Anish Verghese Koshy, President, Friends for Life, Bangalore, India

We, the surviving relatives of the victims of road accidents, appreciate the initiative of WHO and the
publication of this report. It is wrong to place the responsibility for causing and preventing road crashes on
the driver only; we need to look at the vehicle and the road as well.
Ben-Zion Kryger, Chairman, Yad-Haniktafim, Israel

There are not many roads, there is a single road that extends across the length and breadth of our vast
planet. Each of us is responsible for a segment of that road. The road safety decisions that we make or do
not make, ultimately have the power to affect the lives of people everywhere. We are one road – one world.
Rochelle Sobel, President, Association for Safe International Road Travel, United States of America

The human suffering for victims and their families of road traffic–related injuries is incalculable. There are
endless repercussions: families break up; high counselling costs for the bereaved relatives; no income for a
family if a breadwinner is lost; and thousands of rands to care for injured and paralysed people. Drive Alive
greatly welcomes this report and strongly supports its recommendations.
Moira Winslow, Chairman, Drive Alive, South Africa

WHO has decided to tackle the root causes of road accidents, a global scourge characteristic of our
technological era, whose list of victims insidiously grows longer day by day. How many people die or are
injured? How many families have found themselves mourning, surrounded by indifference that is all too
common, as if this state of affairs were an unavoidable tribute society has to pay for the right to travel?
May this bold report by WHO, with the assistance of ofﬁcial organizations and voluntary associations,
lead to greater and genuine awareness, to effective decisions and to deeper concern on the part of road
users for the lives of others.
Jacques Duhayon, Administrator, Association de Parents pour la Protection des Enfants sur les Routes, Belgium
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Our roads, which are meant to take us places, often become venues of loss and sources of sorrow. Friends for
Life, India, appreciates and supports the initiative WHO is taking to make the world a safer, more responsible
place in which to live.
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The European Federation of Road Traffic Victims is deeply concerned about the millions of deaths, severely
disabled victims and often forgotten survivors of road traffic crashes as well as the huge psychological, social
and economic impact of these incidents worldwide. We heartily welcome this report and strongly support
the call for an effective response.
Marcel Haegi, President, European Federation of Road Traffic Victims, Switzerland

Road accidents are a never-ending drama. They are the leading cause of mortality among young people
in industrialized countries. In other words, they are a health emergency to which governments must ﬁnd a
response, and all the more so because they know what the remedies are: prevention, deterrence and making
the automobile industry face up to its responsibilities. This report is a contribution towards the efforts of those
who have decided, whether or not after a personal tragedy, to come to grips with this avoidable slaughter.
Geneviéve Jurgensen, Founder and Spokesperson, League against Road Violence, France

The World Health Organization was established in 1948 as a specialized agency of the United Nations
serving as the directing and coordinating authority for international health matters and public health. One of
WHO’s constitutional functions is to provide objective and reliable information and advice in the field of
human health, a responsibility that it fulfils in part through its extensive programme of publications.

The Organization seeks through its publications to support national health strategies and address the most
pressing public health concerns of populations around the world. To respond to the needs of Member States
at all levels of development, WHO publishes practical manuals, handbooks and training material for specific
categories of health workers; internationally applicable guidelines and standards; reviews and analyses of
health policies, programmes and research and state-of-the-art consensus reports that offer technical advice
and recommendations for decision-makers. These books are closely tied to the Organization’s priority
activities, encompassing disease prevention and control, the development of equitable health systems based
on primary health care, and health promotion for individuals and communities. Progress towards better health
for all also demands the global dissemination and exchange of information that draws on the knowledge
and experience of all WHO’s Member countries and the collaboration of world leaders in public health and
the biomedical sciences.

To ensure the widest possible availability of authoritative information and guidance on health matters,
WHO secures the broad international distribution of its publications and encourages their translation and
adaptation. By helping to promote and protect health and prevent and control disease throughout the world,
WHO’s books contribute to achieving the Organization’s principal objective – the attainment by all people of
the highest possible level of health.

Many deaths and injuries from road crashes are completely preventable, especially those caused by alcohol or
drug-impaired drivers. WHO has done important work by focusing attention on road violence as a growing
worldwide public health problem. This report will be a valuable resource for Mothers Against Drunk Driving
and its allies in working to stop impaired driving and in supporting the victims of this crime.
Dean Wilkerson, Executive Director, Mothers Against Drunk Driving, United States of America
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Every day thousands of people are killed and
injured on our roads. Men, women or children
walking, biking or riding to school or work,
playing in the streets or setting out on long trips,
will never return home, leaving behind shattered
families and communities. Millions of people each
year will spend long weeks in hospital after severe
crashes and many will never be able to live, work or play as they used to do. Current efforts to address road
safety are minimal in comparison to this growing human suffering.
The World Health Organization and the World Bank have jointly produced this World report on road trafﬁc injury
prevention. Its purpose is to present a comprehensive overview of what is known about the magnitude, risk factors and impact of road trafﬁc injuries, and about ways to prevent and lessen the impact of road crashes. The
document is the outcome of a collaborative effort by institutions and individuals. Coordinated by the World
Health Organization and the World Bank, over 100 experts, from all continents and different sectors – including transport, engineering, health, police, education and civil society – have worked to produce the report.
Road trafﬁc injuries are a growing public health issue, disproportionately affecting vulnerable groups
of road users, including the poor. More than half the people killed in trafﬁc crashes are young adults aged
between 15 and 44 years – often the breadwinners in a family. Furthermore, road trafﬁc injuries cost lowincome and middle-income countries between 1% and 2% of their gross national product – more than the
total development aid received by these countries.
But road trafﬁc crashes and injuries are preventable. In high-income countries, an established set of interventions have contributed to signiﬁcant reductions in the incidence and impact of road trafﬁc injuries. These
include the enforcement of legislation to control speed and alcohol consumption, mandating the use of seatbelts and crash helmets, and the safer design and use of roads and vehicles. Reduction in road trafﬁc injuries
can contribute to the attainment of the Millennium Development Goals that aim to halve extreme poverty and
signiﬁcantly reduce child mortality.
Road trafﬁc injury prevention must be incorporated into a broad range of activities, such as the development and management of road infrastructure, the provision of safer vehicles, law enforcement, mobility
planning, the provision of health and hospital services, child welfare services, and urban and environmental
planning. The health sector is an important partner in this process. Its roles are to strengthen the evidence
base, provide appropriate pre-hospital and hospital care and rehabilitation, conduct advocacy, and contribute
to the implementation and evaluation of interventions.
The time to act is now. Road safety is no accident. It requires strong political will and concerted, sustained
efforts across a range of sectors. Acting now will save lives. We urge governments, as well as other sectors of
society, to embrace and implement the key recommendations of this report.
Photo: © World Bank Photo Lab

Photo: © WHO, P. VIROT

Foreword

LEE Jong-wook
Director-General
World Health Organization

James D Wolfensohn
President
World Bank Group

Preface

Over 3000 Kenyans are killed on our roads every year, most of them between the ages of 15 and 44 years.
The cost to our economy from these accidents is in excess of US$ 50 million exclusive of the actual loss
of life. The Kenyan government appreciates that road trafﬁc injuries are a major public health problem
amenable to prevention.
In 2003, the newly formed Government of the National Alliance Rainbow Coalition, took up the road
safety challenge. It is focusing on speciﬁc measures to curtail the prevalent disregard of trafﬁc regulations
and mandating speed limiters in public service vehicles.
Along with the above measures the Government has also launched a six-month Road Safety Campaign
and declared war on corruption, which contributes directly and indirectly to the country’s unacceptably
high levels of road trafﬁc accidents.
I urge all nations to implement the recommendations of the World report on road trafﬁc injury prevention as a
guide to promoting road safety in their countries. With this tool in hand, I look forward to working with
my colleagues in health, transport, education and other sectors to more fully address this major public
health problem.

Mwai Kibaki, President, Republic of Kenya

In 2004, World Health Day, organized by the World Health Organization, will for the ﬁrst time be devoted
to Road Safety. Every year, according to the statistics, 1.2 million people are known to die in road accidents
worldwide. Millions of others sustain injuries, with some suffering permanent disabilities. No country
is spared this toll in lives and suffering, which strikes the young particularly. Enormous human potential
is being destroyed, with also grave social and economic consequences. Road safety is thus a major public
health issue throughout the world.
World Health Day will be ofﬁcially launched in Paris on 7 April 2004. France is honoured. It sees this as
recognition of the major efforts made by the French population as a whole, which mobilized to reduce the
death and destruction it faces on the roads. These efforts will only achieve results if they are supported by
a genuine refusal to accept road accidents fatalistically and a determination to overcome all-too-frequent
indifference and resignation. The mobilization of the French Government and the relevant institutions,
particularly civic organizations, together with a strong accident prevention and monitoring policy, reduced
trafﬁc fatalities in France by 20%, from 7242 in 2002 to 5732 in 2003. Much remains to be done, but one
thing is already clear : it is by changing mentalities that we will, together, manage to win this collective
and individual struggle for life.

Jacques Chirac, President, France
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Globally deaths and injuries resulting from road trafﬁc crashes are a major and growing public health
problem. Viet Nam has not been spared. In the year 2002, the global mortality rate due to trafﬁc accidents
was 19 per 100 000 population while in Viet Nam the ﬁgure was 27 per 100 000 population. Road trafﬁc
collisions on the nation’s roads claim ﬁve times more lives now than they did ten years ago. In 2003 a total
of 20 774 incidents were reported, leading to 12 864 deaths, 20 704 injuries and thousands of billions of
Viet Nam Dong in costs.
A main contributor to road crashes in Viet Nam is the rapid increase in the number of vehicles, particularly motorcycles, which increase by 10% every year. Nearly half of the motorcycle riders are not licensed,
and three quarters don’t comply with trafﬁc laws. Also, the development of roads and other transport
infrastructure has not been able to keep pace with rapid economic growth.
To reduce deaths and injuries, protect property and contribute to sustainable development, the Government of Viet Nam established the National Committee on Trafﬁc Safety in 1995. In 2001 the Government
promulgated the National Policy on Accidents and Injury Prevention with the target of reducing trafﬁc
deaths to 9 per 10 000 vehicles. Government initiatives to reduce trafﬁc accidents include issuing new
trafﬁc regulations and strengthening trafﬁc law enforcement. In 2003, the number of trafﬁc accidents was
reduced by 27.2% over the previous year, while the deaths and injury rates declined by 8.1% and 34.8%
respectively.
The Government of Viet Nam will implement more stringent measures to reduce road trafﬁc injuries
through health promotion campaigns, consolidation of the injury surveillance system, and mobilization
of various sectors at all levels and the whole society. The Government of Viet Nam welcomes the World
Health Organization/World Bank World report on road trafﬁc injury prevention, and is committed to implementing
its recommendations to the fullest extent possible.

H.E. Mr Phan Van Khai, Prime Minister, Socialist Republic of Viet Nam

In Thailand road accidents are considered one of the top three public health problems in the country.
Despite the Government’s best efforts, there are sadly over 13 000 deaths and more than one million
injuries each year as the result of road accidents, with several hundred thousand people disabled. An overwhelming majority of the deaths and injuries involve motorcyclists, cyclists and pedestrians.
The Royal Thai Government regards this problem to be of great urgency and has accorded it high priority in the national agenda. We are also aware of the fact that effective and sustainable prevention of such
injuries can only be achieved through concerted multisectoral collaboration.
To deal with this crucial problem, the Government has established a Road Safety Operations Centre
encompassing the different sectors of the country and comprising the government agencies concerned, nongovernmental organizations and civil society. The Centre has undertaken many injury prevention initiatives,
including a “Don’t Drink and Drive” campaign as well as a campaign to encourage motorcyclists to wear
safety helmets and to engage in safe driving practices. In this regard, we are well aware that such a campaign
must involve not only public relations and education but also stringent law enforcement measures.
The problem of road trafﬁc injuries is indeed a highly serious one, but it is also a problem that can be
dealt with and prevented through concerted action among all the parties concerned. Through the leadership and strong commitment of the Government, we are conﬁdent that we will be successful in our efforts
and we hope that others will be as well.

Thaksin Shinawatra, Prime Minister, Thailand
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We are pleased that the Sultanate of Oman, with other countries, has brought up the issue of road safety to
the United Nations General Assembly and played a major role in raising global awareness to the growing
impact of deadly road trafﬁc injuries, especially in the developing world.
The magnitude of the problem, encouraged the United Nations General Assembly to adopt a special
resolution (No 58/9), and the World Health Organization to declare the year 2004 as the year of road
safety.
In taking these two important steps, both organizations started the world battle against trauma caused
by road accidents, and we hope that all sectors of our societies will cooperate to achieve this noble humanitarian objective.
The world report on road trafﬁc injury prevention is no doubt a compelling reading document. We congratulate the
World Health Organization and the World Bank for producing such a magniﬁcent presentation.

Qaboos bin Said, Sultan of Oman

Land transportation systems have become a crucial component of modernity. By speeding up communications and the transport of goods and people, they have generated a revolution in contemporary economic
and social relations.
However, incorporating new technology has not come about without cost: environmental contamination, urban stress and deteriorating air quality are directly linked to modern land transport systems. Above
all, transportation is increasingly associated with the rise in road accidents and premature deaths, as well
as physical and psychological handicaps. Losses are not limited to reduced worker productivity and trauma
affecting a victim’s private life. Equally signiﬁcant are the rising costs in health services and the added burden on public ﬁnances.
In developing countries the situation is made worse by rapid and unplanned urbanization. The absence
of adequate infrastructure in our cities, together with the lack of a legal regulatory framework, make the
exponential rise in the number of road accidents all the more worrying. The statistics show that in Brazil,
30 000 people die every year in road accidents. Of these, 44% are between 20 and 39 years of age, and
82% are men.
As in other Latin American countries, there is a growing awareness in Brazil as to the urgency of reversing this trend. The Brazilian Government, through the Ministry of Cities, has put considerable effort into
developing and implementing road security, education campaigns and programmes that emphasize citizen
involvement. As part of this endeavour Brazil recently adopted a new road trafﬁc code that has brought
down the annual number of road deaths by about 5000. This is a welcome development that should spur
us to even further progress. The challenges are enormous and must not be side stepped. This is why road
security will remain a priority for my Government.
The publication of this report is therefore extremely timely. The data and analysis that it brings to light
will provide valuable material for a systematic and in-depth debate on an issue that affects the health of
all. Of even greater signiﬁcance is the fact that the report will help reinforce our conviction that adequate
preventive measures can have a dramatic impact. The decision to dedicate the 2004 World Health Day to
Road Safety points to the international community’s determination to ensure that modern means of land
transportation are increasingly a force for development and the well-being of our peoples.

Luis Inácio Lula da Silva, President, Federative Republic of Brazil
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Introduction

Road trafﬁc injuries constitute a major public health and development crisis, and are predicted to increase
if road safety is not addressed adequately by Member States. The World Health Organization (WHO) has
been concerned with this issue for over four decades. As early as 1962, a WHO report discussed the nature
and dynamics of the problem (1). In 1974, the World Health Assembly adopted Resolution WHA27.59,
declaring road trafﬁc accidents a major public health issue and calling for Member States to address the
problem (2). For the past two decades, the World Bank has encouraged its borrowers to include road safety
components within most of their highway and urban transport projects.
Over the last three years, both organizations have intensiﬁed their work in road trafﬁc injury prevention. This was reﬂected in the establishment in March 2000 of WHO’s Department of Injuries and Violence
Prevention, the development and implementation of a ﬁve-year WHO strategy for road trafﬁc injury prevention, and greater ﬁnancial and human support for road trafﬁc injury prevention activities around the
world (3). Recently, WHO dedicated World Health Day for 2004 to Road Safety. Within the World Bank,
an interdisciplinary task force was established to ensure that this important issue was regarded as a major
public health issue and tackled jointly by transport and public health specialists.
Among other international organizations, the United Nations Economic Commission for Europe, the
United Nations Development Fund and the United Nations Children’s Fund, have all stepped up their road
safety activities over the past decade. In early 2003, the United Nations adopted Resolution (A/RES/57/309)
on the global road safety crisis (4), followed by a report of the Secretary-General on the same topic to the
58th session of the United Nations General Assembly later that year (5). In November 2003, a further Resolution (A/RES/58/9) was passed by the United Nations, calling for a plenary meeting of the United Nations
General Assembly on 14 April 2004. The purpose of the plenary meeting would be to increase awareness of
the magnitude of the road injury problem, and to discuss the implementation of the World report on road trafﬁc
injury prevention at the United Nations General Assembly (6).
This joint WHO/World Bank report on road trafﬁc injury prevention is an important part of the response
to the world’s road safety crisis. It is directed at international, regional and national policy-makers, international agencies and key professionals in public health, transport, engineering, education and other sectors, and
aims to stimulate action for road safety. It sets out universal principles rather than a “blue print” for worldwide
application, recognizing fully the need to identify local needs and the adaptation of “best practices” accordingly. A summary of the report is also available at http://www.who.int/violence_injury_prevention.

Aims of the report
The central theme of this report is the burden of road trafﬁc injuries and the urgent need for governments
and other key players to increase and sustain action to prevent road trafﬁc injury.
The report’s goals are:
— to raise awareness about the magnitude, risk factors and impacts of road trafﬁc collisions globally;
— to draw attention to the preventability of the problem and present known intervention strategies;
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— to call for a coordinated approach across a range of sectors to address the problem.
The speciﬁc objectives of the report are:
— to describe the burden, intensity, pattern and impacts of road trafﬁc injuries at global, regional and
national levels;
— to examine the key determinants and risk factors;
— to discuss interventions and strategies that can be employed to address the problem;
— to make recommendations for action at local, national and international levels.
The report elaborates on these objectives in ﬁve core chapters, described below.
The fundamentals
Chapter 1 gives an account of how the approach to road safety has developed over the years. It explains
that the steep rise in road injury globally forecast over the next two decades is not inevitable if appropriate action is taken. The chapter argues the case for a multisectoral, systems-based approach to road injury
prevention and mitigation.
The global impact
In Chapter 2, the deﬁning characteristics and scale of the road trafﬁc injury problem for different road users
are laid out. The key issue of data collection is discussed and the impact of road trafﬁc casualties on individuals, families and society in general is examined.
Risk factors
Chapter 3 describes the key risk factors and determinants for road crashes and road trafﬁc injuries.
Interventions
Chapter 4 looks at possible interventions and discusses their effectiveness, cost and public acceptability,
where such evidence is available.
Conclusions and recommendations
The ﬁnal chapter draws conclusions and sets out the report’s key recommendations for all those concerned
with the safety of road trafﬁc systems.

How the report was developed
Over 100 international professionals from the sectors of health, transport, engineering, law enforcement
and education – among others – as well as the private sector and nongovernmental organizations, were
involved in the development of this report. A small Editorial Committee coordinated this process. The
outline for each chapter was developed by a Technical Committee with experts from all over the world.
Two main writers wrote the various chapters of the report, after which the chapters were further reﬁned
by a stylistic editor. An Advisory Committee provided guidance to the Editorial Committee at the different
stages of the report’s production.
A series of consultations was held in the WHO regional ofﬁces with local experts and government ofﬁcials to review the chapter outlines and make suggestions for the report’s key recommendations. A meeting
of the Technical Committee at WHO headquarters in Geneva further developed the work of the regional
consultations on Chapter 5 – the chapter with the recommendations.
Prior to editing, each chapter was peer-reviewed by scientists and experts from around the world. These
reviewers were asked to comment not only on the scientiﬁc content, but also on the relevance of each
chapter within their local culture.
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What happens after the report?
It is hoped that the launch of this report will mark the beginning of a long process of improving road safety.
If it is to be effective, the report should stimulate discussion at local, national and international levels, and
the recommendations should serve to bring about greatly increased actions on road trafﬁc injury prevention around the world.
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Introduction
Road trafﬁc injuries are a major but neglected global
public health problem, requiring concerted efforts
for effective and sustainable prevention. Of all the
systems that people have to deal with on a daily
basis, road transport is the most complex and the
most dangerous. Worldwide, the number of people
killed in road trafﬁc crashes each year is estimated
at almost 1.2 million, while the number injured
could be as high as 50 million – the combined
population of ﬁve of the world’s large cities. The
tragedy behind these ﬁgures regularly attracts less
media attention than other, less frequent but more
unusual types of tragedy.
What is worse, without increased efforts and new
initiatives, the total number of road trafﬁc deaths
worldwide and injuries is forecast to rise by some
65% between 2000 and 2020 (1, 2), and in lowincome and middle-income countries deaths are
expected to increase by as much as 80%. The majority
of such deaths are currently among “vulnerable road
users” – pedestrians, pedal cyclists and motorcyclists.
In high-income countries, deaths among car occupants continue to be predominant, but the risks per
capita that vulnerable road users face are high.
This is the ﬁrst major report on road injury prevention jointly issued by the World Health Organization (WHO) and the World Bank, and underscores the concern that the two bodies share about
the detrimental impact of an unsafe road transport
system on public health and global development. It
is the contention of the report, ﬁrst, that the level of
road deaths and injuries is unacceptable, and second, that it is to a large extent avoidable.
There is thus an urgent need to recognize the
worsening situation in road deaths and injuries
and to take appropriate action. Road trafﬁc injury
prevention and mitigation should be given the same
attention and scale of resources that is currently
paid to other prominent health issues if increasing
human loss and injury on the roads, with their devastating human impact and large economic cost to
society, are to be averted.
The report has three main aims:
• To create a greater level of awareness, commitment and informed decision-making at

all levels – including among governments,
professional sectors and international agencies
– so that strategies scientiﬁcally proven to be
effective in preventing road injuries can be
implemented. Any effective response to the
global challenge of reducing trafﬁc casualties
will necessarily require a large mobilization
of effort by all those concerned, at the international, national and local levels.
• To provide a sound justiﬁcation for the change
in thinking that has taken place in recent years,
especially where signiﬁcant research has been
undertaken, about the nature of the road trafﬁc
injury problem and what constitutes successful
prevention. The perception that it is the price
to be paid for achieving mobility and economic
development, needs to be replaced by a more
holistic ideology that places the emphasis on
the total system of road trafﬁc.
• To help strengthen institutions and create
effective partnerships to deliver safer road
trafﬁc systems. Such partnerships should
exist horizontally between different sectors of
government and vertically between different
levels of government, as well as between governments and nongovernmental organizations.
At governmental level this means establishing
a close collaboration between the sectors of
transport, public health, ﬁnance, the judiciary
and others concerned.
The report is thus principally aimed at policymakers and key professionals in all sectors and at
all levels, with an objective to provide a strategic
framework for action. Universal principles are set
out, rather than a single action plan with worldwide
applicability. This is because local conditions must
always be taken into account, so that best practices
proven elsewhere can be reﬁned and adapted into
relevant and successful local interventions.

A public health concern
Road deaths, disability and injury
Every day around the world, almost 16 000 people
die from all types of injuries. Injuries represent
12% of the global burden of disease, the third most
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important cause of overall mortality and the main
cause of death among 1–40-year-olds (3). The category of injuries worldwide is dominated by those
incurred in road crashes. According to WHO data,
deaths from road trafﬁc injuries account for around
25% of all deaths from injury (4).
Estimates of the annual number of road deaths
vary, as a result of the limitations of injury data collection and analysis, problems of underreporting
and differences in interpretation. The ﬁgure ranges
from around 750 000 (5) (probably an underestimate, since it is made on the basis of 1998 data) to

1 183 492 annually – representing over 3000 lives
lost daily (see Statistical Annex, Table A.2).
Around 85% of all global road deaths, 90% of
the disability-adjusted life years lost due to crashes,
and 96% of all children killed worldwide as a
result of road trafﬁc injuries occur in low-income
and middle-income countries. Over 50% of deaths
are among young adults in the age range of 15–44
years (6). Among both children aged 5–14 years,
and young people aged 15–29 years, road trafﬁc injuries are the second-leading cause of death
worldwide (see Table 1.1).

TABLE 1.1

Leading causes of deaths by age group, world, 2002
Rank

0−4 years

5−14 years

15−29 years

30−44 years

45−59 years

≥60 years

All ages

1

Lower respiratory
infections
1 890 008

Childhood cluster
diseases
219 434

HIV/AIDS
707 277

HIV/AIDS
1 178 856

Ischaemic heart
disease
1 043 978

Ischaemic heart
disease
5 812 863

Ischaemic heart
disease
7 153 056

2

Diarrhoeal diseases
1 577 891

Road trafﬁc injuries
130 835

Road trafﬁc injuries
302 208

Tuberculosis
390 004

Cerebrovascular
disease
623 099

Cerebrovascular
disease
4 685 722

Cerebrovascular
disease
5 489 591

3

Low birth weight
1 149 168

Lower respiratory
infections
127 782

Self-inﬂicted
injuries
251 806

Road trafﬁc injuries
285 457

Tuberculosis
400 704

Chronic obstructive
pulmonary diseases
2 396 739

Lower respiratory
infections
3 764 415

4

Malaria
1 098 446

HIV/AIDS
108 090

Tuberculosis
245 818

Ischaemic heart
disease
231 340

HIV/AIDS
390 267

Lower respiratory
infections
1 395 611

HIV/AIDS
2 818 762

5

Childhood cluster
diseases
1 046 177

Drowning
86 327

Interpersonal
violence
216 169

Self-inﬂicted
injuries
230 490

Chronic obstructive
pulmonary diseases
309 726

Trachea, bronchus,
lung cancers
927 889

Chronic obstructive
pulmonary diseases
2 743 509

6

Birth asphyxia and
birth trauma
729 066

Malaria
76 257

Lower respiratory
infections
92 522

Interpersonal
violence
165 796

Trachea, bronchus,
lung cancers
261 860

Diabetes mellitus
749 977

Diarrhoeal diseases
1 766 447

7

HIV/AIDS
370 706

Tropical cluster
diseases
35 454

Fires
90 845

Cerebrovascular
disease
124 417

Cirrhosis of the liver
250 208

Hypertensive heart
disease
732 262

Childhood-cluster
diseases
1 359 548

8

Congenital heart
anomalies
223 569

Fires
33 046

Drowning
87 499

Cirrhosis of the liver
100 101

Road trafﬁc injuries
221 776

Stomach cancer
605 395

Tuberculosis
1 605 063

9

Protein–energy
malnutrition
138 197

Tuberculosis
32 762

War
71 680

Lower respiratory
infections
98 232

Self-inﬂicted
injuries
189 215

Tuberculosis
495 199

Trachea, bronchus,
lung cancers
1 238 417

10

STDs excluding HIV
67 871

Protein–energy
malnutrition
30 763

Hypertensive
disorders
61 711

Poisonings
81 930

Stomach cancer
185 188

Colon and rectum
cancers
476 902

Malaria
1 221 432

11

Meningitis
64 255

Meningitis
30 694

Maternal haemorrhage
56 233

Fires
67 511

Liver cancer
180 117

Nephritis and
nephrosis
440 708

Road trafﬁc injuries
1 183 492

12

Drowning
57 287

Leukaemia
21 097

Ischaemic heart
disease
53 870

Maternal
haemorrhage
63 191

Diabetes mellitus
175 423

Alzheimer and
other dementias
382 339

Low birth weight
1 149 172

13

Road trafﬁc injuries
49 736

Falls
20 084

Poisoning
52 956

War
61 018

Lower respiratory
infections
160 259

Liver cancer
367 503

Diabetes mellitus
982 175

14

Endocrine disorders
42 619

Violence
18 551

Childhood cluster
diseases
48 101

Drowning
56 744

Breast cancer
147 489

Cirrhosis of the liver
366 417

Hypertensive heart
disease
903 612

15

Tuberculosis
40 574

Poisonings
18 529

Abortion
43 782

Liver cancer
55 486

Hypertensive heart
disease
129 634

Oesophagus cancer
318 112

Self-inﬂicted
injuries
874 955

Source: WHO Global Burden of Disease project, 2002, Version 1 (see Statistical Annex).
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In low-income countries and TABLE 1.2
regions – in Africa, Asia, the Change in rank order of DALYs for the 10 leading causes of the global
Caribbean and Latin America burden of disease
– the majority of road deaths are
1990
2020
among pedestrians, passengers, Rank
Rank
Disease or injury
Disease or injury
Lower respiratory infections
1
Ischaemic heart disease
cyclists, users of motorized two- 1
Diarrhoeal diseases
2
Unipolar major depression
wheelers, and occupants of buses 2
3
Perinatal conditions
3
Road trafﬁc injuries
and minibuses (7, 8). The leading
4
Unipolar major depression
4
Cerebrovascular disease
casualties in most high-income
5
Ischaemic heart disease
5
Chronic obstructive pulmonary disease
countries, on the other hand, are 6
Cerebrovascular disease
6
Lower respiratory infections
among the occupants of cars.
7
Tuberculosis
7
Tuberculosis
However, when it comes to 8
Measles
8
War
9
Road
trafﬁc
injuries
9
Diarrhoeal diseases
comparative fatality rates (deaths
10
Congenital
abnormalities
10
HIV
for any measure of exposure)
DALY: Disability-adjusted life year. A health-gap measure that combines information on
for all users in the trafﬁc system, the number of years lost from premature death with the loss of health from disability.
these regional differences disap- Source: reference 2.
pear. Nearly everywhere, the risk
of dying in a road crash is far higher for vulnerable
The social and economic costs of road
road users – pedestrians, cyclists and motorcyclists
trafﬁc injuries
– than for car occupants (8, 9).
In economic terms, the cost of road crash injuries is
The road trafﬁc death toll represents only the
estimated at roughly 1% of gross national product
“tip of the iceberg” of the total waste of human and
(GNP) in low-income countries, 1.5% in middlesocietal resources from road injuries. WHO estiincome countries and 2% in high-income countries
mates that, worldwide, between 20 million and 50
(5).
million people are injured or disabled each year in
The direct economic costs of global road crashes
road trafﬁc crashes (the reason for the wide range
have been estimated at US$ 518 billion, with the
of this estimate being the considerable, known
costs in low-income countries – estimated at US$ 65
underreporting of casualties) (10).
billion – exceeding the total annual amount received
Using epidemiological evidence from national
in development assistance (5). Furthermore, the
studies, a conservative estimate can be obtained of
costs estimated for low-income and middle-income
the ratios between road deaths, injuries requiring
countries are probably signiﬁcant underestimates.
hospital treatment, and minor injuries, as being
Using more comprehensive data and measurement
1:15:70 in most countries (11–18).
techniques, the estimated annual costs (both direct
In many low-income and middle-income counand indirect) of road crash injury in European
tries, the burden of trafﬁc-related injuries is such
Union (EU) countries alone, which contribute 5% to
that they represent between 30% and 86% of all
the global death toll, exceed €180 billion (US$ 207
trauma admissions (19, 20).
billion) (9, 21). For the United States of America, the
While a decrease in deaths due to road trafﬁc
human capital costs of road trafﬁc crashes in 2000
crashes of some 30% is forecast in high-income
were estimated at US$ 230 billion (22). If comparacountries, current and projected trends in lowble estimates were made of the direct and indirect
income and middle-income countries foreshadow
economic costs of road crashes in low-income and
a huge escalation in global road crash mortality
middle-income countries, the total economic cost
between 2000 and 2020. Furthermore, on current
globally of road crashes would be likely to exceed
trends, by 2020, road crash injury is likely to be the
the current estimate of US$ 518 billion.
third leading cause of disability-adjusted life years
Road crashes not only place a heavy burden
lost (see Table 1.2).
on national and regional economies but also on
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households (see Box 1.1). In Kenya, for example,
more than 75% of road trafﬁc casualties are among
economically productive young adults (23).
Despite the large social and economic costs,
though, there has been a relatively small amount
of investment in road safety research and development, compared with other types of health loss
(see Table 1.3).
There exist, however, well-tested, cost-effective

and publicly-acceptable solutions to the problem.
Funding for interventions, though, even in many
countries most active in road safety – all of whom
have targets for further reductions in casualties
– has been scarce (25–28).
In short, current road safety efforts fail to match
the severity of the problem. Road travel brings
society beneﬁts, but the price society is paying for
it is very high.

BOX 1.1

The human tragedies behind road crash statistics
On a spring weekend in 2000, in the rural English setting of Suffolk, Ruth, 22 years old and her brother Paul, 20,
joined their parents to celebrate their 25th wedding anniversary. After the family celebrations, on the Sunday
evening, Paul went to a ﬁlm, driven by a friend in his amateurly-repaired and rebuilt old Fiat Uno.
At midnight they heard the heavy knocking of a policeman, who announced that there had been a car crash and
asked the shocked parents to attend the local hospital. The prognosis was terrible. Paul had suffered massive brain
injury and was not expected to live. Strangely, he did not look so bad – many scratches and bruises, deep glass cuts
to his left cheek, and broken ﬁngers and femur – but the brain scan told a far worse story.
Paul was transferred to intensive care and, within hours, to the regional Neurosciences Critical Care Unit.
Mercifully, they had a bed and knew how to provide the best care. However, his life hung by a thread. He had
suffered severe injuries to his brain and lungs. The doctors kept Paul in a coma until he had stabilized. When he was
allowed to come round, though, the family’s worst fears were conﬁrmed as the doctors talked about nerves severed
from the brain stem.
Paul survived and now, over three years later, continues to progress, but painfully slowly, from a minimallyresponsive, vegetative state. He still cannot walk or talk or write, so communication with him is very difﬁcult. But
he can now smile, and show pleasure or frustration. He can swallow and eat and, with the coordination in his right
hand improving and with prompting, he can sometimes help himself to eat. He remains doubly-incontinent.
After a few months in a general hospital, Paul had six months of rehabilitation therapy and is now in a highdependency home, 50 km from his parents. Additional therapy, support workers and equipment are paid for from
interim compensation claims against the driver’s insurance. Without these funds, and the tireless lobbying and much
other work by his parents, his sister and others, Paul would not have progressed as far as he has.
Mum and Dad go to see Paul once a week, often timing the visit to coincide with discussions with doctors, managers
or therapists. They bring Paul home most Saturdays and once a month overnight. Dad can only work three days a week
now because of the load of duties related to Paul. Their house has been adapted to accommodate the wheelchair and
provide for Paul’s care needs.
The family has learnt to cope with the stress caused by the memory of the crash and its consequences. However,
their trust and their attitude of “it won’t happen to me or my close ones” has disappeared. Instead, there is agonized
concern about road safety, the attitudes of drivers and the injustices of the legal system.
In this case, the young driver had driven so fast that, trying to take a corner, he caught the kerb, crossed the road,
climbed a low bank and crashed the rear of the car into a tree. Paul was in the back and took the brunt of the impact.
The back of the car broke off, due to the poor-quality “renovation” job on the rusted vehicle, which should never
have been allowed to pass the compulsory annual vehicle test (the “MOT” test).
The system failed Paul’s family by doing nothing about the dishonest MOT pass, and by bringing only a minor
driving charge against the driver, with the offence of excess speed – and not of ruining Paul’s life. On top of their
suffering, Paul’s parents have had to live with the injustices of the law, which they feel does not deal properly with
crashes such as those of Paul, and pays inadequate attention to serious injury.
There can be a very ﬁne dividing line between death and injury. For many months, the family grieved over the loss
of Paul, who had before him all the hopes of a bright and promising young man – hopes that have long vanished.
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TABLE 1.3

Estimated global research and development
funding for selected topics
Disease or injury
HIV/AIDS

US$ millions 1990 DALYs 2020 DALYs
ranking
ranking
919–985

2

10

Malaria

60

8

—

Diarrhoeal diseases

32

4

9

Road trafﬁc crashes

24–33

9

3

Tuberculosis

19–33

—

7

DALYs: disability-adjusted life years.
Source: reference 24.

Changing fundamental
perceptions
A key purpose of this report is to communicate
current knowledge and thinking about road injury
prevention to a wider audience involved in managing road safety. Since the last major WHO world
report on road safety issued over 40 years ago (29),
there has been a major change in the perception,
understanding and practice of road injury prevention – a shift of paradigms – among trafﬁc safety
professionals around the world.
Figure 1.1 sets out the guiding principles of this
paradigm. Some governments, some organizations,
and some individuals will more easily and readily
than others take on board their implications. The
principles involved will not all be adopted at once
but will take time to become ﬁrmly established,
even in those countries where road safety is energetically pursued.
The following sections provide examples of
how this new way of perceiving and dealing with
road trafﬁc safety is already affecting capacity
building and policy. Also discussed are the types
of measures found to be successful and the starting
points for institutional and programme development. Chapter 4 examines further some of the programmes and interventions for road trafﬁc safety
that are suitable for local adoption and adaptation.
The predictability and preventability of
road crash injury
One reason for the historical neglect of “injury”
in public health is the traditional view of accidents and injuries as random events that happen

to others (6, 30). Such events are looked upon as
an inevitable outcome of road transport.
While the risk of a crash is relatively low for
most individual journeys, people travel many
times each day, every week and every year. The
sum of these small risks is considerable. The term
“accident”, which is widely used, can give the
impression, probably unintended, of inevitability and unpredictability – an event that cannot be
managed. This document prefers to use the term
“crash” instead, to denote something that is an
event, or series of events, amenable to rational
analysis and remedial action.
Many highly-motorized countries, in response
to rising road trauma levels during the 1960s and
early 1970s, achieved large reductions in casualties through outcome-oriented and science-based
approaches. This response was stimulated by
campaigners including Ralph Nader in the United
States (31), and given intellectual strength by scientists such as William Haddon Jr (32, 33).
FIGURE 1.1

The road safety paradigm shift
ROAD INJURY PREVENTION AND CONTROL –
THE NEW UNDERSTANDING
� Road crash injury is largely preventable and predictable;
it is a human-made problem amenable to rational
analysis and countermeasure
� Road safety is a multisectoral issue and a public health
issue – all sectors, including health, need to be fully
engaged in responsibility, activity and advocacy for road
crash injury prevention
� Common driving errors and common pedestrian
behaviour should not lead to death and serious injury –
the traffic system should help users to cope with
increasingly demanding conditions
� The vulnerability of the human body should be a
limiting design parameter for the traffic system and speed
management is central
� Road crash injury is a social equity issue – equal
protection to all road users should be aimed for since
non-motor vehicle users bear a disproportionate share
of road injury and risk
� Technology transfer from high-income to low-income
countries needs to fit local conditions and should address
research-based local needs
� Local knowledge needs to inform the implementation
of local solutions
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Experience shows that with political will and a
commitment to achieve effective safety management, a rapid and signiﬁcant reduction in road
injuries can be achieved. The efforts required, as
will be outlined in this report, include (25, 34):
— a scientiﬁc approach to the topic;
— the provision, careful analysis and interpretation of good data;
— the setting-up of targets and plans;
— the creation of national and regional
research capacity;
— institutional cooperation across sectors.
The need for good data and a scientiﬁc
approach
Road trafﬁc injury prevention is a highly politicized
issue. Most people have their own opinions on
what could make the roads safer. Anecdotal information and its reporting by the media all too often
allow issues to be understood as major trafﬁc safety
problems requiring priority action, which in turn
puts pressure on policy-makers to respond. Policy
decisions for effective road injury prevention need
to be based on data and objective information, not
on anecdotal evidence.
First, data on the incidence and types of crashes
are needed. After that, a detailed understanding of
the circumstances that lead to crashes is required to
guide safety policy. Furthermore, knowledge of how
injuries are caused and of what type they are is a
valuable instrument for identifying interventions and
for monitoring the effectiveness of interventions.
In many low-income and middle-income
countries, systematic efforts to collect road trafﬁc
data are not well developed and underreporting of
deaths and serious injuries is common. The health
sector has an important responsibility to ensure
that the necessary data systems are established and
that data on the main injury problems and on the
effectiveness of interventions are communicated to
a wider audience.
Only by systematic and data-led management of
the leading road injury problems will signiﬁcant
reductions in exposure to crash risk and in the
severity of crashes be achieved.

Road safety as a public health issue
Traditionally, road trafﬁc safety has been assumed
to be the responsibility of the transport sector, with
the main focus within this sector limited to building infrastructure and managing trafﬁc growth.
Road safety agencies and research institutes

With the sharp increases in motorization in the 1960s
in many developed countries, trafﬁc safety agencies
were often set up, usually located within a government’s transport department. Often, though, there
was little coordination between these bodies and
other government departments with responsibilities
relating to road safety, either nationally or locally. In
some cases, for example, vehicle safety standards had
been developed by departments dealing with trade
and industry, while trafﬁc law enforcement was dealt
with at the local or regional level, controlled by the
justice department. In general, the public health sector was slow to become involved (34–38).
A second development was the creation of national
technical and scientiﬁc support bodies on road trafﬁc, in which road safety decision-making formed
a part. Examples included the Swedish National
Road and Trafﬁc Research Institute created in 1971,
the United Kingdom Road Research Laboratory
(now TRL Ltd), and the Accident Research Units in
Adelaide and Sydney, Australia, as well as the Australian Road Research Board. In the United States, such
research units were embedded within the national
trafﬁc safety agency so as to feed more directly into
policy-making. Formal advisory bodies, such as the
National Transportation Safety Board and the Transportation Research Board (part of the United States
National Academy of Sciences), were also set up to
provide independent advice and guidance.
The combination of new, dedicated institutes
on road safety and greater scientiﬁc research has
in many cases produced major changes in thinking
about trafﬁc safety and in interventions (34). However, at the same time, there is often a real conﬂict
between the aims of trafﬁc safety lobbies and those
of campaigners for increased mobility or for environmental concerns. In such cases, the lobby for
mobility has frequently been the dominant one. In
the long term, increases in mobility, without the
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corresponding necessary increases in safety levels,
will have a negative effect on public health (39).
The focus on mobility has meant investment in
constructing and maintaining infrastructure – that
is, cars and roads – for private and commercial
motorized transport, to the relative neglect of public transport and of the safety of non-motorized
road users such as pedestrians and cyclists. This
has placed a heavy burden on the health sector.
Road crash injuries are indeed a major public
health issue, and not just an offshoot of vehicular
mobility. The health sector would greatly beneﬁt
from better road injury prevention in terms of
fewer hospital admissions and a reduced severity of
injuries. It would also be to the health sector’s gain
if – with safer conditions on the roads guaranteed
for pedestrians and cyclists – more people were to
adopt the healthier lifestyle of walking or cycling,
without fearing for their safety.
The public health approach

The public health approach to road trafﬁc injury
prevention is based on science. The approach
draws on knowledge from medicine, biomechanics, epidemiology, sociology, behavioural science,
criminology, education, economics, engineering
and other disciplines.
While the health sector is only one of many
bodies involved in road safety – and usually not
even the leading one – it nonetheless has important
roles to play (see Figure 1.2). These include:

• discovering, through injury surveillance and
surveys, as much as possible about all aspects of
road crash injury – by systematically collecting
data on the magnitude, scope, characteristics
and consequences of road trafﬁc crashes;
• researching the causes of trafﬁc crashes and
injuries, and in doing so trying to determine:
— causes and correlates of road crash injury,
— factors that increase or decrease risk,
— factors that might be modiﬁable through
interventions;
• exploring ways to prevent and reduce the
severity of injuries in road crashes – by
designing, implementing, monitoring and
evaluating appropriate interventions;
• helping to implement, across a range of settings, interventions that appear promising,
especially in the area of human behaviour,
disseminating information on the outcomes,
and evaluating the cost-effectiveness of these
programmes;
• working to persuade policy-makers and
decision-makers of the necessity to address
injuries in general as a major issue, and of the
importance of adopting improved approaches
to road trafﬁc safety;
• translating effective science-based information
into policies and practices that protect pedestrians, cyclists and the occupants of vehicles;
• promoting capacity building in all these areas,
particularly in the gathering of information
and in research.

FIGURE 1.2

Road trafﬁc injury as a public health problem
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Cross-sectoral collaboration is essential here,
and this is something the public health sector is in
a good position to promote.
Road safety as a social equity issue
Studies show that motor vehicle crashes have a disproportionate impact on the poor and vulnerable
in society. These are also the people with usually
little inﬂuence over policy decisions (40, 41). Even
in high-income countries, poor children are at
greater risk than children from more prosperous
families (41–43).
Poorer people comprise the majority of casualties
and lack ongoing support in the event of long-term
injury. Lower socioeconomic groups have limited
access to post-crash emergency health care (44). In
addition, in many developing countries, the costs of
prolonged medical care, the loss of the family breadwinner, the cost of a funeral, and the loss of income
due to disability can push families into poverty (45).
In Mexico, the second commonest cause of children
being orphaned is trafﬁc crashes (45).
In developing countries, the population groups
exposed to the highest risks of injury and death
from road crashes – for example, pedestrians and
users of motorized two-wheelers – are from lower
socioeconomic groups (40, 46). They face a greater
likelihood of injury, since affordable transport poses
higher risks in these places than private car use.
A large proportion of the road crash victims
in low-income and middle-income countries are
pedestrians and cyclists. They beneﬁt the least from
policies designed for motorized travel, but bear a
disproportionate share of the disadvantages of
motorization in terms of injury, pollution and the
separation of communities.
In high-income countries, the risks associated
with walking, cycling and motorcycling remain
very high in relation to those of car travel – the
principal focus of urban and rural highway provision since motorization levels rose sharply in the
1960s (47, 48).
In many countries, the absence of a voice for the
most vulnerable groups has meant that the safety
of pedestrians and cyclists is often disregarded in
favour of motorized travel.

Equal protection for all road users should be a
guiding rule, to avoid an unfair burden of injury
and death for poorer people and vulnerable road
users (40, 49). This issue of equity is a central one
for reducing the global burden of road crash death
and injury.
Systems that accommodate human error
The traditional view in road safety has been that
when crashes occur, they are usually the sole
responsibility of individual road users, despite the
fact that other factors beyond their control may
have come into play, such as the poor design of
roads or vehicles. It is still widely held today that
since human error is a factor in some 90% of road
crashes, the leading response should be to persuade
road users to adopt “error-free” behaviour. According to this policy, information and publicity should
form the backbone of road trafﬁc injury prevention, rather than being one element of a much
more comprehensive programme (50, 51).
Human error on the roads does not always lead
to disastrous consequences. Error by a road user,
though, may indeed trigger a crash, but not necessarily be its underlying cause. In addition, human
behaviour is governed not only by individual
knowledge and skills, but also by the environment
in which the behaviour takes place (52). Indirect
inﬂuences, such as the design and layout of the
road, the nature of the vehicle, and trafﬁc laws and
their enforcement – or lack of enforcement – affect
behaviour in important ways. For this reason, the
use of information and publicity on their own is
generally unsuccessful in reducing road trafﬁc collisions (26, 34, 35, 53).
Error is part of the human condition. Aspects of
human behaviour in the context of road trafﬁc safety
can certainly be altered. Nonetheless, errors can
also be effectively reduced by changing the immediate environment, rather than focusing solely on
changing the human condition (54).
In the ﬁeld of road safety, it has proved difﬁcult
to overcome the traditional overreliance on single
approaches (26, 34, 39, 55, 56). Road safety policymakers in north-western Europe are increasingly
acknowledging, though, that the road trafﬁc system
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needs to ensure, through its design and operation,
that it does not lead to signiﬁcant public health loss
(57, 58).
None of the above contradicts the strict need for
individuals to comply with key safety rules and to
avoid dangerous situations (52, 55). However, as
the Swedish Committee of Inquiry into Road Trafﬁc Responsibility concluded (59):
In order to achieve a safe transport system, there must
be a change in our views concerning responsibility, to
the extent that system designers are given clearly deﬁned
responsibility for designing the road system on the basis of
actual human capabilities, thereby preventing the occurrence of those cases of death and serious injury that are
possible to predict and prevent.
Systems that account for the vulnerability
of the human body
The uncertainty of human behaviour in a complex
trafﬁc environment means that it is unrealistic to
expect that all crashes can be prevented. However,
if greater attention in designing the transport system were given to the tolerance of the human body
to injury, there could be substantial beneﬁts. It is
certainly within the bounds of possibility to try to
ensure that if crashes do occur, they do not, as a
matter of course, lead to serious public health loss.
In the majority of serious and fatal crashes,
injuries are caused because loads and accelerations,
exceeding those the body can tolerate, are applied by
some part of the car (60). Pedestrians, for example,
incur a risk of about 80% of being killed at a collision
speed of 50 kilometres/hour (km/h), as opposed
to a 10% risk at speeds of 30 km/h. At speeds of
over 30 km/h, motorists, pedestrians and cyclists
increasingly make mistakes, the consequences of
which are often fatal. The human tolerance to injury
for a pedestrian hit by a car will be exceeded if the
vehicle is travelling at over 30 km/h (61).
Most trafﬁc systems, however, whether in
developing or developed countries, go beyond
these limits on a regular basis. Separating cars and
pedestrians on the road by providing pavements
is very often not done. Speed limits of 30 km/h
in shared-space residential areas are commonly
not implemented. Car and bus fronts, as generally

designed, do not provide protection for pedestrians
against injury at collision speeds of 30 km/h or
greater.
For car occupants, wearing seat-belts in welldesigned cars can provide protection to a maximum
of 70 km/h in frontal impacts and 50 km/h in side
impacts (61). Higher speeds could be tolerated if the
interface between the road infrastructure and vehicle were to be well-designed and crash-protective
– for example, by the provision of crash cushions
on sharp ends of roadside barriers. However, most
infrastructure and speed limits in existence today
allow much higher speeds without the presence
of crash-protective interfaces between vehicle and
roadside objects, and without signiﬁcant use of
seat-belts. This is particularly the case in many lowincome and middle-income countries.
In all regions of the world, to prevent road death
and disabling injury, a trafﬁc system better adapted
to the physical vulnerabilities of its users needs to
be created – with the use of more crash-protective
vehicles and roadsides.
Technology transfer from high-income
countries
Transport systems developed in high-income
countries may not ﬁt well with the safety needs
of low-income and middle-income countries for
a variety of reasons, including the differences in
trafﬁc mix (50, 62, 63).
In low-income countries, walking, cycling,
motorcycling and use of public transport are the
predominant transport modes. In North America
and Europe, there are between two and three people per car. In China and India, on the other hand,
there are 280 and 220 people per car, respectively
(64), and while it is predicted that car ownership
will increase in these countries, it will still remain
low in terms of cars per capita for another 20–30
years (49).
In developing countries, roads often carry a
wide range of users – from heavy good vehicles
to bicycles and pedestrians without any separation.
Among the pedestrians, the most vulnerable are
children and older people. The motorized trafﬁc
on these roads is capable of high acceleration and
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speed, both key factors in the causes of road crash
injury.
Technology transfer, therefore, needs to be
appropriate for the mix of different vehicle types
and the patterns of road use in a particular place
(65).
Road safety in countries that are in the process
of becoming motorized is further hindered by the
perception that current levels of walking, cycling
and motorcycling are temporary. Such a view may
have arisen through imported expertise from
developed countries as much as from domestic
sources (66). This tends to lead to models of infrastructure from developed countries being adopted
to cater to the longer-term transport needs. However, in most low-income countries, safety should
be promoted within existing conditions, and these
include: low per capita incomes, the presence of
mixed trafﬁc, a low capacity for capital intensive
infrastructure, and a different situation as regards
law enforcement (50).
In high-income settings, new strategies and
programmes for trafﬁc injury prevention generally
require considerable analysis and planning before
implementation. In developing countries, though,
because of the scarcity of resources, the priority
should be the import and adaptation of proven and
promising methods from developed nations, and
a pooling of information as to their effectiveness
in the imported settings among other low-income
countries (67).

The new model
In all parts of the world, whatever the level of
motorization, there is a need to improve the safety
of the trafﬁc system for all its users, and to reduce
current inequalities in the risk of incurring road
crash injuries.
To achieve this, advances in road safety will
require an approach that includes various key elements absent from previous efforts. This will entail
policy-makers, decision-makers, professionals and
practitioners recognizing that the trafﬁc injury
problem is an urgent one, but one for which solutions are already largely known. It will require
that road safety strategies be integrated with other

strategic, and sometimes competing goals, such as
those relating to the environment and to accessibility and mobility.
A key factor in tackling the growing road trafﬁc
injury burden is the creation of institutional capacity across a range of interlinking sectors, backed by
both strong political commitment and adequate
and sustainable resources.
A systems approach
An essential tool for effective road crash injury
prevention is the adoption of a systems approach (68)
to:
— identify problems;
— formulate strategy;
— set targets;
— monitor performance.
Road safety efforts must be evidence-based,
fully costed, properly resourced and sustainable.
In the United States some 30 years ago, William
Haddon Jr inspired safety professionals when he
talked about road transport as an ill-designed,
“man-machine” system needing comprehensive
systemic treatment. He deﬁned three phases of the
time sequence of a crash event – pre-crash, crash
and post-crash – as well as the epidemiological
triad of human, machine and environment that can
interact during each phase of a crash. The resulting
nine-cell Haddon Matrix models a dynamic system, with each cell of the matrix allowing opportunities for intervention to reduce road crash injury
(32) (see Figure 1.3).
This work led to substantial advances in the
understanding of the behavioural, road-related and
vehicle-related factors that affect the number and
severity of casualties in road trafﬁc. The “systems”
approach seeks to identify and rectify the major
sources of error or design weakness that contribute
to fatal and severe injury crashes, as well as to mitigate the severity and consequences of injury.
Building on Haddon’s insights, a wide range of
strategies and techniques for casualty reduction
have since been tested internationally, through
scientiﬁc research and empirical observation. The
strategies (discussed further in Chapter 4) include
interventions:
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FIGURE 1.3

The Haddon Matrix
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— to reduce exposure to risk;
— to prevent road trafﬁc crashes from occurring;
— to reduce the severity of injury in the event
of a crash;
— to reduce the consequences of injury through
improved post-collision care.
This systemic approach to interventions is targeted and carried out within a broader system of
managing safety.
Building capacity for systemic safety management is a long-term process that in high-income
countries has developed over an extended period
of motorization and the growth and reform of
institutions. In low-income and middle-income
countries, systemic safety management is generally
weaker, and needs to be strengthened.
Evidence from North America, Australia and
Europe shows that integrated strategic programmes
produce a marked decline in road deaths and serious injuries (34, 69, 70). A recent review of countries
with the lowest death rates – the Netherlands, Sweden and the United Kingdom – concluded that while
it was accepted that there was scope for improvement, their progress had been due to continuing
planned systemic improvements over recent decades
aimed at vehicles, roads and users (25). Chapter 4
discusses the measures that have contributed to the
relative successes of these programmes.
While progress has been made in many highlymotorized countries, the practical realization of the
systems approach remains the most important challenge for road safety policy-makers and professionals.

At the same time, there are plenty of examples
of the mistakes that highly-motorized nations have
made in attempts to improve safety. If newlymotorizing nations could avoid such mistakes, a
large proportion of road crash injuries could be
avoided (26, 56, 64). Such mistakes include:
— the failure to adopt strategies or interventions based on evidence;
— expenditure on ineffective but easy policy
options;
— a focus on the mobility of vehicle users at the
expense of the safety of vulnerable road users;
— insufﬁcient attention to the design of trafﬁc
systems and insufﬁcient professional scrutiny of the detail of trafﬁc safety policy.
The errors also included those of omission, as
opportunities to prevent deaths and injuries by
measures such as the design of better vehicles and
less hazardous roadsides, and improving trauma
care systems, were in many cases missed (56).
Developing institutional capacity
The development of trafﬁc safety policy involves a
wide range of participants representing a diverse
group of interests (see Figure 1.4). In many countries, responsibilities for road safety are spread over
different levels of government with policy being
decided at local, national and international levels.
In the United States, for example, responsibilities
are split between the federal government and the
individual states. In EU countries, much of the regulation affecting vehicle safety is initiated centrally
in Brussels, Belgium.
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FIGURE 1.4

a strong lead, and that road safety
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The Swedish Road Safety Ofﬁce
(SRSO) was established in the
late 1960s, with responsibility for
road safety. Though it lacked signiﬁcant powers
The construction of multisectoral institutional
or resources, the number of road deaths between
capacity, both in the governmental and non1970 and the mid-1980s was reduced each year.
governmental spheres, is a key to developing road
In 1993, the SRSO merged with the more powersafety, and can only be delivered by a national,
ful and better-resourced Swedish National Road
political commitment (see Box 1.2). As Wesemann
Administration (SNRA), to which the ministry
observes, there is sufﬁcient evidence to show that
of transport and communications delegated full
free-market mechanisms are no substitute for govresponsibility for road safety policy.
ernment intervention when it comes to providing
In the United States – against a background
greater safety (71).
of sharply rising road casualties – the Highway
Safety Act of 1970 created a trafﬁc safety agency,
The role of government
the National Highway Trafﬁc Safety AdministraHistorically, in most highly-motorized countries,
tion (NHTSA). NHTSA delivered the ﬁrst set of
governmental responsibilities for trafﬁc safety policy
vehicle safety standards and encouraged a new
fall within the transport ministry or the police
way of thinking about trafﬁc safety strategy. The
department. Other government departments such
agency is responsible for reducing deaths, injuries
as those of justice, health, planning and education
and economic losses resulting from motor vehicle
may also have responsibilities for key areas. In some
crashes. It aims to accomplish this by setting and
instances, vehicle safety standards are handled by the
enforcing safety performance standards for motor
department (or ministry) of industry.
vehicles and motor vehicle equipment, and by
Trinca et al. – in their historical analysis of how
providing grants to state and local governments to
governments have dealt with road safety – conclude
enable them to conduct effective local road safety
that in many cases the institutional arrangements
programmes. NHTSA investigates safety defects in
for trafﬁc safety have been fragmentary and lacking
The key organizations inﬂuencing policy development
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BOX 1.2

Reducing trafﬁc fatalities in Bogotá, Colombia
Over an eight-year period from 1995 to 2002, the Colombian capital, Bogotá, with a population of seven million,
implemented a range of policies to reduce fatal and non-fatal injuries from external causes. As a result, the number
of trafﬁc-related deaths fell over the period by almost a half – from 1387 in 1995 to 697 in 2002.
The ﬁrst measure was to set up a uniﬁed data system on violence and crime, designed by the Institute of Forensic
Medicine and Science to gather data on deaths from violence, and in particular from trafﬁc crashes. Using the
statistics on road trafﬁc crashes in Bogotá, the interagency Committee for Epidemiological Surveillance of Injuries
from External Causes then produced a set of public policies aimed at reducing the number of accidents, improving
mobility around the city and increasing the safety of road users.

Improving the performance and image of trafﬁc police
The following year, 2000 trafﬁc police who had failed to enforce trafﬁc regulations and, in many cases, were guilty of
corruption were replaced. Responsibility for regulating trafﬁc and enforcing rules was transferred to the Metropolitan
Police, which assigned more than 1000 ofﬁcers and 500 auxiliaries to trafﬁc duties. This police force now has a
positive public image and concentrates exclusively on enforcing trafﬁc discipline. Ofﬁcers found acting corruptly are
dismissed.
Since 1996, spot checks have been carried out for drunken driving. Drivers failing the test have their vehicles
impounded and are ﬁned around US$ 150. The media are closely involved with these checks, conducted on weekends
at crash black spots. Speed cameras have also been set up on the city’s main roads.
In 1998, the Colombian National University was commissioned to carry out research into trafﬁc crashes. Based
on their ﬁndings, further decisions to increase road safety were taken, including the construction of highways,
pavements and pedestrian bridges. The study also identiﬁed individual behaviour that increased the risk of trafﬁc
injuries, and from this drew up civic education programmes on trafﬁc safety.

Attempts to change behaviour
One of these programmes, launched by the city’s mayor, was aimed at changing people’s behaviour on the roads.
Measures promoted included the wearing of safety belts and observing pedestrian crossings. While the Highway
Code already included these rules and people were generally aware of them, most people had failed to observe them
and the authorities had generally failed to enforce them.
In the programme, mime was used on numerous sites throughout Bogotá. The mime actors working for the
programme used sign language to point out to drivers that they were not wearing seat-belts, or that they had failed
to give way at pedestrian crossings. At ﬁrst, drivers were simply warned and told to change their behaviour. If this
failed, a trafﬁc policeman stepped in and handed out a ﬁne, to the applause of onlookers. Nowadays, over 95% of
drivers have been found to observe these rules.

Converting space into pedestrian areas
Since 1996, radical steps have been taken to win back areas from street traders and seasonal vendors. Large public
spaces that had been taken over by vendors or vehicles have been converted into pedestrian areas, with new
pavements and pedestrian bridges constructed.
In addition to the trafﬁc police, the administration employs some 500 guides in its Bogotá Mission programme
– young people trained in trafﬁc regulations, ﬁrst aid, preventive safety measures and the detailed layout of the
city. Their task is to encourage safe behaviour on public roads.

Mass transport system
A new mass transport system, known as the TransMilenio, has not only improved urban transport and mobility, but
has also reduced the number of trafﬁc injuries along its routes, with the construction of infrastructure to ensure the
safety of pedestrians and other road users. Surrounding areas have also been improved with better lighting and
other equipment to make the system safer, more user-friendly and more efﬁcient.
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motor vehicles, helps states and local communities
deal with the threat posed by drunken drivers, promotes the use of safety belts, child safety seats and
air bags, and provides consumer information on
motor vehicle safety topics. NHTSA also conducts
research on trafﬁc safety and driver behaviour.
While giving responsibility for road safety to a
stand-alone agency is likely to increase the priority
given to road safety, strong political support and
actions from other agencies are essential to bring
about major changes (72). If the establishment of
a stand-alone agency to coordinate activity is not
possible, then an alternative is to strengthen the
existing road safety unit, giving it greater powers
within the government transport ministry (34).
The experience from a wide range of countries
is that, whatever the organizational structure, it is
important that the lead governmental organization
for road safety should be clearly deﬁned, with its
speciﬁc responsibilities and coordinating roles set
out (66, 72).
Parliamentary committees

Experience worldwide demonstrates that effective road safety policies can also arise out of the
efforts of informed and committed members of
parliament.
In the Australian state of New South Wales in the
early 1980s, the Parliamentary Standing Committee
on Road Safety was responsible for the introduction
and full implementation of random breath testing, which led to a 20% reduction in deaths and
– according to surveys – was supported by over 90%
of people. Earlier, in the neighbouring state of Victoria, political action and a report by a parliamentary
committee had led to the world’s ﬁrst legislation on
the compulsory use of front seat-belts. The law in
Victoria came into effect at the beginning of 1971;
by the end of that year car occupant deaths had
fallen by 18%, and by 1975 by 26% (73).
Joint groups comprising legislators and professionals can also make a valuable contribution. In the United
Kingdom in the 1980s, for example, a cross-party
coalition of members of parliament came together
with concerned professionals and nongovernmental
organizations to form the Parliamentary Advisory

Council for Transport Safety (PACTS). The ﬁrst success
of the Council – which campaigned strongly for road
safety policy to be based on evidence – was in having
legislation passed for front seat-belt use. PACTS went
on to argue for, and eventually see, the introduction of
further measures, including speed humps and the use
of rear seat-belts.
A sympathetic institutional climate needs to be
built up where the mutual encouragement of road
injury prevention professionals and policy-makers
– both in the executive and the legislature – can provide a stimulus and effective response. It is important
that legislative bodies provide both authorization and
funding support to the relevant government agencies
to carry out road safety initiatives.
Research

Rational decision-making in public policy is
dependent on impartial research and information.
Developing research capacity nationally is a central
feature of the new model of road safety (74, 75) (see
Box 1.3). Without research capacity, there exist few
means to overcome misconceptions and prejudices
about road crash injuries.
National and community research – as opposed
to relying solely on international research – is
important for identifying local problems and localized groups at increased risk of road injury. It also
helps to ensure a cadre of national and local professionals who can use research ﬁndings to calculate the implications for policy and programmes.
Furthermore, the national evaluation effort needs
to be led by research professionals, since it is only
through implementation and thorough evaluation
that effective programmes evolve.
The independence of research and its separation
from the executive function in developing public
policy is necessary for ensuring quality and to protect the research body against short-term political
pressures, but at the same time interaction between
the two is essential (34).
There are many examples of the role of independent research effort carried out by universities
and national research laboratories in developing
national and international policy. The Transportation Research and Injury Prevention Programme at
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BOX 1.3

Research capacity development
“Capacity development” is a broad concept covering the planning, development, implementation, evaluation and
sustainability of a complex phenomenon. Efforts at capacity development in the ﬁeld of health research have been
conducted for several decades by international, bilateral and private organizations. Traditionally, such programmes
provided funds to train scientists from the developing world in centres of excellence in developed countries. In
the ﬁeld of road trafﬁc injury prevention, there are several types of initiative that can provide models for capacity
development.
■ Network development at the institutional level allows for exchange of information, the sharing of experiences,
and the fostering of collaborative projects and research studies. The WHO Collaborating Centres for Violence
and Injury Prevention are one global example of this model. Another, at regional level, is the Injury Prevention
Initiative for Africa.
■ Another model is to support schemes that allow scientists and professionals to exchange research ideas and
ﬁndings, develop proposals, mentor younger researchers and carry out research directed at policy-making. The
global Road Trafﬁc Injury Research Network is an example of such a framework that focuses on researchers
from low-income and middle-income countries.
■ A third model for capacity development is to strengthen university departments and research institutes in the
developing world so as to generate a critical mass of appropriately trained professionals. The Indian Institute
of Technology and Universiti Putra Malaysia are examples of centres with regular training programmes on
road safety.
■ A fourth model is to strengthen career development pathways of trained professionals and to prevent
their drain from low-income and middle-income countries. Both of these are important for attracting and
retaining valuable human resources. Part of such a strategy includes establishing positions for road trafﬁc
injury prevention in appropriate ministries – such as those of health and transport – and ﬁnding incentives to
encourage professionals in such posts to perform at a high level.
In recent years, there have been growing concerns about the impact of training programmes and attempts have
been made to devise methods to evaluate them. Recent efforts initiated by the World Health Organization to assess
national health research systems may provide useful tools to evaluate research capacity development as well.

the Institute of Technology in New Delhi, India,
has contributed much to a better understanding
of the road injury problems of vulnerable road
users and to identifying possible interventions in
low-income and middle-income countries – as
has equally the Centre for Industrial and Scientiﬁc
Research in South Africa.
There are Accident Research Units at universities in Adelaide and Melbourne, Australia;
Loughborough, England; and Hanover, Germany.
Among other work, these units gather crash injury
information which feeds into the development of
international vehicle safety standards. The former
Transport Research Laboratory (now known as
TRL Ltd) in the United Kingdom is known for
its research and development work on European
vehicle safety standards, which have helped reduce
casualties among a large population. The Dutch

Institute for Road Safety Research (SWOV), which
is independent of government, has made a signiﬁcant contribution in the Netherlands (58). In the
United States, academic institutes such as the North
Carolina Highway Safety Research Center and the
University of Michigan Transportation Research
Institute, as well as government bodies such as
NHTSA and the National Center for Injury Prevention and Control at the Centers for Disease Control
and Prevention, have advanced research over several decades (76).
The involvement of industry

Industry shares responsibility for road injury prevention, in the design and use of its products and
as an employer whose staff and transport services
are often major road users. It also supports work on
road trafﬁc crashes and injuries. As one example,
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organizations funded by the insurance industry make a valuable contribution to road safety.
Folksam in Sweden and the Insurance Institute
for Highway Safety in the United States provide
objective information about the crash performance
of new cars and other safety issues. Data collection
by the Finnish insurers’ fund, which investigates
every fatal crash occurring nationally and carries
out safety studies, feeds directly into public information and policy.
Nongovernmental organizations

The nongovernmental sector can play a major role
in road casualty reduction (34). Nongovernmental
organizations (NGOs) serve road safety most effectively when they:
— publicize the true scale of the road injury
problem;
— provide impartial information for use by
policy-makers;
— identify and promote demonstrably-effective and publicly-acceptable solutions, with
consideration as well of their cost;
— challenge ineffective policy options;
— form effective coalitions of organizations
with a strong interest in casualty reduction;
— measure their success by their ability to
inﬂuence the implementation of effective
road casualty reduction measures (77).
An example of a road safety NGO is the Trauma
Committee of the Royal Australasian College of
Surgeons, set up in 1970. Its objectives include:
establishing and maintaining the highest possible level of post-impact care for those injured
in crashes; developing undergraduate and postgraduate training programmes; gathering and disseminating hard clinical data that can be used to
identify trafﬁc injury problems; actively promoting
injury prevention measures; and supporting community awareness programmes (34).
In the 20 years since its inception, the advocacy
efforts of Mothers Against Drunk Driving (MADD)
have had remarkable success. The United Statesbased organization has witnessed the enactment
of over 300 excess-alcohol laws between 1980 and
1986, the introduction of random sobriety check-

points, the elimination of plea bargaining for excess
alcohol, mandatory prison sentences, and in many
states, a minimum drinking age now set at 21 years.
The Brussels-based European Transport Safety
Council (ETSC) provides an international example
of successful coalition-building to achieve speciﬁc
aims. Successful campaigns include a European
Union-wide road fatality reduction target and new
vehicle safety standard legislation. Since its inception in 1993, ETSC has pushed road safety to the
centre of European Union transport policy-making
and has had a remarkable inﬂuence on the work of
the Road Safety and Technology Unit of the European Commission’s Directorate-General for Energy
and Transport and on the European Parliament’s
scrutiny of transport safety matters (27).
In developing countries, it is often difﬁcult
for organizations that want to campaign on road
safety to obtain funding (72). However, there are
several new victims’ organizations and advocacy
groups that have been set up in developing countries. Examples include: Asociación Familiares y
Víctimas de Accidentes del Tránsito (Argentina)
[Association of Families and Victims of Trafﬁc
Accidents]; Friends for Life (India); the Association
for Safe International Road Travel (Kenya and Turkey); the Youth Association for Social Awareness
(Lebanon); and Drive Alive (South Africa).

Achieving better performance
In the past 30 years, a new body of knowledge has
been accumulated regarding effective road safety
management and ways of measuring it. This section
outlines examples of some of the most recent methods in trafﬁc safety management. These include:
— management based on outcome or results,
using objective information;
— targets to motivate professionals;
— acceptance of the idea of shared responsibility;
— partnerships between central and local government;
— partnerships involving other concerned bodies.
Shared responsibility
The approach for deciding how responsibility for
safety on the roads should be shared is a pragmatic
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and ethical one, but with scientiﬁc foundations, particularly in the science of ergonomics. It recognizes
that road deaths and serious injuries can be avoided
by adopting a culture of safety involving all the key
participants and by implementing important safety
measures more widely and systematically (55, 70).
In the new paradigm, the principle of social
responsibility involves the vehicle manufacturer
providing crash protection inside and outside the
vehicle. The vehicle uses a road system where conﬂict is minimized by design and energy transfer
is controlled as far as possible. That system is then
used by a community that complies with riskavoiding behavioural norms created by education,
legislation and enforcement (55).
In this model, designers and builders are an
integral part of the systems approach to road safety
(55). For the model to be effective, though, there
must also be accountability and a means to measure performance objectively.

Two countries in particular have formally
adopted the systems approach to road safety.
Both Sweden and the Netherlands, as described
in the following sections, have put into legislation
models in which effective partnerships are the key
method of delivering road safety plans, setting
targets and introducing other safety performance
indicators.
Safety performance indicators, related to crashes
or injuries, provide a test for ensuring that actions
are as effective as possible and represent the best
use of public resources (78).
Sweden’s “Vision Zero”

Vision Zero – so called because its ultimate goal is
no fatalities or severe injuries through road trafﬁc crashes – has public health as its underlying
premise (61) (see Box 1.4). It is a road safety policy
that puts the protection of the most vulnerable road
users at its centre.

BOX 1.4

Vision Zero
Vision Zero is a trafﬁc safety policy, developed in Sweden in the late 1990s and based on four elements: ethics,
responsibility, a philosophy of safety, and creating mechanisms for change. The Swedish parliament voted in October
1997 to adopt this policy and since then several other countries have followed suit.

Ethics
Human life and health are paramount. According to Vision Zero, life and health should not be allowed in the long
run to be traded off against the beneﬁts of the road transport system, such as mobility. Mobility and accessibility are
therefore functions of the inherent safety of the system, not vice versa as it is generally today.

Responsibility
Until recently, responsibility for crashes and injuries was placed principally on the individual road user. In Vision Zero,
responsibility is shared between the providers of the system and the road users. The system designers and enforcers
– such as those providing the road infrastructure, the car-making industry and the police – are responsible for the
functioning of the system. At the same time, the road user is responsible for following basic rules, such as obeying
speed limits and not driving while under the inﬂuence of alcohol. If the road users fail to follow such rules, the
responsibility falls on the system designers to redesign the system, including rules and regulations.

Safety philosophy
In the past, the approach to road safety was generally to put the onus on the road user. In Vision Zero, this is replaced
by an outlook that has been used with success in other ﬁelds. Its two premises are that:
■ human beings make errors;
■ there is a critical limit beyond which survival and recovery from an injury are not possible.
It is clear that a system that combines human beings with fast-moving, heavy machines will be very unstable.
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BOX 1.4 (continued)
It is sufﬁcient for a driver of a vehicle to lose control for just a fraction of a second for a human tragedy to occur. The
road transport system should therefore be able to take account of human failings and absorb errors in such a way as
to avoid deaths and serious injuries. Crashes and even minor injuries, on the other hand, need to be accepted. The
important point is that the chain of events that leads to a death or disability must be broken, and in a way that is
sustainable, so that over the longer time period loss of health is eliminated.
The limiting factor of this system is the human tolerance to mechanical force. The chain of events leading to a
death or serious injury can be broken at any point. However, the inherent safety of the system – and that of the road
user – is determined by people not being exposed to forces that go beyond human tolerance. The components of the
road transport system – including road infrastructure, vehicles and systems of restraint – must therefore be designed
in such a way that they are linked to each other. The amount of energy in the system must be kept below critical limits
by ensuring that speed is restricted.

Driving mechanisms for change
To change the system involves following the ﬁrst three elements of the policy. While society as a whole beneﬁts
from a safe road transport system in economic terms, Vision Zero relates to the citizen as an individual and his or
her right to survive in a complex system. It is therefore the demand from the citizen for survival and health that is
the main driving force. In Vision Zero, the providers and enforcers of the road transport system are responsible to
citizens and must guarantee their safety in the long term. In so doing, they are necessarily required to cooperate
with each other, for simply looking after their own individual components will not produce a safe system. At the
same time, the road user has an obligation to comply with the basic rules of road safety.
In Sweden, the main measures undertaken to date include:
— setting safety performance goals for various parts of the road trafﬁc system;
— a focus on vehicle crash protection, and support for the consumer information programme of the European
New Car Assessment Programme (EuroNCAP);
— securing higher levels of seat-belt use and ﬁtting smart, audible seat-belt reminders in new cars;
— installing crash-protective central barriers on single-carriageway rural roads;
— encouraging local authorities to implement 30 km/h zones;
— wider use of speed camera technology;
— an increase in the number of random breath tests;
— the promotion of safety as a competitive variable in road transport contracts.
While the Vision Zero does not say that the ambitions on road safety historically have been wrong, the actions
that would have to be taken are partly different. The main differences probably can be found within how safety
is being promoted; there are also some innovations that will come out as a result of the vision, especially in
infrastructure and speed management.

A tool for all
Vision Zero is relevant to any country that aims to create a sustainable road transport system, and not just for the
excessively ambitious or wealthy ones. Its basic principles can be applied to any type of road transport system, at any
stage of development. Adopting Vision Zero means avoiding the usual costly process of trial and error, and using from
the start a proven and effective method.

Vision Zero is a long-term strategy in which
improvements are delivered in gradual increments, and where, over time, the responsibility
for safety becomes shared by the designers and
users of the road trafﬁc system. The idea is that
a system more tolerant of human limitations will
lead eventually to a changed division of responsibility between the car industry, the health sector,

road safety engineering and trafﬁc planning (61).
According to the policy, if the inherent safety of
the system cannot be changed, then the only radical
way to reduce the road toll is to lower travel speeds.
On the other hand, if a substantial reduction in
vehicle speed is unacceptable, the alternative has to
be investment to improve the inherent safety of the
system, at a given level of desired mobility (61).
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Investment in Sweden has been mainly directed
at managing speed where there is a potential for
conﬂict with other vehicles and providing better
links between vehicle crash protection and the
infrastructure. Other investments are being directed
towards more protective roadsides and a greater
separation of road users where speeds exceed 60–70
km/h. For pedestrian safety, the aim is to restrict
vehicle speeds to 30 km/h where there are potential
dangers between vehicles and pedestrians, or else
physically to separate cars and pedestrians.

Setting an example, the Swedish National Road
Administration has already instigated quality
assurance for its own road transport operations
and work-related road travel.
“Sustainable safety” in the Netherlands

Conceived by the Institute for Road Safety Research
and the Dutch Ministry of Transport, and developed in cooperation with local authorities, a
three-year programme on “sustainable safety” was
launched in 1998 (see Box 1.5).

BOX 1.5

Sustainable safety: the example of the Netherlands
The increasing demands for mobility have unwanted and adverse consequences. Future generations, though, should
not have to bear the heavy burden resulting from the demands of the present generation. The means exist now to
reduce signiﬁcantly the costly and largely avoidable tragedy of road casualties.

Aim
By 2010 in the Netherlands, road deaths should be reduced by at least 50% and injuries by 40%, compared with the
1986 baseline ﬁgures.

What is a safe and sustainable trafﬁc system?
A road trafﬁc system that is safe and sustainable will have the following features:
■ its infrastructure will have been adapted to take into account human limitations, using proper road design;
■ its vehicles will be equipped to make the task of driving easier and to provide a high standard of protection
in crashes;
■ its road users will be provided with adequate information and education and, where appropriate, will be
deterred from undesirable or dangerous behaviour.

Strategic principles
There are three guiding principles in the strategy for a safe and sustainable road system. These are as follows:
■ The road network should be reclassiﬁed according to road function, with a single and unambiguous function
established for as many roads as possible. The three types of road function are:
o

the ﬂow function – enabling high speeds for long-distance trafﬁc, frequently also involving large volumes
of trafﬁc;

o

the distributor function – helping to distribute trafﬁc to scattered destinations and serving regions and districts;

o

the access function – enabling direct access to properties alongside a road.

■ Speed limits should be set according to road function.
■ Using appropriate design, the function of roads, their layout and their use should be made compatible, by:
o

preventing the unintended use of roads;

o

preventing large discrepancies in speed, direction and volume at moderate and high speeds;

o

preventing confusion among road users by making the nature of roads more predictable.

Necessary actions
The actions needed to achieve the safe and sustainable road systems include:
■ the creation of partnerships at national, regional and local levels to re-engineer the road network, with a
greater emphasis on safety;
■ a programme to be implemented in two phases, with a start-up period of two years, to reclassify the road network;
■ a 30 km/h speed limit introduced as a general rule for all built-up areas, with powers given to local authorities
to make exceptions.

22 • WORLD REPORT ON ROAD TRAFFIC INJURY PREVENTION

As with the Swedish pro- TABLE 1.4
gramme, the sustainable safety Examples of current fatality reduction targets in usea
programme in the Netherlands Country or area
Base year
Year in which
Target reduction
for target
target is to
in the number
takes, as its underlying premise,
be
realized
of
road
trafﬁc
fatalities
that “man is the measure of all
Australia
1997
2005
–10%
things”. Its key aim is to reAustria
1998–2000
2010
–50%
engineer and manage the road
Canada
1991–1996
2008–2010
–30%
network so as to provide a safer Denmark
1998
2012
–40%
system (58).
European Union
2000
2010
–50%
Speed management is a central Finland
2000
2010
–37%
2025
–75%
theme. One of the goals is to con1997
2002
–50%
vert as many urban roads as pos- France
2000
2005
–20%
sible to a “residential” function, Greece
2015
–40%
with a maximum speed limit of Ireland
1997
2002
–20%
30 km/h. Previous experience in Italy
1998–2000
2010
–40%
the Netherlands with 30 km/h Malaysia
2001
2010
< 3 deaths/10 000 vehicles
1998
2010
–30%
zones had shown that a casu- Netherlands
1999
2010
–42%
alty reduction of 22% could be New Zealand
1997–1999
2010
–43%
achieved (58). Once it had been Poland
Saudi Arabia
2000
2015
–30%
established that two thirds of
Sweden
1996
2007
–50%
the Dutch urban road network United Kingdom
1994–1998
2010
–40%
could be converted to 30 km/h United States
1996
2008
–20%
zones, the programme – a joint a It should be noted that some of these targets also include reductions in serious injury
operation between central and and are supplemented by other targets, e.g. to reduce the numbers of casualties among
children.
local government – reclassiﬁed
Sources: references 48, 79.
the road network and by 2001
had converted as much as 50%
the Organisation for Economic Co-operation and
of it into 30 km/h zones. A second phase of the
Development (OECD) (80) and more recently by
programme will extend to 2010.
Elvik (81) and ETSC (48), indicates that setting
The Institute for Road Safety Research has estiquantitative targets can lead to better programmes,
mated that an annual return on investment for the
more effective use of resources and an improvescheme of 9% will be forthcoming, which reprement in road safety performance. A prerequisite for
sents around twice the usual return of 4% from
target setting is the availability of data on deaths
other large infrastructure projects.
and injuries, as well as information on trafﬁc
trends.
Setting targets
Elvik concluded that ambitious, long-term tarSince the late 1980s, several countries have recoggets set by national governments appear to be the
nized that targets in road safety plans can be a usemost effective in improving road safety performful tool for promoting proven casualty reduction
ance (81).
measures higher up the list of political priorities,
Targets must be quantitative, time-dependent,
and for helping to attract appropriate resources for
easily intelligible and possible to evaluate. Among
them. Many countries have set targets to reduce
their main purposes are:
road casualties, and some of these are shown in
— to provide a rational means for identifying
Table 1.4.
and carrying out interventions;
International experience with numerical tar— to motivate those working in road safety;
gets in road safety programmes, documented by
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— to raise the level of commitment to safety in
the wider community;
— to encourage the ranking of safety measures
(and their implementation) according to
their value in reducing casualties;
— to encourage authorities with responsibilities for road safety to set their own targets;
— to allow assessments at different stages of
a programme and to identify the scope for
further activity.
Setting challenging but achievable road safety
targets – something being done by an increasing
number of countries – is a sign of responsible management. All the same, there is no guarantee that
simply by setting targets, road safety performance
will improve (81). In addition to a target, realistic
safety programmes must be developed, properly
implemented and well monitored. A survey undertaken of national road safety plans showed that planners need to consider (82):
— how to balance the objectives of safety,
mobility and environmental concern;
— what barriers exist to implementing interventions, and how these could be overcome;
— how meaningful accountability for the
achievement of goals could be obtained.
Policy-makers setting targets for higher safety
levels need to concern themselves with a wide
range of factors that inﬂuence safety (78, 83).
In New Zealand, the road trafﬁc strategy sets
four levels of target.
• The overall target is to reduce the socioeconomic costs of road crashes (including direct
and indirect costs).
• This should be achieved by meeting the second level of targets, requiring speciﬁc reductions in the numbers of fatalities and serious
injuries.
• A third level of targets consists of performance indicators (including those related to
speed, drink driving and rates of seat-belt
wearing) that are consistent with the targeted
reductions in ﬁnal outcomes.
• A fourth level of targets is concerned with institutional delivery outputs (such as the number
of police patrol hours and the kilometres of

high-risk crash sites treated) that are required
to achieve the third-level targets (25, 83, 84).
Partnerships in the public and private
sectors
Signiﬁcant progress has been made in establishing different types of partnerships within tiers of
government and between the private and public
sector. Some examples of effective partnerships are
set out below.
The model of Victoria, Australia

The Australian state of Victoria has developed a
strong partnership between trafﬁc law enforcement and trafﬁc injury compensation schemes,
underpinned by the use of research to provide
evidence for new policies and practices. In this
scheme, the Transport Accidents Commission
(TAC), set up in 1986, compensates victims of road
crashes through a no-fault system (in which the
insurer pays for any damages incurred in a crash,
regardless of which party was considered at fault),
funded by premiums that are levied as part of the
annual vehicle registration charge.
The TAC determined that a substantial investment in road injury prevention would be more
than offset by reduced payments in compensation.
It invested heavily in the road agency’s remedial
programme for high-risk crash sites. It also helped
the police purchase enforcement technology so as
to raise levels of enforcement, and it embarked on
an intense series of public education campaigns.
The three separate ministries of the state government – those of transport, insurance and justice –
jointly set policy and coordinated the programme.
A series of controlled enforcement and education programmes was undertaken, each subject to
scientiﬁc evaluation. Victoria has a tradition of scientiﬁc evaluation of road safety interventions and
enforcement practice, in particular, has in the past
been shaped by research ﬁndings (85). An example
is Victoria’s approach to the enforcement of speed
limits using speed cameras. In most other places,
speed cameras are generally sited at crash “black
spots”, with signs and other overt signals maximizing the focus on the speciﬁc site. In Victoria,
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the objective, at least in urban areas, is to cover
the whole road network. The strategy is thus covert
and random – and, to the motorist, unpredictable.
The link here between research and road safety
policy-making is strong – making the intervention
more effective. Since the potential beneﬁts of the
programme are scientiﬁcally researched and publicized, there is public support for the programme.
This support may not otherwise have been forthcoming, as the seemingly draconian levels of
enforcement might have led to public opposition.
The Victorian model has been adapted and
implemented in South Africa’s KwaZulu-Natal
province – an example of a successful transfer of
technology from a high-income country (86).
Safety partnerships in the United Kingdom

In 1998, the United Kingdom’s Department for
Transport, together with other government departments, created a policy of allowing local multisectoral partnerships, subject to strict ﬁnancial criteria, to
recover the costs of speed enforcement. The national
project brought in representatives from a wide range
of government and professional sectors.
In April 2000, pilot studies were launched in
eight areas. The core membership of the partnerships included local authorities, the local law
courts, the Highways Agency and the police. Some
pilot areas also actively involved their local health
sector organizations.
In those pilot studies where comparisons could
be made, there was a 35% reduction in road crashes
compared with the long-term trend during the ﬁrst
two years of the schemes, and a 56% reduction in
fatal and serious pedestrian casualties (87).
The introduction of the cost recovery system has
been a good example of “joined-up” government
– seamless partnerships across a range of sectors
– at both a national and local level. The process has
enabled a more consistent and rigorous approach to
enforcement, and it has freed up resources to focus
on locally-targeted routes. In total, the system has
released around £20 million of additional funds for
local partnerships to spend on speed and trafﬁc signal enforcement and on raising public awareness
of the dangers of speeding. The beneﬁts to society,

in terms of casualties saved, have been estimated at
around £112 million in the ﬁrst two years of operation (87).
New car assessment programmes

People buying cars are becoming increasingly
aware of the importance of safe car design and
they frequently seek reliable information about
the safety performance of individual car models.
New Car Assessment Programmes (NCAPs) in
which new car models are subjected to a range
of crash tests and their performance rated with
a “star” system have been developed around the
world. Such programmes provide a resource for
consumers, promote safety and also give credit
to the efforts of car manufacturers that focus on
safety. The ﬁrst NCAP was set up in 1978 in the
United States, followed by the Australian NCAP
in 1992 and the European version (EuroNCAP)
in 1996.
The EuroNCAP illustrates how a partnership between government, and motoring and
consumer organizations can deliver an important source of impartial information about the
performance of new cars in realistic crash tests.
EuroNCAP’s contributing organizations include
the departments of transport of France, Germany,
the Netherlands, Spain (Catalonia), Sweden and
the United Kingdom. Also participating are the
Allgemeiner Deutscher Automobil-Club (ADAC),
the European Commission, the FIA Foundation,
and – on behalf of European consumer organizations – the International Consumer Research and
Testing (ICRT).
Types of whole vehicle tests (such as frontal
impact, side impact and pedestrian-friendliness)
and test procedures (including velocity, ground
clearance height and percentage overlap tests) vary
across the various NCAPs, making the comparison
of systems based on crash tests more difﬁcult.
Such information on the crash-worthiness of
vehicles has helped consumers realize the value of
safety and take the information into account when
they purchase new vehicles. The car industry
has consequently responded by making substantial improvements in car design over and above
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legislative requirements. However, there has been
little response to date to the pedestrian protection
tests undertaken in the Australian and European
programmes. Research has shown that cars with
three or four stars are approximately 30% safer,
compared with two-star cars or cars without a
Euro-NCAP score, in car-to-car collisions (88).
A promising similar development, led by the
automobile clubs in Europe, is seeking to devise a
star rating system for speciﬁc types of roads, so that
road builders are also encouraged to improve the
safety of their roads beyond the basic standards.

Conclusion
Road trafﬁc injuries and deaths are a major public
health issue worldwide. Unless appropriate action
is taken urgently, the problem will worsen globally.
This will particularly be the case in those developing countries where rapid motorization is likely to
occur over the next two decades. A sizeable portion
of the burden of injury will continue to be borne
by vulnerable road users – pedestrians, cyclists and
motorcyclists.
There is hope, though, that the devastating loss
of life and health entailed in such a worsening scenario can be avoided. Over the last forty years the
science of trafﬁc safety has developed to a point
where the effective strategies for preventing or
reducing crashes and injuries are well known.
A scientiﬁc, systems approach to the problem
of road safety is essential, though it is not yet fully
accepted in many places. The new model of understanding road safety can be summarized as follows:
• Crash injury is largely predictable and largely
preventable. It is a problem amenable to
rational analysis and remedy.
• Road safety policy must be based on a sound
analysis and interpretation of data, rather than
on anecdote.
• Road safety is a public health issue that intimately involves a range of sectors, including that
of health. All have their responsibilities and all
need to be fully engaged in injury prevention.
• Since human error in complex trafﬁc systems
cannot be eliminated entirely, environmental
solutions (including the design of roads and

of vehicles) must help in making road trafﬁc
systems safer.
• The vulnerability of the human body should
be a limiting design factor for trafﬁc systems,
i.e. for vehicle and road design, and for setting speed limits.
• Road crash injury is a social equity issue,
with vulnerable road users bearing a disproportionate share of road injury and risk. The
objective must be equal protection.
• Technology transfer from high-income to
low-income countries must be appropriate
and should address local needs, as determined by research.
• Local knowledge needs to feed in to the
implementation of local solutions.
In addition, the formidable challenge of reducing the level of human loss on the roads requires
the following to be developed:
— increased capacity for policy-making,
research and interventions, in both the public and private sectors;
— national strategic plans, incorporating targets where data allow;
— good data systems for identifying problems
and evaluating responses;
— collaboration across a range of sectors,
including the health sector;
— partnerships between public and private sectors;
— accountability, adequate resources and a
strong political will.
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Introduction

Magnitude of the problem

The previous chapter showed that road trafﬁc injuries are a major global public health and development problem that will worsen in the years ahead
if no signiﬁcant steps are taken to alleviate it. This
chapter examines in greater depth the extent of the
problem of road trafﬁc injuries. The current global
estimates and trends over time are ﬁrst discussed,
with projections and predictions. The sections that
follow examine the effects of motorization, the
proﬁles of those affected by road trafﬁc injuries,
and the socioeconomic and health impacts of road
trafﬁc collisions. Finally, there is a discussion of
important issues related to data and the evidence
for road trafﬁc injury prevention.

Mortality is an essential indicator of the scale of any
health problem, including injury. It is important,
though, that non-fatal outcomes – or injury morbidity – should be measured and included, so as to
reﬂect fully the burden of disease due to road trafﬁc
collisions. For each road trafﬁc injury death, there
are dozens of survivors who are left with short-term
or permanent disabilities that may result in continuing restrictions on their physical functioning, psychosocial consequences or a reduced quality of life.
The assessment in this chapter of the magnitude of
road trafﬁc injuries, therefore, considers not only on
mortality but also injuries and disability.

Sources of data
The analysis in this chapter is based on evidence
on road trafﬁc injuries derived from four main
sources:
• The WHO mortality database and the WHO
Global Burden of Disease (GBD), 2002, Version
1 database (see Statistical Annex).
• Recent studies by the World Bank (1) and the
United Kingdom’s Transport Research Laboratory (now TRL Ltd) (2).
• Databases and web sites of various international
and national organizations that compile road
transport statistics, including:
— International Road Trafﬁc and Accident
Database (IRTAD);
— United Nations Economic Commission for
Europe (UNECE);
— Transport Safety Bureau, Australia.
— Department of Transport, South Africa;
— Department for Transport, United Kingdom;
— Fatal Analysis Reporting System, United
States;
— National Highway Trafﬁc Safety Administration (NHTSA), United States;
• A review of available studies on various topics
related to road trafﬁc injuries, including road
safety issues, in order to secure country and
regional level data and evidence. The literature
was obtained from libraries, online journals
and individuals.

Global estimates
The road trafﬁc injury problem began before the introduction of the car. However, it was with the car – and
subsequently buses, trucks and other vehicles – that
the problem escalated rapidly. By various accounts,
the ﬁrst injury crash was supposedly suffered by a
cyclist in New York City on 30 May 1896, followed a
few months later by the ﬁrst fatality, a pedestrian in
London (3). Despite the early concerns expressed over
serious injury and loss of life, road trafﬁc crashes have
continued to this day to exact their toll. Though the
exact number will never be known, the number of
fatalities was conservatively estimated to have reached
a cumulative total of 25 million by 1997 (4).
WHO data show that in 2002 nearly 1.2 million
people worldwide died as a result of road trafﬁc injuries (see Statistical Annex, Table A.2). This represents
an average of 3242 persons dying each day around
the world from road trafﬁc injuries. In addition to
these deaths, between 20 million and 50 million
people globally are estimated to be injured or disabled each year (2, 5, 6).
In the same year, the overall global road trafﬁc
injury mortality rate was 19.0 per 100 000 population (see Table 2.1). Low-income and middle-income
countries had a rate slightly greater than the global
average, while that for high-income countries was
considerably lower. The vast majority – 90% – of
road trafﬁc deaths were in low-income and middleincome countries. Only 10% of road trafﬁc deaths
occurred in high-income countries.
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TABLE 2.1

Estimated global road trafﬁc injury-related deaths
Number

Low-income and
middle-income countries
High-income countries
Total

1 065 988

Proportion
Rate per
100 000 of total (%)
population
20.2

90

117 504

12.6

10

1 183 492

19.0

100

Source: WHO Global Burden of Disease project, 2002, Version 1
(see Statistical Annex).

According to WHO data for 2002, road trafﬁc
injuries accounted for 2.1% of all global deaths
(see Statistical Annex, Table A.2) and ranked as the
11th leading cause of death (see Statistical Annex,
Table A.3). Furthermore, these road trafﬁc deaths
accounted for 23% of all injury deaths worldwide
(see Figure 2.1).

These observations illustrate the fact that lowincome and middle-income countries carry most of
the burden of the world’s road trafﬁc injuries.
Regional distribution
There is considerable regional variation, both in
the absolute number of road trafﬁc injury deaths
and mortality rates (see Statistical Annex, Table
A.2). The WHO Western Paciﬁc Region recorded
the highest absolute number of deaths in 2002,
with just over 300 000, followed by the WHO
South-East Asia Region with just under 300 000.
These two regions together account for more than
half of all road trafﬁc deaths in the world.
As regards death rates, the WHO African Region
had the highest mortality rate in 2002, at 28.3 per
100 000 population, followed closely by the lowincome and middle-income countries of the WHO
Eastern Mediterranean Region, at 26.4 per 100 000
population (see Figure 2.2 and Table 2.2).

FIGURE 2.1

Distribution of global injury mortality by cause
TABLE 2.2
Other
unintentional injuries
18.1%

Suicide
16.9%

Road trafﬁc injury mortality rates (per 100 000
population) in WHO regions, 2002
WHO region
Violence
10.8%

Drowning
7.3%
Fires
6.2%

War
3.4%

Falls
7.5%
Poisoning
6.7%

Other
intentional injuries
0.2%
Road traffic injuries
22.8%

Source: WHO Global Burden of Disease project, 2002, Version 1
(see Statistical Annex).

In 2002, road trafﬁc injuries were the ninth
leading cause of disability-adjusted life years lost
(see Statistical Annex, Table A.3), accounting
for over 38 million disability-adjusted life years
(DALYs) lost, or 2.6% of the global burden of disease. Low-income and middle-income countries
account for 91.8% of the DALYs lost to road trafﬁc
injuries worldwide.

Low-income and
middle-income
countries

High-income
countries

African Region

28.3

—

Region of the Americas

16.2

14.8

South-East Asia Region

18.6

—

European Region

17.4

11.0

Eastern Mediterranean Region

26.4

19.0

Western Paciﬁc Region

18.5

12.0

Source: WHO Global Burden of Disease project, 2002, Version 1
(see Statistical Annex).

The high-income countries in Europe have the
lowest road trafﬁc fatality rate (11.0 per 100 000
population) followed by those of the WHO Western Paciﬁc Region (12.0 per 100 000 population).
In general, the regional averages for low-income
and middle-income are much higher than corresponding rates for high-income countries.
Signiﬁcant variations also arise between countries; some features speciﬁc to individual countries
are discussed below.
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FIGURE 2.2

Road trafﬁc injury mortality rates (per 100 000 population) in WHO regions, 2002

No data
19.1–28.3
16.3–19.0
12.1–16.2
11.0–12.0

Source: WHO Global Burden of Disease project, 2002, Version 1 (see Statistical Annex).

Country estimates
Only 75 countries report vital registration data,
including road trafﬁc injury data, to WHO that are
sufﬁcient for analysis here (see Statistical Annex,
Table A.4). The regional estimates, presented in the
section above, are based on these data, as well as on
incomplete data from a further 35 countries and various epidemiological sources. These estimates indicate that African countries have some of the highest
road trafﬁc injury mortality rates. However, when
examining data from the individual 75 countries that
report sufﬁcient data to WHO, a different picture
emerges. The highest country rates are found in some
Latin American countries (41.7 per 100 000 population in El Salvador, 41.0 per 100 000 in the Dominican Republic and 25.6 per 100 000 in Brazil), as well
as some countries in Europe (22.7 per 100 000 in
Latvia, 19.4 per 100 000 in the Russian Federation
and 19.3 per 100 000 in Lithuania), and Asia (21.9
per 100 000 in the Republic of Korea, 21.0 per 100 000
in Thailand and 19.0 per 100 000 in China).

Many Member countries of the Organisation
for Economic Co-operation and Development
(OECD) report road trafﬁc fatality rates of less
than 10 per 100 000 population (see Table 2.3).
The Netherlands, Sweden and Great Britain have
the lowest rates per 100 000 population.
TABLE 2.3

Road trafﬁc fatality rates in selected countries
or areas, 2000
Country or area
Australia
European Uniona

Per 100 000 inhabitants
9.5
11.0

Great Britain

5.9

Japan

8.2

Netherlands

6.8

Sweden
United States of America
a

6.7
15.2

Austria, Belgium, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden
and the United Kingdom.

Source: reproduced from reference 7, with minor editorial
amendments, with the permission of the publisher.
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Global and regional trends
According to WHO data, road trafﬁc deaths have
risen from approximately 999 000 in 1990 (8) to
just over 1.1 million in 2002 (see Statistical Annex,
Table A.2) – an increase of around 10%. Lowincome and middle-income countries account for
the majority of this increase.
Although the number of road trafﬁc injuries
has continued to rise in the world as a whole,
time series analysis reveals that road trafﬁc fatalities and mortality rates show clear differences
in the pattern of growth between high-income
countries, on the one hand, and low-income and
middle-income countries on the other (2, 9–11). In
general, since the 1960s and 1970s, there has been
a decrease in the numbers and rates of fatalities in
high-income countries such as Australia, Canada,
Germany, the Netherlands, Sweden, the United
Kingdom and the United States of America. At the
same time, there has been a pronounced rise in
numbers and rates in many low-income and middle-income countries.
The percentage change in road trafﬁc fatalities
in different regions of the world for the period
1987–1995 is shown in Figure 2.3. The trends are
based on a limited number of countries for which
data were available throughout the period and they
are therefore inﬂuenced by the largest countries in
the regional samples. Such regional trends could
mask national trends and the data should not be
extrapolated to the national level. The regional classiﬁcations employed are similar to, but not exactly
the same as those deﬁned by WHO. It is clear from
the ﬁgure that there has been an overall downward
trend in road trafﬁc deaths in high-income countries, whereas many of the low-income and middle-income countries have shown an increase since
the late 1980s. There are, however, some marked
regional differences; Central and Eastern Europe
witnessed a rapid increase in road trafﬁc deaths
during the late 1980s, the rate of increase of which
has since declined. The onset of rapid increases in
road trafﬁc fatalities occurred later in Latin America
and the Caribbean, from 1992 onwards. In contrast,
numbers of road trafﬁc deaths have risen steadily

since the late 1980s in the Middle East and North
Africa and in Asia, particularly in the former.
The reductions in road trafﬁc fatalities in highincome countries are attributed largely to the
implementation of a wide range of road safety
measures, including seat-belt use, vehicle crash
protection, trafﬁc-calming interventions and trafﬁc law enforcement (2, 12). However, the reduction
in the reported statistics for road trafﬁc injury does
not necessarily mean an improvement in road safety
for everyone. According to the International Road
Trafﬁc and Accident Database (IRTAD), pedestrian
and bicyclist fatalities have decreased more rapidly
than have fatalities among vehicle occupants. In
fact, between 1970 and 1999, the proportion of
pedestrian and bicyclist fatalities fell from 37% to
25% of all trafﬁc fatalities, when averaged across 28
countries that report their data to IRTAD (13). These
reductions could, however, be due, at least in part,
to a decrease in exposure rather than an improvement in safety (14).
FIGURE 2.3

Global and regional road fatality trends, 1987–1995a
60
Percentage change since 1987

Trends in road trafﬁc injuries

50
40
30
20
10
0

-10
-20
1987 1988 1989 1990 1991 1992 1993 1994 1995
Year
Africa
Central and Eastern Europe
Asia
Highly-motorized countries
Latin America and Caribbean
Global
Middle East and North Africa

Data are displayed according to the regional classiﬁcations of TRL
Ltd, United Kingdom.
Source: reproduced from reference 2 with the permission of the
author.
a

Trends in selected countries
As already mentioned, the regional trends do not
necessarily reﬂect those of individual countries.
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Traffic fatalities per 100 000 population

Table 2.4 and Figures 2.4 and 2.5 FIGURE 2.4
show how road trafﬁc mortal- Road trafﬁc fatality trends in three high-income countries (Australia,
ity rates have changed with time United Kingdom, United States of America)
35
in some countries. It can be seen
from Figures 2.4 and 2.5 that some
30
Australia
individual countries’ trends in
25
mortality rates do indeed reﬂect
USA
the general trend in the number
20
of road trafﬁc deaths. Thus in Aus15
tralia, the mortality rate increased
– with some annual ﬂuctuations
10
– to peak at about 30 deaths per
United Kingdom
5
100 000 population in 1970, after
which there was a steady decline.
0
Trends in the United Kingdom and
1960 1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 1993 1996 1999 2002
the United States followed a similar
Year
pattern. The rates in Brazil, on the Sources: Transport Safety Bureau, Australia; Department of Transport; United Kingdom;
other hand, appear to have reached Fatality Analysis Reporting System, United States of America.
a peak in 1981 and may now be
showing a rising trend in mortality rates.
declining very slowly. In contrast, India, with relatively high rates of population growth, increasing
There are many factors contributing to these
mobility and growing numbers of vehicles, is still
trends and the differences between countries and
regions. At the macro level, these trends have been
TABLE 2.4
successfully modelled and used for predicting
future developments.
Changes in road trafﬁc fatality rates
(deaths per 10 000 population), 1975–1998
Country or area
Canada

Change (%)
–63.4

China
Hong Kong SAR

–61.7

Province of Taiwan

–32.0

Sweden

–58.3

Israel

–49.7

France

–42.6

New Zealand

–33.2

United States of America

–27.2

Japan

–24.5

Malaysia

44.3

India

79.3a

Sri Lanka

84.5

Lesotho

192.8

Colombia

237.1

China

243.0

Botswana

383.8b

SAR: Special Administrative Region.
a

Refers to the period 1980–1998.

b

Refers to the period 1976–1998.

Source: reproduced from reference 1, with minor editorial
amendments, with the permission of the authors.

Projections and predictions
While a decrease in deaths has been recorded in
high-income countries, current and projected
trends in low-income and middle-income countries foreshadow a large escalation in global road
trafﬁc mortality over the next 20 years and possibly beyond. Currently, there are two main models
for predicting future trends in road trafﬁc fatalities.
These two models are:
— the WHO Global Burden of Disease (GBD)
project (8), using health data;
— the World Bank’s Trafﬁc Fatalities and Economic Growth (TFEC) project (1), using transport, population and economic data.
Both predict a substantial increase in road trafﬁc
deaths if present policies and actions in road safety
continue and no additional road safety countermeasures are put into place. The GBD model predicts the following scenario for 2020 compared
with 1990 (8):
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• Road trafﬁc injuries will become the second
leading cause of DALYs lost for low-income
and middle-income countries.
• Road trafﬁc deaths will increase worldwide,
from 0.99 million to 2.34 million (representing 3.4% of all deaths).
• Road trafﬁc deaths will increase on average by
over 80% in low-income and middle-income
countries and decline by almost 30% in highincome countries.
• DALYs lost will increase worldwide from 34.3
million to 71.2 million (representing 5.1% of
the global burden of disease).

FIGURE 2.5

Road trafﬁc fatality trends in three low-income and
middle-income countries
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• Road trafﬁc injuries will rise in rank to sixth
place as a major cause of death worldwide.
• Road trafﬁc injuries will rise to become the third
leading cause of DALYs lost.

According to the TFEC model predictions (Table
2.5 and Figure 2.6), between 2000 and 2020, South
Asia will record the largest growth in road trafﬁc
deaths, with a dramatic increase of 144%. If the
low-income and middle-income countries follow
the general trend of the high-income countries,
their fatality rates will begin to decline in the
future, but not before costing many lives. The
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TABLE 2.5

Predicted road trafﬁc fatalities by region (in thousands), adjusted for underreporting, 1990–2020
Regiona

Number of
countries

Change (%)
2000–2020

Fatality rate (deaths/
100 000 persons)

1990

2000

2010

2020

2000

2020

15

112

188

278

337

79

10.9

16.8

East Europe and Central Asia

9

30

32

36

38

19

19.0

21.2

Latin America and Caribbean

31

90

122

154

180

48

26.1

31.0

Middle East and North Africa

13

41

56

73

94

68

19.2

22.3

East Asia and Paciﬁc

South Asia
Sub-Saharan Africa
Sub-total
High-income countries
Total
a

7

87

135

212

330

144

10.2

18.9

46

59

80

109

144

80

12.3

14.9

121

419

613

862

1 124

83

13.3

19.0

35

123

110

95

80

–27

11.8

7.8

156

542

723

957

1 204

67

13.0

17.4

Data are displayed according to the regional classiﬁcations of the World Bank.

Source: reproduced from reference 1, with minor amendments, with the permission of the authors.

model anticipates that India’s rate will not decline
until 2042. Other low-income and middle-income
country rates may begin to decline earlier, but their
fatality rates will still be higher than those experienced by high-income countries.
The predicted percentage decrease in deaths
from 2000 to 2020 for high-income countries of
27% and the global increase of 67% in the TFEC
model are similar to those of the GBD model.
However, the models differ on the total number of
deaths each predicts for 2020. The TFEC model suggests that there will be 1.2 million deaths, as against
2.4 million for the GBD model. To some extent, this
difference is explained by a much higher starting
estimate for 1990 in the GBD model, which is based
on data from health facilities.
The predictions need to be interpreted in context. The international data presented in this report
show that at each income level, there are signiﬁcant differences among countries in the number
of vehicles per capita and in fatalities per capita.
This implies that it is possible for people to live
with fewer vehicles per capita and fewer fatalities
per capita than the average rates seen at present.
Projected trends are based on the averages of past
trends. While existing scientiﬁc knowledge has not
always been easily accessible for most countries,
efforts are now being made to collate and disseminate this information so that it can be fed into predictive models. It is feasible, therefore, that low-

income and middle-income countries will not follow the trends of the past and even that they could
improve upon them. As a result, the projections of
the World Bank and WHO may prove too high and
low-income and middle-income countries may see
much lower death rates in the future.
Both models have made a large number of
assumptions about the future and are based on
scarce and imperfect data. Moreover, models cannot be expected to predict future reality precisely,
as unforeseen factors will almost inevitably emerge.
Nevertheless, the underlying message from the
projections is clear: should current trends continue
and no intensiﬁed and new interventions be implemented, then many more deaths and injuries will be
experienced from road trafﬁc crashes in the future.
Helping low-income and middle-income countries
tackle the problem of road trafﬁc injuries must be a
priority, as these are the countries where the greatest
increases will occur in the next 20 years.

Motorization, development and
road trafﬁc injury
The earlier discussion on estimates and trends has
shown that the road trafﬁc injury problem is a
complex one and represents the unfolding of many
changes and events, both economic and social. The
intricate relationship between road trafﬁc injuries,
motor vehicle numbers and a country’s stage of development has been explored in a number of studies.
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This section describes factors affecting trends in road
trafﬁc mortality rates, and, in particular, empirical
ﬁndings on the links between road trafﬁc fatalities,
the growth in the number of motor vehicles and
development.
The growth in the number of motor vehicles in
various parts of the world is central, not only to
road safety, but also to other issues such as pollution, the quality of life in urban and rural areas, the
depletion of natural resources, and social justice
(15–20).
As regards the number of fatalities, many highincome countries in the ﬁrst half of the 20th century experienced a rapid growth in deaths from
road crashes, alongside economic growth and an
increase in the number of vehicles. During the
second half of the century, though, many of these
countries saw reductions in fatality rates, despite
a continued rise in the number of motor vehicles
and in mobility. It does not follow, therefore, that
a growth in mobility and motorization will necessarily lead to higher rates of fatalities.
The ﬁrst signiﬁcant attempt to model the relationship between fatality rates and motorization was
carried out by Smeed (21), who used data from 1938
for 20 industrialized countries. Smeed came to the
conclusion that fatalities per motor vehicle decreased
with an increasing number of vehicles per head of
population. A similar relationship was later established for 32 developing countries, based on 1968
data (22). This research led to a basic belief that the
road trafﬁc injury death rate per registered vehicle is
expected to decrease as the number of vehicles per
head of population increases. However, this model
was derived from a cross-section of countries and
not from a time series of data for one or more countries. It is therefore dangerous to apply this model to
changes over time in a single country. Furthermore,
the use of the variable “fatalities per vehicle” has
been criticized as an indicator for road trafﬁc safety.
It tends to ignore, for example, non-motorized
forms of transport (23). Nor does it take into account
other relevant road and environmental conditions,
or the behaviour of drivers and other road users (24).
The use of appropriate indicators for road safety is
discussed in more detail later in this chapter.

Researchers have also investigated the relationship between road trafﬁc injuries and other
socioeconomic indicators (1, 25–29). For instance,
it is known that the mortality rate, especially that
of infant mortality, tends to improve as the gross
national product (GNP) per capita increases. As a
nation develops economically, it is to be expected
that part of the wealth generated will be devoted
to efforts to reduce mortality, including road trafﬁc mortality (27). In this context, mortality related
to motor vehicles and road trafﬁc can be seen as a
“disease of development”.
A study of motor vehicle-related mortality in 46
countries (27) established a direct but weak correlation between economic development – as measured by GNP per capita – and deaths per vehicle.
This relationship was found to be strongest among
countries with low GNP per capita, yet it was precisely among these countries that the effects of
factors other than GNP per capita on fatalities per
vehicle were most important. Based on 1990 data,
another study established a positive relationship
between GNP per capita and road trafﬁc mortality
rates for 83 countries (29). In absolute terms, the
middle-income countries had the highest mortality rates. When adjustments were made for the
number of motor vehicles, the poorest countries
showed the highest road trafﬁc mortality rates.
A recent World Bank report (1) examined data
from 1963 to 1999 for 88 countries. Unlike Smeed’s
research, the authors were able to develop models
based on time series data for each country. One of
their main ﬁndings was a sharp increase in fatalities
per head of population as gross domestic product
(GDP) per capita increased – but only at low levels
of GDP per capita, up to a peak of between $6100
and $8600 (at 1985 international dollar values),
depending on the exact model. After that peak was
reached, fatalities per head of population began to
decline. Their results also showed that fatalities per
vehicle declined sharply with income per capita
GDP in excess of $1180 (1985 international dollar
values). The empirical results presented show the
important contribution of economic development
to mobility, which leads to increased motorization
and increased exposure to risk.
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Proﬁle of people affected by road
trafﬁc injuries
Types of road user
Although all types of road user are at risk of being
injured or killed in a road trafﬁc crash, there are
notable differences in fatality rates between
different road user groups. In particular, the
“vulnerable” road users such as pedestrians and
two-wheeler users are at greater risk than vehicle
occupants and usually bear the greatest burden of
injury. This is especially true in low-income and
middle-income countries, because of the greater
variety and intensity of trafﬁc mix and the lack of
separation from other road users. Of particular
concern is the mix between the slow-moving
and vulnerable non-motorized road users, as
well as motorcycles, and fast-moving, motorized
vehicles.
Several studies have revealed marked differences in fatality rates between various groups of
road users, as well as between road users in highincome countries and those in low-income and
middle-income countries. A review of 38 studies
found that pedestrian fatalities were highest in 75%
of the studies, accounting for between 41% and
75% of all fatalities (30). Passengers were the second largest group of road users killed, accounting

for between 38% and 51% of fatalities. In Kenya,
between 1971 and 1990, pedestrians represented
42% of all crash fatalities; pedestrians and passengers combined accounted for approximately 80%
of all fatalities in that country each year (31). In the
city of Nairobi, between 1977 and 1994, 64% of
road users killed in trafﬁc crashes were pedestrians
(32).
Recent studies have shown that pedestrians and
motorcyclists have the highest rates of injury in
Asia (33–35). Injured pedestrians and passengers
in mass transportation are the main issue in Africa
(31, 36, 37). In Latin America and the Caribbean,
injuries to pedestrians are the greatest problem
(38–40).
By contrast, in most OECD countries, such as
France, Germany and Sweden, car occupants represent more than 60% of all fatalities, a reﬂection of
the greater number of motor vehicles in use. While
there are fewer motorcyclist, cyclist and pedestrian
casualties, these groups of road users bear higher
fatality rates (41).
In several low-income and middle-income
countries, passengers in buses and other informal
public transport systems also constitute a signiﬁcant group at high risk of road trafﬁc casualties (30)
(see Box 2.1).

BOX 2.1

Informal types of transport
Public transport systems – such as buses, trains, underground trains and trams – are not well developed in many
low-income and middle-income countries. Instead, informal modes of transport, used largely by poorer people,
have evolved to ﬁll the gap, consisting of privately-owned buses, converted pick-up trucks and minibuses. Examples
include the matatu in Kenya, the light buses of Hong Kong and the minibuses of Singapore, Manila’s jeepneys, the
colt of Jakarta, the dolmus minibuses of Istanbul, the dala dala of Tanzania, the tro-tro of Ghana, the Haitian taptap, the molue (locally known as “moving morgues”) and danfo (“ﬂying cofﬁns”) in Nigeria, and the taxis of South
Africa and Uganda (10).
The low fares charged by these forms of transport are affordable to poor people. The vehicles are also
convenient, as they will stop anywhere to pick up or drop off passengers, and they do not adhere to any ﬁxed
time schedules. Against these advantages for poorer people in terms of mobility, there is a marked lack of safety.
The vehicles are generally overloaded with passengers and goods. The drivers speed, are aggressive in their road
behaviour and lack respect for other road users. The long hours that drivers are forced to work result in fatigue,
sleep deprivation and reckless driving (42).
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BOX 2.1 (continued)
These forms of transport thus present a real dilemma for road transport planners. On the one hand, the people
who use them lack alternative safe and affordable public transport. These types of transport provide employment
for poor people, and it is difﬁcult to prohibit them. On the other hand, they are inherently dangerous. The drivers,
subject to all-powerful vehicle owners, are not protected by labour laws. The owners frequently have their own
private arrangements with the trafﬁc enforcement authorities. All these factors increase the risk of vehicle crashes
and injuries, and complicate possibilities for intervention.
All the same, a strategy must be found to regulate this industry and make it into a safe and organized form of
public transport. Such a strategy must address the safety of road users, the labour rights of drivers and the economic
interests of the vehicle owners (10, 42, 43). One possibility is that vehicle owners could be encouraged to pool their
resources through some form of joint venture and be given access to additional capital and management capacity, so
that a safe and effectively-regulated public transport system could be developed.

As Figure 2.7 shows, numeri- FIGURE 2.7
cally, there are clear regional and Road users killed in various modes of transport as a proportion of all
national differences in the dis- road trafﬁc deaths
tribution of road user mortality.
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TABLE 2.6

Proportion of road users killed at different locations in India
Type of road user (%)

Location
Lorry

Bus

Car

TSR

Pedestrian

Total

Mumbai

2

1

2

4

MTW
7

HAPV
0

Bicycle
6

78

100

New Delhi

2

5

3

3

21

3

10

53

100

Highwaysa

14

3

15

–

24

1

11

32

100

TSR: three-wheeled scooter taxi; MTW: motorized two-wheelers; HAPV: human and animal powered vehicles.
a
Statistical summary of 11 locations, not representative for the whole country (tractor fatalities not included).
Source: reproduced from reference 44, with the permission of the publisher.

vehicles are involved in a large proportion of road
trafﬁc collisions (see Box 2.2). These road users
increasingly have to share trafﬁc space with fourwheeled vehicles, such as cars, buses and trucks.
Road design and trafﬁc management are generally

poor and fail to provide adequate safety in such a
mix of trafﬁc. High-income countries did not experience this phase of development, with fast vehicles mixing with vulnerable road users, to such a
degree (50).

BOX 2.2

Bicycles and bicycle injuries
There are some 800 million bicycles in the world, twice the number that there are cars. In Asia alone, bicycles carry
more people than do all the world’s cars. Nonetheless, in many countries, bicycle injuries are not given proper
recognition as a road safety problem and attract little research (45).
In Beijing, China, about a third of all trafﬁc deaths occur among bicyclists (46). In India, bicyclists represent
between 12% and 21% of road user fatalities, the second-largest category after pedestrians (47).
China is one of the few developing countries where public policy until recently has encouraged the use of bicycles
as a form of commuting. In the city of Tianjin, 77% of all daily passenger trips are taken by bicycle – compared, for
instance, with just 1% in Sydney, Australia (48). There are estimated to be over 300 million bicycles in all of China.
While about one in four people in China owns a bicycle, only 1 in 74 000 owns a car (45). Use of bicycle helmets in
China is rare, though. In the city of Wuhan, for instance, their use is non-existent, despite the fact that 45% of all
trafﬁc deaths in the city occur among bicyclists (49).

Reducing bicycle injuries
To reduce bicycle injuries – in China, as elsewhere – several types of intervention are likely to be effective.
Changes to the road environment can be highly beneﬁcial. They include:
— separating bicycles from other forms of trafﬁc;
— engineering measures to control trafﬁc ﬂow and reinforce low speeds;
— bicycle lanes;
— trafﬁc signals and signs aimed at bicyclists;
— painted lines on the side of the road;
— removing obstacles from roads and cycle paths;
— creating clear lines of sight;
— repairing road surfaces, to remove pot-holes and dangerous curbs.
Measures involving changes in personal behaviour include:
— use of a bicycle helmet;
— safe bicycling practices;
— respectful behaviour towards others sharing the road.
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BOX 2.2 (continued)
Legislative and related measures that can be effective include:
�

laws mandating helmet use;

�

strict legal limits on alcohol use while bicycling;

�

speed restrictions;

�

enforcement of trafﬁc laws.

Introducing a package of all these approaches is likely to be more effective than if they are used singly, and promises
in all countries to signiﬁcantly reduce the toll of bicycle-related injuries.

young adults aged between 15 and 44 years (54),
Occupational road trafﬁc injuries
and the rates for this age group are higher in lowMotor vehicle crashes are the leading cause of
income and middle-income countries. In 2002,
death in the workplace in the United States, and
males accounted for 73% of all road trafﬁc deaths,
contribute substantially to the road fatality burwith an overall rate almost three times that for
den in other industrialized nations. In the United
females: 27.6 per 100 000 population and 10.4 per
States, an average of 2100 workers died from motor
100 000 population, respectively. Road trafﬁc morvehicle crashes each year between 1992 and 2001,
tality rates are higher in men than in women in all
accounting for 35% of all workplace fatalities in
regions regardless of income level, and also across
that country, and representing slightly over 3%
all age groups (Figure 2.8). On average, males in
of the total road crash fatalities (S. Pratt, personal
the low-income and middle-income countries of
communication, 2003) (51).
the WHO Africa Region and the WHO Eastern
In the European Union, road trafﬁc and transport
Mediterranean Region have the highest road trafcrashes at work account for an even greater proportion
ﬁc injury mortality rates worldwide (see Statistical
of workplace fatalities – around 41% in 1999 (52). In
Annex, Table A.2). The gender difference in morAustralia, the experience is similar, with nearly half
tality rates is probably related to both exposure and
of all workplace fatalities between 1989 and 1992
risk-taking behaviour.
associated with either driving for work or commutTable 2.7 shows the burden of road trafﬁc injuing between home and the workplace. Work-related
ries in terms of DALYs by sex. Morbidity rates
crashes were estimated to comprise 13% of all road
for males are considerably higher than those for
fatalities (53). Data for Australia, however, differ from
females. Furthermore, about 60% of the DALYs
those for the European Union and the United States
lost globally as a result of road trafﬁc injury occurs
in that work-related crashes include those that occur
among adults aged between 15 and 44 years (54).
during commuting to and from work in addition to
driving during the workday. Data
on work-related road trafﬁc crashes
in low-income and middle-income TABLE 2.7
Road trafﬁc injury burden (DALYs lost) by WHO region and sex, 2002
countries are scant.
WHO region

Sex and age
The distribution of road trafﬁc
mortality rates by sex and age,
globally, as well as for each WHO
region, is shown in the Statistical Annex, Table A.2. Over 50%
of the global mortality due to
road trafﬁc injury occurs among

Males

Females

Total

27 057 385

11 368 958

38 426 342

African Region

4 665 446

2 392 812

7 058 257

Region of the Americas

3 109 183

1 141 861

4 251 044

South-East Asia Region

7 174 901

2 856 994

10 031 894

European Region

2 672 506

937 945

3 610 451

Eastern Mediterranean Region

3 173 548

1 403 037

4 576 585

Western Paciﬁc Region

6 261 800

2 636 309

8 898 110

All

DALYs: Disability-adjusted life years.
Source: WHO Global Burden of Disease project, 2002, Version 1 (see Statistical Annex).
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FIGURE 2.8

Road trafﬁc deaths by sex and age group, world, 2002
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Source: WHO Global Burden of Disease project, 2002, Version 1
(see Statistical Annex).

As expected, when analysed by country, road trafﬁc injury mortality rates are again substantially higher
among males than among females. El Salvador’s road
trafﬁc fatality rate for males, for instance, is 58.1
per 100 000, compared with 13.6 per 100 000 for
females (see Statistical Annex, Table A.4). In Latvia,
there is a similar gender difference, with a rate of
42.7 per 100 000 for men and 11.4 per 100 000 for
females. Certain factors in some countries give rise
to an even greater gap between the genders; females
may be excluded as drivers or passengers, and in general may face less exposure to road trafﬁc crash risk
for cultural or economic reasons.
A comprehensive review of 46 studies in low-

income and middle-income countries found that,
in terms of involvement in road trafﬁc crashes,
there was a consistent predominance of males over
females; males were involved in a mean of 80% of
crashes, and 87% of drivers were male (30). Recent
studies from China, Colombia, Ghana, Kenya,
Mexico, Mozambique, the Republic of Korea, Thailand, Trinidad and Tobago, Viet Nam and Zambia all
indicate greater rates of male as opposed to female
involvement in road trafﬁc collisions (55).
According to WHO data, adults aged between
15 and 44 years account for more than 50% of
all road trafﬁc deaths. In high-income countries,
adults aged between 15 and 29 years have the
highest rates of injury, while in low-income and
middle-income countries rates are highest among
those over the age of 60 years (see Statistical
Annex, Table A.2).
Of all the age groups, children under 15 years
of age have the lowest mortality rates (both sexes),
due in large measure to the lower rate of exposure
they experience (see Statistical Annex, Table A.2
and Box 2.3). These rates vary by region – the
WHO African Region and the WHO Eastern Mediterranean Region both show fatality rates of above
18 per 100 000 for male children under the age of
15 years. Globally, the road trafﬁc fatality rate for
male children aged 5 to 14 years is slightly higher
than that for female children (13.2 per 100 000,
against 8.2 per 100 000).

BOX 2.3

Children and road trafﬁc injury
Child road trauma is a major worldwide problem. Children are especially vulnerable, as their physical and cognitive
skills are not fully developed and their smaller stature makes it hard for them to see and to be seen. Societies are
concerned about the basic safety of their children.
Road trauma is a leading cause of injury to children. In high-income countries, child injury and road deaths
rose sharply with motorization in the 1950s and 1960s. While many of these countries have had great success in
prevention, road trafﬁc crashes remain a leading cause of death and injury for children. In low-income and middleincome countries, child deaths and injuries are rising as the number of vehicles increases.
According to WHO estimates for 2002, there were 180 500 children killed as the result of road crashes. Some 97%
of these child road deaths occurred in low-income and middle-income countries.
The level and pattern of child road injury is linked to differences in road use. In Africa, children are more likely
to be hurt as pedestrians and as users of public transport. In south-east Asia, it is as pedestrians, bicyclists and,
increasingly, as passengers on motor scooters, and in Europe and North America, it is as passengers in private motor
cars and as pedestrians that children are at greatest risk of a road trafﬁc injury.
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BOX 2.3 (continued)
The burden of injury is unequal. More boys are injured than girls, and children from poorer families have higher
rates of injury. Even in high-income countries, research has shown that children from poorer families and ethnic
minority groups have higher rates of unintentional injury, particularly in the case of child pedestrians.
Many countries have made substantial improvements in child road safety. In Australia, for example, in the 25
years after 1970, the road fatality rate per 100 000 children fell by 60% (56).
Interventions that have done much to reduce child trafﬁc injuries and deaths include:
—

the development, promotion and increasing use of speciﬁcally-designed child restraints;

—

improvements in the road environment that have reduced the number of child pedestrian injuries, since
these injuries are associated with trafﬁc volume and trafﬁc speed (57);

—

increased use of bicycle helmets, that has been associated with a reduction in head injuries among children.

The success, though, of prevention efforts in child road injury is not uniform, and much remains to be done.
As noted by Deal et al. (58), “Injuries, both violent and intentional, are one of the most signiﬁcant public health
issues facing children today, but public outrage is absent. As a result, proven solutions go unused, and thousands
of children die each year.”

Around the world, 193 478 older persons (aged 60
years and above) died in 2002 as a result of road trafﬁc
crashes; this ﬁgure is equivalent to 16% of the global
total (see Statistical Annex, Table A.2 and Box 2.4).
In some countries, the over-60 years age group
accounts for a higher proportion of all road trafﬁc
deaths than the global average. A study conducted
in 1998 in the United Kingdom found that 25.4% of
all road trafﬁc fatalities were people aged 60 years or
above. In terms of distribution by road user group,
46.6% of pedestrian fatalities and 53% of bus passenger fatalities were people aged 60 years and above.
Except for bicyclists, this age group was overrepresented in all categories of road trafﬁc fatalities (61).
The OECD (62) found that in 1997, pedestrian fatalities
among those aged 65 years and above were lowest in
the Netherlands (5.5% of all road trafﬁc fatalities) and
highest in Norway (49%) and the United Kingdom
(48.8%).
Qatar and the United Arab Emirates both display
high mortality rates among the over-60 years age
group. In Qatar, males over 60 years had a road trafﬁc fatality rate more than twice that of those in the
15–29 years age group (110 per 100 000, against
48 per 100 000) (63). In the United Arab Emirates,
the rates were lower but the difference between age
groups was more marked: 29 per 100 000 for those
aged 15–44 years and 91 per 100 000 for those aged
60 years or above (64).
No speciﬁc studies on older persons and road trafﬁc
injuries in low-income and middle-income countries

could be found. However, results of a study on adult
pedestrian trafﬁc trauma in Cape Town, South Africa,
found that only 18% of persons involved in collisions
were aged 60 years or above (65).
Socioeconomic status and location
Socioeconomic status is well known to be a risk
factor for injury generally, and road trafﬁc injury
is no exception (10, 42, 66–68). Studies have found
that individuals from disadvantaged socioeconomic
groups or living in poorer areas are at greatest risk
of being killed or injured as a result of a road trafﬁc
crash, even in high-income countries. The evidence
suggests that explanations for these differences should
be sought in variations in exposure to risk, rather than
in behaviour (67), though behavioural differences do
play some role. Even in industrialized countries, road
trafﬁc injuries as a cause of mortality have the steepest
social class gradient, particularly in the case of children and young adults (67, 69).
There are several indicators that are widely used to
assess socioeconomic status, educational and occupational level being two of the most common. In a New
Zealand cohort study conducted in the 1990s, it was
found that drivers with low-status occupations and
lower levels of education had a higher risk of injury,
even when adjusting for confounding variables such
as driving exposure levels (70). In Sweden, the risk of
injury for pedestrians and bicyclists was between 20%
and 30% higher among the children of manual workers than those of higher-salaried employees (67).
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BOX 2.4

Older people and road trafﬁc injury
From a public health point of view, the most serious problem facing the elderly relates to the fact that their mobility
out of doors may be restricted because the transport system has failed to meet their needs. Safety issues tend to be
a secondary issue.
Road trafﬁc injuries are not a major cause of death for the elderly. However, relative to their proportion of the
overall population, older people are often overrepresented in trafﬁc fatalities, especially as vulnerable road users.
Older pedestrians in particular are associated with a very high rate of road injury and death. This is mainly due to the
increased physical frailty of the elderly. Given the same type of impact, an older person is more likely to be injured or
killed than a younger one.
Because of the mobility it provides, private car travel can be more important for the elderly than for those in
other age groups. Many people continue to drive vehicles until they are very old. For some, driving may be their only
option for mobility, since certain illnesses can affect their ability to walk or to use public transport before affecting
their ability to drive.
There is a widespread misconception that older drivers are a threat to trafﬁc safety. Generally speaking, older
drivers have the lowest crash rates of all age groups, but because of their frailty, have higher injury and fatality rates
(59, 60). Their injury rates may also be affected by diseases such as osteoporosis, impaired homeostasis and poor tissue
elasticity.
Older drivers face different types of crashes than younger ones. They experience relatively more crashes in
complex trafﬁc situations, such as at intersections, and relatively fewer through lack of caution, such as through
speeding or careless overtaking. Injury patterns also differ, partly because of differences in the nature of collisions,
with older people suffering more fatal chest injuries, for instance, than younger drivers.
Recent studies on ageing and transport have highlighted pedestrian safety as the main safety concern for the
elderly. These studies have indicated that if good quality door-to-door public transport is not available for the elderly,
then the use of private cars remains their safest option for getting around. While it is accepted that certain groups of
older drivers should not drive – such as those suffering from advanced forms of dementia – mandatory screening of
drivers based on age is not recommended. Improvements in pedestrian infrastructure, and interventions to support
safe driving as long as possible for older people, are generally regarded as better investments for their safety and
mobility than attempts to stop them from driving.

The choice of transport in developing countries is often inﬂuenced by socioeconomic factors,
especially income. In Kenya, for example, 27% of
commuters who had had no formal education were
found to travel on foot, 55% used buses or minibuses and 8% travelled in private cars. By contrast,
81% of those with secondary-level education usually travelled in private cars, 19% by bus and none
walked (43).
In many countries, road trafﬁc crashes are more
frequent in urban areas, particularly as urbanization increases. However, injury severity is generally greater in rural areas. This could be related to
road design and congestion in urban areas slowing trafﬁc, while conditions in rural areas allow
for travelling at greater speeds. In low-income and
middle-income countries, fewer crashes happen

in rural areas, but the overall costs to the families
can be greater when they do occur (71). In many
countries there is concern over the vulnerability of
people living along highways, since these roads are
often built through areas where economic activity
already exists, thus creating potential conﬂicts over
space between the road users and the local population (55).

Other health, social and economic
impacts
Estimating the cost to society of road crashes is
important for several reasons. First, it is essential for
raising awareness of the seriousness of road crashes
as a social problem, Second, it serves to make
proper comparisons between road trafﬁc crashes
and other causes of death and injury. Third, since
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the social cost of road trafﬁc crashes is a reﬂection
of the social beneﬁts of reducing crashes through
safety interventions, scientiﬁc assessments of the
costs enables priorities between different interventions to be made, using cost–beneﬁt methods.
Assessment of road trafﬁc injury costs can be carried out with methods that are well known in the
health valuation literature. Though the costs to society – such as lost productivity and economic opportunity, and diverted institutional resources – can be
estimated in economic terms, valuing the suffering
and loss of life associated with road trafﬁc injuries
is difﬁcult and often contentious. Accordingly, some
studies measure what people would pay – referred
to as their “willingness to pay”– to reduce the risk
of a fatal or non-fatal injury. Another method is to
equate the loss of life through trafﬁc crashes with
lost earnings. This is known as the “human capital”
approach. In any case, the social cost of an injury or
premature death should at least include the associated costs of medical treatment – the direct costs of
illness – as well as the loss in productivity associated with the death or injury – the indirect costs
of illness. The costs of medical treatment normally
include emergency treatment, initial medical costs,
and, for serious injuries, the costs of long-term
care and rehabilitation. Productivity losses include
the value of lost household services and the value
of lost earnings for the victim, caregivers and family. In practice, many analyses of the costs of trafﬁc
crashes, especially those in developing countries,
use lost productivity, rather than willingness-to-pay,
to value injury and death.
Industrialized countries regularly produce annual
estimates of the overall cost of road trafﬁc crashes.
These estimates include the cost of injuries and
fatalities sustained in crashes and the cost of damage
to property, as well as administrative costs associated with crashes, such as legal expenses and the
costs of administering insurance, and the value of
the delays in travel caused by crashes. Of all of these
costs, those of injuries and fatalities are perhaps
the most difﬁcult to value. Medical and rehabilitation costs can be prohibitively expensive and often
continue for an indeﬁnite time, particularly in the
case of serious road trafﬁc disabilities. Though most

attention is usually focused on fatalities, injuries and
their ensuing disabilities take an unexpectedly costly
toll.
Some major gaps exist in the research on the
health and socioeconomic impacts of road trafﬁc injuries. First, existing analyses of costs do
not address particularly well those costs related
to psychosocial issues, such as pain and suffering. Second, there is a lack of good international
standards for predicting and measuring disability.
In addition, there are far fewer studies of the cost
of trafﬁc crashes in developing countries than elsewhere. One reason for this is the scarcity of reliable
data on the number and nature of crashes.
Health and social impacts
Injuries sustained by victims of a road trafﬁc crash
vary in type and severity. Data from the GBD 2002
project show that almost a quarter of those injured
severely enough to require admission to a health facility sustain a traumatic brain injury; 10% suffer open
wounds, such as lacerations, and nearly 20% experience fractures to the lower limbs (see Table 2.8).
Studies in both developed and developing countries
have found that motor vehicle crashes are the leading
cause of traumatic brain injury (65, 72–76).
A review of studies in low-income and middleincome countries (30) revealed that road trafﬁcrelated injury accounted for between 30% and 86%
of trauma admissions in these countries. Eleven of
the 15 studies that included data on hospital utilization examined the length of stay. The overall
mean length of stay was 20 days, ranging from
3.8 days in Jordan to 44.6 days in Sharjah, United
Arab Emirates. Patients who sustained spinal injury
had the longest duration of hospital stay.
The review further found the following:
• Road trafﬁc injury patients comprised between
13% and 31% of all injury-related attendees in
hospitals.
• Road trafﬁc injury patients represented 48%
of bed occupancy in surgical wards in some
countries.
• Road trafﬁc injury patients were the most frequent users of operating theatres and intensive
care units.
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non-fatal road trafﬁc injuries in
2000, 87% of which were considered “minor”, according to the
Type of injury sustained
Rate per 100 000 Proportion of all trafﬁc
maximum injury severity scale.
population
injuries
These injuries resulted in mediIntracranial injury b (short-term c)
85.3
24.6
cal costs of US$ 31.7 billion, placOpen wound
35.6
10.3
ing a huge burden on health care
Fractured patella, tibia or ﬁbula
26.9
7.8
services and individual ﬁnances.
Fractured femur (short-term c)
26.1
7.5
In terms of unit medical costs per
Internal injuries
21.9
6.3
injury level, the most severe level
Fractured ulna or radius
19.2
5.5
of injury – MAIS 5, that includes
Fractured clavicle, scapula or humerus
16.7
4.8
Fractured facial bones
11.4
3.3
head and spinal cord injury – cost
Fractured rib or sternum
11.1
3.2
by far the largest amount, at US$
Fractured ankle
10.8
3.1
332 457 per injury, exceeding the
Fractured vertebral column
9.4
2.7
combined cost per unit of all other
Fractured pelvis
8.8
2.6
injuries, including fatalities.
Sprains
8.3
2.4
Injured people often sufFractured skull (short-term c)
7.9
2.3
fer physical pain and emotional
Fractured foot bones
7.2
2.1
Fractured hand bones
6.8
2.0
anguish that is beyond any ecoSpinal cord injury (long-term d)
4.9
1.4
nomic compensation. Permanent
Fractured femur (long-term d)
4.3
1.3
disability, such as paraplegia,
Intracranial injury b (long-term d)
4.3
1.2
quadriplegia, loss of eyesight,
Other dislocation
3.4
1.0
or brain damage, can deprive
a
Requiring admission to a health facility.
b
Traumatic brain injury.
an individual of the ability to
c
Short-term = lasts only a matter of weeks.
d
achieve even minor goals and
Long-term = lasts until death, with some complications resulting in reduced life
expectancy.
result in dependence on others
Source: WHO Global Burden of Disease project, 2002, Version 1.
for economic support and routine
physical care. Less serious – but
more common – injuries to ankles, knees and the
• Increased workloads in X-ray departments
cervical spine can result in chronic physical pain
and increased demands for physiotherapy and
and limit an injured person’s physical activity for
rehabilitation services were, to a large extent,
lengthy periods. Serious burns, contusions and lacattributable to road trafﬁc crashes.
erations can lead to emotional trauma associated
Individual country studies report similar ﬁndings.
with permanent disﬁgurement (79).
For instance, out of a total of 2913 trauma patients
who had attended the University of Ilorin teaching
Psychosocial impact
hospital in Nigeria over a period of 15 months, 1816,
Medical costs and lost productivity do not capture
or 62.3%, had suffered road trafﬁc injuries (77). In
the psychosocial losses associated with road trafﬁc
Kenya, a survey on the perceived capacity of health
crashes, either to those injured or to their families.
care facilities to handle more than 10 injured perThese costs might possibly exceed the productivity
sons simultaneously, showed that only 40% of
losses and medical costs associated with premature
health administrators thought that their facilities
death, were they accurately quantiﬁable. A study
were well prepared. Of the hospitals that were least
conducted in Sweden showed that there was a high
prepared, 74% were public hospitals – the facilities
rate of psychosocial complications following road
that poor people use most frequently (43).
trafﬁc crashes, even for minor injuries. Almost half
The results of a study in the United States (78)
the respondents in the study group still reported
revealed that 5.27 million people had sustained
TABLE 2.8

The 20 leading non-fatal injuries sustaineda as a result of road trafﬁc
collisions, world, 2002
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travel anxiety two years after the crash. Pain, fear
and fatigue were also commonly found. Of those
employed, 16% could not return to their ordinary
jobs, while a third reported a reduction in leisuretime activities (80).
Road trafﬁc crashes can place a heavy burden on
the family and friends of the injured person, many
of whom also experience adverse social, physical
and psychological effects, in the short-term or longterm. In the European Union, more than 40 000
people are killed and more than 150 000 disabled
for life by road trafﬁc crashes each year. As a result,
nearly 200 000 families annually are newly bereaved
or have family members disabled for life (81). In a
study on how families and communities cope with
injured relatives, the most frequently reported coping strategy was reallocation of work within the
family, with at least one family member having to
take time off from their usual activity to help the
injured person or to carry on that person’s work. As
a result of individuals changing their work patterns
for this reason, about a third of them lost income. In
some cases, the injury of a family member caused
children to stay away from school (82).
The Fédération Européenne des Victimes de la
Route (FEVR) conducted a comprehensive study in
Europe of the physical, psychological and material
damage suffered by victims and their families subsequent to road crashes (83). The results showed
that 90% of the families of those killed and 85% of
the families of those disabled reported a signiﬁcant
permanent decline in their quality of life, and in
half of the cases the consequences were especially
severe. In a follow-up study, FEVR sought to determine the causes of this decline. Most of the victims
or their relatives suffered from headaches, sleeping problems, disturbing nightmares and general
health problems. Three years after the incident,
these complaints had not signiﬁcantly decreased
(84). In addition, it was found that victims and
their families were often dissatisﬁed with such
matters as criminal proceedings, insurance and
civil claims, and the level of support and information received on legal rights and other issues (84).
The psychological and social consequences of
road trafﬁc trauma are not always directly propor-

tional to the severity of the physical injury; even relatively minor injuries can have profound psychosocial
effects. Nearly a ﬁfth of those injured, according to
one study, developed an acute stress reaction and a
quarter displayed psychiatric problems within the
ﬁrst year. Long-term psychiatric problems consisted
mainly of mood disorder (in around 10% of cases),
phobic travel anxiety (20%) and post-traumatic stress
disorder (11%). Phobic travel disorder was frequent
among drivers and passengers (85).
Other consequences

In a recent study, 55% of those attending an accident
and emergency unit following a road trafﬁc crash
reported signiﬁcant medical, psychiatric, social or legal
consequences one year later. Many patients with less
serious or no injuries still suffered long-term health
and other problems not necessarily related to their
injury. Furthermore, reports of continuing physical problems one year on, largely musculoskeletal in
nature, were considerably more common than would
be expected from the nature of injuries sustained (86).
Pedestrians and motorcyclists suffer the most
severe injuries as a result of motor vehicle collisions,
report more continuing medical problems and require
more assistance, compared with other types of road
user. There are few psychological or social differences,
however, between different road users (87).
In many low-income and middle-income countries, and sometimes in high-income countries as
well, the cost of prolonged care, the loss of the
primary breadwinner, funeral costs, and the loss
of income due to disability, can push a family into
poverty (10, 38). The process of impoverishment can
affect children especially strongly. The second leading cause of orphaned children in Mexico is the loss
of parents as a result of road trafﬁc crashes (38).
Other consequential effects of transport and
motorization on the environment and health are
dealt with more comprehensively in recent WHO
documents (88, 89).
Economic impact
As part of the recent review undertaken by the
United Kingdom-based TRL Ltd on the number
of road trafﬁc collisions globally, information on
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road crash costs from 21 developed and developing countries was analysed (2). This study found
that the average annual cost of road crashes was
about 1% of GNP in developing countries, 1.5% in
countries in economic transition and 2% in highlymotorized countries (see Table 2.9). According to
this study, the annual burden of economic costs globally is estimated at around US$ 518 billion. On a
country basis, the economic burdens are estimated
to represent proportions of GNP ranging from 0.3%
in Viet Nam to almost 5% in Malawi and in KwaZulu-Natal, South Africa (2), with a few countries
registering even higher percentages. In most countries, though, the costs exceed 1% of GNP.

Research in Australia put that country’s economic
costs at 3.6% of GDP (92). The cost of trafﬁc crashes
as a proportion of GDP for other high-income countries, calculated using the human capital approach,
ranges from 0.5% for Great Britain (1990) and 0.9%
for Sweden (1995) to 2.8% for Italy (1997) (93).
Averaging the cost of trafﬁc crashes in the 1990s
across 11 high-income countries, gives an average
cost equivalent to 1.4% of GDP (93).
Information on costs from low-income and middle-income countries is generally scant. A recent
study from Bangladesh, comparing data from a
household survey with ofﬁcial police reports, suggests that the police record about one-third of all
trafﬁc fatalities and 2% of seriTABLE 2.9
ous injuries (94). When adjustRoad crash costs by region
ments were made for this level of
Regiona
GNP, 1997
Estimated annual crash costs
underreporting, the cost of trafﬁc
(US$ billion)
As percentage
Costs
crashes in Bangladesh in 2000 was
of GNP
(US$ billion)
estimated at Tk38 billion (US$ 745
Africa
370
1
3.7
million) or about 1.6% of GDP.
Asia
2 454
1
24.5
Latin America and Caribbean
1 890
1
18.9
The cost of road trafﬁc colMiddle East
495
1.5
7.4
lisions in South Africa for 2000
Central and Eastern Europe
659
1.5
9.9
were estimated at approximately
Subtotal
5 615
64.5
R13.8 billion (US$ 2 billion) (95).
Highly-motorized countriesb
22 665
2
453.3
On the assumption that 80% of
Total
517.8
seriously-injured and 50% of
GNP: gross national product.
a
Data are displayed according to the regional classiﬁcations of the TRL Ltd, United
slightly-injured road trafﬁc colliKingdom.
sion victims would seek care at a
b
Australia, Japan, New Zealand, North America, and the western European countries.
state hospital, basic hospital costs
Source: reproduced from reference 2, with minor editorial amendments, with the
alone for the ﬁrst year of treatment
permission of the author.
were calculated to cost the government of the order of R321 million (US$ 46.4 milThe total annual costs of road crashes to lowlion) (96).
income and middle-income countries are estimated
Uganda has an annual road trafﬁc fatality rate
to be about US$ 65 billion, exceeding the total
of 160 deaths per 10 000 vehicles, one of the highannual amount received in development assistance
est in Africa. Based on average damage costs per
(2). These costs are especially damaging for countries
vehicle of US$ 2290, an average fatality cost of
struggling with the problems of development. In the
US$ 8600 and average injury costs of US$ 1933,
high-income countries of the European Union, it has
road trafﬁc collisions cost the Ugandan economy
been estimated that the cost of road crashes each year
around US$ 101 million per year, representing
exceeds €180 billion – twice the European Union
2.3% of the country’s GNP (97). In the mid-1990s,
annual budget for all of its activities (90, 91).
the cost of road trafﬁc injuries in Côte d’Ivoire was
A study carried out in the United States, using
estimated to be 1% of GNP (98).
the human capital – or lost productivity – approach,
Eastern Europe does not fare much better. The
estimated the national economic costs of road trafﬁc
estimated
economic costs of motor vehicle trafﬁc
crashes at US$ 230.6 billion, or 2.3% of GDP (78).
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incidents in 1998 were in the range US$ 66.6 – 80.6
million for Estonia, US$ 162.7 – 194.7 million for
Latvia, and US$ 230.5 – 267.5 million for Lithuania.
The majority of these costs are related to injury, in
which the loss of market and household productivity
and the cost of medical care predominate. Property
damage represents around 16% of the total for Estonia and 17% for Latvia and Lithuania (79).
Using the notion of, “potentially productive
years of life lost”, injuries in 1999 cost China 12.6
million years, more than any other disease group.
The estimated annual economic cost of injury in
China is equivalent to US$ 12.5 billion – almost
four times the total public health services budget
for the country and a productivity loss that more
than offsets the total productivity gains of new
entrants to the labour force each year. Motor vehicle fatalities alone accounted for 25% of the total
number of potentially productive years of life lost
from all injury deaths, with their potential impact
on economic development being particularly acute
in rural areas (99).
The most productive age group, those aged
between 15 and 44 years, is heavily represented
in road trafﬁc injuries; the economic impacts of
injuries in this age group are therefore especially
damaging. According to WHO, injuries to individuals in this age group, “tend to affect productivity severely, particularly among the lowest-income
groups whose exposure to risk is greatest and
whose earning capacity is most likely to rely on
physical activity” (100). The incidence of road
trafﬁc crashes in Kenya illustrates this point; more
than 75% of road trafﬁc casualties are among economically productive young adults (30).
A case study conducted in Bangladesh found that
poor families were more likely than those better
off to lose their head of household and thus suffer immediate economic effects as a result of road
trafﬁc injuries. The loss of earnings, together with
medical bills, funeral costs and legal bills, can have
a ruinous effect on a family’s ﬁnances. Among the
poor, 32% of the road deaths surveyed occurred
to a head of household or that head’s spouse,
compared with 21% among those not deﬁned as
poor. Over 70% of households reported that their

household income, food consumption and food
production had decreased after a road death. Three
quarters of all poor households affected by a road
death reported a decrease in their living standard,
compared with 58% of other households. In addition, 61% of poor families had to borrow money
as a result of a death, compared with 34% of other
families (94).
In cases where there is prolonged treatment or
the death of the victim, the family may end up
selling most of its assets, including land, and possibly becoming trapped in long-term indebtedness
(82).

Data and evidence for road trafﬁc
injury prevention
Two of the central aims of modern medicine are
to advance knowledge and promote practices that
are based on evidence. This emphasis on evidence
reﬂects the need to continuously review and
strengthen the evidence base for public health
interventions. This applies not only to communicable diseases but also to noncommunicable diseases
and injuries, such as road trafﬁc injuries. This section discusses issues and concerns related to road
trafﬁc injury data and evidence.
Why collect data and build evidence on
road trafﬁc injuries?
Road safety is of prime concern to many individuals, groups and organizations, all of whom require
data and evidence. While different users have different data needs, reliable data and evidence are
essential for describing the burden of road trafﬁc
injuries, assessing risk factors, developing and
evaluating interventions, providing information
for policy-makers and decision-makers, and raising awareness. Without reliable information, the
priorities for road trafﬁc injury prevention cannot
be rationally or satisfactorily determined.
Sources and types of data
Police departments and hospitals provide most of
the data used in road trafﬁc injury prevention and
road safety. In addition to the sources indicated in
Table 2.10, data are also available from published
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documents, such as journals, books and research
reports, as well as on the Internet.
There are a number of approaches to collecting
and keeping data and evidence on road trafﬁc injuries. These approaches are well documented, both
for injuries in general and road trafﬁc injuries in
particular (101–104).

Injury surveillance systems

Most countries have some form of national system for
aggregating data on road crashes using police records
or hospital records, or both. However, the quality and
reliability of data vary between surveillance systems in
different countries and also between systems within
the same country. For road trafﬁc injuries, certain key
variables need to be collected. WHO, in its recently

TABLE 2.10

Key sources of road trafﬁc injury data
Source

Type of data

Comments

Police

Number of road trafﬁc incidents, fatalities
and injuries
Type of road users involved
Age and sex of casualties
Type of vehicles involved
Police assessment of causes of crashes
Location and sites of crashes
Prosecutions

Level of detail varies from one country to
another.
Police records can be inaccessible.
Underreporting is a common problem,
particularly in low-income and middleincome countries.

Health settings (e.g. hospital inpatient
records, emergency room records, trauma
registries, ambulance or emergency
technician records, health clinic records,
family doctor records)

Fatal and non-fatal injuries
Age and sex of casualties
Costs of treatment

Level of detail varies from one health care
facility to another.
Injury data may be recorded under “other
causes”, making it difﬁcult to extract for
analysis.

Insurance ﬁrms

Fatal and non-fatal injuries
Damage to vehicles
Costs of claims

Access to these data may be difﬁcult.

Other private and public institutions,
including transport companies

Number of fatal and non-fatal injuries
occurring among employees
Damage and losses
Insurance claims
Legal issues
Operational data

These data may be speciﬁc to the planning
and operation of the ﬁrms.

Government departments and specialized
agencies collecting data for national
planning and development

Population denominators
Income and expenditure data
Health indicators
Exposure data
Pollution data
Energy consumption
Literacy levels

These data are complementary and
important for analysis of road trafﬁc injuries.
The data are collected by different ministries
and organizations, though there may be one
central agency that compiles and produces
reports, such as statistical abstracts,
economic surveys and development plans.

Special interest groups (e.g. research
institutes, advocacy nongovernmental
organizations, victim support organizations,
transport unions, consulting ﬁrms,
institutions involved in road safety activities)

Number of road trafﬁc incidents, fatal and
non-fatal injuries
Type of road users involved
Age and sex of casualties
Type of vehicles involved
Causes
Location and sites of crashes
Social and psychological impacts
Interventions

The various organizations have different
interests.
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published Injury surveillance guidelines, makes recommendations for a minimum data set for surveillance of
road trafﬁc injuries in emergency rooms (101).
Most high-income countries have well established
injury surveillance systems. Recently, a number of
low-income and middle-income countries have set
up systems to monitor injuries, including road traf-

ﬁc injuries. Examples include Colombia (C. ClavelArcas, unpublished observations, 2003), El Salvador
(C. Clavel-Arcas, unpublished observations, 2003),
Ethiopia (105), Ghana (106), Jamaica (107), Mozambique (105), Nicaragua (C. Clavel-Arcas, unpublished
observations, 2003), South Africa (108), Thailand
(109) and Uganda (110) (see Box 2.5).

BOX 2.5

The national injury surveillance system in Thailand
Thailand’s provincial injury surveillance system started in 1993. Its objectives were to establish a database to evaluate,
at a provincial level, the quality of acute trauma care and the referral services provided to the injured, and to improve
injury prevention and control at both local and national levels (109). Previously, data providers in hospitals had not
been responsible for information on road trafﬁc crashes at a provincial level. Existing information systems were
poorly designed and managed, not computerized, and not standardized as regards deﬁnitions, sources of data and
methods of data collection. Consequently, regional or national comparisons were impossible (109).
A trauma registry system had been developed in the large provincial hospital in Khon Kaen. This system was chosen
as the prototype for the new surveillance system, because of its achievements over eight years in injury prevention
and improving the quality of acute care (111). The Noncommunicable Diseases Epidemiology Section of the Ministry
of Public Health revised the hospital’s trauma registry form and set up appropriate reporting criteria, deﬁnitions of
terms and methods of coding. Appropriate computer software for processing the data was developed. The hospital
produced manuals and ran training courses to help personnel operate the surveillance system effectively (109).
In January 1995, a provincial injury surveillance system was established in ﬁve sentinel hospitals, one in Bangkok
and four in other regions of Thailand. Each was a large general hospital with a sufﬁcient number of injuries and mix
of cases, receiving referrals from other local hospitals (109).
All those acutely injured within seven days before admittance, including those who had died, were included in
the surveillance system. Data were forwarded every six months by the local authorities to the central coordinating
unit in the Epidemiology Division of the Ministry of Public Health.
Within six months, it had become clear that trafﬁc injuries were the most important cause of injury in each
sentinel hospital. The epidemiology of other major causes of injuries was also investigated, and the quality of prehospital service and of inter-hospital transfers was monitored. Information obtained was fed into the eighth ﬁve-year
National Health Development Plan (112).
Data on alcohol-related trafﬁc injuries were instrumental in the introduction of obligatory warnings on the
labels of alcoholic beverages and of other interventions against drink-driving. The surveillance reports were sent to
policy-makers in a range of sectors, including parliamentarians and governors of the provinces in which the sentinel
hospitals were located – as well as to police departments and the mass media (109, 76).
Although the extra workload arising from the surveillance activities created problems in the sentinel hospitals,
the advantages of the scheme were such that 20 more hospitals voluntarily joined the surveillance network
(76). Simpliﬁcations to the system were subsequently made, though, to reduce the workload on medical records
departments, so that the sentinel hospitals were required to report only cases of severe injury, including:
—

deaths before arrival;

—

deaths in the emergency department;

—

observed or admitted injury cases.

This caused only minor changes in ranking among the top ﬁve leading causes of injury (76).
In January 2001, Thailand’s National Injury Surveillance was ofﬁcially launched. By 2003, the national network had
grown to include 28 large hospitals, as well as almost 60 general hospitals and one university hospital. The system is
one of only a few injury surveillance systems in low-income and middle-income countries that operate nationally and
involve a model that WHO recognizes and encourages for technology transfer between countries.
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In addition to country-speciﬁc information
systems, a number of regional systems exist. Countries belonging to the OECD support and make use
of the International Road Trafﬁc Accident Database
(IRTAD), to which they submit standardized crash
and injury data, together with some basic transport
statistics and other safety-related information (13).
The United Nations Economic and Social Commission for Asia and the Paciﬁc has developed a
regional road crash database known as the AsiaPaciﬁc Road Accident Database (113) which, like
IRTAD, requires countries in the region to submit
data in a standard format. The Caribbean Epidemiology Centre has introduced an injury surveillance
system in the Bahamas, Barbados, and Trinidad and
Tobago (114).
Europe has its own regional system, known as
CARE – Community Database on Accidents on the
Roads in Europe – which differs from the abovementioned systems in that country returns are
mandatory. However, the system allows countries
to make returns in their own national formats
and it includes disaggregated data on individual
crashes. After being received, the data are adjusted
for variations in deﬁnitions. To this end, a number
of correction factors have been developed (115).
International and regional guidelines are available on crash and injury information systems to
help countries decide on which data to collect. For
example, in the transport sector, the Association of
South East Asia Nations has developed road safety
guidelines that include advice on what information
is required (116). The WHO guidelines for developing and implementing injury surveillance systems in hospital settings contain recommendations
on the core minimum data set and supplementary
data that should be collected on all injury patients,
including road trafﬁc casualties (101).
Community-based surveys

A second approach to gathering data on road trafﬁc
injuries is to conduct community-based surveys.
Some injured patients fail to reach hospital for
a variety of reasons, in which case they will not
be captured by hospital-based injury surveillance
systems. Community-based surveys not only pick

up these otherwise unreported cases, but also provide useful information on injuries and may be of
particular relevance in countries where basic population and mortality data are not available (102).
Community surveys have been recently conducted
in Ghana (117), India (118), Pakistan (119), South
Africa (120), Uganda (121) and Viet Nam (122).
These surveys, though, require methodological
expertise which may not be widely available. To
this end, WHO is currently developing Guidelines for
conducting community surveys on injuries and violence, which
will provide a standardized methodology for carrying out such studies (102).
Surveys on selected themes

A third approach is to conduct surveys on particular themes related to road trafﬁc injuries and
transport. Examples are road user surveys, roadside surveys, origin–destination surveys, pedestrian surveys, cyclist surveys and speed surveys
– as well as studies on such issues as alcohol use
and the cost of crashes. These surveys may arise
from the need for speciﬁc data that are not available from hospital-based surveillance systems or
community surveys.
Data linkages
As shown in Table 2.10, road trafﬁc injury data and
evidence is collected and stored by a range of agencies. This is in itself a positive feature, as it reﬂects
the multisectoral nature of the phenomenon.
However, it also raises important issues to do with
access, harmonization and linkages between different data sources and users. Ideally, where there are
a number of data sources available, it is important
that the data should be linked, to obtain maximum
value from the information (see Box 2.6). However,
for many countries, especially those with a number
of systems at the local level, this is not always the
case. A major problem is coordination and sharing
of information among different users. While there
are usually issues of conﬁdentiality and other legal
restrictions involved, it should still be possible to
ﬁnd ways of summarizing the relevant information
and making it available, without violating any legal
prohibitions.
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BOX 2.6

Multidisciplinary crash investigation
An example of in-depth multidisciplinary crash investigation is the Finnish national system, steered and supervised by
the Ministry of Transport and Communications and maintained by the Motor Insurers’ Centre and the Motor Trafﬁc
Insurers Committee (VALT).
The Centre started in-depth crash investigation in 1968 and its 21 law-based investigation teams investigate
about 500, mainly fatal crashes, at the scene of the crash, annually. Each team consists of police, a road safety
engineer, a vehicle inspector, a medical doctor and sometimes a psychologist. Speciﬁc information is collected by
each person and a combined report is produced on each case. In each case, more than 500 variables are collected on
standardized forms. The emphasis is placed on data that will contribute to crash avoidance and injury prevention. In
addition, the teams have legal rights to access information from ofﬁcial and private records and health care systems
to obtain human, vehicle and road information.

Coordinated data management systems do exist
in a handful of countries. One such example is the
United States National Automotive Sampling System,
that combines information from four data systems
– the Fatality Analysis Reporting System, the General
Estimates System, the Crashworthiness Data System
and the Crash Injury Research and Engineering Network – to provide an overall picture for policy-makers and decision-makers at the national level (123).
For the regular monitoring of road trafﬁc injuries, a system that integrated information from both
police sources and health care sources would be
ideal. Although there have been a number of pilot
projects, such as the one combining police data on
fatal crashes with the Hospital In-Patients Statistics
database in Scotland (124), few countries have established such linked systems on a routine basis.
Analysis of data
Analysing data, producing regular outputs and disseminating information on road trafﬁc injuries are
all vital activities. For the purposes of data analysis,
there are some excellent software packages available.
These systems can build automatic validity checks
and quality control into the data management
process. Software packages also provide powerful analysis features for diagnosing problems that
enable rational decisions to be made on priorities for
intervention (125).
High standards in data quality assurance and
analysis alone are not enough. Road trafﬁc injury
information systems also need to allow all appropriate

outside bodies access and to ensure that the information is effectively distributed. The design of databases
should therefore take account of the principal needs
of all their users, providing quality data without overburdening those collecting the data. Databases also
require sufﬁcient resources to ensure their sustainability. Countries should collaborate and help support
regional and global systems so that the monitoring
and evaluation of road safety can be improved and
sustained.
Data issues and concerns
Indicators

Indicators are important tools not just for measuring the magnitude of a problem but also for setting targets and assessing performance. The most
frequently used absolute and relative indicators for
measuring the magnitude of the road trafﬁc injury
problem are presented in Table 2.11.
Two very common indicators are the number of
deaths per 100 000 population, and the number of
deaths per 10 000 vehicles. Both of these indicators
have limitations regarding their reliability and validity that place restrictions on how they can be used
and interpreted. The number of deaths per 100 000
population is widely used with reasonable conﬁdence
to monitor changes over time in “personal risk” levels
and to make comparisons between countries. Errors
in population statistics are assumed to have little
impact on the observed changes or comparisons.
The use of vehicle registrations as an estimate
of motorization is also problematical as there can

CHAPTER 2. THE GLOBAL IMPACT • 57

TABLE 2.11

Examples of commonly used indicators of the road trafﬁc injury problem
Indicator

Description

Use and limitations

Number of injuries

Absolute ﬁgure indicating the number of
people injured in road trafﬁc crashes

Useful for planning at the local level for emergency medical
services

Injuries sustained may be serious or slight

Useful for calculating the cost of medical care
Not very useful for making comparisons
A large proportion of slight injuries are not reported

Number of deaths

Absolute ﬁgure indicating the number of
people who die as a result of a road trafﬁc
crash

Gives a partial estimate of the magnitude of the road trafﬁc
problem, in terms of deaths
Useful for planning at the local level for emergency medical
services
Not very useful for making comparisons

Fatalities per
10 000 vehicles

Relative ﬁgure showing ratio of fatalities to
motor vehicles

Shows the relationship between fatalities and motor vehicles

Fatalities per
100 000 population

Relative ﬁgure showing ratio of fatalities to
population

Shows the impact of road trafﬁc crashes on human
population

A limited measure of travel exposure because it omits nonmotorized transport and other indicators of exposure

Useful for estimating severity of crashes
Fatalities per vehiclekilometre travelled

Number of road deaths per billion kilometres Useful for international comparisons
travelled
Does not take into account non-motorized travel

Disability-adjusted life
years (DALYs)

Measures healthy life years lost due to
disability and mortality

DALYs combine both mortality and disability

DALYs do not include all the health consequences associated
One disability-adjusted life year (DALY) lost
with injury, such as mental health consequences
is equal to one year of healthy life lost, either
due to premature death or disability

be errors in country databases due to delays in
adding or removing records of vehicles. Furthermore, changes in vehicle numbers do not generally
provide a good estimate of changes in exposure to,
and travel on, the road network, especially when
making comparisons between countries. A better
indicator of trafﬁc safety risk is deaths per vehicle-kilometres, but this also fails to allow for nonmotorized travel.
The measurement of exposure to the risk of road
trafﬁc injuries presents conceptual and methodological difﬁculties (127). An example of the use of
two indicators – fatalities per 100 000 population
and fatalities per 10 000 vehicles – is presented in

Figure 2.9. The ﬁgure shows that since 1975 Malaysia has experienced a continuous decline in deaths
per 10 000 vehicles, whereas the rate of deaths per
100 000 population has shown a slight increase.
Over the same period, there has been a rapid
growth in motorization and increased mobility
among Malaysia’s population. The opposing trends
in the two indicators reﬂect the fact that road trafﬁc fatalities have increased more slowly in Malaysia
than the growth in the vehicle ﬂeet, but that they
have increased a little faster in recent years than
the growth in the population. More information is
needed to understand how changes in mobility and
safety standards have contributed to such trends.
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FIGURE 2.9
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The relationships between road trafﬁc injuries,
motorization and other major risk factors are discussed in more detail in the next chapter.
Though road trafﬁc injury statistics are used as
measures of road safety, they are often inadequate
and may even be misleading. This highlights the
need for existing measures to be reﬁned and new
ones to be explored.
Deﬁnitions and standardization of data

There are a number of potential problems with the definitions of a road trafﬁc death or injury, arising from:
— variations in the interpretation of the speciﬁed time period between the injury event
and death;
— the actual interpretation of the deﬁnition in
different countries and by different people
recording the information;
— differing levels of enforcement of deﬁnitions;
— differing techniques for assessing the severity of injuries.
The most commonly cited deﬁnition of a road trafﬁc fatality is: “any person killed immediately or dying
within 30 days as a result of an injury accident” (128).
However, a recent study has revealed considerable
variations in working deﬁnitions. For example, in the
European Union, Greece, Portugal and Spain use 24
hours, France uses 6 days, Italy uses 7 days and the
other countries use 30 days (129). To adjust for this

variation, various correction factors are applied to arrive at a 30-day
equivalent. Such factors, though,
themselves introduce uncertainty
as to what the real numbers would
be at 30 days.
There are a number of other
deﬁnitional issues relating to the
classiﬁcation of an injury death as
one caused by a road trafﬁc crash,
including (14, 129):
— the method of assessment;
— the location of a fatal crash
(i.e. whether on a public or
1995 1997 1999
private road);
— the mode of transport (some
classiﬁcations stipulate the
presence of at least one moving vehicle);
— the source reporting the data (i.e. whether
police or a self-report);
— whether or not to include conﬁrmed suicides;
— whether or not post-mortem examinations are
routinely conducted on road trafﬁc deaths.
Deﬁnitional issues also arise with regard to survivors of road trafﬁc crashes, including:
— the actual deﬁnition and interpretation of a
serious injury in different countries;
— whether the police, who record most of the
information, are sufﬁciently trained to ascertain and correctly assign injury severity.
In Finland, for example, a serious road trafﬁc
injury is considered to involve hospital admission
or three days off work; in Sweden, it involves hospital admission as well as fractures, whether or not
the patient is admitted; while in France, it involves
a hospital stay of at least six days (129).
Road trafﬁc injury and death cases can be missed
by the data collection system because of differences in the deﬁnitions used in different countries
and contexts. This issue highlights the need for the
standardization of deﬁnitions and their application
across different countries and settings.
Underreporting

It is clear from studies that underreporting of
both deaths and injuries is a major global problem

CHAPTER 2. THE GLOBAL IMPACT • 59

affecting not only low-income and middle-income
countries but also high-income ones (30, 129–131).
In the United Kingdom, studies comparing hospital
and police records suggest that some 36% of road
trafﬁc injury casualties are not reported to the
police (129). In addition, around 20% of incidents
reported to the police remain unrecorded. In some
low-income and middle-income countries, levels
of underreporting can be as high as 50% (2, 132).
Underreporting can arise out of:
— a failure on the part of the public to report;
— the police not recording cases reported to them;
— hospitals not reporting cases presenting to them;
— an exemption for certain institutions, such
as the military, from reporting directly to
the police.
In some low-income and middle-income countries, underreporting may stem from the basic fact
that some victims cannot afford to attend hospital
(133, 134).
The problem of underreporting highlights a
number of structural, methodological and practical
issues affecting the quality of data collected on road
trafﬁc injuries, including:
— the coordination and reconciliation of data
between sources;
— the harmonization and application of agreed
deﬁnitions, especially the deﬁnition of a
road crash fatality;
— the actual process of classiﬁcation and the
completion of data forms.
These problems make it difﬁcult to obtain reliable
estimates on road trafﬁc fatalities and injuries worldwide and also for certain countries. Harmonization
of data at the national and international levels can
be facilitated by adopting international deﬁnitions.
The International Classiﬁcation of Diseases (ICD-10)
(135) and the Abbreviated Injury Scale (AIS) can be
used for non-fatal road crash injuries (136). Agreements to adhere to regional systems such as IRTAD
and the Asia-Paciﬁc Road Accident Database will
encourage the uniformity of deﬁnitions.
Other issues
Studies have uncovered a number of other problems
related to road trafﬁc injury data and evidence.

These include:
— missing information within individual
records;
— the unavailability of certain speciﬁc data (e.g.
the crash location, type of injury, identiﬁcation
of the vehicle in which the casualty occurred);
— the scientiﬁc soundness of the methods used;
— inadequate quality control;
— lack of data collection on cycling and walking in transport information systems;
— lack of data on exposure;
— the accuracy and completeness of police
assessment of cause of crash;
— lack of professionals trained in road safety;
— lack of rigorous evaluation of interventions,
particularly in low-income and middleincome countries.

Limitations of the data sources
used in this chapter
Although the present assessment of the extent of
the burden of road trafﬁc injury is based on the
best available global data, it is recognized that the
underlying data sources do suffer from a number
of limitations. The main ones are outlined below:
• The WHO mortality database lacks complete
coverage of vital registration data from all
WHO regions. Several countries do not report
road trafﬁc incidence data at all. Projected data
for some regions are therefore based on relatively small samples of data and can be in error
because of missing country information. This
has been dealt with by computing estimates
using a methodology described in the Statistical Annex. The limitation highlights the need
for more countries to submit road trafﬁc injury
data to the WHO mortality database.
• The GBD estimates are based largely on 1990
data and although they have been adjusted
repeatedly since then, regional and national
changes may have made some of the regional
projections unreliable. In addition, there is a
clear absence of routinely available data, both
global and national, on the long-term health
and social impacts of road trafﬁc crashes. This
shortcoming has led to a reliance on studies
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undertaken primarily in high-income countries and a corresponding risk of bias if the
projected assumptions for low-income and
middle-income countries are not accurate.
• The World Bank and TRL Ltd both rely on road
trafﬁc mortality data that originated from police
sources, and which, in common with WHO
data, suffer from problems related to incomplete
coverage. There is also the problem of differing deﬁnitions of death, that vary from “dead
on the spot” to death some time after the crash
occurred. The standard deﬁnition is “death
within 30 days of the crash”, though in practice,
many countries do not follow it. Both the World
Bank and TRL Ltd have made attempts to correct for the underestimates arising from these
problems. To correct for different deﬁnitions
of death, they used the European Conference
of Ministers of Transport adjustment for highincome country values (a maximum of 30%,
depending on the deﬁnition used), and they
added 15% to all ﬁgures from low-income and
middle-income countries (1, 2). In addition,
both groups made a further correction, adding
2% to the data for high-income countries and
25% for low-income and middle-income countries, to allow for underreporting of road trafﬁc
fatalities generally. The TRL study regarded this
as a minimum adjustment for underreporting,
and set a maximum at +5% for high-income
country ﬁgures and +50% for low-income and
middle-income countries (2). The World Bank
study base-year data was comparable to the TRL
Ltd minimum underreporting data (1).
Information on speciﬁc topics such as road safety
and the elderly, inequality, location (including rural–
urban differences), road safety and public transport,
and occupational road trafﬁc injuries was extremely
limited. Nevertheless, a concerted effort was made
to secure all available studies from online databases,
published sources and the “grey literature” – such as
information published in local, non-indexed journals, government reports and unpublished theses
– on these as well as other themes. This yielded a
number of studies that have been used to illustrate
these topics throughout the chapter.

Conclusion
The problem of road trafﬁc crashes and injuries is
growing both in absolute numbers and in relative
terms. It is a serious public health and development
issue, taxing health care systems and undermining
their ability to devote limited resources to other
areas of need. The magnitude of road trafﬁc injuries globally can be summarized as follows:
• More than one million people are killed
worldwide every year as a result of road trafﬁc
crashes.
• Road trafﬁc injuries are the 11th leading cause
of death and the 9th leading cause of disability-adjusted life years lost worldwide.
• The poor and vulnerable road users – pedestrians, cyclists and motorcyclists – bear the
greatest burden.
• Some 90% of road trafﬁc deaths occur in
the developing world, which comprises two
thirds of the global population.
• As motorization increases, many low-income
and middle-income countries may face a growing toll of road trafﬁc injuries, with potentially
devastating consequences in human, social and
economic terms.
• Males are more likely to be involved in road
trafﬁc crashes than females.
• Economically active adults, aged 15–44 years,
account for more than half of all the road trafﬁc
deaths.
• Without new or improved interventions, road
trafﬁc injuries will be the third leading cause
of death by the year 2020.
The health, social and economic impacts of road
trafﬁc crashes are substantial.
• Between 20 million and 50 million people
sustain an injury as a result of motor vehicle
crashes each year.
• Nearly a quarter of all non-fatally injured victims
requiring hospitalization sustain a traumatic
brain injury as a result of motor vehicle crashes.
• Between 30% and 86% of trauma admissions
in some low-income and middle-income
countries are the result of road trafﬁc crashes.
• Millions of people are temporarily or permanently disabled as a result of road trafﬁc crashes.
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• Many people suffer signiﬁcant psychological
consequences for years following a motor
vehicle crash.
• Road trafﬁc crashes cost governments, on
average, between 1% and 2% of their gross
national product.
• The social costs – more difﬁcult to quantify
– exact a heavy toll on victims, their families,
friends and communities.
• The death of a breadwinner often pushes a
family into poverty.
Accurate data are essential for prioritizing public health issues, monitoring trends and assessing
intervention programmes. Many countries have
inadequate information systems on road trafﬁc
injury, making it difﬁcult to realize the full nature
of the problem and thus gain the attention that
is required from policy-makers and decisionmakers. There are a number of areas where road
trafﬁc injury data are often problematic, and these
include:
— sources of data (e.g. whether data are from
police or health sources);
— the types of data collected;
— inappropriate use of indicators;
— non-standardization of data;
— deﬁnitional issues related to trafﬁc deaths
and injuries;
— underreporting;
— poor harmonization and linkages between
different sources of data.
Governments can help foster stronger collaboration between different groups that collect and keep
data and evidence on road trafﬁc injuries. Furthermore, it is essential that data collection and global
standards be better coordinated – an area in which
the United Nations regional commissions could
take a leading role. With such improved collaboration and improved management of data, signiﬁcant
reductions can be achieved in the magnitude of
road trafﬁc casualties.
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Introduction
In road trafﬁc, risk is a function of four elements.
The ﬁrst is the exposure – the amount of movement or travel within the system by different users
or a given population density. The second is the
underlying probability of a crash, given a particular exposure. The third is the probability of injury,
given a crash. The fourth element is the outcome of
injury. This situation is summarized in Figure 3.1.
FIGURE 3.1

The main risk factors for road trafﬁc injuries
Factors influencing exposure to risk
Economic factors, including social deprivation
Demographic factors
Land use planning practices which influence the length
of a trip or travel mode choice
Mixture of high-speed motorized traffic with vulnerable
road users
Insufficient attention to integration of road function
with decisions about speed limits, road layout and
design
Risk factors influencing crash involvement
Inappropriate or excessive speed
Presence of alcohol, medicinal or recreational drugs
Fatigue
Being a young male
Being a vulnerable road user in urban and residential
areas
Travelling in darkness
Vehicle factors – such as braking, handling and
maintenance
Defects in road design, layout and maintenance which
can also lead to unsafe road user behaviour
Inadequate visibility due to environmental factors
(making it hard to detect vehicles and other road
users)
Poor road user eyesight
Risk factors influencing crash severity
Human tolerance factors
Inappropriate or excessive speed
Seat-belts and child restraints not used
Crash helmets not worn by users of two-wheeled
vehicles
Roadside objects not crash protective
Insufficient vehicle crash protection for occupants and
for those hit by vehicles
Presence of alcohol and other drugs
Risk factors influencing severity of post-crash injuries
Delay in detecting crash
Presence of fire resulting from collision
Leakage of hazardous materials
Presence of alcohol and other drugs
Difficulty rescuing and extracting people from vehicles
Difficulty evacuating people from buses and coaches
involved in crash
Lack of appropriate pre-hospital care
Lack of appropriate care in the hospital emergency
rooms

Risk arises largely as a result of various factors,
that include (1):
— human error within the trafﬁc system;
— the size and nature of the kinetic energy of
the impact to which people in the system are
exposed as a result of errors;
— the tolerance of the individual to this
impact;
— the quality and availability of emergency
services and acute trauma care.
The human operator often adapts to changing
conditions in ways that do not always serve safety.
A single error can have life or death consequences.
Behind road-user errors, there are natural
limitations. These include vision in night trafﬁc, the
detection of targets in the periphery of the eye, the
estimation of speed and distance, the processing of
information by the brain, and other physiological
factors associated with age and sex that have a
bearing on crash risk. Also inﬂuencing human
error are external factors such as the design of the
road, the design of the vehicle, trafﬁc rules and
the enforcement of trafﬁc rules (2). Sophisticated
and quality-assured systems that combine human
beings and machines, therefore, need to have an
in-built tolerance of human error (1).
The tolerance of the human body to the physical forces released in crashes is limited. Injury is
broadly related to the kinetic energy applied to
the human frame. The energy involved in a collision varies as the square of the velocity, so that
small increases in speed result in major increases
in the risk of injury. The relationship between
impact forces in crashes and the injuries that are
sustained is known for a number of parts of the
body and type of injury – for different categories of
road user, as well as for different age groups. Biomechanical thresholds associated with age, sex and
speed are reliable predictors of crash injury. For
example, impact forces that produce a moderate
injury in a robust 25-year-old male will result in a
life-threatening injury if applied to a 65-year-old
inﬁrm female (3).
The main road injury problems are being sustained worldwide by people who make similar
mistakes, share the same human tolerance to
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injury limits and have the same inherent behavioural limitations. While the problems are different
both qualitatively and quantitatively, the main risk
factors appear to be the same worldwide (4,5).
Traditionally, analysis of risk has examined the
road user, vehicle and road environment separately.
In this report, a systems framework, where interactions between different components are taken into
account, is used. Such a systems-oriented approach
has been necessary for signiﬁcant progress in tackling road trauma to be made (6).

Factors inﬂuencing exposure to risk
Risk in road trafﬁc arises out of a need to travel – to
have access to work, for instance, or for education
or leisure pursuits. A range of factors determines
who uses different parts of the transport system,
how it is used and why, and at what times (7).
While in practical terms it may not be possible
completely to eliminate all risk, it is possible to
reduce the exposure to risk of severe injury and to
minimize its intensity and consequences (1).
Rapid motorization
Motor vehicles
FIGURE 3.2

Motorization rate versus incomea
8 000

Vehicles per 10 000 persons

One of the main factors contributing to the increase in
global road crash injury is the
growing number of motor
vehicles.
Since 1949, when Smeed
(8) ﬁrst demonstrated a relationship between fatality rates
and motorization, several
studies have shown a correlation between motor vehicle
growth and the number of
road crashes and injuries.
While the motor vehicle and
subsequent growth in the
number of motor vehicles
and road infrastructure has
brought societal beneﬁt, it
has also led to societal cost
to which road trafﬁc injury
contributes signiﬁcantly. This

explains why a number of studies are drawing
attention to the need for careful consideration and
planning of transport and mobility in view of the
increasing motorization in different parts of the
world (9–11).
Periods of economic prosperity tend to be
associated with increasing mobility and demand
for transport services. On the other hand, periods of economic decline lead to low generation
of movement (12). In times of economic growth,
trafﬁc volumes increase, along with the number
of crashes and injuries, and there are generally
reductions in walking and cycling. Reductions in
alcohol-related crashes have also been observed to
coincide with periods of economic recession (13).
Motorization rate rises with income (14). In
wealthier countries, there has been dramatic
growth in the numbers of cars, but in many poorer
countries the increases have been principally in
motorcycles and minibuses. Some 80% of all cars
are owned by 15% of the world’s population, situated in North America, western Europe and Japan.
Figure 3.2 and Table A.6 in the Statistical Annex
both show that motorization is strongly correlated
with income.
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of the authors.
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In China, where the economy is experiencing
rapid growth, the number of vehicles has more
than quadrupled since 1990, to over 55 million.
In Thailand, between 1987 and 1997, there was
an almost four-fold increase in the number of
registered motor vehicles, from 4.9 million to 17.7
million (15). In India, the number of four-wheeled
motor vehicles increased by 23% to 4.5 million
between 1990 and 1993. All of these ﬁgures are
far below the rates of car ownership per capita in
high-income countries (16). It is predicted that the
motor vehicle numbers for countries of the Organisation for Economic Co-operation and Development (OECD) could increase up to 62% by the year
2015, to a total of 705 million (14).
Motor vehicle growth in low-income countries
is taking place against a background of associated
problems. Only a small number of people in these
countries can afford cars, while the costs of roads,
parking spaces, air pollution and road trafﬁc injuries are borne by the whole society (9). Despite the
rapid growth in motorized trafﬁc, most families
in low-income and middle-income countries are
unlikely to own a car within the next 25 years (5).
In terms of exposure to risk, the main modes of
travel in these countries in the foreseeable future
are likely to remain walking, cycling and public
transport. This emphasizes the importance of planning for the needs of these road users, who, as was
seen in Chapter 2, bear a high proportion of the
burden of road trafﬁc injuries.
The case of reuniﬁcation in Germany provides
a good illustration of how economic factors can
inﬂuence crash injury. Here, overnight, many people suddenly experienced a surge in afﬂuence and
access to previously unavailable cars. In the two
years following reuniﬁcation, the number of cars
that were bought and the total distance travelled
by cars increased by over 40%. At the same time,
between 1989 and 1991, there was a four-fold
increase in death rates for car occupants, with an
eleven-fold increase for those aged 18–20 years.
The overall death rate in road crashes in this period
nearly doubled, from 4 per 100 000 population in
1989 to 8 per 100 000 in 1991 (17). Other countries
where motor vehicle growth has been shown to be

associated with an increase in road trafﬁc injuries
are the Czech Republic, Hungary and Poland (11,
18). In Poland, for every additional 1000 cars purchased between 1989 and 1991, an additional 1.8
trafﬁc fatalities and 27 people injured in crashes
were recorded (11).
Trafﬁc volume is a particularly important risk
factor for injuries among child pedestrians. Roberts et al. have shown that when trafﬁc volumes fall
there is a reduction in child pedestrian death rates
(19, 20).
Buses and trucks are a major mode of travel in
low-income and middle-income countries. High
volumes of passengers being transported have an
impact on the safety, not only of the passengers
themselves, but also on vulnerable road users. In
New Delhi, buses and trucks are involved in almost
two thirds of crashes involving vulnerable road
users, and these people make up over 75% of all
road trafﬁc deaths (5).
Motorized two-wheeled vehicles

Although the greatest growth rate in the number of
motor vehicles is expected in Asian countries, most
of the increase in vehicle ﬂeets is likely to be in
motorized two-wheeled vehicles and three-wheelers (5). In many such places, it is estimated that
motorized two-wheelers will comprise between
40% and 70% of the total vehicle ﬂeet.
In south-east Asia, there are several countries
with a large proportion of two-wheeled and threewheeled vehicles whose growth in numbers has
been associated with a large rise in road trafﬁc
injuries. Examples are Cambodia (where 75% of
all vehicles are motorized two-wheelers or motorized three-wheelers), the Lao People’s Democratic
Republic (79%), Malaysia (51%) and Viet Nam
(95%). In Viet Nam, the number of motorcycles
grew by 29% during 2001; at the same time road
deaths rose by 37% (21). An increase in use of
motorized two-wheelers in China, Province of
Taiwan, where such vehicles comprise 65% of all
registered motor vehicles, was also associated with
increasing deaths and injuries (22).
In the United Kingdom, after a long-term
downward trend in both motorized two-wheeler
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trafﬁc and deaths related to their use, a resurgence
of interest in these vehicles over the last few years
has been accompanied by sharp increases in motorized two-wheeler deaths and serious injuries. The
national level of deaths and serious injuries among
users of motorized two-wheelers in 2001 was 21%
above the average for 1994–1998 (23).
Like other motor vehicles, motorized twowheelers also cause injuries to other road users.
In low-income countries, where the majority of
pedestrian impacts are with buses and cars, one
hospital-based study in New Delhi found that 16%
of injured pedestrians had been struck by motorized two-wheelers (24).
Non-motorized trafﬁc

Non-motorized vehicles predominate in both rural
and urban areas in some low-income and middleincome countries. In these countries, the proportion
of road trafﬁc injuries from non-motorized forms
of travel varies according to the way motorized and
non-motorized modes of travel are split (11). In Asia,
however, motorcycles are dominant, which partly
explains the high proportion of motorcycle fatalities
and injuries. Generally speaking in developing countries, pedestrian and cyclist trafﬁc has grown without
accompanying improvements in facilities for these
road users. The high number of pedestrian and cyclist
casualties in these countries reﬂects not only their
inherent vulnerability but also insufﬁcient attention
to their needs in policy-making (11, 25, 26).
Demographic factors
Different groups of people have different exposures to risk. As populations change over time,
so the overall exposure of that population will
change. Fluctuations in the relative sizes of different population groups will have a strong effect on
the road trafﬁc toll. For instance, in industrialized
countries, young drivers and riders – at increased
risk of involvement in road crashes – are currently
overrepresented in casualty ﬁgures. Demographic
changes, though, in these countries over the next
20–30 years will result in road users over 65 years
of age becoming the largest group of road users.
Their physical vulnerability, though, places them

at high risk of fatal and serious injuries (27). In
low-income countries, the expected demographic
evolution suggests that younger road users will
continue to be the predominant group involved in
road crashes.
In some high-income countries, more than
20% of the population will be 65 years or above
by 2030 (28). Despite the rising number of older
people holding driving licences in such countries,
their declining driving ability as well as possible
ﬁnancial constraints will mean that many of them
will have to give up driving. In many low-income
countries, older people may never have driven
in the ﬁrst place. Worldwide, a large proportion
of older people will still be dependent on public
transport or will walk. This illustrates the importance of providing safer and shorter pedestrian
routes and safe and convenient public transport.
Transport, land use and road network
planning
Planning decisions regarding transport, land use
and road networks have signiﬁcant effects on public health – as they affect the amount of air pollution by vehicles, the degree of physical exercise
undertaken by individuals, and the volume of road
trafﬁc crashes and injuries.
The development of a network of roads – or
indeed of other forms of transport, such as railways – has a profound effect on communities and
individuals. It inﬂuences such things as economic
activity, property prices, air and noise pollution,
social deprivation and crime – in addition to
health. Long commuting times degrade the quality of life and therefore health. Sedentary travel
directly and adversely affects health (29).
In the absence of proper land-use planning, residential, commercial and industrial activity will evolve
in a haphazard pattern, and road trafﬁc will evolve
similarly to meet the needs of these various activities.
This is likely to produce heavy ﬂows of trafﬁc through
residential areas, vehicles capable of high speed mixing with pedestrians, and heavy, long-distance commercial trafﬁc using routes not designed for such
vehicles. The consequent exposure to trafﬁc injury
can be high for car occupants, and even more so for
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vulnerable road users, such as pedestrians, cyclists
and motorized two-wheeler users (30).
The mixed nature of road trafﬁc in many lowincome and middle-income countries – with pedestrians, bicycles, handcarts, mopeds, motorcycles,
vans, cars, trucks and buses in different proportions – means that many of the technical aspects of
planning, highway design, trafﬁc engineering and
trafﬁc management need to be worked out locally,
rather than being imported. For example, in many
Asian cities, with some notable exceptions, the
road network is used by at least seven categories of
motorized and non-motorized vehicles, of varying
widths and speeds, all sharing the road space. There
is generally no effective channelling or segregation
of the different categories, or speed control (31).
Where planning of land use does take place, it is
often done with a view to creating efﬁcient ﬂows of
trafﬁc, resulting in major arterial, high-speed routes
that cut off different urban sections, to the disadvantage of local residents. Environmental criteria – such
as reductions in noise, pollution and visual intrusion
– are also often employed in planning. Safety considerations are brought in much less often. When safety
criteria are applied to land use planning, though,
there is ample evidence of signiﬁcant reductions in
exposure to trafﬁc injury (29).
Increased need for travel
All growing urban areas experience a movement
of residents from the inner districts to the suburbs.
Socioeconomic changes in many places are leading
to a profusion of out-of-town supermarkets and
shopping malls, with a consequent loss of local
shops. Both of these phenomena generate increased
trafﬁc, less opportunity for travel by public transport, and increased exposure to risk.
These factors need to be better recognized and
evaluated in planning processes. This applies not
only to developed countries but also to developing
countries, some of which contain rapidly-growing
megacities, with their signiﬁcant but undocumented
changes in patterns of wealth and living space.
Choice of less safe forms of travel
Of the four main modes of travel, road travel scores

by far the highest risk in most countries – using
almost any measure of exposure – compared with
rail, air and marine travel (32, 33).
Within the mode of road travel, major variations
in risk exist between pedestrians, cyclists, riders of
motorized two-wheelers, car occupants, and bus
and truck passengers. The risks for these road users
also vary greatly according to the trafﬁc mix and
hence vary greatly from country to country. In general, in high-income countries, riders of motorized
two-wheelers have the highest levels of risk.
In European Union countries, the risk of death
for motorized two-wheeler users is 20 times that
of car occupants (see Table 3.1). Travelling by car is
some 7–9 times safer than cycling or walking, but
car occupants are still 10 times less safe than bus
occupants. All these relative risks are calculated on
the basis of distance travelled. Even when the risks
of walking or cycling before or after a train or bus
trip are taken into account, travel by public transport is still safer than car travel, when the collective
safety of all users is considered (32).
TABLE 3.1

Deaths per 100 million passenger-kilometres versus
passenger-travel hours in European Union countries
for the period 2001–2002
Deaths per 100
Deaths per 100
million passenger- million passengerkilometresa
travel hoursb
Roads (total)
Powered two-wheelers

0.95

28

13.8

440

Foot

6.4

75

Cycle

5.4

25

Car

0.7

25

Bus and coach

0.07

2

Ferry

0.25

16

Air (civil aviation)

0.035

8

Rail

0.035

2

Passenger-kilometres is the total distance covered by all the
individuals travelling on that mode.
b
Passenger-travel hours is the total time spent by all the
individuals travelling on that mode.
Source: reproduced from reference 32, with minor editorial
amendments, with the permission of the publisher.
a

The choice of mode of travel is greatly inﬂuenced
by the climate. Extremes of temperature severely
limit cycling and walking.
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As Table 3.2 shows, the trafﬁc crash cost of injuries among motorized two-wheeler users is also
higher than for any other mode (33).
TABLE 3.2

Trafﬁc crash cost per passenger-kilometres
Mode of transport

Cost per
passenger- km
(in US$)

Commercial aviation

0.01

Rail

0.06

Bus

0.23

Car

0.28

General aviation

0.39

Motorcycle

1.52

Source: reproduced from reference 33, with the permission of the
publisher.

The level and mix of motorized two-wheeler use
have long been volatile features of road use, both
for urban commuting and for rural recreation (34).
In this context, if the number of road injuries is to
be minimized, care should be taken to avoid the
adoption of policies which could encourage the
growth of motorized two-wheeler trafﬁc by giving advantages to motorized two-wheeler users.
A recent report by the organization Transport
for London stated that one reason for providing
motorized two-wheelers with exemption from the
city’s congestion charge scheme was their smaller
contribution to congestion in central London.
Transport for London suggested that there could be
a small increase in motorized two-wheeler activity as a consequence of the new scheme, though
it stated that distinguishing such a change from
background trends could be difﬁcult (35). When
compared against trends over recent years for all
other vehicle types, though, the relative share
of trips undertaken by motorized two-wheelers
was already increasing (35), and motorized twowheeler users are a leading casualty group in the
United Kingdom. By the end of 2002, deaths and
serious injuries among motorized two-wheeler
users in London were 31% above the 1994–1998
average (36). Thus if present trends continue, it
seems unlikely that the target of a 40% reduction
in motorcycle deaths by 2010 will be achieved.

Risk factors inﬂuencing crash
involvement
Speed
The speed of motor vehicles is at the core of the
road injury problem. Speed inﬂuences both crash
risk and crash consequence.
“Excess speed” is deﬁned as a vehicle exceeding the relevant speed limit; “inappropriate speed”
refers to a vehicle travelling at a speed unsuitable for the prevailing road and trafﬁc conditions.
While speed limits only declare higher speeds to be
illegal it remains for each driver and rider to decide
the appropriate speed within the limit.
The speed drivers choose to travel at is inﬂuenced by many factors (see Table 3.3). Modern
cars have high rates of acceleration and can easily reach very high speeds in short distances. The
physical layout of the road and its surroundings
can both encourage and discourage speed. Crash
risk increases as speed increases, especially at road
junctions and while overtaking – as road users
underestimate the speed, and overestimate the distance, of an approaching vehicle.
TABLE 3.3

Examples of factors affecting drivers’ choice of
speed
Road and vehicle
related

Trafﬁc and
Driver related
environment related

Road
Trafﬁc
Width
Density
Gradient
Composition
Alignment
Prevailing speed
Surroundings
Environment
Layout
Weather
Markings
Surface condition
Surface quality
Natural light
Vehicle
Road lighting
Type
Signs
Power/weight ratio Speed limit
Maximum speed
Enforcement
Comfort

Age
Sex
Reaction time
Attitudes
Thrill-seeking
Risk acceptance
Hazard perception
Alcohol level
Ownership of vehicle
Circumstances of
journey
Occupancy of vehicle

Source: reproduced from reference 37, with the permission of the
publisher.

Crash risk

There is a large amount of evidence of a signiﬁcant
relationship between mean speed and crash risk:
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• The probability of a crash involving an injury
is proportional to the square of the speed. The
probability of a serious crash is proportional
to the cube of the speed. The probability of
a fatal crash is related to the fourth power of
the speed (38, 39).
• Empirical evidence from speed studies in various countries has shown that an increase of
1 km/h in mean trafﬁc speed typically results
in a 3% increase in the incidence of injury
crashes (or an increase of 4–5% for fatal
crashes), and a decrease of 1 km/h in mean
trafﬁc speed will result in a 3% decrease in
the incidence of injury crashes (or a decrease
of 4–5% for fatal crashes) (40).
• Taylor et al. (41, 42), in their study on different types of roads in the United Kingdom,
concluded that for every 1 mile/h (1.6 km/h)
reduction in average trafﬁc speed, the highest reduction achievable in the volume of
crashes was 6% (in the case of urban roads
with low average speeds). These are typically
busy main roads in towns with high levels of
pedestrian activity, wide variations in speeds
and high frequencies of crashes.
• A meta-analysis of 36 studies on speed limit
changes showed, at levels above 50 km/h, a
decrease of 2% in the number of crashes for
every 1 km/h reduction in the average speed
(43).
• A variation in speeds between different vehicles travelling at different speeds within the
trafﬁc stream is also associated with crash
occurrence (44).
• A study of crashes within rural 60 km/h zones
involving injuries to car occupants found that
the relative risk of crash involvement doubles,
or more, for each increase of 5 km/h of travelling speed above 60 km/h (45) (see Table
3.4). Travelling at 5 km/h above a road speed
limit of 60 km/h results in an increase in the
relative risk of being involved in a casualty
crash that is comparable with having a blood
alcohol concentration (BAC) of 0.05 gram per
decilitre (g/dl) (45).

TABLE 3.4

Relative risks of involvement in a casualty crash for
speed and alcohol
Speed
(km/h)

Speed
(relative riska)

Blood alcohol
concentration
(g/dl)

Blood alcohol
concentration
(relative riskb)

60

1.0

0.00

1.0

65

2.0

0.05

1.8

70

4.2

0.08

3.2

75

10.6

0.12

7.1

80

31.8

0.21

30.4

Relative to a sober driver travelling at the speed limit of 60 km/h.
Relative to driving with a zero blood alcohol concentration.
Source: reproduced from reference 45 with the permission of the
publisher.
a

b

Severity of crash injuries

Speed has an exponentially detrimental effect on
safety. As speeds increase, so do the number and
severity of injuries. Studies show that the higher
the impact speed, the greater the likelihood of serious and fatal injury:
• For car occupants, the severity of crash injury
depends on the change of speed during the
impact, usually denoted as Δv. As Δv increases
from about 20 km/h to 100 km/h, the probability of fatal injuries increases from close to
zero to almost 100% (46).
• The probability of serious injury for belted
front-seat occupants is three times as great at
30 miles/h (48 km/h) and four times as great
at 40 miles/h (64 km/h), compared with the
risk at 20 miles/h (32 km/h) (47).
• For car occupants in a crash with an impact
speed of 50 miles/h (80 km/h), the likelihood
of death is 20 times what it would have been at
an impact speed of 20 miles/h (32 km/h) (48).
• Pedestrians have a 90% chance of surviving car
crashes at 30 km/h or below, but less than a
50% chance of surviving impacts at 45 km/h
or above (49, 50) (see Figure 3.3).
• The probability of a pedestrian being killed rises
by a factor of eight as the impact speed of the car
increases from 30 km/h to 50 km/h (51).
• Older pedestrians are even more physically vulnerable as speeds increase (52) (see Figure 3.4).
• Excess and inappropriate speed contributes to
around 30% of fatal crashes in high-income
countries (53).
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FIGURE 3.3

Pedestrian fatality risk as a function of the impact
speed of a car

Probability of death

1
0.8
0.6
0.4
0.2
0
0

20

40
60
Impact speed (km/h)

80

100

Source: reproduced from reference 49, with the permission of the
publisher.

in trucks and buses to restrict speeds above a certain
limit, such devices are frequently resisted in lowincome and middle-income countries for commercial reasons, or else, if installed, are disabled
by the operators. Commercial operations are often
based on timetables that put pressure on drivers to
speed. In many low-income and middle-income
countries, the pay of bus drivers is related to ticket
receipts, which encourages high speeds (58).
Everywhere, speed limits are widely ﬂouted (37).
At high speeds, environmental damage from exhaust
emissions and trafﬁc noise are greater at higher than
at moderate speeds.
Figure 3.5 summarizes the main effects of speed
on the risk of crashes and crash injury.

FIGURE 3.4

FIGURE 3.5

Fatal injury rates by vehicle speed and pedestrian
age in Florida, 1993–1996 (pedestrians in singlevehicle crashes)

Summary of the effects of speed on crashes and crash
injury
In highly-motorized countries, excessive and inappropriate
speed is a major cause of around one in three of all fatal
and serious crashes (53). Speed affects the risk of a crash
occurring: the greater the speed, the less time there is to
prevent a collision. At the same time, the greater the
speed, the more severe the consequences, once a crash
has occurred. Various studies have indicated that:
� An average increase in speed of 1 km/h is associated
with a 3% higher risk of a crash involving an injury (40,
41).

70
65 or more years
45–64 years
25–44 years
15–24 years
14 or less years

Percentage killed

60
50
40
30
20
10
0
1–20 mph
1.6–32 km/h

* 1 mile = 1.6 km

21–25 mph
33.6–40 km/h

26–30 mph
41.6–48 km/h

31–35 mph
49.6–56 km/h

36–45 mph
57.6–72 km/h

>46 mph
>73.6 km/h

Estimated vehicle travel speed*

Source: reproduced from reference 52, with minor editorial
amendments, with the permission of the publisher.

In China, in 1999, speed was the main reported
cause of road trafﬁc crashes (54). Errors – such as
loss of control of vehicle, speeding, misjudgement
and improper overtaking – contributed to 44% of
all police-reported crashes in Kenya (55). Speed was
identiﬁed as the main contributory factor in 50% of
road crashes in Ghana between 1998 and 2000 (56).
Speed has also been identiﬁed as an important
factor in crashes involving commercial road transport and public passenger vehicles (55, 57). In South
Africa, for instance, 50% of such crashes are related
to speed (57). While in many high-income countries, there is increasing use of in-built mechanisms

� In severe crashes, the increased risk is even greater. In
such cases, an average increase in speed of 1 km/h leads
to a 5% higher risk of serious or fatal injury (40, 41).
� Travelling at 5 km/h above a road speed limit of 65
km/h results in an increase in the relative risk of
being involved in a casualty crash that is comparable
with having a BAC of 0.05 g/dl (45).
� For car occupants in a crash with an impact speed of
50 miles/h (80 km/h), the likelihood of death is 20 times
what it would have been at an impact speed of 20 miles/h
(32 km/h) (48).
� Pedestrians have a 90% chance of surviving car
crashes at 30km/h or below, but less than a 50%
chance of surviving impacts at 45 km/h or above (50).
� The probability of a pedestrian being killed rises by a
factor of 8 as the impact speed of the car increases from
30 km/h to 50 km/h (51).

Pedestrians and cyclists
A disproportionately large number of pedestrian
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crashes and cyclist crashes occur in low-income
countries (4, 59– 61). Pedestrian casualties also
represent a huge cost to society in industrialized
nations (62), where the risks (measured in distance
travelled or time spent travelling) are many more
times higher for pedestrians and cyclists than for
car users (63).
The crash risks incurred by pedestrians and
cyclists result from a complex mix of factors. A
fundamental factor in high-income countries is
the fact that the modern trafﬁc system is designed
largely from the perspective of a motor vehicle
user (64). Provision for pedestrians and cyclists in
low-income countries is rudimentary or even nonexistent.
The principal risk factor for unprotected road
users is the mixing of unprotected people with
motor vehicles capable of high speeds (5, 60, 65).
The survival of unprotected users depends upon
ensuring either that they are separated from the
high speeds of motor vehicles or – in the more
common situation of shared use of the road – that
the vehicle speed at the point of collision is low
enough to prevent serious injury on impact with
crash-protective safer car fronts. The absence of
adequate separate pedestrian and cyclist facilities,
such as footpaths or cycle tracks, creates a high risk
for these road users.
If separation is not possible, road management
and vehicle speed management are essential. At
low speeds, drivers have more time to react to
unexpected events and to avoid collisions. At
speeds of less than 30 km/h, pedestrians and
cyclists can mix with motor vehicles in relative
safety (51). Poor provision at crossings and junctions is also a feature of unsafe shared use. In urban
areas, most fatal or serious cyclist crashes occur at
junctions (66).
Other risk factors for pedestrians and cyclists
include:
— poor street visibility;
— poor understanding on the part of pedestrians of road safety; in a study in Jordan,
nearly half of children crossing a road did
not check for oncoming trafﬁc even once
before or while crossing (67);

— alcohol impairment on the part of the
cyclists or pedestrians;
— poor design of the fronts of cars (6 2, 6 8–71).
Young drivers and riders
Globally, road crash injury is a leading cause of
death for young drivers and riders (72). Both
young age and inexperience contribute to the high
risk of these drivers and riders. Young drivers have
a higher crash risk than older drivers (73). Being a
young male is also predictive of crash involvement
as a driver. It has been established in industrialized
countries that men, especially young men in their
ﬁrst few years of driving, have higher rates of crash
involvement than women, even when corrected for
exposure factors (74).
In a study of injuries in Australia, Japan, Malaysia and Singapore, the highest injury risk was
found among motorcyclists with a provisional
licence, followed by those in their ﬁrst year of
riding (75).
The crash risks for teenage drivers are greater
than those for any other comparable age group,
with 16-year-old and 17-year-old drivers being
at particular risk (76). Studies in developed countries indicate that the risks were particularly high
during the 12 months after a full licence had been
issued (76). The factors behind the elevated risk
include:
— mobility patterns and vehicle characteristics
(e.g. the vehicle is often borrowed);
— psychological characteristics, such as thrillseeking and over-conﬁdence;
— less tolerance of alcohol compared with
older people;
— excess or inappropriate speed, the most
common error among young drivers and
riders.
Late-night driving is also a predictive factor for
serious crashes among young drivers. For 16-yearold drivers, the late-night risk is three times the
daytime risk (see also Box 3.1). While the nighttime risks are greater for the youngest drivers, it is
among drivers aged 20–44 years that the ratio of
night-time driving risk to daytime risk is greatest
– by a factor of four (76).
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BOX 3.1

The human consequences of speed
Joelle Sleiman is 21 years old and lives in Marjeyoun in southern Lebanon. Her family – including her parents
and two younger brothers – managed to survive the long civil war without serious incidents. On 16 August 2001,
though, they were struck by tragedy when the two sons – Nicolas, 17 years, and Andy, 16 years – were involved
in a car crash.
Nicolas loved cars and fast driving. Because of the lack of law enforcement in their area he was able to take
the car out without a licence and drive at high speeds. He didn’t listen to his parents’ pleas not to drive.
On that terrible night, Joelle’s mother was watching television late, waiting for the boys to come home.
Instead, news of the crash arrived. Joelle and her parents rushed to the hospital, where they found Andy dead
and Nicolas in a grave condition, not responding to treatment. They managed, with difﬁculty, to have Nicolas
transferred to a hospital in Beirut, where he lay in a coma.
On the same day that Andy’s funeral was held, the father was told that Nicolas’s prospects were not promising.
The family spent the next week praying for a miracle, but nothing could be done. Nicolas died one week after
his brother. It eventually emerged that the boys were trying to avoid an unknown driver coming at them in the
wrong direction, when they hit a wall.
When Joelle talks to other teenagers about speeding, they sometimes say to her, “It is up to us if we choose
to die”. They forget, Joelle points out, that they are not the only ones affected, that there are parents, brothers,
sisters and close friends who love them. They should also think about that.
Losing her two brothers has completely changed Joelle’s life. She now lives alone at home with her parents.
She joined the Youth Association for Social Awareness (YASA), which has helped ease her inner pain. While she
will not get her brothers back, she says that at least she can help other sisters avoid what she went through. Her
work with YASA gives her pride, and she does it thinking of Andy and Nicolas.

The risk for young drivers increases exponentially as the number of passengers increases (76).
One case–control study indicated that a third of all
crashes involving young drivers might have been
prevented if young drivers had been restricted to
driving with no more than one passenger (77).
Alcohol
Crash risk

A case–control study carried out in Michigan,
United States, in 1964, known as the Grand
Rapids study (78), showed that drivers who had
consumed alcohol had a higher risk of involvement in crashes than those with a zero BAC and
that this risk increased rapidly with BAC. These
results provided the basis for the future setting of
legal blood alcohol limits and breath content limits in many countries around the world, typically
at 0.08 g/dl.
In 1981, an Australian study found that the
risk of crash involvement was 1.83 times greater

at a BAC of 0.05 g/dl than at a BAC of zero (79).
Re-analysis of the Grand Rapids data by Hurst et
al. (80) also concluded that the risks associated
with lower BAC levels were greater than originally
thought. This information, together with ﬁndings from behavioural and experimental studies
(81), provided a justiﬁcation for many countries to
reduce their legal BAC limits to 0.05 g/dl.
A major case–control study – using more robust
research design and multivariate analytical techniques than the Grand Rapids study – has recently
taken place to determine at what level of BAC an
elevated crash risk begins (82). This study, involving 14 985 drivers, was conducted in the United
States at Long Beach, California and Fort Lauderdale, Florida. The overall result was in agreement
with previous studies showing increasing relative
risk as levels of BAC increased (see Figure 3.6). The
study found that the relative risk of crash involvement starts to increase signiﬁcantly at a BAC level
of 0.04 g/dl.

CHAPTER 3. RISK FACTORS • 81

FIGURE 3.6

Severity of crashes

A study in the United States of relative fatality risks at different BAC
6
levels indicated that for single-vehicle crashes, each 0.02% increase in
5
BAC level approximately doubled
4
the risk of involvement in a fatal
crash (86). A similar ﬁnding was
3
Compton et al., 2002 (82); Moskowitz et al., 2002 (84)
reported in a New Zealand study that
2
used a sample of crashes involving
mainly single vehicles. The study
1
calculated the risk for a driver of a
Borkenstein et al., 1964 (78); Allsop, 1966 (83)
fatal injury during the night-time,
0
according to the number of passen0
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.1
gers in the vehicle, the driver’s age
Blood alcohol concentration (BAC) in g/dl
and the driver’s BAC level (88).
Source: references 78, 82–84.
A study in the United Kingdom,
comparing data from roadside surveys with the
An Australian study of alcohol and motorcycle
corresponding ranges of BAC levels collected from
crashes found that having a BAC level greater than
coroners’ reports, showed that the relative fatality
zero was associated with ﬁve times the risk relative
risk increases exponentially with BAC, and that this
to a zero BAC (85).
risk was an order of magnitude larger than the risk
of being involved in a crash with injuries (89).
Age of drivers
The frequency of drinking and driving varies
The risk of a crash with alcohol varies with age
considerably
around the world. Despite that, and
and drinking experience. Zador estimated that
despite the fact that there have been few studcrash rates of male drivers aged 16–20 years were
ies in low-income countries, research indicates
at least three times the estimated crash rate of
that the phenomenon continues to be a major
male drivers aged 25 years and above, for every
risk factor in trafﬁc crashes. After many years of
BAC level (86). With few exceptions, the relative
decline, the rate of road trafﬁc deaths involving
risk of being fatally injured in a single-vehicle
alcohol has begun rising in several high-income
crash was found to decrease with increasing
countries (90). A review of surveys of drinking
driver age for every BAC level, for both men and
and driving levels in trafﬁc in European Union
women (87).
countries found that alcohol was present in
A study on drivers killed in road crashes estibetween 1% and 3% of drivers (91). Roadside
mated that teenage drivers had more than ﬁve
surveys taken in Croatia indicated that over 4%
times the risk of a crash compared with drivers
of drivers were intoxicated (92). A Ghanaian
aged 30 and above, at all levels of BAC. Drivers
study found that over 7% of drivers in a random
in the 20–29 years age group were estimated to
breath test had BAC levels above 0.08 g/dl (93).
have a three times higher risk than drivers aged
In New Delhi, India, a study showed that a third
30 years and above, at all BAC levels (88). Teenof motorized two-wheeler riders taken to hosage drivers with a BAC of 0.03 g/dl carrying two
pital admitted to driving under the inﬂuence of
or more passengers were 34 times more at risk of
alcohol (94).
a crash than drivers aged 30 years or more, with
Crash risk relative to zero BAC

Relative risk of driver involvement in police-reported crashes

zero BAC, driving with one passenger (88).
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The effects of alcohol consumption on the risk
of crashes and of crash injury are summarized in
Figure 3.7.
FIGURE 3.7

Effects of alcohol on risk of crashes and on crash injury
� Drivers and motorcyclists with any level of BAC
greater than zero are at higher risk of a crash than
those whose BAC is zero.
� For the general driving population, as the BAC
increases from zero, the risk of being involved in a crash
starts to rise significantly at a BAC of 0.04 g/dl (82).
� Inexperienced young adults driving with a BAC of
0.05 g/dl have 2.5 times the risk of a crash compared
with more experienced drivers (95).
� A study on drivers killed in road crashes estimated that
teenage drivers had more than five times the risk of a
crash compared with drivers aged 30 and above, at all
levels of BAC. Drivers 20–29 years old were estimated
to have three times the risk compared with drivers
aged 30 years and above, at all BAC levels (88).
� Teenage drivers with a BAC of 0.03 g/dl carrying two
or more passengers were 34 times more at risk of a crash
than drivers aged 30 years or more, with zero BAC,
driving with one passenger (88).
� If a BAC limit is fixed at 0.10 g/dl, this will result in
three times the risk of a crash that exists with the most
common limit, in high-income countries, of 0.05 g/dl. If
the legal limit stands at 0.08 g/dl, there will still be twice
the risk that there would be with a limit of 0.05 g/dl.
� Alcohol consumption by drivers puts pedestrians and
riders of motorized two-wheelers at risk.

Research on the role of alcohol in crashes

Apart from in those countries where alcohol is
prohibited, impairment by alcohol is likely to
be an important factor in causing crashes and
in exacerbating the consequences of crashes.
Systematic surveillance, though, is not established
in many countries (96, 97). In many low-income
countries, the police often lack the means, in terms
of human resources and equipment, to monitor
routinely the level of alcohol in drivers, even where
legal limits exist (96).
As Odero and Zwi (97) for low-income and
middle-income countries and the European
Transport Safety Council (ETSC) for Europe (91)
have outlined, variable measurements; testing for
different injury severities and different thresholds for BAC (where they exist), preclude a full
comparison of excess alcohol levels between
countries. Some studies refer to presence of any
alcohol, others to alcohol over the legal limit,
where such a limit exists.
From an investigation of studies conducted in
low-income countries, it emerged that alcohol
was present in between 33% and 69% of fatallyinjured drivers, and in between 8% and 29% of
drivers involved in crashes who were not fatally
injured (97). Peden et al. (98) found that alcohol
was a factor in around 29% of non-fatally-injured
drivers, and in over 47% of fatally-injured drivers
in South Africa. A later study found excess alcohol in over 52% of trauma patients involved in
road crashes (99) (see also Box 3.2).

BOX 3.2

Alcohol-related road trafﬁc deaths in South Africa
According to the South African national injury mortality surveillance system, there were 25 361 fatal injuries
registered at 32 state mortuaries in 2001. This represents approximately 35% of all non-natural mortality in South
Africa in that year. Transport-related deaths accounted for 27% of all the fatal injuries. Pedestrians were the group
of road users most frequently killed (37.3%), followed by passengers of vehicles (17.4%), drivers (14.0%) and cyclists
(3.1%).
Alcohol is a major risk factor for all types of fatal road trafﬁc injury in South Africa. Tests for BAC were conducted
on 2372 (or 34.6%) of the 6859 transport-related deaths. More than half (51.9%) of all transport-related deaths had
elevated BAC, and of these positive cases, 91% recorded BAC levels of 0.05 g/dl or higher.
Pedestrians, followed by drivers, were most likely to be BAC-positive (see table below).
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BOX 3.2 (continued)
Blood alcohol concentration (g/dl)
Zero
(%)

0.01–0.04
(%)

0.05–0.14
(%)

0.15–0.24
(%)

Pedestrians

37.5

Passengers

62.6

Drivers
Cyclists

> 0.25
(%)

5.4

12.0

20.5

24.7

4.7

14.0

13.7

5.0

48.2

5.3

18.2

18.8

9.5

61.3

3.2

15.1

14.0

6.5

Pedestrian fatalities also had the highest mean BAC levels (0.20 g/dl). Over 50% of drivers killed had elevated BAC
levels and the mean level for drivers – 0.17 g/dl – was over three times the legal limit for driving, currently set in South
Africa at 0.05 g/dl.

Research in the United States indicates that
motorized two-wheeler riders have higher intoxication rates than motor vehicle drivers (100).
In Sweden, the Netherlands and the United
Kingdom, the proportion of fatally-injured drivers
with excess alcohol for each country is around 20%,
though the legal limits in these countries differ considerably, being 0.02 g/dl, 0.05 g/dl and 0.08 g/dl,
respectively (101).
Perception of risk of being caught with excess
alcohol

Research has shown that the only consistently effective
strategy for dealing with the problem of excess alcohol is to increase the perceived risk of being caught.
Such a perception is considered a better deterrent than
the severity or the swiftness of the penalty (102). With
a few exceptions – including Australia and the Nordic
countries – both the perception and the actual likelihood of being detected for excess alcohol are low in
most countries, irrespective of personal income (91).
In Thailand, over 80% of people surveyed considered
their chances of being stopped by the police for BAC
testing very low, while over 90% accepted the beneﬁt
of the law being enforced (103).
Pedestrians

Alcohol as a risk factor in pedestrian crashes has
been well documented in high-income countries
over several decades. Pedestrians impaired by
alcohol, however, present a different order of risk
to that of drinking drivers who pose more risks to
themselves and others.

Clayton et al. established that for pedestrians there
was a signiﬁcantly higher risk of fatality relative to
zero alcohol at BAC levels above 0.1 g/dl (104).
A review of Australian studies of alcohol involvement in pedestrian crashes showed that 20–30% of
pedestrian casualties had a BAC level in excess of
0.15 g/dl, with alcohol involvement being greater
among fatalities (105). Peden et al. (98) found that
alcohol was a factor in over 61% of fatally-injured
pedestrians in South Africa. A recent study in the
United Kingdom concluded that 48% of pedestrians
killed in road trafﬁc collisions had been drinking,
and that 39% of fatalities were over the legal BAC
limit for driving (106). The proportion of male and
female injured pedestrians consuming alcohol had
increased by a third in the 16–19 years age group,
when compared with ﬁndings from an earlier study
conducted in 1985–1989 (107).
Medicinal and recreational drugs
While the contribution of alcohol to road crashes is
much greater than that of any other drug, any medication or drug that affects the central nervous system
has the potential to impair drivers (108). The effects,
though, of both medicinal and recreational drugs
on driving performance and crash involvement are
much less well understood than those of alcohol,
especially for low-income and middle-income countries. Determining the relationship between dose
levels of drugs and increased crash risk is a complex matter. There exists a range of problems that
make any interpretation of the relationship between
drug levels (however measured) and driving safety
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extremely difﬁcult, including the following:
• Most drugs, unlike alcohol, do not exhibit a
simple relationship between drug blood-content and level of impairment (109, 110).
• Drugs within a particular category (e.g. antidepressants) can vary widely in their inﬂuence on behaviours, such as the distance a
driver can brake in.
• Medically-impaired drivers may be safer driving with their drugs than without them, as
in the case, for example, of schizophrenic
patients with antipsychotic drugs (111).
• There are large individual differences in
response to particular drugs.
• The short-term effects of certain drugs may
differ from long-term effects (112).
• Many drugs are currently being used and several are often taken at the same time. Combinations of drugs may have synergistic effects (e.g.
codeine and antipsychotic drugs with alcohol)
or antagonistic effects. The number of possible
interactions is great (65, 113).
Currently, there is no strong evidence that the
use of drugs and driving constitutes a signiﬁcant
road crash risk. However, there is evidence for the
increasing use among drivers of many psychoactive
drugs, both medicinal and recreational, often in
conjunction with alcohol (114, 115). This is an issue
that needs urgent research.
Although studies support the notion that cannabis

induces impairment (109), and in some countries
there is a growing incidence of cannabis found in the
blood of fatally-injured drivers, the evidence for its
causal relationship with road trafﬁc crashes remains
undecided (109, 116, 117). A recent case–control study
in France, though, found a higher prevalence of alcohol, cannabis and a combination of the two in blood
samples from drivers involved in road crashes than in
those from controls (118). A study in the United Kingdom also suggested a strong relationship between use
of alcohol and cannabis together, and a clear reduction
in driver capability following their use, compared
with control data (119).
What is known suggests that drug use is a signiﬁcant factor in some cultures but inadequate knowledge
precludes quantifying the levels of risk at present.
The availability and reliability of blood-screening
procedures and conﬁrmation tests for measuring
alcohol and drug levels are problems for most lowincome and middle-income countries. There is also
the concern in high-income countries about screening for cannabis, since the substance can remain in
the bloodstream for up to three weeks – hence making any attempt to link its use with driver impairment
in a particular case exceptionally difﬁcult.
Driver fatigue
Fatigue or sleepiness is associated with a range of
factors (120) (see Table 3.5), including long-distance

TABLE 3.5

Factors that predispose a driver to fatigue
Drivers at risk of fatigue

Temporal factors
causing fatigue

Environmental
factors in fatigue

Sleep-related
factors

Young drivers (up to 25 years)

Driving between 02.00
and 05.00

Driving in remote areas
with featureless terrain

Driving with sleep debt

Drivers over 50 years

More than 16 hours of
wakefulness before trip

Monotonous roads

Driving with a
sleep-related condition

Males

Long work period before trip

Main arterial roads

Driving when normally asleep

Shift workers

Long time since start of trip

Long-haul driving

Drivers disposed to nodding off

Those for whom driving
is part of job

Irregular shift work before trip

Unexpected demands,
breakdowns, etc.

Driving after poor-quality sleep

Those with medical conditions
(such as narcolepsy)

Driving after successive
nights of shift work

Extreme climatic conditions

After consuming alcohol

Driving under time pressure

Driving an unfamiliar route

Driving after inadequate
rest and sleep

Some drivers are drowsy
in the afternoon

Source: reproduced from reference 120, with minor editorial amendments, with the permission of the author.
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driving, sleep deprivation and the disruption of circadian rhythms. Three high-risk groups have been
identiﬁed (121):
— young people, particularly males, aged
16–29 years;
— shift workers whose sleep is disrupted by
working at night or working long, irregular
hours;
— people with untreated sleep apnoea syndrome or narcolepsy.
Estimates of the proportion of car crashes attributable to driver sleepiness vary, depending on the
type of study and the quality of data. A populationbased case–control study in New Zealand found
that factors that substantially increased the risk of a
fatal crash or a crash with serious injuries were:
— driving while feeling sleepy;
— driving after less than ﬁve hours of sleep in
the preceding 24 hours;
— driving between 02:00 and 05:00.
The study concluded that a reduction in all three
of these behaviours could reduce the incidence of
crashes involving injury by up to 19% (122).
Surveys of commercial and public road transport in developing countries have revealed that
transport owners, in pursuit of increased proﬁts,
frequently force their drivers to drive at excessive
speeds, to work unduly long hours and to work
when exhausted (58, 59, 123).
Studies by the National Transportation Safety
Board (NTSB) in the United States found that 52%
of 107 single-vehicle crashes involving heavy trucks
were fatigue-related and that in nearly 18% of the
cases, the drivers admitted to having fallen asleep.
The United States Department of Transportation’s
investigations into fatigue in the 1990s showed that
fatigue was a factor in about 30% of fatal crashes
involving heavy commercial transport (124–126).
In Europe, studies have been less comprehensive,
and have often involved retrospective accounts that
were likely to underestimate the impact of fatigue.
These limitations notwithstanding, research from
some European countries suggests that driver
fatigue is a signiﬁcant factor in approximately 20%
of commercial transport crashes. The results from
a range of surveys show that more than a half of

long-haul drivers have at some time fallen asleep at
the wheel (127).
Peak levels of fatigue-related crashes at night are
often 10 times higher than daytime levels. Research
in France on the working hours and habits of truck
drivers (128) showed that their risk of crashes
related to fatigue increased when:
— they were driving at night;
— the length of their working day had increased;
— they were working irregular hours.
Hand-held mobile telephones
The number of hand-held mobile telephones has
increased rapidly in many high-income countries
– in the United States, for example, from 500 000
in 1985 to over 120 million in 2001. Europe has
also seen sharp increases in their number (129).
The use of hand-held mobile telephones can
adversely affect driver behaviour – as regards physical
as well as perceptual and decision-making tasks. The
process of dialling inﬂuences a driver’s ability to keep
to the course on the road (130). Results of studies on
distraction and mental load show that driver reaction
times are increased by 0.5–1.5 seconds when talking
into a mobile telephone (131, 132).
Studies have shown that driver performance is
particularly affected in maintaining the correct
lane position and the headway between two vehicles travelling one behind the other, in keeping to
an appropriate speed, and in judging and accepting
safe gaps in the trafﬁc (130, 131, 133, 134). There is
also some evidence from studies that drivers who
use mobile telephones while driving face a risk of
a crash four times higher than those who do not
use them (135). Almost a half of drivers, though,
involved in a crash used a mobile telephone to
call for help (135). To date, at least 35 countries
or territories have banned the use of hand-held
mobile telephones while driving. While the use of
hands-free telephones can also distract drivers, the
current evidence suggests that the effect is less than
that for hand-held telephones (129).
Inadequate visibility
To see and be seen is a fundamental prerequisite
for the safety of all road users. Detailed studies
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in Australia, Germany and Japan have shown that
visual errors play a very important role in the cause
of crashes (136).
In highly-motorized countries, inadequate visibility plays a key role in three types of crashes (137):
— a moving vehicle running into the rear or
side of a slowly moving or stationary vehicle
located ahead on the roadway, at night-time;
— angled collisions or head-on collisions in
daytime;
— rear-end collisions in fog, in daytime and at
night.
In low-income and middle-income countries,
the phenomenon of pedestrians and vehicles not
being properly visible is frequently a serious problem. In these places, there are fewer roads with
adequate illumination and some may not be lit at
all. In addition, it is more common for large numbers of bicycles and other vehicles to have no lights
and for road space to be shared by fast-moving and
slow-moving road users.
Cars and trucks

An analysis of crashes in the state of Victoria, Australia, suggests that not being sufﬁciently visible is
a factor in 65% of crashes between cars and motorized two-wheelers and the sole cause in 21% of
them (138). A meta-analysis of the effect of using
daytime running lights found a 10–15% reduction
in daytime crashes involving more than one party.
A few countries currently require the ﬁtting and
use of daytime running lights (139).
Research in Germany has shown that nearly 5%
of severe truck crashes can be traced back to poor
visibility of the truck or its trailer at night. In these
cases, car drivers failed to recognize trucks turning
off the road, turning around or driving ahead of
them (140).
A number of crashes involve drivers who fail to
see other road users in the blind spots that exist in
the area immediately around their vehicles. When
larger vehicles such as trucks or buses are involved,
these crashes frequently lead to serious injuries or
even fatalities among vulnerable road users, such as
pedestrians, cyclists or drivers of motorized twowheelers (141).

Motorized two-wheelers

Motorized two-wheelers, because of their size and
shape, are less easy to see than other motor vehicles
and have poor visibility in daytime (142). A study
in Malaysia found that most motorcycle crashes
were in daytime and that around two-thirds of the
riders involved had the right of way (143). Motorized two-wheelers that use daytime running lights
have a crash rate about 10–29% lower than those
that do not (66, 144).
Pedestrians and cyclists

In low-income countries, the mix of motorized
and non-motorized trafﬁc, together with frequent
poor lighting, leads to a high risk for unprotected
users if they are not seen by trafﬁc. Lack of access to
retro-reﬂective equipment, absence of bicycle lamp
ﬁtment, and use of darkly coloured bicycle helmets
exacerbate already unsafe conditions. A review of
European in-depth research found that one third
of pedestrian casualties had difﬁculty in seeing the
striking vehicle. Similarly, two ﬁfths of drivers had
difﬁculty in seeing the pedestrian (63). The more
conspicuous a particular motor vehicle is to all other
road users, and the more visible the other road
users are to the particular driver, then the greater
the opportunity of avoiding a collision. More than
30% of bicycle crashes in the Netherlands occurring
at night or in twilight could have been avoided, it is
estimated, if bicycle lighting had been used (145).
Road-related factors
Road crashes tend not to be evenly distributed
throughout the network. They occur in clusters at single sites, along particular sections of road, or scattered
across whole residential neighbourhoods, especially
in areas of social deprivation (146). While road engineering can greatly help in reducing the frequency and
severity of road trafﬁc crashes, poor engineering can
contribute to crashes. The road network has an effect
on crash risk because it determines how road users
perceive their environment and provides instructions
for road users, through signs and trafﬁc controls, on
what they should be doing. Many trafﬁc management
and road safety engineering measures work through
their inﬂuence on human behaviour (6).
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Negative road engineering factors include those
where a road defect directly triggers a crash, where
some element of the road environment misleads a
road user and thereby creates error, or where some
feasible physical alteration to the road that would have
made the crash less likely has not been made(147).
In the planning, design and maintenance of the
road network, four particular elements affecting
road safety have been identiﬁed (148). These elements are:
— safety-awareness in the planning of new
road networks;
— the incorporation of safety features in the
design of new roads;
— safety improvements to existing roads;
— remedial action at high-risk crash sites.
The absence of any of these elements, discussed
below, are risk factors for crashes.
Inattention to safety in planning new road
networks

As already mentioned, crash risks in road networks
are frequently increased by the existence of unnecessary motorized travel, by policies encouraging
travel by less safe modes, and by the creation of
unsafe mixes of travel (5).
Speciﬁc situations related to road planning that
are risk factors for crashes include (5, 148):
— through-trafﬁc passing through residential
areas;
— conﬂicts between pedestrians and vehicles
near schools located on busy roads;
— lack of segregation of pedestrians and highspeed trafﬁc;
— lack of median barriers to prevent dangerous
overtaking on single-carriageway roads;
— lack of barriers to prevent pedestrian access
onto high-speed dual-carriageway roads.
The growth in urbanization and in the number
of motorized vehicles in many low-income and
middle-income countries has not been accompanied by adequate attention to road design.
Inattention to safety in designing roads

Where road layouts are self-explanatory to their
users – through the use of markings, signs and

physically self-enforcing measures to reduce speed
– engineering can have a beneﬁcial inﬂuence on
behaviour. Engineering design, though, can often
have negative inﬂuences on behaviour – when
there is incompatibility between the function of
the roads, their layout and their use, this creates
risk for road users.
Uncertainty among road users about the layout of
roads – through the absence of clear and unambiguous markings and signs – is a particular risk factor
for crashes. Similarly, the lack of self-enforcing
measures to reduce speed will increase the risk.
Straight, unmarked single-carriageway roads
encourage drivers to speed. Other risk factors are
the poor design and control of junctions and insufﬁcient lighting.
Safety defects in existing roads

Defects contributing to crash risk can appear in
road designs, especially if they have not been
subject to a safety audit by experienced safety personnel. Such defects are frequently caused by the
poor design of junctions or by design that allows
for large differences in the speed and the mass of
vehicles and in the direction of travel.
Bad road surface conditions are a particular risk
factor for users of motorized two-wheelers. Often,
where there is no safety impact study to assess
the effects of a new road scheme on the existing
network, a new road scheme can have an adverse
impact on large areas.
Lack of remedial action at high-risk crash sites

Large numbers of high-risk crash sites exist everywhere, located either at isolated spots or grouped
along particular stretches of road. Many of them
are well-known and documented. Some 145 dangerous locations, for example, have been identiﬁed
on Kenya’s main rural road network (149). If such
sites are not dealt with, promptly and systematically, there will be a great risk of further crashes.
A survey of 12 European Union countries found
that many of them lacked comprehensive remedial
programmes for high-risk sites (147). The survey
showed that:
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— only seven countries reported having a formal
policy;
— only six had national guidelines or manuals;
— only ﬁve reported taking speciﬁc steps to
stimulate remedial schemes;
— only three reported having a separate
national budget;
— only three reported that evaluations were
standard practice in applying remedial
schemes.
Vehicle-related risk factors
While vehicle design can have considerable inﬂuence on crash injuries, its contribution to crashes,
through vehicle defects, is generally around 3% in
high-income countries (150), about 5% in Kenya
(4) and 3% in South Africa (151).
Though periodic vehicle inspections have not
been found useful in reducing injury crashes,
inspections and checks for overloading and safetyrelated maintenance for larger commercial vehicles
and buses could be important for vehicles more
than 12 years old (152).
While there is in general no evidence that periodic motor vehicle inspections reduce crash rates,
the exception is in the ﬁeld of commercial vehicles,
where defective brakes on large trucks have been
shown to be a risk factor (153).

Risk factors inﬂuencing injury
severity
Well-established risk factors that contribute to the
severity of a crash include:
— inadequate in-vehicle crash protection;
— inadequate roadside protection;
— the non-use of protective devices in vehicles;
— the non-use of protective crash helmets;
— excessive and inappropriate speed;
— the presence of alcohol.
Lack of in-vehicle crash protection
In the past decade, the crashworthiness of private
cars for their occupants has improved considerably
in many high-income countries, though there is
considerable room for further improvement (53,
71, 154, 155).

In low-income countries, the regulation of motor
vehicle safety standards is not as systematic as in
high-income countries. Many engineering advances
that are found in vehicles available in high-income
countries are not standard ﬁttings in vehicles in lowincome countries (4). In addition, the majority of road
casualties in low-income countries occur outside the
car, with those affected being pedestrians, cyclists,
motorized two-wheeled vehicle riders or passengers
in buses and trucks. As yet, there are no requirements
to protect vulnerable road users by means of crashworthy designs for the fronts of cars or buses (61).
Car occupants

The main injury risks for car occupants arise from
the way vehicles interact with each other and with
the roadside in frontal and side-impact crashes. In
fatal and serious crashes, head, chest and abdominal injuries are predominant. Among injuries that
cause disablement, those to the legs and neck are
important. Determinants for the degree of severity
of injuries include:
— contact by occupant with the car’s interior,
exacerbated by intrusion into the passenger
compartment caused by the colliding vehicle
or object;
— mismatch in terms of size and weight
between vehicles involved in a crash;
— ejection from the vehicle;
— inadequate vehicle safety standards.
The European Commission has stated that if all
cars were designed to be equal in standard to the
best car currently available in each class, then an
estimated 50% of all fatal and disabling injuries
could be avoided (53).
The relationship between vehicle age and risk
of a car crash with injury has recently been investigated. The study showed that occupants in cars
manufactured before 1984 have approximately
three times the risk of a car crash injury compared
with occupants of newer cars (156).
Pedestrians

Crashes between vehicles and pedestrians are
responsible for more than a third of all trafﬁc-related
deaths and injuries worldwide (62). Compared with
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vehicle occupant casualties, pedestrians sustain more
multiple injuries, with higher injury severity scores
and higher mortality rates (157).
Research in Europe suggests that two thirds
of all fatally-injured pedestrians are hit by the
front of a car; 11% are hit by other parts of a car.
Impacts with all other types of vehicle account for
the remaining 23% of pedestrian fatalities (154).
In many low-income and middle-income countries, buses and trucks are also a major source of
injury through impact for pedestrians, bicyclists
and motorized two-wheeler riders. In India, in the
cities and on rural highways, buses and trucks are
involved in more than 50% of the crashes affecting pedestrians (158). The distribution of different vehicle types involved in pedestrian crashes
in Ghana, shown in Table 3.6, is fairly typical for
low-income countries. In Ghana, car-to-pedestrian impacts are the leading cause of pedestrian
death and injury, followed by collisions of buses or
minibuses with pedestrians.
TABLE 3.6

Frequency of involvement of different vehicles
in pedestrian crashes and fatalities in Ghana,
1998–2000
Vehicle type

Cars/taxis

Percentage
involvement in all
crashes

Percentage
involvement in fatal
crashes

54.0

37.8

Bicycle

5.2

0.8

Motorcycle

2.8

2.1

Bus/minibus

23.4

31.8

Heavy goods vehicle

7.3

18.6

Pick-up trucks

6.4

7.6

Others

0.9

1.3

Source: reproduced from reference 56, with the permission of the
publisher.

— the head of the pedestrian and the whole
area of the car bonnet top and windscreen
frame;
— the pelvis or the abdomen of adults and the
bonnet edge;
— the abdomen or chest of children or the head
of small children and the bonnet edge;
— the legs and the car bumper.
In general, lower-limb trauma is the most common form of pedestrian injury, while head injury
is responsible for most pedestrian fatalities (62).
Results from both the Australian and the European New Car Assessment Programmes, using
four performance tests, indicate that, in general,
the new cars tested did not provide protection for
pedestrians and cyclists (161, 162).
Users of motorized two-wheelers

Hospital studies in Thailand show that 75–80%
of road casualties and 70–90% of road deaths are
among motorized two-wheeler users (15).
Motorized two-wheeler users tend to sustain
multiple injuries, including to the head, chest
and legs. The majority of the fatal injuries are to
the head. Lower-leg injuries – either from direct
contact with the impacting vehicle or as a result of
being crushed – contribute substantially to morbidity (163). A Malaysian study found that leg injuries usually required a longer period of inpatient
stay than other non-fatal injuries (164).
Considerable research has been conducted in
Europe to identify effective leg protection for
motorized two-wheeler riders and to develop suitable air bags to protect riders in case of a frontal
impact (165).
Bus and truck occupants

There are usually two phases in car-to-pedestrian collisions. The ﬁrst and most severe phase
consists of multiple impacts with different parts of
the car front. The second phase is contact with the
road surface, where injuries are generally minor
(159).
The most frequent causes of serious and fatal
pedestrian injuries in collisions with cars stem
from impacts between (160):

Buses with passengers, minibuses and trucks are
frequently involved in crashes in low-income
countries. The use of open-backed vehicles for
transporting passengers in rural areas is widespread and risks ejecting passengers (166). In New
Delhi, India, around two thirds of crashes involve
buses or trucks (5).
In many low-income and middle-income countries, second-hand trucks and buses are imported
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without the crash-protective features – such as occupant restraints – that are present in high-income
countries. Such vehicles have a poor crashworthiness performance, and also poor stability when fully
laden or overloaded, as they frequently are.
The urban centres of low-income and middleincome countries typically contain a great mix of
vehicles. Incompatibility of size between different
classes of road vehicles is a major risk factor, especially in impacts between cars and large trucks. The
power of the larger vehicle – its mass, geometry
and structural properties – increases rates of injury
and death many times compared with an equivalent car-to-car crash (71, 167).
Safer bus and truck fronts have been identiﬁed as an urgent need (71, 141, 168). A study in
New Delhi showed that of 359 crashes involving
trucks, 55% also involved vulnerable road users.
Impacts between the fronts of trucks and pedestrians resulted in severe leg injuries at 25 km/h.
At 35 km/h the head sustained severe injuries, as
did the chest at 45 km/h. Contact with bumpers
resulted in pelvic injury (141).
Non-use of crash helmets by two-wheeled
vehicle users
Users of motorized two-wheelers

The main risk factor for motorized two-wheeler
users is the non-use of crash helmets. Use of helmets has been shown to reduce fatal and serious
head injuries by between 20% and 45% and to be
the most successful approach for preventing injury
among motorized two-wheeler riders (169).
Head trauma is the main cause of death and
morbidity in motorized two-wheeler users,
contributing to around 75% of motorized twowheeler deaths in European countries (170). Fatal
head injury resulting from crashes is estimated to
account for 55–88% of motorized two-wheeler
rider deaths in Malaysia (171). Substantial growths
in motorized two-wheeler use in low-income and
middle-income countries are being accompanied
by an increase in head injuries.
Kulanthayan et al. (172) found that nonhelmeted motorized two-wheeler users were
three times more likely to sustain head injuries

in a crash than those wearing helmets. A study
of crash victims admitted to a neurosurgery ward
in New Delhi, India showed that riders who used
any type of helmet with some protective padding
beneﬁted (94). Helmet use varies from slightly
over zero in some low-income countries to almost
100% in places where laws on helmet use are
effectively enforced. Helmets constructed in some
low-income and middle-income countries are not
always appropriately designed. In some countries,
such as Malaysia, special exemptions from wearing
a helmet are given to certain religious groups, such
as Sikhs. In several low-income countries, helmet
use has been found to be lower at night (173, 174).
Though the wearing of helmets has generally been
widespread in most high-income countries, there
is some evidence of a decline. In the United States,
for example, helmet use fell sharply to 58% in 2002
from 71% recorded two years previously (175).
Studies in low-income countries have found that
more than half of adult motorized two-wheeler
riders do not wear their helmets properly secured
(172, 176). Child passengers rarely wear helmets
and if helmets are used at all they are likely to
be adult helmets, providing almost no protection
(177). A study in California, United States, found
that nearly half of motorcyclists used non-standard helmets and that these riders incurred more
frequent head injuries than those who wore either
standard helmets or no helmets at all (178).
Bicycle helmets

Admissions to hospital and deaths from bicyclerelated trauma are usually due to head injury (179).
Bicycle helmets reduce the risk of head and brain
injuries by between 63% and 88% (180–182).
A meta-analysis of studies on the beneﬁts of
bicycle helmets found that wearing a helmet had an
odds-ratio efﬁcacy of 0.40, 0.42, 0.53 and 0.27 for
head, brain, facial and fatal injuries, respectively
(183).
Several countries have introduced legislation
on bicycle helmet wearing, including Australia,
New Zealand, Sweden and the United States. In
countries which do not require the use of helmets
by law, the wearing rate is normally less than 10%
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(184). Rates of helmet use tend to be higher among
younger children, as opposed to teenagers and
adults.
Non-use of seat-belts and child restraints
in motor vehicles
Failure to use seat-belts is a major risk factor for
vehicle occupants. The most frequent and most
serious injuries occurring in frontal impacts to
occupants unrestrained by seat-belts are to the
head (185). The effectiveness of seat-belts depends
upon the type and severity of the crash and the
seating position of the occupant. The beneﬁts of
seat-belts in terms of injury reduction and their
effectiveness in different types of impacts are set
out in Tables 3.7 and 3.8.

Crash research in various countries has found
that rates of seat-belt wearing are substantially lower
in fatal collisions than the general average rate. For
example, while the overall proportion of occupants
wearing seat-belts in trafﬁc is around 90%, only
around 55% of drivers in fatal crashes in Finland wore
seat-belts (189), and about 35% in Sweden (190).
While seat-belts may cause injuries, these are,
typically, minor abrasions and bruising to the chest
and abdomen, and without the seat-belts the injuries
would have been far more severe (191). The effectiveness of front seat-belts in a frontal collision is
reduced by the rear loading caused by unrestrained
passengers in the back seat. This phenomenon of
rear loading can cause severe chest injuries to the
occupants of front seats. It can also occur when there

TABLE 3.7

Injury reduction beneﬁts of seat-belts for car drivers and front-seat passengers
Injury reducing effect (%)

Year

Reference

1976

Grifﬁth et al.

1984

Hobbs & Mills

1986

Department of Transport, USA

1987

Malliaris & Digges

50 (drivers)
40 (front-seat passengers)

1987

Evans

41

1987

Campbell

65 (drivers)
51–52 (drivers)
54 (front-seat passengers) 43–44 (front-seat passengers)

1996

National Highway Trafﬁc Safety
Administration, USA

1996

Cooperative Crash Injury Study, UK (unpublished)

2003

Cummings et al.

61

Effectiveness range

40–65

Fatal collisions

Moderate and severe injuries

All severities

41
65
40–50

48
53
43–65

40–50

Source: reproduced from references 186, 187.

TABLE 3.8

Injury reduction effects of seat-belts for various types
of car crash
Crash type

is unrestrained luggage on the rear seats. Earlier
concerns that seat-belt use would lead routinely to
death by entrapment or to problems in pregnancy,
or would encourage drivers to take greater risks,
have not been borne out by empirical evidence (185,
192–194).

Proportion of all
crashes (%)

Driver seat-belt
effectiveness in
different crash types
(%)

Frontal

59

43

Struck side

14

27

Non-struck side

9

39

Extent of the problem

Rear

5

49

14

77

Rates of seat-belt use vary greatly among different
countries, depending upon the existence of laws
mandating their ﬁtting and use, and the degree

Roll-over

Source: reproduced from reference 188, with the permission of
the publisher.
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to which those laws are enforced. In many lowincome countries, there is no requirement for belts
to be ﬁtted in motor vehicles or to be used. Despite
legislation, though, the extent of non-use remains
signiﬁcant in highly-motorized countries, with
low rates of front seat-belt wearing in some places
and generally low rates of rear seat-belt wearing. In
the United States, front seat-belt use was reported
in 2002 as 75%, compared with 58% in 1994 (175).
In European Union countries in the mid-1990s,
wearing rates of front seat-belts ranged between
52% and 92%, and those of rear seat-belts between
9% and 80% (186).
In the Republic of Korea, rates of seat-belt usage
rose sharply among drivers, from 23% in late 2000
to 98% in August 2001, following a national campaign of police enforcement together with publicity
and a doubling of the ﬁne for non-use (195).
In many other places, including some eastern
European countries and parts of Central and South
America, usage rates are generally much lower.
In Argentina, for instance, front seat-belt use is
around 26% in the capital Buenos Aires and 58%
on national highways (196).
A survey in Kenya found that of over 200 road
crash survivors only 1% reported seat-belt use,
leading the authors of the study to conclude that
“the demand for seat-belts has yet to become part
of the culture in Kenya” (59).
In some countries, usage among drivers tends
to be high on motorways but low in urban areas.
Young male drivers have been found to use their
safety belts less often than other groups and are
also more often involved in crashes (197).
Child restraints

Methods of restraining children in motor vehicles,
and in particular the use of child safety seats, vary
within and between countries. In high-income
countries, usage rates of child restraints tend to
be high – about 90% in Australia and 86% in the
United States. In car travel in low-income countries, though, their use is rare.
Child restraints work in the same way as adult
seat-belts. Rear-facing seats have been shown to be
particularly effective (see Table 3.9). When travel-

ling rearwards, the forces from a sudden deceleration will be distributed over the child’s body and
head in an optimal way, which markedly increases
effectiveness.
TABLE 3.9

Injury reduction beneﬁts of child restraints
Type of restraint

All injuries (%)

Rearward facing

76

Severe injuries (%)
92

Forward facing

34

60

Source: reproduced from reference 186, with the permission of
the publisher.

In terms of preventing fatalities, the use of safety
seats for children travelling in cars offers a very high
level of protection. It has been shown to reduce infant
deaths in cars by approximately 71% and deaths of
small children by 54% (198). Nevertheless even when
restrained, children in cars face a particular risk
from side impacts. A study in Sweden showed that
approximately 50% of fatally-injured children aged
up to 3 years had been involved in side impact collisions (199). The European New Car Assessment Programme has also shown that current restraints, when
ﬁtted in cars, do not fully constrain the movement of
the child’s head and prevent contact with the car’s
interior (154).
Air bags

Driver air bags are designed to provide protection for belted and unbelted occupants in frontal
crashes. Estimates of their effectiveness in reducing
driver deaths in purely frontal crashes range from
22% to 29% (187, 200–202).
The potential hazard of combining air bags with
rear-facing child safety seats in the front seat was
ﬁrst reported in 1974 by Aldman et al. (203), and
more recently by Anund (204) and Weber (205). In
the United States, there have been many cases of
fatally injured and severely injured children where
the injuries – attributed to air bags that inﬂated during low-speed car crashes – might not otherwise
have been sustained. Given the popularity of rearfacing child safety seats in Europe and the almost
universal practice in high-income countries of ﬁtting
air bags on the front passenger side of the vehicle,
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action has recently been taken in some places to legislate for the provision of warning labels in cars and
of automatic sensors that can detect the presence of
occupants seated in front of the air bag.
Studies have shown that there is a substantial
amount of incorrect use of both adult seat-belts
and child restraints, which markedly lessens their
potential to reduce injury (206, 207).
Roadside objects
Impacts between vehicles leaving the road and solid
roadside objects such as trees, poles and road signs
are a major road safety problem worldwide. According to research in Australia and several European
Union countries, roadside hazards contribute to
between 18% and 42% of fatal crashes (208, 209).
These collisions are usually single-vehicle
crashes and frequently involve young drivers,
excess or inappropriate speed, the use of alcohol
or driver fatigue. Another problem related to
impacts with objects off the road is the occurrence
of crashes caused by restricted visibility, due to the
poor siting of these objects.
The linkages between vehicle crash protection
and roadside crash protection need to be strengthened. For example, cars do not provide protection
for occupants in head-on collisions at speeds above
60–70 km/h (or even lower limits with other types
of impact), although many cars travel at these and
higher speeds. For this reason, the road environment needs to be designed so as to eliminate headon collisions – into trees, poles and other rigid
objects – at high speeds, where the car itself cannot
offer sufﬁcient protection. Cars, roads and other
aspects of the trafﬁc system must be designed in a
mutually-linked way (155).

Risk factors inﬂuencing post-crash
injury outcome
Studies worldwide have shown that death was
potentially preventable in a large proportion of
those who died as a result of road crashes before
they reached hospital (210, 211).
A review of European studies of mortality in
road trafﬁc concluded that about 50% of deaths
from road collisions occurred within a few min-

utes at the scene of the crash, or else on the way
to a hospital but before arrival there. For those
patients taken to hospital, the data suggest that
comparatively few deaths, only about 15%, occur
between one and four hours after the incident,
while around 35% occur after four hours. The
time between the incident and death varies considerably between patients and between countries
(212).
A comparative study of mortality among seriously injured patients across a range of countries
found that for low-income and middle-income
countries, the vast majority of deaths occurred
in the pre-hospital phase (see Table 3.10). The
study also showed clearly that the probability of
dying increased as the socioeconomic level of the
victim decreased (213). Morbidity outcomes are
also inﬂuenced by factors related to post-impact
care. A study in the United Kingdom, for instance,
suggested that 12% of patients who had sustained
serious skeletal trauma went on to experience signiﬁcant disability that was preventable (214).
TABLE 3.10

Proportion of road deaths by setting in three cities
Setting

Kumasi, Ghana
(%)

Monterrey,
Mexico
(%)

Seattle, USA
(%)

81

72

59

5

21

18

14

7

23

Pre-hospital
Emergency room
Hospital ward
Source: reference 213.

In the case of major injuries, the potential help
towards recovery that survivors can receive can be
viewed as a chain with several links (212):
— actions, or self-help, at the scene of the
crash, by the victims themselves, or more
frequently by bystanders;
— access to the emergency medical system;
— help provided by rescuers of the emergency
services;
— delivery of medical care before arrival at the
hospital;
— hospital trauma care;
— rehabilitative psychosocial care.
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Pre-hospital factors
Weak public health infrastructure in many lowincome and middle-income countries is a major
risk factor. In high-income countries, the pre-hospital risk factors are not so pronounced, but where
they exist, are associated with the need to improve
the existing elements of post-impact care. In most
highly-motorized countries, the large volume of
trafﬁc and the high incidence of mobile telephones
usually lead to the early alerting of the medical
services about a crash. However, in low-income
countries, most of the population does not have
access to even the most basic form of emergency
medical service. Evacuation and transport to hospital is more often carried out by bystanders, relatives, commercial vehicles or the police (215). An
African study found that the police and hospital
ambulances evacuated only 5.5% and 2.9%, respectively, of crash victims in Kenya (216).
Research in the United States has shown that the
transport by ambulance can be a risk, as a result
of the high speeds of travel and the frequent lack
of available restraint. Compared with police cars
and ﬁre trucks, ambulances experience the greatest
proportion of fatal crashes in which occupants are
killed as well as the greatest proportion of crashes
in which occupants are injured (217).
In low-income countries, many victims do not
possess social security, health cover or life insurance and therefore lack access to hospital care (59,
60). In a study carried out in Ghana, overall hospital use was found to be very low, with only 27% of
all injured people using hospital services. Among
those with severe injuries, only 60% of urban casualties and 38% of rural casualties received hospital
care (210).
Hospital care factors
Lack of trained expertise in trauma care

Trauma treatment in high-income countries is
usually seen as a chain of care performed by welltrained practitioners, even if many of its elements
have room for improvement (212, 213). In lowincome countries, the post-impact chain of care is
often delivered by personnel lacking formal training. A study in Mexico showed that this was the

case throughout much of the emergency medical
services (218). In Ghana, a study of 11 rural hospitals that received large numbers of road trafﬁc
casualties was staffed exclusively by general practitioners without trauma training (210).
A further risk factor in low-income countries is
the lack of sufﬁcient numbers of formally trained
surgeons. In the late 1980s, it was estimated there
were 50 surgeons per 100 000 people in the United
States, as opposed to only 7 per 100 000 in Latin
America and 0.5 per 100 000 in Africa (219).
A study of 2000 trauma admissions in the main
hospital in Kumasi, Ghana, found a mean 12-hour
delay before the start of emergency surgery as well
as low rates of usage of key equipment, despite its
availability (210).
Lack of equipment

Adequate trauma care requires a range of medical
specialities and equipment, as well as appropriate
logistic support to ensure that the equipment and
other specialities are available to the patient on
arrival. In reality, delays are substantial and frequent,
introducing avoidable risks of complications.
In the study of 11 Ghanaian hospitals, essential low-cost and reusable equipment was lacking
– because of poor organization rather than the
cost. For example, no hospital had chest tubes and
only four had equipment to ensure a patent airway
(210). In Kenya, in a survey of hospital administrators, only 40% of the health facilities – both
outpatient and inpatient services – were reported
to be well prepared and have key supplies available
(216).

Conclusion
Analysis of available crash data and other road trafﬁc research show that while the main road safety
problems experienced in various parts of the world
often differ in quality and quantity, they have
many characteristics in common. The dominant,
common characteristics of the risks associated with
road trafﬁc are as follows:
• Unnecessary travel, the choice of less safe
travel modes and routes, and unsafe mixes of
trafﬁc all lead to increased risk.
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• The design of roads and road networks is an
important factor. Exposure to risk is increased
signiﬁcantly by road networks failing to route
heavy trafﬁc around populated areas or to
separate pedestrians from motorized trafﬁc.
• Excess and inappropriate speed is widespread
and may contribute to around 30% of road
trafﬁc crashes and deaths. In collisions at
80 km/h, car occupants run a 20 times higher
risk of being killed than at 30 km/h. Pedestrians have a 90% chance of surviving car
crashes at 30 km/h or below, but less than a
50% chance of surviving impacts at 45 km/h
or above.
• Impairment by alcohol continues to contribute
to crash injury and increases the risk. All nonzero BAC levels carry more risk than zero BAC,
and crash risk starts to rise sharply at levels of
0.04 g/dl. Legal BAC limits set at 0.10 g/dl
allow three times more risk than limits set
at 0.05 g/dl; at 0.08 g/dl, the risk is twice as
much as that at 0.05 g/dl.
• Young novice drivers are at increased risk of
crash injury; the risk among teenage drivers is
higher than among any other comparable age
group. Excess or inappropriate speed is a common contributory factor in crashes involving
young drivers.
• Pedestrians, cyclists and motorized twowheeler users bear a disproportionate share
of the global road injury burden and are all at
high risk of crash injury.
• For all road users, the risk of crash injury is
increased by failing to see and failing to be
seen. If daytime running lights were ﬁtted
and used, almost a third of all motorized
two-wheeler crashes involving lack of visibility could be avoided; in the case of cars,
more than 10% of such crashes could be
avoided.
• The non-use of seat-belts and child restraints
more than doubles the risk of serious and fatal
injury, as does the non-use of bicycle helmets.
Similarly, the non-use of crash helmets by
motorized two-wheeler users almost doubles
their risk of serious or fatal head injury.

• Crash analysis shows that the majority of pedestrian fatalities involve impact with unprotective
car fronts. If all cars were designed to provide
protection equivalent to that of the best car in
the same class, an estimated half of all fatal and
disabling injuries to car occupants would be
avoided. Roadside design and the positioning
of roadside objects play key roles in determining crash injury, as well as inﬂuencing the
behaviour of road users.
• Inadequate post-crash care is a major problem
in many places. The availability and quality of
such care has a substantial effect on whether
a road trafﬁc injury leads to subsequent death
or disability.
The availability in low-income countries of data
on road trafﬁc crashes is often basic. For a proper
understanding of the risk factors predominating
in local settings, more investment for systematic,
independent and high-quality research is needed,
particularly from high-income countries. Such
worldwide research into the causes of crashes and
crash injury is essential for achieving safer trafﬁc
systems.
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A road trafﬁc system designed for
safe, sustainable use
Road trafﬁc deaths and serious injuries are to a
great extent preventable, since the risk of incurring
injury in a crash is largely predictable and many
countermeasures, proven to be effective, exist.
Road trafﬁc injury needs to be considered alongside heart disease, cancer and stroke as a preventable public health problem that responds well to
targeted interventions (1).
The provision of safe, sustainable and affordable
means of travel is a key objective in the planning
and design of road trafﬁc systems. To achieve it
requires ﬁrm political will, and an integrated
approach involving close collaboration of many
sectors, in which the health sector plays a full and
active role. In such a systems-based approach, it
is possible at the same time to tackle other major
problems associated with road trafﬁc, such as congestion, noise emission, air pollution and lack of
physical exercise (2).
Progress is being made in many parts of the
world where multisectoral strategic plans are
leading to incremental reductions in the number
of road deaths and injuries (3, 4). Such strategies
address the three prime elements of the trafﬁc system – vehicles, road users and the road infrastructure. Vehicle and road engineering measures need
to take into account the safety needs and physical limitations of road users. Vehicle technology
needs to consider roadside equipment. Measures
involving the road infrastructure must be compatible with the characteristics of vehicles. Vehicle
measures should be complemented by appropriate
behaviour on the part of road users, such as wearing seat-belts. In all these strategies, managing
speed is a fundamental factor.
This chapter provides an overview of the wide
range of interventions for road safety, examining what
is known about their practicability, effectiveness, cost
and acceptability to the public. Proven interventions
in one setting, of course, may not easily be transferable elsewhere, but will instead require careful adaptation and evaluation. Where effective interventions
are altogether lacking, scientiﬁc research is needed to
develop and test new measures.

Managing exposure to risk
through transport and land-use
policies
Perhaps the least used of all road safety intervention
strategies are those that aim to reduce exposure to
risk. Yet the underlying factors determining exposure to risk can have important effects (5). While
further research is required to fully explore intervention strategies, it is known that exposure to
road injury risk can be decreased by strategies that
include:
— reducing the volume of motor vehicle trafﬁc
by means of better land use;
— providing efﬁcient networks where the
shortest or quickest routes coincide with the
safest routes;
— encouraging people to switch from higherrisk to lower-risk modes of transport;
— placing restrictions on motor vehicle users,
on vehicles, or on the road infrastructure.
The impact of strategies aimed at inﬂuencing
mobility and access tends to be cumulative and
mutually reinforcing, and such strategies can most
effectively be implemented in combination. In
high-income countries, it has been estimated that a
comprehensive programme with a complementary
set of cost-effective measures could reduce the total
amount of car travel, per capita, by 20–40% (6).
Many countries are now addressing these issues,
mainly in the interests of sustainable mobility.
Bogotá in Colombia, for instance, has attempted
to reduce exposure to risk through measures that
include a mass transit programme for vulnerable
road users and restrictions on motor vehicle access
to the city during certain times (7, 8).
Reducing motor vehicle trafﬁc
Efﬁcient land use

The organization of land use affects the number of
trips people make, by what means they choose to
travel, the length of trips and the route taken (9).
Different land use creates different sets of trafﬁc
patterns (10). The main aspects of land use that
inﬂuence road safety are (9):
— the spatial distribution of origins and destinations of road journeys;
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— urban population density and patterns of
urban growth;
— the conﬁguration of the road network;
— the size of residential areas;
— alternatives to private motorized transport.
Land-use planning practices and “smart
growth” land-use policies – development of
high-density, compact buildings with easily accessible services and amenities – can serve to lessen
the exposure risk of road users. The creation of
clustered, mixed-use community services, for
example, can cut the distances between commonly
used destinations, curtailing the need to travel and
reducing dependence on private motor vehicles
(6).
Safety impact assessments of transport and
land-use plans

Evaluations of the impact on safety of transport
projects usually focus on the individual project,
with little consideration of the effect on the
wider network (11). This can result in strategies
for improving mobility, reducing congestion and
improving the environment that are incompatible
with road safety. The likely effects of planning
decisions to do with transport or land use on
the whole of the road network should therefore be
considered at an early stage, to avoid unintended,
adverse consequences for road safety (9, 10, 12).
Area-wide safety impact assessments should
be routinely conducted at the same time as other
assessments of policies and projects related to
transport and land use. Safety impact assessments
are not yet carried out either routinely or systematically in most places, though there has been experience with them in the Netherlands, and to some
extent elsewhere (13).
Providing shorter, safer routes

In an efﬁcient road network, exposure to crash risk
can be minimized by ensuring that trips are short
and routes direct, and that the quickest routes are
also the safest routes. Route management techniques can achieve these objectives by decreasing
travel times on desired routes, increasing travel
times on undesired routes, and re-directing traf-

ﬁc (14). Having to take a detour in a car means
that extra fuel will be used, but for pedestrians
it means extra physical exertion. There is thus a
strong incentive to ﬁnd the easiest and most direct
route. Studies have, in fact, shown that pedestrians
and cyclists place a higher value on journey time
than do drivers or those using public transport – a
ﬁnding that should be reﬂected in planning decisions (15, 16).
Safe crossing facilities for pedestrians and
cyclists are likely not to be used if many steps need
to be climbed, if long detours are involved, or if
the crossings are poorly lit or underpasses badly
maintained. A study in Brazil showed that many
pedestrians who had been struck by vehicles had
chosen to climb over central trafﬁc-lane barriers,
rather than climb a ﬂight of stairs to a footbridge
(17). Interviews with pedestrian crash survivors in
Mexico found that one of the main underlying risk
factors was the presence of bridges that were poorly
located or regarded as unsafe (18). In Uganda, the
construction of an overpass for pedestrians on a
major highway in Kampala had little effect either
on pedestrian road behaviour or on the incidence
of crashes and injuries because of its inappropriate
location (19).
Trip reduction measures

It has been estimated from studies in high-income
countries that, under certain conditions, for each
1% reduction in motor vehicle distance travelled,
there is a corresponding 1.4–1.8% reduction in the
incidence of crashes (20, 21). Measures that may
reduce the distance travelled include:
— making greater use of electronic means of
communications as a substitute for delivering communications by road;
— encouraging more people to work from
home, using e-mail to communicate with
their workplace;
— better management of commuter transport,
and of transport to and from schools and
colleges;
— better management of tourist transport;
— bans on freight transport;
— restrictions on vehicle parking and road use.
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Encouraging use of safer modes of travel
Whether measured by the time spent travelling
or by the number of trips, travel by bus and train
is many times safer than any other mode of road
travel. Policies that stimulate the use of public transport, and its combination with walking and cycling,
are thus to be encouraged. While the walking and
cycling parts of journeys bear relatively high risks,
pedestrians and cyclists create less risk for other
road users than do motor vehicles (6). However, by
implementing known safety measures, it should be
possible to achieve a growth in healthier forms of
travel, such as walking and cycling, and at the same
time reduce the incidence of deaths and injuries
among pedestrians and cyclists. These are goals that
are increasingly being adopted in national transport
policies in high-income countries (15).
Strategies that may increase the use of public
transport include (6):
— improved mass transit systems (including
improvements to routes covered and ticketing procedures, shorter distances between
stops, and greater comfort and safety of both
the vehicle and the waiting areas);
— better coordination between different modes
of travel (including the coordination of schedules and the harmonization of tariff schemes);
— secure shelters for bicycles;
— allowing bicycles to be carried on board
trains, ferries and buses;
— “park and ride” facilities, where users can
park their cars near public transport stops;
— improvements to taxi services;
— higher fuel taxes and other pricing reforms
that discourage private car use in favour of
public transport.
Financial incentives have proved successful in
some highly-motorized countries; for example,
in the Netherlands, a free public transport pass for
students has resulted in lower car use (22).
In many low-income countries, however, public
transport services often operate without regulation
and create unacceptable levels of risk, both for their
occupants and for those outside the vehicle. These risks
arise from overloaded vehicles, long working hours of
drivers, speeding and other dangerous behaviour. All

the same, an improved public transport system with
proper regulation and enforcement, combined with
non-motorized transportation – cycling and walking
– can play an important part in low-income and middle-income countries as a response to the growing
demand for transport and accessibility.
Despite the generally lower injury risks associated with public transport, more research on
the effectiveness of public transport strategies in
reducing the incidence of road trafﬁc injuries still
needs to be carried out.
Minimizing exposure to high-risk scenarios
Restricting access to different parts of the
road network

Preventing pedestrians and cyclists from accessing
motorways and preventing motor vehicles from
entering pedestrian zones are two well-established
measures for minimizing contact between highspeed trafﬁc and unprotected road users. Because
vehicles are physically prevented from entering
them, pedestrian zones are safer for travel on foot and
also – where there is shared use – for bicycle travel.
Motorways have the lowest crash rates, in terms of
distance travelled, of the whole road network, by virtue of their sole use by motor vehicles, and their use
of clear separation of trafﬁc and segregated junctions.
Giving priority in the road network to higher
occupancy vehicles

Giving vehicles with many occupants priority in
trafﬁc over those with few occupants is a means
of reducing the overall distance travelled by private
motorized transport – and hence of cutting down on
exposure to risk. This strategy is adopted by many
cities worldwide. For example, the high-capacity
bus system in the city of Curitibá, Brazil, provides
segregated bus lanes, priority at trafﬁc lights for
buses, as well as safe and fast access for users (23).
Restrictions on speed and engine performance
of motorized two-wheelers

Many high-income countries have introduced
regulations relating to speed and engine performance for mopeds and motorcycles, with the aim of
reducing rates of crashes and injury (24).
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Restricting the engine capacity for beginner
motorcyclists has proved to be a successful intervention. In the United Kingdom in the early 1980s, for
instance, the maximum engine size of a motorcycle
that learners could ride was reduced from 250 cc
to 125 cc; this was accompanied by a limitation on
the maximum power output (to 9 kW). As a result,
many inexperienced motorcyclists transferred to
less powerful vehicles, leading to an estimated 25%
reduction in casualties among young motorcyclists
(25). A later study found a signiﬁcantly greater crash
risk associated with larger motorcycles, despite the
fact that these machines were ridden mostly by
more experienced riders (25).
Japan is one country that imposes limits, for
safety reasons, on the engine size and performance of large motorcycles used domestically, though
similar controls do not apply to exports of new
motorcycles from Japan to other countries (26). In
the case of these exported motorcycles, outputs of
75–90 brake horse power (56–67 kW) – or even 130
brake horse power (97 kW) – are quite common
now, with top speeds reaching almost 200 miles/h
(322 km/h) (27).

Increasing the legal age for use of motorized
two-wheelers

In Malaysia, out of a number of proposed measures
to reduce motorcycle crashes, increasing the legal
riding age from 16 to 18 years was found to have
the greatest cost–beneﬁt. Preventing young riders
from riding at night was also considered. Although
this measure also produced a positive net beneﬁt,
the magnitude of the saving was small, since most
crashes occurred during daytime (28).
Graduated driver licensing systems

The high risks faced by young drivers and motorized
two-wheeler riders in their ﬁrst months of driving
have already been discussed (see Chapter 3). For
young car drivers, the two principal risks are nighttime driving and transporting young passengers
(29). In response, graduated driver licensing systems
were ﬁrst introduced in New Zealand in 1987, and
are now widely implemented in Canada, the United
States and some other places. These schemes provide
gradual access to a full driving licence for novice
drivers and riders (30) (see Box 4.1).

BOX 4.1

Graduated driver licensing systems
Beginner drivers of all ages lack both driving skills and experience in recognizing potential dangers. For newly-licensed
teenage drivers, their immaturity and limited driving experience result in disproportionately high rates of crashes.
Graduated driver licensing systems address the high risks faced by new drivers by requiring an apprenticeship of planned
and supervised practice – the learner’s permit stage. This is then followed by a provisional licence that places temporary
restrictions on unsupervised driving (31). Commonly imposed restrictions include limits on night-time driving, limits on
the number of passengers, and a prohibition against driving after drinking any alcohol. These restrictions are lifted as
new drivers gain experience and teenage drivers mature, gaining a full licence (32). Although the speciﬁc requirements
for advancing through these three stages – the learner’s permit, the provisional licence and the full licence – vary
according to country, they provide a protective environment while new drivers become more experienced (33).
Graduated driver licensing schemes have consistently proved effective in reducing crash risks for new drivers.
Peer-reviewed evaluations of the effectiveness of such schemes in Canada, New Zealand and the United States have
reported reductions in crashes involving new drivers in the range of 9–43% (34–36). Why such reductions should exist
has not yet been deﬁnitively established. It is generally accepted, though, that the safety beneﬁts of schemes result
both from decreases in the amount of driving by inexperienced drivers and from improvements in their driving skills
under conditions of low risk.
The elevated risk of a crash for beginner drivers is universal, and graduated driver licensing can effectively reduce
this risk. It can apply to all newly-licensed drivers, not just those who are young. Research has clearly demonstrated
that older beginner drivers experience higher crash rates than drivers of the same age with several years of
experience. For this reason, Canada, where many new drivers are not young, applies graduated driver licensing to
all beginners, regardless of their age. Even countries where the legal age for driving is higher than the average can
beneﬁt from the introduction of graduated driver licensing.
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The reduction in the incidence of crashes resulting
from the introduction of these systems varies from
4% to over 60%. This large range may in part be
explained by methodological differences, differences
in the restrictions used and the degree to which they
are enforced (35). The major reductions would seem
to arise from more supervised driving and from a
high degree of compliance with restrictions (37). It
is not as yet clear, though, which of the many restrictions – including limits on the number of passengers
carried, use of seat-belts, lower blood alcohol concentration (BAC) limits and night-time driving bans – is
the most cost-effective (35). Graduated driver licensing schemes have generally been well accepted (29).
The New Zealand scheme is made up of three
stages, and all new drivers aged 15–24 years have
to take part. The ﬁrst stage is a six-month supervised learner driver permit, which is obtained by
passing a written test, an oral theory test and an
eyesight test. The restricted licence stage lasts for
18 months and is completed by passing a practical
driving test. There are bans during both the ﬁrst
two stages on night-time driving (from 22:00 to
05:00) and on carrying passengers under the age of
20 years (unless the driving is supervised), as well
as a BAC limit of 0.03 g/dl. Violations of these conditions can result in the licence restrictions being
extended by a further six months. An evaluation of
the scheme found that it had led to an 8% reduction in crashes involving serious injury, and that
the restrictions, particularly the night-time driving
ban, had made a signiﬁcant contribution (36).
Another version of a graduated licensing system, introduced in Austria in 1993, resulted in
the incidence of crashes being reduced by more
than a third (22). There was a probation period
of two years for novice drivers and a BAC limit of
0.01 g/dl. If, during this period, there were any
offences involving excess alcohol or driving that
led to injury or death, a two-year extended probation was imposed, as well as obligatory attendance
at a driver improvement programme.

Shaping the road network for road
injury prevention
Road safety considerations are central to the planning,

design and operation of the road network. By
adjusting the design of the road and road networks
to accommodate human characteristics and to be
more “forgiving” if an error is made, road safety
engineering strategies can make a major contribution to road injury prevention and mitigation (10).
Safety-awareness in planning road
networks
The framework for the systemic management of
road safety in high-income countries is increasingly
deﬁned by the following activities (10, 38–40):
— classifying the road network according to
their primary road functions;
— setting appropriate speed limits according to
those road functions;
— improving road layout and design to encourage better use.
These approaches can, in principle, be adapted
to the contexts of middle-income and low-income
countries. Within these general principles, safety
engineering and trafﬁc management should aim:
— to prevent road use that does not match the
functions for which the road was designed;
— to manage the trafﬁc mix by separating different kinds of road users, so as to eliminate
conﬂicting movements of road users, except
at low speeds;
— to prevent uncertainty among road users
about appropriate road use.
A large body of knowledge exists to support the
use of a safety-awareness approach to road planning
and is available in the form of design standards and
best practice guidelines and manuals. Examples
include the requirements for the development of
“sustainable safety” in road networks in the Netherlands (41) and an earlier set of guidelines for achieving safer roads in developing countries (10).
Classifying roads and setting speed limits by
their function

Many roads have a range of functions, and are used
by different types of vehicles and by pedestrians
– with large differences in speed, mass of vehicle and degree of protection. In residential areas
and on urban roads this often leads to conﬂicts
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between the mobility of motor vehicle users on the
one hand and the safety of pedestrians and cyclists
on the other. Most pedestrian crashes occur within
one mile (1.6 km) of the victim’s home or place of
business (15, 42).
Classifying roads functionally – in the form
of a “road hierarchy”, as it is known in highway
engineering – is important for providing safer
routes and safer designs. Such a classiﬁcation takes
account of land use, location of crash sites, vehicle
and pedestrian ﬂows, and objectives such as speed
control.
The Dutch “sustainable safety” policy sets different speed limits according to the road function
(see Box 4.2), together with a range of operational
requirements (41). A study found that, by adopting these principles, a reduction of more than one
third in the average number of injury crashes per
million vehicle-kilometres – driven on all types
of roads in the Netherlands – could be achieved
(43).
Research is needed so that these principles can
be adopted more widely, and particularly to work
out how to adapt and apply them in the speciﬁc
contexts of low-income countries.

Incorporating safety features into road design
A key objective of safety engineering is to make drivers naturally choose to comply with the speed limit.
Through the use of self-explanatory road layouts,
engineering can lead to safer road user behaviour, as
well as correcting defects in road design that otherwise may lead to crashes. The following description
of different types of roads illustrates the relationship
between road function, road speed and road design.
Higher-speed roads

Higher-speed roads include motorways, expressways
and multi-lane, divided highways with limited access.
They are designed to allow for higher speeds by providing large-radius horizontal and vertical curves,
“forgiving” roadsides, entry and exit “grade-separated” junctions – where there is no contact between
motorized and non-motorized trafﬁc – and median
barriers to separate opposing directions of trafﬁc.
Such roads have the lowest rates of road injury in
terms of distance travelled because of these design
features and the fact that non-motorized users are
prohibited (39). In low-income countries, it is also
necessary to separate motorized two-wheelers from
car and truck trafﬁc travelling in the same direction.

BOX 4.2

Road types and appropriate speeds
The Dutch policy of sustainable safety divides roads into one of three types according to their function, and then sets
speed limits accordingly (41):
• Flow roads (or through-roads). For such roads, through-trafﬁc goes from the place of departure to the destination
without interruption. Speeds above 100–120 km/h are not permitted, and there is a complete separation of trafﬁc
streams.
• Distributor roads. These roads enable users to enter or leave an area. The needs of moving trafﬁc continue to be
predominant. Local distributor roads carry trafﬁc to and from large urban districts, villages and rural areas, and
have trafﬁc interchanges at limited sections. These roads give equal importance to motorized and non-motorized
local trafﬁc, but separate users wherever possible. Speeds on distributor roads should not exceed 50 km/h within
built-up areas or 80 km/h outside such areas. There should be separate paths for pedestrians and cyclists, dual
carriageways with separation of streams along the full length, speed controls at major crossings, and right of way.
• Residential access roads. These roads are typically used to reach a dwelling, shop or business. The needs of nonmotorized users are predominant. There is a constant access and interchange of trafﬁc and the vast majority of
roads are of this type. For residential access roads in towns and villages, speeds above 30 km/h are not permitted. In
rural areas, no speeds over 40 km/h are allowed at crossings and entries – otherwise 60 km/h may be acceptable.
Where a road performs a mixture of functions, the appropriate speed is normally the lowest of the speeds
appropriate to the individual functions.
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Single-lane carriageways

Single-lane carriageways in rural areas include many
different types of road. The numbers and rates of casualties are much higher than on motorways, because
of the large differences in speed between the various
types of user. Crashes on local rural roads arise most
commonly from vehicles leaving the road through loss
of control as a result of inappropriate speed (44). Apart
from speed limits, a range of engineering measures is
needed to encourage appropriate speed and make hazards easily perceptible. These measures include:
— provision for slow-moving trafﬁc and for
vulnerable road users;
— lanes for overtaking, as well as lanes for
vehicles waiting to turn across the path of
oncoming trafﬁc;
— median barriers to prevent overtaking and to
eliminate head-on crashes;
— better highlighting of hazards through road
lighting at junctions and roundabouts;
— improved vertical alignment;
— advisory speed limits at sharp bends;
— regular speed-limit signs;

— rumble strips;
— the systematic removal of roadside hazards – such
as trees, utility poles and other solid objects.
Much best practice in this area has been identiﬁed in high-income countries (45).
A particular speed management problem is how
to handle the transition from high-speed roads to
lower-speed roads – for instance, when a vehicle
leaves a motorway, or when it enters a winding
stretch of narrow road after a long, straight stretch
of road. The creation of transition zones on busy
roads approaching towns and villages can reduce
crashes and injuries for all types of road user.
Design features that use a “gateway”, or threshold,
can inﬂuence drivers progressively to reduce their
speed, and signal the beginning of the speed limit
for commercial and residential areas. In approaches
to slower-speed zones, rumble strips, speed humps,
visual warnings in the pavement, and roundabouts
have all been found useful in slowing the speed of
vehicles (45). In Ghana, the introduction of rumble
strips reduced crashes by some 35% and deaths by
55% in certain locations (46) (see Box 4.3).

BOX 4.3

Speed bumps in Ghana: a low-cost road safety intervention
Road safety is a serious problem in Ghana, where fatality rates are some 30 to 40 times greater than those in
industrialized countries. The excessive vehicle speeds that prevail on the country’s inter-urban highways and on roads
in built-up areas have been shown to be a key contributory factor in serious trafﬁc crashes (46).
In recent years, speed bumps have been installed at some crash-prone locations on the highways, so as to lower the
speed of vehicles and improve the trafﬁc environment for other road users, including pedestrians and cyclists, in builtup areas. These speed bumps produce discomfort when vehicles pass over them at higher speeds; with their vehicles
lifted off the ground and with the resulting noise, drivers are forced to reduce their speed. This in turn decreases the
kinetic energy of the vehicle that can cause injuries and deaths on impact, and gives drivers longer warning of possible
collisions, lessening the likelihood of road crashes.
The use of speed bumps, in the form of rumble strips and speed humps, has been found to be effective on Ghanaian
roads. For instance, rumble strips on the main Accra–Kumasi highway at the crash hot spot of Suhum Junction reduced
the number of trafﬁc crashes by around 35%. Fatalities fell by some 55% and serious injuries by 76%, between January
2000 and April 2001. This speed-reducing measure succeeded in reducing or even eliminating certain kinds of crashes
as well as improving the safety of pedestrians (46).
Speed control bumps and humps have now become increasingly common on Ghanaian roads, particularly in builtup areas where excessive vehicle speeds threaten other road users. A wide range of materials – including vulcanized
rubber, hot thermoplastic materials, bituminous mixes, concrete and bricks – have been used in the construction of the
speed control areas.
Rumble strips are cheap and easy to install. They have been constructed at potentially dangerous places on the
Cape Coast–Takoradi highway, the Bunso–Koforidua highway and the Tema–Akosombo highway. Speed humps, on
the other hand, have been laid to slow down vehicles and improve the safety of pedestrians in the towns of Ejisu and
Besease on the Accra–Kumasi highway.
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Residential access roads

Residential access roads are often designed to achieve
very low speeds. Speed limits, usually supported
by physical self-enforcing measures to encourage
compliance, are normally around 30 km/h, though
lower limits are often prescribed.
Area-wide urban safety management

Engineering measures applied on an area-wide
basis in towns and cities create safer conditions
for pedestrians and cyclists, as well as avoiding the
displacement of trafﬁc which could lead to crashes
elsewhere. Research is urgently needed in developing countries into area-wide urban safety management relating to motorized two-wheelers.
The principal road safety engineering techniques for improving the safety of pedestrians and
cyclists are the provision of safer routes – through
segregation and separation – and area-wide speed
reduction or trafﬁc-calming measures (22, 23).
These are discussed below.
Safer routes for pedestrians and cyclists. The

creation of networks of connected and convenient
pedestrian and cyclist routes, together with the
provision of public transport, can lead to greater
safety for vulnerable road users (47). The routes
will typically consist of footpaths or cycle paths
separate from any carriageway, pedestrian-only
areas with or without cyclists being admitted,
footpaths or cycle tracks alongside carriageways,
and carriageways or other surfaces shared with
motor vehicles. Where pedestrian or cycle routes
cross signiﬁcant ﬂows of motor vehicle trafﬁc, the
location and design of the crossing point needs
special attention. Where routes are not separated
from carriageways, or where space is shared with
motor vehicles, the physical layout will need to
manage speeds (15).
Pedestrian footpaths and pavements are used
more in high-income than in low-income countries and tend to be in urban rather than rural
areas. The risk of a crash on roads without pavements separating pedestrians from motorized
trafﬁc is twice that on a road with a pavement
(48). Pavements in poor condition or obstructed

by parked vehicles may force pedestrians to walk
on the street, thus signiﬁcantly increasing crash
risk. This danger is particularly great for people
carrying heavy loads, pushing prams, or who
have difﬁculty in walking. Studies in low-income
and middle-income countries have shown that
even where pavements exist, they are often
blocked – for instance, by street vendors’ stalls
(18, 49).
Providing pavements for pedestrians is a
proven safety measure, which also helps the ﬂow
of motorized trafﬁc. Bicycle paths have also been
shown to be effective in reducing crashes, particularly at junctions (22). Danish studies have found
reductions of 35% in cyclist casualties on particular
routes, following the construction of cycle tracks
or lanes alongside urban roads (50).
Trafﬁc-calming

measures. At speeds below
30 km/h pedestrians can coexist with motor vehicles in relative safety. Speed management and trafﬁc-calming include techniques such as discouraging
trafﬁc from entering certain areas and installing
physical speed-reducing measures, such as roundabouts, road narrowings, chicanes and road humps.
These measures are often backed up by speed limits
of 30 km/h, but they can be designed to achieve
various levels of appropriate speed.
In Europe, there has been much experimentation with these measures and crash reductions of
between 15% and 80% have been achieved (44,
51–54). In the town of Baden, Austria, about 75%
of the road network is now part of a 30 km/h
zone, or else a residential street with an even
lower speed limit. Since integrated transport and
a wide-ranging safety plan were introduced in
1988, the town has seen a 60% reduction in road
casualties (55).
Most of the principles incorporated into design
guidelines for trafﬁc calming in high-income
countries also apply to low-income countries,
though in practice the guidelines will need to be
modiﬁed because of the much higher proportion
of non-motorized trafﬁc (23). As Table 4.1, which
summarizes the effects of measures undertaken in
a British town, shows, area-wide speed and trafﬁc
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crash investigation. Guidelines
for safety audits have been develArea-wide speed reduction – cost and beneﬁts
oped in many parts of the world,
Town centre
Residential area
including Malaysia (58–60).
Number of road trafﬁc injuries prevented/year
53
145
Formal safety audit procedures
Saving-crash costs (£, 25 years, 5% a)
33 350 000
91 260 000
have
been shown to be effecIncreased costs-travel time (£, 25 years, 5% a)
21 900
53 250 000
tive
and cost-effective ways
Loss of consumers’ surplus of travel b (£)
2 415 000
9 300 000
of
improving
road safety and
Total beneﬁts (£)
9 035 000
28 710 000
reducing the long-term costs
Costs of implementing measures (£)
4 910 000
2 955 000
Cost–beneﬁt
1:1.84
1:9.72
associated with a new road
a
5% annual discount rate for discounting beneﬁts to present values.
scheme (39). Mandatory safety
b
Loss of beneﬁts to consumers.
audit procedures have existed in
Source: reproduced from reference 56, with minor editorial amendments, with the permission
a number of countries including
of the publisher.
Australia, Denmark, New Zealand and the United Kingdom
for
several
years
(
61). In New Zealand, it has been
management can be highly effective, particularly
estimated that the procedures carry a cost–beneﬁt
in residential areas, where beneﬁts have been
ratio of 1:20 (62). A Danish study assessed the
found to exceed costs by a factor of 9.7 (56).
value in cost–beneﬁt terms of 13 schemes and
A systematic review of 16 controlled studies
found ﬁrst year rates of return of well over 100%
from high-income countries also showed that
(63).
area-wide trafﬁc calming in urban areas could
reduce road trafﬁc injuries. No similar studies
Crash-protective roadsides
from low-income or middle-income countries
Collisions between vehicles leaving the road and
were found (57).
roadside objects including trees, poles and road
signs, often of very high mass, are a major road
Safety audits
safety problem worldwide. Research that built on
When new transport projects are proposed, areawork by the Organisation for Economic Co-operawide safety impact assessments are needed to
tion and Development in 1975 (64) suggests that
ensure the proposals do not have an adverse safety
existing strategies to tackle the problem of roadside
impact on the surrounding network. Road safety
objects would be strengthened by (65):
audits are then required to check that the pro— designing roads without dangerous roadside
posed design and implementation are consistent
objects;
with safety principles, and to examine whether
— introducing a clear zone at the side of the
further design changes are needed to prevent
road;
crashes (12).
—
designing
roadside objects so that they are
The safety audit procedure is usually carried out
more “forgiving”;
at various stages of a new project, including:
— protecting roadside objects with barriers to
— the feasibility study of the project;
absorb part of the impact energy;
— the draft design;
—
protecting
vehicle occupants from the
— the detailed design;
consequences of collisions with roadside
— before the project becomes operational;
objects, through better vehicle design.
— a few months after the project is operational.
Collapsible lighting columns and other devices
An essential element of the audit process is
that break away on impact were ﬁrst introduced in
that it should be carried out separately by both an
the United States in the 1970s and are now used
independent design team, and a team with experiwidely throughout the world. These objects are
ence and expertise in road safety engineering and
TABLE 4.1
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either mounted on shear bolts, or else are constructed of a deformable, yielding material. Slipbase poles break away at the base when struck by
a vehicle and include special provisions to ensure
electrical safety. Early research conducted in the
United States indicated that break-away columns
could result in reductions in injuries of around
30% (66).
Safety barriers are frequently used to separate
trafﬁc or to prevent it from leaving the road. They
are designed to deﬂect or contain the striking vehicle while ensuring that the forces involved do not
result in serious injury to occupants of the vehicle.
If properly installed and in the appropriate places,
safety barriers can be effective in reducing the
incidence of crashes, their severity and their consequences (67). Crash research has highlighted the
need for more effective linkages between vehicle
protection standards and standards for safety barriers, which take into account the range of vehicles
– from small cars to heavy trucks – that are likely
to make use of them.
Guard fences and rails are situated at the edge of
the carriageway to deﬂect or contain vehicles, or
in the central reserve where their aim is to reduce
crashes involving vehicles crossing into approaching trafﬁc. The fences and rails can be rigid (made
of concrete), semi-rigid (made from steel beams
or box beams) or ﬂexible (made from cable or
wire). Cable barriers have been used cost-effectively in Denmark, Sweden, Switzerland and the
United Kingdom (65). Central cable rails are being
installed to an increasing degree in Sweden to prevent dangerous overtaking on single-carriageway
roads. On two-lane roads with grade-separated
crossings, the use of central cable rails has produced estimated reductions of 45–50% in fatal and
serious casualties (68).
Crash cushions

Crash cushions are very effective in reducing the
consequences of a crash by cushioning the vehicle before it strikes rigid roadside hazards, such
as bridge piers, barrier terminals, light posts and
sign supports. Evaluations in the United States of
crash cushion installations have found a reduc-

tion in fatal and serious injuries at crash sites of
up to 75% (66). In Birmingham, England, installing crash cushions resulted in a 40% reduction in
injury crashes, and a reduction (from 67% to 14%)
in the number of fatal and serious crashes at the
treated sites (69).
Remedial action at high-risk crash sites
The systematic implementation of low-cost road
and trafﬁc engineering measures is a highly costeffective method of creating safer patterns of road
use and correcting faults in the planning and design
of the roads that have led to trafﬁc crashes. The use
of road safety audits and safety impact assessments
can prevent such faults from being introduced into
new or modiﬁed roads (12).
Low-cost road and trafﬁc engineering measures
consist of physical measures taken speciﬁcally to
enhance the safety of the road system. Ideally,
they are cheap, can be implemented quickly, and
are highly cost-effective (see Table 4.2). Examples
include:
— physical changes to roads to make them safer
(e.g. the introduction of skid-resistant surfacing);
— the installation of central refuges and
islands;
— improved lighting, signs and markings;
— changes in the operation of junctions, for
example, by installing small roundabouts,
changing the signal control or improving
signs and markings.
Such measures can be applied at:
— high-risk sites, for instance, a particular
bend or junction;
— along a section of route where the risk is
greater than average, though the measures
are not necessarily concentrated at speciﬁc
sites;
— over a whole neighbourhood.
Experience has shown that for high beneﬁts
to be achieved relative to costs, a systematic and
multidisciplinary approach to identify sites, to
implement low-cost road and trafﬁc engineering
measures, and to evaluate outcomes is required, as
well as an efﬁcient organizational framework (71).
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TABLE 4.2

Some examples of low-cost road safety measures in Norway
Road safety measure

Mean cost
(Norway Kroner)

Mean annual
average daily trafﬁca

Cost–beneﬁt ratio
1:2.5

Pedestrian bridge or underpass

5 990 000

8 765

Converting 3-leg junction to roundabout

5 790 000

9 094

1:1.6

Converting 4-leg junction to roundabout

4 160 000

10 432

1:2.2
1:19.3

Removal of roadside obstacles
Minor improvements (miscellaneous)
Guard rail along roadside
Median guard rail
Signing of hazardous curves

310 000

20 133

5 640 000

3 269

1:1.5

860 000

10 947

1:10.4

1 880 000

42 753

1:10.3

60 000

1 169

1:3.5

Road lighting

650 000

8 179

1:10.7

Upgrading marked pedestrian crossings

390 000

10 484

1:14.0

a

The sum of all motor vehicles passing a point on the road in a single year, divided by 365; this value excludes pedestrians and cyclists.

Source: reproduced from reference 70, with minor editorial amendments, with the permission of the author.

Providing visible, crash-protective,
“smart” vehicles
Improving the visibility of vehicles
Daytime running lights for cars

The term, “daytime running lights” refers to the
use of lights (whether multipurpose or specially
designed) on the front of a vehicle while it is running during daylight hours, so as to increase its visibility. Some countries – including Austria, Canada,
Hungary, the Nordic countries and some states in the
United States – now require by law varying levels of
use of daytime running lights (16). This may involve
either drivers switching on their headlamps or the
ﬁtting of switches or special lamps on vehicles.
Two meta-analyses of the effects of daytime
running lights on cars show that the measure contributes substantially to reducing road crashes. The
ﬁrst study, which examined daytime crashes involving more than one party, found a reduction in the
number of crashes of around 13% with the use of
daytime lights, and reduction of between 8% and
15% as a result of introducing mandatory laws on
daytime use (16). The number of pedestrians and
cyclists hit by cars was reduced by 15% and 10%,
respectively. The second study found a reduction of
slightly over 12% in daytime crashes involving more
than one party, a 20% decrease in injured victims
and a 25% reduction in deaths in such crashes (72).
A study of data over four years from nine American

states concluded that, on average, cars ﬁtted with
automatic daytime running lights were involved in
3.2% fewer multiple crashes than vehicles without
(73). Following the introduction of daytime running
lights and the enforcement of their use in Hungary,
there has been a 13% reduction in the number of
frontal crashes in daylight (74).
A cost–beneﬁt analysis of providing automatic
light switches on cars for daytime running lamps
using standard low-beam headlights found that the
beneﬁts outweighed the costs by a factor of 4.4. The
ﬁtting of daytime running lights with special lamps
with economical bulbs increased the cost–beneﬁt to
a factor of 6.4 (75). Motorized two-wheeler users
have expressed concerns that daytime running
lights on cars could reduce the visibility of motorcyclists. While there is no empirical evidence to
indicate this is the case, researchers have suggested
that if such an effect did exist, it would be offset by
the beneﬁt to motorcyclists of increased car visibility (22, 72). In the two meta-analyses cited above,
use of car daytime running lamps led to a reduction
in pedestrian and cyclist crashes (16, 72).
High-mounted stop lamps in cars

High-mounted stop lamps on cars have also been
adopted as standard equipment in many countries.
They have led to a reduction of between 15% and
50% in rear crashes and cost–beneﬁt ratios of 1:4.1
in Norway and 1:8.9 in the United States (16).
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Daytime running lights for motorized twowheelers

The use of daytime running lights by motorized
two-wheelers has been shown to reduce visibilityrelated crashes in several countries by between 10%
and 15%. In a study of 14 states in the United States
with motorcycle headlight-use laws, a 13% reduction in fatal daytime crashes was observed (76). In
Singapore, a study conducted 14 months after the
introduction of legislation requiring motorcyclists
to switch on their headlamps found that fatal daytime crashes had reduced by 15% (77). In Malaysia,
where legislation requiring daytime use was preceded by a two-month information campaign, the
number of visibility-related crashes fell by 29% (78).
In Europe, motorcyclists who use daytime running
lights have a crash rate that is about 10% lower than
that of motorcyclists who do not (22).
One estimate of the cost–beneﬁt ratio of using
running lights in daytime is put at around 1:5.4 for
mopeds and 1:7.2 for motorcycles (16).
Improving the visibility of non-motorized
vehicles

The main intervention for pedestrians to protect
themselves is to wear clothing that increases their
visibility, especially in poor daylight and in darkness. For cyclists, front, rear and wheel reﬂectors,
and bicycle lamps that are visible at speciﬁed distances, are often required in high-income countries. The quality and use of lights can be improved
by enabling the storage of separate light systems or
by designing the lighting into the cycle frame (15).
Safety researchers in low-income countries have
suggested various means for improving the visibility
of vulnerable road users. The use of retro-reﬂective
vests, common in high-income countries, may be
problematic owing to their cost and the discomfort in
wearing them in hot climates. A design for a brightlycoloured orange or yellow shopping bag that can
quickly be transformed into a conspicuous vest has
been proposed for two-wheeler users in low-income
countries (79). Encouraging the use of colours such
as orange and yellow for bicycles, for wheels, and for
the rear ends of rickshaws and other non-motorized
vehicles, has also been suggested (23).

Many countries require the ﬁtting of reﬂectors
on the front and rear of non-motorized vehicles.
In low-income countries, though, rules could be
extended to cover all animal carts, cycle trishaws
and other forms of local transport that currently
create road safety risks because of their poor visibility at night. The use of reﬂectors on the sides of
vehicles may be helpful at junctions (23). However,
while all these aids to visibility would appear to
have great potential, their actual effectiveness in
increasing the safety of pedestrians and cyclists
remains largely unknown and requires additional
study (80).
Crash-protective vehicle design
While market forces can help advance in-car safety
in individual car models, the aim of harmonizing
legislative standards of vehicle design is to ensure
a uniform and acceptable level of safety across a
whole product line.
Legislative standards are produced by different authorities, from the national to international
level. On a global scale, these include the United
Nations Economic Commission for Europe, and
on a regional level, groupings such as the European Union. Standardization at the regional and
national levels, taking into account as it does local
conditions, can often produce faster action than
a similar process at the international level. Highincome countries routinely set out their national
priorities in reports to the International Technical
Conferences on the Enhanced Safety of Vehicles.
Priorities in some low-income and middleincome countries have also been identiﬁed (23,
81–83).
A study in the United Kingdom concluded that
improved vehicle crash protection (also known
as “secondary safety” or “passive safety”) for car
occupants and pedestrians would have the greatest
effect, out of all new policies under consideration, in
reducing road casualties in Great Britain (see Table
4.3) (84). Comparable analyses in New Zealand estimated that improvements being made in the safety
of the vehicle ﬂeet would reduce projected social
costs in 2010 by just under 16% (85).
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TABLE 4.3

Estimated serious and fatal road casualty reduction effects of new policies, averaged over all types of roads, for
different road users, United Kingdom (expressed a percentage reduction in the number of road casualties)
Policy

Car
occupants

New road safety engineering programme

Pedestrians

Cyclists

Motorcyclists

Others

All
users

6.0

13.7

4.3

6.0

6.0

7.7

10.0

15.0

—

—

—

8.6

5.4

2.0

3.2

8.0

3.0

4.6

—

—

6.0

7.0

—

1.4

Improving safety of rural single carriageways

4.1

—

—

4.2

4.1

3.4

Reducing crash involvement of novice drivers

2.8

1.3

1.0

0.8

0.4

1.9

—

6.0

4.0

—

—

1.2
5.0

Improved vehicle crash protection (passive safety)
Other vehicle safety improvements
Motorcycle and bicycle helmets

Additional measures for pedestrians and cyclist protection
Additional measures for speed reduction

5.0

5.0

5.0

5.0

5.0

Additional measures for child protection

—

6.9

0.6

—

—

1.7

1.9

0.4

0.2

0.8

0.5

1.2

Reducing crashes during high-mileage work driving

2.1

0.9

1.2

1.9

1.9

1.9

Additional measures for improved driver behaviour

1.0

1.0

1.0

1.0

1.0

1.0

Reducing casualties in drink-drive accidents

Combined effect of all measures

33

42

24

30

19

35

Source: reproduced from reference 84, with minor editorial amendments, with the permission of the publisher.

The concept of “crashworthiness” in vehicle design
is now well understood and is incorporated into current car design in highly-motorized countries. If it
were adopted globally, it would contribute substantially to increased road safety (82) (see Box 4.4).
Safer car fronts to protect pedestrians and cyclists

The majority of fatally-injured pedestrians are hit by

the fronts of cars. Creating safer car fronts is thus a key
means of improving pedestrian safety (26, 88, 89).
Crash engineers have known for some time how
crash-protection techniques can be used to reduce
deaths and serious injuries to pedestrians struck
by the fronts of cars (90–93). Since the late 1970s,
studies have been conducted on how the shape,
stiffness and speed of passenger cars inﬂuence the

BOX 4.4

Vehicle safety standards
Vehicle engineering for improved safety can be achieved by modifying a vehicle to help the driver avoid a crash, or
in the event of a crash, protect both those inside and outside the car against injury.
Research indicates that vehicle crash protection is a most effective strategy for reducing death and serious injury
in road crashes. A review of the effectiveness of casualty reduction measures in the United Kingdom between 1980
and 1996 found that the greatest contribution to reducing casualties was secondary safety or crash protection
improvements to vehicles. These accounted for around 15% of the reduction, compared with 11% for drink-drive
measures and 6.5% for road safety engineering measures (84).
Another review, by the European Transport Safety Council, estimated that improved standards for crash
protection could reduce deaths and serious injuries on European roads by as much as 20% (86). Analysis has shown
that if all cars were designed to provide impact protection equivalent to that of the best cars in the same class, half
of all fatal and disabling injuries could be avoided (87).
During the 1990s, signiﬁcant steps towards improved protection of occupants of cars were made in the highlymotorized countries. In the European Union, there were several directives on frontal and side impact protection, and
information on crash tests from the European New Car Assessment Programme (EuroNCAP) was widely disseminated.
Much of the research and development necessary for improvements in other safety areas for car occupants – such as
smart seat-belt reminders – has been completed and now requires legislation to bring it into force.
Globally, the predominant category of road casualties up to 2020 will continue to be vulnerable road users.
Protection for those outside the vehicle against impact is thus a priority in the ﬁeld of vehicle design.
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resulting injuries of pedestrians and pedal cyclists.
While the ﬁtting of rigid, “aggressive” bull-bars
has been much publicized as a cause for concern,
research shows that it is, in fact, the ordinary car
front that presents by far the greatest risk to pedestrians and cyclists in a frontal impact (93–95).
Performance requirements and test procedures
have been devised by a consortium established by
European governments – the European Enhanced
Vehicle-safety Committee (EEVC). Between 1988
and 1994, an EEVC working group on pedestrian
protection developed a complete series of test
methods to evaluate the front of passenger cars
with respect to pedestrian safety (92), and these
test methods were further improved in 1998 (95).
The tests assume an impact speed of 40 km/h and
consist of the following:
— a bumper test to prevent serious knee-joint
injuries and leg fractures;
— a bonnet leading-edge test to prevent femur
and hip fractures in adults and head injuries
in children;
— two tests involving the bonnet top to prevent
life-threatening head injuries.
It has been estimated that take up of these tests
could avoid 20% of deaths and serious injuries to
pedestrians and cyclists in European Union countries annually (87, 94, 96).
These tests, with minor amendments have
been used by the European New Car Assessment
Programme since 1997, and more recently by the
Australian New Car Assessment Programme. Of the
many new cars tested to date, only one type of car
has shown evidence of having reasonable protection – about 80% of the protection demanded by
the tests at an estimated additional manufacturing
cost for new designs of €10 per car (97). Studies
carried out by national road safety research organizations in Europe have shown that the beneﬁts of
adopting the four EEVC tests would outweigh the
costs (98).
Legislation in this area is expected shortly in
several countries, but the contents of the legislation
are the subject of continuing international discussions (87, 99). Experts believe that the adoption of
the well-researched EEVC tests would save many

lives (82, 93, 100) – perhaps as many as 2000 lives
annually in the European Union alone (87).
Safer bus and truck fronts

Extending the crash-protective vehicle exterior
concept to vans, pick-up trucks and other trucks,
and buses is an urgent requirement for protecting
vulnerable road users in low-income countries (82,
88, 101). Buses and trucks are involved in a greater
proportion of crashes in low-income countries than
they are in high-income countries (102). Preliminary investigations have suggested that signiﬁcant
reductions in injuries could be achieved if the geometry and design of truck fronts were changed (102).
The critical geometric features that inﬂuence injury
and that continue to require attention by truck
designers have been set out (101). Given the growth
of megacities such as Bangkok, Beijing, Mexico City,
São Paulo, Shanghai and others, the protection of
vulnerable road users from bus and truck fronts take
on particular importance. Many such cities have
unique vehicles, such as the tuk-tuk of Bangkok, the
becak of Jakarta and the three-wheeled taxis of India.
Such vehicles incorporate almost no concept of crash
protection, for either pedestrians or occupants. They
present a good opportunity, therefore, for technical
knowledge to improve their safety to be transferred
from western car designers (23).
Car occupant protection

The essential aims in crash protection are:
— to maintain, through appropriate design,
the integrity of the car’s passenger compartment;
— to provide protection against elements that
could cause injury in the car’s interior;
— to ensure that vehicle occupants are appropriately restrained;
— to reduce the probability of an occupant
being ejected;
— to prevent injury to other occupants (in a
frontal crash, unbelted rear-seat occupants
can cause injury to belted occupants seated
in front of them);
— to improve the compatibility between vehicles of different mass (e.g. between car and

CHAPTER 4. INTERVENTIONS • 123

sports utility vehicle, car and car, car and bus
or truck, car and motorized two-wheeler or
bicycle).
Car crash protection standards currently address
areas such as structural design, and the design and
ﬁtting of seat-belts, child restraints, air bags, antiburst door latches, laminated glass windscreens,
seats, and head restraints. Such standards offering a
minimum, but high level of protection need to be
adopted in all countries.
Frontal and side impact protection. The vast

majority of car crashes in high-income countries
are offset frontal crashes (where only one side
of a vehicle’s front end hits the other vehicle or
object). In the United States, for example, 79% of
injuries from frontal crashes occur as a result of
offset frontal crashes (81). A recent priority for
safety engineers working on frontal impact protection has been to improve the car structure so it
can endure severe offset impacts with little or no
intrusion of external objects. This allows space, in
the event of a crash, for the seat-belts and air bags
to slow down the occupants with the minimum
risk of injury.
In most high-income countries, there are
legislative performance requirements for cars to
undergo a full-width frontal barrier test or an offset deformable barrier test. The former is acknowledged as an appropriate method for testing occupant restraint systems in frontal crashes. The latter,
the offset deformable barrier test, is a more realistic
simulation of what happens to a car’s structure in
a typical injury-producing frontal crash. The use
of both tests is therefore important to ensure crash
protection for car occupants (83, 103). Both tests
are appropriate for more types of vehicle than they
are currently used for.
Side impacts, while less frequent than frontal
crashes, typically cause more severe injuries. In side
impacts, it is difﬁcult to prevent occupants on the
side that is struck from coming into contact with
the car’s interior. Attempts at greater protection
thus rely on managing the problem of intrusion,
and providing padding and side air bags. During
the 1990s, legislative standards were introduced in

most high-income countries to offer better protection in side impacts. Following the experiences and
evaluation of these requirements for frontal and
side impact protection in Europe, various improvements have since been identiﬁed (83, 104).
As mentioned earlier, advanced crash tests, carried out for the beneﬁt of consumer information
by various New Car Assessment Programmes and
by organizations such as the Insurance Institute for
Highway Safety in the United States, play a vital
role in promoting car design that provides good
frontal and side impact protection.
Occupant restraints. The use of seat-belts con-

tinues to be the most important form of occupant
restraint. Measures to increase their use – by
means of legislation, information, enforcement
and smart audible seat-belt reminders – are
central to improving the safety of car occupants.
When used, seat-belts have been found to reduce
the risk of serious and fatal injury by between
40% and 65%. The ﬁtting of anchorages and seatbelts are covered by various technical standards
worldwide and in most countries these standards
are mandatory for cars. However, there is anecdotal evidence that a half or more of all vehicles
in low-income countries may lack functioning
seat-belts (17).
Air bags are being increasingly provided in cars
as an extra means of restraint, in addition to threepoint seat-belts. They should be ﬁtted universally
to increase the protection of occupants involved in
crashes. While driver and front-seat passenger air
bags do not offer protection in all types of impact
and do not diminish the risk of ejection (105),
when combined with seat-belt use, they have been
found to reduce the risk of death in frontal crashes
by 68% (106). Estimates of the general effectiveness
of air bags in reducing deaths in all types of crashes
range from 8% to 14% (106–108). Where passenger
air bags are ﬁtted, however, clear instructions are
needed to avoid ﬁtting rear-facing child restraints
on the same seat. Also required are devices to automatically detect child restraints and out-of-position occupants, and in such cases to switch off the
passenger air bag.
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Protection against roadside objects. Collisions

between cars and trees or poles are characterized
by the severity of the injuries produced. Current
legislation only requires the use of crash tests with
barriers representing car-to-car impacts. It may
now be time to supplement these tests with front
and side car-to-pole tests, as practised in some
consumer testing programmes. Better coordination
is required between the design of cars and that of
safety barriers (65, 109).

venting “under-running” by cars (whereby cars go
underneath trucks, because of a mismatch between
the heights of car fronts and truck sides and
fronts). Similarly, side protection prevents cyclists
from being run over. It has been estimated that
the provision of energy-absorbing front, rear and
side under-run protection could reduce deaths by
about 12% (111). It has also been suggested that the
beneﬁts would exceed the costs, even if the safety
effect of these measures was as low as 5% (56).

Vehicle-to-vehicle compatibility

Design of non-motorized vehicles

Achieving vehicle-to-vehicle compatibility in crashes
depends upon the particular mix of motor vehicle.
In the United States, for example, there is a greater
need to reconcile sports utility vehicles and other
light truck vehicles with passenger cars. The United
States National Highway Trafﬁc Safety Administration has made vehicle compatibility one of its leading
priorities and has published its proposed initiatives
in a recent report (110). In Europe, work focuses
on trying to improve car-to-car compatibility for
both front-to-front and front-to-side crashes and
recommendations on this have been put forward
(83). In low-income and middle-income countries,
issues of vehicle-to-vehicle compatibility are related
more to collisions between cars and trucks – both
front-to-front impacts, as well as between the front
of the car and the rear of the truck. The ﬁrst priority
for these countries must be to improve the geometry
and structure of trucks so as to better accommodate
impacts from smaller vehicles – not only cars, but
motorcycles and bicycles as well (82).
The frontal structures of many new cars are
capable of absorbing their own kinetic energy in
crashes, so avoiding any signiﬁcant intrusion of the
passenger compartment. However, there is currently no legal control, by means of performance
requirements, of the relative degrees of stiffness of
the fronts of different models of car. Consequently,
when cars of differing stiffness collide, the stiffer
car crushes the weaker car (83).

Research has shown that ergonomic changes in the
design of bicycles could lead to an improvement in
bicycle safety (23, 112). Bicycles display large differences in component strength and the reliability
of their brakes and lighting. About three quarters
of crashes involving passengers carried on bicycles
in the Netherlands are associated with feet being
trapped in the wheel spokes, and 60% of bicycles
have no protective system to prevent this (112).

Front, rear and side under-run guards on trucks

The provision of front and rear under-run protection on trucks is a well-established means of pre-

“Intelligent” vehicles
New technologies are creating new opportunities for road safety as more intelligent systems are
being developed for road vehicles. Vehicles are
now starting to be equipped with technology that
could improve road safety in terms of exposure,
crash avoidance, injury reduction and automatic
post-crash notiﬁcation of collision (113).
The development of intelligent systems is principally technology-driven. This means that – in
the case of many of the features being promoted
– the implications for road safety, as well as for
the behavioural response of users and for public
acceptance, have to be examined. It is generally
acknowledged that some devices may distract
drivers or affect their behaviour, often in a manner not anticipated by the designers of the system
(113, 114). For these and other reasons, it has been
strongly suggested that the development and application of intelligent transport systems should not
be left entirely to market forces (87, 113).
Examples are presented below of some of the
most promising “intelligent” vehicle safety applications that are already “on the road” in some form.
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“Smart”, audible seat-belt reminders

As discussed earlier, the ﬁtting and use of seatbelts constitute the most important form of occupant restraint. Measures to increase seat-belt use,
through legislation, information and enforcement
and smart audible seat-belt reminders are central
to improving in-car safety.
Seat-belt reminders are intelligent visual and
audible devices that detect whether seat-belts are in
use in various seating positions and give out increasingly urgent warning signals until the belts are used
(83). They do not lock the ignition function. Modern types of seat-belt reminders are different from
the older versions that produced a chiming sound
and a light for four to eight seconds, which proved
ineffective in increasing seat-belt use (115).
In Sweden, 35% of all new cars sold currently
have seat-belt reminders (116). It is estimated in
that country that reminders in all cars could lead
to national levels of seat-belt use of around 97%,
contributing to a reduction of some 20% in car
occupant deaths (117).
User trials and research in Sweden and the
United States have shown that seat-belt reminders
with audible warnings are an effective means of
increasing seat-belt use. Preliminary research on
the only system currently available in the United
States found a 7% increase in seat-belt use among
drivers of cars with seat-belt reminders, compared
with drivers of unequipped vehicles (118). Furthermore, a driver survey found that of the two thirds
who activated the system, three quarters reported
using their seat-belt, and nearly half of all respondents said their belt use had increased (119).
A recent United States National Academy of Science report urged the car industry to ensure that
every new light-duty vehicle should have, as standard equipment, an enhanced seat-belt reminder
system for front-seat occupants, with an audible
warning and visual indicator that could not be easily disconnected (120).
An Australian analysis has estimated a cost–beneﬁt ratio of 1:5, for a simple device for drivers only
(121). A cost–beneﬁt ratio of 1:6 was found when
seat-belt reminders were introduced in new vehicles in European Union countries (75). Seat-belt

reminders provide a cheap and efﬁcient option for
helping to enforce seat-belt use.
Speed adaptation

As stated elsewhere in this report, a variety of
effective means exist to reduce vehicle speeds
– including the setting of speed limits according to
road function, better road design, and the enforcement of limits by the police, radar and speed cameras. Speed limitation devices in vehicles can assist
this process, by controlling the maximum speed a
vehicle can travel at; some devices are able to set
variable limits (see below).
Insurance statistics show that high-speed cars –
those with powerful engines, high acceleration and
high top speeds – are more frequently involved in
crashes than cars with lower speed capacities (16).
The increase in maximum speeds in the past 30 to
40 years has made it increasingly easy to drive at
inappropriately fast speeds, thus counteracting the
effects of measures aimed at improving the safety
of cars. In 1993, the ten best-selling models of
cars had top speeds that were double the highest
national posted speed limits in Norway (16).
Intelligent Speed Adaptation (ISA) is a system
being developed that shows great promise in terms
of its potential impact on the incidence of road
casualties. With this system, the vehicle “knows”
the permitted or recommended maximum speed
for the road along which it is travelling.
The standard system uses an in-vehicle digital
road map onto which speed limits have been coded,
combined with a satellite positioning system. The
level at which the system intervenes to control the
speed of the vehicle can be one of the following:
— advisory – the driver is informed of the
speed limit and when it is being exceeded;
— voluntary – the system is linked to the
vehicle controls but the driver can choose
whether and when to override it;
— mandatory – no override of the system is
possible.
The potential reduction in the number of fatal
crashes for these different types of systems has
been estimated to be in the range 18–25% for
advisory systems, 19–32% for voluntary systems,
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and 37–59% for mandatory systems (122). Speed
limit information can in theory be extended to
incorporate lower speeds at certain locations in the
network and – in the future – can vary according to
current network conditions, such as weather conditions, trafﬁc density and the presence of trafﬁc
incidents on the road.
Experimental trials have been carried out or
are under way in Australia, Denmark, the Netherlands, Sweden and the United Kingdom (113).
By far the largest trial of a speed adaptation system – the three-year Intelligent Speed Adaptation
project – was carried out in four municipalities
in Sweden. Various types of ISA system were
installed in around 5000 cars, buses and trucks.
If the driver exceeded the speed limit, light and
sound signals were activated. The trial was conducted primarily in built-up areas with speed
limits of 50 km/h or 30 km/h, and the test drivers were both private car and commercial drivers. The Swedish National Road Administration
reported a high level of driver acceptance in urban
areas of the devices and suggested that they could
reduce crash injuries by 20–30% in urban areas
(109, 116).
Alcohol interlocks

Alcohol ignition interlocks are automatic control
systems that are designed to prevent drivers who
are persistently over the legal alcohol limit from
starting their cars if their BAC levels are over the
legal driving limit. In principle, these devices can
be ﬁtted in any car. As a deterrent, though, they
can be ﬁtted in the cars of repeat drink-driving
offenders, who have to blow into the device before
the car will start. If the driver’s BAC is above a
certain level, the car will not start. Such devices,
when introduced in vehicles as part of a comprehensive monitoring programme, led to reductions
of between 40% and 95% in the rate of repeated
offending (123).
Around half of Canada’s provinces and territories
have embarked on alcohol interlock programmes
and in the United States, most states have passed
enabling legislation for such devices. Some states
in Australia have small experimental programmes

in progress, involving public transport and commercial road transport, and the European Union
is conducting a feasibility study (124). In Sweden,
alcohol interlocks are now installed in over 1500
vehicles and, since 2002, two major truck suppliers
have been offering interlocks as standard equipment on the Swedish market (116).
If limited to use in dealing with drivers who
are persistently over the legal alcohol limit, alcohol interlock devices might have only a numerically small impact. However, their wider use in
public and commercial transport in the future
could extend the potential impact of this tool in
dealing with the problem of drink-driving.
On-board electronic stability programmes

Weather conditions can affect the control of vehicles
and increase the risk of skidding and crashes due to
loss of control on wet or icy roads. In such conditions
an electronic stability programme – an on-board car
safety system – can help the car to remain stable
during critical manoeuvring. Such devices are now
being introduced onto the market, but they are very
expensive. A recent Swedish evaluation of the effects
of this new technology – the ﬁrst of its kind – produced promising results, especially for bad weather
conditions, with reductions in injury crashes of 32%
and 38% on ice and snow, respectively (125).

Setting and securing compliance
with key road safety rules
Good enforcement is an integral part of road safety.
Self-enforcing road safety engineering measures, as
well as new and existing vehicle technologies that
inﬂuence the behaviour of road users have already
been discussed. This section examines the role of
trafﬁc law enforcement by the police and the use of
camera technology.
A major review on trafﬁc law enforcement identiﬁed several important ﬁndings (126):
• It is critical that the deterrent be meaningful for
the trafﬁc law enforcement to be successful.
• Enforcement levels need to be high and
maintained over a period of time, so as to
ensure that the perceived risk of being caught
remains high.
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• Once offenders are caught, their penalties
should be dealt with swiftly and efﬁciently.
• Using selective enforcement strategies to target particular risk behaviours and choosing
speciﬁc locations both improve the effectiveness of enforcement.
• Of all the methods of enforcement, automated
means – such as cameras – are the most costeffective.
• Publicity supporting enforcement measures
increases their effectiveness; used on its own,
publicity has a negligible effect on road user
behaviour.
A study in Canada found that the enforcement
of trafﬁc rules reduced the frequency of fatal motor
vehicle crashes in highly-motorized countries. At the
same time, inadequate or inconsistent enforcement
could contribute to thousands of deaths worldwide
every year (127). It has been estimated that if all current cost-effective trafﬁc law enforcement strategies
were rigorously applied by European Union countries, then as many as 50% of deaths and serious
injuries in these countries might be prevented (128).
Setting and enforcing speed limits
Setting road speed limits is closely associated
with road function and road design, as already
mentioned. Physical measures related to the road
and the vehicle, as well as law enforcement by the
police, all contribute to ensuring compliance with
maximum posted speed limits and to the choice of
an appropriate speed for the existing conditions.

Much research and international experience
point to the effectiveness of setting and enforcing speed limits in reducing the frequency and
severity of road crashes (16, 129). Some examples
of the impacts of changes in speed limits are given
in Table 4.4. In addition, the use of variable speed
limits – where different speed limits are imposed
at different times on the same stretch of road – can
be effective in managing speed (128, 130).
Speed enforcement on rural roads

A meta-analysis of speed enforcement on rural roads,
either by means of radar or instruments which measure mean vehicle speed between two ﬁxed points, or
by stationary speed enforcement – where uniformed
police ofﬁcers and police cars attend vehicle stopping
points – found that the two strategies combined
reduced fatal crashes by 14% and injury crashes by
6%. Stationary speed enforcement alone reduced
fatal and injury crashes by 6% (16).
Leggett described a long-term, low-intensity
speed enforcement strategy in Tasmania, Australia,
that involved the visible use of single, stationary
police vehicles on three high-risk stretches of rural
road (131). This enforcement strategy resulted in
an observed reduction in speeding behaviour and
a signiﬁcant decrease in the overall average speed
of 3.6 km/h. A fall of 58% in serious casualty
crashes – fatal crashes and those involving hospital admission – was also reported. The two-year
enforcement programme produced an estimated
cost–beneﬁt ratio of 1:4 (131).

TABLE 4.4

Examples of effects of speed limit changes
Date

Country

Type of road

Speed limit change

Effect of change on speed

Effect of change on
number of fatalities

1985

Switzerland

Motorways

130 km/h to
120 km/h

5 km/h decrease in mean speeds

12% reduction

1985

Switzerland

Rural roads

100 km/h to
80 km/h

10 km/h decrease in mean speeds

6% reduction

1985

Denmark

Roads in built-up areas

60 km/h to
50 km/h

3–4 km/h decrease in mean speeds

24% reduction

1987

USA

Interstate highways

55 miles/h (88.5 km/h)
to 65 miles/h
(104.6 km/h)

2–4 miles/h (3.2–6.4 km/h)
increase in mean speeds

19–34% increase

1989

Sweden

Motorways

110 km/h to
90 km/h

14.4 km/h decrease
in median speeds

21% reduction

Source: reproduced from reference 130, with the permission of the publisher.
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Speed cameras

Automatic speed enforcement, such as by means of
speed cameras, is now employed in many countries. Experience from a range of high-income
countries indicates that speed cameras that record
photographic evidence of a speeding offence, that
is admissible in a law court, are a highly effective
means of speed enforcement (see Table 4.5). The
well-publicized use of such equipment in places
where speed limits are not generally obeyed and
where the consequent risk of a crash is high has led
to substantial reductions in crashes (113, 132, 134).
The cost–beneﬁt ratios of speed cameras have been
reported to range between 1:3 and 1:27 (135, 136).
In several countries, including Finland, Norway
and the United Kingdom, there has been a high
social acceptance of speed cameras (113).
Speed limiters in heavy goods and public
transport vehicles

Speed can also be controlled by “vehicle speed limiters” or “speed governors”, which are devices that can
be added to vehicles to limit the maximum speed
of the vehicle. This device is already being used in
many countries in heavy goods vehicles and coaches.
It has been estimated that speed governors on heavy
goods vehicles could contribute to a reduction of 2%
in the total number of injury crashes (137).

In rural areas, speed limitation for buses, minibuses
and trucks could be valuable (46). Given the high
representation of such vehicles in injury crashes in
low-income countries, universal availability of speed
limitation on trucks and buses would be an important
means of improving road safety.
Setting and enforcing alcohol impairment
laws
Despite the progress made in many countries in
curbing drink-driving, alcohol is still a signiﬁcant
and widespread factor in road crashes. The scientiﬁc literature and national road safety programmes
agree that a package of effective measures is necessary to reduce alcohol-related crashes and injuries.
Blood alcohol concentration limits

The basic element of any package to reduce alcohol
impairment among road users is establishing a legal
BAC limit. In many countries, a breath alcohol limit
is used, for purposes of legal prosecution. Mandatory
BAC limits provide an objective and simple means by
which alcohol impairment can be detected (138). In
addition, the BAC level gives clear guidance to drivers
about safe driving practice. Upper limits of 0.05 g/dl
for the general driving population and 0.02 g/dl for
young drivers and motorcycle riders are generally
considered to be the best practice at this time.

TABLE 4.5

Estimated safety beneﬁts of speed cameras
Country or area

Beneﬁts of crash reduction at a system level

Australia

22% reduction in all crashes in New South Wales
30% reduction in all crashes on urban arterial
roads in Victoria
34% reduction in fatal crashes in Queensland

Beneﬁts of crash reduction at individual crash sites

New Zealand

11% reduction in crashes and 20% reduction in casualties
during trials of hidden speed cameras

Republic of Korea

28% reduction in crashes and 60% reduction in deaths at
high-risk sites

United Kingdom

35% reduction in road trafﬁc deaths and serious injuries
and 56% reduction in pedestrians killed or seriously
injured at camera site

Europe (various)

50% reduction in all crashes

Various countries
(meta-analysis)

17% reduction in crashes resulting in injuries
28% reduction in all crashes in urban areas
4% reduction in all crashes in rural areas

Sources: references 16, 113, 132, 133.
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Blood alcohol concentration
limits for the general driving
population

TABLE 4.6

Blood alcohol concentration (BAC) limits for drivers by country or area
Country or area

BAC (g/dl)

Country or area

BAC (g/dl)

The risk of crash involvement starts
Australia
0.05
Lesotho
0.08
to increase signiﬁcantly at BAC lev- Austria
0.05
Luxembourg
0.05
els of 0.04 g/dl (139). A variety of Belgium
0.05
Netherlands
0.05
BAC limits are in place across the Benin
0.08
New Zealand
0.08
0.08
Norway
0.05
world – ranging from 0.02 g/dl to Botswana
0.08
Portugal
0.05
0.10 g/dl (see Table 4.6). The most Brazil
Canada
0.08
Russian Federation
0.02
common limit in high-income
Côte d’Ivoire
0.08
South Africa
0.05
countries is 0.05 g/dl; a legal limit Czech Republic
0.05
Spain
0.05
of 0.10 g/dl corresponds to a three- Denmark
0.05
Swaziland
0.08
fold increase, and a limit of 0.08 Estonia
0.02
Sweden
0.02
0.05
Switzerland
0.08
g/dl a two-fold increase, in the Finland
0.05
Uganda
0.15
risk of crash involvement over that France
Germany
0.05
United Kingdom
0.08
allowed by a 0.05 g/dl limit.
Greece
0.05
United Republic of Tanzania
0.08
Reviews of the effectiveness
Hungary
0.05
United States of Americaa
0.10 or 0.08
of introducing BAC limits for Ireland
0.08
Zambia
0.08
the ﬁrst time have found that Italy
0.05
Zimbabwe
0.08
they lead to reductions in alco- Japan
0.00
hol-related crashes, though the a Depends on state legislation.
magnitude of these effects varies Sources: references 140–142.
considerably. When limits are
subsequently decreased, research shows that this
can lead to reductions in crashes of between 4% and
is generally accompanied by further reductions in
24% (145). In the United States, where a lower BAC
alcohol-related crashes, injuries and deaths (138).
limit applies to all drivers under the age of 21 years,
Reducing BAC limits from 0.10 g/dl to 0.08 g/dl
it has been estimated that the cost–beneﬁt ratio of
(as was done in some states in the United States) or
the measure is 1:11 (146). In other countries, there
from 0.08 g/dl to 0.05 g/dl (in Australia) or from
are lower legal BAC limits for newly-licensed driv0.05 g/dl to 0.02 g/dl (in Sweden) resulted in a
ers, or for newly-licensed drivers under a certain
fall in the number of deaths and serious injuries
age, which form part of a graduated driver licensing
(143–145). In the United States, a systematic review
scheme.
of BAC laws in 16 states found that the reduction
from 0.10 g/dl to 0.08 g/dl resulted in a median
Minimum drinking-age laws
decrease of 7% in fatal alcohol-related motor vehiMinimum drinking-age laws specify an age below
cle crashes (145).
which the purchase or public consumption of alcoholic beverages is illegal. In the United States, the
Lower blood alcohol concentration limits for
minimum drinking age in all 50 states is currently
young or inexperienced drivers
21 years. A systematic review of 14 studies from
As already discussed in the previous chapter, the
various countries looking at the effects of raising
crash risk for inexperienced young adults starts
minimum drinking ages found that crash-related
to increase substantially at lower BAC levels than
outcomes decreased on average by 16% for the tarolder, more experienced drivers.
geted age groups. In nine studies that examined the
A review of published studies found that laws
effects of lowering the drinking-age, crash-related
establishing a lower BAC limit – of between zero
outcomes increased by an average of 10% within the
and 0.02 g/dl – for young or inexperienced drivers
age groups concerned (145).
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Deterring excess alcohol offenders

For most countries, the level of enforcement of
drink-driving laws has a direct effect on the incidence of drinking and driving (147). Increasing
drivers’ perception of the risk of being detected is
the most effective means of deterring drinking and
driving (148). “Evidential” breath-testing devices
(devices that are considered accurate enough for
the results to be used as evidence in law courts) are
a means of substantially increasing breath-testing
activity. Though used in most high-income countries, they are not currently widespread elsewhere.
This greatly limits the ability of many countries to
respond effectively to the problem of drink-driving.
The deterrent effect of breath-testing devices is
to a large extent dependent on the legislation governing their use (126). Police powers vary between
countries, and include the following:
— stopping obviously impaired drivers;
— stopping drivers at roadblocks or sobriety
checkpoints and testing only those suspected
of alcohol impairment;
— stopping drivers at random and testing all
who are stopped.
The following components have been identiﬁed
as being central to successful police enforcement
operations to deter drinking drivers (128):
• A high proportion of people tested (at least one in
ten drivers every year but, if possible, one in three
drivers, as is the case in Finland). This can only be
achieved through wide-scale application of random breath testing and evidential breath testing.
• Enforcement that is unpredictable in terms of
time and place, deployed in such a manner so
as to ensure wide coverage of the whole road
network and to make it difﬁcult for drivers to
avoid the checkpoints.
• Highly visible police operations. For drinking
drivers who are caught, remedial treatment
can be offered as an alternative to traditional
penalties, to reduce the likelihood of repeated
offending.
Random breath testing and sobriety checkpoints

Random breath testing is carried out in several
countries, including Australia, Colombia, France,

the Nordic countries, the Netherlands, New Zealand and South Africa. The use of sustained and
intensive random breath testing is a highly effective
means of reducing injuries resulting from alcohol
impairment. In Australia, for instance, since 1993
it has led to estimated reductions in alcohol-related
deaths in New South Wales of 36% (with one in
three drivers tested), in Tasmania of 42% (three
in four tested) and in Victoria of 40% (one in two
tested) (126).
An international review of the effectiveness of
random breath testing and sobriety checkpoints
found that both reduced alcohol-related crashes
by about 20% (149). The reductions appeared to
be similar, irrespective of whether the checkpoints
were used for short-term intensive campaigns or
continuously over a period of several years.
A Swiss study has shown that random breath
testing is one of the most cost-effective safety
measures that can be employed, with a cost–beneﬁt ratio estimated at 1:19 (150). In New South
Wales, Australia, the estimated cost–beneﬁt ratio
of random breath testing ranged from 1:1 to
1:56 (126, 151, 152). Similarly, economic analyses
on the sobriety checkpoint programmes in the
United States estimated beneﬁts totalling between
6 and 23 times their original cost (153, 154).
Mass media campaigns

It is generally accepted that enforcement of alcohol
impairment laws is more effective when accompanied by publicity aimed at:
— making people more alert to the risk of
detection, arrest and its consequences;
— making drinking and driving less publicly
acceptable;
— raising the acceptability of enforcement
activities.
Public support for random breath testing, for
instance, has remained high in New South Wales,
Australia as a result of extensive public information
concerning the measure.
A recent systematic review demonstrated that
mass media campaigns that are carefully planned
and well executed, that reach a sufﬁciently large
audience, and that are implemented together with
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other prevention activities – such as highly-visible
enforcement – are effective in reducing alcoholimpaired driving and alcohol-related crashes (155).
In New Zealand, a recent evaluation of the ﬁve-year
Supplementary Road Safety Package, which combines shock advertising with enforcement, found
that this combination strategy saved between 285
and 516 lives over the ﬁve-year period (156).
Penalties for excess alcohol offenders

Prison sentences have been given for drink-driving
offences in several countries, including Australia,
Canada, Sweden and the United States. According to
research, though, in the absence of effective enforcement such a penalty, in general, has been unsuccessful in deterring drinking drivers or reducing the rate
of repeat offending (148, 157). If drivers perceive that
the likelihood of their being detected and punished
is low, then the effect of the penalty, even if severe, is
likely to be small. All the same, research suggests that
disqualiﬁcation from driving after failing a breath
test or refusing to take a breath test may deter drinking drivers – probably because of the swiftness and
certainty of the punishment (157).
Interventions for high-risk offenders

High-risk offenders are usually deﬁned as those
with BAC levels in excess of 0.15 g/dl. In many
industrialized countries, driver rehabilitation
courses are available to offenders, though the
components of such courses vary widely. Studies that have followed participants subsequent to
drink-driving rehabilitation courses have shown,
where participants are motivated to address their
problems, that the courses reduce the rate of reoffending (158, 159).
Medicinal and recreational drugs
Legal requirements for police powers to carry out
drug testing vary. Powers to carry out a blood or
urine test exist in many countries to determine
whether a driver is unﬁt to drive as a result of consuming drugs. The relationship between the use
of drugs and involvement in road crashes is still
largely unclear. Considerable research, though, is
currently being undertaken to gain greater under-

standing of this subject. Enforcement strategies that
deter people from driving while under the inﬂuence of drugs still have to be developed. Research is
also being carried out in this area, to ﬁnd efﬁcient
and cost-effective screening devices to help enforce
laws on drug use and driving.
Drivers’ hours of work in commercial and
public transport
The previous chapter outlined the risks associated
with cumulative fatigue as a result of lack of sleep,
night driving and working shifts. Research indicates that fatigue is most prevalent among longdistance truck drivers (160) and that it is a factor
in 20–30% of crashes in Europe and the United
States involving commercial road vehicles (161,
162). A recent review of research on fatigue among
commercial transport drivers in Australia found
that between 10% and 50% of truck drivers drove
while fatigued on a regular basis. The self-reported
use of pills taken to stay awake in the long-distance
road transport industry varies between 5% and
46% (163).
The normal pattern of work of commercial
drivers is inﬂuenced by strong economic and social
forces. Arguments about safety are usually ignored
in many places, for commercial reasons (161, 164–
166). However, an estimated 60% of the overall
costs of trafﬁc crashes involving commercial trucks
in the United States are borne by society, rather
than by the truck operators (167).
Working time – which often determines the
time since the last signiﬁcant period of sleep – is
more critical to fatigue than actual driving time.
Restrictions on driving hours that do not take into
account when the driving occurs, forcing drivers to
work according to shifting schedules, can result in
greater sleep deprivation and make it difﬁcult for
the drivers’ circadian rhythms to adapt (161).
Buses, coaches and commercial road transport
are the only areas that are covered by speciﬁc legislation. It is increasingly recognized, though, that
regulations on working and driving times need to
be broadened. Drivers and operators, for instance,
need training and information on fatigue and how
to manage it. In Europe, in particular, laws on driv-
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ing and working hours and their enforcement, over
the last 30 years, have not yet reached the levels
demanded by safety research (161). Safety experts
believe that the policies on driving and working
hour limits should take greater account of the scientiﬁc evidence on fatigue and crash risk and, in
particular, of the following:
• Daily and weekly rest. The risk of being involved
in a crash doubles after 11 hours of work
(168). Sufﬁcient time and proper facilities for
meal breaks and daily rest and recuperation
need to be provided. Where breaks cannot be
taken at physiologically suitable times of the
day, proper time must be given for full recuperation on a weekly, or shorter, basis.
• Night work. The risk of fatigue-related crashes
at night is 10 times greater than during the
day (161). The number of permissible working
hours during the period of low circadian activity should be substantially less than the number
permitted during the day.
• Working and driving time. There should be a coordinated approach to regulating driving and
working time to ensure that permissible driving times do not inevitably lead to unacceptably
high working times that double crash risk.
Some new vehicle technologies – such as onboard driver monitoring systems – promise to help
in the detection of fatigue and excessive working
hours. Road design standards urgently need to take
better account of current knowledge of the causes
and characteristics of crashes due to fatigue and
inattention, and more research is needed to set
good standards of road design to help prevent such
crashes (163). While such technological advances
can certainly help, none of them is a substitute for
a proper regime of regulated working hours and its
rigorous enforcement.
Cameras at trafﬁc lights
Crashes at junctions are a leading source of road trafﬁc
injury. In addition to improved junction layout and
design and the replacement, where appropriate, of
signal-controlled junctions by roundabouts, research
has shown that cameras can also be cost-effective
in reducing crashes at junctions with trafﬁc lights.

Cameras at trafﬁc lights take photographs of vehicles
going through the lights when the signal is red. In
Australia, the introduction of such cameras in the late
1980s led to a 7% reduction in all crashes and a 32%
reduction in front-to-side impacts at sites with cameras
(169). In the United States, it was found that following
the introduction of cameras at sites in Oxnard, California, the number of injury crashes fell by 29% and
the number of front-to-side impacts involving injury
fell by 68%, with no increase in rear impacts (170). A
meta-analysis of studies of the effectiveness of cameras
at trafﬁc lights has shown that they are associated with
a 12% reduction in the number of injury crashes (16).
A cost–beneﬁt analysis of cameras at trafﬁc lights in the
United Kingdom calculated that the return was nearly
twice the investment after one year and 12 times the
investment after ﬁve years (171).
Setting and enforcing seat-belt and child
restraint use
Seat-belts

The level of seat-belt use is inﬂuenced by:
— whether there is legislation mandating their
use;
— the degree to which enforcement of the law,
complemented by publicity campaigns, is
carried out;
— incentives offered to encourage use.
The time series shown in Figure is 4.1 is based on
30 years of experience in Finland with using seatbelts. It shows how legislation for compulsory use,
without accompanying penalties, publicity or enforcement, has only a temporary effect on usage rates.
Mandatory seat-belt use laws

Mandatory seat-belt use has been one of road injury
prevention’s greatest success stories and has saved
many lives. Occupant restraints ﬁrst began to be ﬁtted in cars in the late 1960s, and the ﬁrst law on their
mandatory use was passed in Victoria, Australia, in
1971. By the end of that year, the annual number of
car occupant deaths in Victoria had fallen by 18%,
and by 1975 by 26% (173). Following the experience
of Victoria, many countries also introduced seat-belt
laws, which have led to many hundreds of thousands of lives saved worldwide.
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FIGURE 4.1

Use of seat-belts by car drivers/front-seat passengers in urban and non-urban areas of Finland, 1966–1995
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Seat-belts had been available for 20 years in
Europe before their use was enforced by law, often
with dramatic results. In the United Kingdom, for
instance, front seat-belt usage rose from 37% before
the introduction of the law to 95% a short period
afterwards, with an accompanying fall of 35% in
hospital admissions for road trafﬁc injuries (174,
175). The wide variation in seat-belt use in European Union countries means that substantial further
savings – estimated at around 7000 deaths annually
– could be achieved if the usage rate was raised to
the best that exists globally. In 1999, the best rates
for seat-belt use recorded in high-income countries
were in the 90–99% range for front-seat occupants,
and in the 80–89% range for those in rear seats
(128). Seat-belt use legislation in low-income countries is still not universal, and will become increasingly important as levels of car trafﬁc rise.
The cost–beneﬁt ratio of mandatory seat-belt use
has been estimated at between 1:3 and 1:8 (16).
Enforcement and publicity

Research has shown that primary enforcement – where
a driver is stopped solely for not wearing a seat-belt
– is more effective than secondary enforcement – where
a driver can only be stopped if another offence has
been committed (176, 177). Primary enforcement

can increase seat-belt use, even where the level of
use is already high (178).
Many studies, at both national and local levels,
have shown that enforcement increases seat-belt
use if it meets certain conditions. The enforcement
needs to be selective, highly visible and well publicized, conducted over a sufﬁciently long period
and repeated several times during a year (179–183).
Selective Trafﬁc Enforcement Programmes and
similar programmes have been introduced in
France, in parts of the Netherlands and in several
states of the United States. Generally, wearing rates
have been found to be around 10–15% higher than
the baseline level, a year after the activities were
carried out (184). Studies have estimated that the
cost–beneﬁt ratio of such seat-belt enforcement
programmes is of the order of 1:3 or more (172).
The Selective Trafﬁc Enforcement Programmes
carried out in Canadian provinces have achieved
improvements in seat-belt use, resulting in high
rates of use. While the programmes differ across
provinces in their details, their basic elements are
broadly similar and include:
— an information brieﬁng, educating police
forces about the issue and its importance;
— following this campaign, a period of one
to four weeks of intensive enforcement by
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FIGURE 4.2

Use of seat-belts by car drivers/front-seat passengers
in Saskatchewan, Canada, 1987–1994
100
Percentage of drivers/front-seat passengers
wearing seat-belts

the police, including ﬁnes, repeated several
times a year;
— extensive public information and advertising;
— support for the enforcement campaigns
in the media, and regular feedback in the
media to public and police, on the progress
recorded.
In the province of Saskatchewan, the programme
has been repeated every year since 1988. In 1987,
prior to the start of the programme seat-belt use of
drivers was 72%, and that of front-seat passengers
67%. Figure 4.2 shows the incremental increases in
seat-belt use – up to rates in excess of 90% – of drivers and front-seat passengers, from the introduction
of the programme until 1994 (185, 186).
The reasons why this type of programme has
had such success include (186):
• The programme is seen as a safety, rather
than as an enforcement measure, as a result
of public information before the programme
started.
• The perceived risk of being caught is
increased, because of the wide media coverage and police visibility.
• The provision of incentives (see below)
strengthens the safety message and results in
even higher police visibility.
• Feedback on the programme’s progress motivates both the public and police.
• The programme is greater than the sum of its
separate elements, that is to say, its individual
elements reinforce each other.
In the Republic of Korea, in the second half
of 2000, the government set a target to increase
seat-belt use from 23% to 80% by 2006. By August
2001, efforts to increase seat-belt use that included
publicity, enforcement and a 100% increase in ﬁnes
for offenders, led to a spectacular increase in usage
from 23% to 98%, a rate that was sustained in 2002
(133).
Six months after the introduction of legislation on
seat-belt use in Thailand, a study in four cities found
that the proportion of drivers wearing seat-belts had
actually decreased. The reason for this is unclear, but
it may have been related to problems with the consistent enforcement of the law (187).
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Incentive programmes

Incentives programmes have been devised to
enhance police enforcement of seat-belt use in a
number of countries. In these programmes, seatbelt use is monitored and seat-belt wearers are
eligible for a reward. The rewards may range from
a meal voucher or lottery ticket to sizeable prizes
such as video recorders or free holidays (188). In
general, such programmes appear very effective
and have a high level of acceptance. A meta-analysis of 34 studies examined the effects of incentives
on seat-belt use, and found the size of the effect to
be related to a number of variables, such as the target population, the initial baseline rate of seat-belt
use and the prospect of immediate rewards (184).
Child restraints

The high level of effectiveness of child restraints in
reducing fatal and serious injuries was discussed in the
previous chapter. Good protection requires that the type
of restraint used is appropriate for the age and weight of
the child. Several restraint types exist and are covered by
international standards. These include (189):
• Rear-facing infant seats: for infants up to 10 kg,
from birth to 6–9 months, or for infants up to
13 kg, from birth to 12–15 months.
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• Forward-facing child seats: for children weighing
9–18 kg, from approximately 9 months to 4
years.
• Booster seats: for children weighing 15–25 kg,
aged from about 4 to 6 years.
• Booster cushions: for children weighing 22–36 kg,
aged from about 6 to 11 years.
Effective interventions for increasing child restraint
use include (172, 190):
— laws mandating child restraints;
— public information and enhanced enforcement campaigns;
— incentive programmes and education programmes to support enforcement;
— child restraint loan schemes.
In North America, children under 12 years are
encouraged to sit in the rear of the vehicle, whereas
in Europe, rear-facing child seats are increasingly
being used on the front passenger seat. As mentioned in the previous chapter, while research has
shown that rear-facing seats offer more protection than forward-facing seats, there are risks
attached to placing rear-facing seats on the front
seat directly in front of the passenger air bag. There
should be clear instructions to avoid ﬁtting rearfacing child restraints in this way. Devices exist
that can automatically detect child restraints and
occupants out of their normal position on the front
seat, and switch off the passenger air bag.
As regards child restraint usage in low-income
countries, cost and availability are important factors.
Mandatory child restraint laws

A review of studies on the effects of mandatory
child restraint laws in the United States concluded
that such laws have led to an average reduction of
35% in fatal injuries, a 17% decrease in all injuries
and a 13% increase in child restraint use (190, 191).
While most cars in high-income countries are
ﬁtted with adult restraint systems, child restraint
use requires informed decisions on the part of parents or guardians regarding design, availability and
correct ﬁtting. A further issue is the fact that agerelated child seats can only be used for a limited
period and the cost of replacing them could deter
parents from doing so.

As mentioned earlier, the incorrect ﬁtting and
use of child equipment is a signiﬁcant problem that
decreases the potential safety beneﬁts of these systems. Standardized anchorage points in cars would
help to resolve many of these problems. Proposals
for an international requirement have been discussed for many years, but not agreed as yet.
In the absence of child seats, it is important that
adults are made to understand that they should
avoid carrying children on their laps. The forces in
a crash are such that, whatever action adults may
take, they are unlikely to save an unbelted child
from injury (192).
Child restraint loan programmes

Child restraint loan programmes are widely available in high-income countries. For a small fee or
without charge, parents can have the loan of an
infant seat from the maternity ward where the
child is born. A further beneﬁt of such schemes is
their strong educational value and the opportunity
they afford for precise advice to be given to the
parents. The schemes have strongly affected usage
rates of infant seats and also the use of appropriate
child restraints throughout childhood (191, 193).
Setting and enforcing mandatory crash
helmet use
Bicycle helmets

As already mentioned, the use of bicycle helmets
has been found to reduce the risk of head and brain
injuries by between 63% and 88% (194–196). As
with other safety equipment, measures to increase
the use of bicycle helmets involve a variety of
strategies. A range of bicycle helmet standards
is used worldwide. While there continues to be
debate about whether mandatory use is appropriate – reﬂecting concerns that mandatory use could
deter people from the otherwise healthy pursuit of
cycling – the effectiveness of bicycle helmets for
road safety is not at all in doubt (195) (see Box 4.5).
In general, bicycle helmet use worldwide is low.
A meta-analysis of studies has shown that the
mandatory wearing of cycle helmets has reduced
the number of head injuries among cyclists by
around 25% (16). In 1990, following 10 years of
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campaigns promoting the use of cycle helmets, the
state of Victoria in Australia introduced the world’s
ﬁrst law requiring cyclists to wear helmets. The rate
of helmet wearing increased from 31% immediately
before to 75% in the year following the new legislation and was associated with a 51% reduction in
the numbers of crash victims who were admitted to
hospital with head injuries or who died. Substantial
increases in use were observed among all age groups,
although rates of use were lowest among teenagers
(205). Mandatory bicycle helmet laws introduced in
New Zealand in 1994 also resulted in large increases
in helmet use, and reductions in the number of head
injuries of between 24% and 32% in non-motorized
vehicle crashes and of 19% in motor vehicle crashes
(203). Currently the rate of helmet wearing in New
Zealand is around 90%, in all age groups (206).
Together with legislation on their use, helmet promotion programmes organized by community-wide
groups, using a variety of educational and publicity

strategies, have been shown to be effective in increasing helmet wearing in the United States (207). A law
in Florida, United States, requires all riders under 16
years to wear a helmet; its introduction, which was
accompanied by supporting strategies such as programmes in school on bicycle safety and the provision of free helmets for poorer people, led to a decline
in the rate of bicycle-related injuries, from 73.3 to
41.8 per 100 000 population (208). In Canada, rates
of helmet use rose rapidly following the introduction
of mandatory laws for cyclists, and these rates were
sustained over the next two years with regular education and enforcement by the police (198).
Cost–beneﬁt ratios for cycle helmets have been
estimated at around 1:6.2 for children, 1:3.3 for
young adults and 1:2.7 for adults (16).
Motorcycle helmets

There are various strategies that effectively address
the problem of head injuries in motorcyclists. They

BOX 4.5

Bicycle helmets
The incidence of bicycle-related injuries varies between countries. This is partly due to factors such as the road design,
the trafﬁc mix, climate and cultural attitudes (197). Over three quarters of fatal bicycle injuries are due to head injury
(198). Among children, bicycle injuries are the leading cause of head injury (199).
There is now good evidence that bicycle helmets are effective in reducing head injuries. Early population-based
research found that bicycle helmets reduced the risk of this type of injury by about 85% (200). More recent studies
agree with this ﬁnding, with the estimated protective effects ranging from 47% to 88% (195, 201).
To promote the wearing of bicycle helmets, many governments have introduced legislation making bicycle
helmets mandatory. During the 1990s, Australia, Canada, New Zealand and the United States brought in such laws.
Since then, the Czech Republic, Finland, Iceland and Spain have followed suit. In the majority of cases, the laws
have been directed at children and young people up to 18 years of age; only in Australia and New Zealand does the
legislation cover bicyclists of all ages (197).
Evaluations of mandatory bicycle helmet laws have been encouraging. Findings from Canada, for instance, in
those provinces where legislation has been introduced, show a 45% reduction in the rates of bicycle-related head
injury (202). In New Zealand, it has been estimated that there was a 19% reduction in head injuries among cyclists
over the ﬁrst three years, following the introduction of bicycle helmet laws (203).
Those opposed to bicycle helmet legislation argue that wearing bicycle helmets encourages cyclists to take
greater risks and therefore makes them more likely to incur injuries. To date, this argument has not found empirical
evidence to support it. Other opponents have suggested that bicycle helmet legislation reduces the number of cyclists
and it is for this reason that there are fewer head injuries. The most recent evidence, though, suggests the contrary:
the number of child cyclists in Canada actually increased in the three years following the introduction of bicycle
helmet laws (204).
There is unequivocal evidence that bicycle helmets reduce both the incidence and severity of head, brain and
upper facial injuries. Making the wearing of bicycle helmets compulsory, together with improvements to the road
environment that improve safety for cyclists, is therefore an effective strategy for reducing bicycle-related injuries.
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include the introduction of performance standards
for motorcycle safety helmets, legislation making
helmet wearing compulsory – with penalties for
non-use – and targeted information and enforcement campaigns.
In many parts of the world, helmet standards set
out performance requirements for crash helmets.
These standards are most effective when based on
research ﬁndings on crash injury. A recent European
initiative has recently reviewed, and subsequently
revised, existing helmet standards in the light of
current knowledge and crash research (209).
In low-income countries, it would be highly
desirable for effective, comfortable and low-cost
helmets to be developed and local manufacturing capacity increased. The Asia Injury Prevention
Foundation, for instance, has developed a lightweight tropical helmet for use in Viet Nam and has
drawn up standards for helmet performance. In
Malaysia, the ﬁrst standard for motorcycle helmets
for adults was drafted in 1969 and updated in 1996.
The country is now developing helmets specially
designed for children (210).

an effective measure for preventing traumatic brain
injury at all ages (213).
A meta-analysis of studies – mainly from the
United States, where many laws on helmets were
introduced in the period 1967–1970, around a half of
which were repealed between 1976 and 1978 – found
that the introduction of laws on compulsory helmet
wearing reduced the number of injuries to moped
riders and motorcyclists by 20–30% (16). Similarly,
the analysis of the effects of repealing helmet wearing laws showed that withdrawing them led to an
increase of around 30% in the numbers of fatal injuries, and an increase of 5–10% in injuries to moped
riders and motorcyclists (16). A recent study on the
repeal of laws in the United States found that observed
helmet use in the states of Kentucky and Louisiana
dropped from nearly full compliance, when the laws
were still operative, to around 50%. After the repeal
of the laws, motorcycle deaths increased by 50% in
Kentucky and by 100% in Louisiana (214).
Economic evaluations of mandatory helmet
wearing laws, based largely on experience in the
United States, found high cost–beneﬁt ratios, ranging from 1:1.3 to 1:16 (215).

Mandatory laws on helmet wearing

Increasing helmet wearing through the legislation
requiring their use is important, especially in lowincome countries where motorized two-wheeler
use is high and current levels of helmet wearing
low. It has been suggested that when a motorcycle
is purchased, the acquisition of an approved helmet
should be mandated, or at least encouraged, especially in low-income countries (17).
In Malaysia, where legislation on the use of
helmets was introduced in 1973, it was estimated
that the law led to a reduction of about 30% in
motorcycle deaths (211). In Thailand, in the year
following the enforcement of the law on wearing helmets, their use increased ﬁve-fold, while
motorcycle head injuries decreased by 41.4% and
deaths by 20.8% (212).
An evaluation of helmet use and traumatic
brain injury, before and after the introduction of
legislation, in the region of Romagna, Italy, found
that helmet use increased from an average of less
than 20% in 1999 to over 96% in 2001, and was

The role of education, information and
publicity
Public health sector campaigns in the ﬁeld of road
injury prevention have encompassed a wide range
of measures, but education has always featured as
the mainstay of prevention (216). In the light of
ongoing research and experience of the systems
approach to road injury prevention, many professionals in the ﬁeld have re-examined the role that
education plays in prevention (26, 216, 217). It is
clear that informing and educating road users can
improve knowledge about the rules of the road and
about such matters as purchasing safer vehicles and
equipment. Basic skills on how to control vehicles
can be taught. Education can help to bring about a
climate of concern and develop sympathetic attitudes towards effective interventions. Consultation
with road users and residents is essential in designing urban safety management schemes.
As the previous section showed, when used in
support of legislation and law enforcement, publicity
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and information can create shared social norms for
safety. However, when used in isolation, education,
information and publicity do not generally deliver
tangible and sustained reductions in deaths and
serious injuries (26, 190, 217). Historically, considerable emphasis has been placed on efforts to reduce
road user error through trafﬁc safety education
– for example, in pedestrian and cycle education
for school children, and in advanced and remedial
driver training schemes. Although such efforts can
be effective in changing behaviour (218), there is no

evidence that they have been effective in reducing
rates of road trafﬁc crashes (218, 219) (see Box 4.6).

Delivering post-crash care
Chain of help for patients injured in road
crashes
The aim of post-impact care is to avoid preventable death and disability, to limit the severity of the
injury and the suffering caused by it, and to ensure
the crash survivor’s best possible recovery and
reintegration into society. The way in which those

BOX 4.6

Educational approaches to pedestrian safety
Educating pedestrians on how to cope with the trafﬁc environment is considered an essential component of
strategies to reduce pedestrian injuries and has been recommended in all types of countries.
In order to reach the two groups of pedestrians that are particularly vulnerable – children and older people
– educational programmes use a variety of methods, frequently in combination. These approaches include talks,
printed materials, ﬁlms, multi-media kits, table-top models, mock-ups of intersections, songs and other forms of
music. Education is provided either directly to the target population or indirectly – through parents or teachers, for
instance – and in various settings, such as the home, the classroom or a real trafﬁc situation.
Most studies on the effectiveness of educational programmes report on surrogate outcomes, such as observed
or reported behaviour, attitudes and knowledge. From a public health perspective, though, the main outcomes
of interest are crashes, deaths, injuries and disabilities. The studies reporting these outcomes tend to have
methodological limitations which reduce their usefulness for comparative purposes. Limitations include the absence
of randomization for assigning subjects to intervention and control groups (220–223), the absence of detailed data
for control groups (221), or the lack of a control group (224).
A systematic review (218), including 15 randomized controlled trials that measured the effectiveness of
programmes of safety education for pedestrians, found:
• There was a lack of good evidence for adults, particularly in the case of elderly people.
• There was a lack of good evidence from low-income and middle-income countries.
• The quality of the studies was fairly poor, even in randomized controlled studies.
• The variety of intervention models and of methods of measuring outcomes made comparisons between studies
difﬁcult.
• Only surrogate outcomes were reported.
• While a change in knowledge and attitudes in children was conﬁrmed, the size of the measured effect varied
considerably.
• A change in behaviour was found in children, but not in all studies, and the size of the effect was inﬂuenced by
the method of measuring, as well as by the context, such as whether a child was alone or with other children.
• The effect of education on the risk of a pedestrian incurring an injury remains uncertain.
Overall, the effect of safety education of pedestrians on behaviour varied considerably. Knowledge of pedestrian
safety in children can translate into changed attitudes and even into appropriate forms of behaviour, but there is
uncertainty about the extent to which the observed behavioural changes persist over time. There is no evidence that
observed behaviour is causally related to the risk of occurrence of pedestrian injury. If it is, though, there is no reliable
information about the size of the effect of pedestrian behaviour on the frequency of pedestrian injuries. Reliable
scientiﬁc information on the effectiveness of educational approaches to pedestrian safety in low-income and middleincome countries is lacking. Also needing more research is the effectiveness of educational approaches in all countries
with elderly pedestrians.
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injured in road crashes are dealt with following a
crash crucially determines their chances and the
quality of survival.
A study in high-income countries found that
about 50% of deaths from road trafﬁc crashes
occurred within minutes, either at the scene or
while in transit to hospital. For those patients taken
to hospital, around 15% of deaths occurred within
the ﬁrst four hours after the crash, but a much
greater proportion, around 35%, occurred after
four hours (225). In reality, therefore, there is not
so much a “golden hour” in which interventions
have to take place (226) as a chain of opportunities for intervening across a longer timescale. This
chain involves bystanders at the scene of the crash,
emergency rescue, access to the emergency care
system, and trauma care and rehabilitation.
Pre-hospital care
As already pointed out in the previous chapter, the
vast majority of road trafﬁc deaths in low-income
and middle-income countries occur in the prehospital phase (227). In Malaysia, for instance,
72% of motorcycle deaths occur during this phase
(228). At least half of all trauma deaths in highincome countries are pre-hospital deaths (225,
227). A number of options exist for improving
the quality of pre-hospital care. Even where these
options are cheap, they are frequently not taken up
to sufﬁcient extent (229).
Role of lay bystanders

Those who are present or who arrive ﬁrst at the
scene of a crash can play an important role in various ways, including:
— contacting the emergency services, or calling
for other forms of help;
— helping to put out any ﬁre;
— taking action to secure the scene (e.g. preventing further crashes, preventing harm to
rescuers and bystanders, controlling the crowd
gathered at the scene);
— applying ﬁrst aid.
Many deaths from airway obstruction or external haemorrhage could be avoided by lay bystanders trained in ﬁrst aid (230).

In low-income and some middle-income countries, rescue by ambulance occurs in the minority
of cases and assistance from a lay bystander is the
main source of health care for the victims. In Ghana,
for example, the majority of injured patients who
reach hospital do so by means of some form of commercial vehicle (227, 231). It has been suggested that
basic ﬁrst-aid training for commercial drivers might
be helpful (227), though it has not been scientiﬁcally
established whether such a measure would decrease
pre-hospital mortality (229).
A pilot project on pre-hospital care training was
conducted in Cambodia and northern Iraq, in areas
with a high density of landmines where people
were frequently injured (232). The ﬁrst stage of
the project involved giving 5000 lay people a basic
two-day training course in ﬁrst aid. These people
would be “ﬁrst responders” in landmine explosions. In the second stage, paramedics were given
450 hours of formal training. A rigorous evaluation was conducted of the effects of the project
on landmine-related injuries in the two areas,
using an injury surveillance system. Among those
severely injured in the areas covered by the project,
the mortality rate fell from 40% before the project
to 9% afterwards. The project relied on training
and some basic supplies and equipment, but did
not provide vehicles, such as formal ambulances.
Transportation continued to be provided by the
existing system of public and private vehicles in
each area.
Similar pilot programmes have taken place, or
are being conducted, involving training for lay
“ﬁrst responders” or others who are not health care
professionals but who might have occasion to come
upon injured people on a regular basis. They include
training for police in Uganda and for the lay public
generally in India, though evaluations have not yet
been published of these two programmes.
Programmes providing ﬁrst-aid training to the
lay public, either generally or to particular population groups – such as the police, commercial
drivers or village health workers – should follow
certain principles to help strengthen their impact.
For instance, such programmes should:
— base the contents of their training on epide-
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miological patterns in the particular area in
which they are to operate;
— standardize training internationally;
— monitor the results;
— plan periodic refresher courses, using results
of monitoring to modify the contents of the
training.
Access to the emergency medical system

In low-income countries, the development of the
emergency medical system is limited by economic
constraints and by the restricted availability of telecommunications. While some low-income countries have started rudimentary ambulance services
in urban areas, they are still the exception as far as
most of sub-Saharan Africa and southern Asia is
concerned (229). International reviews have urged
caution in transferring emergency medical systems
from high-income countries to low-income countries, questioning whether such actions represent
the best use of scarce resources. Another concern
is the lack of conclusive evidence on the beneﬁts of
some Advanced Life Support measures commonly
used in high-income areas, such as pre-hospital
endotracheal intubation and intravenous ﬂuid
resuscitation (233–235). Further research is clearly
needed on the effectiveness and cost-effectiveness of such more advanced measures. Research is
equally called for on the role of Basic Life Support
training in low-income countries – particularly in
rural areas, where there is no formal emergency
medical system and it might take days to reach professional medical care (229).
In high-income countries, access to the emergency medical system is almost always made by
tele-phone, but the coverage and reliability of
the telephone link varies between countries. The
growth in the use of mobile telephones, even in
low-income and middle-income countries, has
radically improved emergency access to medical
and other assistance. In many countries, there is
a standard emergency telephone number that can
be dialled for urgent assistance. Uniform codes
for emergency assistance, for land telephones and
mobile phones, should be set up in all regions of
the world.

Emergency rescue services

Police and ﬁreﬁghters often arrive at the crash
scene before personnel from the emergency medical service. Early intervention by ﬁreﬁghters and
rescuers is critical where people are trapped in a
vehicle, particularly if it is on ﬁre or submerged
under water. Fireﬁghters and police need to be
trained, therefore, in basic life support. There
should be close cooperation between ﬁreﬁghters
and other groups of rescuers, as well as between
ﬁreﬁghters and health care providers (225).
As mentioned earlier, there are risks associated
with ambulance transport, both for those transported by the ambulance as well as people in the
street. Safety standards must therefore be established
for transportation by ambulance – for instance, on
the use of child restraints and adult seat-belts.
The hospital setting
There is growing understanding in high-income
countries of the principal components of hospital
trauma care and an awareness of what aspects
require further research. Many improvements have
taken place in trauma care over the last 30 years,
largely as a result of new technology and improvements in organization (236). Clinical capabilities
and stafﬁng, equipment and supplies, and trauma
care organization are all issues considered by medical experts to be of great importance (225, 237).
Human resources

Training for teams managing trauma care is vital. It
is generally acknowledged that the standard for such
training in high-income countries is the Advanced
Trauma Life Support course of the American College
of Surgeons (225, 229, 238). The applicability of this
course to low-income and middle-income countries, though, has yet to be established.
The problems faced by low-income countries
in relation to human resources, equipment and
the organization of services have already been
discussed. Though little has been documented on
effective ways to deal with these problems, there
is some evidence of successful practice (229). In
Trinidad and Tobago, for instance, the introduction
of the Advanced Trauma Life Support course for
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doctors and the Pre-Hospital Trauma Life Support
course for paramedics, together with improved
emergency equipment, led to improvements in
trauma care and a decrease in trauma mortality,
both in the ﬁeld and in hospital (239).
South Africa (a middle-income country) also runs
Advanced Trauma Life Support courses for doctors
(240), though a cost–beneﬁt analysis of this training
has not been performed. Several low-income countries in Africa have adapted South Africa’s programme
to their own circumstances, which generally include a
lack of high-tech equipment and practical difﬁculties
in referring patients to higher levels of care (236).
Apart from short in-service training, there also
needs to be more formal, in-depth training. This
includes improving the trauma-related training
received by doctors, nurses and other professionals, both in their basic education and in postgraduate training.
Physical resources

Many hospitals in low-income and middle-income
countries lack important trauma-related equipment, some of which is not expensive.
In Ghana, for instance, as mentioned in the previous chapter, a survey of 11 rural hospitals found that
none had chest tubes and only four had emergency
airway equipment. Such equipment is vital for treating
life-threatening chest injuries and airway obstruction,
major preventable causes of death in trauma patients.
All of it is cheap and much is reusable. The survey
suggested that a lack of organization and planning,
rather than restricted resources, was to blame (241).
Similar deﬁciencies have been documented in other
countries. In public hospitals in Kenya, shortages of
oxygen, blood for transfusion, antiseptics, anaesthetics and intravenous ﬂuids have been recorded (242).
Research is urgently needed on this problem. It is
important, too, to draw on relevant experience from
other ﬁelds. National blood transfusion centres, for
example, with their management of blood for transfusions – which involves recruiting suitable donors
and collecting blood, screening donated blood for
transfusion-transmissible infections, and ensuring
that a safe blood supply is constantly available at places
throughout the country.

Organization of trauma care

A prerequisite for high-quality trauma care in hospital emergency departments is the existence of a
strategy for the planning, organization and provision
of a national trauma system. There is considerable
potential worldwide to upgrade arrangements for
trauma care and improve training in trauma care at
the primary health care level, in district hospitals and
in tertiary care hospitals. International guidelines for
this, based on research, need to be established.
The Essential Trauma Care Project is a collaborative effort between the WHO and the International
Society of Surgery that aims to improve the planning and organization of trauma care worldwide
(243). The project seeks to help individual counties,
in developing their own trauma services, to:
— deﬁne a core of essential injury treatment
services;
— deﬁne the human and physical resources
necessary to assure such services in the best
possible way, given particular economic and
geographic contexts;
— develop administrative mechanisms to
promote these and related resources on
a national and international basis; such
mechanisms will include speciﬁc training
programmes, programmes to improve quality and hospital inspections.
While the goals of the Essential Trauma Care
Project extend beyond the ﬁeld of road safety, the
success of the project can only be beneﬁcial for
crash-related trauma care.
Rehabilitation
For every person who dies in a road trafﬁc crash,
many more are left with permanent disabilities.
Rehabilitation services are an essential component
of the comprehensive package of initial and post-hospital care of the injured. They help to minimize future
functional disabilities and restore the injured person to
an active life within society. The importance of early
rehabilitation has been proved, though best practice in
treatment programmes has yet to be identiﬁed (225).
Most countries need to increase the capacity of their
health care systems to provide adequate rehabilitation
to survivors of road trafﬁc crashes.

142 • WORLD REPORT ON ROAD TRAFFIC INJURY PREVENTION

High-quality treatment and interventions for
rehabilitation during the period of hospitalization
immediately following an injury are of utmost
importance, in order to prevent life-threatening
complications related to immobilization. However,
despite the best management, many people will
still become disabled as a consequence of road
trafﬁc crashes. In low-income and middle-income
countries, efforts should focus on capacity building
and personnel training so as to improve the management of survivors of road trafﬁc crashes in the
acute phase, and thus prevent, as far as possible, the
development of permanent disability.
Medical rehabilitation services involve professionals from a range of disciplines. These include
specialists in physical medicine and rehabilitation,
as well as in other medical or paramedical ﬁelds,
such as orthopaedics, neurosurgery and general
surgery, physical and occupational therapy, prosthetics and orthotics, psychology, neuropsychology, speech pathology and nursing. In every case,
the recovery of both the patient’s physical and
mental health is paramount, as well as their ability to become independent again and participate in
daily life.
Medical rehabilitation services also play a vital
part in helping those living with disabilities to
achieve independence and a good quality of life.
Among other things, these services can provide
mechanical aids that greatly assist affected individuals to be reintegrated into, and participate in,
ordinary daily activities, including their work. Such
aids, delivered through outpatient departments or
outreach services to the home, are often essential in
preventing further deterioration. In many countries,
once acute management has been accomplished
and mechanical aids provided, community-based
rehabilitation remains the only realistic means of
reintegrating the individual into society.

Research
Much of the research on the effectiveness and
cost–beneﬁts of interventions takes place in highincome countries. The development of national
research capacity is thus an urgent need in many
other parts of the world (244, 245). Experience

from high-income countries shows the importance
of having at least one – preferably independent
– national organization receiving solid core funding that deals with road safety research.
Encouraging the development of professional
expertise across a range of disciplines at national
level, together with regional cooperation and
exchange of information, have reaped much beneﬁt in industrialized countries. Developing these
mechanisms should be a priority where they do
not exist. Among the many research-related needs
for road injury prevention, the following are some
of the more pressing:
• Better collection and analysis of data, so as
to enable more reliable estimates to be made
of the global burden of road trafﬁc injuries,
especially in low-income and middle-income
countries. This includes mortality data,
conforming to internationally-standardized
deﬁnitions, and data on acute morbidity and
long-term disability. There should also be
more research to ﬁnd low-cost methods of
obtaining these data.
• Further data on the economic and social
impacts of road trafﬁc injuries, especially in
low-income and middle-income countries.
There is a considerable lack of economic
analysis in the ﬁeld of road injury prevention
in these countries. The cost of injuries is not
known empirically, neither are the cost nor
cost-effectiveness of interventions.
• Studies demonstrating the effectiveness of
speciﬁc interventions for injuries in lowincome and middle-income countries.
• Design standards and guidelines for intercity
roads carrying mixed trafﬁc.
The following areas require particular research:
— how best to assess the effectiveness of packages of road safety measures combining
different actions, such as area-wide trafﬁc
calming and urban design;
— the interaction between transport planning
and urban and regional planning, and how
these affect road safety;
— the design of roads and trafﬁc management,
taking into account trafﬁc environments and

CHAPTER 4. INTERVENTIONS • 143

trafﬁc mixes encountered in low-income
and middle-income countries;
— how successfully various types of preventive
measures can be transferred between countries with differing socioeconomic conditions and differing rates of motorization and
trafﬁc mixes.
Research in low-income and middle-income
countries needs to be carried out on a regional
basis towards developing the following:
— light, well-ventilated motorcycle helmets;
— safer bus and truck fronts;
— standards for motorcycle crash protection;
— the visibility and crash protection of indigenously-designed vehicles.
Improvements in post-impact care at an affordable cost are a priority area for the health sector.
Equally important is research to better understand
the mechanisms causing head injury and whiplash
injury in road crashes, and treatments for these
injuries. There is currently, for instance, no effective pharmacological treatment for head injury.
In all countries, further research is required into
managing exposure to risk – the least-used injury
prevention strategy. It is also essential to resolve the
growing incompatibility in many places between
smaller, lighter vehicles and larger, heavier ones.

cantly increased using a combination of legislation,
enforcement of the laws, and information and education. The availability of good quality emergency
care can save lives, and greatly reduce the severity
and long-term consequences of road injuries.
A large proportion of road trafﬁc injuries in lowincome and middle-income countries occur among
vulnerable road users. An important priority must
therefore be to introduce a wide range of measures
that give these road users greater protection. All the
prevention strategies described in this report call for
a wide mobilization of effort, at all levels, involving
close collaboration across many disciplines and sectors, prominent among which is the health sector.
Despite many attempts to ﬁnd and document
examples of “good practice” in road safety in
developing countries, such examples seem to be
few. This chapter, therefore, remains slanted to a
description of what has been successful in highlymotorized countries. This is not to say that the
interventions presented in this chapter will not
work in low-income or middle-income countries
– indeed, many of them do. There needs, though,
to be further testing of prevention strategies, to
ﬁnd ways to adapt them to local conditions – and
not merely to adopt and apply them unchanged.

Conclusion

1.

Substantial research and development over the last
30 years have proved that a range of interventions
exist to prevent road crashes and injury. The gap,
though, between what is known to be effective and
what is actually practised is often considerable. As
with other areas of public health, road injury prevention requires effective management to put in
place sustainable, evidence-based measures, overcoming obstacles to their implementation.
Good transport and land-use policies offer a
means of reducing the exposure to risk for road
crash injury. Safety-conscious planning and design
of the road network can minimize the risk of
crashes and crash injury. Crash-protective features
on a vehicle can save lives and reduce injuries for
road users, both inside and outside the vehicle.
Compliance with key road safety rules can be signiﬁ-
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Road trafﬁc crashes occur on all continents, in
every country of the world. Every year they take
the lives of more than a million people and incapacitate many millions more. Pedestrians, users of
non-motorized vehicles – including bicycles, rickshaws and carts – and motorcyclists in low-income
and middle-income countries carry a large proportion of the global burden of road trafﬁc death
and serious injury. The elderly, children and the
disabled are particularly vulnerable.
Despite the growing burden of road trafﬁc injuries, road safety has received insufﬁcient attention
at both the international and national levels. The
reasons include lack of general awareness and speciﬁc information on the scale of the problem, on
the health, social and economic costs of road trafﬁc
crashes, and on the interventions that can prevent
crashes or reduce the harm they cause.
Another reason is that the problem of road trafﬁc
crashes and injuries does not “belong” to any speciﬁc agency, either at national or international levels.
Instead, responsibility for dealing with the various
aspects of the problem – including the design of vehicles, the design of road networks and roads, urban
and rural planning, the introduction and enforcement of road safety legislation, and the care and treatment of crash survivors – is divided among many different sectors and groups. There has usually been no
leader to ensure that they coordinate their efforts and
address the problem as a whole. In this environment,
it is not surprising that political will has frequently
been lacking to develop and implement effective road
safety policies and programmes.

Main messages from the report
This report, the ﬁrst joint report between WHO
and the World Bank on the topic, presents the current knowledge about road trafﬁc injuries and the
actions that need to be taken in order to tackle the
problem. The following are some of the report’s
key messages:
• Any road trafﬁc system is highly complex and
hazardous to human health. Elements of the
system include motor vehicles, roads and road
users, and their physical, social and economic
environments. Making a road trafﬁc system

less hazardous requires a “systems approach”
– understanding the system as a whole and
the interaction between its elements, and
identifying where there is potential for intervention. In particular, it requires recognition
that the human body is highly vulnerable to
injury and that humans make mistakes. A safe
road trafﬁc system is one that accommodates
and compensates for human vulnerability and
fallibility.
• Road trafﬁc injuries are a huge public health
and development problem, killing almost
1.2 million people a year and injuring or
disabling between 20 million and 50 million
more. Both WHO and World Bank data show
that, without appropriate action, these injuries will rise dramatically by the year 2020,
particularly in rapidly-motorizing countries.
Not only is 90% of the current burden borne
by low-income and middle-income countries, but the increase in casualty rates will
be greatest in these countries. Although data
on the costs of road trafﬁc crashes are sparse,
particularly from low-income and middleincome countries, it is clear that the economic
impact of these injuries on individuals, families, communities and nations is enormous,
costing countries between 1% and 2% of their
gross national product. In addition, there is
the heavy and tragic burden on those directly
affected, both physically and psychologically
– as well as on their families, friends and
communities. Health facilities and their often
meagre budgets are greatly overstretched in
dealing with survivors of road trafﬁc crashes.
• Many countries have no injury surveillance
systems that generate reliable data on road trafﬁc crashes and injuries. Indicators, especially
for non-fatal outcomes, may not be standardized, making comparisons difﬁcult. There are
frequently discrepancies between data – for
example, between police and health-related
sources. Furthermore, widespread underreporting of road trafﬁc fatalities and injuries
– both in health and police data – limits the
usefulness of existing data sources. Reliable
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data are needed to provide a solid foundation
for road safety planning and decision-making.
Establishing simple, cost-effective injury surveillance systems is an important step towards
improving road safety. However, the lack of
reliable data should not impede immediate
action. Much can be achieved by adapting and
applying proven safety practices.
• A number of factors affecting the probability
of a road trafﬁc injury need to be considered
within the systems approach. The various
types of risk related to road trafﬁc injury, and
the factors inﬂuencing these risks, are:
— For exposure to risk, the determinants include
economic and demographic factors, level
of motorization, modes of travel, the volume of unnecessary trips and land-use
planning practices.
— For crash occurrence, the risk factors include
excessive speed, drinking and driving,
unsafe vehicles, unsafe road design, and
the related lack of effective law enforcement and safety regulations.
— For injury severity, the risk factors include the
non-use of seat-belts, child restraints and
crash helmets; lack of “forgiving” vehicle
fronts to protect pedestrians in a collision;
roadside infrastructure that is unprotective
in a crash; and human tolerance factors.
— For post-crash injury outcomes, the risk factors
include delays in detecting a crash and
providing life-saving measures and psychological assistance; lack of or delayed
emergency care on the spot and transport
to a health facility; and the availability and
quality of trauma care and rehabilitation.
• Road safety is a shared responsibility (see Box
5.1). Reducing the risk in the world’s road
trafﬁc systems requires commitment and
informed decision-making by government,
industry, nongovernmental organizations and
international agencies and participation by
people from many different disciplines, such
as road engineers, motor vehicle designers,
law enforcement ofﬁcers and health professionals and community groups.

• Vision Zero in Sweden and the sustainable
safety programme in the Netherlands are
examples of good practice in road safety. Such
good practice can also have other beneﬁts. It
can encourage healthier lifestyles involving
more walking and cycling and can reduce
the noise and air pollution that result from
motor vehicle trafﬁc. Colombia is an example
of a developing country that is beginning to
implement a similar strategy.
• The important role that public health can
play in the prevention of road trafﬁc injuries
includes: the collection and analysis of data in
order to demonstrate the health and economic
impact of road trafﬁc crashes; research on risk
factors; the implementation, monitoring and
evaluation of interventions; the delivery of
appropriate primary prevention, care and
rehabilitation for injured people; and advocacy for greater attention to the problem.
Road trafﬁc crashes are predictable and can
be prevented. Many high-income countries have
shown sharp reductions in crashes and casualty
numbers over the past couple of decades. This has
been achieved by adopting a systems approach to
road safety that emphasizes environment, vehicle
and road user interventions, rather than solely
focusing on direct approaches aimed at changing
the behaviour of road users. Although solutions for
low-income and middle-income countries may differ from those that have a longer history of motorization, some basic principles are the same. These
include, for example, good road design and trafﬁc
management, improved vehicle standards, speed
control, the use of seat-belts and the enforcement of
alcohol limits. The challenge is to adapt and evaluate existing solutions, or else create new solutions in
low-income and middle-income countries.
Transferring and adapting some of the more complex measures are more long-term goals and require
country-speciﬁc research and development. In addition, more work is called for in all countries to ﬁnd
new and better road safety measures. For example,
provision of safer fronts on new designs of motor
vehicles is urgently needed to reduce the harm caused
in vehicle collisions with pedestrians and cyclists.
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BOX 5.1

Actions for road safety
What governments can do
Institutional development
• Make road safety a political priority.
• Appoint a lead agency for road safety, give it adequate resources, and make it publicly accountable.
• Develop a multidisciplinary approach to road safety.
• Set appropriate road safety targets and establish national road safety plans to achieve them.
• Support the creation of safety advocacy groups.
• Create budgets for road safety and increase investment in demonstrably effective road safety activities.
Policy, legislation and enforcement
• Enact and enforce legislation requiring the use of seat-belts and child restraints, and the wearing of motorcycle
helmets and bicycle helmets.
• Enact and enforce legislation to prevent alcohol-impaired driving.
• Set and enforce appropriate speed limits.
• Set and enforce strong and uniform vehicle safety standards.
• Ensure that road safety considerations are embedded in environmental and other assessments for new projects
and in the evaluation of transport policies and plans.
• Establish data collection systems designed to collect and analyse data and use the data to improve safety.
• Set appropriate design standards for roads that promote safety for all.
• Manage infrastructure to promote safety for all.
• Provide efﬁcient, safe and affordable public transport services.
• Encourage walking and the use of bicycles.

What public health can do
• Include road safety in health promotion and disease prevention activities.
• Set goals for the elimination of unacceptable health losses arising from road trafﬁc crashes.
• Systematically collect health-related data on the magnitude, characteristics and consequences of road trafﬁc crashes.
• Support research on risk factors and on the development, implementation, monitoring and evaluation of effective
interventions, including improved care.
• Promote capacity building in all areas of road safety and the management of survivors of road trafﬁc crashes.
• Translate effective science-based information into policies and practices that protect vehicle occupants and
vulnerable road users.
• Strengthen pre-hospital and hospital care as well as rehabilitation services for all trauma victims.
• Develop trauma care skills of medical personnel at the primary, district and tertiary health care levels.
• Promote the further integration of health and safety concerns into transport policies and develop methods to
facilitate this, such as integrated assessments.
• Campaign for greater attention to road safety, based on the known health impact and costs.

What vehicle manufacturers can do
• Ensure that all motor vehicles meet safety standards set for high-income countries – regardless of where the
vehicles are made, sold or used – including the provision of seat-belts and other basic safety equipment.
• Begin manufacturing vehicles with safer vehicle fronts, so as to reduce injury to vulnerable road users.
• Continue to improve vehicle safety by ongoing research and development.
• Advertise and market vehicles responsibly by emphasizing safety.
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BOX 5.1 (continued)
What donors can do
• Highlight the improvement of road safety outcomes as a global development priority.
• Include road safety components in grants for health, transport, environmental and educational programmes.
• Promote the design of safe infrastructure.
• Support research, programmes and policies on road safety in low-income and middle-income countries.
• Make funding for transport infrastructure projects conditional on the completion of a safety audit and any followup required.
• Set up mechanisms to fund the sharing of knowledge and the promotion of road safety in developing countries.
• Facilitate safety management capacity building at regional and national levels.

What communities, civil society groups and individuals can do
• Encourage governments to make the roads safe.
• Identify local safety problems.
• Help plan safe and efﬁcient transport systems that accommodate drivers as well as vulnerable road users, such as
bicyclists and pedestrians.
• Demand the provision of safety features, such as seat-belts, in cars.
• Encourage enforcement of trafﬁc safety laws and regulations, and campaign for ﬁrm and swift punishment for
trafﬁc offenders.
• Behave responsibly by:
— abiding by the speed limit on roads;
— never driving when over the legal alcohol limit;
— always wearing a seat-belt and properly restraining children, even on short trips;
— wearing a crash helmet when riding a two-wheeler.

There are many proven science-based interventions, as well as promising strategies still under study.
Governments can make use of these to develop effective and cost-effective road safety programmes. With
properly targeted investment, countries should derive
considerable social and economic beneﬁts from
reduced road trafﬁc deaths, injuries and disabilities.

Recommended actions
This report offers governments the opportunity
to assess the current status of road safety in their
country, review policies and institutional arrangements and capacity, and take appropriate actions.
All the following recommendations should be
addressed across a wide range of sectors and disciplines if they are to achieve success. However,
the recommendations should be treated as ﬂexible
guidelines. They leave much room for adaptation
to local conditions and capacities.
In certain low-income and middle-income countries with limited human and ﬁnancial resources, it
may be difﬁcult for governments to apply some of

these recommendations on their own. In these circumstances, it is suggested that countries work with
international or nongovernmental organizations or
other partners to implement the recommendations.
Recommendation 1: Identify a lead
agency in government to guide the
national road trafﬁc safety effort
Each country needs a lead agency on road safety,
with the authority and responsibility to make decisions, control resources and coordinate efforts by all
sectors of government – including those of health,
transport, education and the police. This agency
should have adequate ﬁnances to use for road safety,
and should be publicly accountable for its actions.
Experience across the world has shown that different models can be effective in road safety and that
each country needs to create a lead agency appropriate to its own circumstances. The agency might take
the form, for example, of a designated, stand-alone
bureau, or a committee or cabinet representing several different government agencies. It might also be
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part of a larger transport organization. The agency
might undertake much of the work itself or else it
might delegate work to other organizations, including provincial and local governments, research
institutes or professional associations.
Speciﬁc efforts should be taken by the agency
to engage all signiﬁcant groups concerned in road
safety, including the wider community. Awareness,
communication and collaboration are key to establishing and sustaining national road safety efforts.
National efforts will be boosted if one or more
well-known political leaders can actively champion the cause of road safety.
Recommendation 2: Assess the problem,
policies and institutional settings relating to road trafﬁc injury and the capacity
for road trafﬁc injury prevention in each
country
An important element in dealing with road safety is
ascertaining the magnitude and characteristics of the
problem, as well as the policies, institutional arrangements and capacity within the country to deal with
road trafﬁc injuries. This includes an understanding
not only of the volume of trafﬁc deaths, injuries and
crashes, but also of which road users are most affected;
in which geographic areas the greatest problems are
found; what risk factors are contributing; what road
safety policies, programmes and speciﬁc interventions
are in place; what institutional structures are addressing the road trafﬁc injury problem; and what their
capacity is. Intermediate outcome measures – such
as mean speeds, rates of seat-belt wearing, and rates
of helmet wearing – can also be useful and can be
obtained through simple surveys.
Possible sources of data include: police; health
ministries and health care settings; transport ministries; insurance ﬁrms; motor vehicle manufacturing
companies; and government agencies collecting data
for national planning and development. However,
the accuracy, consistency and thoroughness of these
data should be assessed before making use of them.
Information systems on road trafﬁc deaths and
injuries should be simple and cost-effective to
implement, appropriate to the skill levels of the
staff using them, and consistent with national and

international standards.
Standards that could be easily and proﬁtably
adopted include: the use of the 30-day trafﬁc fatality deﬁnition; the International Statistical Classiﬁcation of Diseases and Related Health Problems;
the International Classiﬁcation of External Causes
of Injury (ICECI); and the injury surveillance and
survey guidelines developed by WHO and its collaborating centres.
Data should be widely shared among the relevant authorities and concerned groups, particularly those responsible for trafﬁc, law enforcement,
health and education.
The economic impact of road trafﬁc injuries in
most countries is substantial. Where this is possible, assessing the direct and indirect economic
costs of road trafﬁc injuries, in particular relative
to gross national product, can help increase awareness of the scale of the problem.
A lack of data, though, should not dissuade governments from beginning to implement many of
the other recommendations made in this report.
Recommendation 3: Prepare a national
road safety strategy and plan of action
Each country should prepare a road safety strategy that is multisectoral – involving agencies
concerned with transport, health, education,
law enforcement and other relevant sectors
– and multidisciplinary – involving road safety
scientists, engineers, urban and regional planners, health professionals and others. The strategy should take the needs of all road users into
account, particularly vulnerable road users, and
should be linked to strategies in other sectors. It
should involve groups from government, the private sector, nongovernmental organizations, the
mass media and the general public.
A national road safety strategy needs to set
ambitious but realistic targets for at least ﬁve or
ten years. It should have measurable outcomes and
sufﬁcient funding to develop, implement, manage, monitor and evaluate actions. Once the road
safety strategy is prepared, a national action plan,
scheduling speciﬁc actions and allocating speciﬁc
resources, should be developed.
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Recommendation 4: Allocate ﬁnancial and
human resources to address the problem
Well-targeted investment of ﬁnancial and human
resources can reduce road trafﬁc injuries and deaths
considerably. Information from other countries on
their experience with various interventions can
help a government in assessing the costs against the
beneﬁts of speciﬁc interventions and set priorities
based on which interventions are likely to be the
best investment of scarce ﬁnancial and human
resources. Similar cost–beneﬁt analyses of possible
interventions in other areas of public health can help
set overall government priorities for expenditure on
public health.
Countries may have to identify potential new
income sources to afford the investment needed to
achieve road safety targets. Examples include fuel
taxation, road and parking charges, vehicle registration fees and ﬁnes for trafﬁc violations. Area-wide
safety assessments, at the proposal stage of projects
that may inﬂuence road safety, and safety audits, as
projects are carried through to completion, can help
make optimal use of limited resources.
Many countries do not have the human resources
required to develop and implement an effective road
safety programme and therefore need to develop
these resources. Appropriate training programmes
should be a priority. Such training should cover specialist ﬁelds – such as statistical analysis, road design
and trauma care – as well as ﬁelds cutting across
disciplines – such as urban and regional planning,
policy analysis and development, road trafﬁc planning and health planning.
WHO is currently developing a curriculum for
teaching the prevention of road trafﬁc injury in
schools of public health and other settings. Several
international networks, including the Injury Prevention Initiative for Africa and the Road Trafﬁc
Injury Network, currently provide training, as do
many schools of public health and engineering.
International conferences – such as the World
Conferences on Injury Prevention and Safety Promotion, the International Conferences on Alcohol,
Drugs and Trafﬁc Safety (ICADTS), the conferences
of the International Trafﬁc Medicine Association
(ITMA) and the congresses of the World Road

Association (PIARC) – provide opportunities to
exchange knowledge, establish networks and
potential partnerships, and strengthen country
capacity.
Efforts should be made to increase attendance
by representatives from low-income and middleincome countries at these conferences and to involve
them in setting global and regional agendas for road
safety.
Recommendation 5: Implement speciﬁc
actions to prevent road trafﬁc crashes,
minimize injuries and their consequences
and evaluate the impact of these actions
Speciﬁc actions are needed to prevent road trafﬁc crashes and to minimize their consequences.
These actions should be based on sound evidence
and analysis of road trafﬁc injuries, be culturally
appropriate and tested locally, and form part of the
national strategy to address the problem of road
crashes (see Box 5.2).
Chapter 4 discussed road safety interventions in
detail, in particular, their effects on reducing the
frequency and severity of crashes, as well as their
cost-effectiveness, where data were available. No
standard package of interventions is suitable for all
countries. However, all countries can follow several good practices, including:
• incorporating as a long-term goal, safety features into land-use and transport planning
– such as the provision of shorter and safer
pedestrian and bicycle routes and convenient,
safe and affordable public transport – and road
design, including controlled crossings for
pedestrians, rumble strips and street lighting;
• setting and enforcing speed limits appropriate
to the function of speciﬁc roads;
• setting and enforcing laws requiring seat-belts
and child restraints for all motor vehicle occupants;
• setting and enforcing laws requiring riders of
bicycles and motorized two-wheelers to wear
helmets;
• setting and enforcing blood alcohol concentration limits for drivers, with random breath
testing at sobriety checkpoints;
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BOX 5.2

The Costa Rican experience of promoting road safety
Costa Rica has a population of around 4 million, some 900 000 vehicles and a road network of 29 000 km, 9000 km of
which are surfaced. Only 20% of the surfaced roads are in a satisfactory state of repair.
In Costa Rica, trafﬁc crashes and their consequences are clearly a public health problem. They are the leading
cause of violent deaths, the leading cause of death in the 10–45 years age group, and the third leading cause of
years of life lost due to premature death. The cost to the country of trafﬁc crashes amounts to almost 2.3% of gross
domestic product.
Because of the seriousness and complexity of the road safety problem, a set of coordinated interventions, cutting
across many sectors and disciplines, has been formulated. The National Road Safety Council, attached to the Ministry
of Public Works and Transport, has been in existence for 23 years. A national road safety plan, aimed at reducing the
mortality rate by 19% during the period 2001–2005, is being implemented, providing for action in the ﬁelds of trafﬁc
laws, police surveillance, education, infrastructure and research.

Trafﬁc laws and police surveillance
The law has been changed so as to better protect pedestrians, and new laws have been introduced making the
wearing of safety-belts by drivers and passengers compulsory. The police have stepped up operations to check for
excess alcohol among drivers, to control speeding and to check on the wearing of seat-belts.

Education
Ongoing campaigns emphasize the importance of observing speed limits and wearing seat-belts, and discourage
drinking and driving, in support of police enforcement campaigns. Special campaigns take place during the Easter
week, when large numbers of people take to the roads. A speciﬁc safety campaign is aimed at pedestrians. The
medical examination that drivers require has been updated and strengthened.
Within primary and secondary schools at all levels, the national plan provides for educational modules on road
safety.

Infrastructure
Under Costa Rica’s road safety plans, new infrastructure is being put in place to protect vulnerable road users,
including pedestrian bridges, cycle tracks, and protective railings and pavements along dangerous portions of roads.
New and better road signs and trafﬁc lights are being installed.

Research
Systematic data on road trafﬁc crashes and on the victims of crashes are compiled. Studies are also under way
nationally on a range of issues, including:
— the safety of road travel to and from schools;
— risk behaviour among drivers and pedestrians;
— the wearing of safety-belts;
— the vulnerability of road users visiting health centres;
— safety audits of roads, and the identiﬁcation of high-risk crash sites;
— the ﬁnancial costs and economic consequences of trafﬁc crashes.

• requiring daytime running lights for twowheeled vehicles (the use of daytime running
lights on four-wheeled vehicles should also be
considered);
• requiring that motor vehicles be designed for
crashworthiness to protect the occupants,

with efforts to expand this concept to the
design of the fronts of motor vehicles, so as to
protect pedestrians and cyclists;
• requiring new road projects to be subject to a
road safety audit, by a road safety specialist
independent of the road designer;

164 • WORLD REPORT ON ROAD TRAFFIC INJURY PREVENTION

• managing existing road infrastructure to
promote safety, through the provision of safer
routes for pedestrians and cyclists, trafﬁccalming measures, low-cost remedial measures and crash-protective roadsides;
• strengthening all links in the chain of help
for road crash victims, from the crash scene
to the health facility (for example, speciﬁc
groups, such as commercial vehicle drivers,
most likely to be ﬁrst on the scene of crashes,
might be provided with basic training in ﬁrst
aid, and health professionals might be provided
with specialized training in trauma care);
• enhancing programmes of law enforcement
with public information and education
campaigns (for example, on the dangers of
speeding or driving while under the inﬂuence
of alcohol, and the social and legal consequences of doing so).
Recommendation 6: Support the development of national capacity and international cooperation
The world faces a global road safety crisis that has
not yet been fully recognized and that will continue to grow unless appropriate action is taken.
International organizations – including United
Nations agencies, nongovernmental organizations
and multinational corporations – and donor countries and agencies have important roles to play in
addressing this crisis and strengthening road safety
around the world.
Dedicating World Health Day 2004 to road
safety is one step WHO is taking in this direction.
Beyond this, the donor community urgently needs
to dedicate more of its resources to helping lowincome and middle-income countries improve
road safety. Currently, the level of support given
to road safety is far below that for other health
problems of comparable magnitude. Few multilateral donors have included road safety among their
priority areas for funding. With some exceptions,
such as the FIA, Volvo and Rockefeller Foundations, few foundations to date have provided
signiﬁcant funding for international road safety
programmes.

Several global and regional United Nations
or intergovernmental agencies are active in road
safety. Although there have been joint efforts,
little coordinated planning between these agencies takes place on any large scale. In addition, no
lead agency takes responsibility for ensuring that
such coordinated planning takes place. This situation must change so that responsibility is clearly
assigned, speciﬁc roles are allocated to speciﬁc
agencies, duplication is avoided and a ﬁrm commitment is forthcoming to produce and implement a global plan for road safety.
There ﬁrst needs to be a forum where those
involved can meet and discuss the development
of such a global plan. The plenary meeting of the
United Nations General Assembly taking place
on 14 April 2004 is a milestone in this direction. A follow-up process, though, is needed.
This process should include regular meetings of
relevant government ministers so as to develop
and endorse a global plan of action or charter for
road safety, consistent with other global initiatives
such as the Millennium Development Goals.
Finally, international nongovernmental organizations and the private sector can help raise awareness
locally and globally, as committed citizens, employers and socially responsible corporate entities.

Conclusion
This report attempts to contribute to the body of
knowledge on road safety. It is hoped that it will
inspire and facilitate increased cooperation, innovation and commitment to preventing road trafﬁc
crashes around the world.
Road trafﬁc crashes are predictable and therefore preventable. In order to combat the problem,
though, there needs to be close coordination and
collaboration, using a holistic and integrated
approach, across many sectors and many disciplines.
While there are many interventions that can
save lives and limbs, political will and commitment are essential and without them little can be
achieved. The time to act is now. Road users everywhere deserve better and safer road travel.
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Background
Each year, over 100 countries send detailed
information on the number of deaths from various
diseases, illnesses or injuries to WHO. Around half
of these are the more developed countries of the
Americas, Asia and Europe. The less developed
countries in the Americas account for nearly a
further third, with the less developed countries of
Asia contributing most of the remainder. Only a
few African countries contribute mortality data to
WHO (1). Data from these WHO Member States are
compiled from vital registration systems using the
International Classiﬁcation of Diseases (ICD) codes
(2, 3). National vital registration systems capture
about 18 million deaths that occur annually
throughout the world. Data from these registration
systems, as well as from surveys, censuses,
epidemiological studies and health service systems,
are analysed by WHO to determine patterns of causes
of death for countries, regions and the world.
WHO also uses these data, along with other
information, to assess the global burden of disease. The ﬁrst assessment of the global burden of
disease was published in 1996 (4), and at the time
represented the most comprehensive examination
of global mortality and morbidity ever produced.

The methodologies employed for estimating the
global burden of disease have since been reﬁned and
improved, and in 2000 a new assessment was undertaken. The Global Burden of Disease project for 2000
(GBD 2000 project) makes use of all available and
relevant information to generate the best possible
population-based data on mortality and morbidity
that is available today. Even for regions and causes
of death where data are sparse, the GBD uses all the
evidence at hand and the best available methods to
make inferences (5). Estimates of the global burden
of injury for the year 2002 are presented here. These
data are based on the most recent WHO cause of
death analyses and on previously unanalysed health
service data from 18 Member States. Details of the
recency, coverage and source of the health service
data are summarized in Table A.1 for each of the 18
Member States which contributed such data.
Types of tables
The statistical annex includes three types of tables:
— global and regional estimates of road trafﬁc
injury mortality;
— the 12 leading causes of death and disability-adjusted life years (DALYs) for all WHO
Member States combined and for each of the

TABLE A.1

Health facility data received by WHO from Member States
Country

Description of data

Australia

Data from unit records coded by the cause and nature of injury, 2000–2001 (complete coverage)

Canada

Data from unit records coded by the cause and nature of injury, 2000–2001 (complete coverage)

Cuba

Tabulations by broad categories of nature of injury, by age and sex

Ghana

Community survey unit record data

Israel

Data from unit records coded by the cause and nature of injury, from all trauma centres, 2000

Kenya

Tabulations by nature of injury, age and sex

Latvia

Tabulations by nature of injury, 2000

Malaysia

Data from unit records coded by the cause and nature of injury, 2000 (unknown coverage)

Mauritius

Data from unit records coded by the cause and nature of injury, 1994–1995

Mozambique

Unit record data from one urban hospital

New Zealand

Data from unit records coded by the cause and nature of injury, 2000 (public hospitals only)

Papua New Guinea

Unit record data, 1998 (unknown coverage)

Singapore

Tabulations by cause, age and sex

South Africa

Surveillance unit record data coded by the cause and nature of injury

Thailand

Data from unit records coded by the cause and nature of injury, 1999 (65–75% coverage)

Uganda

Surveillance data from seven districts

United Kingdom

Separate nature of injury and cause tabulations by age and sex, 2000

United States of America

Data from unit records coded by the cause and nature of injury, from four states, 1996 (complete coverage)

168 • WORLD REPORT ON ROAD TRAFFIC INJURY PREVENTION

WHO regions;
— country-level rates of mortality due to road
trafﬁc injuries.

Absolute numbers and rates per 100 000 in the
population are presented by sex and WHO region for
the age groups: 0–4 years, 5–14 years, 15–29 years,
30–44 years, 45–59 years and 60 years or older.

Global and regional estimates of mortality

Table A.2 contains estimates of road trafﬁc injuryrelated mortality for the year 2002 by sex, age
group, WHO region and income level.
Cause of death and DALY rankings

Table A.3 presents rankings for the 12 leading causes
of death and DALYs for the year 2002, as well as the
rankings for road trafﬁc injury-related deaths and
DALYs if not included in the top 12. These rankings
are given for all WHO Member States combined and
for each of the WHO regions.
Country-level rates of mortality

Table A.4 presents the numbers and rates of deaths
due to road trafﬁc injuries. In this table, the absolute numbers and rates per 100 000 population are
given by sex and age group for countries reporting
vital registration mortality data to WHO.

Methods
Global burden of disease analysis
categories
Deaths and non-fatal injuries are categorically
attributed to one underlying cause using the rules
and conventions of ICD (2, 3). The cause list used
for the GBD 2000 project has four levels of disaggregation and includes 135 speciﬁc diseases and
injuries (5). Overall mortality is divided into three
broad groups of causes, as follows:
— Group I: communicable diseases, maternal
causes, conditions arising in the perinatal
period and nutritional deﬁciencies;
— Group II: noncommunicable diseases;
— Group III: intentional and unintentional injuries.
Injury categories within Group III are deﬁned in
terms of external cause codes. The codes for road
trafﬁc injuries are as follows:
• ICD-9 codes: E810–E819, E826–E829, E929.0.
• ICD-9 basic tabulation list codes: B471–B472.
• ICD-10 codes: V01–V04, V06, V09–V80, V87,
V89, V99.

WHO regions
WHO Member States are grouped in six regions:
the African Region, the Region of the Americas,
the South-East Asia Region, the European Region,
the Eastern Mediterranean Region and the Western
Paciﬁc Region. The countries included in each of
these regions are indicated in Table A.5.
Countries within the six WHO regions are further divided by income level according to 2002
estimates of gross national income (GNI) per capita
as compiled by the World Bank (6). On the basis of
the GNI per capita, economies are classiﬁed as low
income (US$ 735 or less), middle income (US$
736–9075) or high income (US$ 9076 or more).
Global estimates of mortality due to
injury
The GBD 2000 project uses the latest population
estimates for WHO Member States prepared by
the United Nations Population Division (7). WHO
has worked extensively with Member States in an
effort to verify the best sources of recent data on
vital registration and cause of death, and new life
tables for the year 2000 have been constructed for
all 192 WHO Member States (8, 9). The results
for road trafﬁc injuries reported in Table A.2 are
derived from Version 1 of the GBD calculations for
2002 and are based on extensive analysis of mortality data for all regions of the world, together with
systematic reviews of epidemiological studies and
health service data (5). Complete or incomplete vital
registration data together with sample registration
systems cover 72% of global mortality. Survey data
and indirect demographic techniques provide information on levels of child and adult mortality for the
remaining 28% of estimated global mortality.
Data on causes of death have been analysed to
take into account incomplete coverage of vital registration in countries and the likely differences in
cause-of-death patterns that would be expected in
the uncovered and often poorer subpopulations (5).
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For example, the patterns of causes of death in China
and India were based on existing mortality registration systems. In China, the disease surveillance
points system and the vital registration system of the
Ministry of Health were used. In India, mortality
data from the medical certiﬁcate of cause of death
were used for urban areas and the annual survey of
cause of death was employed for rural areas.
For all other countries lacking vital registration
data, cause-of-death models were used to generate an initial estimate of the maximum likelihood
distribution of deaths across the broad categories of
communicable and noncommunicable diseases and
injuries, based on estimated total mortality rates and
income. A regional model pattern of speciﬁc causes
of death was then constructed from local vital
registration data and data from verbal autopsies (a
method of medically determining the cause of death
based on interviews with the next of kin or caregivers). This proportionate distribution was then
applied within each broad group of causes. Finally,
the resulting estimates were adjusted according to
other epidemiological evidence from studies on speciﬁc diseases and injuries.
Special attention has been paid to problems of
misattribution or miscoding of causes of death in
cardiovascular diseases, cancer, injuries and general ill-deﬁned categories. The category “Injury
undetermined whether accidentally or purposely
inﬂicted” (E980–E989 in the 3-digit ICD-9 codes
or Y10–Y34 in ICD-10) can often include a signiﬁcant share of deaths due to injury. Except where
more detailed local information is available, these
deaths have been proportionately allocated to the
other injury causes of death. Deaths coded to the
4-digit ICD-9 code E928.9, “Unspeciﬁed accidents”,
have also been redistributed proportionally across
the other unintentional injury categories. There
is no corresponding ICD-10 code for unspeciﬁed
accidents, forcing coders to specify at least a broad
category of injury.
Global and regional ranking of deaths
and DALYs
The DALY measure is used to quantify the burden
of disease (4, 10). The DALY is a health-gap measure

that combines information on the number of years
of life lost from premature death with the loss of
health from disability.
Years lived with disability (YLDs) are the disability component of DALYs. YLDs measure the
equivalent healthy years of life lost as a result of
disabling sequelae of diseases and injuries. They
require estimation of incidence, average duration
of disability and severity of disability.
The analysis of the burden of injury in the
GBD 2000 project is based on the methods developed for the 1990 project. A decision was made
to retain all 1990 disability weights relating to
injury in the GBD 2000 project until more reﬁned
methods for this aspect of the burden of disease
calculations are developed (11). The GBD 1990
project methods deﬁne a case of injury as one
severe enough to warrant medical attention or
one that leads to death.
Many sources of information were used to
estimate YLDs for diseases and injuries in the
GBD 2000 project. These included national and
international surveillance data and disease registries, health survey data, data on use of hospital and medical services, and international and
country-speciﬁc epidemiological studies (5).
The results reported here rely on new analyses
of health facility data obtained after an extensive
period of negotiation and consultation with
selected Member States (Table A.1). These data
were used to develop ratios of death to incidence.
The ratios were then applied to extrapolate YLDs
from injury deaths for all regions of the world.
The death-to-incidence ratios were quite consistent across developed and developing countries. The
proportion of incident cases resulting in long-term
disabling sequelae was estimated for each nature of
injury category from a review of long-term epidemiological studies of injury outcomes.
To produce the rankings in Table A.3, deaths
and disabilities were ﬁrst divided into the three
broad groups of causes mentioned earlier. Next,
deaths and disabilities within each of these broad
groupings were divided into categories. For
example, injuries were divided between unintentional and intentional injuries. Following this
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level of disaggregation, deaths and disabilities
were further divided into subcategories. Unintentional injuries, for example, were subdivided
into road trafﬁc injuries, poisonings, falls, ﬁres,
and drowning. The same procedure was followed
for the other two broad groups of causes of deaths
and disabilities. The rankings were produced by
ordering the subcategories.
The 12 leading causes of death and DALYs are
reported in Table A.3 for all WHO Member States
and for each of the six WHO regions. In regions
where road trafﬁc injury-related deaths and DALYs
rank below the 12 leading causes, the actual rank
order is reported.
Country-level rates of mortality
The numbers and rates of mortality related to road
trafﬁc injuries presented in Table A.4 are for the
most recent year between 1992 and 2002 reported
to WHO by Member States. Considerable differences exist in the degree of completeness of the
vital registration data submitted by countries. In
some countries, the vital registration data system
covers only a part of the country (for example, urban areas or some provinces). In others,
although the vital registration data system covers
the whole country, not all deaths are registered. For
China and India, death registration covers only part
of the population, and a sample registration system
provides a representative sample of deaths for the
rest of the population, allowing WHO to estimate
the total numbers of deaths by cause for the whole
population of each country.
For Member States with incomplete vital registration systems, WHO has used demographic
techniques to estimate the level of completeness of
death recording for the speciﬁed population, so as
to be able to calculate death rates. These estimates
of completeness are available on the WHO web site
as part of the WHO mortality database. The numbers and rates of mortality related to road trafﬁc
injuries reported in Table A.4 have been adjusted
for incompleteness where the estimated completeness is less than 100%. A simple numerical adjustment applying the fractional completeness has
been used, rather than the more complex cause-

of-death modelled adjustments used in the GBD
computations for 2002.
Rates are not calculated where the number of
deaths in a particular category was less than 20,
though the absolute number of deaths is reported.
Age-speciﬁc and age-standardized rates are
reported, with the latter calculated by applying the
age-speciﬁc rates to the World Standard Population
ﬁgures (12). Age-standardized rates enable a comparison of rates in populations with different age
structures.
The population counts used to estimate the rates
of mortality for each country listed in Table A.4
are available from WHO (http://www3.who.int/
whosis/mort/table1.cfm?path=whosis,mort,mort
_table1&language=english).
World Bank data sources
Estimates of levels of motorization (Table A.6)
and several of the tables and ﬁgures that appear in
chapters 2 and 3 are derived from World Bank data
sources rather than WHO data.
The World Bank obtains its data from several
sources. Data on the number of trafﬁc fatalities and
vehicle numbers (including all passenger cars, buses,
trucks and motorized two-wheelers) are taken from
various editions of the International Road Federation’s
(IRF) World road statistics yearbook, which date back to
the late 1960s. Since each IRF yearbook contains data
for the previous ﬁve years, each series can be compared across editions to check for accuracy and to
ensure that all revisions have been properly recorded.
In constructing the data sets presented in this
report, selected IRF data spanning the period 1968–
2000 were compared with numerous regional and
country-speciﬁc road safety studies. Population
ﬁgures came from the US Census Bureau’s international database and income data were taken from
the World Bank Global Development Network
Growth Database Macro Time Series. To account for
differences in purchasing power across countries
and to allow comparisons over time, real per capita
GDP is measured in 1985 international prices. This
series was created from the Penn World Tables
5.6, real per capita GDP variables for 1960–1992
and then extended to 1999 using GDP per capita
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growth rates from the Global Development Finance
and World Development Indicators.
Supplementary data were added from several
sources, including studies published by the following organizations:
— American Automobile Manufacturers’ Association;
— Bangladesh Bureau of Statistics;
— Cross-National Time Series Database (CNTS);
— Danish Road Directorate (1998);
— European Conference of Ministers of Transport (ECMT);
— Global Road Safety Partnership;
— Inter-American Development Bank (1998);
— Ministry of Transport of Israel (2000);
— OECD International Road Trafﬁc Accident
Database (IRTAD);
— Statistical Bureau of the People’s Republic of
China;
— Statistical Economic and Social Research and
Training Centre for Islamic Countries (SESRTCIC);
— Transportation Research Laboratory (2000);
— United Nations Economic and Social Commission for Asia and the Paciﬁc (1997).
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TABLE A.2

Estimated mortality caused by road trafﬁc injury,a by sex, age group, WHO region and income level, 2002
Absolute numbersb
WHO region

All

Income level

all
high
low/middle

Males

Totalc
All
ages

0—4
years

5—14
years

15—29
years

30—44
years

45—59
years

≥ 60
years

1 183 492

862 784

27 808

82 337

242 584

222 286

160 518

127 251

117 504

83 839

953

2 157

27 443

19 632

14 993

18 661

1 065 988

778 945

26 855

80 179

215 141

202 654

145 526

108 590

African Regiond

low/middle

190 191

131 240

10 488

39 116

25 829

26 526

17 458

11 823

Region of the Americas

all

133 783

100 378

1 950

4 613

33 772

26 675

18 436

14 933

high

47 865

32 610

455

999

11 369

8 010

6 029

5 747

low/middle

85 918

67 768

1 495

3 614

22 403

18 665

12 407

9 185

South-East Asia Regiond low/middle

296 141

225 363

3 790

15 082

64 119

65 311

45 383

31 678

European Region

127 129

94 529

893

3 084

29 559

25 536

18 995

16 462

high

43 902

32 753

203

697

11 536

7 847

5 204

7 265

low/middle

83 227

61 775

690

2 387

18 023

17 689

13 790

9 197

132 207

96 020

7 127

11 887

25 201

19 663

15 916

16 226

Eastern Mediterranean
Region
Western Paciﬁc Region

all

all
high

1 425

1 196

61

49

390

359

239

98

low/middle

130 782

94 824

7 066

11 838

24 811

19 304

15 677

16 128

all

304 042

215 253

3 560

8 555

64 104

58 574

44 330

36 129

24 313

17 279

234

412

4 148

3 416

3 520

5 550

279 729

197 974

3 326

8 143

59 957

55 159

40 810

30 579

All
agese

0—4
years

5—14
years

30—44
years

45—59
years

≥ 60
years

high
low/middle

Rate per 100 000 population
WHO region

All

Income level

Totalc,e

Males
15—29
years

all

19.0

27.6

8.8

13.2

29.7

33.5

37.6

45.1

high

12.6

18.3

3.4

3.6

28.8

18.3

16.7

23.7
53.3

low/middle

20.2

29.2

9.3

14.3

29.9

36.5

43.2

African Regiond

low/middle

28.3

39.3

18.6

42.6

27.2

53.4

65.7

81.9

Region of the Americas

all

15.7

23.9

4.9

5.8

31.2

29.8

29.9

35.2

high

14.8

20.5

4.0

4.2

33.5

22.0

20.0

25.0

low/middle

16.2

25.9

5.3

6.5

30.2

35.1

39.4

47.4

South-East Asia Regiond low/middle

18.6

27.7

4.1

8.5

28.6

39.3

46.9

55.7

European Region

all

14.5

22.2

3.5

5.1

30.0

26.1

24.8

25.0

high

11.0

16.8

1.9

3.0

29.8

16.8

13.6

19.4

low/middle

17.4

26.9

4.6

6.5

30.1

34.5

35.9

32.3

all

26.3

37.4

20.3

18.7

34.2

43.3

62.9

116.3

high

19.0

26.2

17.9

7.5

38.4

21.7

32.1

59.1

low/middle

26.4

37.6

20.3

18.8

34.2

44.1

63.9

117.0

all

17.7

24.6

5.3

5.7

29.6

27.4

31.8

40.8

high

12.0

17.3

4.2

3.5

19.1

15.1

17.1

31.0

low/middle

18.5

25.5

5.4

5.9

30.8

28.8

34.3

43.3

Eastern Mediterranean
Region
Western Paciﬁc Region

STATISTICAL ANNEX • 173

Absolute numbersb
WHO region

All

Females

Income level

all
high
low/middle

All
ages

0—4
years

5—14
years

15—29
years

30—44
years

45—59
years

≥ 60
years

320 709

21 928

48 499

59 625

63 171

61 258

66 227

33 665

687

1 435

8 112

5 919

5 742

11 770

287 043

21 241

47 064

51 512

57 252

55 516

54 457
6 258

African Regiond

low/middle

58 951

6 114

23 071

9 490

7 692

6 326

Region of the Americas

all

33 405

1 417

2 716

9 266

6 751

5 562

7 692

high

15 255

361

734

4 296

3 074

2 755

4 034

low/middle

18 150

1 056

1 982

4 970

3 677

2 807

3 658

South-East Asia Regiond

low/middle

70 777

5 945

8 434

13 139

11 833

16 383

15 044

European Region

all

32 600

824

1 684

7 578

5 917

5 923

10 674

high

11 148

160

419

2 806

1 960

1 728

4 075

low/middle

21 452

664

1 265

4 772

3 957

4 194

6 599

all

36 187

5 242

6 711

7 272

5 359

4 758

6 846

229

15

27

57

59

40

31

low/middle

35 958

5 227

6 684

7 215

5 300

4 718

6 815

all

88 789

2 387

5 884

12 880

25 618

22 307

19 713

7 034

152

255

954

826

1 218

3 629

81 755

2 236

5 629

11 926

24 792

21 088

16 084

15—29
years

30—44
years

45—59
years

≥ 60
years

Eastern Mediterranean
Region
Western Paciﬁc Region

high

high
low/middle

Rate per 100 000 population
WHO region

Females

Income level
All
agese

All

all
high

0—4
years

5—14
years

10.4

7.3

8.2

7.6

9.8

14.3

19.1

7.1

2.6

2.5

8.9

5.6

6.3

11.4

low/middle

11.0

7.8

8.9

7.7

11.1

17.6

23.3

African Regiond

low/middle

17.4

11.0

25.5

10.0

15.0

22.1

35.8

Region of the Americas

all

7.7

3.7

3.6

8.7

7.3

8.5

14.4

high

9.3

3.3

3.2

13.2

8.4

8.7

13.6

low/middle

6.8

3.9

3.7

6.8

6.6

8.3

15.3

South-East Asia Regiond

low/middle

9.1

6.8

5.0

6.3

7.6

17.4

23.7

European Region

all

7.2

3.4

2.9

7.9

6.1

7.3

11.1

high

5.5

1.5

1.9

7.5

4.3

4.5

8.1

low/middle

8.7

4.7

3.6

8.2

7.7

9.9

14.4

14.7

15.7

11.1

10.3

12.5

19.3

46.0

7.9

4.6

4.4

7.4

8.0

12.4

21.3

low/middle

14.8

15.8

11.2

10.4

12.6

19.4

46.2

all

10.5

3.9

4.3

6.3

12.4

16.7

19.5

6.8

2.9

2.3

4.6

3.7

5.9

15.7

11.1

3.9

4.5

6.5

13.5

18.7

20.6

Eastern Mediterranean
Region
Western Paciﬁc Region

all
high

high
low/middle
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TABLE A.2 (continued)

Proportion of all deaths due to injury (%)
WHO region

Income level

Males

Totalc
All
ages

All

0—4
years

5—14
years

15—29
years

30—44
years

45—59
years

≥ 60
years

all

22.8

24.8

17.8

33.8

25.3

25.8

24.6

21.1

high

25.1

26.8

23.0

44.5

44.7

28.3

22.9

17.4

low/middle

22.6

24.6

17.6

33.6

24.0

25.6

24.8

21.9

African Regiond

low/middle

25.5

23.8

22.1

47.6

14.6

20.3

24.9

26.4

Region of the Americas

all

24.8

24.0

15.0

33.4

22.9

24.5

26.8

22.3

high

28.9

28.5

20.2

41.5

39.2

27.5

26.5

20.1

low/middle

23.0

22.2

13.9

31.6

18.9

23.4

27.0

24.0

South-East Asia Regiond

low/middle

20.2

26.0

12.4

25.0

25.6

29.8

29.0

21.0

European Region

all

15.8

15.9

12.7

27.9

24.6

15.5

11.6

12.8

high

24.4

28.5

23.6

51.4

54.8

31.9

24.8

15.8

low/middle

13.4

12.8

11.2

24.6

18.2

12.6

9.6

11.1

all

33.7

37.2

29.6

43.1

33.1

37.5

41.9

40.4

high

44.2

44.5

44.3

49.3

56.8

36.4

39.8

55.3

low/middle

33.7

37.1

29.5

43.0

32.9

37.5

41.9

40.3
21.0

Eastern Mediterranean
Region
Western Paciﬁc Region

all

24.7

27.5

10.3

17.6

34.3

31.6

28.6

high

20.4

21.4

26.0

41.8

38.7

23.2

16.7

17.2

low/middle

25.1

28.2

9.9

17.1

34.0

32.4

30.5

21.9

All
ages

0—4
years

5—14
years

15—29
years

30—44
years

45—59
years

≥ 60
years

Proportion of all deaths (%)
WHO region

All

Income level

Males

Totalc

all

2.1

2.9

0.5

11.2

12.5

7.3

3.5

0.9

high

1.5

2.1

2.5

21.4

31.7

10.5

2.9

0.6

low/middle

2.2

3.0

0.5

11.0

11.6

7.1

3.5

1.0

African Regiond

low/middle

1.8

2.4

0.5

14.1

5.0

3.1

2.8

1.2

Region of the Americas

all

2.2

3.2

0.8

13.8

15.7

9.3

3.8

0.8

high

1.8

2.5

2.4

22.2

29.2

10.5

3.2

0.6

low/middle

2.6

3.7

0.7

12.5

12.7

8.8

4.2

1.0

South-East Asia Regiond

low/middle

2.0

2.9

0.2

6.4

11.3

8.0

3.5

1.0

European Region

all

1.3

1.9

0.8

13.1

16.4

6.4

2.2

0.5

high

1.2

1.8

1.7

21.1

36.5

10.6

2.4

0.5

low/middle

1.5

2.1

0.7

11.7

12.1

5.4

2.1

0.5

all

3.2

4.3

1.0

14.5

16.5

10.6

5.4

2.0

high

5.6

7.6

6.1

25.4

37.6

13.5

5.9

1.4

low/middle

3.2

4.3

1.0

14.4

16.4

10.6

5.3

2.0

all

2.5

3.4

0.8

10.1

21.5

12.1

4.1

0.9

high

1.7

2.2

3.7

20.0

27.5

9.7

3.1

0.9

low/middle

2.7

3.5

0.7

9.8

21.1

12.3

4.3

0.9

Eastern Mediterranean
Region
Western Paciﬁc Region

Source: WHO Global Burden of Disease project, 2002, Version 1.
a

Road trafﬁc injury = ICD-10 V01–V04, V06, V09–V80, V87, V89, V99 (ICD-9 E810–E819, E826–E829, E929.0).

b

Any apparent discrepancies in total sums are a result of rounding.

c

Combined total for males and females.

d

No high-income countries in the region.

e

Age-standardized.
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Proportion of all deaths due to injury (%)
WHO region

Females

Income level
All
ages

0—4
years

all

18.8

14.8

29.6

16.9

high

21.5

24.7

52.3

50.2

low/middle

18.5

14.6

29.2

15.3

19.9

21.7

15.0

African Regiond

low/middle

30.3

17.7

47.1

26.5

26.1

28.5

26.4

Region of the Americas

all

27.6

14.8

36.2

38.3

32.2

32.3

18.6

high

29.6

23.0

51.9

56.6

32.0

31.7

17.8

low/middle

26.1

13.2

32.5

30.0

32.3

32.8

19.5

All

5—14
years

15—29
years

30—44
years

45—59
years

≥ 60
years

20.5

22.1

14.5

28.9

26.1

12.8

South-East Asia Regiond

low/middle

11.8

13.9

15.6

7.7

11.3

17.3

11.2

European Region

all

15.8

15.5

32.2

29.8

17.8

13.6

11.4

high

17.0

26.0

58.0

55.8

30.8

23.0

9.0

low/middle

15.2

14.1

28.0

23.4

14.7

11.6

13.6

all

27.2

25.8

37.3

20.7

26.8

30.7

28.1

high

42.8

37.4

48.1

37.7

37.9

53.0

55.2

low/middle

27.1

25.7

37.3

20.6

26.8

30.6

28.0

all

19.7

6.7

19.7

20.6

25.6

26.6

14.3

high

18.2

27.1

46.2

28.2

19.1

21.2

15.0

low/middle

19.9

6.4

19.2

20.2

25.8

27.0

14.1

All
ages

0—4
years

5—14
years

15—29
years

30—44
years

45—59
years

≥ 60
years

all

1.2

0.4

6.6

3.6

3.2

2.1

0.4

high

0.9

2.3

20.1

25.5

6.2

2.0

0.3
0.5

Eastern Mediterranean
Region
Western Paciﬁc Region

Proportion of all deaths (%)
WHO region

All

Females

Income level

low/middle

1.2

0.4

6.4

3.2

3.1

2.1

African Regiond

low/middle

1.1

0.3

8.1

1.3

1.1

1.4

0.6

Region of the Americas

all

1.2

0.7

10.6

11.6

4.6

1.8

0.4

high

1.2

2.4

23.0

29.6

7.1

2.3

0.4

low/middle

1.2

0.6

8.9

7.6

3.5

1.5

0.4

South-East Asia Regiond

low/middle

1.0

0.4

3.1

2.5

2.1

1.8

0.5

European Region

all

0.7

1.0

11.1

13.3

4.2

1.6

0.3

Eastern Mediterranean
Region
Western Paciﬁc Region

high

0.6

1.7

17.4

26.1

5.5

1.6

0.2

low/middle

0.8

0.9

9.9

10.3

3.8

1.6

0.3

all

1.9

0.7

8.6

5.9

4.0

2.4

1.0

high

2.4

2.1

18.1

17.5

8.0

3.4

0.5

low/middle

1.9

0.7

8.6

5.9

3.9

2.4

1.0

all

1.6

0.5

9.2

9.5

8.6

3.7

0.5

high

1.1

3.0

18.3

15.4

5.3

2.4

0.6

low/middle

1.7

0.4

9.0

9.3

8.8

3.8

0.5
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TABLE A.3

The 12 leading causes of mortality and DALYs, and rankings for road trafﬁc injuries by WHO region, 2002
ALL MEMBER STATES
Total
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Cerebrovascular disease
Lower respiratory infections
HIV/AIDS
Chronic obstructive pulmonary disease
Perinatal conditions
Diarrhoeal diseases
Tuberculosis
Trachea, bronchus, lung cancers
Malaria
Road trafﬁc injuries
Diabetes mellitus

12.6
9.6
6.6
4.9
4.8
4.3
3.1
2.8
2.2
2.1
2.1
1.7

1
2
3
4
5
6
7
8
9
10
11
12

Perinatal conditions
Lower respiratory infections
HIV/AIDS
Unipolar depressive disorders
Diarrhoeal diseases
Ischaemic heart disease
Cerebrovascular disease
Malaria
Road trafﬁc injuries
Tuberculosis
Chronic obstructive pulmonary disease
Congenital anomalies

Rank

Cause

6.6
5.9
5.8
4.5
4.1
3.9
3.3
3.0
2.6
2.4
1.9
1.8

Males
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Cerebrovascular disease
Lower respiratory infections
HIV/AIDS
Chronic obstructive pulmonary disease
Perinatal conditions
Tuberculosis
Diarrhoeal diseases
Trachea, bronchus, lung cancers
Road trafﬁc injuries
Malaria
Self-inﬂicted injuries

12.6
8.5
6.3
5.1
4.7
4.6
3.5
3.1
3.0
2.9
2.0
1.8

1
2
3
4
5
6
7
8
9
10
11
12

Perinatal conditions
HIV/AIDS
Lower respiratory infections
Ischaemic heart disease
Diarrhoeal diseases
Road trafﬁc injuries
Unipolar depressive disorders
Cerebrovascular disease
Tuberculosis
Malaria
Interpersonal violence
Alcohol use disorders

Rank

Cause

6.9
5.8
5.7
4.4
4.1
3.5
3.4
3.3
2.9
2.8
2.3
2.2

Females
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12
18

Proportion of total
(%)

DALYs
Ischaemic heart disease
Cerebrovascular disease
Lower respiratory infections
Chronic obstructive pulmonary disease
HIV/AIDS
Perinatal conditions
Diarrhoeal diseases
Malaria
Tuberculosis
Diabetes mellitus
Hypertensive heart disease
Breast cancer
Road trafﬁc injuries

12.5
10.9
6.9
4.9
4.8
4.0
3.1
2.4
2.0
2.0
1.8
1.7
1.2

1
2
3
4
5
6
7
8
9
10
11
12
15

Perinatal conditions
Lower respiratory infections
HIV/AIDS
Unipolar depressive disorders
Diarrhoeal diseases
Ischaemic heart disease
Cerebrovascular disease
Malaria
Cataracts
Measles
Congenital anomalies
Tuberculosis
Road trafﬁc injuries

6.2
6.0
5.7
5.7
4.1
3.4
3.3
3.3
2.0
1.9
1.9
1.8
1.6
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TABLE A.3 (continued)

ALL MEMBER STATES (continued)
High-income countries
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12
14

Ischaemic heart disease
Cerebrovascular disease
Trachea, bronchus, lung cancers
Lower respiratory infections
Chronic obstructive pulmonary disease
Colon and rectum cancers
Alzheimer and other dementias
Diabetes mellitus
Breast cancer
Stomach cancer
Hypertensive heart disease
Self-inﬂicted injuries
Road trafﬁc injuries

17.0
9.8
5.8
4.4
3.9
3.3
2.7
2.6
1.9
1.8
1.6
1.6
1.5

Proportion of total
(%)

DALYs
1
2
3
4
5
6
7
8
9
10
11
12

Unipolar depressive disorders
Ischaemic heart disease
Cerebrovascular disease
Alcohol use disorders
Alzheimer and other dementias
Hearing loss, adult onset
Chronic obstructive pulmonary disease
Trachea, bronchus, lung cancers
Road trafﬁc injuries
Diabetes mellitus
Osteoarthritis
Self-inﬂicted injuries

Rank

Cause

8.9
6.3
4.8
4.6
3.4
3.4
3.3
3.0
2.6
2.6
2.2
2.1

Low-income and middle-income countries
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Ischaemic heart disease
Cerebrovascular disease
Lower respiratory infections
HIV/AIDS
Chronic obstructive pulmonary disease
Perinatal conditions
Diarrhoeal diseases
Tuberculosis
Malaria
Road trafﬁc injuries
Trachea, bronchus, lung cancers
Hypertensive heart disease

11.8
9.6
7.0
5.7
5.0
5.0
3.6
3.2
2.5
2.2
1.6
1.6

Source: WHO Global Burden of Disease project, 2002, Version 1.

Proportion of total
(%)

DALYs
1
2
3
4
5
6
7
8
9
10
11
12

Perinatal conditions
Lower respiratory infections
HIV/AIDS
Diarrhoeal diseases
Unipolar depressive disorders
Ischaemic heart disease
Malaria
Cerebrovascular disease
Road trafﬁc injuries
Tuberculosis
Measles
Congenital anomalies

7.0
6.3
6.2
4.4
4.1
3.7
3.3
3.2
2.6
2.6
2.0
1.9
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TABLE A.3 (continued)

AFRICAN REGIONa
Total
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
HIV/AIDS
Malaria
Lower respiratory infections
Diarrhoeal diseases
Perinatal conditions
Measles
Cerebrovascular disease
Ischaemic heart disease
Tuberculosis
Road trafﬁc injuries
Pertussis
Interpersonal violence

20.4
10.1
9.8
6.5
5.1
4.1
3.3
3.1
2.8
1.8
1.6
1.3

1
2
3
4
5
6
7
8
9
10
11
12

HIV/AIDS
Malaria
Lower respiratory infections
Diarrhoeal diseases
Perinatal conditions
Measles
Tuberculosis
Road trafﬁc injuries
Pertussis
Protein–energy malnutrition
Interpersonal violence
Cataracts

Rank

Cause

18.4
10.8
8.8
6.3
5.9
4.3
2.2
1.9
1.9
1.5
1.5
1.4

Males
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
HIV/AIDS
Lower respiratory infections
Malaria
Diarrhoeal diseases
Perinatal conditions
Measles
Tuberculosis
Ischaemic heart disease
Cerebrovascular disease
Road trafﬁc injuries
Interpersonal violence
Pertussis

19.4
10.3
9.3
6.6
5.8
4.0
3.8
3.1
2.6
2.4
1.9
1.5

1
2
3
4
5
6
7
8
9
10
11
12

HIV/AIDS
Malaria
Lower respiratory infections
Perinatal conditions
Diarrhoeal diseases
Measles
Tuberculosis
Road trafﬁc injuries
Interpersonal violence
Pertussis
War
Protein–energy malnutrition

Rank

Cause

17.0
10.1
9.5
6.6
6.5
4.2
2.9
2.5
2.4
1.8
1.6
1.6

Females
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
HIV/AIDS
Malaria
Lower respiratory infections
Diarrhoeal diseases
Perinatal conditions
Measles
Cerebrovascular disease
Ischaemic heart disease
Tuberculosis
Pertussis
Hypertensive heart disease
Road trafﬁc injuries

21.6
11.0
9.3
6.3
4.5
4.2
4.1
3.1
1.8
1.6
1.2
1.1

Source: WHO Global Burden of Disease project, 2002, Version 1.
a
No high-income countries in the region.

1
2
3
4
5
6
7
8
9
10
11
12

HIV/AIDS
Malaria
Lower respiratory infections
Diarrhoeal diseases
Perinatal conditions
Measles
Pertussis
Cataracts
Tuberculosis
Protein–energy malnutrition
Unipolar depressive disorders
Road trafﬁc injuries

19.8
11.5
8.1
6.1
5.2
4.3
1.9
1.6
1.6
1.5
1.5
1.3
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TABLE A.3 (continued)

REGION OF THE AMERICAS
Total
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Cerebrovascular disease
Diabetes mellitus
Chronic obstructive pulmonary disease
Trachea, bronchus, lung cancers
Lower respiratory infections
Perinatal conditions
Interpersonal violence
Hypertensive heart disease
Road trafﬁc injuries
Alzheimer and other dementias
Colon and rectum cancers

15.3
7.6
4.2
4.0
3.9
3.7
2.9
2.4
2.3
2.2
2.0
1.8

1
2
3
4
5
6
7
8
9
10
11
12

Unipolar depressive disorders
Perinatal conditions
Interpersonal violence
Alcohol use disorders
Ischaemic heart disease
Cerebrovascular disease
Road trafﬁc injuries
Diabetes mellitus
Congenital anomalies
Chronic obstructive pulmonary disease
HIV/AIDS
Lower respiratory infections

Rank

Cause

8.2
5.1
4.6
4.4
4.2
3.1
2.9
2.4
2.3
2.3
2.2
2.1

Males
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Cerebrovascular disease
Trachea, bronchus, lung cancers
Interpersonal violence
Chronic obstructive pulmonary disease
Diabetes mellitus
Lower respiratory infections
Road trafﬁc injuries
Perinatal conditions
Cirrhosis of the liver
Prostate cancer
HIV/AIDS

15.5
6.4
4.4
4.1
4.1
3.5
3.5
3.2
3.1
2.4
2.4
2.1

1
2
3
4
5
6
7
8
9
10
11
12

Interpersonal violence
Alcohol use disorders
Unipolar depressive disorders
Perinatal conditions
Ischaemic heart disease
Road trafﬁc injuries
Cerebrovascular disease
HIV/AIDS
Congenital anomalies
Chronic obstructive pulmonary disease
Lower respiratory infections
Diabetes mellitus

Rank

Cause

7.5
6.4
5.6
5.2
4.8
3.9
2.8
2.7
2.2
2.2
2.1
2.0

Females
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12
14

Proportion of total
(%)

DALYs
Ischaemic heart disease
Cerebrovascular disease
Diabetes mellitus
Lower respiratory infections
Chronic obstructive pulmonary disease
Trachea, bronchus, lung cancers
Breast cancer
Alzheimer and other dementias
Perinatal conditions
Hypertensive heart disease
Colon and rectum cancers
Nephritis and nephrosis
Road trafﬁc injuries

15.2
8.9
5.0
4.1
4.0
3.2
3.1
2.9
2.7
2.7
2.0
1.8
1.2

1
2
3
4
5
6
7
8
9
10
11
12
14

Unipolar depressive disorders
Perinatal conditions
Ischaemic heart disease
Cerebrovascular disease
Diabetes mellitus
Congenital anomalies
Chronic obstructive pulmonary disease
Lower respiratory infections
Alzheimer and other dementias
Alcohol use disorders
Asthma
Hearing loss, adult onset
Road trafﬁc injuries

11.4
5.0
3.6
3.4
2.9
2.5
2.5
2.1
1.9
1.9
1.9
1.9
1.7
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TABLE A.3 (continued)

REGION OF THE AMERICAS (continued)
High-income countries
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12

(%)

21.1
6.8
6.6
5.2
3.9
3.2
2.7
2.5
1.9
1.8
1.8
1.7

DALYs
1
2
3
4
5
6
7
8
9
10
11
12

Unipolar depressive disorders
Ischaemic heart disease
Alcohol use disorders
Chronic obstructive pulmonary disease
Cerebrovascular disease
Diabetes mellitus
Hearing loss, adult onset
Trachea, bronchus, lung cancers
Road trafﬁc injuries
Alzheimer and other dementias
Osteoarthritis
Drug use disorders

Proportion of total

Rank

Cause

Ischaemic heart disease
Cerebrovascular disease
Trachea, bronchus, lung cancers
Chronic obstructive pulmonary disease
Alzheimer and other dementias
Diabetes mellitus
Colon and rectum cancers
Lower respiratory infections
Breast cancer
Road trafﬁc injuries
Nephritis and nephrosis
Hypertensive heart disease

Proportion of total

11.2
7.0
5.4
3.8
3.5
3.1
3.0
3.0
2.9
2.8
1.8
1.7

Low-income and middle-income countries
Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Ischaemic heart disease
Cerebrovascular disease
Diabetes mellitus
Perinatal conditions
Lower respiratory infections
Interpersonal violence
Chronic obstructive pulmonary disease
Hypertensive heart disease
HIV/AIDS
Road trafﬁc injuries
Cirrhosis of the liver
Stomach cancer

10.8
8.2
5.1
4.8
4.8
3.9
3.1
2.7
2.7
2.6
2.3
1.7

Source: WHO Global Burden of Disease project, 2002, Version 1.

Proportion of total
(%)

DALYs
1
2
3
4
5
6
7
8
9
10
11
12

Unipolar depressive disorders
Perinatal conditions
Interpersonal violence
Alcohol use disorders
Ischaemic heart disease
Road trafﬁc injuries
Cerebrovascular disease
Lower respiratory infections
HIV/AIDS
Congenital anomalies
Diarrhoeal diseases
Diabetes mellitus

6.9
6.7
6.0
3.9
3.0
2.9
2.9
2.8
2.7
2.7
2.2
2.1
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TABLE A.3 (continued)

SOUTH-EAST ASIA REGIONa
Total
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Lower respiratory infections
Cerebrovascular disease
Perinatal conditions
Tuberculosis
Chronic obstructive pulmonary disease
Diarrhoeal diseases
HIV/AIDS
Road trafﬁc injuries
Diabetes mellitus
Self-inﬂicted injuries
Cirrhosis of the liver

13.9
9.4
7.2
6.9
4.7
4.5
4.1
2.6
2.0
1.8
1.7
1.4

1
2
3
4
5
6
7
8
9
10
11
12

Perinatal conditions
Lower respiratory infections
Ischaemic heart disease
Unipolar depressive disorders
Diarrhoeal diseases
Tuberculosis
Cataracts
HIV/AIDS
Cerebrovascular disease
Road trafﬁc injuries
Hearing loss, adult onset
Congenital anomalies

Rank

Cause

9.2
7.3
4.9
4.8
4.8
3.7
2.6
2.6
2.4
2.4
2.2
2.0

Males
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Lower respiratory infections
Perinatal conditions
Cerebrovascular disease
Tuberculosis
Chronic obstructive pulmonary disease
Diarrhoeal diseases
HIV/AIDS
Road trafﬁc injuries
Self-inﬂicted injuries
Trachea, bronchus, lung cancers
Diabetes mellitus

14.7
8.8
7.2
6.8
5.7
4.8
4.1
3.7
2.9
1.9
1.7
1.7

1
2
3
4
5
6
7
8
9
10
11
12

Perinatal conditions
Lower respiratory infections
Ischaemic heart disease
Diarrhoeal diseases
Tuberculosis
Unipolar depressive disorders
HIV/AIDS
Road trafﬁc injuries
Cerebrovascular disease
Cataracts
Hearing loss, adult onset
Chronic obstructive pulmonary disease

Rank

Cause

10.0
7.1
5.4
4.9
4.4
3.8
3.8
3.4
2.5
2.2
2.1
2.1

Females
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12
19

Proportion of total
(%)

DALYs
Ischaemic heart disease
Lower respiratory infections
Cerebrovascular disease
Perinatal conditions
Chronic obstructive pulmonary disease
Diarrhoeal diseases
Tuberculosis
Diabetes mellitus
Fires
Cervix uteri cancer
Self-inﬂicted injuries
Measles
Road trafﬁc injuries

13.1
10.1
7.7
6.6
4.2
4.1
3.7
1.9
1.9
1.5
1.5
1.4
1.0

Source: WHO Global Burden of Disease project, 2002, Version 1.
a
No high-income countries in the region.

1
2
3
4
5
6
7
8
9
10
11
12
17

Perinatal conditions
Lower respiratory infections
Unipolar depressive disorders
Diarrhoeal diseases
Ischaemic heart disease
Cataracts
Tuberculosis
Cerebrovascular disease
Hearing loss, adult onset
Fires
Congenital anomalies
Chronic obstructive pulmonary disease
Road trafﬁc injuries

8.5
7.5
5.9
4.6
4.3
3.0
3.0
2.4
2.2
2.2
2.1
1.8
1.4
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TABLE A.3 (continued)

EUROPEAN REGION
Total
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12
13

Proportion of total
(%)

DALYs
Ischaemic heart disease
Cerebrovascular disease
Trachea, bronchus, lung cancers
Lower respiratory infections
Chronic obstructive pulmonary disease
Colon and rectum cancers
Hypertensive heart disease
Cirrhosis of the liver
Self-inﬂicted injuries
Stomach cancer
Breast cancer
Diabetes mellitus
Road trafﬁc injuries

24.7
15.1
3.8
2.8
2.7
2.4
1.8
1.8
1.7
1.6
1.6
1.5
1.3

1
2
3
4
5
6
7
8
9
10
11
12

Ischaemic heart disease
Cerebrovascular disease
Unipolar depressive disorders
Alcohol use disorders
Hearing loss, adult onset
Road trafﬁc injuries
Chronic obstructive pulmonary disease
Self-inﬂicted injuries
Trachea, bronchus, lung cancers
Osteoarthritis
Alzheimer and other dementias
Perinatal conditions

Rank

Cause

10.4
7.2
6.3
3.1
2.6
2.4
2.3
2.3
2.1
2.1
2.0
1.9

Males
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Cerebrovascular disease
Trachea, bronchus, lung cancers
Chronic obstructive pulmonary disease
Lower respiratory infections
Self-inﬂicted injuries
Colon and rectum cancers
Cirrhosis of the liver
Road trafﬁc injuries
Prostate cancer
Stomach cancer
Poisonings

23.7
11.5
5.8
3.3
2.7
2.7
2.4
2.2
1.9
1.9
1.9
1.8

1
2
3
4
5
6
7
8
9
10
11
12

Ischaemic heart disease
Cerebrovascular disease
Alcohol use disorders
Unipolar depressive disorders
Self-inﬂicted injuries
Road trafﬁc injuries
Trachea, bronchus, lung cancers
Hearing loss, adult onset
Chronic obstructive pulmonary disease
Poisonings
Cirrhosis of the liver
Interpersonal violence

Rank

Cause

11.3
6.2
4.6
4.1
3.3
3.2
3.0
2.3
2.2
2.1
2.1
2.0

Females
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12
20

Proportion of total
(%)

DALYs
Ischaemic heart disease
Cerebrovascular disease
Breast cancer
Lower respiratory infections
Colon and rectum cancers
Hypertensive heart disease
Chronic obstructive pulmonary disease
Diabetes mellitus
Trachea, bronchus, lung cancers
Alzheimer and other dementias
Stomach cancer
Cirrhosis of the liver
Road trafﬁc injuries

25.6
18.9
3.2
2.9
2.4
2.3
2.1
1.8
1.7
1.5
1.4
1.3
0.7

1
2
3
4
5
6
7
8
9
10
11
12
14

Ischaemic heart disease
Unipolar depressive disorders
Cerebrovascular disease
Hearing loss, adult onset
Alzheimer and other dementias
Osteoarthritis
Breast cancer
Chronic obstructive pulmonary disease
Perinatal conditions
Diabetes mellitus
Lower respiratory infections
Vision disorders, age-related
Road trafﬁc injuries

9.1
9.0
8.5
3.1
3.0
2.8
2.6
2.4
1.8
1.8
1.7
1.4
1.4
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TABLE A.3 (continued)

EUROPEAN REGION (continued)
High-income countries
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12
18

Ischaemic heart disease
Cerebrovascular disease
Trachea, bronchus, lung cancers
Lower respiratory infections
Chronic obstructive pulmonary disease
Colon and rectum cancers
Alzheimer and other dementias
Diabetes mellitus
Breast cancer
Prostate cancer
Hypertensive heart disease
Cirrhosis of the liver
Road trafﬁc injuries

16.8
10.3
5.3
4.5
3.6
3.5
2.5
2.4
2.3
1.8
1.7
1.6
1.2

Proportion of total
(%)

DALYs
1
2
3
4
5
6
7
8
9
10
11
12

Unipolar depressive disorders
Ischaemic heart disease
Cerebrovascular disease
Alcohol use disorders
Alzheimer and other dementias
Hearing loss, adult onset
Chronic obstructive pulmonary disease
Trachea, bronchus, lung cancers
Road trafﬁc injuries
Osteoarthritis
Diabetes mellitus
Colon and rectum cancers

Rank

Cause

8.0
6.7
5.0
4.3
3.9
3.7
3.4
3.2
2.4
2.3
2.2
2.0

Low-income and middle-income countries
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Ischaemic heart disease
Cerebrovascular disease
Trachea, bronchus, lung cancers
Chronic obstructive pulmonary disease
Self-inﬂicted injuries
Hypertensive heart disease
Poisonings
Cirrhosis of the liver
Lower respiratory infections
Stomach cancer
Colon and rectum cancers
Road trafﬁc injuries

29.8
18.2
2.9
2.1
2.1
1.9
1.9
1.9
1.7
1.7
1.7
1.5

Source: WHO Global Burden of Disease project, 2002, Version 1.

Proportion of total
(%)

DALYs
1
2
3
4
5
6
7
8
9
10
11
12

Ischaemic heart disease
Cerebrovascular disease
Unipolar depressive disorders
Self-inﬂicted injuries
Alcohol use disorders
Road trafﬁc injuries
Perinatal conditions
Hearing loss, adult onset
Interpersonal violence
Poisonings
Osteoarthritis
Lower respiratory infections

12.1
8.3
5.4
2.6
2.5
2.4
2.3
2.1
2.1
2.1
1.9
1.9
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TABLE A.3 (continued)

EASTERN MEDITERRANEAN REGION
Total
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Lower respiratory infections
Perinatal conditions
Diarrhoeal diseases
Cerebrovascular disease
Road trafﬁc injuries
Tuberculosis
Hypertensive heart disease
Chronic obstructive pulmonary disease
Measles
Congenital anomalies
Cirrhosis of the liver

12.9
8.6
7.3
6.0
5.4
3.2
3.1
2.3
2.3
2.0
2.0
1.6

1
2
3
4
5
6
7
8
9
10
11
12

Perinatal conditions
Lower respiratory infections
Diarrhoeal diseases
Ischaemic heart disease
Unipolar depressive disorders
Road trafﬁc injuries
Congenital anomalies
Measles
Tuberculosis
Cerebrovascular disease
Pertussis
Cataracts

Rank

Cause

8.7
7.7
6.0
3.8
3.6
3.3
3.2
2.1
2.0
1.8
1.8
1.8

Males
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Lower respiratory infections
Perinatal conditions
Diarrhoeal diseases
Cerebrovascular disease
Road trafﬁc injuries
Tuberculosis
Chronic obstructive pulmonary disease
Hypertensive heart disease
Congenital anomalies
Measles
Cirrhosis of the liver

14.0
8.4
7.8
5.8
5.2
4.3
3.8
2.4
2.3
1.9
1.9
1.7

1
2
3
4
5
6
7
8
9
10
11
12

Perinatal conditions
Lower respiratory infections
Diarrhoeal diseases
Ischaemic heart disease
Road trafﬁc injuries
Congenital anomalies
Unipolar depressive disorders
Tuberculosis
Measles
Cerebrovascular disease
Pertussis
Drug use disorders

Rank

Cause

9.7
7.8
6.2
4.6
4.5
3.2
2.8
2.5
2.1
1.9
1.7
1.6

Females
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Lower respiratory infections
Perinatal conditions
Diarrhoeal diseases
Cerebrovascular disease
Tuberculosis
Hypertensive heart disease
Measles
Chronic obstructive pulmonary disease
Congenital anomalies
Road trafﬁc injuries
Malaria

11.7
8.8
6.6
6.2
5.7
2.4
2.4
2.2
2.2
2.1
1.9
1.6

1
2
3
4
5
6
7
8
9
10
11
12

Perinatal conditions
Lower respiratory infections
Diarrhoeal diseases
Unipolar depressive disorders
Congenital anomalies
Ischaemic heart disease
Measles
Road trafﬁc injuries
Cataracts
Pertussis
Malaria
Cerebrovascular disease

7.7
7.6
5.9
4.4
3.1
3.1
2.2
2.1
2.0
1.8
1.7
1.7
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TABLE A.3 (continued)

EASTERN MEDITERRANEAN REGION (continued)
High-income countries
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Hypertensive heart disease
Cerebrovascular disease
Road trafﬁc injuries
Diabetes mellitus
Lower respiratory infections
Congenital anomalies
Perinatal conditions
Nephritis and nephrosis
Trachea, bronchus, lung cancers
Breast cancer
Self-inﬂicted injuries

19.8
6.8
6.0
5.6
4.2
3.9
2.8
2.0
2.0
1.7
1.4
1.2

1
2
3
4
5
6
7
8
9
10
11
12

Unipolar depressive disorders
Ischaemic heart disease
Road trafﬁc injuries
Vision disorders, age-related
Diabetes mellitus
Hearing loss, adult onset
Congenital anomalies
Cataracts
Perinatal conditions
Schizophrenia
Hypertensive heart disease
Asthma

Rank

Cause

7.9
7.0
5.3
5.1
4.2
4.2
3.7
3.6
2.3
2.2
1.9
1.8

Low-income and middle-income countries
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Ischaemic heart disease
Lower respiratory infections
Perinatal conditions
Diarrhoeal diseases
Cerebrovascular disease
Tuberculosis
Road trafﬁc injuries
Hypertensive heart disease
Chronic obstructive pulmonary disease
Measles
Congenital anomalies
Cirrhosis of the liver

12.9
8.6
7.3
6.0
5.4
3.2
3.2
2.3
2.3
2.0
2.0
1.6

Source: WHO Global Burden of Disease project, 2002, Version 1.

1
2
3
4
5
6
7
8
9
10
11
12

Perinatal conditions
Lower respiratory infections
Diarrhoeal diseases
Ischaemic heart disease
Unipolar depressive disorders
Road trafﬁc injuries
Congenital anomalies
Measles
Tuberculosis
Cerebrovascular disease
Pertussis
Cataracts

8.8
7.7
6.1
3.8
3.6
3.3
3.2
2.2
2.0
1.8
1.8
1.7
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TABLE A.3 (continued)

WESTERN PACIFIC REGION
Total
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Cerebrovascular disease
Chronic obstructive pulmonary disease
Ischaemic heart disease
Stomach cancer
Lower respiratory infections
Trachea, bronchus, lung cancers
Liver cancer
Tuberculosis
Perinatal conditions
Self-inﬂicted injuries
Road trafﬁc injuries
Hypertensive heart disease

16.4
11.5
8.3
4.2
4.1
3.6
3.3
3.0
2.9
2.8
2.5
2.4

1
2
3
4
5
6
7
8
9
10
11
12

Cerebrovascular disease
Unipolar depressive disorders
Perinatal conditions
Chronic obstructive pulmonary disease
Road trafﬁc injuries
Lower respiratory infections
Ischaemic heart disease
Self-inﬂicted injuries
Diarrhoeal diseases
Alcohol use disorders
Hearing loss, adult onset
Tuberculosis

Rank

Cause

6.6
6.0
5.5
3.9
3.4
2.9
2.8
2.6
2.5
2.4
2.4
2.2

Males
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Cerebrovascular disease
Chronic obstructive pulmonary disease
Ischaemic heart disease
Stomach cancer
Trachea, bronchus, lung cancers
Liver cancer
Tuberculosis
Road trafﬁc injuries
Lower respiratory infections
Self-inﬂicted injuries
Perinatal conditions
Oesophagus cancer

15.5
9.8
7.9
5.0
4.6
4.5
3.7
3.4
3.3
2.8
2.7
2.5

1
2
3
4
5
6
7
8
9
10
11
12

Cerebrovascular disease
Perinatal conditions
Unipolar depressive disorders
Road trafﬁc injuries
Chronic obstructive pulmonary disease
Alcohol use disorders
Ischaemic heart disease
Tuberculosis
Liver cancer
Self-inﬂicted injuries
Diarrhoeal diseases
Hearing loss, adult onset

Rank

Cause

6.8
5.1
4.9
4.4
4.0
3.9
3.0
2.6
2.4
2.4
2.4
2.3

Females
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12
13

Proportion of total
(%)

DALYs
Cerebrovascular disease
Chronic obstructive pulmonary disease
Ischaemic heart disease
Lower respiratory infections
Stomach cancer
Perinatal conditions
Self-inﬂicted injuries
Hypertensive heart disease
Trachea, bronchus, lung cancers
Tuberculosis
Liver cancer
Diabetes mellitus
Road trafﬁc injuries

17.4
13.5
8.7
4.9
3.3
3.2
2.8
2.6
2.4
2.2
2.0
1.9
1.6

1
2
3
4
5
6
7
8
9
10
11
12
13

Unipolar depressive disorders
Cerebrovascular disease
Perinatal conditions
Lower respiratory infections
Chronic obstructive pulmonary disease
Self-inﬂicted injuries
Vision disorders, age-related
Ischaemic heart disease
Diarrhoeal diseases
Osteoarthritis
Hearing loss, adult onset
Congenital anomalies
Road trafﬁc injuries

7.4
6.2
5.9
3.8
3.8
2.8
2.6
2.6
2.6
2.5
2.5
2.2
2.2
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TABLE A.3 (continued)

WESTERN PACIFIC REGION (continued)
High-income countries
Rank

Cause

Proportion of total

Rank

Cause

(%)
Deaths
1
2
3
4
5
6
7
8
9
10
11
12
13

Proportion of total
(%)

DALYs
Cerebrovascular disease
Ischaemic heart disease
Lower respiratory infections
Trachea, bronchus, lung cancers
Stomach cancer
Colon and rectum cancers
Liver cancer
Self-inﬂicted injuries
Diabetes mellitus
Chronic obstructive pulmonary disease
Nephritis and nephrosis
Pancreas cancer
Road trafﬁc injuries

13.9
10.0
8.0
5.7
4.8
3.7
3.4
3.2
2.3
2.1
1.9
1.8
1.7

1
2
3
4
5
6
7
8
9
10
11
12

Cerebrovascular disease
Unipolar depressive disorders
Alcohol use disorders
Ischaemic heart disease
Alzheimer and other dementias
Self-inﬂicted injuries
Hearing loss, adult onset
Osteoarthritis
Diabetes mellitus
Road trafﬁc injuries
Trachea, bronchus, lung cancers
Stomach cancer

Rank

Cause

7.3
6.5
4.0
3.9
3.8
3.7
3.7
2.9
2.6
2.5
2.5
2.3

Low-income and middle-income countries
Rank

Cause

Proportion of total
(%)

Deaths
1
2
3
4
5
6
7
8
9
10
11
12

Proportion of total
(%)

DALYs
Cerebrovascular disease
Chronic obstructive pulmonary disease
Ischaemic heart disease
Stomach cancer
Lower respiratory infections
Tuberculosis
Perinatal conditions
Trachea, bronchus, lung cancers
Liver cancer
Self-inﬂicted injuries
Road trafﬁc injuries
Hypertensive heart disease

16.8
12.8
8.1
4.1
3.5
3.3
3.3
3.3
3.3
2.7
2.7
2.6

Source: WHO Global Burden of Disease project, 2002, Version 1.

1
2
3
4
5
6
7
8
9
10
11
12

Cerebrovascular disease
Unipolar depressive disorders
Perinatal conditions
Chronic obstructive pulmonary disease
Road trafﬁc injuries
Lower respiratory infections
Ischaemic heart disease
Diarrhoeal diseases
Self-inﬂicted injuries
Tuberculosis
Vision disorders, age-related
Hearing loss, adult onset

6.5
6.0
5.9
4.0
3.5
3.0
2.7
2.7
2.5
2.4
2.3
2.3
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TABLE A.4
Mortality caused by road trafﬁc injury, a by sex, age group and country, for the most recent year available
between 1992 and 2002
Country or area

Year

Measureb

Totalc,d

Males
All
agesc

Albaniae
Argentina
Armeniae
Australia

2000
1997
2000
2000

Azerbaijane
Bahamas
Bahrain

2001
2000
1995
2000

Belarus

1995
2001
1997

Bulgaria
Canada

1995
2000
1999
1999

250

7

12

72

66

47

45

—

—

21.0

18.8

21.9

32.8

No.

3 468

2 653

78

124

860

634

503

453

Rate

9.9

15.8

4.4

3.7

18.9

19.0

20.4

22.4

No.

232

169

1

9

36

56

27

40

Rate

5.6

8.9

—

—

7.2

12.9

11.9

17.5

1 808

1 283

16

48

517

313

177

212

9.3

13.4

—

3.5

25.2

14.4

9.9

14.6

No.
No.

865

635

2

9

224

163

103

134

Rate

10.1

15.5

—

—

29.4

15.6

13.7

18.9

No.

523

411

9

23

82

169

72

56

Rate

6.9

11.7

—

2.4

8.0

18.0

18.7

17.4

No.

17

13

1

1

3

6

2

0

Rate

6.1

—

—

—

—

—

—

—

No.

60

54

1

8

19

13

6

7

10.3

17.4

—

—

—

—

—

—

No.

24

19

0

0

6

3

4

6

Rate

8.3

—

—

—

—

—

—

—

1 514

1 150

6

23

378

337

234

172

14.3

23.1

—

3.4

32.8

29.8

29.3

25.4

1 482

1 088

7

25

401

278

139

238

13.9

21.0

—

4.0

39.4

23.3

15.3

25.7

No.
No.
No.

38 051

29 218

523

1 930

10 000

8 854

4 663

3 248

Rate

25.6

41.3

6.2

10.7

44.3

53.2

53.2

63.4

No.

940

694

7

15

164

172

163

173

Rate

10.2

15.6

—

—

18.0

20.5

20.4

22.4

2 938

1 987

22

89

710

443

304

419

9.3

12.8

2.3

4.2

22.3

11.6

10.7

18.9

1 543

1 246

19

55

279

398

281

214

10.7

17.9

—

3.8

15.0

23.2

27.5

32.8

250 007

175 714

2 759

5 995

52 323

49 811

37 152

27 673

19.0

26.2

5.6

5.3

31.9

29.2

34.4

42.9

8 917

6 985

168

405

2 601

1 963

885

962

24.2

39.8

6.9

9.0

46.0

47.1

41.9

78.2

No.
No.
Rate

China f

2002

No.
Rate

Colombiae

1998

No.
Rate

Costa Ricae
Croatia
Cuba
Czech Republic
Denmark
Dominican Republice

2000
2001
2000
2001
1999
1998

≥60
years

18.4

Rate
Chile

45–59
years

319

Rate
Brazile

30–44
years

11.1

Rate
Belgium

15–29
years

Rate

Rate
Barbados

5–14
years

No.

Rate
Austria

0–4
years

No.

719

581

8

24

187

167

104

90

Rate

20.1

32.7

—

5.5

34.6

37.6

45.5

63.0

No.

535

415

6

10

147

86

68

98

Rate

11.4

18.4

—

—

32.0

18.1

15.9

25.3

No.

1 656

1 289

14

49

263

410

291

261

Rate

13.9

21.5

—

5.8

20.1

28.7

31.8

35.4

No.

972

699

4

14

238

164

159

120

Rate

8.7

12.8

—

—

19.5

15.7

14.4

15.6

No.

495

359

7

18

136

89

52

57

Rate

9.5

14.1

—

—

26.5

14.7

9.4

12.5

2 812

2 347

35

105

968

605

337

298

41.1

67.1

7.3

11.0

82.2

73.9

78.0

118.3

No.
Rate
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Country or area

Year

Measureb

Females
All
agesc

Albaniae

2000

Argentina

1997

Armeniae

2000

Australia
Austria
Azerbaijane
Bahamas
Bahrain
Barbados
Belarus

2000
2001
2000
1995
2000
1995
2001

Belgium

1997

Brazile

1995

Bulgaria

2000

Chile
China f

1999
1999
2002

Costa Ricae
Croatia
Cuba
Czech Republic
Denmark
Dominican Republice

1998
2000
2001
2000
2001
1999
1998

15–29
years

30–44
years

45–59
years

≥60
years

69

5

8

14

13

12

Rate

4.9

—

—

—

—

—

—

No.

815

54

71

226

147

120

198

Rate

4.4

3.2

2.2

5.1

4.3

4.6

7.3

No.

63

0

3

5

13

13

30

Rate

2.9

—

—

—

—

—

9.8

No.

525

17

22

172

96

73

145

Rate

5.2

—

1.7

8.5

4.4

4.1

8.4

No.

230

3

9

57

41

25

95

Rate

4.9

—

—

7.6

4.1

3.3

9.3

No.

112

3

15

15

35

18

26

Rate

2.9

—

—

—

3.4

—

6.1

17

No.

4

0

0

0

2

1

1

Rate

—

—

—

—

—

—

—

No.

6

0

1

1

4

0

0

Rate

—

—

—

—

—

—

—

No.

5

0

0

1

1

0

3

Rate

—

—

—

—

—

—

—
118

No.

364

3

18

80

76

68

Rate

6.2

—

—

7.2

6.5

7.5

9.5

No.

394

5

21

102

72

57

137

7.0

—

3.5

10.4

6.2

6.3

10.8

8 833

458

1 216

2 512

1 809

1 321

1 517

Rate

11.9

5.6

7.0

11.1

10.5

14.1

24.5

No.

246

4

11

48

37

44

102

Rate

4.9

—

—

5.5

4.4

5.1

10.2

No.

951

23

39

285

171

178

255

Rate

5.9

2.6

2.0

9.3

4.5

6.2

9.1

No.

297

14

31

69

62

41

80

Rate

4.0

—

2.2

3.8

3.6

3.8

9.2

74 293

1 681

4 563

10 578

23 442

19 754

14 276

11.5

3.8

4.5

6.9

14.4

19.5

20.2

1 932

131

235

543

410

240

372

Rate

10.4

5.6

5.4

9.6

9.2

10.4

24.6

No.

138

7

20

34

21

21

36

Rate

7.8

—

4.8

6.5

4.9

9.2

22.9

No.

120

3

7

30

21

18

41

Rate

4.8

—

—

6.8

4.4

—

7.2

No.

367

8

33

105

86

61

74

Rate

6.4

—

4.1

8.4

6.1

6.4

9.2

No.

273

6

15

69

37

41

105

Rate

4.6

—

—

5.9

3.7

3.6

9.3

No.

136

0

8

34

36

21

37

Rate

4.8

—

—

6.8

6.2

3.9

6.2

No.

465

13

42

146

100

72

91

Rate

13.7

—

4.6

13.2

12.5

16.7

34.6

No.

No.
Rate

Colombiae

5–14
years

No.

Rate

Canada

0–4
years

No.
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TABLE A.4
Country or area

Year

Measureb

Totalc,d

Males
All
agesc

Ecuadore

2000

No.
Rate

Egypt e

2000

No.
Rate

El Salvadore

1999

No.
Rate

Estonia
Finland
France
Georgiae
Germany

2001
1995
1999
2000
2000
1999
2001
1998

Israel
Italy

2000
1998
1999
2000

Kuwait

2000

Kyrgyzstane
Latvia
Lithuania
Luxembourg

2001
2001
2001
2001

Mauritius

2001
2000

Mexico

2000

Netherlands

2000

1 850

1 412

48

128

412

363

257

205

16.9

26.6

6.5

9.0

22.7

30.3

39.0

49.8

4 717

3 601

207

579

1 060

751

563

440

7.5

12.1

4.9

6.9

11.2

12.7

14.8

20.7

2 119

1 655

47

107

505

398

306

292

41.7

71.8

11.8

14.9

54.6

84.6

107.6

147.9

157

1

8

40

45

37

25

—

—

26.9

33.0

32.0

24.3

No.

437

321

4

14

78

54

66

105

Rate

7.7

12.0

—

—

15.5

9.0

13.0

27.5

No.

7 953

5 782

53

141

2 329

1 253

901

1 078

Rate

12.1

20.0

2.5

3.5

35.9

18.0

14.1

19.3

No.

344

254

0

6

62

94

52

39

Rate

6.2

10.1

—

—

10.6

17.2

14.8

9.8

7 153

5 142

31

94

1 983

1 266

804

964

8.8

13.0

1.5

2.1

27.1

12.1

10.2

12.2

2 227

1 668

10

30

612

365

234

417

19.0

29.4

—

5.3

52.3

31.9

24.7

37.9

No.
No.
No.
No.

1 341

993

2

25

240

222

259

245

11.5

18.2

—

4.1

20.8

22.1

25.3

30.4

29

21

0

1

7

6

2

5

10.4

15.1

—

—

—

—

—

—

No.

400

302

2

8

158

67

35

32

Rate

10.1

15.4

—

—

32.3

17.1

10.9

12.5

No.

345

267

3

5

128

53

38

40

Rate

5.9

9.4

—

—

16.8

9.6

9.4

11.7

7 776

6 052

18

109

1 958

1 347

894

1 726

12.1

19.5

—

3.7

33.7

20.2

16.5

29.8

11 766

8 213

59

129

2 147

1 088

1 607

3 182

Rate

7.4

11.4

2.0

2.0

16.6

8.9

11.6

24.6

No.

363

293

11

14

113

74

51

30

Rate

23.7

33.2

—

—

33.7

14.8

30.7

87.2

No.
No.

No.

558

417

6

21

109

171

68

41

Rate

12.9

20.0

—

3.6

15.7

34.2

30.6

25.1

No.

562

420

4

8

124

123

94

67

Rate

22.7

36.5

—

—

48.2

49.7

47.7

37.6

No.

700

539

9

14

172

148

108

88

Rate

19.3

31.9

—

—

45.7

38.3

39.5

35.5

No.

74

55

1

0

24

10

9

11

17.5

25.4

—

—

58.4

—

—

—

No.

19

15

0

0

8

0

3

4

Rate

4.3

—

—

—

—

—

—

—
18

Rate
Malta

≥60
years

23.5

Rate
Japan

45–59
years

209

Rate
Ireland

30–44
years

14.8

Rate
Iceland

15–29
years

Rate

Rate
Hungary

5–14
years

No.

Rate
Greece

0–4
years

No.

181

154

1

10

30

55

40

Rate

14.7

27.8

—

—

20.2

38.2

47.5

—

10 525

8 312

224

482

3 218

2 241

1 211

935
29.8

No.
Rate
No.
Rate

11.8

19.4

3.9

4.3

22.4

24.9

24.0

1 095

808

8

29

289

159

132

191

6.7

10.2

—

2.9

18.8

8.1

8.2

15.3
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Country or area

Year

Measureb

Females
All
agesc

Ecuadore
Egypt e

2000
2000

El Salvadore

1999

Estonia

2001

Finland

1995

France

1999

Georgiae

2000
2000

Greece

1999

Hungary

2001

Iceland
Ireland
Israel
Italy

1998
2000
1998
1999
2000

Kuwait

2000

Kyrgyzstane
Latvia
Lithuania
Luxembourg
Malta
Mauritius
Mexico
Netherlands

2001
2001
2001
2001
2001
2000
2000
2000

15–29
years

30–44
years

45–59
years

≥60
years

438

30

78

97

84

72

77

Rate

7.9

4.2

5.7

5.5

7.1

10.7

16.4
132

No.

1 117

180

275

180

175

174

Rate

3.5

4.4

3.4

1.9

2.9

4.5

5.3

No.

464

33

70

80

67

84

130

Rate

18.0

8.5

10.1

8.6

12.3

26.7

53.0

No.

52

2

2

16

8

10

14

Rate

7.0

—

—

—

—

—

—

No.

116

1

9

22

17

18

49

3.8

—

—

4.6

—

—

8.4

2 171

42

96

635

387

328

683

Rate

6.7

2.4

2.6

10.8

6.0

6.1

9.8

No.

90

0

3

16

11

18

41

Rate

2.8

—

—

—

—

—

7.1
693

No.

No.

2 011

29

74

592

365

258

Rate

4.6

1.5

1.7

8.5

3.7

3.3

6.2

No.

559

5

20

126

73

99

236

Rate

8.6

—

3.7

11.2

6.4

10.3

17.8

No.

348

5

10

61

54

71

147

Rate

5.3

—

—

5.5

5.4

6.3

11.5

No.

8

1

0

5

0

0

2

Rate

—

—

—

—

—

—

—

No.

98

1

8

30

21

10

28

Rate

4.8

—

—

6.3

5.2

—

8.9

No.

78

3

7

19

15

13

21

Rate

2.5

—

—

—

—

—

4.7
701

No.

1 724

22

42

428

291

240

5.0

1.7

1.5

7.6

4.4

4.3

8.9

3 553

25

56

434

242

575

2 221

Rate

3.7

0.9

0.9

3.5

2.0

4.1

13.3

No.

70

7

8

13

25

8

8

Rate

11.2

—

—

—

10.8

—

—

No.

142

7

16

28

43

25

23

Rate

6.5

—

—

4.0

8.5

10.5

9.8

Rate
Japan

5–14
years

No.

Rate

Germany

0–4
years

No.

No.

142

1

7

36

26

34

38

Rate

10.4

—

—

14.5

10.1

14.4

11.4

No.

161

4

6

34

32

33

52

Rate

7.8

—

—

9.2

8.0

10.2

12.0

No.

19

0

2

9

3

3

2

Rate

—

—

—

—

—

—

—

No.

4

0

0

1

0

1

2

Rate

—

—

—

—

—

—

—

No.

27

1

2

0

9

7

8

Rate

4.9

—

—

—

—

—

—

No.

2 213

171

231

637

476

299

400

Rate

4.9

3.1

2.1

4.3

4.8

5.5

10.7

No.

287

5

15

73

42

45

107

Rate

3.3

—

—

4.9

2.2

2.9

6.5
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TABLE A.4
Country or area

Year

Measureb

Totalc,d

Males
All
agesc

New Zealand
Nicaraguae
Norway
Panamae
Perue

1999
2000
2000
2000
2000
2001
2000

Republic of Moldova
Romania

2001
2001
1998
1998

Singapore
Slovakia
Slovenia
Spain
Sweden
Tajikistane
Thailand

1998
2001
2001
2001
2000
2000
1999
1994

The former Yugoslav
Republic of
Macedonia

2000

Trinidad and Tobago

1994

Turkmenistane
Ukraine

1998
2000

≥60
years

351

4

13

139

77

45

73

18.7

—

—

34.6

17.7

13.6

27.4

No.

782

640

24

78

195

171

93

80

Rate

20.1

36.2

5.9

11.3

26.3

43.9

49.1

75.3

No.

349

255

7

4

105

58

34

47

Rate

7.7

11.6

—

—

23.7

11.6

7.8

12.6

No.

445

371

8

18

119

103

55

68

Rate

16.4

27.8

—

—

29.0

33.3

31.7

58.8

3 925

2 923

116

233

746

850

518

461

17.6

26.9

7.4

7.8

20.1

33.9

36.8

52.7

5 607

4 244

26

112

1 237

1 039

1 027

803

13.3

21.0

2.6

4.1

25.8

25.3

28.8

31.2

1 376

1 098

8

22

391

236

169

272

12.1

20.3

—

3.8

33.0

21.6

19.1

30.4

No.
No.
No.
No.

10 496

7 610

164

243

1 619

1 997

1 713

1 874

Rate

21.9

33.3

9.9

6.8

26.4

29.7

45.1

86.9

No.

527

398

5

27

118

102

77

69

Rate

14.1

22.7

—

8.7

24.7

27.4

27.4

35.2

4 069

3 013

43

167

636

710

769

688

16.8

25.8

7.2

10.4

22.3

30.7

40.8

38.8

30 479

22 146

166

840

6 837

7 627

4 133

2 542

19.4

29.8

4.7

7.4

40.8

42.8

34.3

27.5

23

20

0

2

5

6

4

3

Rate

18.6

33.5

—

—

—

—

—

—

No.

201

171

2

1

75

32

27

33

Rate

5.2

9.0

—

—

17.7

5.6

7.0

15.9

No.
No.
Rate

Saint Lucia

45–59
years

535

Rate
Russian Federation

30–44
years

13.7

Rate
Republic of Koreae

15–29
years

Rate

Rate
Portugal

5–14
years

No.

Rate
Poland

0–4
years

No.

No.

745

590

8

27

174

147

124

111

Rate

12.9

21.4

—

7.3

25.2

25.5

24.7

33.3

No.

285

233

1

4

106

43

35

44

Rate

13.4

22.7

—

—

47.5

18.5

17.1

28.5

No.

6 128

4 677

26

104

1 639

1 135

766

1 007

Rate

13.7

21.4

2.7

5.0

34.9

24.2

22.1

26.7

No.

548

410

2

8

131

81

74

114

Rate

5.7

8.9

—

—

15.9

8.6

8.1

13.2

No.

246

209

0

15

45

89

33

27

Rate

5.6

9.8

—

—

5.5

16.8

16.3

17.1

No.

12 411

10 190

103

423

5 225

2 701

1 144

595

Rate

21.0

34.2

4.0

7.3

57.2

43.2

35.8

30.9

No.

110

85

0

6

20

21

15

23

17.2

Rate

5.1

8.0

—

—

8.0

9.3

—

No.

132

101

2

7

29

28

14

21

Rate

11.1

16.4

—

—

16.0

19.0

—

37.4

No.

425

320

10

53

93

109

33

22

Rate

10.3

16.1

—

8.4

14.1

24.3

18.8

19.0

5 561

4 240

31

132

1 374

1 195

905

603

10.8

17.4

2.9

4.0

24.7

22.8

22.7

16.5

No.
Rate
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Country or area

Year

Measureb

Females
All
agesc

New Zealand
Nicaraguae

1999
2000

Norway

2000

Panamae

2000

Perue

2000

Poland

2001
2000

Republic of Koreae

2001

Republic of Moldova

2001

Romania

1998
1998

Singapore

1998
2001

Slovakia

2001

Slovenia

2001

Spain

2000

Sweden

2000

Tajikistane
Thailand

1999
1994

The former Yugoslav
Republic of
Macedonia

2000

Trinidad and Tobago

1994

Turkmenistane
Ukraine

1998
2000

30–44
years

45–59
years

≥60
years

184

4

10

59

30

19

62

9.0

—

—

14.6

6.6

—

19.0

No.

142

17

17

36

46

13

13

Rate

6.7

—

—

4.8

11.0

—

—

No.

94

2

5

26

16

13

32

Rate

3.7

—

—

6.1

—

—

6.5

No.

74

1

9

27

13

12

12

Rate

5.4

—

—

6.8

—

—

—

1 002

77

91

261

209

163

201
20.5

No.

8.9

5.1

3.1

7.2

8.5

11.5

1 363

25

84

293

198

254

509

Rate

5.9

2.6

3.3

6.3

4.9

6.7

13.1

No.

278

7

12

58

39

49

113

Rate

4.5

—

—

5.0

3.5

5.1

9.3

2 885

111

162

405

461

554

1 193

Rate

11.7

7.4

5.1

7.0

7.2

14.6

38.1

No.

129

1

23

24

27

26

28

Rate

6.5

—

7.7

5.1

6.8

8.0

9.2

1 056

21

107

208

177

171

372

8.3

3.7

7.0

7.6

7.7

8.5

15.8

8 333

115

528

2 125

1 817

1 403

2 345

9.7

3.4

4.8

13.2

10.0

10.0

13.3

No.

3

0

0

1

0

1

1

Rate

—

—

—

—

—

—

—
12

No.

No.

No.
No.
Rate

Saint Lucia

15–29
years

Rate

Rate
Russian Federation

5–14
years

No.

Rate

Portugal

0–4
years

No.

31

4

2

5

4

4

Rate

1.6

—

—

—

—

—

—

No.

155

3

6

45

21

25

54

Rate

4.9

—

—

6.8

3.7

4.7

10.6

No.

52

0

1

13

7

12

19

Rate

4.2

—

—

—

—

—

—

1 451

22

55

405

246

212

511

Rate

6.2

2.4

2.8

9.0

5.3

6.0

10.4

No.

138

0

8

26

23

18

63

Rate

2.6

—

—

3.3

2.6

—

5.7

No.

No.

36

3

7

5

8

5

8

Rate

1.6

—

—

—

—

—

—

No.

2 221

76

172

810

575

336

251

Rate

7.9

3.1

3.1

9.2

9.2

10.1

10.6

No.

25

1

1

4

3

4

12

Rate

2.3

—

—

—

—

—

—

No.

31

0

5

14

4

5

3

Rate

5.4

—

—

—

—

—

—

No.

105

10

23

15

32

12

13

Rate

5.0

—

3.8

—

6.9

—

—

1 321

27

84

296

252

253

408

4.6

2.7

2.7

5.5

4.6

5.3

6.2

No.
Rate
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TABLE A.4
Country or area

Year

Measureb

Totalc,d

Males
All
agesc

United Kingdom

1999

No.

1999

Uruguay

2000

Uzbekistane

2000
2000

15–29
years

30–44
years

45–59
years

≥60
years

2 505

14

104

882

641

337

527

5.6

8.4

—

2.6

15.1

9.4

6.2

10.0

42 230

28 261

418

1 003

9 785

7 032

4 713

5 310

Rate

15.0

20.8

4.3

5.0

34.5

22.0

19.9

27.5

No.

349

263

5

8

72

62

46

70

Rate

10.0

16.0

—

—

18.2

19.5

18.7

29.2

2 044

1 620

65

203

410

571

229

141

9.8

15.8

4.4

6.2

11.7

24.3

23.0

20.4

5 198

4 070

89

245

1 462

1 242

638

393

23.1

37.5

6.2

8.8

43.1

50.3

45.4

53.0

No.

No.
Rate

Venezuelae

5–14
years

3 479

Rate
United States of
America

0–4
years

No.
Rate

Source: WHO mortality database as of August 2003.
a

Road trafﬁc injury = ICD-10 V01–V04, V06, V09–V80, V87, V89, V99 (ICD-9 E810–E819, E826–E829, E929.0).

b

No. = number of deaths; rate = number of deaths per 100 000 population. Deaths where the age of the deceased person
was not known were proportionally distributed across age groups based on the distribution of road trafﬁc injury deaths
in the population. The numbers of deaths have therefore been rounded to the nearest whole number. Any apparent
discrepancy in the total sums is due to rounding. The rate was not calculated if fewer than 20 deaths were reported. The
population counts on which the rates are based are available from WHO at
http://www3.who.int/whosis/mort/table1.cfm?path=whosis,mort,mort_table1&language=english.

c

Age-standardized.

d

Combined total for males and females.

e

Estimated numbers to allow for completeness.

f

Estimates for the entire population based on data from the Sample Vital Registration System and the Disease Surveillance
Point System.
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Country or area

United Kingdom

Year

1999

United States of
America

1999

Uruguay

2000

Uzbekistane
Venezuelae

2000
2000

Measureb

Females
All
agesc

0–4
years

5–14
years

15–29
years

30–44
years

No.

974

Rate

2.8

16

54

240

146

129

—

1.4

4.3

2.2

2.3

5.6

13 969

342

698

3 954

2 923

2 170

3 882

Rate

9.4

3.7

3.6

14.3

9.0

8.7

15.1

No.

86

2

10

18

12

14

29

Rate

4.6

—

—

—

—

—

8.5

No.

424

38

65

83

95

60

83

Rate

4.1

2.7

2.1

2.4

3.9

5.8

9.2

1 128

60

146

398

226

150

147

10.0

4.4

5.5

12.1

9.3

10.6

17.0

No.

No.
Rate

45–59
years

≥60
years
389
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TABLE A.5

WHO economic regions, as at 2002
African Region
46 Member States
Low-income and middle-income
Algeria
Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Cape Verde
Central African Republic
Chad
Comoros
Congo
Côte d’Ivoire
Democratic Republic of the Congo
Equatorial Guinea
Eritrea
Ethiopia
Gabon
Gambia
Ghana
Guinea
Guinea-Bissau
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritania
Mauritius
Mozambique
Namibia
Niger
Nigeria
Rwanda
Sao Tome and Principe
Senegal
Seychelles
Sierra Leone
South Africa
Swaziland
Togo
Uganda
United Republic of Tanzania
Zambia
Zimbabwe

Region of the Americas
35 Member States
High-income
Antigua and Barbuda
Bahamas
Barbados
Canada
United States of America
Low-income and middle-income
Argentina
Belize
Bolivia
Brazil
Chile
Colombia
Costa Rica
Cuba
Dominica
Dominican Republic
Ecuador
El Salvador
Grenada
Guatemala
Guyana
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Suriname
Trinidad and Tobago
Uruguay
Venezuela

South-East Asia Region
11 Member States
Low-income and middle-income
Bangladesh
Bhutan
Democratic People’s Republic of Korea
India
Indonesia
Maldives
Myanmar
Nepal
Sri Lanka
Thailand
Timor-Leste
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European Region
51 Member States
High-income
Andorra
Austria
Belgium
Denmark
Finland
France
Germany
Greece
Iceland
Ireland
Israel
Italy
Luxembourg
Malta
Monaco
Netherlands
Norway
Portugal
San Marino
Slovenia
Spain
Sweden
Switzerland
United Kingdom
Low-income and middle-income
Albania
Armenia
Azerbaijan
Belarus
Bosnia and Herzegovina
Bulgaria
Croatia
Czech Republic
Estonia
Georgia
Hungary
Kazakhstan
Kyrgyzstan
Latvia
Lithuania
Poland
Republic of Moldova
Romania
Russian Federation
Serbia and Montenegro
Slovakia
Tajikistan
The former Yugoslav Republic
of Macedonia
Turkey
Turkmenistan
Ukraine
Uzbekistan

Eastern Mediterranean Region
22 Member States
High-income
Bahrain
Cyprus
Kuwait
Qatar
United Arab Emirates
Low-income and middle-income
Afghanistan
Djibouti
Egypt
Iraq
Islamic Republic of Iran
Jordan
Lebanon
Libyan Arab Jamahiriya
Morocco
Oman
Pakistan
Saudi Arabia
Somalia
Sudan
Syrian Arab Republic
Tunisia
Yemen

Western Paciﬁc Region
27 Member States
High-income
Australia
Brunei Darussalam
Japan
New Zealand
Republic of Korea
Singapore
Low-income and middle-income
Cambodia
China
Cook Islands
Federated States of Micronesia
Fiji
Kiribati
Lao People’s Democratic Republic
Malaysia
Marshall Islands
Mongolia
Nauru
Niue
Palau
Papua New Guinea
Philippines
Samoa
Solomon Islands
Tonga
Tuvalu
Vanuatu
Viet Nam
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TABLE A.6

Motorization rates in selected countries and areas, 1999
Country or area

Number of vehicles
per 1000 personsa

HD1b countries or areas
Australia

Country or area

Number of vehicles
per 1000 personsa

HD2b countries or areas
616

Bangladeshf

Austria

612

Beninc

Bahrain

339

Botswana

Belgium

522

Bulgaria

Canadad

585

Colombia

Chile

138

Ecuadord

47

Egyptc

35

c

China, Hong Kong SARe

80

3.1
52
72
342
67

Costa Rica

162

Ethiopiad

Cyprus

551

Indiaf

34

Czech Republic

440

Indonesiad

81

Denmark

424

Kenyac

14

Finland

498

Latvia

267

Germanyd

572

Malaysia

451

Hungary

283

Mauritius

195

Iceland

629

Mongolia

38

Irelandc

312

Morocco

51

Israel

301

Nigeriac

29

Italy f

658

Pakistan

23

Japand

677

Panamaf

112

Luxembourg

685

Philippinesd

Netherlands

427

Romania

New Zealandf

565

Senegalc

Norway

559

South Africa

Poland

1.5

42
169
14
144

323

Sri Lankad

74

f

423

Swazilandd

69

Republic of Korea

296

Thailandc

Singapore

164

Togoc

39

Spainf

499

Turkey

100

Swedend

496

Portugal

Switzerland

622

United Kingdomd

434

United States of America

779

280

Source: World Bank data, 2003.
a

Including passenger cars, buses, trucks and motorized two-wheelers.

b

HDI = United Nations Human Development Index. Countries with an HDI of more than 0.8 are denoted as HD1 while those with a value
less than 0.8 are denoted as HD2.

c

Data from 1996.

d

Data from 1998.

e

SAR = Special Administrative Region.

f

Data from 1997.

Glossary of terms

Air bags: safety devices installed in vehicles that
inﬂate to protect the driver or passengers in
case of a collision.
Alcohol interlock device: an electronic breathtesting device connected to the ignition of
a vehicle. The driver has to breathe into the
device. If the driver’s breath alcohol level is
above a set limit, the vehicle will not start.
Anti-burst door latch: door latch in a motor vehicle that is designed not to open under certain
conditions in crashes, so preventing vehicle
occupants from being ejected.
Area-wide urban safety management: trafﬁc
calming, trafﬁc safety management and speed
reduction carried out in a particular urban
area.
Automatic enforcement: the enforcement of
road trafﬁc rules by means of equipment that
records offences without requiring the presence of police ofﬁcers at the scene, such as
speed cameras or radar detectors.
Barrier terminals: the ends of safety barriers, which
often need to be protected by crash cushions.
Blood alcohol concentration (BAC): the amount
of alcohol present in the bloodstream, usually
denoted in grams per decilitre (g/dl). A legal
BAC limit refers to the maximum amount of
alcohol allowed in the bloodstream that is
legally acceptable for a driver on the road. In
some countries, the law stipulates an equivalent
quantity of alcohol in the air breathed out, in
order to facilitate detection of drink-driving.
Breakaway columns: lighting or telegraph poles,
designed to break or collapse on impact.
Breathalyser: an instrument that measures the
relative quantity of alcohol in the air a person
breathes out.

Bridge pier: the support columns of bridges.
Bull-bars: rigid or soft metal bars ﬁxed to the front
of a sports utility vehicle, originally designed
to prevent damage on contact with animals in
rural areas.
Central refuges: areas in the middle of the carriageway, where pedestrians can stop and wait
until the road is clear before crossing.
Change in velocity during a collision (ΔV): in
crash reconstructions, the change in velocity
occurring as a result of an impact – usually at
the centre of gravity of the vehicle – is widely
used as the measure of the severity of a collision. At substantial speeds, collisions between
cars are almost totally inelastic so there is
very little rebound. Thus if a car travelling
at 100 km/h strikes a stationary car of the
same mass, they will both undergo a change
in velocity of 50 km/hr. ΔV is an important
measure of the input severity or energy dosage, that relates to the outcome or injury
severity. It is therefore a wdely used variable
in assessing the characteristics of crashes
and the beneﬁts of various countermeasures,
such as the use of seat-belts and air bags, and
changes in speed limits.
Chicane: a physical speed management measure
consisting of an obstacle on one or other side
of the road, that has the effect of narrowing the
width of the road.
Child restraints: special seat restraint for children,
designed according to age and weight, offering
protection in the event of a car crash.
Clear zoning: the systematic removal of all hazardous features near the roadside, to minimize the
chances of injury should a vehicle run off the
road.
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Crash cushions: energy-absorbing applications
that can be attached to barrier terminals and
other sharp-ended roadside objects to provide
crash protection on impact.
Crash-protective roadsides: collapsible or breakaway roadside objects or energy-absorbing
“cushions” on barriers and rails that reduce the
severity of injury on contact.
Crash-protective vehicles: vehicles designed and
equipped to afford interior and exterior protection to occupants inside the vehicle as well as
to road users who may be hit in the event of a
crash.
Forgiving roadside objects: objects and structures
designed and sited in such a way that they
reduce the possibility of a collision and severity
of injury in case of a crash as well as accommodating errors made by road users. Examples are
collapsible columns, guard fences and rails, and
pedestrian refuges.
Functional classiﬁcation of roads or road hierarchy: process of classifying roads in a network
according to their function and setting speed
limits according to the road function.
Grade-separated junctions: junctions or intersections that separate non-motorized road users
from motorized road users so as to avoid conﬂicts,
for example, footbridges over motorways.
Guard fences and rails: rigid, semi-rigid or ﬂexible barriers which are situated at the edge of a
carriageway to deﬂect or contain vehicles, or in
the central reserve to prevent a vehicle crossing
over and crashing into oncoming trafﬁc.
Hands-free mobile telephones: a mobile telephone
device, usually ﬁtted to the dashboard of a vehicle, that does not require manual operation.
Headway: the distance between two vehicles travelling one in front of the other.
High-mounted brake lights: brake lights ﬁtted to
the rear window of a vehicle so that they are at
eye level with the driver of the car behind and
can therefore be easily and quickly seen.
High visibility enforcement: patrolling by
the police which is easily seen by passing
road users, for example, random alcohol and
sobriety checkpoints.
1

Human capital approach: an approach based
on human capital theory that focuses on the
centrality of human beings in the production
and consumption system. The “human capital
approach” model includes both direct and
indirect costs to individuals and society as a
whole due to road trafﬁc injuries. Such costs
include emergency treatment, initial medical
costs, rehabilitation costs, long-term care and
treatment, insurance administration expenses,
legal costs, workplace costs, lost productivity,
property damage, travel delay, psychosocial
impact and loss of functional capacity.1
Ignition interlock function: a device that prevents the ignition from starting until certain
conditions have been met, such as putting on
a seat-belt.
Integrity of the passenger compartment: ability
of a vehicle’s passenger compartment to stay
whole and not collapse on impact with another
vehicle or object.
Intelligent speed adaptation: a system by which
the vehicle “knows” the permitted or recommended maximum speed for a road.
Intelligent vehicle applications: technologies that
include communication systems, route and trafﬁc information systems, systems for autonomous
control of the vehicle, and smart air bags.
Low-cost and high-return remedial measures:
low-cost, highly cost-effective engineering
measures applied at high-risk sites following
systematic crash analysis.
Median barrier: safety barrier positioned in the
centre of the road that divides the carriageway,
deﬂects trafﬁc and often has energy-absorbing
crash-protective qualities.
Modal split: the share or proportion of different
modes of travel.
Motorized two-wheelers: a two-wheeled vehicle
powered by a motor engine, such as a motorcycle or moped.
Non-motorized transport: any transport that
does not require a motor to generate energy.
Included in this term are walking, bicycling,
and using animal-drawn or human-drawn
carts.

Blincoe L et al. The economic impact of motor vehicle crashes, 2000. Washington, DC, National Highway Trafﬁc Safety Administration,
2002.
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Offset deformable barrier test: a frontal crash test
that aims to reproduce real-world conditions
of car-to-car frontal crashes. In this test, the
front of the striking vehicle partially overlaps a
deformable barrier.
On-board electronic stability programme: an
on-board car safety system that enables the stability of a car to be maintained during critical
manoeuvring.
“Out of position” occupant: a vehicle driver or
passenger who is out of his or her seating position at the time of the crash, for example, a
child lying across the rear seat.
Padding: energy-absorbing lining of crash helmets
or vehicle interiors, offering protection against
crashes.
Park and ride: a transport scheme that encourages
out-of-town parking and entry into the town
by means of public transport.
Passenger air bags: safety devices installed in vehicles
in front of the front-seat passenger, that inﬂate to
protect the passenger in certain collisions.
Passenger compartment intrusion: the collapse
or partial collapse of the passenger seating area
of a vehicle as a result of impact by another
vehicle or object, contributing to greater crash
severity and injury.
Passive safety: any device that automatically provides protection for the occupant of a vehicle,
such as seat-belts, padded dashboard, bumpers,
laminated windshield, head restraints, collapsible steering columns and air bags.
Physical self-enforcing measures: road engineering measures – such as road humps, chicanes and rumble strips – that force drivers to
reduce or lower speeds, without any additional
enforcement or intervention by the police.
Post-crash automatic collision notiﬁcation: a
manual or automatic emergency notiﬁcation
system installed in a vehicle that can lead emergency rescue services or the police directly to
the position of the crash, by means of a satellite-based Global Positioning System.
Random breath testing: alcohol breath tests administered randomly at roadside checkpoints by the
police, without any necessary cause for suspicion.
1

Red-light cameras: cameras installed at trafﬁc
lights that photograph vehicles going through
the junction when the trafﬁc lights are on red.
Reﬂectors: materials that reﬂect light as an aid
to visibility. They may also be ﬁtted to nonmotorized transport and roadside objects.
Road infrastructure: road facilities and equipment,
including the network, parking spaces, stopping
places, draining system, bridges and footpaths.
Roadside furniture: functional objects by the side
of the road, such as lamp posts, telegraph poles
and road signs.
Road trafﬁc accident: a collision involving at least
one vehicle in motion on a public or private
road that results in at least one person being
injured or killed.1
Road trafﬁc crash: a collision or incident that may
or may not lead to injury, occurring on a public
road and involving at least one moving vehicle.
Road trafﬁc fatality: a death occurring within 30
days of the road trafﬁc crash.1
Road trafﬁc injuries: fatal or non-fatal injuries
incurred as a result of a road trafﬁc crash.
Road user: a person using any part of the road system
as a non-motorized or motorized transport user.
Rumble strips: a longitudinal design feature
installed on a roadway shoulder near the travel
lane. Rumble strips are made of a series of
indented or raised elements that alert inattentive drivers through their vibration or sound.
They may also be used for speed reduction.
Safety audit: checks that are carried out at various
stages of an individual road project to ensure
that its design and implementation are consistent with safety principles, and to determine
whether further design changes are needed to
prevent crashes.
Safety barriers: barriers that separate trafﬁc. They
can prevent vehicles from leaving the road or
else contain vehicles striking them, thus reducing serious injury to occupants of vehicles.
Safety performance standards: deﬁnitions or speciﬁcations for equipment or vehicle performance
that provide improved safety. They are produced
nationally, regionally, or internationally by a
variety of standard-producing organizations.

Economic Commission for Europe Intersecretariat Working Group on Transport Statistics. Glossary of transport statistics, 3rd ed.
New York, NY, United Nations Economic and Social Council, 2003 (TRANS/WP.6/2003/6) (http://www.unece.org/trans/main/wp6/
pdfdocs/glossen3.pdf, accessed 6 January 2004).
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Satellite-positioning system: a communication
system that gives an exact reference for a ground
position.
Seat-belt: vehicle occupant restraint, worn to
protect an occupant from injury, ejection or
forward movement in the event of a crash or
sudden deceleration.
Seat-belt anchorages: points in the vehicle to
which seat-belts are attached.
Seat-belt reminder systems: intelligent visual and
audible devices that detect whether or not belts
are in use in different seating positions and give
out increasingly aggressive warning signals
until the belts are used.
Self-explanatory road layouts: the use of engineering measures such as road markings and
signs that make clear the course of action by
different road users.
Skid-resistant surfacing: surface material on a
road or pavement designed to prevent vehicles
skidding or pedestrians slipping.
Sobriety checkpoints: checkpoints at which drivers are stopped by the police and breath-tested
if there is reasonable cause for suspicion that
alcohol has been consumed.
Speed bump: a device for controlling vehicle
speed, usually a raised form placed across a
road. It can be permanent or temporary.
Speed cameras: cameras at ﬁxed sites or employed
by mobile police patrols that take photographs
of vehicles exceeding the speed limit. Their
purpose is to enforce speed limits.
Speed hump: a convex elevation installed across
the road that acts on the dynamics of vehicles
in such a way that drivers have to reduce speed
to avoid discomfort to themselves or damage to
their vehicles.
Sustainable transport: transport that achieves the
primary purpose of movement of people and
goods, while simultaneously contributing to
achieving environmental, economic and social
sustainability.
Trafﬁc calming: a strategy aimed at signiﬁcantly

reducing vehicle speeds in an urban neighbourhood or on an urban arterial road, in order to
protect vulnerable road users and residents and
improve the quality of life of those living in the
neighbourhood.
Trafﬁc management: planning, coordinating, controlling and organizing trafﬁc to achieve efﬁciency
and effectiveness of the existing road capacity.
Trafﬁc mix: form and structure of different modes
of transport, motorized and non-motorized,
that share the same road network.
Transition zones: road marking or features forming a gateway which marks transition from
higher speed to lower speed roads, for example,
rumble strips, speed humps, visual warnings in
the pavement and roundabouts.
Under-run guards in trucks: front, side and rear
guards that can be ﬁtted to trucks to prevent cars
and other vehicles running under the trucks in
a collision. Under-run guards can also provide
energy-absorbing points of contact for other
vehicles to protect them in the event of a crash.
Unforgiving roadside objects: objects and structures designed and sited in such a way that they
increase the chances of collision and severity of
injury in case of a crash. Examples are trees,
poles and road signs.
Utility poles: poles at the roadside with a particular function, such as telegraph poles, road trafﬁc sign poles and lighting poles.
Vehicle-to-vehicle compatibility: improving the
structural interaction between vehicles when
they collide.
Vehicle speed limitation device: a device ﬁtted in
a vehicle that does not permit speeds in excess
of a maximum limit.
Vertical alignment: the shape of the roadway in
the vertical plane.
Vulnerable road users: road users most at risk in
trafﬁc, such as pedestrians, cyclists and public
transport passengers. Children, older people
and disabled people may also be included in
this category.
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The European Federation of Road Traffic Victims is deeply concerned about the millions of deaths, severely
disabled victims and often forgotten survivors of road traffic crashes as well as the huge psychological, social
and economic impact of these incidents worldwide. We heartily welcome this report and strongly support
the call for an effective response.
Marcel Haegi, President, European Federation of Road Traffic Victims, Switzerland

Road accidents are a never-ending drama. They are the leading cause of mortality among young people
in industrialized countries. In other words, they are a health emergency to which governments must ﬁnd a
response, and all the more so because they know what the remedies are: prevention, deterrence and making
the automobile industry face up to its responsibilities. This report is a contribution towards the efforts of those
who have decided, whether or not after a personal tragedy, to come to grips with this avoidable slaughter.
Geneviéve Jurgensen, Founder and Spokesperson, League against Road Violence, France

The World Health Organization was established in 1948 as a specialized agency of the United Nations
serving as the directing and coordinating authority for international health matters and public health. One of
WHO’s constitutional functions is to provide objective and reliable information and advice in the field of
human health, a responsibility that it fulfils in part through its extensive programme of publications.

The Organization seeks through its publications to support national health strategies and address the most
pressing public health concerns of populations around the world. To respond to the needs of Member States
at all levels of development, WHO publishes practical manuals, handbooks and training material for specific
categories of health workers; internationally applicable guidelines and standards; reviews and analyses of
health policies, programmes and research and state-of-the-art consensus reports that offer technical advice
and recommendations for decision-makers. These books are closely tied to the Organization’s priority
activities, encompassing disease prevention and control, the development of equitable health systems based
on primary health care, and health promotion for individuals and communities. Progress towards better health
for all also demands the global dissemination and exchange of information that draws on the knowledge
and experience of all WHO’s Member countries and the collaboration of world leaders in public health and
the biomedical sciences.

To ensure the widest possible availability of authoritative information and guidance on health matters,
WHO secures the broad international distribution of its publications and encourages their translation and
adaptation. By helping to promote and protect health and prevent and control disease throughout the world,
WHO’s books contribute to achieving the Organization’s principal objective – the attainment by all people of
the highest possible level of health.

Many deaths and injuries from road crashes are completely preventable, especially those caused by alcohol or
drug-impaired drivers. WHO has done important work by focusing attention on road violence as a growing
worldwide public health problem. This report will be a valuable resource for Mothers Against Drunk Driving
and its allies in working to stop impaired driving and in supporting the victims of this crime.
Dean Wilkerson, Executive Director, Mothers Against Drunk Driving, United States of America

Anish Verghese Koshy, President, Friends for Life, Bangalore, India

We, the surviving relatives of the victims of road accidents, appreciate the initiative of WHO and the
publication of this report. It is wrong to place the responsibility for causing and preventing road crashes on
the driver only; we need to look at the vehicle and the road as well.
Ben-Zion Kryger, Chairman, Yad-Haniktafim, Israel

There are not many roads, there is a single road that extends across the length and breadth of our vast
planet. Each of us is responsible for a segment of that road. The road safety decisions that we make or do
not make, ultimately have the power to affect the lives of people everywhere. We are one road – one world.
Rochelle Sobel, President, Association for Safe International Road Travel, United States of America

The human suffering for victims and their families of road traffic–related injuries is incalculable. There are
endless repercussions: families break up; high counselling costs for the bereaved relatives; no income for a
family if a breadwinner is lost; and thousands of rands to care for injured and paralysed people. Drive Alive
greatly welcomes this report and strongly supports its recommendations.
Moira Winslow, Chairman, Drive Alive, South Africa

WHO has decided to tackle the root causes of road accidents, a global scourge characteristic of our
technological era, whose list of victims insidiously grows longer day by day. How many people die or are
injured? How many families have found themselves mourning, surrounded by indifference that is all too
common, as if this state of affairs were an unavoidable tribute society has to pay for the right to travel?
May this bold report by WHO, with the assistance of ofﬁcial organizations and voluntary associations,
lead to greater and genuine awareness, to effective decisions and to deeper concern on the part of road
users for the lives of others.
Jacques Duhayon, Administrator, Association de Parents pour la Protection des Enfants sur les Routes, Belgium
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Our roads, which are meant to take us places, often become venues of loss and sources of sorrow. Friends for
Life, India, appreciates and supports the initiative WHO is taking to make the world a safer, more responsible
place in which to live.
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