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Efficient transport systems are essential for the growth of our economies and the mobility of our people. However, 
the current trends in transport development challenge sustainable development, resulting in large detrimental 
health and environmental impacts that to a disproportionate extent affect the most vulnerable and particularly 
children. 

Our capacity to develop technological solutions is to a large extent offset by the relentless growth in the number 
and length of trips as well as in the motorization rates in the eastern part of the region. In addition, reduced public 
investments into efficient and attractive public transport as well as growing urban sprawl further encourage 
private motorized transport. Even if the totality of our fleets were converted to “zero emission” vehicles, we 
would still face the toll posed by road traffic injuries, which in the European region claimed some 127,000 lives 
in 2002, of which about 6,500 were 0-to-14 year old children.  Furthermore, the present urban and transport 
settings contribute to physical inactivity, a leading risk factor for health, which has recently been associated to 
some 5 to 10 % of total mortality in the region. This would add to the economic costs and the lower quality of life 
that result from increasingly widespread congestion and the loss of natural habitats due to the growing need for 
roads and infrastructure for car transport.

By integrating environmental and health aspects into decisions concerning transport and land use planning new 
synergies may become apparent and transport may lead to positive health and environmental effects, such as 
when safe cycling and walking and public transport become a realistic travel option.

The Transport, Health and Environment Pan European Programme (THE PEP) was established to support the 
achievement of healthier and more environmentally friendly mobility in the region through the implementation 
of concrete actions. The completion of the project “Transport-related health impacts and their costs and benefits, 
with a particular focus on children” is one of the first results of the implementation of THE PEP. Not only 
this project is successful in improving our understanding of the type, magnitude and costs of the effects of 
transport on health, in particular on children. It also contributes to the development of the Children’s Health and 
Environment Pan-European Programme (CEHAPE), by highlighting policy directions that member States will 
need to consider in their efforts to “promote safe, secure and supportive human settlements for all children”.

Another important result of this project has been its capacity to bring together six different countries and many 
other stakeholders. We wish to commend Austria, France, Malta, the Netherlands, Sweden and Switzerland 
for their commitment to THE PEP implementation, for their leadership in steering this project and for making 
available the expertise of highly competent scientists. What has been achieved through this project makes us 
looking forward with confidence to the next steps in the implementation of THE PEP and  to the possibility 
that our joint efforts will eventually succeed in achieving transport, which is sustainable for health and the 
environment.

Mr. K. Bärlund    Mr. J. Capel Ferrer   Dr. R. Bertollini 
Director,    Director,    Director, 
UNECE, Environment and  UNECE, Transport Division  WHO/Europe, Division 
Human Settlements Division        of Technical Support,  
          Health Determinants
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Today’s transport and mobility is not yet sustainable. Its environmental and health impacts and its predicted trends 
can be seen as a major challenge in order to improve the quality of life. Children are vulnerable. Therefore considering 
their needs as a point of reference in policies aiming at achieving sustainability can be a benefit for all.

Reconciling transport and mobility with the need for a healthy environment for our children and enough space for 
their physical and mental development is one of the major challenges for our environment, health and transport 
policies. Taking children as a point of reference into our policies will avoid high losses and provide us with substantial 
gains in the future.

In recognizing this challenge Austria, France, Malta, the Netherlands, Sweden and Switzerland undertook this joint 
project and workshops series “Transport Related Health Effects in Particular on Children – Towards an Integrated 
Assessment of their Cost and Benefits.”, thus contributing to the “Transport, Health, Environment Pan-European 
Programme (THE PEP)“ of UNECE and WHO as well as to the development of the Children-Environment-Health-
Action-Plan for Europe.

Our work was based on an intersectoral and interdisciplinary approach, shared responsibilities and resources and 
a fruitful and constructive spirit of discussion and collaboration. All the country experts and external contributors 
particularly WHO are to be highly acknowledged for their efforts and achievements as they explored much scientific 
ground and faced a considerable variety of uncertainties in data and knowledge.

This synthesis report compiles the major outcomes: the state of the art knowledge on the major transport related 
health effects on children i.e. air pollution, climate change, noise, physical activity, psychological aspects and road 
injuries, the lessons learned and methodological indications for health impact assessments and for evaluating the 
economic costs and benefits and last but not least the concluding key messages and policy directions.

We hope that this joint project and its results will contribute to further progress on an integration of children’s 
concerns into policies, on achieving a more children friendly transport system and on a full acknowledgement of the 
transport related health impacts, their costs and benefits in decision making.

We are looking forward to following up our joint work and to further cooperation in the implementation of THE PEP 
and the CEHAPE in order to achieve a more sustainable and healthy mobility pattern.

Werner Wutscher, 
Secretary General of the Austrian 
Federal Ministry of Agriculture, 
Forestry, Environment and Water 
Management (BMLFUW)

Friedrich Rödler, 
Secretary General of the Austrian Federal 
Ministry of Transport, Innovations and 
Technology (BMVIT)

Michele Pappalardo, 
Chief Executive Officer, French 
Environment and Energy 
Management Agency, ADEME

Karla Peijs 
Minister of Transport, Public Works and 
Watermanagement, The Netherlands

Göran Friberg, 
Deputy Director General, SIKA, 
Sweden

Heinz Keller, 
Director General of the Federal Office 
of Sports, Switzerland
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Background and Objectives
Motorized road transport has increased rapidly 
in the European Region in the last decades. 
Forecasts for 2020 in the EU show a further rise 
in passenger and freight transport and similar 
trends are also expected  in the eastern part 
of the European Region. There is an increasing 
awareness of the environmental and health 
effects of transport. The health risks posed 
suggest an increased urgency for action to 
reduce these effects and related risks. The 
integration of environmental and health 
dimensions into transport policies is necessary 
for achieving sustainability and reducing the 
disease burden. This is a challenging task but 
necessary for providing a viable future for our 
children.

To this end, Austria, France, Malta, the 
Netherlands, Sweden and Switzerland launched 
a joint project and series of workshops on 
“Transport-related Health Effects with a 
Particular Focus on Children” in 2003. With this 
joint initiative the participating countries intend 
to make an active contribution to the UNECE 
- WHO Transport Health and Environment 
Pan-European Programme - THE PEP as well as 
to the development of the CEHAPE - Children‘s 
Environment and Health Action Plan for Europe.

The aim of this project, which focused 
particularly on road transport, was to make 
progress towards an integrated assessment of 
major transport related health effects by:

1) Focusing on children

2) Bringing together state of the art  of
     knowledge about these health effects

3) Highlighting their costs and benefi ts

4) Focusing on methodological aspects

5) Identifying policy directions to address
     transport-related health effects on children

One of the outcomes of this joint project is a 
set of “Key Messages”. These ‘messages’ were 
developed after reviewing the evidence and 
a comprehensive list of policies addressing 
different aspects of transport-related effects on 
environment and health. This was undertaken 
by experts and was developed further at 
the Workshop on “Synthesis and Policy 
Recommendations” (Malta, 19-20 February 2004) 
by an panel of decision makers and external 
experts.

Experts from the six participating countries 
shared tasks, experiences and resources. 
Austria focussed on the psychological issues, 
France on air pollution, Malta on road safety, 
the Netherlands on noise, Sweden on economic 
valuation and Switzerland on physical activity. 
The project was supported by expert input from 
the WHO on road safety and climate change. 
A series of reviewing workshops in Vienna, 
Stockholm, The Hague and Malta complemented 
these studies involving also external experts and 
stakeholders. The results and conclusions of this 
joint project are summarized and published in 
a synthesis report complemented by fi ve topic 
reports.

It has to be stressed that due to limited time and 
resources, some  effects of transport, such as the 
contamination of water and soil, as well as more 
comprehensive economic calculations could not 
be suffi ciently undertaken. Follow-up activities 
would be advisable.
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Air Pollution related Health Effects

Many epidemiological studies have assessed and 
shown the association between ambient air pollution 
and health effects on adults using different indicators 
such as particulate matter (PM expressed as PM10, 
PM2.5, Total Suspended Particles - TSP, Black Smoke 
- BS) or gaseous pollutants (nitrogen dioxide (NO2), 
sulphur dioxide (SO2) and ozone (O3)).

Although fewer studies have focused on the effects 
of air pollution on European children, their results 
suggest that there is a relationship between air 
pollution in Europe and numerous adverse health 
outcomes in children, in particular, respiratory 
disease.

Children, in particular those under two years of 
age and adolescents, are considered to be more 
susceptible than adults to the effects of air pollution, 
partly because of their immature metabolism and 
their physiology.

Even at relatively low levels, ambient air pollution 
has been shown to affect children with asthma 
and other respiratory conditions. Living along busy 
streets in urban areas, particularly with heavy motor 
traffic, has been associated to several respiratory 
diseases (exacerbation of asthma, chronic respiratory 
symptoms, allergic symptoms, increased prevalence 
of atopic sensitization, reduction in lung function).

Results from different study consistently indicate 
that neonatal or early post-neonatal exposure to air 
pollution results in mortality; these effects seem to 
be stronger in the post-neonatal (1-12 months) period 
and due to respiratory causes. Studies from Brazil 
suggest that there is a positive relationship between 
exposure to air pollution and respiratory mortality 
in young children (< 5 years). There are no European 
studies using this health outcome.

Technical and legal measures implemented since 
1990 (e.g. ban of lead in petrol, decrease in sulphur 
content of fuels, emission standards for vehicles) have 
led to a reduction of some vehicles exhaust emissions. 
In contrast, the effects of road transport-related 
particulate emissions and their continued increase 
in many countries are at the fore of today’s health 
concerns. Models which forecast traffic growth and 
factor in both, the implementation of regulations 
and improved technical measures, suggest that any 
improvements archived by the latter measures, will 
be offset by the increased emissions due to traffic 
growth. As a result, if emission ceilings and air 
quality objectives are to be met, technical measures 
will have to be complemented by economic and 
structural actions, which act to restrict emissions 
from road transport and other mobile sources.

Several studies have produced estimates of the 
health benefits that could be attained by decreasing 
ambient air pollution levels in European cities, using 
particulate matter with a diameter smaller than 10 µm 
(PM10) as an indicator. Other important indicators 
for transport related air pollution are PM2,5, NO2 
and black smoke. To put this in perspective, it has 
been estimated by the Air Pollution and Health: A 
European Information System (APHEIS) study that 
a decrease of 5 µg/m3 in ambient PM10 levels (other 
factors unchanged) in nine French cities would 
prevent 1,561 anticipated deaths. The same scenario 
if applied to 19 European cities estimates that 5,547 
deaths would be prevented. If the PM10 air quality 
guide value of 20 µg/m3, which must be implemented 
in 2010 in Europe, had to be implemented in the 19 
European cities, this would prevent 11,855 deaths.

Climate Change and Health

The transport sector is the second largest energy 
consumer in Europe. Over the period 1990 to 2000, 
transport greenhouse gas emissions in the EU-15 
increased by 19 %, whereas emissions from Central 
and Eastern Europe had a smaller increase of 4 %. 
Projected trends  forecast that CO2 emissions will 
further increase in the future due to the growth in 
passenger and freight transport.

The health impacts of climate change have a unique 
set of features, (a) they are global, (b) they affect 
future generations even more than current ones, 
(c) they are unevenly distributed, and (d) they can 
be worsened through coexistent environmental 
changes. The effects will undoubtedly have a greater 
impact on societies or individuals with scarce 
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resources, where technologies are lacking, and 
where infrastructure and institutions are least able 
to adapt. The Burden of Disease assessment of the 
WHO estimated, that, in the year 2000 there were 
an excess of 160,000 deaths due to climate change 
worldwide. The African and Asian continents 
face the biggest risk with children being the most 
vulnerable. In Europe, there is increasing evidence 
to show that extreme weather and climate events 
are becoming more frequent and intense and are 
associated with increases in hospital admissions in 
children during hot periods. The elderly, disabled, 
children, women, ethnic minorities and rescue 
workers may be  at greater risk of exposure to the 
effects of flooding than others.

The analysis of the time series of climate patterns 
and laboratory confirmed cases of indigenous 
salmonella infections from ten European countries 
found that increases in temperature contributed 
to an estimated 30 % of cases of salmonellosis in 
most countries investigated. In relation to climate 
and ecosystem changes preliminary results show 
that Lyme borreliosis (LB) has spread into both 
higher latitudes and altitudes, and in some areas 
is associated with an extended and more intense 
LB transmission season. Among children, Borrelia 
burgdorferi is now the most common bacterial cause 
of encephalitis and facial palsy.

The health impacts of climate change are difficult 
to quantify and surrounded by a high degree of 
uncertainty with regard to the long time-scale 
involved, the extent of the impacts, and the pattern of 
future world development. However what has become 
clearer is that international efforts are needed to 
achieve a world-wide reduction in greenhouse gases 
emissions, if climate change is to be slowed.

Noise Exposure and Health Effects

In Europe, transport (road, rail and air traffic) is 
the most important source of community noise. 
Approximately 30 % of the European Union‘s 
population (EU-15) is exposed to levels of road traffic 
noise of more than 55 dB(A). Exposure to high noise 
levels has decreased in some countries since 1980 
due to technological measures, noise barriers and 
spatial planning. Due to the expected growth in 
traffic, extra measures will be needed. At current 
noise levels many people are annoyed and disturbed 
in their sleep. A small effect on cardiovascular risk 
is highly plausible.

The limited number of epidemiological studies 
in children indicates that noise exposure affects 
children’s learning (cognition), motivation and 
annoyance. In addition, there is some evidence 
that noise is associated with impacts on the 
cardiovascular and endocrine system of children. 
A few intervention studies show the benefits 
that could be attained by decreasing noise levels: 
reduction of railway and aircraft noise improved 
the long-term memory and reading ability of school 
children. To avoid such effects, protection of 
children against noise exposure during the night 
and during learning activities is recommended. 
Recent estimations of the noise-related health 
impacts in the Netherlands suggest that current 
noise levels may be associated with annoyance 
in 1.5 - 2 million people (out of a population of 16 
million) disturbed sleep in 550,000 - 1 million 
and about 220,000 cases of hypertension. In total, 
1-2 % of the total disease burden could be attributed 
to traffic noise. Impacts in children cannot be 
estimated yet. The results of noise and HIA studies 
in different countries are difficult to compare due to 
methodological differences. The new EU directive 
on environmental noise provides a basis for further 
harmonisation.
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The benefits of implementing several source-
measures for noise abatement on cars and trains will 
exceed the costs of these measures, as cost-benefit 
analyses clearly indicate. For example, it has been 
estimated in the Netherlands that the implementation 
of several source-measures on cars and trains will 
cost about 2 billion Euros. The benefits in terms of 
reduced annoyance are estimated with about 4-6 
billion Euros . Estimations are that in the EU-15 the 
overall external (abatement) costs of road and rail 
traffic noise amount 0.4 % of the total GDP, some 36 
billion Euros.

Transport-related Physical Activity and 
Health

The importance of regular physical activity for health 
is well established. Positive health effects have been 
demonstrated for life expectancy, cardiovascular 
disease, stroke, type II diabetes, obesity, some forms 
of cancer, osteoporosis, depression and independence 
at old age.

International minimum recommendations for health-
enhancing physical activity refer to 30 minutes of 
moderately-intense activities. Moderate intensity 
is characterised by getting somewhat out of breath 
but not necessarily sweating, typical examples being 
walking and cycling. Further activities will convey 
further health benefits and in many countries the 
minimum recommendations for children are set at 
one hour per day.

However, levels of physical inactivity are alarmingly 
high not only in industrialized countries, and 
this poses a major public health problem. Studies 
indicate high levels of inactivity among young 
people and a tendency towards declining activity 
levels from childhood to adolescence, which starts at 
puberty and continues through to young adulthood. 
Transport-related physical activity can make an 

important contribution to overall physical activity 
in children. A wealth of data exists on overweight 
and obesity which are strongly influenced by 
physical activity behaviour. Direct health impacts 
of physical activity in children have been shown 
for major diseases. Short-term effects of physical 
activity are most easily demonstrated and impressive 
in size for weight control, while the associations 
with type II diabetes and cardiovascular disease 
could become very important if current trends of 
inactivity continue. There is a greater likelihood that 
physically active young people, compared with those 
inactive, will be more active in later life as well, so 
it is perceivable that all health effects of physical 
activity in adults may be influenced by increasing 
and maintaining active behaviour in young people.

There is a clear need to develop more interventions 
to increase physical activity and more specifically 
transport-related physical activity and to assess their 
effectiveness. In particular, traffic interventions 
should be identified, such as awareness programmes 
relating to taking children to school, that are most 
likely to increase health-enhancing physical activity 
and to reach physically inactive population groups.

In Switzerland, a country with 7 million inhabitants, 
current estimates suggest that between 1.4 and 1.9 
million cases of disease, between 2,000 and 2,700 
deaths and direct treatment costs of 1.1 to 1.5 billion 
Euros are caused by physical inactivity.

Psychological and Social Impacts

Psychological and social impacts of transport are 
often ignored or underestimated despite the fact that 
they can influence mobility behaviour. For instance  
fear from traffic dangers has led to an increase 
number of parents who  drive their children to 
school.

Furthermore health effects of noise and air 
pollutants also have a psychosocial component and 
therefore cannot be properly studied nor understood 
if psychology is neglected. Psychological and social 
mechanisms triggered by the perceived impact of 
transport alone can lead to disease. Every disease 
can also have consequences on the mental and social 
status of a person or an affected group of people. In 
addition, mental and social conditions can directly 
modify the impact of environmental stressors on 
humans.

In the long run high traffic density in human 
settlements may also lead to social effects by 
hindering the development of independence and 
social interaction in children.
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Executive Summary

Psychological and social effects of transport should 
be seen as an integral part of transport-related 
health impacts. One example is that walking to 
school instead of being taken by car has a direct 
positive effect on psychological and physical 
well-being in children, in terms of lower scores of 
depression, anxiety, aggression and hostility, fewer 
psychosomatic symptoms, and improved motor 
skills. Conversely, fear of road traffic injuries acts as 
a barrier which prevents children from more walking 
and cycling.

Addressing our true needs, including those of 
children, requires us to address physiological, 
safety, security, social, intellectual and aesthetic 
dimensions. Moreover, children have very definite 
ideas as to what they need and what they want. 
These ideas are surprisingly consistent and coherent 
and even younger school children are able to express 
their wishes if they get the proper opportunity. 
Children’s needs and aspirations should be taken 
as an important reference point in the planning of 
human settlements and mobility management. This 
would improve planning processes, children’s self 
esteem and their social competence.

Road Traffic Injuries

Ten percent of the 1.2 million deaths estimated 
worldwide from road traffic injuries (RTIs) in 2002 
occurred in the European Region. Road traffic 
injuries are the leading cause of death of children 
and young people (age of 5-29 years). 6,500 deaths/
year are reported among children aged 0-14 years. 
Nearly 67 % of crashes occurred in built-up areas. 
Cyclists and pedestrians pay a disproportionate 
price, representing one third of the deaths from 
road traffic injuries. For the EU, the cost of RTIs 
are estimated to be 180 billion Euro per year. 
Children are particularly vulnerable because their 
ability to cope with traffic is limited until 10 years 
of age. They are more at risk in conditions with 
heavy or fast traffic, limited visibility, or when 
drivers’ attention is focused elsewhere rather than 
on pedestrians or cyclists. A study reported that 
33 % of children involved in road traffic crashes had 
post-traumatic stress disorder.

Real and perceived safety concerns are quoted as the 
most important barrier preventing many people from 
choosing walking and cycling as means of transport. 
Reducing road danger requires control of this threat 
and reducing casualties. Of particular concern is 
the issue of speed at the moment of collision, which 
is a key determinant for the severity of road traffic 
injuries. In pursuit of reducing road danger, studies 
using a Willingness to Pay approach suggest that 

the public may be willing to have more rigorous 
road safety controls and greater accountability by 
governments, as in the rail and air sectors. These 
studies serve as a pragmatic basis for assessing 
the value and appeal of safety programmes. More 
generally, road safety, including danger reduction, 
should become a governing parameter of road 
transport, and not a tradable variable. This requires 
strong political commitment and leadership. The 
adoption of a comprehensive approach to road 
safety, should address all components of the 
transport system, namely road users, vehicles and 
infrastructure, and should take into account the 
human body’s vulnerability to excess kinetic energy 
and that imperfect road user behaviour is likely.
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Lessons Learned: Assessment of Health 
Impacts and Economic Valuation

Assessments of transport related health impacts 
should be important tools to guide policy decisions 
in transport and land use policies. Health Impact 
Assessment (HIA) studies can also provide relevant 
information for policy makers on the effects of 
interventions on public health. Cost-benefit analyses 
can be derived from these estimates. There are 
challenges to the estimation of transport related 
health impacts in children their costs and their 
benefits in particular:

■ How to select pertinent health effects in children 
and how to estimate the quantitative relationships 
between exposure and health effect (exposure 
response function)

■ How to accurately estimate the fraction of exposure 
coming from transport

■ How to measure and express in monetary terms 
effects of physical, mental and social health and 
well-being and how to achieve comparability

There are different concepts to evaluate mortality or 
the risk of mortality and it is important to consider 
the context in which they are to be used.

For transport related air pollution and the related 
external costs two main methodologies have been 
used. These have been designed to answer different 
questions. The Tri-national European project of 
Austria, France and Switzerland for the London 
Conference of WHO 1999 and the APHEIS study have 
led to a more global understanding of the overall 
impact of air pollution and is more appropriate for 
general transport policy planning at a national level. 
The ExternE study, which follows an impact-pathway 
approach, offers a better methodology to understand 
and assess the effects of specific interventions, such 
as minimum standards on fuel quality and engine or 
exhaust technology.

For noise assessments the mapping of noise 
exposure of the population and therein of children 
is crucial. Annoyance and sleep disturbance are 
recommendable end-points for health impact 
assessments. For these indicators generalized 
exposure response functions are available which can 
be used for impact assessment of transport noise.

Road safety impact assessments should focus in 
particular on vulnerable road users (e.g. children, 
bicyclists and pedestrians) and the decisive role 
of speed. They should be included into impact 
assessments of transport and land use programs and 
strategies.

Areas that require further investigation are 
the quantification and monetary valuation of 
psychological and social effects and the benefits 
of physical activity. A number of selected Swiss 
projects have begun to assess the effectiveness of 
interventions to promote physical activity. Studies 
to incorporate the health benefits of cycling into the 
cost benefit analysis of infrastructure development 
are also underway in Norway and Sweden. The 
result of a recent cost-benefit-analysis of cycling 
infrastructure in three Norwegian cities show that 
when the positive health aspects of physical activity 
are considered, the benefits for society of investing 
in cycle networks, significantly outweigh the cost.

Economic analyses and tools like cost-benefit 
analysis are often used in decision making 
regarding transport investments. These economic 
valuations have not to date taken sufficiently into 
account the transport related environmental health 
effects. Another major challenge when undertaking 
economic valuations is the issue of monetarization. 
Although not all health effects can be monetized as 
yet, there is a need to find ways of taking these fully 
into account when undertaking assessments and 
evaluations.

The Willingness To Pay (WTP) methodology of 
monetarization satisfies the condition of economic 
welfare theory by evaluating people’s preferences. So 
far there have been no economic valuations that have 
applied this approach to children, but only to their 
parents as relevant studies of the US Environmental 
Protection Agency have shown. Economic valuations 
of transport-related health effects in children should 
apply at least the same costs as for adults, until 
child-specific values become available.

Often incomparability is a major obstacle. Different 
studies may give different results. The reasons 
for the differences should be made transparent. 
Harmonization of the methodology is strongly 
desirable.

Further research and work on traffic-related health 
effects on children and their economic evaluation is 
recommended.
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Motorized road transport has increased rapidly in 
the European Region in the last decades. Forecasts 
for 2020 in the EU show a further rise in passenger 
and freight transport and similar trends are also 
expected  in the eastern part of the European 
Region. There is an increasing awareness of the 
environmental and health effects of transport. The 
health risks posed suggest an increased urgency for 
action to reduce these effects and related risks. The 
integration of environmental and health dimensions 
into transport policies is necessary for achieving 
sustainability and reducing the disease burden. This 
is a challenging task but necessary for providing a 
viable future for our children.

To this end, Austria, France, Malta, the Netherlands, 
Sweden and Switzerland launched a joint project 
and series of workshops on “Transport-related Health 
Effects with a Particular Focus on Children” in 2003. 
With this joint initiative the participating countries 
intend to make an active contribution to the 
UNECE - WHO Transport Health and Environment 
Pan-European Programme - THE PEP as well as 
to the development of the CEHAPE - Children‘s 
Environment and Health Action Plan for Europe.

The aim of this project, which focused particularly 
on road transport, was to make progress towards 
an integrated assessment of major transport related 
health effects by:

1)  Focusing on children

2)  Bringing together state of the art  of
     knowledge about these health effects

3)  Highlighting their costs and benefits

4)  Focusing on methodological aspects

5)  Identifying policy directions to address
     transport-related health effects on children

Transport related health effects

Source:  Reproduced with permission from the WHO publication 
“Preventing road traffic injury: a publich health perspective for 
Europe”
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One of the outcomes of this joint project is a set of 
“Key Messages”. These ‘messages’ were developed 
after reviewing the evidence and a comprehensive 
list of policies addressing different aspects of 
transport-related effects on environment and health. 
This was undertaken by experts and was developed 
further at the Workshop on “Synthesis and Policy 
Recommendations” (Malta, 19-20 February 2004) by 
an panel of decision makers and external experts.

Experts from the six participating countries shared 
tasks, experiences and resources. Austria focussed 
on the psychological issues, France on air pollution, 
Malta on road safety, the Netherlands on noise, 
Sweden on economic valuation and Switzerland on 
physical activity. The project was supported by expert 
input from the WHO on road safety and climate 
change. A series of reviewing workshops in Vienna, 
Stockholm, The Hague and Malta complemented 
these studies involving also external experts and 
stakeholders. The results and conclusions of this 
joint project are summarized and published in a 
synthesis report complemented by five topic reports.

It has to be stressed that due to limited time and 
resources, some  effects of transport, such as the 
contamination of water and soil, as well as more 
comprehensive economic calculations could not be 
sufficiently undertaken. Follow-up activities would 
be advisable.



17

Background and Objectives

Background Information

DPSEEA: A framework to support 
an integrated vision of the effects 
of transport on health and the 
environment
WHO has developed a specific framework on Driving 
forces, Pressures, State, Exposures, health Effects and 
Actions - DPSEEA). This framework can be applied 
to transport policy as shown in the figure below. 
The framework presents linkages between health, 
environment and development. It is an adaptation of 
the pressure-state-response (P-S-R) framework that 
was developed by OECD. The DPSEEA is a descriptive 
representation of the way in which various driving 
forces generate pressures that affect the state of the 
environment and ultimately human health through 
the various exposure pathways by which people come 
into contact with the environment. The framework 
allows identifying different levels to be addressed by 
specific corrective measures.

The application of the DPSEEA framework to Transport
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Trends in Transport

Overall, motorized transport has increased rapidly in 
the European Region in the last two decades. Freight 
transport is growing faster than passenger transport. 
In the EU-15 from 1990 to 2000 passenger transport 
increased by  18 %; freight transport increased by 
40 %, while on the opposite freight transport by 
train decreased in Europe by 0.6 percent per year 
(EEA, 2000).

In the forecast in TRENDS 2002 (EC, 2003) this 
development is predicted to continue until 2020 
according business as usual. In the countries of 
Central and Eastern Europe, following a decrease in 
transport activities in the early 1990s freight volume 
and passenger transport have been rising again since 
the mid-1990s, following economic recovery; similar 
trends are also likely to occur in Commonwealth 
of Independent States countries, although data to 
confirm this are limited.

The number of vehicles has risen drastically for 
all modes of transportation. The OECD predicts an 
increase in motor vehicle kilometres of 40 % in the 
next 20 years (OECD, 2001). The largest increase in 
passengers kilometers is expected in aviation.

For Europe as a whole, the European Environmental 
Agency expects an ongoing shift towards road and 
air transport. In the new EU countries a shift from 
public transport towards private road transport 
is observed, as took place before in the “old” EU 
countries.

Passenger and freight road transport are 
growing rapidly

Daily mobility pattern per person in urban areas in EU-15

Source: Energy & transport in figures, EC, 2003 
Graphic: HERRY Consult

Various studies indicate that transport will not 
meet the requirements of a system sustainable for 
health and the environment if current trends will 
continue. Benefits of technological progress in vehicle 
technology and fuels would be offset by the large 
increase of the number of vehicles and the volume of 
road traffic.

On the other hand OECD has already stated quite 
clearly that a sustainable transport system would 
be possible if a package of measures according to 
the recommendations of the OECD Guidelines for 
Environmentally Sustainable Transport (EST) were 
implemented.

Components of the package are the promotion of clean 
technology and fuels, mobility and infrastructure 
management, the promotion of rail and public 
transport use, cycling and walking; the implementation 
of economic instruments as well as the reorganisation 
of land use policy and the raise of public awareness.

Certainly EST would also meet the needs of our children 
and the requirements for a children friendly mobility.

Development of passenger and freight road transport 
from 1990 to 2020 in EU-15

Source: TRENDS 2002, EC, 2003

Total distance 35,6 km per person and day (including 6,5 km
public transportwith bus and coach, railwai, powered two-
wheelers and metro) 
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The transport-related health effects of Air Pollution have been elaborated under the auspices of France by a 
French expert team involving other experts of the other participating countries and WHO. A special focus 
is therefore given to the French situation with French specific data and examples. The detailed results and 
conclusions on the topic of air pollution as well as detailed references are compiled in the project specific topic 
report: on Air Pollution complementary to this synthesis report.

Air Pollution Exposure

Technical and legal measures implemented since 
1990 (e.g. ban of lead in petrol, decrease of sulphur 
content of fuels, emission standards for vehicles) 
have led to a reduction of some vehicle related 
exhaust emissions. Nevertheless, trends show that 
transport-related emissions of Total Suspended 
Particles (TSP) emissions have increased by 12 % 
between 1990 and 2001. This increase is mainly 
linked to the rapidly growing vehicle fleet and their 
use leading to higher overall emissions. Road, tyre 
and break abrasion contributing for 80 % to the TSP 
road transport emissions. Road transport’s share 
of particle emission increases with the decrease 
of particles´ size considered. Nationwide, road 
transport contributes for 13 % in PM10 emissions 
(industries 31 %, agriculture 31 %, residential/
tertiary 20 %). In the main French cities, 68 to 79 % 
of NOX air emissions come from road traffic. 

Since 1990, annual average air concentration have 
decreased for PM and for NOX in France. Comparable 
annual average air concentration levels in urban 
and rural areas of some high density population 
regions indicate that the major part of PM10 air 
concentrations are coming from transboundary 
pollution transportation and secondarily formed 
particles. PM10 levels are elevated close to main 
roads and during the winter period. Despite the 
smooth concentration decrease observed for NO2, 
urban areas remain subject to episodic pollution 
events that exceed air quality criteria and most of the 
urban sites still exceed the thresholds that should be 
effective in Europe in 2010.

Increasing the Effi ciency of Existing 
Measures to reduce Emissions
■ European directives aim at reducing atmospheric 

emissions from different sources (industries, 
electricity production, transports, ...). The attributed 
National Emission Ceilings (NEC) represent the 
national emission quantity that a country must 
not exceed for selected pollutants (SO2, NOX, VOC, 
NH3) in 2010. Results from a national evaluation 
(called OPTINEC) show that the only ceiling that 
France will be able to respect is VOC. If forecasts for 
traffic growth and regulation implementation are 
accounted for, this indicates that technical measures 
will have to be complemented by economic and 
structural action mainly in restricting road transport 
emissions and other mobile sources. Transport will 
be responsible for 65 % of NOX emissions in 2010. 
Technical measures are indispensable to decrease 
motor vehicles emissions and for improving air 
quality in urban areas but their effects are absorbed 
by increased traffic and vehicles life expectancy 
attenuating the effect of the new coming limitation 
on pollutant emitted per engine. 

■ French data indicate that road traffic ought to be 
decreased by 15 % to meet the European air quality 
standard in 2010 for NOX.
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Epidemiological Studies

Many epidemiological studies have assessed and 
shown the association between ambient air pollution 
and health effects on adults, using different 
indicators such as particulate matter (PM, expressed 
as PM10, PM2.5, Total Suspended Particles-TSP, 
Black Smoke-BS, ...) or gaseous pollutants (nitrogen 
dioxide (NO2), sulphur dioxide (SO2) and ozone (O3)). 
Health effects have been found in short-term studies 
relating to day-to-day variations in air pollution and 
health, and long-term studies which have followed 
cohorts of exposed individuals over time. Effects 
have been seen at very low levels of exposure, and it 
is unclear whether a threshold concentration exists 
for PM below which no effects on health are likely 
to occur.

Despite the widely recognised contribution of 
motorized traffic to air pollution, relatively few 
European studies have looked at specific traffic 
emissions-related effects because it remains difficult 
to distinguish traffic exposure from overall exposure 
to air pollution. Some studies have used a traffic 
index (expressed as distance between residence and 
main road, traffic density, …) to compare different 
groups of people’s exposure at a local scale (street, 
city, …) but very few published studies estimate for 
the effect of an increment in a specific traffic-related 
air pollutant (using models with computerised 
forecasted emissions and exposures from traffic).

Health effects of air pollution on 
children
Children, in particular those under two years of age, 
have been considered more susceptible than adults 
to the effects of air pollution, partly because of their 
immature metabolism and their physiology. 

A synthesis of European epidemiological studies 
focusing on children has been carried out making a 
distinction between studies that investigated the 
association between ambient air pollution exposure 
(selecting PM and NO2 as indicators for traffic-related 
exposure) and health outcomes, and studies that have 
looked specifically to traffic-related exposure.

Although children have been recognised as a group 
particularly vulnerable to air pollution there is less 
available epidemiological data focused on children 
than on adults. Around 60 studies based on ambient 
air pollution are available (45 on respiratory symptoms 
or hospitalisations in asthmatic and healthy children, 
6 for non respiratory symptoms, 6 for mortality or 
pregnancy outcomes) whereas only about 20 studies 
investigated specifically traffic-related exposure of 
children (16 using a traffic index, 6 with models).

Both epidemiological approaches have found 
consistent conclusions: they suggest or indicate a 
relation between ambient air pollution or traffic-
related air pollution in Europe and numerous health 
outcomes on children, in particularly for respiratory 
diseases.
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Health Impacts on Children
Mortality

Consistent results indicate neonatal or early post-
neonatal air pollution exposure effects on mortality; 
these effects seem to be stronger in the post-neonatal 
(1-12 months) period and specific to respiratory 
causes. Brazilian studies suggest a relationship 
between air pollution exposure and respiratory 
mortality of young children (< 5 years) but there is 
no European data concerning this health outcome. 
Results from the association between air pollution 
exposure during pregnancy and intra-uterine 
mortality and stillbirths are not homogeneous and do 
not exhibit a clear exposure-response relationship.

Respiratory morbidity 

Even at relatively low levels, ambient air pollution 
has been shown to affect children with asthma 
or chronic respiratory symptoms (exacerbation 
or increase in respiratory symptoms, medication) 
and non-asthmatic children (increased prevalence 
or incidence of respiratory symptoms, increased 
risk of developing respiratory infections). Hospital 
admissions and number of childhood consultations 
in emergency wards or medical visits for asthma or 
other respiratory diseases are also associated with 
exposure to ambient PM or NO2, in particular during 
winter months. Children with prevalent asthmatic 
symptoms seem to be more susceptible to the effects 
of particulate air pollution than children without 
symptoms. Use of medication for asthma does not 
prevent the adverse effects of particles on children 
with symptoms. Children with hyper-reactive 
airways and very young children (< 1 year of age) 
are particularly susceptible.

Living along busy streets in urban areas, particularly 
with heavy motor traffic may have several adverse 
effects on respiratory health (chronic respiratory 
or asthma symptoms, allergic symptoms, increase 
prevalence of atopic sensitisation, reduction in lung 
function). Some data suggest that children admitted 
with an asthma diagnosis were more likely to live in 
an area with high traffic flow.

Non respiratory morbidity

Some data suggest that school absenteeism, immune 
response, eye irritation, or child’s growth rate could 
be associated with current levels of air pollution in 
Europe. Moreover, there are some indications for an 
association between traffic exhaust and childhood 
cancer (leukemia, central nervous system tumors, 
Hodgkin‘s disease) in children living near busy 
roads and exposed during pregnancy.

Adverse pregnancy outcomes 

A possible association between exposure to ambient 
air pollution during the first or the last trimester 
of pregnancy,  birth-weight reduction or low 
birth weight (LBW) has been described. Maternal 
exposure in the first months of pregnancy may also 
contribute to the occurrence of pre-term birth (< 37 
weeks). Conclusions from studies on the relationship 
between intra-uterine growth retardation and air 
pollution exposure differ and is still difficult to 
establish a dose-response relationship.
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Traffic related Health Impact Assessment 
Studies

Health Impact Assessment (HIA) studies can also 
provide relevant information for policy makers in 
forecasting the potential impact of their decisions 
on public health. Different methodologies have 
been performed on the one hand in the Tri-national 
European study (Austria, France, Switzerland) and 
in the ExternE study. Health impact assessments 
of traffic related air pollution are based on three 
phases: 1) to estimate exposures related to transport 
emissions, 2) to estimate health impacts due to 
exposures with Exposure-Response-Function 
(ERFs), and 3) to estimate costs of the health impacts 
by using unit costs for each of the health outcomes.

The first approach is based on ERF from 
epidemiological studies and a single indicator of 
air pollution. The second one is based on dose 
response functions coming from both animal and/or 
epidemiological studies and includes a range of 
individual pollutants.

The approaches also differ in air pollution exposure 
assessment: the first one is based on Air Quality 
Monitoring Network data, whereas the second one 
is based on emission factors and models (impact 
pathway). 

The first approach will give a more global 
appreciation of the overall impact of air pollution. It 
may be more appropriate for general transportation 
policy planning at a national or European level. The 
second one offers more opportunities to understand 
or assess the effects of specific actions like minimum 
standards on fuel quality and engine or exhaust 
technology. 

In conclusion, the Tri-national European study 
approach seems preferable for HIAs of traffic related 
air pollution on children at a national scale.
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Key Questions on Impact 
Assessment
Estimating health impacts of air pollutants related to 
transport emissions on children at the national scale 
would face two main challenges:

■ How to select pertinent health effects of air 
pollution on children and how to estimate the 
quantitative relationships between air pollutant 
exposure and health effect (ERF)?

■ How to accurately estimate the part of exposure to 
air pollution coming from road traffic emissions? 

Health Impact Assessment study of 
ambient air pollution

The APHEIS study (Air Pollution and Health: a 
European Information System, http://www.apheis.
net) has estimated health benefits from a decrease in 
ambient PM10 levels in 26 European cities. All other 
things being equals, in the 9 French cities a decrease 
of 5 µg/m3 would prevent 1,561 anticipated deaths. 
The same scenario applied to 19 European cities gives 
an estimation of 5,547 (3,368 to 7,744). If PM10 limit 
value of 20 µg/m3 (which has to be implemented in 
2010 in Europe) was already implemented in the 19 
European cities, 11,855 anticipated deaths could be 
prevented, all other things being equals. 

Those results demonstrate that a small decrease 
in PM10 levels generates important public health 
benefits even in cities which have moderate PM10 
annual air concentrations.
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Intervention Studies
Some intervention studies indicated health benefits 
coming from reductions in air pollutant emissions. 
Studies which have given concordant results (when 
air pollution levels decrease public health impacts 
decrease as well) should be repeated in many other 
situations or locations to strengthen the existing 
evidence base.

Non transport related

• Dublin, Ireland: the diminution of average Black 
Smoke concentrations (70 %) after the ban on coal 
sales was associated with reductions in respiratory 
and cardiovascular daily death (116 respiratory 
deaths per year and 243 cardiovascular deaths per 
year have been avoided after the ban). 

• East-West comparison studies in Europe: higher 
prevalence of infectious airway diseases and 
lower prevalence of allergies in Eastern areas were 
observed; the decrease of TSP (in term of mass) 
and SO2 concentration in Eastern Germany after 
reunification had a favorable effect on children’s 
health; it is related to the decreasing prevalence 
of non-allergic respiratory disorders of children 
(bronchitis, sinusitis...). It indicates the reversibility 
of adverse health effects on children. For allergies 
and related symptoms no differences in time trends 
could be detected or no association with SO2 or TSP 
could be seen in Eastern Germany.

•Utah Valley, USA 1980s: with the opening of 
steelworks industry PM10 levels were nearly 
doubled and were strongly correlated with hospital 
admissions for asthma and respiratory disease, 
particularly of children. Public health benefits 
were observed for a closure period of the mill 
(decreases in incidence of respiratory symptoms, 
school absenteeism, respiratory and cardiovascular 
mortality).
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Transport related

• Atlanta, USA 1996: during the Summer Olympic 
Games, the alternative transportation strategy 
reduced downtown traffic congestion. This action 
was associated with a prolonged reduction in ozone 
pollution and a significant lower rate of childhood 
asthma events. 

• Hong Kong, China 1990: A restriction on sulphur 
content in fuel for power plants and road vehicles 
led to an immediate fall in ambient air SO2 content 
associated with a substantial reduction in death 
rate (average gain in life expectancy per year of 
exposure was 20 to 41 days) and with reduction in 
bronchial hyper responsiveness of non-asthmatic 
and non-wheezing children; reducing sulphur 
content in fuel led to improved breathing function 
of healthy children.

• Linz, Austria 2002: A birth cohort study on 
school children documented an improvement of 
forced expiratory flow in small airways in those 
districts where not only SO2 and coarse particles 
(from industry sources), but also NO2 (from road 
transport) was reduced significantly.

• Oslo, Norway: Two tunnels were built to protect 
the urban environment from traffic emission. Air 
concentration (NO2) after opening the tunnels 
decreased from an annual average of 51 to 40 
µg/m3. Life quality indicator (declared tiredness) 
decreased by 5 to 10 % in the population. When 
noise exposure increased more people experienced 
annoyance due to air pollution.

• USA, 1998: Evaluation of the influence of national 
vehicle emissions policies and practices on CO. 
If rates of unintentional CO-related deaths had 
remained at pre-1975 levels, an estimated additional 
11,700 motor vehicle-related CO poisoning deaths 
might have occurred by 1998.

• South Africa, 1990: A stepwise reduction in petrol 
lead additives from 0.8 to 0.4 g/l (1984-1990) was 
associated with a significant decrease in the blood 
lead levels of city dwellers. Similar trends were 
found in many other countries that have reduced 
petrol lead additives or entirely eliminated them. 
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CLIMATE CHANGE

Trends in Indices of daily 
temperature and precipitation 
Extremes in Europe, 1946‒1999
The warming observed in Europe can be split into two 
sub-periods: 

■ 1946-1975 sub-period, with slight cooling and an 
annual number of warm extremes decreasing, but 
the annual number of cold extremes not increasing; 

■ 1976-1999 sub-period, being an episode of 
pronounced warming, the annual number of warm 
extremes increases two times faster than expected 
from the corresponding decrease in the number of 
cold extremes. Throughout the year, the frequency 
of days that are much colder than normal has 
decreased and the frequency of days that are much 
warmer than normal has increased. 

■ A decreasing number of frost days and to a lower 
extent an increasing number of summer days 
accompanied the observed warming trend.

Climate Change in Europe

Over the past decade, the fact that the world’s climate 
is changing has become visible. The global average 
surface temperature has increased since 1861. This 
unprecedented warming has taken place in a time 
span far shorter than the spans paleoclimatic studies 
have shown for geological periods with similar 
changes. The global average sea level has risen, the 
heat content of the oceans has increased and the 
extent of snow cover and ice has decreased.

For millennia, the greenhouse effect has facilitated 
a balance between incoming solar radiation and 
outgoing terrestrial radiation; a change in either 
incoming or outgoing radiation modifies the surface 
temperature of the Earth. Numerous human activities 
that transfer gases into the atmosphere enhance the 
natural greenhouse effect.

Over the period from 1990 to 2000, transport 
greenhouse gas emissions in the EU-15 increased 
by 19 %, whereas emissions from Central and 
Eastern Europe (CEE) had a smaller increase of
4 %. Although technological improvements will 
bring increased efficiencies, CO2 emissions will 
increase in the future due to the growth in passenger 
and freight transport. 

Transport in Europe is the second largest energy 
consumer with a share which in 1999 reached
30 % in Western Europe and 22 % in CEE (EEA, 
2003). An annual growth of about 2 % and 3 % in 
WE and CEE respectively was recorded for transport 
energy consumption in the decade from 1990 to 
1999. The low energy consumption of the transport 
sector in Eastern Europe, Caucasus and Central Asia 
(EECCA) indicates that the contribution of transport 
emissions in this region is much smaller than in 
the other regions of Europe. Transport growth is 
strongly driven by economic growth and transport 
emissions are expected to grow substantially in CEE 
and EECCA as economies recover and the demand 
for transport increases.

Global mean temperature is rising (in the period of 1850 to 2003).
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The Health Effects of Climate Change in 
Europe

The health effects of climate change are complex 
and far reaching. Worldwide it has been estimated 
that 160,000 deaths were attributable to climate 
change in 2000 (WHO, 2003). The African and Asian 
continents face the biggest risk.

Evidence is increasing that extreme weather and 
climate events are becoming more frequent and 
intense in Europe. The heat-wave in 2003 caused 
approximately 25,000 excess deaths in the aging 
population. Evidence is mounting of increased child 
hospital admissions during hot periods. Floods 
in recent decades have caused some rare disease 
outbreaks or increased incidences of respiratory or 
diarrheal diseases and an increase of symptoms of 
posttraumatic stress disorders. The elderly, disabled, 
children, women, ethnic minorities and rescue 
workers may be at greater risk of exposure to the 
effects of flooding than others.

The analysis of the time series of climate patterns 
and laboratory confirmed cases of indigenous 
salmonella infections from ten European countries 
found that temperature increases contributed to 
an estimated 30 % of cases of salmonellosis in the 
majority of countries investigated.

Preliminary results show that in relation to climate 
and ecosystem changes Lyme borreliosis has spread 
into both higher latitudes and altitudes, and in some 
areas contributes to an extended and more intense 
LB transmission season. Among children, Borrelia 
burgdorferi s.l. is now the most common bacterial 
cause of encephalitis and facial palsy/paralyses.

The health impacts of climate change are difficult 
to quantify and surrounded by a high degree of 
uncertainty on the long time-scale involved, the 
extent of the impacts, and the pattern of future world 
development.

Estimated impacts of climate change in 2000 by region

Source: WHO, 2000

Climate change and health: pathway from driving forces through exposure to 
potential health effects

Source: Kovats et al, 2003
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NOISE
The transport-related health effects of Noise have been elaborated under the auspices of the Netherlands by a Dutch 
expert team involving other experts of the other participating countries and WHO. A special focus is therefore given to 
the situation in the Netherlands with Dutch specific data and examples. The detailed results and conclusions on the topic 
of noise as well as detailed references are compiled in the project specific topic report on Noise complementary to this 
synthesis report.

Approximately 30 % of the European Union‘s population (EU-15) or close 
to 120 million people are exposed to levels of road traffic noise of more 
than 55 dB(A). In general many people are annoyed and disturbed in 
their sleep at these levels.
The exposure of European Union‘s population to traffic noise (façade 
dwelling) expressed in Ldn (noise pressure during day, and night)

Noise Levels in the EU

Community noise is a widespread environmental 
problem. In Europe, transport (road, rail and air 
traffic) is the most important source of community 
noise. Exposure to high noise levels has decreased 
substantially in some countries since 1980 due to 
technological and spatial measures. Nevertheless, 
noise levels are expected to rise again due to the 
growth in traffic, unless extra measures are taken.

Health Impacts on Adults

A review of epidemiological studies shows that noise 
exposure at community levels causes annoyance 
and sleep disturbance on adults. There is limited 
evidence that noise exposure contributes to the 
development of cardiovascular disease. However, 
a small effect on blood pressure levels is deemed 
highly plausible.

Reported annoyance and sleep disturbance levels 
vary across European countries, but are difficult to 
compare due to differences in methodology.

Noise exposure explains about 25-30 % of the 
observed variance in annoyance. Individual and 
socio-economic factors are important too (e.g. anxiety, 
appraisal of a noise source, trust in responsible 
authorities,  perceived economical advantages).

Conceptual model representing the relationship
between noise exposure, health and quality of life

Source: (Roovers, 2001)
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Health Impacts of Noise on Children

The limited number of available epidemiological 
field studies on children shows that noise exposure 
affects children’s learning (cognition), motivation 
and annoyance. Noise exposure may also have 
impacts on the cardiovascular and endocrine system. 
There is no convincing evidence that noise exposure 
leads to congenital abnormalities, decreased birth 
weight or disorders related to the immune system. 
Current levels of environmental noise exposure in 
Europe do not have an effect on hearing threshold 
levels of children. Nevertheless, combined 
effects should not be excluded: recreational noise 
(walkmans, discotheques) may make children and 
adolescents more vulnerable for the effects of traffic 
or occupational noise.

Effects on Learning

The RANCH study, a recent multi-centre study, 
found that aircraft noise exposure was associated 
with reading comprehension. A 5 dB(A) increase in 
noise was associated with a 1-2 month impairment 
in reading age. The findings with regard to road 
traffic noise are inconsistent. While some studies 
indicate that the effects on reading may be reversible 
if the noise ceases, the long-term developmental 
consequences of exposure that persists throughout 
the child’s education remain yet to be determined. 
However, intervention measures (outdoor and indoor) 
such as reducing the noise levels in classrooms have 
been shown to result in improvement long-term 
memory and reading ability of children.

Do Children need extra Protection?

Children are more vulnerable than adults with regard 
to effects on learning. Although children appear 
to be less disturbed during their sleep than adults, 
there is some evidence for ‘hidden effects’ occurring 
during sleep that, in the long term, might add to the 
risk of cardiovascular disease. To avoid these effects, 
protection of children against noise exposure during 
the night and at school is recommended.

Transport-related Intervention 
Studies on Children show Benefits of 
reducing Community Noise Levels:
■ New York City: railway noise intervention measures 

reduced classroom noise levels by 6-8 dB(A) - 
improved reading ability of the children

■ Los Angeles Airport Study: reduction of noise 
levels by 7 dB(A) in noise-abated classrooms - small 
improvements on cognitive performance

■ Closure of old Munich Airport: reduction of noise 
levels with 14 dB(A) - improvement in long-term 
memory recall and reading while the reverse effect 
occurred in children living near the new airport 
(Hygge, Bistrup)
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Reference Limits for Exposure to Noise

It is proposed to use national standards (where 
existing) or WHO guidelines as these specify noise 
levels for different settings, activities and times. In 
general, noise levels in residential setting should 
not exceed 55 dB(A). Current guidelines for school 
noise levels (35 dB(A) LAeq, in school) can be used 
for setting objectives but may be difficult to reach. 
Current WHO guidelines for night-time noise (45 
dB(A) LAeq) do not allow acting towards reductions 
of peak levels. 

Promote Exchange of New Evidence

Regular supranational scientific reviews on 
evidence and consensus building on ‘safe’ noise 
threshold levels (updating WHO guidelines) should 
be promoted. Results of ongoing studies on the 
relationship between noise exposure and health 
impacts should be fed directly in the WHO process 
and made available to other countries.

Results of best practices and intervention studies 
should be fed directly in e.g. THE PEP process.

Health Impact Assessment of Noise in the 
Netherlands

In the Netherlands 1-2 % of the total disease burden 
can be attributed to health impacts of road traffic 
noise exposure.

a) Estimated by means of the exposure-response   
  relation as derived by Miedema & Oudshoorn and  
  only valid for Ldn 45-65 dB(A).

b) Estimates on the basis of the exposure-response  
  relation from Miedema et al, 2003 and only valid  
  for Lnight 45-65 dB(A).

c) Estimated by means of a RR of 1,26 per 5 dB(A))  
  from a meta-analysis on noise and cardiovascular  
  disease (Van Kempen et al, 2002) under the  
  assumption that there is a causal relationship  
  (worst case estimation).

d) Deaths attributable to hypertension estimated by  
  means of the Chronic Disease model (Hoogenveen  
  et al, 1998).
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Valuation of Noise Reduction  - Cost and 
Benefits

Noise abatements are expensive but if abatement 
fails, noise may have adverse effects on health and 
well-being. These adverse effects can be expressed 
in monetary terms.

It has been estimated that for EU-15, the overall 
external costs (abatement costs) of road and rail 
traffic noise amount to 0.4 % of the total GDP, some 
36 billion Euro.

The benefits of implementing several source-
measures on cars and trains will exceed the costs 
of these measures, as cost-benefit analyses clearly 
indicate. The implementation of several source-
measures on cars and trains in e.g. the Netherlands 
will cost about 2 billion Euros (net present value). 
However, the benefits in terms of reduced annoyance 
are estimated with an amount of about 4-6 billion 
Euros. Thus, the benefits of source measures for the 
Dutch society as a whole would exceed the costs.

Households in the EU are willing to pay 25 Euros for 
a noise reduction of one decibel per year (Navrud, 
2003). No data are known about the value children 
put to noise reduction.

Noise related health effects such as sleep disturbance 
and ischaemic heart disease have rarely been given 
a monetary value. As one of the first the EU-funded 
project, UNITE derived monetary values for these 
health impacts. Amenity losses were also estimated. 
However, it has to be kept in mind that considerable 
uncertainty is attached to the economic estimates 
of myocardial infarction, hypertension and sleep 
disturbance.

Using the values from the UNITE project the total 
external costs from noise exposure for Zurich 
airport were estimated at 17.7 million Euro per year 
(1998 prices). External costs for Orly airport (France) 
only including annoyance from aircraft noise were 
estimated at about 5 millions Euro per year. 

Equity (or environmental inequity) 
should also be included in cost-benefit 
analysis.
In the Netherlands low-income groups are more often 
exposed to high noise levels (> 65 dB(A) ) and live less than 
average in quiet areas (<50 dB(A)).

Socio-economic distribution of environmental pressures 
(‘bads’) and ‘goods’(green areas) in the Netherlands per 
income category (neigbourhood level). Index 1is the average 
of the total population, a value smaller than 1 is favourable

Disutility costs (annoyance) of noise dominate over eventual medical 
costs (example for Zurich Airport)

Source: Bouwman, 2001

Source: Bickel, 2004
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Cost-benefit Analysis
The Valuation of health effects attributable to noise 
exposure is the last part of a three-stage process, 
consisting of:

1. calculation of exposure

2. calculation of population impacts using    exposure-
response relationships

3. valuation of health impacts in monetary terms:

    a)   cost of the separate impacts

   b)  mean aggregate monetary values of all health   
          effects due to noise exposure 

The purpose of the valuation is usually to express 
the severity of the noise problem in terms of 
changes in welfare. Welfare consists of three 
components: (i) resource costs i.e. medical costs 
paid by the individual, health service or insurance, 
(ii) opportunity costs i.e. the costs in terms of lost 
productivity and the opportunity cost of leisure 
(leisure time loss), (iii) disutility i.e. other social 
and economic costs including any restrictions on 
or reduced enjoyment of desired leisure activities, 
discomfort or inconvenience (pain or suffering). 
In the health valuation literature the first two 
components are summed into the „Cost-Of-Illness“ 
(COI) measure of welfare. All three components are 
thought to be non-overlapping. Yet, there is a clear 
danger of overlap, since any individual tends to 
include in their assessment of loss of welfare both 
financial and non-financial concerns. In the case 
of noise, disutility clearly dominates over eventual 
medical costs.

Therefore, and to avoid double-counting, valuation 
techniques for noise concentrate on calculating a 
price on the utility loss such as the Willingness 
To Pay methodology (WTP). In the field of noise 
the revealed preferences and stated preference-
methods are most commonly used. Methods based 
on revealed preferences consider noise (or better: 
silence) as a free-market good that can be bought. 
By comparing real estate prices in neighbourhoods 
with different noise loads, the price of silence (or the 
price of avoiding negative health effects) is revealed. 
With the stated preference methods people say how 
much they value a certain good, for example a silent 
environment. Both methods are aimed at adults 
(SIKA 2003, Dusseldorp et al, 2001, Nijland et al, 
2003)

Estimated costs (Euros) for impacts due to noise (average costs per case), 
which can be used for cost-benefit analysis of noise

Source: UNITE, 2004
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PHYSICAL ACTIVITY

Transport-related Physical 
Activity and Health
The importance of regular physical activity for health 
is well established. Positive health effects have been 
demonstrated for life expectancy, cardiovascular 
disease, stroke, diabetes II, obesity, some forms of 
cancer, osteoporosis, depression and independence 
at old age among others.

However, levels of inactivity are alarmingly high 
- not only in industrialized countries, and physical 
inactivity is a major public health problem. In the 
World Health Report 2002, the global estimate for 
prevalence of insufficient physical activity is 41 %. 
The global estimations of WHO also indicate that 
physical inactivity causes about 10-16 % of cases 
each of breast cancer, colon and rectal cancers and 
diabetes mellitus, and about 22 % of ischaemic 
heart disease, resulting in 1.9 million deaths and 19 
million DALYs (disability-adjusted life years).

There is a growing number of interventions to 
increase physical activity among the inactive, 
and in particular in otherwise physically inactive 
individuals transport-related physical activity has a 
great potential in the promotion of overall physical 
activity. Current research questions are:

• the quantification of changes in behavioural 
patterns 

• health outcomes that can be expected to be 
influenced in traffic interventions.

International minimum recommendations for health-
enhancing physical activity refer to 30 minutes of 
moderate-intensity activities. Moderate intensity 
is characterised by getting somewhat out of breath 
but not necessarily sweating, typical examples being 
walking and cycling. Further activities will convey 
further health benefits and in many countries the 
minimum recommendations for children are set at 
one hour per day.

The transport-related health effects of Physical Activity have been elaborated under the auspices of Switzerland 
by a Swiss expert team involving other experts of the other participating countries and WHO. A special focus 
is therefore given to the Swiss situation with Swiss specific data and examples. The detailed results and 
conclusions on the topic of physical activity as well as detailed references are compiled in the project specific 
topic report on Physical Activity complementary to this synthesis report.

Recommendations for Health-
enhancing Physical Activity
There is international consensus about the minimum 
recommendations for physical activity.

In the “Global strategy on diet, physical activity and 
health” discussed in the World Health Assembly 
2004, it is stated that “at least 30 minutes of regular, 
moderate-intensity physical activity on most days 
reduces the risk of cardiovascular disease and diabetes, 
colon cancer and breast cancer”.

The recommendations for health-enhancing activity currently in use in 
Switzerland are an attempt to integrate the additional health benefits of 
higher levels of physical activity.
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Health Effects at the Population 
Level
First estimations of the health effects of physical 
inactivity at the population level have been made for 
Switzerland, but remain to be refined once greater 
standardization in measurement methods is achieved. 
Depending on the assumptions made about the 
actual level of inactivity in the population, current 
estimations vary between 1.4 and 1.9 million cases of 
disease, 2,000 and 2,700 deaths and direct treatment 
costs of 1.6 and 2.2 billion Swiss francs (1.1 to 1.5 billion 
Euro) caused by physical inactivity in Switzerland, a 
country of 7 million inhabitants. 

Health Impacts of Overall Physical 
Activity and Transport-related Physical 
Activity

The health effects of physical activity have been 
thoroughly studied over the last decades and a 
wealth of different endpoints has been identified. 
A dose-response-relationship can be demonstrated 
for most of these endpoints, most clearly for overall 
mortality and cardiovascular morbidity. This dose-
response-relationship shows that higher levels or 
physical activity are associated with greater health 
benefits and that increases in physical activity are 
most beneficial in groups and individuals least 
active. 

There is international consensus that health effects 
can already be expected from activities of “moderate 
intensity” and that not only exercise of longer 
duration, but that also shorter bouts of activity are 
relevant for health. 

Most research has studied the associations between 
health and overall physical activity, but some projects 
have also been able to study and demonstrate the 
independent effects of transport-related physical 
activity on health. 

In general, transport-related physical activity is most 
likely to be relevant for health if it represents an 
important contribution to the overall physical activity 
of individuals or population groups. Therefore it is 
of great importance in otherwise physically inactive 
people and in individuals who find it difficult to fit 
other and more time-consuming forms of exercise or 
physical activity into their tight timetables.

Overview of health effects of physical activity
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Health Effects of Physical Activity in 
Children

Health impacts of physical activity in children exist 
on different levels: 

• Direct health impacts of physical activity in 
children have been shown for obesity, diabetes 
type II, osteoporosis, psychological effects and 
predictors of cardiovascular disease.  Short-term 
effects are most easily demonstrated and impressive 
in size for weight control, the associations with 
diabetes II and cardiovascular disease could 
become very important if current trends in activity 
patterns continue. The long term implications for 
the prevention of osteoporosis are fundamental as 
there is very strong evidence that physical activity 
during the most active period of maturity (with 
respect to longitudinal growth of the body) plays 
a vital role in optimising peak bone mass and that 
benefits – but also deficits – will extend into and 
through the adulthood lifecourse.

• There is a greater likelihood that physically active 
young people, compared with those inactive, will 
be more active in later life as well (low to moderate 
tracking of physical activity), so it is perceivable 
that all health effects of physical activity in adults 
can be influenced by increasing and maintaining 
active behaviour in young people. 

Research Challenges
The importance of physical activity for health has 
been clearly demonstrated. Nevertheless, a number of 
questions about the effectiveness of specific strategies 
remain unanswered. 

In parallel to the development and implementation 
of interventions to promote walking and cycling, the 
standardization of measurement methods and the 
establishment of monitoring and evaluation systems 
are of great importance.

Model for the health effects of physical activity in children 
on three levels 

• Developmental and other quality of life effects 
of physical activity in children may be of great 
importance, but due to their nature and to 
methodological  deficits they have only partially 
been quantified so far.

Some estimations of the health effects of physical 
activity on the population level including all age 
groups have been carried out; the development of 
specific economic models for children is a challenge 
for further development.
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PSYCHOLOGICAL AND SOCIAL EFFECTSPSYCHOLOGICAL AND SOCIAL EFFECTS

Physical Activity Patterns at the 
Population Level

The World Health Report 2002 reports summary 
statistics for physical activity states that “the global 
estimate for prevalence of physical inactivity 
among adults is 17 %, ranging from 11 % to 24 % 
across sub-regions. Estimates for prevalence of some 
but insufficient activity (< 2.5 hours per week of 
moderate activity) ranged from 31 % to 51 %, with a 
global average of 41 % across the 14 sub-regions.”

A Pan-EU survey on consumer attitudes to physical 
activity, body-weight and health carried out in 15 
member states of the EU  was published in 1999. It 
contained items on physical activities of moderate 
intensity. The proportion of individuals reporting no 
more than 3 hours per week of such activities was
57 % in the EU average, with the lowest values being 
32 % and 33 % in Sweden and Finland.

Though methodological issues still restrict the 
possibilities to quantify this problem in absolute 
terms and to carry out intercultural and international 
comparisons, subgroups with particularly low 
activity levels and changes over time can be 
documented.

A systematic integration of data from the health and 
transport sectors has not yet taken place.

Physical Activity Patterns in 
Children
No international monitoring systems for physical 
activity in children exist yet, but a number of studies 
in different countries have addressed the issue. In 
general, they indicate high levels of inactivity in 
populations of young age and a tendency towards 
declining activity levels over age and time. All recent 
studies which examined the pattern of overall physical 
activity from childhood to adolescence, confi rmed a 
decline in active behaviour, which starts at puberty 
and continues through to young adulthood. Transport-
related physical activity can make an important 
contribution to overall physical activity in children. A 
wealth of data exists on overweight and obesity which 
are strongly infl uenced by physical activity behaviour. 
The prevalence of both conditions is high and rising in 
most of today’s societies.

There are clear indications for regional differences and for decreasing trends in transport-related physical 
activity in children

The availability of epidemiological data is an 
important element in the political process leading 
to a better recognition of the importance of health-
enhancing physical activity on the national and 
international level and the current attempts for 
standardized measurement procedures will play an 
important role in this process.
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PSYCHOLOGICAL AND SOCIAL EFFECTS
The transport-related health impacts due to Psychological and Social Effects have been elaborated under the 
auspices of Austria by an Austrian expert team involving other experts of the other participating countries and 
WHO. A special focus is therefore given to the Austrian situation with Austrian specific data and examples. The 
detailed results and conclusions on the topic of psychologoical and social effects as well as detailed references are 
compiled in the project specific topic report on Psychological and Social Effects complementary to this synthesis 
report.

Psychological and Social 
Interactions
Humans React to the Environment

The impact of the built environment (with the 
transport systems being a prominent part of it) on 
human health is not just one-way:

• Psychological and social reactions can themselves 
modify the systems and thus are both able to 
accelerate changes in the form of a vicious circle 
or else to absorb the impact of technical changes or 
pressures.

• Depending on the desirability of a development 
both acceleration and delay due to psychological 
and social mechanisms can be deemed good or 
bad.

• Irrespective of that these phenomena must be 
considered in all programs and policies concerning 
transport and health. Technical or economic 
solutions of single problems that do not consider 
human reactions are often prone to fail.

Do not focus on problems alone but also on Human 
Needs:

• Our current transport systems and activity 
patterns are determined by political decisions and 
past and present social and cultural factors which 
imperfectly meet our needs.

• Addressing our true needs, which encompass (in a 
hierarchical order) physiological, safety, security, 
social, intellectual and aesthetic needs (see table), 
would improve our understanding as to what we 
want transport for and where we should improve 
our systems.

• Children’s views as to their transport needs are 
rarely sought and, for example, there is significant 
suppressed demand for walking and cycling-modes 
most readily available to them.

Layer of needs

The Infl uence of psychological 
Aspects on Transport Perceptions 
and Behaviours
Most persons judge car use emotionally: 

■ For most persons the car is more than a vehicle. 
It provokes and promotes underlying dreams of 
speed, power and easy access to distant locations, 
feelings of comfort privacy and time saving.

■ Psychoanalytic studies indicate that the car is 
perceived as an enlargement of the own body and 
as a means to overcome our physical limitations. 
Sitting in a car evokes emotions of security and of 
all-pervading power.

■ The privacy of one’s own car combined with the 
anonymity towards other road users are suboptimal 
conditions for sociable and responsible behaviour. 

A conceptual triangle: Psychology and social sciences 
provide insight into the interconnections within the triangle 
of transport, environment, and health. 
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Examples for psychological and social effects mediated 
through specific risk factors

The Relationship to Disease:
■ Psychological and social mechanisms triggered by 

the perceived impact of transport by themselves 
can lead to disease

■ Every disease can also have consequences on the 
mental and social status of a person or an affected 
group of people. In addition to this, mental and 
social conditions can directly modify the impact of 
environmental stressors on human health.

Means (and 95 % confidence interval) of health related scores for 
the 3 modes of going to school(walking never/seldom, sometimes 
and always)

Psychological and social 
Well-being
Relating Psychology to Transport-related 
Health Impacts

■ Primarily psychology reminds us of the 
comprehensive definition of “health” given in the 
WHO Constitution, according to which that “health 
is more than just the absence of disease” but also 
includes mental and social well-being.

■ Many health effects of noise and some of air 
pollutants cannot be studied nor understood if 
psychology and sociology are neglected.

■ The impact of the built environment on our activity 
patterns is mediated by psychological and social 
processes.

■ Psychological and social effects of transport should 
be seen as an integral part of transport-related 
health impacts.

Positive and Negative Effects

Walking to school instead of being brought by car 
has a direct positive effect on psychological and 
physical well-being in children:

• lower score in depression

• lower score in aggression/hostility

• less psychosomatic symptoms

• lower score in anxiety

• improved motor skills

• better ventilation of basal lung segments

In the long run high traffic density in human 
settlements also leads to social effects in the way of 
hindering the development of independence as well 
as social contacts of children.
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Let Children Voice their Needs

Children have very definite ideas as to what 
they need and what they want. These ideas are 
surprisingly consistent and coherent and even 
younger schoolchildren are able to express their 
wishes if they get the proper opportunity. 

So far there have been no economic valuations 
applying the WTP approach to children. Such an 
approach would have to overcome severe obstacles. 
Nevertheless, children’s values should be considered  
when discussing economic valuation. A Vienna 
Medical University pilot study on the values of traffic 
related effects was performed in 2003. Different 
environmental images (photos and sound-scapes) 
were presented to the children (age 11 to 14) and they 
were asked to rate the “value” of the environments 
by means of “pieces of chocolates”, “pocket money”, 
and “holidays”. The responses were quite consistent 
and coherent and thus proved the applicability of 
this approach.

Results on WTP in Children

The distribution of ratings suggest a much more 
systematic “dose-response-relation” for the “limited” 
amount of chocolates. Effects of class (age) can 
mainly be seen in the “free format” of pocket money 
and in particular for the higher levels. However, 
for both answer formats the trade off is quite 
comparable. 

Let Children Voice Ideas for Change

Encourage children to discuss their route to school 
and propose improvements like providing better and 
safer environments for walking or improving the 
timetables of public transport facilities. This would 
improve planning processes, children’s self esteem 
and their social competence.

Children’s “Willingness to Pay (WTP)”
Two scenarios: 

(1) density of cars on a road

(2) car-related background noise combined 
with natural sounds at varying intensities. 

Three answer formats

(1) pocket money 

(2) pieces of chocolate

(3) holidays

Children were asked how much they would be willing to 
pay (in terms of chocolate or of pocket money) to achieve the 
different sound-scapes. The less noisy sound-scapes were 
generally considered worth more pieces of chocolate or more 
pocket money. While the absolute values are difficult to 
interpret and especially the money value obviously depends 
on age and sum of pocket money usually received from 
parents, the acceptability and ranking of different scenarios 
relative to each other does not depend on answer format or 
age.

Means (and 95 % confidence interval) of ratings of the amount of 
WTP for different levels of background noise (noise 1 = loud, noise 5 
= no background noise) by listening to singing birds in the “free field” 
in the two answer formats by school class
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ROAD TRAFFIC INJURIES

Road Traffi c Injuries are Important 
in the European Region because:
■ 2.4 million people are injured per year

■ 127,000 die per year

■ Of these, 6,500 deaths are in children aged 0-14 
years

■ 37,000 deaths occur in young people aged 15-29 

■ Road traffic injuries are the leading cause of death 
for children aged 5-14 and young people aged 15-
29

■ They cause post traumatic stress disorder in up to 
33 % of children

■ They cost the EU (15 countries) about 180 billion 
Euros per year or 2.0 % of the GDP

■ 200,000 families in the EU are affected each year by 
death or disability of at least one family member

■ Low and middle income countries have amongst the 
highest casualty rates

Road Traffic Injuries in the 
European Region
Ten percent of the worldwide estimated 1.2 million 
deaths from road traffic injuries (RTIs) in 2002 
occurred in the European Region. RTIs ranked 6th 
in terms of disability-adjusted life-years lost and 
13th for mortality. Nearly 67 % of crashes occurred 
in built-up areas. Cyclists and pedestrian pay a 
disproportionate price, representing one third of 
deaths from road traffic injuries. This highlights the 
need to implement road safety measures in urban 
areas, where the density and variety of road users, 
including vulnerable users and children, is higher.

Impact on Children and Young Adults

Children under 15 years represent 5 % of the total 
deaths from RTIs and those aged 15-29 years account 
for 33 %. Children’s ability to cope with traffic is 
limited until 10 years of age. They are more at risk 
in conditions with heavy or fast traffic, limited 
visibility, or where drivers’ attention is focused 
elsewhere rather than at pedestrians or cyclists. The 
head to body ratio in children makes them more 
vulnerable to head injuries. Younger people are more 
likely to be engaged in risk taking behaviour, as they 
are easily distracted and interested in new focuses.



41

Health Impacts - Evidence and Main Facts
Road Traffic Injuries

Psychological Distress

Between 20-25 % of road crash victims develop an 
acute stress reaction or have mental problems within 
the first year. Long-term mental disorders consist 
mainly of mood disorder, phobic travel anxiety and 
post-traumatic stress disorder. A study reported that 
33 % of children involved in road traffic crashes had 
post-traumatic stress disorder at 22 and 79 days post-
crash. This was related more to the child’s perception 
of the crash as life threatening rather than to the type 
of crash, the nature, or severity of the injury. Mostly, 
the psychological needs of injured children remain 
unrecognized, and few receive professional help.

Inequalities by Geography

Inequality in mortality from RTIs in the Region can 
be recognized. There is an East-West divide with 
the average for the Newly Independent States 1.5 
times higher than that for the EU-15 (see Figure). 
Similarly, rates in the Northern European countries 
of Scandinavia and Great Britain are lower than 
those for the Southern European countries of Greece, 
Italy and Portugal. The countries with the lowest and 
highest rates of injuries differ by several fold. Latvia, 
Lithuania, the Russian Federation and Greece (in 
decreasing order) report the highest mortality rates, 
Great Britain and the Nordic countries have the 
lowest rates (see Figures). There is incomplete data 
from some countries in South-Eastern Europe and 
central Asia. Increased economic prosperity, such as 
with the enlargement of the EU, may lead to increased 
inequalities in RTIs, especially if increased motor 
traffic volumes are not matched by implementation 
of appropriate traffic safety policies. The substantial 
differences between parts of the Region can partly 
be explained economically, with a higher burden in 
the low and middle income countries, which also 
have proportionately more vulnerable road users 
(pedestrians, cyclists and motorbikes). In addition, 
legislation, enforcement and institutional capacity 
have not kept up with the relatively recent growth 
in private transport in Southern and Eastern Europe, 
representing an obstacle to developing effective road 
safety strategies.

Inequalities in Childhood Experience
■ RTI rates are higher in the East and in the South of 

the European Region

■ Children from lower social class have a higher 
mortality from pedestrian injuries than those from 
higher social class

■ Children belonging to ethnic minorities have an 
increased risk of pedestrian injuries

■ Boys are more likely to suffer RTIs than girls

Inequalities by Gender

75 % of people involved in crashes are male. This 
gender imbalance is especially pronounced among 
people 15-29 years old where males constitute 80 % 
of the total. The gender difference can be explained 
by differences in exposure and risk-taking. Males 
have greater access to motor vehicles, including 
those with the highest fatality rates (motorbikes and 
mopeds). Further, they are more likely to engage in 
risky behaviour, such as speeding and driving under 
the influence of alcohol, which increases crash 
likelihood and severity.

Mortality from Road Traffic Injuries by European sub-regions, 
1980-2001

Source: Mortality indicators by cause of death, age and sex (off-line 
version). Supplement to the WHO European health for all database. EU 
average: the 15 European Union countries. CSEC average: 15 countries in 
Central and South-Eastern Europe, including Estonia, Latvia and Lithuania. 
CIS average: 12 countries of the Commonwealth of Independent States. 
Nordic average: Denmark, Finland, Iceland, Norway and Sweden.
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Trends

Despite the differences between countries, mortality 
rates from RTIs have declined overall (see Figure). 
Where estimates of the volume of road traffic are 
available, the declining mortality in the mid-1990s 
in several countries in the eastern part of the 
Region seems to be associated with a decline in 
road transport activity, rather than from road safety 
strategies. In the western part of the Region, although 
RTI mortality has continued to decline, progress has 
slowed in the past few years, indicating the need for 
new transport policies and preventive strategies.

Road Safety through Danger Reduction

Road safety is a term that is commonly used to mean 
the ‘unsafety‘ of the road transport system (Silcock 
et al 1991). Real and perceived safety concerns are 
quoted as the most important barriers preventing 
many people from choosing walking and cycling as 
means of transport. Reducing road danger requires 
controlling this threat and reduce casualties. 
Health can then be promoted through increased 
opportunities for access to social support networks 
and health promoting activities, such as walking 
and cycling.

Source: Mortality indicators 
by cause of death, age 
and sex (off-line version). 
Supplement to the WHO 
European health for all 
database. NOTE: The 
designations employed 
and the presentation of this 
material do not imply the 
expression of any opinion 
whatsoever on the part 
of the Secretariat of the 
World Health Organisation 
concerning the legal status 
of any country, territory, city 
or area or of its authorities, 
or concerning the 
delimitation of its frontiers 
or boundaries.

Economic Costs of Road Traffic Injuries

For the EU, the cost of RTIs are estimated to be € 
180 billion per year, or 2 % of GDP and twice the 
annual budget for all its activities. In the countries 
of Central and Eastern Europe, the cost of crashes 
is estimated at 1.5 % of GDP. The large costs are 
explained partly by the large proportion of young 
victims, which amplifies the economic loss in terms 
of lost productivity, and earnings, including those of 
carers.

There are differences between countries which are 
partly explained by methodological issues. The 
valuation of the costs of lives lost, injuries and 
disabilities differs between countries, with a wide 
range. The estimated European average of the value 
of a life saved is about 1 million Euros, though values 
used in different countries can be significantly 
different (e.g. in the Netherlands a figure of 4 million 
Euros is applied). Estimates will also be influenced 
by the completeness of data on deaths and injuries; 
data recording may differ between the police, 
hospitals and insurance companies.

<= 25
<= 20
<= 15
<= 10
<= 5
No data

Min = 0

Last
Available

EUROPE
12.43

Standardized mortality rates from RTIs per 100,000 population in the WHO European Region, 2002 or last 
available year (average for the Region = 12.43)
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What the Economic Studies Imply

These studies are based on the Willingness to 
Pay (WTP) approach, which estimates the value 
that individuals attach to human life by means 
of surveys aimed at determining the amount of 
money they would be willing to pay to reduce the 
risk of loss of life or injury. An important aspect 
of these several studies, which assessed the WTP 
for reducing the risk of road traffic injuries, is that 
values are convergent from one country to another 
and across modes of transport. They show that the 
public values crash prevention; and in the rail and 
aviation sectors this is reflected in investment in 
rigorous safety standards. This is because public 
authorities are accountable and liable for crashes in 
these sectors. In contrast to this, road sector policies 
place the responsibility more on the individual rather 
than with the public authorities. The important 
implication of this finding is that the public may be 
willing to have more rigorous road safety controls by 
governments, like as in the rail and air sectors. They 
serve as a pragmatic basis for assessing the value and 
appeal of safety programmes.

Policy Recommendations 

Strong political commitment and leadership are 
required for the adoption of a comprehensive 
approach to road safety. The underlying social values 
of road safety need to be explicitly considered. 
Avoidable death and disability in childhood can be 
reduced from RTIs by implementing existing cost-
effective strategies using a multi-sectoral approach. 
Cost-effective strategies need to be implemented by:

• Integrating injury prevention with sustainable 
transport policies 

• Acknowledging that road safety is a shared 
responsibility and requires a multi-sectoral 
approach

• Adopting a systems approach, which addresses 
all main components, related to road safety, i.e. 
road users, vehicles and road infrastructure. 
Understanding that speed is the core problem.

• Ensuring that road transport systems are 
programmed to take human mistakes into account.

• Making road safety part of the core business of the 
health sector

• Improving implementation mechanisms that 
promote road safety.

Recommendations for Further Research

Cost-effectiveness analyses and cost-benefit analyses 
are promising as tools to develop road safety policies, 
but the evidence base of injury and crash prevention 
interventions and programmes needs to be developed 
further. Additional research is required as follows:

• Improving the knowledge about implementation 
processes and the development of measures and 
tools in order to improve the implementation of 
safety strategies.

• Improving the quality and availability of injury-
related indicators that provide  information about 
the effects of RTIs.

• Improving the assessment of the severity of 
injuries.

• Improving the evidence base for practices in crash 
notification, pre-hospital care, trauma care, and 
rehabilitation, including that for children.

• Elucidating the effects of medicinal and recreational 
drugs as risk factors.

• Better understanding the roles of ageing, disease 
and fatigue as risk factors.

• Clarifying the cost-effectiveness of practices in 
health examinations for granting and renewing 
driving licences.

• Developing risk analysis and simulation models to 
allow the effects of human behaviour leading to a 
crash to be predicted for all possible kinds of crash 
situations.

• Optimizing the balance between changes in speed, 
acceleration and the capacity of a vehicle to absorb 
the energy of a crash.

• Improving knowledge of injury mechanisms and 
tolerance.

• Further developing models simulating the exposure 
and effects of crashes involving pedestrians and 
cyclists. 

• Identifying and improving methods of assessing 
the effectiveness of safety approaches, e.g. by using 
economic instruments.

• Further developing methods for cost-benefit 
analysis.

• Further improving methods, tools and models for 
integrated impact assessment. 

• Further exploring the possible role of mobile phones 
or smoking in cars as risk factors for crashes.
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Lessons Learned and Methodological Indications for HIA and
for Assessing Economic Costs and Benefi ts

Lessons for HIA of traffic-related 
air pollution in children
Since ERF from epidemiological studies refer to 
increased risk per unit of air pollutant concentration, 
HIA studies will have to assess exposure in terms of 
air concentration.

In urban areas many sources of air pollutants co-
exist. Different methods for exposure evaluation are 
available but none is able to quantify the respective 
contribution of different sources with certainty. 
Methods based on ambient air concentrations 
measurements include all source contributions and 
chemical and physical phenomena. Difficulties lie 
in attribution of the quantitative true contribution 
of traffic source but an advantage is that results are 
close to the true exposure. In methods based on air 
concentration estimations by model calculations, the 
attributable source concentration are more accurate 
but chemical and physical phenomena are difficult 
to include in the calculation. The difficulty in a 
modelling approach is to accurately predict the true 
air concentration exposure. Sophisticated models 
currently are able to calculate the chemical and 
physical phenomena and other sources contribution.

Recommended approach

• assess exposure with a classical traffic indicator for 
which today epidemiological ERF are established 
in children and in adults (such as PM or NO2)

• select health outcomes in children which provide 
sufficient evidence (linked or simply associated to 
air pollution) (see the Table below)

• select health outcomes avoiding multiple counting 
of the same impact

• select health outcomes allowing monetary 
valuation

• select health outcomes for which baseline frequency 
data are available

• select and use ERF derived from at least two 
European studies, if available, and expressed for an 
increase in air pollutant concentrations.

Exposure-Response Function for children

✓ neo-natal and post neonatal mortality,

✓ asthma attacks,

✓ respiratory symptoms in healthy children 
 (including bronchitis),

✓ hospitalization for respiratory disease,

✓ hospitalization for asthma,

✓ emergency or medical visits for respiratory  
 disease,

✓ childhood cancer,

✓ pre-term birth

Air Pollution
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Lessons on uncertainties and limitations

• Recent data on traffic related air pollution exposure 
have shown that PM10 expressed in mass are 
less correlated with traffic proximity than other 
indicators as absorbency of the PM10 or PM2.5 
filter (elemental carbon), benzo[a]pyrene, total 
PAH, benzene or total VOC, but we need to know 
specific ERF to use those new indicators in HIA. 
Currently, there is no other epidemiological study 
giving ERF for those new indicators.

• Results from European studies on childhood 
cancer due to air pollution do not reflect the full 
range of impacts and therefore are not sufficiently 
comprehensive. Benzene, an important traffic 
exhaust compound, is a carcinogenic agent that 
causes leukaemia. Two European studies and other 
countries data based on distance between road 
and residence or living near high traffic density 
roads show consistent results for an association 
between childhood leukaemia and traffic exposure. 
Although only one study result can be used for the 
ERF between leukaemia and air pollution indicator, 
childhood cancer has been selected.

• Numerous epidemiological studies have shown a 
relationship between air pollution exposure and 
alterations of the pulmonary function in children. 
Nevertheless, this outcome is excluded from 
economic valuations because: 1) it is currently not 
feasible to estimate costs of such health outcomes, 
and 2) an increase in respiratory symptoms or 
pulmonary disease can reflect lung function 
modifications (avoids double counting).

• Lung function reduction is correlated with 
reduction in life expectancy. Including this 
relationship would be a way for taking lung function 
impairment into account. This approach is still 
uncertain because there are two successive links to 
quantify: 1) ERF for PM and pulmonary function 
decrease (well established for children), 2) ERF for 
pulmonary decrease and years of life lost (not so 
well known). This correlation is very difficult to 
establish because the final outcome (death) will 
be generally observed in the elderly whereas the 
initial exposure occurred during childhood. 

Further research to improve HIA’s quality 
of traffic-related air pollution in children

Develop metrological and epidemiological studies in 
Europe:

• to determine the best (accurate and reliable) 
indicator of traffic related air pollution (PM2.5 
elemental carbon, PAH and VOC) and to encourage 
monitoring in European cities,

• on traffic exhaust effects in children giving a 
RR for an increase in individual air-pollutant 
concentration,

• on the causality of air pollution in children 
mortality (< 5 years old),

• on the association between air pollution and 
childhood cancer, intra uterine mortality, mortality 
in infants and school absenteeism,

• on the relation between pulmonary function 
reduction in childhood and reduction in life 
expectancy,

• on specific baseline frequency measures of health 
outcomes in the target children population, 

• to promote long-term studies investigating the 
relationship between the decrease of pulmonary 
function observed in children and life expectancy. 

• to recommend a more extensive use of GIS for 
accurate evaluation of populations living near main 
streets, roads and freeways. The distance from the 
residence address to the main traffic road gives a 
good indication on the exposure to traffic related 
air pollutants. Hence, it should be kept in mind that 
distances have to be transformed in “predicted” 
concentrations using a numerical factor established 
on the basis of local data from the air monitoring 
network.
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Key issues

• CO2 emissions of road traffic will further increase 
in the future under business as usual assumption. 
This is despite the voluntary commitment of 
the European Automotive Industry to achieve 
an average 140 CO2 g/km for their fleet of new 
passenger cars sold in the EU in 2008. (see Figure)

Lessons for Health Impact Assessment

Evidence shows that transport is one of the sectors 
contributing significantly to greenhouse gas 
emissions and it is expected to grow in the future. 
There is a need to reduce the transport related 
greenhouse gas emissions now in order to ensure 
the future of our children’s health tomorrow. 
The promotion of sustainable mobility, transport 
management and development in alternative 
propulsion options, as well as energy efficient 
technologies need to be further developed as both 
are of low impact to the climate system as well as to 
human health.

The subject ‘climate change and health’ poses many 
challenges to scientists and policy makers. There is 
an increased need for understanding climate change 

Source: Auto-Oil II 1999, DG Transport and Energy, Brussels

Climate Change

exposures, improving scientific consensus building, 
monitoring observed impacts and developing 
responses to the climate change threat. Research 
needs to include developing innovative approaches to 
analysing weather and climate in relation to human 
health; setting up long-term data sets to answer key 
questions; and improving understanding of how to 
incorporate outputs from Global Climate Models 
into human health studies. The current events have 
guided development of early warning systems for 
predicting disease outbreaks and extreme weather 
events and the understanding on how recurring 
extreme events may weaken health care systems’ 
adaptive capacity.

LESSONS LEARNED
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Recommended Approach for HIA of 
Traffic Noise Exposure

1) Assess exposure of populations using a noise-
propagation model or, if not available, a more 
crude model taking into account traffic and 
population density. Use the EC-guideline for noise 
calculations and metrics.

2) Select specific health end-points for which there 
is sufficient evidence.

3) Select ERFs based on reviewed epidemiological 
studies (see guidance report for evaluating 
epidemiological evidence; WHO, 2002).

4) Calculate proportion of cases in study population 
that can be attributed to noise, based on baseline 
prevalence study population.

5) Calculate total disease burden, if needed to 
compare outcomes with impacts other pollutants.

Lessons for HIA

• When comparing the results of HIAs from different 
countries one should be aware of  (a) possible 
methodological differences in exposure assessment 
which may lead to differences in noise levels of 10 - 
15 dB(A) and (b) differences in outcome of national 
surveys due to the use of different annoyance 
questions. The EU Directive 2002/49/EC and ISO 
technical specification ISO/TS 15666:2003 provide 
a basis for further harmonisation and improved 
monitoring.

• Exposure will have to be assessed in metrics, 
selected ERFs are based on

• Add weight factor for uncertainty when effects 
are included for which the evidence is limited 
(hypertension).

• Transferability of estimates to populations other 
than the study population from which the estimate 
has been derived. Take into account potential 
differences between populations/residential 
situations.

• Take into account prerequisites of certain 
curves (e.g. some may only be used for strategic, 
comparative assessments; not for assessment of 
local and changing situations)

• Lack of generalised ERFs for children (except for 
aircraft noise and reading, annoyance)

Recommended Approach (ERFs)

- Annoyance: use risk estimates from national 
surveys. If not available, use relations as described 
in the EU-guidelines (Miedema, 2001), but include 
correction factors for insulation, window used and 
for socio-economic modulation factors, if needed.

- (perceived) Sleep disturbance: use the curves 
proposed by Miedema (Miedema& Passchier-
Vermeer, 2003).

- Cardiovascular disease-risk: use estimates  for road 
traffic and aircraft noise from recent meta-analyis 
(Kempen, V. et al, 2002), include weight factor for 
uncertainty.

- Cognition: to assess the potential impact of aircraft 
noise on reading and annoyance in children the 
coefficients from the RANCH-study may be used 
(in press). 

Lessons for Cost-benefit Analyses

Apart from annoyance, noise related health effects 
have rarely been given a monetary value. The EU-
funded project UNITE derived monetary values based 
on medical costs and lost productivity. However, it 
has to be kept in mind that considerable uncertainty 
is attached to the economic estimates of myocardial 
infarction, hypertension and sleep disturbance, due 
to the uncertainties in the used ERFs and estimations 
of duration and severity of impacts.  

Recommendations

• Economic values are available for health and social 
impact of road noise and aircraft noise which can 
be used for calculating external costs of noise 

• The use of Cost of illness (COI) is limited since 
effects on cognition and well being (annoyance) are 
not included in this type of valuation. 

• The monetary values derived for the health impacts 
of noise within the UNITE framework need further 
validation by health professionals.

LESSONS LEARNED
Noise



49

Lessons Learned and Methodological Indications for HIA and 
for Assessing Economic Costs and Benefits

Noise abatement in the Netherlands 
Works but Silence is Getting Scarce

Noise levels due to motorway, rail and air traffic 
have not increased significantly since 1980, despite 
the doubling of traffic volumes.

However, more people are exposed and the 
availability of quiet areas is decreasing.

Erection of noise barriers (5-15 dB(A) reduction), 
the use of highly pervious asphalt (reduction of 2-
6 dB(A)) and quieter lorries have helped to reduce 
average motorway noise levels in residential areas. 
Renewal of the aircraft fleet and optimisation of 
runway use and flight paths have reduced average 
levels of aircraft noise in residential areas, despite 
a quadrupling of the number of flights. The noisiest 
aircrafts are no longer permitted to use Amsterdam 
airport.

Nevertheless, a considerable number of homes in the 
Netherlands still experience high levels of noise and 
annoyance levels are not decreasing. In particular, 
city centre traffic noise has not been reduced at all. 

At 40,000 to 60,000 dwellings in the Netherlands 
facade noise levels exceed 70 dB(A). Extra measures 
are needed to meet this limit value.

Research Recommendations with a 
Special Focus on Children

- Study long-term consequences of noise exposure on 
cognitive development by periodically collecting 
nationwide data on individual performance of 
children for selected subjects as well as data on the 
actual noise levels. 

- Include other stressors (air pollution) and markers 
of effect (annoyance, quality of life, behaviour, 
stress responses). Identify psychological, social and 
physical protective factors (e.g. restoration). Better 
information on the context (soundscape) in which 
adverse effects occur can help architects and land 
use planners in designing environments which 
better fit the needs not only of children (Lercher, 
2003).

- Promote intervention studies and identification 
of best practices of preventing harmful effects of 
noise in children.

- Assess the health gain of reduction of exposures vs. 
effectiveness and costs of intervention measures e.g. 
by using the DALY method. An approach limited 
to Cost of Illness (COI) is not sufficient since no 
estimates are available for effects on cognition.

- Support further research on the effects of traffic 
noise on sleep and cardiovascular risk in children. 
Evaluate findings from ongoing field studies where 
the effect of combined exposure of noise and air 
pollution is studied.

- Support assessments of sociocultural, economical, 
and also political factors (Faburel, 2003) which 
influence annoyance and disturbance responses 
in order to feed the decision makers toolbox (e.g. 
public participation).
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The Swiss Case Study
In view of the situation described, in view of the need 
to identify means to promote physical activity, in 
particular  among the sedentary population, a case 
study was launched in Switzerland by the University 
of Basle with the Federal Offi ces of Sports and Public 
Health.

The objective of the study was to identify transport 
interventions with the potential to promote Human 
Powered Mobility (HPM) or daily physical activity 
especially in formerly inactive people.  

Though a number of projects with this potential were 
identifi ed and described in the fi rst phase of the 
project, in none of them data was available to quantify 
the effects. Data collection in a number of selected 
projects has begun in 2004 in order to estimate their 
effectiveness in the promotion of physical activity.

Effectiveness of Interventions 
Physical Activity
The importance of physical activity for health in all 
age groups is well documented and the great potential 
of transport-related physical activity in this field is 
widely acknowledged. However, the quantification 
of the effects remains a challenge.

Interventions in Adults

In general, most experience regarding design, 
feasibility and effects is available for interventions 
in adults on the individual and group level. There is 
good evidence that interventions on these levels as 
well as worksite interventions can increase physical 
activity among the inactive. So far, there are only 
a few studies assessing the impact of interventions 
targeting transport policies and environmental 
changes on physical activity. 

In Children 

Many interventions to increase physical activity in 
children have been developed, but only few of them 
have had their effectiveness evaluated. Currently, 
prompts to encourage stair use, community-wide 
campaigns, school-based physical education, social 
support in community settings, and creation of 
or enhanced access to places for physical activity 
combined with information dissemination outreach 
activities can be deemed effective. For a number of 
other interventions evidence remains insufficient to 
assess their effectiveness. 

Overview of the chain from transport intervention to 
economic valuation of the health effects of transport-related 
physical activity. Though quantification and statistical 
modelling still represent some challenges, the overall causal 
relationship (indicated by the bold arrows) is well accepted.

Challenges

There is a clear need to develop more interventions 
to increase physical activity and more specifically 
transport-related physical activity and to assess their 
effectiveness. In particular, traffic interventions 
should be identified that are most likely to increase 
health-enhancing physical activity and to reach 
physically inactive population groups.

LESSONS LEARNED
Physical Activity

LESSONS LEARNED
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Outreach and Limits of Economic 
Valuation

Cost-benefit analysis is very popular among 
professionals and policy makers as it provides 
a financial justification of decisions regarding 
important investments. Nevertheless it should be 
noted that present estimates of the costs and benefits 
of transport developments are limited by the lack of 
adequate means of capturing important elements of 
physical and social well-being, which however are 
not easily expressed in monetary terms.

• For example, fear from traffic dangers is an 
important effect and a powerful modifier of travel 
behaviour (e.g. parents driving children to school). 
Also such indirect effects and their costs should be 
captured by economic valuations.

• Some highly important effects like influences on 
creativity cannot be valued.

• There are a number of physiological effects (e.g. 
EEG changes) that can be detected even if people 
do not perceive them and are not annoyed. 

• Effects that are not perceived cannot be assessed in 
Stated Preference studies. 

• Some of the effects could be valued if the exposure 
causes longer time periods to perform the task.

Performance, compensation, and effort

In evaluating environmental impairments well-
being, annoyance, and medical symptoms are usually 
assessed. Sometimes cognitive performance and 
behaviour are assessed. The latter attempts ignore 
the possibilities and abilities of the individuals in 
adapting to the environment and compensating for 
certain restraints and stresses. Such moderating 
influences may completely cover all directly 
measurable impacts when the exposure is low or 
of short duration. Therefore it is suggested that the 
effort to compensate for a toxic or at least irritating 
environment should be considered in evaluating 
“well-being”.

Dualism paradigm

There is a lack of integration of natural and social 
science. The dualism of body and soul is deeply 
rooted in our current paradigm. Even when speaking 
about the same phenomenon the two approaches 
of science use different terms or the same terms 
might have a different meaning. Natural and social 
sciences do use slightly different tools (e.g. statistical 
methods) to handle their problems. A sort of meta-
theory is needed that overcomes the dualism both in 
our perception of the world and in our methodology. 
Only this would enable us to understand all the 
interactions and develop a coherent theory on the 
impact of the entire environment (both natural and 
social) on our health (in its broadest meaning). 

Improving methodology in a complex field

Psychological effects result from complex 
interactions of different impacts. Personal traits 
and the given situation at the time of impact must 
be considered. In many aspects traffic is just one 
stress factor among others. Some effects e.g. on 
mobility behaviour are quite specific. There is still 
a need for improvements of data on psychological 
and social parameters. This is true for the validity, 
specificity, and sensitivity of questionnaires and 
for the statistical methods dealing with results of 
questionnaires. The interconnection and correlation 
of several different effects and parameters make it 
nearly impossible to quantify the impact of one single 
parameter independently. Several impacts from the 
natural, technical, and social environment interact 
with personal coping stiles, habits and beliefs in the 
production of psychological effects that themselves 
again have an impact of the individual’s biophysical 
and social environment.

LESSONS LEARNED
Psychological and Social Effects
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Lessons for Surveillance

To improve the measurement of the magnitude of 
the problem and to monitor the effect of different 
transport and preventive policies, there is a need 
for:

• More complete and accurate data on death, 
especially in the eastern and southern parts of the 
Region

• Better health service data on the causes and health 
consequences of RTIs, especially on non-fatal 
outcomes, which are largely under-reported 

• Community surveys in areas of poor data to inform 
policy makers on the size of the burden and prompt 
corrective actions

• Developing and monitoring indicators that measure 
exposure to risk and assess the safety performance 
of preventive measures (e.g. speed controls, 
alcoholic limits, seat belts, child car safety seat and 
helmet use).

Lessons for Effective Implementation of 
Preventive Strategies

The following steps have been identified for effective 
implementation: 

• obtaining political commitment;

• ensuring that there is a road safety leadership role 
(a road safety champion);

• making stakeholders responsible for  implementation 
of policy items accountable;

• organizing coordination between the key 
stakeholders;

• establishing a well-founded relationship between 
objectives and targets, plans, organization and 
financing;

• making the best possible knowledge and information 
available through an information system;

• monitoring and evaluating systematically the 
implementation of plans and programmes;

• making trained road safety professionals available; 

• including the following target groups in the 
preparation and implementation of policy: 
politicians, administrators, policy-makers, road 
safety practitioners and the population and road 
users; and

• raising awareness of the problem and any preventive 
programmes

Lessons for HIA

• Road safety should be integrated into sustainable 
transport policies and become an integral part of 
impact assessments (e.g. Environmental Impact 
Assessment, Strategic Environmental Assessments, 
HIA). Area-wide safety impact assessments should 
be included as a component of impact assessments 
of transport and land use programs and strategies.

• Quantitative targets for health outcomes and 
exposure to risk should be used to evaluate road 
safety initiatives and transport and land use 
policies.

• Assessments need to include an analysis of the 
effects on the most vulnerable population groups 
(children, pedestrians, cyclists, motorbike riders 
and elderly people).

• Road safety, including danger reduction, should 
become a governing parameter of road transport, 
and not a tradable variable. To do so there is a need 
for an explicit statement that society will no longer 
tolerate levels of danger posed by motor traffic 
nor deaths and serious injuries as an unavoidable 
consequence of road transport activities. 

• When comparing safety performance across 
different countries and even within different parts 
of the same country, attention should be paid to 
standardisation of definitions, data collection 
procedures, data quality and completeness.

• Methodologies need to be developed that can better 
measure the combined safety impact of “packages” of 
different measures, such as a combination of traffic 
calming, regulation enforcement, improvement of 
public transport and infrastructures for cyclists 
and pedestrians, demand management.

LESSONS LEARNED
Road Traffic Injuries

LESSONS LEARNED



 

53

Lessons Learned and Methodological Indications for HIA and
for Assessing Economic Costs and Benefi ts

Considerations regarding 
methodological challenges, 
interpretation and use of results
Different studies give different results

Different economic studies produce different results. 
Lack of transparency in making explicit their 
underlying assumptions, boundaries of validity, 
objectives and methodological approaches may have 
a negative impact on the credibility of the use of 
economic valuation of health effects and gives rise to 
a number of questions, e.g.:

• Why are the results so different?

• Are the differences justified and can we accept 
them?

• Is there a need for (and the possibility of) 
harmonization?

While it is acceptable that results differ, the reasons 
for the differences should be made explicit. Such 
differences may well be justified as different 
methods, approaches and variables are to be used to 
answer very different questions. What is necessary 
is that the methods and assumptions are made 
transparent in order to judge whether the studies can 
answer the questions they are meant to address.

An aspect deserving attention comes from the 
possibility that, regardless of the original purpose 
of the study, its results may be used (or miss-used) 
for purposes different to those originally envisaged. 
Therefore, it becomes necessary that clear statements 
are made about the range of applicability, boundaries 
of validity and limitations of the study results.

Main variables that intervene in 
explaining the possible reasons for 
differences in outcome of economic 
valuations
■ Emission inventories can cover emission sources to 

a different extent.

■ Air pollution concentrations or noise levels may be 
measured or calculated/modelled.

■ Different studies may use different pollutants as 
indicators.

■ Exposure calculations may be done in different 
ways.

■ Different ERFs may be used.

■ Different health effects may be included.

■ Different population groups (children, elderly) may 
be vulnerable to  different health risks.

■ When valuing mortality, different measures may be 
used.

■ Different types of costs may be taken into account.

■ WTP may be different across countries, cultures, 
ages, socioeconomic groups etc.

■ Depending on the aim of the study, the total costs 
(TC), the average costs (AC) or the marginal costs 
(MC) may be calculated.

■ Different methods for estimating WTP may be used, 
revealed preferences or stated preferences.

■ Different ways to assess and explain individual 
perceptions of environmental impacts, perceptions 
on which individual WTP are generally based on.

LESSONS LEARNED
Economic Valuations
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Lessons on Key Issues
Importance of  transparency by using 
Value of statistical life (VOSL):

Reasons for having different VOSL may exist, but it 
is important to explain why using a different value. 
Using different VOSL between countries in the same 
study may cause inconsistency, as well as distort the 
competition between countries (g.g. by internalising 
the external costs in road tolls).

Different countries value morbidity 
differently:

The fact that different countries have different WTP 
does not mean that they value people less. It can be 
explained by different hospital costs in different 
countries and that people in different countries have 
different preferences.

Need for achieving consensus and 
providing guidance:

Harmonization on methods and input data to be used 
for different purposes (e.g. across different health 
effects, and for different groups of the population). 

Take into account all  health impacts.

Also those effects for which currently no cost 
estimates are available.

Approaches to Evaluate and Monetize 
Health Effects for Mortality and Morbidity

Willingness to Pay (WTP):  Measures WTP of the 
population for a reduction of risk e.g. for the exposure 
to air pollution. Currently methods are aimed at 
adults only. The effects on children should be valued 
at least at the same WTP as adults until there are 
children specific values available. The focus should 
be on mortality.

The Willingness to Accept (WTA): Measures the 
WTA of compensation for increased risk.

WTP and WTA satisfy the condition of economic 
welfare theory by evaluating people’s preferences.

Cost of Illness (COI): Takes material costs of 
mortality and morbidity into account. It is based 
on the determination of the damage for the entire 
society without regarding the individual difference 
in valuing risks of mortality or morbidity.

There are different concepts to evaluate 
mortality or the risk of mortality.

Value of statistical life (VOSL): This is the 
conventional approach. When discussing VOSL it 
is also important to consider in which context it is 
going to be used in. The question of age also arises. 
The latter is mainly an ethical question, and different 
studies have dealt with this issue differently.  Instead 
of looking at the probability of death one can look at 
the years of life lost to valuate the mortality risk due 
to acute effects. A value of a life year lost (VLYL) can 
be derived from VOSL. 

For chronic effects the calculation is more 
complicated because after exposure impacts can 
occur with a latency that is variable.

Years of life lost (YOLL): E.g. for estimation the 
chronic effects.

Quality-adjusted life years (QALY): Converts all 
health impacts (both mortality and morbidity) into 
changes in quality adjusted life years.

Disability-adjusted life years (DALY): Measures the 
loss compared to a hypothetical life profile, whilst 
QALY measures the actual health quality integrated 
over time.
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Quantification and monetary valuation of 
psychological and social effects, as well as benefits 
of physical activity requires substantial work to be 
done for reaching the same level of acceptability as 
air pollution and noise external cost estimates. The 
same holds with respect to cost estimates for the 
specific situation of children. 

Focusing on only one environmental target at a time 
can underestimate the benefits of a measure, as it does 
not consider other “collateral benefits”. For example, 
if a calculation of the benefits of a CO2 reduction 
policy only focuses on the benefits due to reduced 
CO2 emissions it can underestimate the benefits, as 
it does not consider reduction in air pollution, noise, 
congestion and possible improvements in safety, 
cycling and walking.

For air pollution a few health end-points have been 
identified, for which ERFs could be derived from on-
going international review meta-analysis. 

Little is known about health effects of noise in 
children, and no economic valuations exist to date.

Recommendations

As we cannot measure the WTP for children the 
effects of the children should be valued at least at the 
same WTP as adults until there are specific values 
available. The focus should be on mortality.

The consideration of the specific exposure and 
health impacts for children is desirable.

There is a need for interdisciplinary collaboration of 
epidemiologists and health experts with economists 
to clarify on which of the identified outcomes could 
be valued in economic terms.

The applicability of methods and 
use of their results should be 
specified as a function of:
■ special interest in different specified effects and 

impacts

■ different temporal or special scales

■ local, national or international policy settings

■ special interest in effects for specified groups (e.g. 
children and older people)

■ total costs or cost changes due to policy changes

■ limitations regarding the availability of the 
necessary input data (e.g. availability of the 
appropriate measures, indicators and statistics)

■ type of analysis being performed (e.g. Cost-Benefit 
vs. Cost-Effectiveness Analysis)
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GOOD PRACTICES - 
ILLUSTRATIVE EXAMPLES
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KEY MESSAGES AND 
POLICY DIRECTIONS

These “Key Messages” present a synthesis of the main results of this project, integrating the findings in 
terms of the evidence of transport-related health effects on children with the outcomes of the Workshop on 
“Synthesis and policy recommendations” which took place in Malta on 19-20 February and the results of an 
expert-based assessment of a comprehensive list of policies addressing different aspects of transport-related 
effects on environment and health. This assessment resulted in the identification of several policies meeting 
the criteria of addressing simultaneously different transport-related effects, reflecting an integrated approach 
and providing opportunities for synergies and efficiencies.

Children are vulnerable and their needs 
should be taken first.

■ Children are vulnerable from a physiological, 
psychological and economic point of view.

■ Experience of a “healthy” environment as a child 
will influence future choices towards a healthy 
environment as an adult.

■ Investments to improve health and environmental 
conditions for children benefit the entire society 
and avoid future costs.

■ The UN Convention on the Rights of the Child 
(1989) specifically addresses children’s rights to 
express views freely and be given due weight in 
accordance with age and maturity (Article 12).

There is an increasing dependence on 
private car use leading to severe restrictions 
for children’s choice of mobility and physical 
activity.

■ This is the result of the large investments in road 
infrastructure, the significant growth in road 
traffic  and the rising car ownership and use among 
families.

■ Urban sprawl is inter-related with car-dependent 
mobility and impediments to short distance trips 
on foot or bicycle.

■ Children are the main losers of car dominated 
patterns of mobility as they have less opportunities 
for physical exercise and choice in modes of 
mobility.

■ Consumers’ behaviour (bigger faster/more cars)
offsets progress in cleaner technologies.

■ Lack of investment and modernization of 
infrastructure and rolling stock has resulted in 
a stagnation or even a sharp decline of public 
transport and rail, particularly in the countries 
of Eastern Europe, the Caucasus, Central Asia 
(EECCA).

Present transport patterns and future trends 
pose a significant threat to children’s health 
and development.

■ Children’s health is at risk due to traffic related 
accidents, air pollution, greenhouse gas emissions, 
noise, and restricted opportunities for safe walking, 
cycling and other outdoor activities. 

■ Present transport patterns are major contributors 
to ill health in children, for example through road 
traffic injuries and respiratory illness, and have 
contributed to the epidemic of childhood obesity 
and adult illnesses such as heart disease and 
osteoporosis.

Healthy mobility makes a difference.

■ A minimum of 30 minutes a day of moderately 
intense physical activity significantly reduces the 
risks of important diseases such as cardiovascular 
disease, hypertension, Type II diabetes and some 
forms of cancer and enhances psychological 
wellbeing.

■ Moderate physical activity will bring the biggest 
benefits to the sedentary.

■ Safety concerns need to be addressed, by providing 
appropriate infrastructures in order to make 
walking and cycling realistic options (rather than 
being an excuse for a lack of action).

■ Substituting car trips by journeys undertaken 
on foot, by bicycle and other forms of human 
powered mobility as well as public transport will 
also contribute to reducing congestion, exhaust 
emissions and noise.
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Prioritising health and environment 
considerations as part of transport decision 
making, (particularly those addressing 
children’s needs), would increase the 
efficiency and sustainability of transport 
systems. Policy makers should focus on 
implementing measures, which are highly 
beneficial to children, as they would also 
bring benefit to everyone.

Integrated policies for making transport children 
friendlier:

■ Integrate a „children friendly mobility“ vision 
into transport and transport related policies as 
well as infrastructure and human settlement 
planning. This could be facilitated by developing 
environment and health targets specific to children 
i.e. reductions in road traffic injuries, increase in 
physical activity.

■ Implement sustainable mobility management plans 
in schools including kindergarten and pre-schools. 
These plans should be developed and implemented 
in cooperation with pupils, teachers, parents 
organisations, local authorities and transport 
operators, with a view to promoting walking, 
cycling and public transport and less car use on the 
way to and from school.

■ Give priority to speed reduction and control, for 
example by establishing 30 km/h as maximum 
speed limit in urban residential areas, implementing 
traffic calming, reducing car traffic and restricting 
access for motorised vehicles particularly around 
schools, playgrounds and kindergarten.

■ Develop policies facilitating the reduction of car 
dependence and promote car-free settlements, 
housing and shopping, leisure activities and 
tourism.

Tools to support the integration of health concerns 
and children’s needs into transport policies and 
decision-making

■ Make use of tools for decision making such 
as Environmental Impact Assessments (EIA), 
Health Impact Assessment (HIA) and Strategic 
Environmental Assessments (SEA) in bringing 
health and environmental considerations at the 
core of decisions related to transport and land use 
planning.

■ Children Impact Assessment (CIA) should be one 
of the tools used to measure effects of planned 
interventions at national/regional/local levels in 
order to identify areas of high concern for children. 
This approach can be used to assess health impacts, 
costs and benefits, and support the identification of 
recommended policy actions and implementation 
tools.

■ Undertake and use economic studies and valuation 
methods for valuing and prioritising road safety 
and health benefits of walking and cycling in the 
development of transport policies.

Awareness raising, education and communication 
strategies:

■ Launch national awareness-raising programmes on 
child friendly mobility, highlighting in particular 
the benefits of human powered mobility.

■ Use communication strategies, which are action-
oriented and tailored for different target groups.

■ Promote more ecological and safer driving 
behaviour, such as “eco-driving”, by implementing 
eco-driving measures including training of the 
drivers in safe and children-friendly driving styles.

Infrastructural measures and planning

■ Extend and improve safe and attractive infra-
structure for bicycles and pedestrians.

■ Improve and extend public transport infrastructure 
and services, increase service quality and the use 
of fleets with child friendly low floor vehicles, and 
prioritize public transport in road traffic schemes.

■ Reform design-standards and planning guidelines 
for infrastructure, transport codes, and zoning 
regulations according to children’s needs.

■ Implement noise abatement plans and measures, 
tighter noise requirements for sensitive areas 
such as schools and residential areas to minimize 
harmful educational and psychological effects.

Technical measures and standards

■ Substantially reduce particle emissions by 
advocating the installation of particle filters 
or other appropriate technologies in cars and 
further tighten the particle emission standards for 
motorized vehicles in particular passenger cars.

■ Implement safety measures, which are known to 
save children’s lives such as child car safety seats, 
seat belt use, improving visibility, helmet use.
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Research programmes should focus more on 
children specific concerns.

■ Give more priority and support to assessments and 
monitoring of the transport related environment 
and health threats posed on children including 
epidemiological research on air pollution and noise, 
research on cumulative effects and inter-linkages 
with psychological and social issues as well as the 
positive impacts of mobility patterns relying on 
physical exercise.

Children’s health can also be promoted by 
general policy using economic instruments 
and normative interventions.

■ Implement mobility management in communities 
including parking fee schemes, car traffic 
restrictions and prioritization of walking, cycling 
and public transport.

■ Enforce speed limits and speed control.

■ Enforce maximum permissible alcohol blood level 
for drivers of less than 0.05 g/dl.

■ Reduce traffic emissions by restricting traffic 
and improving vehicle technologies to meet the 
requirements set by the EU National Emission 
Ceilings of air pollutants.

■ Further tighten emission standards (air pollutants 
as well as noise) for all motorized vehicles and 
improve safety for both their occupants and other 
road users (e.g. pedestrians, cyclists).

■ Enforce periodic maintenance checks and improve 
emission remote control systems.

■ Use CO2 / energy taxes and incentives for 
introducing energy-saving technologies.

■ Establish fiscal incentives for public transport and 
cycling.

■ Consider pricing of road infrastructure - road 
pricing, parking fees, charging of car purchase and 
ownership.

■ Provide incentives for zero or ultra-low emission 
vehicles (noise, pollution).

Individual costs of mobility do not reflect the 
full costs to society. In particular children’s 
specific costs and needs for mobility are not 
yet accounted for: it is necessary to improve 
economic assessments and internalisation 
of costs and benefits, correct pricing-signals 
and include children specific costs in 
economic valuations.

■ Promote and improve economic valuation of the 
transport related health impacts on children, 
including negative health effects of transport such 
as exhaust emissions and noise, as well as the 
positive health effects of walking and cycling.

■ Integrate transport related health impacts on 
children and their costs and benefits into policy 
instruments e.g. when conducting cost-benefit-
analysis of infrastructure and when considering 
internalisation of the external costs of transport.
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There is a need to redesign human 
settlements and infrastructure to provide 
more space for physical, mental and social 
development of children. Integration of 
children’s needs in planning and decision-
making would help overcoming segregation 
effects and social deficits.

■ Consider needs of children in the decision making 
process of transport, human settlements, land use 
and infrastructure planning, etc.

■ Make children’s needs and aspirations an important 
reference point in the creative planning process 
of human settlements and mobility management 
and follow a participative approach by involving 
children.

■ Bring all relevant partners together for 
implementation; build new partnerships with 
children’s interest groups.

Incorporating children’s needs requires 
a shared responsibility of families, the 
educational, health, environment, transport 
and urban planning sectors as well as of the 
private sector, industry and civil society.

■ Enforce better integration of children’s needs and 
the related specific requirements into relevant 
policies at all political levels (international, 
national, local).

■ Intensify pan-European co-operations and use the 
implementation of international agreements such 
as the WHO-CEHAPE, WHO/UNECE THE PEP, 
the EU-Environment & Health Strategy as driving 
forces for child friendly adaptation of existing 
policies and the formulation of new policies and 
actions.

■ Strengthen the role of the health as well as of the 
education sector e.g. extending the concept of 
“healthy schools” by encompassing the journey to 
school.

■ Promote the notion of liability for children ś 
health and the environment in industry (vehicle 
manufacturers, public transport companies) and 
amongst transport providers and infrastructure 
planners.

There is a world to win: Start to act now!!

■ Collect and disseminate examples of best practices 
and assessments, establish new partnerships and 
co-operation among sectors.

■ Develop and implement children friendly mobility 
plans and monitor their achievements.

■ Design a “package” of integrative measures with a 
timeframe for implementation. These could start 
with pilot projects.

■ Assess the transferability of different strategies 
across different cultural, political, economic and 
social settings.

■ Start assessments of transport related health effects 
which include their costs and benefits with a 
particular focus on children.



ABBREVIATIONS

AC Average costs

ASEK An abbreviation (in Swedish) for working 
 group for cost benefit calculations

BaP Benzo-(a)-Pyrene

BHR Bronchial hyper-responsiveness

BS Black smoke

BT Benefit transfer 

CA Conjoint analysis 

CBA Cost benefit analysis 

CE Choice experiments

CEE Central and Eastern Europe

CEHAPE Children’s environment and health 
 action plan for Europe, WHO Regional 
 Office for Europe

CIS Commonwealth of Independent States
 (12 countries)

CO Carbon monoxide

CO2 Carbon dioxide

COI Cost of illness 

COPERT III Computer Programme to Calculate 
 Emissions from Road Transport

CSERGE Centre for Social and Economic Research 
 on Global Environment, University Collage 
 London and East Anglia 

CSEE Central and South-Eastern Europe
 (15 countries)

CV Contingent Valuation 

DALY Disability-adjusted life years 

DFA Damage function approach 

DPSEEA Driving forces, Pressures, State, Exposures, 
 health Effects and Actions 

EC European Commission

EEA European Environment Agency

EECCA Eastern Europe, Caucasus, Central Asia

EIA Environmental Impact Assessment

ERF Exposure-response function

EU European Union
 (15 countries, pre May 2004)

FHI Swedish National Institute of Public Health

GDP Gross domestic product

GIS Geographical Information System

GHG Greenhouse gases

HA Highly annoyed

HDV  Heavy duty vehicle

HIA Health impact assessment

HP Hedonic pricing 

IER Institute of Energy Economics and the 
 Rational Use of Energy, University of 
 Stuttgart, Germany

IFI International Financial Institutions

IPA Impact pathway approach

LB and Lden Noise pressure during day, evening, night

MC Marginal costs

NCNPA The National Council on Nutrition and
 Physical Activity, Oslo, Norway

NGOs Non-Governmental Organisations

NIS The Newly Independent States

NM Non methane 

VOC Volatile organic compounds

NO2 Nitrogen dioxide

NOx Oxides of nitrogen

NSDI Noise Sensitivity Depreciation Index

OECD Organization for Economic Co-operation
 and Development

O3 Ozone

PAH Polycyclic aromatic hydrocarbons

PM2.5 Particle matter with a diameter of 2.5 µm or less

PM10 Particle matter with a diameter of 10 µm or less

QALY Quality-adjusted life years 

RANCH Road traffic Aircraft Noise exposure and
 Children’s cognition and Health

RECORDIT Real cost reduction of door-to-door
 intermodal transport 

RP Revealed preferences 

RR Relative risk

RTI Road traffic injuries

SEA Strategic Environmental Assessment

SIKA Swedish Institute for Transport and
 Communications Analysis

SNRA Swedish National Road Administration

SO2 Sulphur dioxide

SP Stated preferences 

TC Total cost

THE PEP Transport, Health and the Environment

 Pan- European Programme

TSP Total suspended particulate

UNECE United Nations Economic Commission for Europe

UNITE Unification of accounts and marginal costs of
 transport efficiency 

VLYL Value of life year lost

VOCs Volatile organic compounds

VOSL Value of statistical life

VPF Value of prevented fatality 

VTI Swedish National Road and Transport
 Research Institute

WHO World Health Organisation 

WTA Willingness to accept 

WTP Willingness to pay 

YLD Years lived with disability

YOLL Years of life lost
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Hydèn Ch., Nilsson A., Risser R. (1997). WALCYNG. How to enhance WALking and CyclinNG instead of shorter car trips and to make these 
modes safer. Final report. Department of Traffic Planning and Engineering, Lund University, Sweden and FACTUM Chaloupka, Praschl & 
Risser OHG, Vienna, Austria.

Jones PD et al., (1999). Surface air temperature and its changes over the past 150 years. Reviews of Geophysics, 37:173–199

Kalwitzki K.-P. & Riedle H. (1995): „Mobilität“ im Schulunterricht. Vorschläge und Materialien für eine „neue“ Verkehrserziehung. 
Verkehrszeichen 1/95, 14-20.

Kanatschnig, D. & Fischbacher, Ch. (2000). Regionales Mobilitätsmanagement. Möglichkeiten zur Umsetzung nachhaltiger Verkehrskonzepte 
auf regionaler Ebene. Schriftenreihe des Österreichischen Instituts für Nachhaltige Entwicklung, Bd. 7, Wien 

Keul, A. (Ed.) (1995). Wohlbefinden in der Stadt. Ökopsychologie und Gesundheitspsychologie im Dialog. Weinheim: Psychologie Verlags 
Union. 

Klebelsberg,D. (1982): Verkehrspsychologie. Springer Verlag, Berlin

Klein Tank A,Wijngaard J, van Engelen A (2002). Climate of Europe: assessment of observed daily temperature and precipitation extremes. 
De Bilt, the Netherlands, Royal Dutch Meteorological Institute

Kofler W., P. Lercher, M. Puritscher (2001): Causally unspecific Health Risk of Environmental Incidents Part 1,2 and 3, special version for 
Nobellaureate Y.T. Lee – Hopes for the Future Procedure of the papers: Kofler W., P. Lercher, M. Puritscher: The need for sufficiently taking 
into account unspecific effects in the understanding of health risks, Part1, 2 and 3, 12th World Clean Air and Environment Conferences, 
Proc., F-024a,b,c, Seoul

Kofler W., M. Wagner., M. Paduch, H. Mannebeck (1998): On combinatory Effects of Subjective Stimulants and physical and chemical loads, 
Proc. 11th World Clean Air and Environment Congress, IUAPPA, Vol 2, 7G-2 ISBN 0-620-23063-0, Durban 

Koller M., Haider M., Kundi M., Korenjak F., Hautmann W., Groll-Knapp E., Trimmel M. (1987). Combined Effects of physical load and 
noise in diurnal and nocturnal exposure. In A. Okanda & O. Manninen (Eds.), Recent Advances in Researches on the combined Effects of 
Environmental Factors (pp. 37-58). Kanazawa, Japan: Ryoei Co Ltd.

Kostenwein, W. (1997). Die subjektive Handlungsfähigkeit und ihre Bedeutung für Umwelthandeln. Unveröffentlichte Dipl. Arbeit: 
Universität Wien..

Kovats et al, 2003. Methods of assessing human health vulnerability and public health adaptation to climate change. World Health 
Organization, regional office for Europe. Health and global environment change, series No1. page 22. Kopenhagen, Denmark

Kraay J. H. (1996). Dutch approaches to surviving with traffic and transport. Transport Reviews, 16, 323-343.

Körmer, C. (2002). Implizite Verkehrserziehung von Kindern durch Eltern und Begleitpersonen. Forschungsarbeiten aus dem Verkehrswesen, 
Band 127. Bundesministerium für Verkehr, Innovation und Technologie, Wien

Kuratorium für Verkehrssicherheit (2003). Unfallstatistik 2002. Wien: Kuratorium für Verkehrssicherheit, Institut für Verkehrstechnik und 
Unfallstatistik.

Lee-Gosselin, M. & Stopher, P. (1997). Understanding travel behaviour in an era of change. Oxford:Pergamon Press.

Lercher P, Schmitzberger R, Kofler W. (1995): Perceived traffic air pollution, associated behaviour and health in an alpine area. Sci Tot 
Environ 169: 71-74.

Lercher P, Kofler WW. (1996): Behavioral and health responses associated with road traffic noise along alpine through-traffic routes. Sci.
Total.Environ. 189/190: 85-89.

Lercher P, Schulte-Fortkamp B. (2003): The  relevance of soundscape research to the assessment of noise annoyance at the community 
level. In: de Jong RG, Houtgast T, Frans-sen E & Hofman W. (Eds). Proceedings of the 8th International Congress on Noise as a Public Health 
Problem, Rotterdam, July, 2003, Foundation ICBEN: Schiedam, Netherlands: pp 225-231 (also on CD-ROM)

Lercher P. (2003): Annoyance, disturbance and severances in children exposed to transportation noise. In: de Jong RG, Houtgast T, Franssen 
E & Hofman W. (Eds). Proceedings of the 8th International Congress on Noise as a Public Health Problem, Rotterdam, July, 2003, Foundation 
ICBEN: Schiedam, Netherlands: pp 241-248 (also on CD-ROM)

Limbourg, M. , Flade, A. &  Schönharting, J. (2000). Mobilität im Kindes- und Jugendalter. Opladen: Leske + Budrich

Lamnek S. (1995a): Qualitative Sozialforschung. Band 1. Methodologie. And (1995b): Band 2. Methoden und Techniken. München: 
Psychologie Verlags Union.

Lee-Gosselin M. & Stopher P. (1997). Understanding travel behaviour in an era of change. Oxford: Pergamon Press.

Maslow A. (1954). Motivation and personality. New York: Harper & Row.

Mayer R. E. & Treat J. R. (1977): Psychological, social and cognitive characteristics of high-risk drivers: a pilot study. Accident analysis and 
prevention, 9: 1–8.

Moser G. (1992). Les stress urbains. Paris: Armand Colin

Moser G. (2002). People, places and sustainability: an agenda for the future. in: G. Moser, E. Pol, Y. Bernard, M. Bonnes, J. Corraliza & V. 
Giuliani (Eds.) People, Places & Sustainability. Göttingen, Germany:  Hogrefe & Huber, pp 1-6



Major References

66

Moser G. (2003). Environmental Psychology for the new millennium : Towards an integration of cultural and temporal dynamics. in: 
UNESCO (Ed.), The Encyclopaedia of Life Support Systems. Oxford: Eolls Publishers [http://www.eolss.net]

Moser G. & Uzzell D. (2003). Environmental psychology. in: Millon T., & Lerner M. J. (Eds.), Comprehensive Handbook of Psychology, Volume 
5: Personality and Social Psychology, New York: John Wiley & Sons, pp 419-445

Moshammer H. & Neuberger M. (2003): The active surface of suspended particles as a predictor of lung function and pulmonary symptoms 
in Austrian school children. Atmospheric Environment 37:1737–1744

N.N. (2001): Survey of public attitudes to quality of life and to the environment, Department for Environment, Food and Rural Affairs 2001

Novaco R. W. et al. (1990): Objective and subjective dimension of travel impedance as determinants of commuting stress. American journal 
of community psychology, 18: 231–257.

OECD (1996). First OECD Workshop on Individual Travel Behaviour: ”Values, Welfare and Quality of Life”. Final Report, 18-19 March 1996, 
Paris. Paris: OECD.

OECD (1997a). Second OECD Workshop on Individual Travel Behaviour: ”Culture, Choice and Technology”. Final Report, 17-19 July 1996, 
University of Sussex, Brighton. Paris: OECD.

OECD (1997b). Urban travel and sustainable development. European Conference of Ministers of Transport. Paris: OECD.

OECD (1997c). Report on the OECD Policy Meeting on Sustainable Consumption and Individual Travel Behaviour, 9-10 January 1997. Paris: 
OECD.

Oja, P., Vuori, I. , Paronen, O. (1998): Daily walking and cycling to work: their utility as health enhancing physical activity. Patient Education 
and Counseling, 33 pp 87-94, Elsevier Science, Ireland

Peccei, A. (Hg) (1980). Zukunftschance Lernen. Club of Rome. Bericht für die achtziger Jahre. München: Goldmann

Peden M Eds et al. Geneva, World Health Organisation, 2004 “World report on road traffic injury prevention”

Pol E. (2002). The theoretical background to the city-identity-sustainability (CIS) network. Environment and Behavior,34(1), 8-25.

Poortinga W., Steg L., Vlek C. (2002). Myths of nature and environmental management strategies. A field study on energy reductions in 
traffic and transport. in: G. Moser, E. Pol, Y. Bernard, M. Bonnes, J. Corraliza, V. Giuliani (Eds.) Places, People & Sustainability. Göttingen, 
Germany: Hogrefe & Huber

Potašová, A. (1997). Škodlive látky v prostredi a poznávacie procesy deti (Pollutants in the Environment and Cognitive Processes in 
Children). In: A. Potašová (Ed.): Škodlive látky v prostredi psychická a zdravotná prosperita deti (Pollutants in the Environment: Mental and 
Physical Prosperity of Children) (81-90). Bratislava: Institute of Experimental Psychology S.A.Sc.

Preuss, S. (1995). Ökopsychosomatik. Umweltbelastungen und psychovegetative Beschwerden. Heidelberg: Roland Assanger Verlag.

Racioppi Francesca, Erikson Lars, Tingvall Claes, Villaveces Andres. Copenhagen, World Health Organisation, 2004. “Preventing road 
traffic injury: a public health perspective for Europe”

Rothengatter, J. A. & de Bruin, R. A. (Eds.) (1987). Road Users and Traffic Safety. Assen/Maastricht: Van Gorcum.

Rothengatter, J. A. & de Bruin, R. A. (Eds.) (1988). Road User Behaviour: Theory and Research. Assen/Maastricht: Van Gorcum.

Sachs, W. ( 1984): Die Liebe zum Automobil. Ein Rückblick in die Geschichte unserer Wünsche. Rowohlt, Reinbek bei Hamburg

Schmidt, L. (1988). Implications of new risk models for the analysis of traffic safety and other traffic related problems. In Rothengatter, J.A. 
& De Bruin, R.A.(Eds.): Road User Behaviour. Theory and Research. Assen, the Netherlands: Van Gorcum, 127-132

Schmidt, L. (1992). Analysis of pedestrian-cyclists-interactions. Experiences with an investigation in Vienna. Proceedings of the fourth 
workshop of ICTCT in Vienna, October 1991. Bulletin 110, University of Lund, Department of traffic planning and engineering, Sveden 
(91-94).

Schmidt L. (1994). The significance of accepted risk and responsible action for goals and methods in psychological traffic research. In R. 
Trimpop. & G.J.S. Wilde, (Eds.): Challenges to Accident Prevention. the issue of risk compensation behaviour. Groningen: Styx Publications, 
(pp. 45-50).

Schmidt, L., Drunecky, G., Kostenwein, W., Littig, B. & Protze, K. (1994). Beeinflussung der Verkehrsmittelwahl auf dem Arbeitsweg durch 
Umweltlernen im Betrieb. Forschungsarbeiten aus dem Verkehrswesen, Band 58. Wien: Bundesministerium für öffentliche Wirtschaft und 
Verkehr.

Schmidt L. (1995). Mobilität - gesundheitsfördernd und umweltverträglich. In  Keul, A. (Hrsg.), Wohlbefinden in der Stadt. Ökopsychologie 
und Gesundheitspsychologie im Dialog. Weinheim: Beltz, Psychologie Verlags Union,112-136

Schmidt, L., Drunecky, G., Kostenwein, W. (1997a). Neue Impulse für die Verkehrserziehung in Österreich. Ist-Analyse unter besonderer 
Berücksichtigung der 5. und 9. Schulstufe. Untersuchung im Auftrag des Bundesministeriums für Unterricht und kulturelle Angelegenheiten, 
gefördert von der AUVA – Allgemeine Unfallversicherungsanstalt. Wien: somo. sozialwissenschaftliche mobilitätsforschung und beratung 
(unpublished) 

Schmidt, L., Drunecky, G., Kostenwein, W. (1997b). Was uns bewegt.. Integration des Themas Umwelt in die Verkehrserziehung. Untersuchung 
im Auftrag des Bundesministeriums für Umwelt, Jugend und Familie. Wien: somo.sozialwissenschaftliche mobilitätsforschung 
(unpublished) 

Schmidt, G. A., Schmidt, L., Drunecky, G. (1998). Momo Modellversuch Mobilitätsaus-bildung für 17-18jährige. Kooperation Schule 
– Fahrschule. Zwischenbilanz Abschluß Teil 1. Wien: ARGE Umwelterziehung im Umweltdachverband ÖGNU in Kooperation mit somo., 
gefördert vom Österreichischen Verkehrssicherheitsfonds im Bundesministerium für Wissenschaft und Verkehr, Bundesministerium für 
Umwelt, Jugend und Familie und Bundesministerium für Unterricht und kulturelle Angelegenheiten (unpublished).

Schmidt L. (1998). Psychological Aspects and Wellbeing. Paper presented at the European Forum on Transport, Environment and Health, 
Vienna, 28.-31.07.1998



67

Major References

Schmidt G.A., Schmidt L., Drunecky G. (1999). MOMO – Modellversuch Mobilitätsausbildung in Schule und Fahrschule. In: F. Meyer-
Gramcko (Hrsg.). Verkehrspsychologie auf neuen Wegen: Herausforderungen von Straße, Wasser, Luft und Schiene (II). 37. BDP-Kongreß für 
Psychologie (S. 447-454). Bonn: Deutscher Psychologen Verlag.

Schmidt L., Forward, S., Littig, B. & Flade, A. (1999). Psychological aspects, well-being, public awareness and attitudes towards transport. 
Paper for the WHO Group on Transport, Environment and Health preparing the London Conference, Vienna

Schmidt L. & Schmidt G.A.(2000). Measures to improve transport safety as well as sustainability – two case studies.  Paper for the twelfth 
workshop of ICTCT at Corfu, October 05-07, 2000

Schmidt L. & Schmidt G.A.(2002). intelligent.fahren” – experiences of the Austrian “Momo” - project in initiating a new way of coping with 
speed. Paper for the 15th ICTCT workshop at Brno, October 24-26, 2002

Seethaler, Rita, et al. (1999). Health Costs due to Road Traffic-related Air Pollution, Attributable cases - An impact assessment project of 
Austria, France and Switzerland. Prepared for the WHO Ministerial Conference on Environment and Health, London, 16-18 June 1999. 
Synthesis. Berne, Paris, Vienna.

Seligman, M.E.P. (1975). Helplessness. On depression, Development and Death. San Francisco: N.H. Freeman and Company 

Silcock, D., Barrell, J. and Ghee, C. (1991) The measurement of change in road safety. Traffic Engineering and Control, 32, 120-125

Socialdata GmbH. im Auftrag der Stadt Wien, Magistratsabteilung 18 (1993). Mobilität in Wien. Heft 5 der Sonderreihe zum neuen 
Wiener Verkehrskonzept. Beiträge zur Stadtforschung, Stadtentwicklung und Stadtgestaltung, Band 45. Wien: Magistrat der Stadt Wien, 
Magistratsabteilung 18.

Spitzner, M. (1994). Strukturelle Verkehrsvermeidung – Reduzierung von Verkehrserzeugung. Anayse der Verkehrsplanung und 
Handlungsfelder einer ökologischen Verkehrswende aus der Perspektive feministischer Verkehrsforschung. In. J. Buchen et al., (Ed.), Das 
Umweltproblem ist nicht geschlechtsneutral (202-234). Berlin.

Spitzner, M. (1995). Die Strukturen ändern! Frauen kritisieren die männliche Sichtweise in der Verkehrsplanung. Politische Ökologie, 41, 
Mai/Juni 1995.

Spitzner, M. (1998). Ökologische Zukunft für Geschlechtergerechtigkeit und Stadtentwicklung – Internationale politische Initiativen und 
Rechtsverbindlichkeiten aus der Vierten UN-Weltfrauenkonferenz 1995. In: Deutscher Städtetag, Kommission ”Frauen in der Stadt” (Ed.), 
Frauen verändern ihre Stadt. Arbeitshilfe 3: Frauen und Stadtentwicklung (in print). Köln: DST Beiträge zur Frauenpolitik, Reihe L.

Stansfeld SA, Lercher P. (2003): Non-auditory physiological effects of noise: five year review and future directions. In: de Jong RG, Houtgast 
T, Franssen E & Hofman W. (Eds). Proceedings of the 8th International Congress on Noise as a Public Health Problem, Rotterdam, July, 2003, 
Foundation ICBEN: Schiedam, Netherlands: pp 84-90 (also on CD-ROM)

Stete, G. (1995): Frauen unterwegs. Internationales Verkehrswesen, 47,1-2/95, 35-41.

Stevenson S, Stephens C, Landon M, Pattendon, S, Wilkinson P, Fletcher T (1998) Examining the inequality and inequity of car ownership 
and the effects of pollution and health outcomes such as respiratory disease, Epidemiology 9, 4, S29. 

Thaler R., Rauh W., Stadlhuber Ch., Glasl P.: Priority for Pedestrians, published by Austrian Transport Association, Vienna 1993

Totman R. (1983). Psychosomatic theories. In: Social Psychology and behavioral medecine. Ed. by Eiser J.R., New York, John Wiley and sons., 
143-75.

Trimmel M., Kundi M., Binder G., Groll-Knapp E., Haider M. (1996). Combined effects of mental load and background noise on CNS activity 
indicated by brain DC potentials. Environment International, 22, 83-92.

Trimmel M., Poelzl G., Groll-Knapp E. (2001). Background noise modulates central nervous system activity of visual-spatial attention. In 
Euronoise 2001. Patras: University of Patras.

Trimmel M. & Schweiger E. (1998). Effects of an ELF (50 Hz, 1 mT) electromagnetic field (EMF) on concentration in visual attention, 
perception and memory including effects of EMF sensitivity. Toxicology Letters, 96, 377-382.

Tully, C.J. & Wahler, P. (1996). Leben und Aufwachsen in der Mobilitätsgesellschaft. Ein soziales Muster im Umbruch. Österreichische 
Zeitschrift für Soziologie, 21/1, 25-58.

U.S. Department of Health and Human Services (1996). Physical Activity and Health: A report of the Surgeon General. Atlanta: U.S 
Deparment of Health and Human Services, Centres for Disease Control and Prevention, National Center for Chronic Disease Prevention and 
Health Promotion.

Uzzell, D., Davallon, J., Fontes, P. J., Gottesdiener H., Jensen B. B., Kofoed, J., Uhrenholdt, G. & Vognsen C. (1994). Children as Catalysts of 
Environmental Change. Report of an Investigation on Environmental Education. Financed by the European Commisson Directorate General 
for Science Research and Development. D.L.N: 102909/96. Instituto de Promocão Ambiental (Ed.).

Walk, K.M. (1999). Verkehr human. Von der technokratischen Fahrausbildung zur sozialen Mobilitätsausbildung. Wien: energy 3/99, 24-25 

Wilde G.J.S.(1974): Wirkung und Nutzen von Verkehrssicherheitskampagnen und Forderungen - ein Überblick. Zeitschrift für 
Verkehrssicherheit, 20, 227-238

Wilde G.J.S. (1994). Target Risk. Dealing with the danger of death, disease and damage in everyday decisions. Toronto: PDE Publications

Wilkinson R.G. (2001): Kranke Gesellschaften: Soziales Gleichgewicht oder Gesundheit, Springer, Wien 

WHO 2003, AJ McMichael et al, Climate change and human health: risks and responses, page 271, Geneva, 2003

World Health Organization. Dora C. & Phillips M. (Eds.). (2000). Transport, Environment and Health. WHO Regional Publications. European 
series No. 89

Zuckermann, W.(1991): End of the Road. From World Car Crisis to Sustainable Transportation. Post Mills, Vermont: Chelsea Green Publishing 
Company



68

Links for further Information
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Children’ Environment and Health Action Plan for Europe
www.euro.who.int/budapest2004

THE PEP - Transport Health and Environment Trans-European Programme
http://unece.unog.ch/the-pep/en/welcome.htm

“Transport-related Health Effects with a Particular Focus on Children” (Transnational study and workshop series by Austria, France, 
Malta, the Netherlands, Sweden and Switzerland, 2004)
www.herry.at/the-pep

“Health Costs due to Road Traffic-related Air Pollution”  (Tri-lateral study by Austria, France and Switzerland, 1999)
www.euro.who.int/transport/HIA/20021107_3

World Health Organization
www.euro.who.int/transport/HIA/20021009_2

UNECE
www.unece.org/env/welcome.html

ADEME - Agency for Environment and Energy Management, France
www.ademe.fr

AFSSE – Agence Française de Sécurité Sanitaire et Environnementale, France
www.afsse.fr

BMLFUW - Austrian Federal Ministry of Agriculture, Forestry, Environment and Water Management
www.lebensministerium.at

BMVIT -  Austrian Federal Ministry of Transport, Innovation and Technology
www.bmvit.gv.at

BMGF - Austrian Federal Ministry of Health and Women
www.bmgf.gv.at

EEA – European Environment Agency
www.eea.eu.int/

Federal Office of Public Health, Switzerland
www.bag.admin.ch

FOSPO - Federal Office of Sports, Switzerland
www.baspo.admin.ch

InVS – Institut de Veille Sanitaire, France
www.invs.sante.fr

Medical University Vienna, Environmental Health Institute, Austria
www.univie.ac.at/umwelthygiene/

Ministry of Health, Elderly & Community Care, Malta
www.health.gov.mt

Ministry of Housing, Spatial Planning and the Environment of the Netherlands (VROM)
www.vrom.nl

Ministry of Transport, Public Works and Water Management of the Netherlands (VenW)
www.minvenw.nl

OECD – EST Environmentally Sustainable Transport
http://www.oecd.org/department/0,2688,en_2649_34363_1_1_1_1_1,00.html

RIVM - National Institute of Public Health and Environment, the Netherlands
www.rivm.nl

Schoolway.net
www.schoolway.net

Swedish Institute for Transport and Communications Analysis (SIKA)
www.sika-institute.se

Vincent Nedellec Consultants, France
www.vnc-sante.fr



LINKS FOR FURTHER INFORMATION




