive to start with.  But of course electric cars are not pollution-free - somebody has to produce 
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the electricity...one thinks of it as being pollution-free but it's not because you've still got to have a 
power station to chuck all its stuff out. 

 
The image of the car that is prevalent in society and reinforced by advertising, highlights the tension 
between environmentalism and other pleasures: 
 Man 1: Most people when they want to go and buy a car ... I mean what emissions it gives out from 

the exhaust pipe is neither here nor there ... most people go for a car for looks and performance and 
the economics of course and mechanical condition. 

 Man 2: I don't think in the vehicle brochures they quote what comes out the back. 
  
The issue becomes information and whether or not consumers can trust sellers.  One woman did probe 
deeper and talked about the need for change to the ‘image thing’: 

Woman: What I think you've got to do is go back to changing the idea of the petrol car and hope that.. 
long term it will mean changing people's attitudes because the car becomes an image thing as well and 
you've got to say to people, you've got to travel at a lot slower speed and they go in for a sports car or 
cars that have got high performance and it's all the advertising and everything that's pushed...so you've 
got to actually change ... the thought. 

 
Her analysis of advertising and related ‘attitudes’ is probably utopian in relation to the average sports car 
owner, though she reflected the views of those who are buying or will buy cars with smaller engines. 
 

6.7 POLLUTION, EMISSIONS AND CLIMATE CHANGE 
In the focus group discussions, the word ‘pollution’ was preferred by the respondents and ‘emissions’ 
was barely used. This reflects the greater concern for the visible effects of car pollution, rather than the 
invisible presence of the emissions that are causing climate change.   
The consensus is that pollution (‘the haze’) is getting worse and that this is regrettable, especially in 
terms of visibility, although not all views are consistent: 
 Woman: I've noticed that these wonderfully clear nights ... you can't see the stars anything like as 

clearly [as before due to] the haze. 
 Man: In Garsington [a nearby village] up on the hill and look down there on a clear evening on to 

Chalgrove and across the other side there and you can't see the ground - you can see the lights coming 
through at night and during the day but there is literally a haze right the way through the whole lot.  
This is especially bad, so many cars are being used. 

 
There is confusion over the extent to which cars cause pollution and, as Strang (1996) found, a muddle 
between the issue of climate change and the destruction of the ozone layer. To this is added a concern 
with ‘haze’: 

Woman 1: In general though I have noticed over the years the ozone, especially in the summer and you 
can actually see this haze - it's quite worrying, when it should be a beautifully clear day and that's not just 
caused by us using our cars we know that, [it’s caused by] a lot of things. But I think we've all got to 
think seriously how we can cut it down. 

 Woman 2: I think that's one of many health issues that we face now and [we are] considering all sorts 
of things that years ago we didn't. 

 
The consensus of the focus groups, apart from the young peoples' one, was that vehicle emissions were a 
serious problem that needed addressing. Health and the tangible signs were of most concern. 
 I: And like some of the things that come out of the exhaust that you can see like the black smoke - but 

other things like carbon dioxide is clear, so you're not seeing it. Do any of you have any idea which is 
worse, the black smoke or the carbon dioxide? 

 Girl: Smoke 
 Boy: Black smoke 
 I: Why would you say that? 
 Boy: Smells 'orrible doesn't it? 
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The visibility of ‘haze’ or black smoke makes them potent symbols of damage being done to the 
environment. Such concerns are in contrast to the perception of emissions as predominantly political or 
economic concepts. 
 
One of the features of these discussions is that global environmental issues are addressed alongside 
global technological change topics. There is no attempt to ‘marry’ everyday emissions from current cars 
(even one’s own car!) with the big picture. The next speaker does make this leap, but she too couches her 
comments in terms of another ‘totalising’ issue, the concept of a ‘crisis’. The following comment is 
worth quoting at length because of the importance of the ideas it contains: 
 I mean the problem is people have got so used to complete independence and  the alternative would 

mean loss of independence...I think the planners, the Government, whatever, fight shy of that as they 
see it as a vote loser, not a vote catcher and until it becomes a crisis then they won't do anything about 
it, and I think the day at the moment is how near that crisis is because you read about global warming, 
and the ozone layer and that - some scientists say it's a load of rubbish, other scientists say it's going to 
happen quicker and you don't really know what the truth is and it's that sort of thing where climates 
change and ecology changes and economical factors change, with people being thrown out of work, it 
won't happen until it’s crisis and then they'll do something about it and people will accept it ‘cos 
they'll know there's nothing else, and that's what worries me is that we'll reach a crisis and things will 
change over night, rather than people trying to bring things in gradually and adjust to it. At the 
moment if you say you can't drive your car three days a week everyone would be up in arms wouldn't 
they? 

 
In this quotation car use is mentioned at the beginning and at the end, ‘sandwiching’ a series of ideas.  
Firstly there is the issue of independence given by cars, a recognition of the positive role they play in our 
lives. Then there is an acknowledgement that in a democracy such as ours any measures to curb car use 
would be a vote-loser. Next the speaker addresses the uncertainty caused by various different changes 
and conflicting theories about change (‘you don’t really know what the truth is’). She then returns to the 
idea of crisis, and the practical recognition that prohibiting people from driving would create a furore. 
 
These examples illustrate how tenuous is the linkage between the idea of climate change and vehicle 
emissions. It is hard, it seems, to hold an idea that is both literally and metaphorically ‘global’ alongside 
the basic, quotidian reality of the ‘muck’ that emanates from the back end of one’s own vehicle. The 
framework for making such a set of connections intellectually was absent, even if, as the speaker above 
shows, there is clearly a recognition at an emotional level of some sort of linkage that needs to be 
addressed. 
 
For some, it is not just that their actions may not have much significance, but also the amount of the 
UK’s pollution in comparison with worse conditions elsewhere: 
 Man: I think pollution has got to be looked at. I think if we'd have carried on polluting like we were in 

the sixties - you've only got to see the smog that used to be around, but we don't get the smog - if we'd 
have carried on at that rate we would have been like Mexico City, where it said in a programme last 
night, you just walk about Mexico City and it just hits the back of your throat, your ears go queer and 
your nose burns but the situation in that climate with that amount of pollution is astronomical. I've 
also seen a programme on pollution in East Germany - now this country's quite good. I think we really 
need to keep the mass of traffic out of the cities somehow - when I think when we get the rush hours 
in London ... and pollutes the atmosphere. I don't think we've got too much problem around here. 

 
This quotation moves between comparing ‘our’ pollution of the 1960s (a problem that is, at least 
implicitly, acknowledged as part of the speaker’s responsibility) with geographically removed and 
diverse areas (Mexico City, East Germany). The latter issues have more potency and urgency invested in 
them than the problems of London. It is hardly surprising in the light of this world overview or 
‘globalisation’ of pollution issues that the speaker concludes that South Oxfordshire does not have much 
of a problem. 
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Another source of ‘globalising’ ideas is personal travel: 
 Woman: ... now I don't think we need to be concerning ourselves so much about how we use our 

environmental area, I think we need to concern ourselves with the other countries and the way they 
do, this power station [in Turkey] gave out so much muck it was unbelievable.  The air around 
everywhere was thick and people around the area were told by the guide they've all got leukaemia, all 
suffering badly, so you know on a wider issue we've got to be looking at other countries.  

 
The argument is, once again, that ‘we’ve got to be looking at other countries’.  The perception of  greater 
environmental degradation of some other areas of the world mean that people in these focus groups felt 
that their own contributions to environmental problems are less significant. The issue of climate change, 
because of the invisibility of the gases involved, can be discounted in the face of such evident suffering, 
including leukaemia. 
 

6.8 FACTS ABOUT EMISSIONS 
There was a need expressed by many, to be more sure of ‘facts’.   
 Man: Well I dunno - I read an article not long ago that was actually saying that the amount of 

emissions that the modern car puts out is very, very low and they actually gave an example that when 
you're filling the car with petrol you should pull the pump out and you know you spill a bit, you're 
giving out much more damaging pollutants from that drop of petrol than you are from driving 100 
miles in the car. Now I don't know the truth in this because I'm not an expert in it but it was, again I 
don't think we know the facts and it is what is the truth? Obviously a car belching out loads of fumes 
is going to be bad but the impression that I gained was that the modern car wasn't that bad a pollutant 
actually. 

 
The man quoted here is both genuinely puzzled about the ‘truth’ status of claims about pollutants from 
cars and also about the opinion that ‘modern’ cars do not pollute ‘badly’. The thirst for facts is mirrored 
in the next quotation: 
 Man: The statement of fact.. not something that somebody says ... and it's contradicted three days later 

by the AA or the RAC or somebody else, I think if they want to come out with information about 
pollutants people have got to change cat. converters every six months or not just until the exhaust falls 
off or whatever... then that information should be factual. 

 
There is also a sense of frustration that issues underpinned by genuine concerns can be ‘contradicted 
three days later’ by the AA (Automobile Association) and RAC (Royal Automobile Club). It is 
symptomatic of the current levels of ambiguity and change in transport debates that these two motoring 
organisations, which are linked with pro-motoring lobbies, are also beginning to support the argument 
made by the Labour Party that although car ownership should increase, car use should drop; and that they 
should be named by the speaker within this comment about cars and ‘pollutants’. This comment shows 
that receptivity towards environmental issues is still framed by respect for the sources that might 
contradict such information. 
 
A familiar dilemma is expressed between the need for information and the desire for better performance 
in a car: 
 Man: So you assume if you are going to buy a new car ... diesel gives out carbon monoxide, or 

something which is nasty, but supposedly not health affecting. Or not quite so bad ... you know ... I 
mean unless they brought out a car sort of 0 to 60 in 5 seconds ... (laughter) ... 

 
The burst of laughter is an implicit recognition of the conflicting emotions in play: the ‘nasty’ but 
‘supposedly not health affecting’ emissions from diesel engines, which, in second thoughts, ‘are not quite 
so bad’ versus the ‘0 to 60’ criteria.  Confusion about the information is mixed up with an honest 
recognition of the other criteria at issue in making decisions about cars. 
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6.9 THE MOT 
The MOT test - named after the old Ministry of Transport - is required annually for all cars over three 
years old. In the MOT a range of safety and mechanical factors are tested including the levels of some 
emissions, notably carbon monoxide and hydrocarbons. The MOT emerged from the focus groups as a 
procedure that helps motorists think about emissions as it plays a major role in facilitating the judging of, 
and understanding the relevance and importance of, emissions. The MOT contains statutory obligations 
for its standards to be met in order for a vehicle to be legally roadworthy: 
 Woman: I think that in 95 per cent of cases that's [emissions] not the priority ... as long as it's going to 

get through the MOT.  (All agree.) 
  
This is the minimalists’ approach to meeting emissions standards. One woman also linked uncertainty about 
catalytic converters (mandatory on new cars after 1993) with the problem of obtaining accurate information 
and institutional responsibility: 
 Woman: But back to what we were saying earlier about cat. converters [that] can't take sort of more 

than six months of [wear or] whatever. That might be a reason for new cars [to] fail [the MOT] or old 
cars. You buy a car in good faith, a modern one, and it’s up to the manufacturers and the authorities to 
make sure that what's in that car passes more than six months. I think it's wrong that you do go and get 
an MOT and you fail it on something that you have absolutely no control over. 

  
She feels that manufacturers and authorities have misled consumers into buying cars with catalytic 
converters that are then very expensive to repair.  She continued: 
 So I think that needs a lot more tightening up on all these sort of things including the environmental ... 

but I'm not too sure whether some of them are or they're just saying ... this is what we'd done for the 
environment and whether they have actually improved the situation or not ... I think that's back to 
where we need some more testing and investigation and research into that side of it. 

The MOT is identified as the decisive time when environmental and legal issues meet. This woman’s 
comment echoes some of the reservations that professional transport researchers have about the wisdom 
of the blanket EU requirement for the fitting of catalytic converters. They do not reduce carbon dioxide 
emissions, although they do minimise other health-damaging pollutants (Hughes:1993). The interviewer 
prompted the discussion about emissions, and the MOT’s central, catalysing role: 
 Woman: I just know that they test it each time you have an MOT and you've got to be within a certain 

level [of] what comes out of the exhaust. 
 Woman: I'm not even sure what they test! 
 Woman: Carbon monoxide isn't it? 
 Woman: Yes. 
 Woman: But is it a percentage of carbon monoxide? 
 Man: Yes - it's dirty fumes.  A car will produce dirty fumes and all that sort of thing.  Certainly in 

America they have emissions laws. I think it's coming in this country. You can lose power, you can 
lose top end speed. 
 

Various levels of confusion and knowledge are expressed here. One major factor that is visible is the way 
in which the MOT test is central to participants’ understanding of emissions and the ways in which they 
are controlled. Although the people in this, a predominantly middle-class group, were unsure of what 
exactly was being measured (although they made some highly informed guesses), it is interesting that the 
existence of the emissions test in an MOT is the one known source of information about car exhausts. 
The centrality of the MOT test is illustrated in the following quotation: 
 Woman: So you either pass the MOT or you don't. That's all we need to know - that our car has passed 

and you trust that the people that test it know what the regulations are and test it to that standard. 
  
The importance of the MOT is illustrated by the finality of this view. This is a relatively passive view, 
inasmuch as the responsibility for knowing the details of what lies behind the tests is relinquished. The 
MOT is also seen as a viable way of making people adhere to environmental standards: 
 Man: Yeah, the only way you can do it is to put the controls in - if it's part of the way of life - the 

MOT now, 20 years ago we never had an MOT, cars running around with bits falling off, now we've 
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ended up with an MOT you don't see so many cars broken down.  If you want to get rid of emissions 
then you're forced to design them in.  Don't leave it to the individual as the individual will always take 
the easy way out. 

 
This man has a clear understanding that emissions standards should be enforced through the MOT. The 
force of this view raises the possibility of using the MOT in new ways. It could be a vehicle for greater 
environmental awareness and also used for an extension of emissions controls. Registers of mileage done 
by vehicles could be kept by garages performing MOTs, for example. 
 Woman (interrupting): The MOT made me suddenly realise there is such a thing [emissions 

regulations] if you're just a driver and not a mechanic or anything ... But the interesting thing was that 
when that was brought in that newer cars failed more frequently than older cars and I would assume it 
would be the other way round, that newer cars would be much more user-friendly in that sense.  In 
fact it wasn't right for a while anyway, or still not.  Surveys were done on it. 

 
But MOTs themselves are ambiguous in their meanings. Above, MOTs are credited with revealing 
surprising (and unlikely) facts: that newer cars are less user-friendly in terms of emissions than older 
ones. (This view was contradicted by another observation from a different group).   
 
The MOT is an important occasions for car-owners (it is important financially and in terms of 
environmental awareness, especially in relation to the impact of one’s own car). There is also a level of 
confusion about the documentation given and other similar bureaucratic requirements, such as showing 
various papers to the police. The level of awareness of such issues in relation to the MOT test could be 
improved and reinforced. 
 

6.10  CONCLUSIONS 
The subjective experiences and views of rural residents about emissions are almost entirely absent from 
the literature. By blending the qualitative findings from the focus groups and the questionnaire, new 
insights have been obtained about issues that need to be addressed in order to change transport policies 
and behaviour. 
 
The focus groups revealed that there are three main issues which are highly influential in the shaping of 
views on emissions: first, the problem is seen in terms of visible products, such as ‘haze’ and smoke. 
This raises questions about whether aesthetic issues need to be used more frequently as part of 
environmental campaigns. Secondly, the issues are ‘globalised’. The media and personal travel have 
provided people with a huge store of information about practices in other countries which often makes 
domestic environmental issues seem paltry or of lesser significance. Thirdly, many of the people in the 
focus groups are engaged in an (often unsatisfactory) quest for facts. This latter search is underpinned by 
a recognition that the experts and the environmentalists are often changing their minds or offering 
contradictory advice, and that non-specialists do not always have access to consistent or accurate 
information. However, the respondents still had an empiricist faith that ‘facts’ do exist, if only they could 
be represented in a consistent and intelligible way. 
 
The focus groups also enabled the identification, possibly for the first time, of practical factors that shape 
and structure views on emissions. These included the pivotal importance of the MOT test and its role in 
making car owners aware of the fact that their car produces emissions and that these ‘fumes’ are not good 
for the environment or for health; and that cars’ production of these gases needs to be regulated. The 
MOT could be linked to the future development of Travel Emission Profiles, as it also provides 
information about annual mileage. People are concerned about conflicting evidence from experts and 
discount much information for this reason. The status of the MOT could be enhanced to increase 
awareness and education, based on good evidence from the car and from a respected professional. 
 
The survey revealed high levels of concern about ‘quality of life’ issues linked to travel. These factors - 
such as time, stress and the ability to find and keep employment - seemingly offer the best levers for 



Peoples' Views and Decision-Making 

70 

future attempts to modify travel behaviour. The main focus of the groups was on just two types of 
journey: those to work and those to take children to school. Whereas, in terms of increasing travel, it is 
leisure journeys that are increasing at the fastest rate (DOT 1994). Yet these journeys were rarely 
mentioned as a specific problem in the focus groups. This omission is significant, because the gaps in 
public debate are as important as the presence of some issues. 
 
Looking for gaps in focus group discussions is just as revealing as looking at substantive issues. In 
relation to the issues about environmental impact of cars, little mention was made of pollution from 
noise, accidents, danger and community severance caused by cars. They were not given the status of the 
visible issues of ‘haze’ or ‘smoke’. 
 
The focus groups were designed to feed into the design and structure of the questionnaire. There are two 
main levels on which the insights derived from the qualitative data have been used: first, in relation to  
the vocabulary; secondly, the issue of the structure or form of the survey to increase some of the ways in 
which questions might have been more or less meaningful in the context of the participants’ 
understanding of the issues. 
 
In relation to the first issue, that of wording, this study has enabled a better understanding of appropriate 
vocabulary to be developed. Certain words are associated with particular contexts, and the focus groups 
helped to show which words were in common usage in these discussions about the environmental 
impacts of cars. The focus groups showed that most of the people we interviewed did not usually use the 
word ‘emissions’, but instead referred to ‘pollution’, ‘fumes’ or ‘exhausts’. The word emissions tends to 
be part of more scientific language that does not find a place in the sorts of discussions held in the focus 
groups.   
 
In relation to the second set of issues, concerning the narrative frameworks in which participants 
perceived the issues, it was harder to use the qualitative data to help as some issues were fixed and not 
open to negotiation. In designing the questionnaire, the researchers were aware that some of the 
questions were going to be difficult to answer.  In particular, the issues concerning the annual estimates 
of usage of different road types and lengths of journeys were found to be difficult when small pilot runs 
were undertaken. Similarly, for those who did not know their annual mileage or have access to two recent 
and consecutive MOT certificates, answering the questions about annual mileage was difficult. The 
questionnaire form and its structure can be seen in Appendix A. The issues associated with difficulty of 
answering are more fully discussed elsewhere. There is no way that the qualitative research could have 
made this process easier, as those kind enough to participate were being asked questions whose answers 
depended on particular forms of knowledge that it was hard to ‘guesstimate’ if they were not already 
known.   
 
The general trends in society and the numerical evidence provided by the questionnaires were supported 
by these qualitative findings. Over a quarter of the respondents state they are prepared to buy small cars, 
drive more steadily, walk or cycle more and car-pool, specifically as measures to save petrol. They are 
concerned about environmental issues, uncertain about the effect they could have as individuals or, 
indeed, on the role of Britain, but prepared to consider changing their travel behaviour. This indicates the 
opportunities for awareness and education campaigns which would, ideally, be monitored through repeat 
travel audits of the same households, to establish whether changes have actually occurred.  
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CHAPTER 7:  DISCUSSION 
 
 
Travel emission profiles based on self-completion questionnaires have been successfully piloted and have 
produced coherent results at a variety of levels. The respondents provided information on various elements 
of annual car usage, together with views on issues related to reducing both car travel and the associated 
emissions.  
 
What has been attempted in this research has not previously been applied to travel at the local or the 
national level. The auditing approach with its potential to provide data on a continuous basis is itself 
untested. However, it is the attempt to achieve a greater level of understanding of the cross-sectional 
issues in travel demand through disaggregated measurement of socio-economic and attitudinal indicators 
of behaviour which is the source of greatest potential for this approach. In future, if repeated, the analysis 
can become longitudinal as well as cross-sectional. 
 
Travel audits have a community role in the sense of developing policy strategies, and a role with the 
individual in terms of informing and advising individual behaviour. Hence the main strengths of this pilot 
study are not only the specific results generated from the data collection exercise and calculation model. 
The distinguishing features of this travel survey lie in the principles adopted for data extraction and how 
the use of disaggregated data at the local, household and individual levels could aid, and in some cases 
transform, the processes of policy formation and implementation. 
 
The components of travel are numerous and complex and the measurement of emissions from such a 
varied and personal activity equally so. Combined with the exploratory nature of this project, this means 
that there is inevitably room for further discussion and an array of recommendations that can be made for 
its further refinement and use. The first aim of this chapter is a more extensive discussion as to what use 
travel emissions profiles could be put, which will in turn better inform how the current survey could be 
redesigned. 
 

7.1  DEVELOPING STRATEGIES 
The need to influence travel demand is a major policy concern at national and local level. Yet what is 
happening is a move towards demand management policies without a full understanding of ‘car 
dependent’ attitudes and the ability and willingness of drivers to change their travel behaviour (Curtis 
and Headicar 1997). Hence if policies are to be developed, targeted and monitored effectively, further 
investigation and understanding of the multiple facets of travel demand are required. 
 
This changing policy culture has created a need for new sources of data and new tools and procedures for 
retrieving this information. Though existing sources such as the NTS and Census data can be broken 
down and applied at the local level, there is a need for new data sources. Potter 1996 alludes to the 
urgency for a new type of informational requirements in his analysis of the trend towards increasing 
journey lengths. He maintains that the ‘new reality’ in transport planning requires ‘statistics of 
understanding and not merely those of measurement’ thus shifting away from 'hard' scientific approaches 
towards softer and more socially based methods (Potter 1997a). This is precisely the objective and 
potential of the travel auditing approach. There are two related ways in which the auditing approach has 
the potential to help fill the growing gap in available and suitable data. 
 

7.1.1  Disaggregated data sets 
Location-specific and socio-economic group data for individuals and households rarely exist together. 
The travel emission profiles piloted here are an example of the type of flexible, multi-output yet 
potentially policy-specific methods which need to be developed if the interpretation of behaviour is to 
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become a serious and effective component of policy. The analysis in this study set out to identify whether 
there are any patterns in emissions totals which can be attributed to the locality, the types of people in 
terms of socio-economic characteristics or to the variables relating to journey profiles themselves. The 
aim was the establishment of baseline data on households and their component car-driving members in 
order to develop a series of key indicators to be applied more widely in the battle against car dependency 
and emissions-intensive travel behaviour. The use of indicators is an increasingly valuable tool in seeking 
to ensure sustainable development, but again, applied hitherto to transport only at the national level and 
still tied to econometric models of forecasting. 
 
The results of the emissions calculation exercise were presented in terms of comparisons between the 
villages, the drivers and their corresponding households and the cars that they drive. The main findings in 
terms of policy-specific implications were as follows: 
• The residents of the two villages travelled 15% further by car than the national average annual 

distance travelled by principal car drivers. However, there are important differences between drivers 
both between villages and individuals and greater analysis teases out the sources of these differences. 

• In comparison with the least polluting 20% of households, the most polluting quintile produce 14 
times more carbon dioxide, 22 times more carbon monoxide and 18 times more nitrogen oxide. 

• Emissions, particularly carbon dioxide, are closely related to distance travelled. It is a minority of 
drivers (mainly in Chalgrove), travelling comparatively long distances, who account for the 
differences. 

• Other greenhouse gases are less sensitive to distance: 31% of carbon monoxide is from journeys of 
less than 2 miles (11% of the distance). The short journeys are an important contributor to the extra 
pollution caused when the engine is cold. In total, cold miles comprised 25% of distance but produced 
69% of carbon monoxide. 

• These trends can then be associated with particular income, speed and vehicle characteristics. Some 
households in rural areas are contributing substantial carbon dioxide burdens. These are primarily better-
off families, using company cars, who would not necessarily be affected even by substantial increases in 
road fuel tax. These drivers average 100 miles a day or more. Company car users comprise 14% of the 
respondents but account for 30% of carbon dioxide emissions. In addition, over two-thirds of the highest 
earners in the survey also ranked highest in terms of emissions. 

• Driving faster than 60 mph, by implication on motorways, comprised 32% of the total distance travelled 
in the survey in comparison with a national average of 14%. Carbon dioxide emissions would be reduced 
by 2% if drivers did not exceed 80 mph (based on national figures for those exceeding speed limits on 
motorways). 

• Analysis of new car purchases revealed how cars with smaller engines appear to be an increasingly 
popular choice. This information can be combined with the qualitative finding that more than a 
quarter of residents (not from the same sample) would be prepared to buy smaller cars and combine 
this with other emissions reducing behaviour. This is once again a significant minority in terms of the 
potential for pollution reduction policies to have an effect.  

 
A principal result of the auditing process is therefore the detailed exposure of the differences which exist 
between the ‘general’ population and subgroups within the population. These differences have far- 
reaching implications for the development of transport and energy policies. In addition to the above 
findings, the most bold example from the data analysis is the fact that 10% of the population are 
responsible for 33% of carbon dioxide emissions from car travel. Comparisons of averages between the 
villages revealed that Chalgrove residents travel 24% more than their Cholsey neighbours. However, 
what this study allowed was the coalescence of these location-specific indicators of behaviour with the 
results of further scrutiny of the ‘extreme’ emissions profiles. What this reveals is that in reality the 
majority of the residents in the two villages exhibit very similar travel patterns. It is, however, a minority 
of drivers in Chalgrove travelling comparatively long distances who account for the apparent difference 
between the locations. Further analysis then can begin to associate these drivers with particular income, 
speed and vehicle characteristics. 
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Hence indicators of travel begin to be identified, such as those characteristics indicative of higher income 
levels and standards of living. When analysed in this way, the parameters begin to change for policy and 
its effectiveness in terms of end objectives such as the reduction of pollution. In this case, at one level it 
is possible to move away from broad conclusions based largely on assumptions such as the influence of a 
railway station in Cholsey, to a level of analysis which begins to break down the nature of the demand 
for travel and understand more about the types of people attracted to a village with or without such a 
facility.    
 
Policy therefore has to seek out these differences, identify the causes and target these causes directly. 
There is no point in addressing the average level of car dependence or average emissions profiles or 
average responses to an increase in cost. Instead, different people must be treated in different ways 
because they are affected in different ways by policy. An example would be the distributional impacts of 
ill-targeted fiscal instruments which may impact on naturally low emitters disproportionately more than 
on the high emitters. Some policies could have unwelcome side effects on certain social groups, and 
prevention or mitigation of negative side effects is as important as the achievement of desired effects. 
The need to concentrate on the differences and the specific was a main reason for the emphasis of this 
study on rural areas as opposed to urban, for which more data are generally available and for which, if 
national data have to be used, the ‘average’ is likely to be more applicable. 
 

7.1.2  Longitudinal studies and forecasting potential 
The potential of the auditing approach would be developed if the data were collected from the same 
households year upon year. Once again, there is a need for data sources such as this to measure the 
effectiveness of policies, identify changing needs and identify specific trends. The basis of the current 
work has been retrospective. But it could be prospective, or used as a time series for monitoring. 
Longitudinal surveys like this could both project (ex ante) and monitor (ex post) impacts on particular 
sub-groups, for instance by age, economic activity or income.  
 
For example, travel forecasts are still projecting increases in car ownership and distance travelled, 
particularly those created through longer car journeys. Nevertheless, travel growth will not take effect 
equally amongst all sectors of the population, nor across all geographic regions (urban/rural), nor for all 
journey types (leisure, work, shopping). Detailed ‘end-use’ models based on survey data such as that 
piloted here may be better able to explain, predict, and modify travel behaviour by nature of their scope 
of content and applicability. They attempt to measure travel at the source of consumption.  
 
There is a parallel with econometric energy modelling here. Econometric models tend to assume a link 
between income and price, so that as disposable income rises, or price falls, consumption increases. End- 
use models (such as DECADE, see Boardman et al 1994, 1995) explain energy use in terms of the 
ownership and use of specific items of equipment. These models note that consumption is determined by 
an interaction of technology and behaviour which is only loosely linked to income or price, and often 
make lower projections of growth as a consequence. An end-use based travel model may similarly make 
lower and arguably more realistic projections about travel growth than a purely econometric model. The 
method could be used to investigate the marginal changes in price and income among socio-demographic 
groups more specifically.  
 
In addition, an econometric model dismisses factors that cannot be easily included in an economic 
analysis such as ‘institutional factors’, including some of the more powerful policy tools. For example, 
mandatory vehicle efficiency standards could be performed with a stock model, similar to that used for 
appliance standards (GEA 1993). Analysis of individual car owners as in this study demonstrates that 
newer cars are driven more, so maybe 60% of miles are driven in vehicles less than 3 years old. The 
effects of efficiency standards may take hold more deeply sooner, but take a long time to affect all the 
stock. 
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A further use of a predictive model based on this kind of data would be to analyse the effects of company 
car tax reform. Employees provided with a company car are already taxed at their marginal rate of 
income tax, on an amount equal to 35% of the list price of the car plus accessories: this is generally 
thought to be a fair representation of the annual costs of running a car. However, 90% of company car 
drivers in fact pay less than this, being eligible for a 33% discount if they drive 2,500 - 18,000 business 
miles, or 66% if more than 18,000 miles. Evidence shows that drivers drive extra mileage to hit the 
thresholds, particularly the lower one. Abolishing the mileage bands completely would have big 
administrative advantages, and would raise an additional £1 billion. Free fuel (i.e. fuel paid for by the 
employer but used for non-business purposes including commuting) is currently charged as an annual flat 
rate determined by engine capacity. However,  since it is independent of mileage driven or fuel costs, it 
insulates the drivers from price incentives. Instead, drivers could be taxed on the actual value of the fuel 
received. If the cost of motoring for company car owners increases, what would the reaction be? Would 
they start using the train, telecommuting, make the same journeys less frequently or even give up the car 
completely? Would moving house so the main driver is closer to work become a more attractive option? 
Given the disproportionate share of the emission totals accounted for by company car users, auditing 
their behaviour could allow the expected environmental payback of policies targeted on this group to be 
directly assessed. 
 
A time series of personal travel profile surveys with a modelling-based predictive capacity, could 
examine not only the examples given above individually, but the combination of policies, in the context 
of one or more local communities and geographic regions. 
 

7.2 IMPROVING AWARENESS AND DELIVERING TARGETED ADVICE 
The second and very different use of a travel audit is at the level of the individual, rather than at the level 
of society. The collective problems of individual car use can only be controlled via significant changes in 
the transport behaviour of individual car users. In this case, feedback from the data is in theory the key to 
changing knowledge, attitudes and behaviour. Increasing knowledge of emissions and awareness of the 
effects of emissions, is different from, and preliminary to, delivering advice on how to reduce emissions.  
 
Respondents in the focus groups tended to want ‘facts’ about vehicle emissions. Several groups 
commented that it seemed as if one group of experts’ views contradicted others, and they did not know 
who to believe. Cars using diesel fuel were cited as a case in point:  participants remembered that diesel 
was first cited as a ‘green’ fuel, but later reports were cited as complicating the picture, suggesting that it 
was only some emissions, not CO2, that are reduced by using diesel. Delivery of a suitable explanatory 
questionnaire can clear up some of the uncertainties in knowledge that came through in the focus groups. 
The exposure of these uncertainties provide an indication of how the links between information needs, 
concerns about the environment and travel behaviour can be best exploited in the targeting of 
information. 
 
The context in which information is delivered and received is important. People are more predisposed to 
receive information at some moments rather than others, and some links can be exploited through careful 
targeting. Surveys could be delivered in several ways: 
• through Local Energy Advice Centres (LEACS) advice on demand about houses, appliances and cars 

could be delivered simultaneously by the same independent source; 
• at the same time as an MOT test and general maintenance programmes for newer vehicles when 

people are in receipt of data specifically about their car, and when much of the information necessary 
for the type of analysis used in this study is easily available. The idea of an annual review of the 
performance and condition of their car is something which people are already used to and could be 
effectively capitalised upon for broader driver advice; 

• as part of specific campaigns such as fuel efficiency labelling of cars; 
• as part of a greener travel awareness campaign such as those organised by a growing number of local 

authorities called ‘Travelwise’. 
 



Discussion 

75 

Data on personal fuel consumption, emissions and costs based on the results of the questionnaire could 
be presented to people in comparative form. In other words:  
• notifying an individual as to how they compare with average emissions levels for drivers in their 

area, age group, occupation, and vehicle type; 
• demonstrating how much better or worse their car is compared to other cars on the road, how much 

greater the emissions were before it was brought in for the MOT and informing them if they fall into 
the highest category bands for a pollutant. These totals could be also be expressed in monetary terms 
personal to the driver; 

• providing non-contradictory advice on how to improve fuel economy and reduce running costs and 
pollution. This could be done once again through a car labelling scheme which effectively gives the 
range of fuel economy achieved by similar vehicles and other modes, by encouraging the adoption of 
environmentally responsible styles of driving - possibly even linked to publicity on reducing the 
severity of accidents, campaigns on public transport alternatives, maintenance levels, cold starts, 
better trip planning and so forth. 

 
Awareness is an iterative process. Knowledge of the environmental implications of car travel itself has 
the potential to change behaviour, but knowing where to channel scarce resources for such campaigns 
requires initial research to exploit peoples' concerns and to identify those most ‘susceptible’ to change 
(Curtis and Headicar 1997). Previous research has shown that heightening awareness of the problems of 
car travel does appear to be associated with a willingness to reduce car use (Steg and Vlek 1996), 
although it appears most likely to have an affect on those who already travel fewer than average miles 
with more distance travelled using modes other than the car. 
 
Cross-sectional studies have the potential to identify particular groups for the targeting of advice, whilst 
longitudinal studies could measure the effectiveness of this advice. Whilst the majority of people are 
highly car-dependent, a significant minority could and would be willing to change their behaviour. This 
was discovered in both the survey data and in the results of the focus groups whereby a variety of 
behavioural issues that could be targeted through policy were highlighted such as driving style, short 
journeys, cold starts, speeds and the tendency towards the acquisition of cars with smaller engines.  
 
Hence awareness campaigns themselves, like the formation of policies discussed above, require clearer 
indications through survey data of who should be targeted in any campaign to change behaviour. As with 
policy, understanding the reasons for car dependence amongst different groups of the population will enable 
information campaigns to be targeted more accurately and encourage the change of behaviour to other 
modes. In terms of educational or awareness programmes, research such as this study should aim to 
identify where the potential to change travel behaviour exists, where there is choice and the conditions 
under which people are willing to give up car-dependent behaviour. Careful targeting of information is 
akin to better targeting of public expenditure. 
 
Having outlined the potential use for travel surveys such as this, it is now possible and appropriate to 
review the methods used in this study, and discuss how they could be improved or targeted for each of 
the perceived uses, in terms of aspects of data collection, interpretation, aggregation, analysis and 
forecasting. 
 

7.3  IMPROVING THE SURVEY 
The rationale behind travel emission profiles was the development of a simple approach to the collection 
of personal and household travel information, whilst at the same time ensuring an adequate level of detail 
to facilitate the accurate calculation of greenhouse gas emissions. The main principles of the 
methodology included: 
• self assessment and the reliance on personal yet complex estimates of travel behaviour - no specific 

recall or diary procedures were used; 
• emphasis on the least number of data requirements to ensure minimal time necessary to complete the 

form to encourage good response rates whilst maintaining data quality; 
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• inexpensive auditing methodology; 
• synthesis of quantitative and qualitative sources of information;  
• the incorporation of validation techniques to assess the quality of the data; 
• assessment of the potential for information feed back to respondents; 
• ability for the survey to be carried out to the same sample on an annual basis. 
 
These principles still hold, but need to be reviewed for each potential use. This is due to the tension that 
exists between the most appropriate unit of analysis, the ability and necessity to validate both the data 
collected and the calculation method to be used, cost effectiveness and modification of the survey for 
different purposes. 
 

7.3.1  Lessons from the pilot 
This project was undertaken as a pilot survey. The complexity of travel behaviour, combined with the 
ambitious objective of collecting adequate levels of data for a detailed emissions calculation, meant that 
some of the questions on the survey were found to be redundant, some needed to be easier to answer and 
some omissions were detected. 
 
The most significant piece of data left unused from the survey was that pertaining to passenger levels. 
The rationale behind the decision not to apportion emissions totals across passengers was discussed in 
Chapter 3, section 3.1.11. In future surveys, giving a lift to a non-family passengers could be developed 
as a passenger and emissions ‘credit’ (similar to having a covenant with a charity for income tax returns). 
As shown in Chapter 6, a significant number of individuals are prepared to contemplate car-pooling. In 
this way, the total emissions for each individual could be discounted according to the number of miles 
driven under ‘legitimate’ car sharing principles. This represents an equitable and efficient way of 
resolving the contradictions inherent in an approach which indiscriminately apportions emissions across 
passenger miles travelled regardless of the conditions under which travel takes place. The pragmatic 
decision was taken in this study to treat all emissions as the responsibility of the car driver, because that is 
the person who is ultimately responsible for making the journey. 
 
The deliberate focus of this study on car-based travel was explained in Chapters 1 and 3. As a result of 
this emphasis both the design of the section on the questionnaire relating to other forms of transport and 
the analysis of the data generated were given a low priority. Hence, a whole segment of the transport 
policy agenda was omitted from this survey in the interests of simplicity and brevity. In order to have an 
even wider policy application, not only is analysis of modes other than the car essential, but estimates of 
travel for all modes including the car should be requested in terms of a breakdown of distance and mode 
according to journey purpose. This was not attempted at all in this survey and unfortunately even the 
question about car use for business purposes did not distinguish clearly enough between going to work 
and travel during the course of work.  
 
The calculation model for emissions was reliant on a series of data inputs from survey generated and 
external sources. Naturally, the quality of the travel emissions profiles which result is reliant on the 
quality of inputs from both these sources. Chapter 4 evaluated the quality of the responses on the 
questionnaire with respect to the consistency with which people were able to assess elements of travel- 
related consumption and an inference of the accuracy of the figures provided. The crucial role of the total 
mileage was identified, along with the need to obtain this from either the MOT or a combination of 
ownership certificate and service data. In order to confirm the figure, it has been suggested that the 
survey be linked with the annual MOT. As indicated in Chapter 4, another improvement would be to ask 
respondents about their confidence levels in the figures given, particularly for mileage, expenditure, 
quantity of fuel bought and miles per gallon. This would enable one, or preferably two, of the figures to 
be anchored with greater certainty.  
 
Additional factors not included in this model but which could, in time, be covered are: 
• driver behaviour, if a method of objectively describing it could be established; 
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• state of maintenance of vehicle. Although respondents were asked if they maintained the vehicle 
regularly, no data were found that allowed this to be quantified; 

• average speed on motorways. As this is a confidential audit, drivers might be honest about the extent 
to which they exceed the speed limit.  

 

7.3.2  The appropriate unit of analysis 
The unit of analysis in the audit and the objectives of policy interact. Policy can focus on one or more of the 
following: 
• societal/infrastructural issues 
• the household 
• the individual (whether or not a car-driver) 
• the driver in the car (the person who has his/her feet on the pedal) 
• the car 
• the journey type/purpose 
 
The household is an important decision-making group. Its members share the same location, have the same 
socio-economic status, common experiences and history, and some shared values. In addition: 
• the choice of house brings with it implications for the proximity of schools, public transport and shops 

and, therefore, the need to use a car;  
• the household income influences car ownership, usage and the level of maintenance; 
• several other household attributes combine to affect the choice of car: the number of children, the age of 

the main drivers, reliability of the car and maintenance skills of the drivers.  
 
However, family members have separate lifestyles and make some of their own decisions. For this reason, 
the individual is the focus for many awareness campaigns as s/he: 
• decides whether to take the car for a short journey or to walk or cycle and whether this decision is made 

on the basis of health, environmental concern, money or convenience; 
• has views on security and the extent to which it is acceptable to use public transport, offer or accept lifts, 

walk or cycle at night and so forth; 
• which job to apply for and relevance of the implied travel pattern.  
 
Another possibility is the car itself as the unit of analysis. However, data on car use through agencies such 
as the Vehicle Certification Agency already exists in a form unlinked to the behavioural issues. The 
potential of the auditing approach is to focus on the human element missing from national surrogate data. 
People - both as individuals and as families - are the source of behaviour, the way of understanding 
behaviour, and the route to modifying or influencing behaviour. 
 

7.3.3  Cost effectiveness  
The travel auditing approach is consistent with the increasing responsibilities now being placed at local 
government level for data collection, setting of targets and monitoring of policy in their areas. This is 
true of household energy use through the Home Energy Conservation Act, the obligation to monitor air 
quality and most recently, traffic levels through the Road Traffic Reduction Act 1997. The energy used in 
the home and for personal transport represents 49% of all UK energy (Boardman et al 1995), so local 
authorities are being given monitoring and planning responsibility for half of all energy use. 
 
The sophistication of an audit interacts with the number of households to be studied. Because of the 
demand now placed on local authorities to carry out a home energy audit of the whole housing stock in 
their area, under the Home Energy Conservation Act (HECA), a wide variety of ways of undertaking the 
audits has been developed, but at its simplest level the minimal level of detail is gathered so that each 
house can be covered. This level of simplified audit is referred to as level 0. As the detail used and the 
sophistication of the audit is increased, so is the audit level number. The highest (level 3) uses 250 pieces 
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of information per property, rather than the 10 - 15 data points required at level 0. These are undertaken 
using the National Home Energy Rating System (NHER) system. The highly computerised, widescale 
auditing undertaken by all housing authorities for their HECA reports in November 1996 was reputed to 
have come down to about £1 per house at Level 0, but these are not address-specific. At Level 3 the price is 
up to £100 per property.  
 
There are clear parallels in terms of level of detail and cost for travel audits. The calculation of emissions 
from car-based travel can take place either by segregating the distance travelled for each individual into 
the various vehicle and speed categories and applying an emissions factor to them, or by translating this 
distance into fuel consumption through the use of official fuel consumption figures and applying a 
carbon balance equation for the calculation of carbon dioxide. The conclusion is that there are a variety 
of levels of complexity and accuracy which can be applied to this approach, each obviously having cost 
implications for the survey, but each dependent on the uses to which the end data will be put and hence 
the degree of disaggregation of information required. At the simplest level it would suffice merely to 
combine the make and model of the car with vehicle distance (not broken down into its component 
journey profiles). This would, for example, enable the use of official fuel consumption figures to be 
applied to the single distance figure using the weighting for different journey types generated by NTS. 
The more complex levels of analysis and application would require something similar to the survey 
conducted in this pilot with the possibility of further data collection on journey purpose as mentioned 
above. 
 
In addition to the mass and organised collection of data on houses, home audits are also used to provide 
information and advice to householders. Local energy advice centres (LEACs) at present provide a 
personal home energy audit over the telephone, based on a computer programme, for £20 each. As a 
result, clients have information on the most cost-effective measures appropriate to them and their house. 
Mass travel audits with good coverage of a particular area may have to approach £1 per household in 
order to provide effective coverage. Free telephone advice could require more detailed data, but cost not 
more than £20 on an audit detailed enough to provide feedback to an individual or household. Beyond 
this simple level, there must be good reason to conduct a more detailed and expensive audit. 
 
The TEP survey piloted here took four pages (three of which were used in the calculation of travel 
emission profiles). This could be modified: 
• by a local authority to develop a local transport strategy. A simpler version without the most detailed 

address-specific level of data collection 
• by a LEAC to provide advice on reducing motoring costs. This would require answers to questions 

over the phone, on mileage and vehicle economy similar to this pilot; 
• by linking to an MOT certificate emission test results. This could take emissions data electronically 

from test equipment fitted on the vehicle, as at the moment, together with a database of vehicle test 
figures on car efficiency and mileage data from the MOT certificates or odometer. This detail would 
be needed to give an official rating or certificate. 

 

7.3.4  Developing a predictive model 
The basis of the current work has been retrospective. However, if a series were to be collated over the 
years and trends extrapolated in the same way as end-use models such as DECADE (Boardman et al 
1994 and 1995), the results could be prospective and used as a time series for monitoring purposes. 
Trends include patterns of ownership and use for selected socio-economic groups in the population. In 
such models consumption is determined by an interaction of technology and behaviour which is only 
loosely linked to income or price. By monitoring the same households over time, it would be possible to 
establish when aspirations to change travel behaviour (as asked in section D of the questionnaire) are 
adopted and by whom; and which incentives and policy instruments have the most effect in exploiting the 
susceptibilities which exist amongst a significant minority in most localities towards reducing 
dependence on the car.  
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7.4  FURTHER RESEARCH 
This pilot has demonstrated the many potential benefits of travel emission profiles. In order to develop 
the concept, there are several specific studies that could be undertaken: 
 
• The survey should be extended beyond the car and attempt to include data on journey purpose. If 

undertaken in Cholsey and Chalgrove this would better establish the extent to which the two villages 
are typical of wealthy rural areas. A detailed urban survey would determine the wider replicability of 
the model, especially the successful profiling of public transport use.  

  
• The emissions profiles could be taken back to the respondents to see how useful or illuminating the 

information is to them. Unfortunately this has not proved possible in a six month pilot project. A new 
survey is needed over a longer period, with feedback to the respondents built in from the outset. It 
would then be possible to gauge how people respond and change their behaviour and aspirations in as 
a result. This would have to take place once the model for calculating emissions was refined and 
software developed to allow efficient and quick analysis. 

 
• A fuller analysis of the implications of the unit of measurement (households/individuals) could be 

undertaken in order to gain a better understanding of the implications for different policies and 
awareness campaigns; 

  
• Various surveys could be designed in a specific geographical area in order to establish the appropriate 

levels of detail and sophistication and to confirm the accuracy of the findings. 
  
Nothwithstanding the need for these areas of further research, this study has successfully demonstrated 
the necessity and the potential for personalised, location-specific audits of travel behaviour. It has 
translated information on car use into detailed profiles and indicators of emission levels for input into 
strategy development and policy evaluation. Emissions profiles have enormous potential for use as input 
into awareness campaigns and as educational tools in their own right. They are a way of enabling people 
to see more clearly the connections between their travel patterns and the emissions that they produce. 
The development of a methodology that enables these connections to be made with a reasonable level of 
accuracy and clarity is a powerful tool in increasing understanding of individuals’ environmental or 
energy ‘footprints’. Hence the auditing approach contributes to both the debate on travel survey 
methodology and on the ingredients of the successful formation and implementation of sustainable 
transport policies and campaigns, particularly at the local level. 
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APPENDIX A:  QUESTIONNAIRE 
----------------------------------------------------------------------------------------------------------------------------- 

University of Oxford 
5 South Parks Road, Oxford, 0X1 3UB 

 
Tel: 01865 281180 

Travel Questionnaire 
 

We work at Oxford University and are looking at travel patterns to help plan better local transport facilities. 
We need to find out about the types of journeys that you make to help us understand your needs and we believe you 
will find it an interesting and a worthwhile exercise to fill in this short survey. No special knowledge is needed to 
answer any of the questions and all information will be treated in the strictest of confidence.  
 
Your household has been chosen after random selection from the electoral register. Please would you: 
•      fill in the questions below giving information about your household  and then answer one of the enclosed 
questionnaires for yourself 
•      give a separate questionnaire to each other person in your household aged 17 or over and ask them to fill it in 
•      send back all the completed forms for your household in the stamped addressed envelope provided. 
 
Your household will be entered into a prize draw to take place at the end of January (first prize £50) when you return 
the form.  A stamped addressed envelope has been provided and we would appreciate it if you could return the 
completed forms to us as soon as possible.   
 
Should you have any queries about the survey please do not hesitate to call Jillian Anable or Amanda Root on 01865 
281180 (between 9am and 5pm or ansaphone out of office hours).  Please let us know if you would like a copy of the 
report based on this study. 

THANK YOU FOR YOUR HELP.  
Jillian Anable          Amanda Root 

                                        Ref No.  

HOUSEHOLD INFORMATION 

Q1   How many people normally live here who are: 
             

• under 17 years?         ______ 
• 17 yrs and over?        ______ 

Q2   How many are in full time work (30+ hours per week)?         ______  

Q3   How many household members have a full drivers licence?   ______  
Q4   How many of each type of vehicle are kept in this household? 
           (please include all vehicles kept here over night) 

   

• Private cars and vans          ________ 
• Company cars and vans      ________ 
• Motorcycles                        ________ 

• Bicycles        _______ 
• Others (please specify) 

__________________ 

 

Q5   Is there anyone 17 yrs and over who normally lives here who is away at present? ❐ Yes 
           If Yes, how many?   ______ ❐ No 
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                          INDIVIDUAL TRAVEL SURVEY        Ref. No _______ 
 

WOULD  EACH MEMBER OF THE HOUSEHOLD 17 YRS AND OVER PLEASE ANSWER ONE OF THESE QUESTIONNAIRES: 
 
We would like to know about the amount of travelling you do each year and some idea of the types of journeys you do.   

• Please try to answer all the questions.  However, if you cannot answer any, please leave them out and continue with the 
rest of the form. 

• Air travel and travel abroad should not be included. 
 

IF YOU DO NOT DRIVE A CAR OR A MOTORCYCLE REGULARLY (I.E. AT LEAST ONCE PER WEEK), PLEASE GO STRAIGHT TO 
SECTION C. 

 
A. For Drivers:  ABOUT THE VEHICLE YOU DRIVE 

Please tell us about the vehicle you use the most. It may be that it is not only you that drives this 
 

      car and another member of the household has already filled out the answers - if this has been 
       done, please still fill out questions 1 - 3 here yourself and then go on to section B over the page: 

Qa.1    What is the make and model of the vehicle you drive the most? ________(make)  _____(model) 

Qa.2    Who owns the vehicle? ❐ self ❐ joint ❐ company ❐ other 

Qa.3    Is this vehicle also driven by other members in this household? ❐ Yes ❐ No 

Qa.4    In what year was the vehicle first registered?  _________________ 

Qa.5    What is the size of the vehicle’s engine?  __________________________  cc’s / litres 

Qa.6    What type of fuel does the vehicle use? 
❐ Petrol - leaded 
❐ Petrol - unleaded 

❐ Diesel 
❐ Other (please tell us)  ___________ 

Qa.7    Does it have a catalytic converter? ❐ Yes ❐ No ❐ Don’t Know 

Qa.8    When was the vehicle last given an interim or full service?          ___________ 

Qa.9    When will the vehicle be given its next interim or full service?    ___________ 

Qa.10  How many miles per gallon does this vehicle do on average? _______ mpg ❐ Don’t know 

We would like you to tell us how many miles the vehicle was driven last year: 
• if you have the last two MOT certificates please answer Q11a, then go on to next page 
• if not, but you have the vehicle’s registration document, answer Q11b, then go on to next page 
• if you have neither, please answer 11c 
 
Qa.11a  Please write in the date and mileage figure as recorded on the MOT certificate for: 
              1995:        Date: _______            Miles:  _________ 
              1996:        Date: _______            Miles:  _________ 

      11b  Please write in the mileage figure in the registration document for when your household became  
              keeper of the vehicle:  

              When did your household become keeper of the vehicle?  _______ (year)  ________ (month) 

               What is the mileage figure on the vehicle now?  ___________ miles 
 

       11c  How many miles do you think the vehicle was driven in 1996 by all drivers?  _________ miles 
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B. ABOUT THE DRIVING YOU DO 
 

Qb.1   Thinking of the vehicle you drive the most (as in A above) how much petrol /diesel do YOU          
           personally put in it in an average week?  ______ litres    OR     _____ gallons     ❐ Don’t 

know 
Qb.2   How much money do YOU spend on petrol / diesel in an average week?   
           Personal expenditure:  £________        Business (if applicable)  £__________ 

 
❐ Don’t know 

Qb.3   If you share the vehicle described in A above, out of the total miles it was driven last year, how  
           many miles did YOU personally drive?   ____________ miles 

Qb.4   Do you drive any other vehicles kept/owned by the household? ❐ Yes     ❐ No 

           If yes, what are they?  ________________________________________    

           Roughly how many miles did you drive in these other vehicles last year? ______________ 

Qb.5  Please write the total number of miles YOU drove last year in 
         all vehicles  (i.e. it may help to add up the figures used in b.3 and b.4 above):  

Answer:   ______ miles 
 Then please try and estimate answers to the following questions: 

 
 Very few 

of miles 
less than 

half of miles 
About half 

of miles 
more than 

half of miles 
almost all  
of miles 

 (0 - 10%) (10  - 40%) (40 - 60%) (60 - 90%) (90-100%) 

 
Qb.7   How many of the total miles that you 
drive are on urban roads and country lanes, 
e.g. speeds generally less than 40mph? 

❐  ❐  ❐  ❐  ❐  

Qb.8   How many of the total miles that you 
drive are on open roads, e.g. speeds between 
40 and 65 mph? 

❐  ❐  ❐  ❐  ❐  

Qb.9   How many of the total miles that you 
drive are on motorways, e.g. speeds of more 
than 65mph? 

❐  ❐  ❐  ❐  ❐  

 
 Very few 

of miles 
less than 

half of miles 
About half 

of miles 
more than 

half of miles 
almost all  
of miles 

 (0 - 10%) (10  - 40%) (40 - 60%) (60 - 90%) (90-100%) 

Qb.10  How many miles of the total are on 
single journeys of less than 2 miles each? 

❐  ❐  ❐  ❐  ❐  

Qb.11  How many miles are on single 
journeys of between 2 and 20 miles? ❐  ❐  ❐  ❐  ❐  

Qb.12  How many miles are on single 
journeys of more than 20 miles? ❐  ❐  ❐  ❐  ❐  

Qb.13  How many of the total miles are done 
with only you in the car (i.e. no passengers)? 

❐  ❐  ❐  ❐  ❐  

 
Qb.14  How many of the total miles were done for business travel purposes in 1996? 
            (If none tick here: __________)                    ___________ miles 
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EVERYONE PLEASE ANSWER THE FOLLOWING SECTIONS: 
 
C. WALKING, CYCLING, PUBLIC TRANSPORT ….. 
 
We want to find out about journeys where you do not drive.  The following is a list  of codes for the types of method of travel 
that you might use: 

1.  Walk 
2.  Bicycle 
3.  Bus 
4.   Coach 

5. Train 
6.  PASSENGER in car or van 
7.  Other method (please tell us)  
 

Qc.1  Please can you tell us about the journeys you make on a regular basis using these methods of travel- e.g. to and from 
work, taking children to/from school shopping, visiting friends / relatives etc.): 

Journey Purpose Destination (town / village) Method of 
Travel 

No. of return 
journeys per week 

Distance each 
way (miles) 

     
     
     
     
     
Qc.2  Please could you tell us about the journeys you make less regularly using these methods. Basing  
          your answers on what you did in 1996, tell us about weekends or day trips away you had (in this  
          country) sporting events, less regular shopping trips etc.: 

Journey Purpose Destination (town / village) Method of 
Travel 

No. of return 
journeys last year 

Distance each 
way (miles) 

     
     
     
     
     
     
Qc.3 How many return trips did you make by air in 1996 to: 

         UK and Europe ________ USA and Canada ________ Rest of the World ________ 
 
D. HOW YOU FEEL ABOUT YOUR TRAVEL  
  
Qd.1  Was your travel pattern (all methods) much different in 1996 from 1995? ❐ YES ❐ NO 
            If yes, how? ___________________________________________________________ 
            _____________________________________________________________________ 
            
Qd.2   How do you feel in general about the amount you travelled in 1996: (please tick)  
 ❐ much too much ❐ rather too much ❐ about right ❐ rather too little ❐ much too 

little 

Qd.3   If you could change your day to day travel patterns, HOW would you like to do it?    
           ______________________________________________________________ 
           ______________________________________________________________ 
 
Qd.4   Please explain why you would like to make the changes you mentioned in d.3: 
           ______________________________________________________________ 
           ______________________________________________________________ 
 
 
 
 

 

If you are not a regular car driver, please go to section E. 
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Qd.5  For each of the following petrol-saving measures -  please tell us whether you are normally  
          already doing it, or whether you would consider doing it? (please tick) 

 already do it would 
consider it 

would not do 
it 

does not 
apply to me 

a  get the car serviced and tuned frequently      
b  drive more steadily     
c   buy a car with a smaller engine     
d  car pooling / share journeys more often     
e  keep tyres inflated to the correct pressure     
f  work at home some days     
g  combine journeys for different purposes  
    to reduce the number of trips 

    

h  use public transport     
i   walk or cycle so avoiding using a car for  
    short journeys 

    

j  other measures, please describe: 
 

……………………………………………………………………
……………………………………………… 

 
E. ABOUT YOU:  
Qe.1    Please tell us how old you are  _______ 

Qe.2  Are you: ❐ Male         or ❐ Female 

Qe.3  Please tell us which of the following applies to you at the moment (you can tick more than one): 
❐ Work - full time (30+ hours/wk) 
❐ Work - part time 
❐ Student - full time  
❐ Student - part time 
 

❐ Unemployed / looking for work 
❐ Keeping house / carer 
❐ Retired 
❐ Other (please tell us) __________________ 

Qe.4  If you are working, what is your job title?   ________________________________________ 
         What are the main things you do in your job? ______________________________________ 
         Where do you work (employer name and location)? _________________________________ 

Qe.5  If you are not working, please tell us what your most recent job was: ___________________ 

Qe.6  Please could you indicate your highest qualification gained from the list below: 
  ❐ None 

❐ CSE; ‘O’-Levels; GCSE’s (or equivalent) 
❐ Further education (‘A’-Levels; BTEC; 
  HNC or equivalent) 

❐ Degree 
❐ Other (please tell us) 

____________________ 

Qe.7  Please could you indicate your total PERSONAL income before tax and deductions from all sources? 
          Year: ❐ Less than £5,999 

❐ £6,000 - £9,999 
❐ £10,000 - £14,999 
❐ £15,000 - £19,999 

❐ £20,000 - £24,999 
❐ £25,000 - £29,999 
❐ £30,000 - £39,999 
❐ £40,000 - or more 

OR Week: £  _________ 

 

 

 

Qe.8  Please write in any comments that you wish to make? 
 
We may wish to contact you again on this subject. Please indicate if you do not want 
us to do this. ❐  

THANK YOU, YOUR HELP IS MUCH APPRECIATED. 
If you have any questions about this survey, please contact Amanda Root or  Jillian Anable - address on front. 
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APPENDIX B:  TABLE OF EMISSIONS FACTORS 
 
 

CAR FUEL USE AND EMISSION FACTORS 
CAR TYPE CAR SIZE CAR SPEED L/100km g/km 

    CO2 CO HC NOX PM SO2 
Petrol non-cat Small Cold 10.302 165 38.1 5.56 1.8 0.04 0.076

 <40 mph 7.0378 129 18.77 2.25 1.78 0.04 0.052
 40-65 mph 5.3678 116 5.14 0.7 2.12 0.04 0.04
 >65 mph 6.9362 146 9.46 0.75 3.69 0.04 0.051
 Medium Cold 11.77 206 34.53 5.31 2.27 0.04 0.087
 <40 mph 8.2654 161 17.01 2.15 2.25 0.04 0.061
 40-65 mph 5.6196 123 4.46 0.7 2.44 0.04 0.042
 >65 mph 7.826 171 6.89 0.75 3.97 0.04 0.058
 Large Cold 16.676 321 34.98 5.26 3.14 0.04 0.123
 <40 mph 12.098 251 17.23 2.13 3.11 0.04 0.09
 40-65 mph 6.7231 154 1.76 0.46 2.6 0.04 0.05
 >65 mph 9.9894 226 4.32 0.75 4.68 0.04 0.074

Petrol +CAT Small Cold 7.9531 161 14.32 1.2 0.8 0.01 0.059
 <40 mph 6.3934 145 3.06 0.24 0.34 0.01 0.047
 40-65 mph 4.8804 114 0.49 0.05 0.36 0.01 0.036
 >65 mph 6.5282 152 1.01 0.05 0.53 0.01 0.048
 Medium Cold 10.39 216 16.05 1.1 0.63 0.01 0.077
 <40 mph 8.5379 195 3.43 0.22 0.27 0.01 0.063
 40-65 mph 6.5399 153 0.55 0.05 0.14 0.01 0.048
 >65 mph 8.9997 210 1.13 0.06 0.2 0.01 0.067
 Large Cold 13.454 281 20.22 1.3 1.01 0.01 0.1
 <40 mph 11.065 253 4.32 0.26 0.43 0.01 0.082
 40-65 mph 8.5034 199 0.69 0.06 0.18 0.01 0.063
 >65 mph 11.78 275 1.42 0.07 0.26 0.01 0.087

Diesel Small Cold 5.5129 143 0.72 0.09 0.44 0.24 0.046
 <40 mph 4.5707 119 0.51 0.07 0.38 0.12 0.038
 40-65 mph 3.712 97 0.26 0.03 0.34 0.09 0.031
 >65 mph 5.7379 150 0.35 0.04 0.62 0.15 0.048
 Medium Cold 6.6741 173 0.77 0.14 0.72 0.34 0.056
 <40 mph 5.5328 144 0.54 0.11 0.63 0.17 0.046
 40-65 mph 4.4767 117 0.27 0.05 0.55 0.11 0.038
 >65 mph 6.9626 182 0.37 0.06 0.95 0.2 0.058
 Large Cold 8.9997 234 0.85 0.17 0.98 0.36 0.076
 <40 mph 7.4752 195 0.6 0.13 0.85 0.18 0.063
 40-65 mph 6.0381 158 0.3 0.06 0.75 0.13 0.051
 >65 mph 9.3973 246 0.41 0.07 1.28 0.22 0.079

 
Source:  Table B1. P39 in  Gover, MP; Hitchcock, GS; Collings SA and Moon,DP  1994  UK Petrol and 
Diesel Demand  (Energy Technology Support Unit (ETSU); HMSO) derived from personal 
communication with A.J.Hickman at the Transport Research Laboratory
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APPENDIX C:  EMISSIONS CALCULATIONS 
 
 
CALCULATIONS USING THE EMISSIONS FACTOR METHOD 
The main method for the calculation of emissions in this study uses basic emissions data for UK cars 
given in Appendix B based on TRL test procedures and published in an ETSU report (Gover et al, 1994 
UK Petrol and Diesel Demand).  
 
The emissions factor table provides a single emission rate for each pollutant and vehicle category 
dependent on the types of vehicle operation and expressed in terms of the volume of emissions generated 
per kilometre travelled. Emissions for each vehicle and for each part of its operating cycle are calculated 
as follows: 
 

emissions (g) = emissions factor (g/km) x vehicle kilometres per year (km) 
 
The calculation therefore involves segregation of the distance travelled for each individual into the 
various vehicle and speed categories. Where two cars are used, figures are initially calculated for each 
car separately and emissions totals summed at the end. 
 
Identification of cold start mileage 
A simple approach would be to assume that 33.8% of total distances is driven 'cold’ as is the procedure 
used by the pan-European CORINAIR working group on emissions. However, data on trip lengths from 
Qb10 -12 allow better estimates of cold mileage for each person to be calculated in this study. 
 
The percentage of journeys which are long, medium and short were first identified from the responses by: 
• applying mid range percentages to each response to questions b10 - 12 i.e 5, 25, 50, 75 and 95 

percent. 
• summing the responses to the questions to create a new variable (JNYTYP) and then weighting each 

response by dividing this figure into 100. 
 
For example:. JNYTYP = 5%(Qb.10) + 25%(Qb.11) + 75%(Qb.12) = 105% 

 Qb.10  JNYTYP1 =   5 * 100/105 = 4.76% 
  Qb.11  JNYTYP2 = 25 * 100/105 = 23.81% 
  Qb.12  JNYTYP3 = 75 * 100/105 = 71.43% 
 
To calculate cold mileage then requires further assumptions about the fraction of each type of journey 
undertaken 'cold'. The CORINAIR assumption of 3.38km (approx. 2 miles) to determine ‘cold miles’ is 
used. Short journeys of less than 2 miles are therefore 100% cold. For other journey lengths, some 
approximation is required. It is was decided that: 
• medium journeys (2 - 20 miles / 3.2 - 32 km) are likely to average 6 miles (9.6km) in length, so that 

cold miles are one third of this category. This figure is based on the national average journey length 
figure of 9.8 km (Potter 1997). This figure would apply to the average of all journey types but, when 
combined with the recognition that average trip lengths are longer in rural area, seemed a reasonable 
estimate to apply to this category. 

• long journeys might average 50 miles so that cold miles are only 4%. This figure is a difficult one to 
estimate. Once again, given the relative ‘remoteness’ of the rural location, these journeys were 
assumed to consist mainly of longer distance trips out of the County. 

 
With these assumptions, cold miles are therefore given by: 

Cold miles = 100 % short miles + 33% medium miles + 4% long miles  
 
Apportionment of mileage by speed 
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The distribution of mileage amongst different speed categories can be identified from the same type of 
calculation used above to apportion journey types. Respondents were asked to apportion distance across 
three speed/road types but were not asked to estimate cold starts. 'Cold miles' as calculated above had, 
therefore, to be subtracted from the other speed categories. This was done by subtracting the cold miles 
total entirely from distance allocated to ‘type 1’ roads (slow speed (<40mph / 64kmph)) to give four 
categories consistent with the emissions factors in the table (Appendix B): 
• cold 
• <40mph 
• - 65 mph 
• >65mph 
However, if cold miles exceeded distance driven on ‘type 1’ roads then these miles were set to zero and 
the residual was subtracted from the next speed category. This took place in a minority of cases. 
 
Calculation of emissions and energy use 
For each vehicle, the emissions and energy use in each of the four speed categories were calculated by 
multiplying the factors in the table by the annual miles travelled in each category, then summing over all 
categories. The emissions from trips undertaken in each vehicle were then added together. This was 
repeated for each of the emissions of carbon dioxide, carbon monoxide and nitrogen oxides as supplied 
in the emissions factors table. 
 
ADJUSTING THE ASSUMPTIONS 
 
Adjusted emissions factors 
The present speed limit on motorways is 70mph (112kmph) and, whilst statistics would suggest that the 
average speed of cars is around this speed, the limit is on the whole not well observed. Emissions factors 
in the base data are derived from test cycles performed at around 75mph. In order to account for the fact 
that many vehicles exceed this, the emissions factor in the highest speed category was adjusted by 
extrapolating the factor value to reflect a 80mph (128kmph) threshold. In order to reflect the statistics 
illustrating the level of speeding on motorways, 20% of the distance originally allocated to motorway 
driving was subtracted from this category and combined instead with the ‘new’ emissions factor for 
80mph. The overall effect on emissions from this change was then assessed. 
 
Adjustment for passengers 
If the conventional method of apportioning emissions among vehicle passenger miles is adopted, 
substantial reductions in driver emissions could result. To convert energy and emissions per vehicle km 
into energy and emissions per person km, it is necessary to divide by the average vehicle occupancy 
(OCC) where 
 

 
( ) ( )

OCC
QB P QB QB

QB
=

+ + −13 1 5 13
5

) .
 

where Qb13 - proportion of journeys driven alone 
 P - average number of passengers when the driver is accompanied 
 
In other words, 
Average individual  
Car Occupancy  =  Total distance driven alone  + (average car occupancy for whole survey  * distance with passengers) 
          Total distance 
 
 
 
 
 
The survey does not allow direct calculation of P. The simplest reasonable assumption is that, over the 
survey sample as a whole, P will reflect the national average car occupancy of 1.7 (Dot 1995), so that 



Appendix C 

88 

 P
x QB QB

QB QB
+ =

−
−

∑ ∑
∑ ∑

1
18 5 13

5 13
.

. 

In other words, 
 
Average car occupancy   
for the survey             =    (1.7 x sum of everyone’s total driven)  -  (sum of all miles done without passengers) 
     distance driven with passengers 
 
For example, if the total distance done by all respondents was 100,000 and the total distance done by all 
respondents without passengers was 60,000: 
 

P+1  =  (1.8 x 100,000)  -  60,000         =    3  (i.e for all miles done with passengers, 
  40,000           an occupancy of 3 is assumed) 

          
 
This allows a single calculation of P from the aggregate data. P can then be used to calculate average 
occupancy, and hence the vehicle km to person km correction factor, for each respondent. 
 
OFFICIAL  FUEL CONSUMPTION METHOD 
This method calculates total fuel consumption from each vehicle used by combining mileage figures with 
official miles per gallon (or litres per 100 km) figures for each category of road / speed. The method used 
in this study does, however, make adjustments to the official figures in an attempt to reflect cold start 
effects. The same procedure for apportioning distance across road/speed categories and calculating cold 
start distances was used as in the emissions factor method so as to create four different ‘speeds’ as 
before. The corresponding ‘mpg’ figure was used for each speed category to calculate fuel consumption. 
For the ‘cold’ category, an average of the three figures was used and the resulting amount increased by 
20% to reflect the average increase in fuel consumption during this part of any journey. 
 
Fuel consumption figures will differ between vehicle makes and models. Hence the summing of mileage 
between vehicle types could only take place once fuel consumption had been calculated, and only then if 
both cars use the same types of fuel. Once a fuel consumption figure for each individual and for each fuel 
type used had been produced, the following conversion factor was then applied in order to measure 
carbon dioxide emissions: 
 
I litre of petrol  =  2.42 kg of carbon dioxide 
I litre of diesel  =  2.64 kg of carbon dioxide 
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APPENDIX D:  FOCUS GROUP TOPIC GUIDE 
 
1.   Introduction (3 mins) 
 
• Introduce self and organisation - work for Oxford University (don’t mention ‘Environmental’ CU) 
• Thank respondents for agreeing to take part 
• Brief outline of project 
• Ground rules - a discussion - no right or wrong answers 
   confidentiality 
   permission to tape record 
   single rather than sub-group discussions 
 
 
2.   Warm up (5 - 10 mins) 
 
• Invite each person to introduce themselves - name 
       household composition 
       access to private transport (car ownership) 
       do they have one main form of transport? 
 
3.   Travel Profiles - what the respondents do now (15 mins) 
(Introduction: an exploration of the kind of journeys people make, the means of transport used, the 
distances travelled, how often and for what purpose. NB run these only for a few people in the group and 
invite others to compare examples with their own experiences - simply try to establish a range of 
profiles.) 
 
• Example of a typical daily / regular journey - destination / purpose 
       how travel/ means of transport (include 
walking) 
       distance 
       time taken 
       number of people usually in the vehicle 
 
• Business travel / holidays - less frequent, but are they able to summarise the amount of travel taken 

for these purposes per year? Regular destinations? 
 
• Ability to say whether they perceive themselves to do above average number of miles annually - can 

they estimate about how many miles they travel a year and whether this varies from year to year? 
Does anyone keep a record of  mileage - if so, for what purpose? 

 
• Have any of these characteristics changed over time or are they likely to change in the future? If so 

how and why? 
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4.   Attitudes to travel profiles - how the respondents feel about what they do (15 mins) 
(recap on some of the advantages and disadvantages they have mentioned in relation to using different 
forms of transport (not environmental concerns) - then explain that you want to explore in more detail 
about how they feel about the journeys they make) 
 
• Time - about how much time/number of hours spent travelling - how do they measure this? 
            (- has this changed from year to year?  

     - is it likely to change in the future? ) 
     (repetition) 
   - how do they feel about this - too 

      much?    
   - want or could stand to travel more? 

 
• Expense - same questions 
 
• Congestion - what are the travel conditions generally - how busy and how does it vary? Have they 

seen any changes over time? 
 
• Travel conditions - are the regular journeys an enjoyable experience (have they ever though about 

it)? How easy / difficult is the journey? What would make it easier / more pleasant? 
  
• Possibilities for changing travel profiles - are there any changes they would like to be able to make in 

the amount of travel and the mode of travel? What and why? 
  
• Attitudes to alternative travel modes such as hitchhiking, lift giving (to family and non family 

members), taxi sharing, car sharing as in shared ownership, demand-responsive buses (dial-a-ride) 
etc. 

 
• In general, how feel about the amount of travelling people do nowadays? 
 
 
5.    Choice of transport - why the respondents do what they do (15 mins) 
(attitudes to time / money / independence / gender / public mobility / local facilities and space etc. NB let 
respondents come up with alternatives and constraints on their own and keep a note of these.)  
 
• Reasons for the choice of mode of transport?  
  
• What are considered to be the options at the moment (if any) and how practicable are these to 

particular circumstances? (ie do these vary from different types of journey? How?) 
  
• What are considered to be the main constraints limiting choice? 
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6.   Environmental impact - how respondents see travel and other emissions (15 - 20 mins) 
(recap on whether or not there have been any unprompted, spontaneous references to environmental 
issues and concerns and explain you now want to look at the environmental implications of travel) 
 
• Attitudes to environmental impacts and traffic pollution 

1. What opinions do they have on the impact of traffic on the rural environment? 
2. Do they think of possible environmental effects when they decide whether / how to travel? 
3. What kind of effects? Are these seen as harmful or damaging? How urgent are they? 
4. Does this affect their decisions? How? 
5. In general, do they think people take account of environmental concerns? Why? Why not? 

 
• Emissions / pollution 

1. What are emissions? How much of a problem do they feel is caused by emissions? Are these 
seen as national or local problems? Do you know much about emission levels?  

2. How important are emissions in comparison to other negative effects of transport eg safety, 
social effects, (land use)? 

3. What factors do you think are the most important determinants of pollution levels from 
transport? (Understanding their causes / quantities / constituents) 

 
• Alternatives / options 

1. Aware of any alternative technologies that might be less harmful to the environment? What? 
2. How do they feel about energy efficient cars / alternative fuels?  
3. Are there any other alternatives which may reduce environmental impact? (Increase costs, 

more local facilities.) 
4. What kind of improvements would they like to see? 

 
7.   Future - Emissions Profiles (15 mins) 
(recap on the general feelings on the environment and emissions cited above. Concentrate on emissions 
and what kind of actions people feel would be effective in resolving problems) 
 
• What do you think you could personally do to affect the amount of emissions you produce from 

travel? Has anyone carried out any of these actions already?  
 
• Would you welcome more information / advice or do you feel there has actually been an information 

/ media overload on such issues? What information have you received already (has it been conflicting 
/ confusing (eg difference between diesel and petrol))? From what sources? What faith in this 
information - is it believable or just rhetoric? What kind of information would you like to receive? 
How do you think you would use that information?  

 
• Do you think that if a method were to be devised of measuring in detail the amount of emissions 

produced from each individual, it would influence the amount / method of travel? (eg something 
similar to an income tax return …) 

  
• Are people likely to change their travel patterns for environmental reasons? How? Why (not)? 
 
• In general, do people feel their own behaviour could make a difference? 
 
• Do you believe that people should be encouraged to use the car less?
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