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Preface

The growing concern about environmental pollution has forced
governments to seek more efficient tools and policies to protect the
environment. However, no policy can be fully efficient if it is not
properly co-ordinated with policies carried out in economic sectors
where environmentally disruptive activities are taking place. For
instance, while implementing environmental regulations, one
should make sure that existing regulations, tax structure or
practices within sectors like agriculture, energy or transport do
not actually counteract environmental protection measures. This
issue of so-called "integration" between environmental policy and
other policies represents a major focus of the work carried out by
the Organisation for Economic Co-operation and Development
(OECD) in the field of environment.
Transport - in particular motor vehicles - is a major cause of

environmental disruption and the OECD has undertaken a study
to identify and analyse the elements in transport policy which
can induce adverse environmental effects. To this end, OECD
commissioned case studies on six countries - France, the Federal
Republic of Germany, Greece, Italy, The Netherlands, and the
United States - from independent experts. This book presents
these six case studies. In order to put the issue in perspective, an
introductory chapter has been added by the two editors, including
a brief overview of the United Kingdom's situation.
Each chapter represents the opinion of its author (or authors)

and does not necessarily reflect the views of the OEeD.



Tables

3.1 Road Network (1,000 km) 62

3.2 Pollution and Traffic Safety: Sample Survey of
Households in the FRG 63-64

3.3 Disamenities from Noise: Results of a Survey 65

3.4 Pollutant Emissions in the FRG by Groups of
Emission Sources 66-67

3.5 Tax Deductions for Cars According to
EC-Limit Values 71

3.6 Tax Allowances for Driving to Work 78

3.7 Fuel Taxes in Germany (DM per Litre) 80

3.8 Budget Effects (1985 and 1990) 81

3.9 Budget Differentials (1985-90) 82

3.10 Data on Accidents in Germany (Selected Years) 86

3.11 Accidents Resulting from Tax Relief Schemes (1987) 88

4.1 Modal Split for Domestic Transport (1987) 94

4.2 Financial Transfers in the Transport Section 97

4.3 Modal Split 100

4.4 Social Cost of Transport as a Percentage of GDP
(Mean of Selected Countries) 102

5.1 Growth of Domestic Passenger Transport (1970-87) 123

5.2 Development of Domestic Freight Transport
(1970-87) 124



5.3 The Transport Sector in the Dutch Economy 125
5.4 Air Pollution by Road Transportation (1970--87) 126

5.5 Contribution of Road Transport to Total Air Pollution,
in Percentages 127

5.6 Estimated Costs of Air Pollution per Year 127

5.7 Diesel-specific Air Pollution, Diesel Use and Traffic
Performance and expected Growth 139-40

5.8 Emissions of Passenger Vehicles in Grams/
kilometres (1986) 140

5.9 Breakdown of Fuel Prices in the Netherlands 141

5.10 Houses with Noise Levels Equal to or Greater
than 66 dB(A), caused by Road Vehicles 144

5.11 Houses with Noise Levels Equal to or Greater than
65 dB(A), caused by Railway Traffic 144

5.12 Noise: Legal Limits 145

6.1 Passenger Car Price Analysis 162

6.2 Air Pollution in Athens by Source and Pollutant 169

6.3 Pollution Levels in the Athens Basin and the
Thriasson Field, by Pollutant (1984) 170

6.4 Level of Pollutant Triggering Emergency Action in
Athens 170

6.5 Effects of Restraint Measures on Vehicle-Hours and
Vehicle-km/H 172

6.6 Effects on Traffic Composition (Mean Percentage) 173

6.7 Environmental Effects 175

7.1 Traffic Modal Split (1976 and 1986) 179

7.2 Public Expenditure on the Transport Sector by
Subsectors (1986) 182

7.3 The Fiscal Burden on Transportation (1986) 183



7.4 Public Transport Subsidies (1986) 186

7.5 Road Expenditures (1986) 189

7.6 Total Costs (1986) 189

7.7 Fiscal Revenues (1986) 189

7.8 Expenditures - Revenues Ratios (1986) 190

7.9 Revenues from Traffic Violations (1988) 195

7.10 Fatal Accidents by Type of Accident and Vehicles
Involved (1986) 196

7.11 Noise Pollution in Italian Metropolitan Areas (1988) 200

7.12 Fuel Consumption and Pollutant Emissions in the
-Province of Milan (1984) 201

7.13 Estimates of Total Emissions of Air Pollutants 202



I Introduction
Jean-Philippe Barde and Kenneth Button

Transport and the Environment

In industrialized countries, transport is a major sector of the
economy. Users' expenditure, including the use of infrastructure,
represents 4 to 9 per cent of GDP in OECD countries. Transport
provides two to four per cent of employment and accounts for
about 30 per cent of total energy consumption (of which road
transport alone consumes 82 per cent). Between 1970 and 1987,
the number of cars multiplied by a factor of two in Western
Europe, by 1.6 in North America and by 3.4 in Japan; car
ownership (in terms of number of cars per 1,000 inhabitants)
is now 560 in the United States and 320 in Europe and Japan;
there are about 150 million cars (plus 44.5 million goods vehicles)
in North America and 130.3 million cars (plus 14.5 million goods
vehicles) in Western Europe. Furthermore, road traffic volumes
have almost doubled. This share of transport in the economy is
still expected to increase in the future.
It is, therefore, no wonder that transport is a major cause of

environmental disruption in many different ways, but the most
significant impacts are air and noise pollution caused by road
transport: some background data are provided below.

Airpollution
Transport is a significant source of air pollution and, for some
pollutants, the main contributor.
Transport (mainly cars) is the source of about 90 per cent of

total emissions of Carbon monoxide (CO) in OECD countries.
CO can induce severe health problems as it interferes with the
absorption of oxygen by haemoglobin. In urban atmospheres
with high ambient air pollution, CO can exacerbate cardiovascular
disease and, combined with other pollutants, increase mortality
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and morbidity risk associated with respiratory disease (synergistic
effects). CO can also indirectly contribute to the increase
of "greenhouse gases" which are the cause of global climate
warmIng.
About half of Nitrogen oxides (NOx) is emitted by motor

vehicles (the other half originates from the energy and industry
sectors). Acute exposure to Nitrogen dioxide (NOz) is a signif-
icant cause of respiratory diseases like coughs and sore throats,
but the most serious health hazards are due to a combination of
Nitrogen oxides with other air pollutants which can strongly
affect people subject to bronchitis, asthma or emphysema. A
combination of Nitrogen oxides and Sulphur oxides (SOx)
contributes to a large extent (about one-third) to acid deposition
on soil, vegetation and water, thus causing damage to crops,
forest, fish, etc. Most importantly, NOx are a cause (or "pre-
cursor))) of the photochemical smog often observed in large
conurbations, particularly during the summer.
Hydrocarbons (HC) result from an incomplete fuel combus-

tion or from evaporated unburned petrol from fuel tank and
carburettor. A significant proportion of emissions originates from
manipulation of fuels (transport, storage, distribution in service
stations). Benzene is the best-known hydrocarbon. Between 40
and 50 per cent of total HC emissions originate from transport
and play an important role in the formation of photochemical
oxidants. Some HC compounds cause eye irritation, coughing
and sneezing; others, like benzene, are carcinogens and mutagens
(for instance, benzene can cause leukaemia).
Lead, used as' an additive in petrol, still accounts for about

half of total lead atmospheric emission in OECD countries
and virtually 100 per cent in urban areas. High-level lead
concentration can damage kidneys, liver, reproductive system,
blood formation, basic cellular system and brain function. The
effects of low-level concentrations corresponding to those caused
by leaded petrol are not known precisely. However, it has
been demonstrated in the United States that reducing the lead
content of petrol significantly lessens the health risk in urban
areas. Fortunately, lead emissions are decreasing thanks to the
limitation of lead content in petrol, in particular the promotion
of "unleaded petrol" required for cars equipped with catalytic
converters. This decrease has been particularly marked in the
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United States (minus 68 per cent between 1975 and 1983) and
Japan. Following new legislation in the European Communities,
substantive improvements are also expected in Europe.
Diesel engines also emit Sulphur dioxides (S02) and fine

particulates: the latter, which are extremely small, penetrate
easily into the respiratory system. In urban areas, a correlation has
been established between suspended particulates and mortality
rates (DECO, 1988). Particulates also cause soiling of buildings
and other materials, leading to high maintenance costs (e.g. for
cleaning and painting). Wear and tear on brakes and tyres emits
hazardous particulates such as asbestos, a well-known carcinogen.
Carbon dioxide (C02), an important contributor to global

climate change (the "greenhouse effect"), has become a major
concern. For a number of years the concentration of CO2 in
the atmosphere has kept growing because of the increasing use
of fossil fuels, to which transport is a major contributor. About
15 per cent of world emissions - 40 per cent in DECO countries
- are due to transport.
Chlorofluorocarbons (CFCs) contained in air-conditioning

systems and foams also contribute to the depletion of the
stratospheric ozone layer.
Noise is one of the most resented nuisances caused by

transport and is indeed a major public health issue. Noise
affects activities such as communication (speaking, listening to
radio and television) and sleep. These effects in turn induce
psychological and physiological disorders; for instance caused
by stress, tiredness and sleep disturbance. Physiological effects
of noise include non-auditory effects such as disturbance of the
cardiovascular and digestive systems and auditory effects such as
hearing loss. Hearing loss is mainly caused by repeated exposure
to very intensive noise (i.e. above 80 decibels A) experienced at
the workplace or in discotheques; however, long-term exposure
to high traffic noise levels (i.e. above 65 dB(A» can accelerate the
loss of hearing usually caused by ageing.
Transport is the main cause of environmental noise. In DECO

countries about 130 million people - 16 per cent of the population
- are exposed to "unacceptable" noise levels caused by road, rail
and air traffic (i.e. above 65 dB(A) measured on the daytime Leq
scale). This level of 65 dB(A) corresponds to the noise currently
prevailing alongside busy roads or streets; such a level causes
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severe disturbance of sleep and communications; however, traffic
noise levels can attain 80 dBA. (Note: Decibels are measured on
a logarithmic scale which means that, in physical terms, each 3
dB increase corresponds to a doubling of noise intensity; it is
admitted, however, that noise volume, as subjectively perceived
by individuals, doubles for each 10 dB increase.)
Furthermore, over 50 per cent of the OECD population - i.e.

some 400 million people - are exposed to noise levels in excess
of 55 dB(A), which, though not unacceptable, are considered
unsatisfactory. Over the last twenty years, the situation has
not changed significantly: exposure to unacceptable noise levels
(" black spots") seems to decline, whereas a growing number of
people are living in areas where unsatisfactory conditions prevail
("grey areas") (OECD, 1988). Unless stringent control measures
are implemented, the situation is likely to deteriorate further in
the future.

The Social Cost of Transport

What is the cost to society of damage caused by transport, such
as air-pollution-induced mortality and morbidity, adverse effects
of noise, visual intrusion, etc.? A few attempts have been made to
evaluate this "social cost" - that is, to put a monetary value on
these negative environmental effects. There are several reasons
for doing this.
First, in a cost-benefit framework (i.e. comparing the costs and

benefits of a given situation or course of action), it is necessary to
translate all elements into a common measuring rod - that is to
say, money. Note that in this context, benefits are defined as the
obverse of damage - i.e. as damage avoided thanks to remedial
or preventive measures such as pollution and noise abatement.
Assessing whether such measures are worth their cost requires
that the cost, measured in money, be compared with benefits also
measured in money. Second, environmental effects are so diverse
and heterogeneous (effects on health, on well-being, on materials,
crops, aesthetics, etc.) that, here again, a common yardstick,
money, is needed to aggregate them. Third, in a global economic
accounting framework, the true value of Gross Domestic Product
should be calculated "net" of environmental damage (hence the
concept of "green GDP" - Pearce et al., 1989).
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Putting a monetary value on environmental damage (or bene-
fits) is fraught with methodological and empirical difficulties,
although substantial progress has been achieved. This is mainly
due to the fact that environmental damage is not directly reflected
in the marketplace (hence the concept of "external cost"); there-
fore indirect valuation methods are required (see Pearce and
Markandya, 1989; Barde and Pearce, 1990).
The damage cost of air pollution - excluding CO2 - emitted

by transport (mainly damage to health, materials and agriculture)
is mainly calculated on the basis of epidemiological studies
providing damage elasticities estimating variations of for example,
mortality or morbidity rates due to variations in air pollution. A
monetary value is then imputed to this damage - e.g. health
expenditure, working days lost, crop losses. Quinet (1990) has
made an exhaustive review of existing estimates for land-based
transport and finds an average value of air-pollution damage
about 0.4 per cent of GDP (0.15-0.2 in the Netherlands, 0.3 in
the United States, and 0.4 in the FRG).
The damage cost of transport noise (mainly in terms of

annoyance, health and loss in work productivity) is often esti-
mated by using the so-called "hedonic price" approach, 'Nhich
calculates the loss in value of properties exposed to noise - for
instance dwellings along busy roads or in the vicinity of airports.
Quinet puts the average value of the social cost of land transport
noise at 0.1 per cent of GDP (0.02 in the Netherlands, 0.06 in
Norway, 0.08 in France, 1.0 in the FRG).
Putting all these values together means that the social cost

of air-pollution and noise damage caused by transport would
be in the order of 0.5 per cent of GDP (Quinet). However,
these figures are probably underestimated, since only part of the
negative environmental consequences of transport are accounted
for, leaving aside effects such as global climate warming, visual
intrusion and aesthetic effects, the use of public land, acid
rain, water pollution. Also, the hedonic price approach does
not capture all damage caused by noise an_d air pollution - in
particular, long-term health effects.
Defining "total social cost" of transport as the totality of

transport-related cost and expenditure, Quinet finds the following
figures (in percentage of GDP):


