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Foreword

The concept of a Safe System, in the context of road safety, originated in Sweden and the
Netherlands in the 1980s and 1990s. At the time, scientists and policy makers began to question the
prevailing view that the safety of road users was, in the last instance, their own responsibility and that the
task of road safety policy was thus primarily to influence road users’ behaviour so they would act safely
at all times. As the decades-long decreases in the number of road fatalities and severe injuries were
levelling out, it became clear a predominant focus on education, information, regulation and enforcement
was no longer delivering progress. A rethink was needed.
It was then that experts began to explore the notion of traffic as a Safe System. The approach to
conceive complex systems in a way that takes into account the failings of humans had long been applied
elsewhere, notably in occupational safety. For road transport, however, it was novel and even
revolutionary, for it requires a fundamental change in mind-set. Adopting a Safe System starts with
accepting the validity of a simple ethical imperative: No human being should be killed or seriously
injured as the result of a road crash. Once this imperative is accepted, it is logically inescapable that a
traffic system should be designed to this end – a notion that has been conceptualised in a number of
countries and cities in bold policy frameworks under banners such as “Vision Zero” or “Towards Zero”.
This is a true paradigm shift, because it requires more than a mere political or administrative
decision to simply switch to a Safe System. Building a Safe System is a holistic, long-term exercise
which takes those who embark on it on a true journey, as the experience of pioneering countries and
cities reviewed in this report shows. It requires mobilising broad support because a Safe System is based
on shared responsibility for road safety performance. Not just road users, but all involved in planning,
building, maintaining, managing or using road traffic need to endorse a responsibility for road safety
performance, and act on it.
The concept of a Safe System emerged in countries that have been most successful in reducing road
trauma in past decades but now see progress is becoming more and more difficult to achieve. Yet it is
highly relevant too for low- and middle-income countries and fast-growing cities that see increased
numbers of road deaths and injuries in the wake of rapid motorisation. Unlike many other public health
issues, strong economic growth correlates not with less public health issues but, often enough, with more.
Safe System thinking offers countries and cities that face a road death and serious injury epidemic an
opportunity to take a bold step forward, towards convergence with performance in pioneer countries.
These are the themes that are explored in depth in this report. It is written for political leaders,
leaders of companies and public agencies, policy makers and academics in a position to influence change
in a local, regional or national government, corporate or societal setting. Strong and sustained leadership
to initiate and see through the shift to a Safe System is vital. Nothing will change without it. This report
aims to provide these leaders with a starting point to chart their own journeys towards a Safe System
armed with the theoretical background, practical tools, experiences and empirical evidence set out here,
and to enable them to build on the ideas and actions pioneered by some countries to overcome challenges
and address barriers on the way.
The report was prepared by a Working Group of more than 30 road safety experts representing
24 countries and organisations convened by the International Transport Forum (ITF) between September
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2014 and August 2016. Building on the influential 2008 ITF report Towards Zero: Ambitious Road
Safety Targets and the Safe System Approach, the Working Group drew upon the available published
evidence. While some evidence of the effectiveness of particular interventions exists and more is
emerging, the evidence is still limited at the macro level, and the Working Group has endeavoured in
particular to draw together the experiences of pioneering countries to share in this report.
Better ways to protect lives and prevent injuries exist in a Safe System. The time to act boldly is
now. Visionary, strong and sustained leadership is vital.
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Executive summary

Background
Around 1.25 million people are killed on the world’s roads every year, according to the World
Health Organization. Between 20 and 50 million people are seriously injured. Traffic deaths and injuries
have devastating effects on families everywhere. They cause enormous economic losses, estimated at
around 2-5% of the Gross Domestic Product of countries. Clearly, such levels of road deaths and serious
injuries are unacceptable both in terms of human suffering as well as societal and economic costs and not
sustainable.
The United Nations, in their Sustainable Development Goals (SDGs), have set the target of reducing
global road fatalities and serious injuries 50% by 2020, compared to 2010 levels. Yet rapid motorisation
in many low- and middle-income countries points to the risk of further increases in the number of road
fatalities and serious injuries in the coming years. Traffic in fast-growing cities in particular is becoming
a major challenge. In countries with leading road safety improvement results, performance is plateauing
or stalling.
The experience of countries achieving the lowest levels of death and injury provides useful lessons.
A common feature of several well-performing countries – despite differences in terminology and
operationalisation – is that they have adopted a long-term policy goal that no-one should be killed or
seriously injured in a crash on their roads. This report shares the experience of countries who have
introduced some form of “Vision Zero” (as it is commonly called in Sweden, one of the pioneers) with a
view to providing a framework for the implementation of integrated road safety policies with the
potential to bring road safety performance closer to the ultimate aspiration.

Findings
Drastically reducing road fatalities and serious injuries on a global scale will need more than
increasing efforts in implementing traditional road safety measures. The UNs SDGs provide an
opportunity for governments to fundamentally review their road safety policies and explore new
approaches that deliver significantly better results.
Real progress will necessitate a fundamental paradigm shift in the way the road safety problem is
viewed, as well as in the strategies used to address it. This paradigm shift involves a move from
traditional road safety policies to an integrated view in which road traffic becomes a “Safe System”
where serious outcomes from crashes are prevented in the first place.
Data from some pioneering countries shows that about 30% of serious crashes are caused by
deliberate violations and risk-taking behaviour, while the majority result from simple errors of perception
or judgement by otherwise compliant persons. An approach to road safety assuming that humans can be
faultless road users throughout their lives is flawed. Significantly, it is also at odds with the safety
approach taken in aviation, shipping, rail transport or occupational health in general, where safe
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behaviour is encouraged and guided through system design and builds changes that provide protection
for the humans involved even where they err.
A Safe System is holistic and proactive in essence, managed so the elements of the road transport
system combine and interact to guide users to act safely to prevent crashes and, when they occur, ensure
that impact forces do not exceed the physical limits of the human body and result in serious injury or
death. A Safe System moves beyond reactive approaches based on analysis of past crashes. Instead, it
takes a proactive approach to guide safe behaviour while also assessing the risks inherent in a road
network and identifying priority interventions that prevent serious trauma when crashes invariably occur.
Most of all, a Safe System does not accept trade-offs between human lives and other priorities.
Four guiding principles are central to a Safe System: First, people make mistakes that can lead to
road crashes. Second, the human body has a known, limited physical ability to tolerate crash forces
before harm occurs. Third, while individuals have a responsibility to act with care and within traffic
laws, a shared responsibility exists with those who design, build, manage and use roads and vehicles to
prevent crashes resulting in serious injury or death and to provide post-crash care. Fourth, all parts of the
system must be strengthened in combination to multiply their effects, and road users are still protected if
one part fails.
A Safe System requires understanding and managing the complex and dynamic interaction between
operating speeds, vehicles, road infrastructure and road user behaviour, in a holistic and integrated way,
so that the sum of the individual parts of the system combine for a greater overall effect and if one part
fails the other parts will still prevent serious harm from occurring.
There is no single pathway for the adoption, establishment and implementation of a Safe System.
Moving to a Safe System is a learning-by-doing process best described as a journey which presents
opportunities, hazards and challenges along the way. The experiences of the pioneering countries show
that each follows its own journey, shaped by the cultural, temporal and local context, but guided by the
four underlying principles.

Recommendations
Think safe roads, not safer roads
The conventional approach to road safety identifies next steps based on incremental improvement
on current practice. A Safe System flips this approach on its head. By working backwards from the
vision of eliminating road fatalities and serious injuries, a Safe System opens up new perspectives with
respect to effective instruments that reduce the number of road crashes resulting in serious trauma.
Provide strong, sustained leadership for the paradigm shift to a Safe System
Nothing will change in road safety without strong and visionary leaders. On a political level,
guiding a country or city through a paradigmatic policy shift requires building political and public
support for the vision of zero road deaths and serious injuries. Leadership will also have to be sustained
and focused on carrying the transformation across election cycles by ensuring a sound vision, adequate
structures, strategic plans and effective processes are in place. On a stakeholder level, committed sectoral
leaders and chief executives of companies and agencies are essential to create support for a Safe System
within their purview by aligning their practices with a Safe System road safety environment.
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Foster a sense of urgency to drive change
For a successful transition to a new paradigm in road safety it is critical for leaders to build a sense
of urgency among stakeholders. In those countries that have adopted a Safe System, innovation occurred
where political leaders strongly felt that the approach of the day could no longer deliver sufficient
progress in reducing road deaths. Catalysts for such a perception of urgency that galvanised policy
making and also public opinion have included political will, high-visibility traffic incidents,
unfavourable ranking results or the failure to achieve existing road safety targets. Political leaders are
advised to ensure this urgency permeates, and is sustained in, the responsible agencies.
Underpin aspirational goals with concrete operational targets
To counter criticism of a strategic vision like “zero road fatalities” as being unrealistic, it must be
supported by concrete operational targets. These serve as milestone markers while managing the journey
to a Safe System. The short-term targets must be backed by a package of interventions based on evidence
for the results they can be expected to produce. Such detailed ex-ante assessment is successfully
employed in Safe System pioneer countries and builds confidence when evidence of progress based on
targets is reported publicly.
Establish shared responsibility for road safety
A Safe System requires individual road users and stakeholders to recognise their role and
responsibility in making traffic safe. Road injury prevention involves different government departments
and agencies interacting with civil society and the private sector. The organisational complexity involved
is a challenge in itself and can lead to fragmentation. Based on the good governance principles of
accountability, transparency, and inclusiveness, shared responsibility is the basis for integrated policies
and complementary actions.
Apply a results-focussed way of working among road safety stakeholders
Effective road safety governance is an essential component of a successful Safe System policy. The
management structure must fully support the achievement of results through implementation of Safe
System interventions. It is important to find a way of working that supports the development of
responsibility among stakeholders and contributes to road safety outcomes as an overarching process in
society.
Leverage all parts of a Safe System for greater overall effect and so that if one part fails the other
parts will still prevent serious harm
A Safe System deals with inherent risks and errors, but still guides and expects people to act
responsibly and to comply with safety-related traffic rules. However, it is unrealistic to expect that a
focus on education and enforcement of behavioural rules will achieve the needed step-change in
improving road safety. Even compliant road users well versed in the rules make mistakes that lead to
crashes. A Safe System seeks to create an environment that, above all, guides and encourages the user to
act safely but recognises that human errors will occur. A Safe System holistically integrates the
management of speed, vehicles and road and roadside infrastructure so that when a crash occurs, it
provides protection to ensure impact forces do not cause serious harm. For a Safe System, all elements of
the system must be strengthened to multiply the effect and ensure that even if one element fails, the other
elements will provide sufficient protection. Post-crash care (prompt first aid, ambulatory response and
emergency medical care) is also vital. An effective Safe System response includes initiatives designed to
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have immediate large-scale impact (e.g. speed limit changes, enhanced enforcement, education
campaigns) together with measures that will bring sustained results over the medium to long term (e.g.
stricter vehicle standards, safe system road and roadside infrastructure investments).
Use a Safe System to make city traffic safe for vulnerable road users
Growing cities with more inhabitants and more vehicles mean more people are at risk of becoming
victims of urban road crashes. A disproportionately large share of casualties in cities consists of
vulnerable road users such as pedestrians, cyclists, motorcyclists and particularly the elderly and the
young. A number of leading cities are implementing a Safe System to reduce the number of victims on
their streets. Careful management of speed where vulnerable users and vehicles can mix, or the
separation of vulnerable users from faster-moving vehicle traffic offer opportunities for significant
trauma reductions.
Build Safe System capacity in low and middle-income countries to improve road safety in rapidly
motorising parts of the world
There is huge potential for low and middle-income countries to leapfrog potential spikes in road
fatalities as the number of vehicles continues to grow dramatically, by drawing on lessons from the Safe
System pioneers. Capacity-building measures are needed to help road safety agencies to develop stronger
institutional capabilities, for instance through route or area-based demonstration programmes, where
projects bring together all relevant agencies under a learning-by-doing approach.
Support data collection, analysis and research on road traffic as a Safe System
The concept of a Safe System in road transport is comparatively new. More analysis, evaluation and
documentation is needed to improve and better share knowledge and to build capacity amongst
stakeholders and system designers to implement a Safe System. The experience in a number of countries
and cities has shown the positive impact of a Safe System but data is incomplete. It is important that
countries collect and analyse data and research on all aspects of a Safe System to enable new insights and
a better understanding. Matching hospital records with police crash records, adding location-specific,
vehicle data and collecting injury and injury severity data in addition to data on deaths will provide a
more complete picture and improve decision making.
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Chapter 1

A Safe System – Promoting a world free of road traffic fatalities

Each year around 1.25 million people are killed and 50 million injured in road crashes worldwide. With
the world’s car fleet expected to double in little more than a decade, road injury is forecast to become
the seventh leading cause of death by 2030. The UN Sustainable Development Goals now commit the
international community to halve deaths and injuries caused by road crashes by 2020. To achieve this
very ambitious target, countries around the world need to re-appraise their road safety strategies. The
Safe System offers a fresh approach. Pioneered by countries like Sweden and the Netherlands, its
starting point is the ethical maxim that road deaths and serious injuries are per se unacceptable and that
road users have a right to expect that they should be safe.
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Goals and targets to reduce the global road injury epidemic
The World Health Organization (WHO) reports that each year around 1.25 million people are killed
and 50 million injured in road crashes worldwide.1 Every day, over 3 000 lives are lost and tens of
thousands of people are injured or disabled. Low- and middle-income countries account for over 90% of
total road traffic deaths. As the world’s motor vehicle fleet is expected to double in little more than a
decade, road injury is forecast to become the seventh leading cause of death by 2030. Already, road
crashes are the number one cause of death for people aged between 15 and 29. Vulnerable road users –
children, pedestrians, motorcyclists, cyclists and older people – suffer 50% of all road fatalities.
Most striking of all is that the growing “epidemic” of road death and injury is both predictable and
preventable. Over the past fifteen years, high-income countries have reduced the level of road fatalities
even as motor vehicle use has increased. This is mainly the result of the systematic application of
evidence-based measures, with proven effectiveness, promoting safer road users, safer roads, safer
vehicles and safer speeds.
However, great differences exist in the risk of sustaining road injury across the world. Low- and
middle-income countries are experiencing average fatality rates per 100 000 people of 20.1 and 18.3
respectively, whereas the average figure for high-income countries is 8.7. Alongside terrible grief and
suffering, road crashes also cause huge economic losses to victims, their families, and societies as a
whole, costing countries between 2 and 5% of their Gross Domestic Product. These are avoidable losses
that represent a significant restraint on a country’s economic and social development.
From 1 January 2016 the United Nations and its Member States committed to an unprecedented
effort to promote road safety. A global target was adopted to halve deaths and injuries caused by road
crashes by 2020. This new target is included in the UN’s framework of Sustainable Development Goals
(SDGs) in which road safety appears in the objectives for both health and cities (see Box 1.1). This
reflects the contribution that the UN expects road injury prevention to make towards a paradigm shift in
favour of healthy lifestyles and sustainable urban development. The SDGs are universal in scope, and
therefore apply to all UN Member States. The highly ambitious target for reductions in both road crash
fatalities and injuries poses a significant challenge to all governments to reinvigorate their national road
safety policies and plans.
Box 1.1. Road Safety in the UN Global Goals for Sustainable Development
Goal 3. “Ensure healthy lives and promote well-being for all at all ages.”
Goal 3.6. “By 2020, halve the number of global deaths and injuries from road traffic accidents.”
Goal 11. “Make cities and human settlements inclusive, safe, resilient and sustainable.”
Goal 11.2. “By 2030, provide access to safe, affordable, accessible and sustainable transport systems for
all. Improving road safety notably by expanding public transport with special attention to the needs of
those in vulnerable situations: women, children, persons with disabilities and older persons.”
Source: https://sustainabledevelopment.un.org
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The new targets were endorsed in the Brasilia Declaration2 from the Second Global High-level
Conference on Road Safety on 18-19 November 2015 and reiterated in a resolution on “Improving
Global Road Safety”3 adopted by the UN General Assembly on 15 April 2016. The UN member states
have therefore given their strongest-ever mandate for action on road safety. The new targets also give
fresh impetus to the UN Decade of Action for Road Safety, proclaimed by the General Assembly in
2010.4
The launch of the UN Decade of Action represented a major breakthrough for international
recognition of road injury as a major public health and development challenge. Despite the fact that road
crashes kill more people than malaria or tuberculosis, road safety had not been included in the SDG’s
precursor, the Millennium Development Goals, that set the agenda of international development from
2000 to 2015. This omission has been corrected with the inclusion of road safety in the SDGs. The new
casualty reduction target is considerably stronger than the existing goal of the Decade of Action which is
“to stabilise and then reduce the forecast level of road traffic fatalities” worldwide by 2020.5
Significantly, the aim to halve road deaths and injuries by 2020 is closely aligned with some other
existing targets, such as those set by the Association of South East Asian Nations (ASEAN)6 and the
European Union (EU)7 and thus provides further support to such regional road safety initiatives.
At the mid-point of the UN Decade of Action some progress has been made, with the overall growth
in road traffic deaths now halted. According to the WHO’s Global Status Report on Road Safety 2015,
the total number of road traffic fatalities has remained constant at around 1.25 million since 2007. Since
2013, the WHO reports that 84 countries have experienced a rise in road fatalities and 80 have achieved a
reduction. The plateau in road traffic deaths is occurring despite a 3% rise in population and a 16% rise
in motorisation worldwide. This suggests that the UN Decade of Action has encouraged wider adoption
of road injury prevention policies, and that these have begun to have some positive impact.
The 2016 Annual Road Safety Report released by the International Transport Forum’s International
Traffic Accident Data and Analysis Group (IRTAD) also shows encouraging progress from 32 countries
that have achieved an overall 42% decline in road fatalities between 2000 and 2014 (ITF, 2016).
However, these mostly high-income countries account for only 6% of global road deaths. There are also
some worrying trends among the IRTAD countries: in 2015 the long-running trend of declining numbers
of road fatalities has been reversed in some of the most successful countries.
The adoption of the UN SDG target implies a substantial scaling up of the global effort in road
injury prevention. Measured against a 2010 baseline, achieving the UN target will require improvements
in rates of fatalities per 100 000 population as follows (SLoCat, 2014):
•

High-income countries: from 8.7 deaths per 100 000 population in 2010 to 4 by 2020.

•

Middle-income countries: from 20.1 deaths per 100 000 population in 2010 to 7 by 2020.

•

Low-income countries: from 18.3 deaths per 100 000 population in 2010 to 12 by 2020.

To achieve improvements on this scale before the end of the Decade of Action is very ambitious and
challenging. The adoption of the SDGs will encourage countries around the world to re-appraise their
existing road safety strategies and align their efforts towards the achievement of the UN’s new casualty
reduction target. The time is right, therefore, for a fresh approach to road injury prevention.
Leadership at a political level will now be essential to ensure that government agencies and officials
are equipped with a deep understanding of innovative approaches that can deliver the needed reductions
in fatalities and the skills to lead arguments for policy change, adequate resourcing for priority measures,
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and provision of political support for highly important measures and legislation which may initially
prove to be unpopular with their colleagues and the community.

Ambitious road safety targets and the Safe System approach
In 2008, the ITF published Towards Zero Ambitious, Road Safety Targets and the Safe System
Approach (ITF/OECD, 2008). This report highlighted the need for a fundamental shift in road safety
policies based on the axiom that any level of serious trauma arising from the road transport system was
unacceptable.
The Towards Zero report included nine main recommendations (see Box 1.2) and argued that the
long-term vision of eliminating road deaths and serious injuries “needs to be complemented with robust
interim target for planning terms up to a decade or so”.
Box 1.2. Main recommendations from Towards Zero: Ambitious Road Safety Targets
and the Safe System Approach (2008)
1.

Adopt a highly ambitious vision for road safety.

2.

Set interim targets to move systematically towards the vision.

3.

Develop a Safe System approach, essential for achieving ambitious targets.

4.

Exploit proven interventions for early gains.

5.

Conduct sufficient data collection and analysis to understand crash risks and current performance.

6.

Strengthen the road safety management system.

7.

Accelerate knowledge transfer.

8.

Invest in road safety.

9.

Foster commitment at the highest level of government.

The Towards Zero report was subsequently endorsed by the First Global Ministerial Conference on
Road Safety held in Moscow in 2009.8 This ministerial conference supported the launch of the UN
Decade of Action and inspired a “Global Plan for the UN Decade of Act for Road Safety”.9 This Global
Plan, prepared by the UN Road Safety Collaboration, closely followed the recommendations of the
Towards Zero report. The Global Plan is based on a five-pillar Safe System framework of policy action.
It provides an integrated, multi-sectoral package of recommended measures related to road safety
management, safer roads, safer vehicles, safer road users, and post-crash response. Implementation of the
Global Plan has been supported by the Second Global High-Level Conference on Road Safety and the
UN General Assembly.
Thus, the Safe System approach is today at the centre stage of road safety policy making at the
global, regional and national levels. Its starting point is an ethically inspired perspective, namely that
there is no acceptable level of road deaths and serious injuries, and that road users respecting the rules of
their road networks have a right to expect that they should be safe. A Safe System encourages a
“forgiving” strategy for road injury prevention, which accepts that while human error on the road is
inevitable, death and serious injury as result of a crash is not. It recognises the shared responsibility of
system designers and road users to ensure that crash energy remain at all times below levels that will
cause fatal or serious injury, and promotes a holistic, multi-sectoral approach which can reframe the way
in which road safety is perceived and managed. The overall aim is to apply an integrated “fail safe”
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strategy which challenges the public and policy makers alike to imagine a world ultimately free of traffic
fatalities.
Sweden and the Netherlands were the countries that originally pioneered the Safe System approach.
Sweden’s “Vision Zero” strategy was adopted by Parliament in 1997. The decision stated that “the
transport system’s design, function and use should be aligned so that no one is killed or seriously
injured”. This imperative, combined with the recognition of the reciprocal rights and responsibilities of
road users and managers, have become the cornerstones of Sweden’s application of a Safe System. In the
Netherlands, a similar policy was developed in the 1990s by the Dutch Institute for Road Safety
Research (SWOV) in an effort to promote “inherently safe road traffic”. This vision was named
“Sustainable Safety”.
Variations of a Safe System have subsequently been adopted by, among others, Australia,
Luxembourg, New Zealand, the United Kingdom, and at a regional level also by the European
Commission (European Commission, 2011). Some major cities are doing the same. In New York City,
Mayor Bill de Blasio has adopted “Vision Zero”, stating that “no level of fatality on city streets is
inevitable or acceptable” and hence the City of New York would “no longer regard traffic crashes as
mere ‘accidents’, but rather as preventable incidents that can be systematically addressed”.10
Private-sector companies are also using their own versions of a Safe System, for example, applying it to
fleet management policies, or, in the case of car manufacturers, as their design philosophy. Similarly, the
new international standard for road traffic safety management systems, the International Organization for
Standardization’s ISO 39001 standard, uses Safe System principles to guide organisational safety
objectives, targets and the planning requirements.
In the context of the new SDGs and the UN Decade of Action, the key recommendations of the
2008 Towards Zero report seem highly prescient. Indeed in the UN General Assembly Resolution
A/RES/70/260 adopted in April 2016, member states embraced Safe System principles of “shared
responsibility to move towards a world free from road traffic fatalities and serious injuries”. The
challenge now is to accelerate the implementation of the Global Plan by harnessing the added impetus
provided by the SDGs and encouraging all UN member states to achieve the greatest possible reduction
in the number of road casualties. In this phase of commitment and renewal in international road safety
work, wider application of the Safe System concept can play a leading role.

Why a Safe System?
The countries with the world’s most successful road safety performance apply policies and plans
inspired by the Safe System concept. First and foremost, a Safe System helps to overcome the risk of a
bias towards behavioural measures in road injury prevention. A major weakness of early road safety
policies in high-income countries in the 1950s and 1960s was the assumption that the primary goal was
to correct human errors in road crashes rather than an acknowledgment that the causes of crashes are
related to the inherent risks of using road infrastructure. These early road safety efforts often relied
excessively on driver education measures.
A significant shift away from this only partially successful approach was pioneered by William
Haddon, the first administrator of the US National Highway Traffic Safety Administration (NHTSA).
The pioneering injury-prevention matrix developed by Haddon in 1970 encouraged evaluation of all the
factors that contribute to road injury and provided a methodology to assess the effectiveness of a full
range of potential counter measures.
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Haddon also highlighted the importance of human biomechanical tolerances and the “transfer of
energy in such ways and amounts, and at such rapid rates, that inanimate or animate structures are
damaged” (Haddon, 1970). He elaborated a ten-point strategy to reduce the harmful interactions of this
energy transfer which has played a major role in road safety policy making ever since.
A further evolution in injury prevention theory has been James Reason’s focus on systemic
organisational weaknesses. His work, illustrated by the “Swiss Cheese model” of injury causation, shows
how active and latent failures can open “a trajectory of accident opportunities” (Reason, 1997). To avoid
this negative outcome a layered system of defence or “cumulative acts” are proposed that will avoid
exposing a single point of weakness that would otherwise lead to injury. The ideas of Haddon and
Reason have clearly influenced the development and design of Safe System.
Figure 1.1. Reason’s Swiss Cheese Model applied to road safety

Source: Wegman and Aarts (2006).

By the end of the 1970s, high-income countries started to take a more systematic approach, in effect
implementing some elements of the Safe System: speed limits, compulsory seat belts and helmets, new
infrastructure design, and expansion of the motorway network (the safest category of roads). This
resulted in initial large reductions in road deaths, but was then followed by a slowing in the rate of
improvement and then later a levelling-off. Nevertheless, based on “blame the victim” attitudes where
considerable focus and attention was given to improving the behaviour of the human being, road safety
policies lacked the holistic approach needed to achieve further significant injury reduction.
In contrast, a Safe System promotes a wide combination of interventions, including stronger
enforcement, safer road and roadside design and improved vehicle technologies, as well as better
post-crash response. A Safe System does not view road deaths and injuries as the inevitable price to pay
for a highly-motorised society. By seeing any road death as an unacceptable system failure, it counters
the risk that transport planners may adopt measures of transport efficiency that tolerate fatalities that are
affordably preventable.
Second, a Safe System addresses two persistent public awareness problems of road safety: the
limited societal visibility of road crashes and their impact, and the limited perception of risk and the
dangers inherent in traffic crash. Unlike high-visibility transport disasters such as plane or train crashes
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that can cause a large number of victims as a result of a single incident, the continuous daily toll of road
deaths remains largely invisible to all apart from those directly involved. Subjectively, road injury
represents a remote and low-level personal risk for the majority of people, whereas road crashes are
among the leading health risks worldwide, and represent the greatest risk of death from any cause for
young people. Awareness of the life-threatening effects of the kinetic energy released in a crash is also
low. This combination of low visibility and weak risk perception can create a demand deficit for road
safety that undermines public and political support for policies that would help to make traffic safer.
Effective communication of the risks is part of the Safe System approach.
A Safe System anticipates the growing potential of crash avoidance systems and the trend of
technology convergence and interoperability that will increasingly characterise our road transport
systems. Already, driver assistance technologies such as electronic stability control and autonomous
emergency braking are reducing the risk of road trauma. Information and communication technologies
are playing an ever growing role in 21st century mobility. Roads and vehicles will increasingly be
managed in an integrated intelligent transport system relying on collaborative smart vehicles and
infrastructure. By “hard wiring” safety into vehicle technologies and road design there is huge potential
to further reduce road deaths and serious injuries, whilst also contributing to related goals of efficiency
and environmental sustainability.
Finally, a Safe System encourages a performance dynamic that assesses whether all policy
instruments are deployed and all relevant actors are fully engaged. It encourages improvements in the
supply side of safety by promoting technological innovation, and it stimulates the demand side by
constantly identifying performance failures across the road transport system. In this way, a Safe System
approach serves as a permanent “nudge” mechanism (Thaler and Sunstein, 2008) challenging those
responsible for road safety – the system architects – to think ambitiously and alter their own and the
public’s perceptions about what can be achieved. An important consequence is that all casualty reduction
targets are intermediate, in the sense that their achievement is not regarded as a total success but rather a
reason for reassessment and renewal. This prevents any target becoming a measure of an acceptable level
of fatality.
The challenge at the mid-term of the UN Decade of Action is to harness the inherent dynamism of a
Safe System so that it can contribute to the UN’s ambitious casualty reduction target and reduce the road
safety performance gaps that afflict far too many countries, particularly low and middle income
economies. In 2008, the ITF’s Towards Zero report recommended “that all countries, regardless of their
level of road safety performance, move to a Safe System approach to road safety”. Of course, the priority
policies and measures that will be most effective depend on the characteristics of each country’s road
transport system and the profile of injury they experience. Nevertheless, Safe System principles, based at
their core on the laws of physics and the vulnerability of the human body to uncontrolled levels of kinetic
energy, have universal applicability. A Safe System, therefore, serves well as a unifying framework for
the road safety policies and plans of every UN Member State.
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Notes

1

See http://who.int/violence_injury_prevention/road_safety_status/2015/en/

2

See: http://www.who.int/violence_injury_prevention/road_traffic/Brasilia_Declaration/en/

3

UN General Assembly Resolution A/RES/70/260, 2 May 2016. See:
http://www.un.org/en/ga/search/view_doc.asp?symbol=A/RES/70/260&referer=/english/&Lang=E

4

UN General Assembly Resolution A/RES/64/255, 2 March 2010

5

UN General Assembly Resolution A/RES/64/255, 2 March 2010
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6

Brunei Action Plan (ASEAN Strategic Transport Plan) adopted in 2010 and Towards a European Road Safety Area Policy Orientations on Road Safety 2011-2020.

7

Brunei Action Plan (ASEAN Strategic Transport Plan) adopted in 2010 and Towards a European Road Safety Area –
Policy Orientations on Road Safety 2011-2020.

8

See the Moscow Declaration at: http://www.who.int/roadsafety/ministerial_conference/declaration_en.pdf

9

See http://www.who.int/roadsafety/decade_of_action/plan/global_plan_decade.pdf

10

See: http://www.nyc.gov/html/visionzero/pages/home/home.shtml
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Chapter 2

Principles and description of a Safe System

The traditional approach to road safety accepts a trade-off between mobility and loss of life. The main
reason for crashes is seen as “wrong” human behavior, and policy aims at influencing road users’
behaviour towards full compliance with rules and requirements. A Safe System recognises that humans
will make mistakes, and that the human body has a limit to which it can absorb crash forces without
suffering injury. It posits that safety is a shared responsibility of all actors in a traffic system, not only
that of a road user. Thus, all elements of the road traffic system should come together in an integrate
safety chain in which the elements will combine to prevent a crash, or at least prevent serious injury,
even if one or more elements fail.
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Principles of a Safe System
In road safety analysis and crash studies, two approaches are possible (Hauer, 2016, forthcoming).
The traditional approach takes a backward-looking perspective. Standard crash causation analysis strives
to understand all the factors involved in a crash that happened in order to suggest ways how such a crash
could have been prevented. Alternatively, a forward-looking view will consider what crashes might
potentially happen in the future and identify all possible ways how such crashes can be prevented. This
proactive approach is the basis of a Safe System. Table 2.1 illustrates the major differences between
these two approaches.
Table 2.1. Comparing the traditional road safety approach and a Safe System

Traditional road safety policy
What is the problem?

Try to prevent all crashes

What is the appropriate goal?

What causes the problem?

Reduce the number of fatalities and
serious injuries
Reactive to incidents
Incremental approach to reduce the
problem
Non-compliant road users

Who is ultimately responsible?

Individual road users

How does the system work?

Is composed of isolated
interventions

What are the major planning
approaches?

Safe System
Prevent crashes from resulting in
fatal and serious casualties
Zero fatalities and serious injuries
Proactively target and treat risk
Systematic approach to build a safe
road system
People make mistakes and people
are physically fragile/vulnerable in
crashes. Varying quality and design
of infrastructure and operating
speeds provides inconsistent
guidance to users about what is safe
use behaviour.
Shared responsibility by individuals
with system designers
Different elements of a Safe System
combine to produce a summary
effect greater than the sum of the
individual treatments- so that if one
part of the system fails others parts
provide protection.

Source: Inspired from New Zealand Transport Agency and VicRoads.

Four principles underpin a Safe System in road traffic:
1.

People make mistakes that can lead to road crashes.

2.

The human body has a limited physical ability to tolerate crash forces before harm occurs.

3.

A shared responsibility exists amongst those who design, build, manage and use roads and
vehicles and provide post-crash care to prevent crashes resulting in serious injury or death.

4.

All parts of the system must be strengthened to multiply their effects; and if one part fails, road
users are still protected.

Thus, the design and operation of the road transport system should guide the road user to safe
behaviour and mitigate the consequences of common human errors.
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Human error
Human beings can never be relied upon to repeatedly perform correctly in all traffic situations over
many years, even if it is their intention to manoeuvre in a safe manner at all times. Hence the capabilities
and limitations of the human being must be taken into consideration when designing and operating a safe
road transport system.
There are numerous reasons road users commit errors and misjudgements. In many cases they
originate from the interaction between the road user and the complex physical, social, organisational and
technical environment that constitutes traffic and in which the road users act. Errors arising from
interaction with the traffic and road environment can be limited by understanding these interactions and
designing the road transport system from these interactions, in order to guide the road user to behave in
way that is as safe as possible. Yet, as human error cannot be fully eradicated there is a need, at the same
time, to mitigate the consequences of mistakes.
In simple terms, this basic principle of a Safe System starts with the insight that human error should
no longer be seen as the primary cause of crashes. Instead, road crashes are seen as a consequence of
latent failures created by decisions and actions within the broader organisational, social or political
system which establishes the context in which road users act.
Limited physical crash tolerance
The human body has a limited physical ability to absorb the kinetic energy a crash exerts before
harm occurs. As early as 400 B. C. the Greek physician Hippocrates noted:
Of those who are wounded in the parts about the bone, or in the bone itself, by a fall, he
who falls from a very high place upon a very hard and blunt object is in most danger of
sustaining a fracture and contusion of the bone, and of having it depressed from its natural
position; whereas he that falls upon more level ground, and upon a softer object, is likely to
suffer less injury in the bone, or it may not be injured at all.
Behind Hippocrates’ sentences lies the strong relationship between speed and the energy released
when an object suddenly stops the movement, and an observation how resulting injuries can be avoided
(or at least reduced): by lower speeds on the one hand and the composition of the obstacle on the other.
Reduced operating speeds thus not only limit the risk of errors, they also result in a less strong impact
and less serious injuries when crashes do occur. The risk of injury in crashes can be mitigated to a large
extent by reducing dangerous kinetic energy, be it through low impact speed, contact surfaces that absorb
kinetic energy in case of a crash, or a combination of both.
While this may be clear and logical, the road transport system has not been designed with the
principle of mitigating common human error or absorbing the consequences as its foundation. For
example, increased numbers of vehicles and higher travel speeds (often accompanied with smoother road
surfacing) have negative consequences for road safety that have often overwhelmed efforts to improve
the safety of road infrastructure, thus producing, on balance, reduced levels of safety.
Shared responsibility for road safety
There is a shared responsibility amongst those who design, build, manage and use roads and
vehicles and provide post-crash care to prevent crashes resulting in serious injury or death. While it is the
individual responsibility of every road user to abide by safety-related laws and regulations (with
education and enforcement being important factors to induce such behaviour), it remains a fact that
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human beings are not infallible and will always make mistakes, no matter how educated or law-abiding
they may be.
In a Safe System, therefore, safe human behaviour in the first instance is informed and guided by
the design, layout and operation of the road network, in addition to traditional education and enforcement
actions for safe behaviour. Road designs and operations that provide feedback to users or are
“self-explaining” can help create an environment that prompts safe road use. Chapter 5 deals extensively
with this aspect.
In a system where user mistakes are compensated for in a way that they will not result in serious or
fatal injury, a large share of the responsibility for safety automatically shifts from the road users
themselves to all those who design the road transport system. These include road managers, the
automotive industry, the police, transport operators, health services, the judicial system, schools and road
safety organisations and, not least, politicians and legislative bodies. All these bear joint responsibility
for providing a road environment that increasingly anticipates potential mistakes and deals with them in a
way that avoids serious harm. Box 4.4 provides an example of shared responsibility and the various roles
and contributors that different stakeholders or “system designers” make in a Safe System.
Strengthen all parts of the system
The fourth principle underlying a Safe System addresses the potential weakness that if one element
fails, serious injury may occur. This is illustrated by the “Swiss Cheese model” (see Figure 1.1), in which
a hole represents a latent error. In isolation, a latent error may not result in dramatic consequences. Latent
error becomes a danger when they allow for a chain of event leading to a crash (Wegman and Aarts,
2006). To counter this, a Safe System strengthens all dimensions of road safety so that the combination
of measures cover for each other in a way that if one element fails, road users are still protected due to
the layered nature of the system and failures cannot result in “a trajectory of accident opportunities”
(Reason, 1997). The dynamic interaction of the different elements of a Safe System instead combines to
multiply the protective effect so that the overall safety is greater than that provided by adding up the
effect of the individual elements.
To provide a greater overall effect, the layers that together build a Safe System – the design and
operation of road infrastructure, operating speeds, vehicles, human behaviour – will be managed
holistically and not as separate parts in “silos”. In those countries at the forefront of Safe System
thinking, the four guiding principles are being translated into concrete design principles for safety across
the system safety, rather than for each component individually. This is a main difference with the
traditional approach in which responses are often managed and implemented by different agencies.
The Integrated Safety Chain
The Integrated Safety Chain (see Figure 2.1) is used in some advanced countries to match the first
two principles of human error and human tolerance to force to progress implementation of a Safe
System. The Integrated Safety Chain was conceived to encourage thinking about injury prevention in a
way that takes a potential crash event as its starting point, and then works backwards to solutions that
avoid such an outcome. The challenge then becomes to prevent the hazardous event at the earliest
possible stage of the integrated safety chain.
It is, however, necessary to simultaneously acknowledge that this will not always be possible.
Measures are also needed that can limit the amount of kinetic energy in case of a crash and thus the risk
of injury. The key is to link the possible outcome with the speed that can be tolerated under normal
driving conditions so that any kinetic energy released will not be larger than what can be managed
ZERO ROAD DEATHS AND SERIOUS INJURIES: LEADING A PARADIGM SHIFT TO A SAFE SYSTEM — © OECD/ITF 2016

2. PRINCIPLES AND DESCRIPTION OF A SAFE SYSTEM – 29

through the chain. For each step, a systems approach must be taken in order to understand and integrate
road user rules and behaviour, road and traffic environment, speed management, vehicle systems,
post-crash response with the aim to combine them in an effective way.
The chain is described with a loop which symbolises the driver regaining control and then
continuing to drive normally. If the driver’s attempt to return to normal driving fails, there should be an
action to avoid the next stage in the chain (emergence of a critical situation). Even if the return to a less
dangerous stage fails and a crash becomes unavoidable, this situation can still be influenced in a way that
mitigates the consequences.
It is important to understand that, while efforts should focus on all stages, it is not possible to
always rely on solving the problems in the early parts of the crash sequence. The strong focus on
upstream efforts in the safety chain inherent in a Safe System goes along with the acknowledgment that
there will always be events that fall through and thus make it necessary to also include mitigation of
crash consequences.
Figure 2.1. The Integrated Safety Chain

Source: Adapted from Tingvall et al.

An example of how the Integrated Safety Chain works to create a combined effect to protect cyclists
in potential conflict with cars is given in Figure 2.2. What is substantially different from a risk reduction
approach is that at the end of the chain, after the crash, there is no harmful consequence. This, in turn,
puts the requirement on the chain that all steps are aligned to each other to form a complete net of
protection, and more importantly, that the allowed top speed is not higher than the capacity of the chain
to protect completely from death and serious injury. For example, if roads are not divided, or have
intersections that allow oblique crashes, the speed must be kept below levels that will cause serious
harm. In built-up areas, mixing vehicles and pedestrians and cyclists means that the maximum speed
should be 30 km/h to protect vulnerable users.1
Finally, when a serious crash occurs, post-crash responses and appropriate emergency medical care
are vital to ensure that injuries do not become more serious or life-threatening, and to aid in recovery
from crash trauma.
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Figure 2.2. The combined effect of speed reduction, vehicle frontal design, autonomous emergency breaking
and helmet use in reducing bicycle injuries

Source: Adapted from Ohlin M, Strandroth J and Tingvall C. ICSC Gothenburg (2014).

Description of a Safe System
The term Safe System refers to:
•

the vision or aspiration that zero fatalities and serious injuries from road crashes are ultimately
possible;

•

four principles to guide the design, operation and use of a road system with a view to reducing
fatalities and serious injuries to zero;

•

the implementation of practices, tools and their interactions that will deliver on the principles.

A Safe System moves beyond reactive, crash history based approaches to a proactive approach. A
proactive approach includes designers understanding human behaviour to know when we can “rely” on
people acting safely but also when they cannot act safely and take measures in the infrastructure, in the
vehicles and in the management of operating speeds to support the road user to act safely.
A proactive approach also entails understanding risk and where the risk inherent in a road network
is assessed and priority interventions are identified. A proactive approach also involves assessing
infrastructure and where it is not in accordance with Safe System design principles; there is a plan for
treatment on a priority basis before crashes begin to occur. Safety is a pre-requisite for the effectiveness
of the transport system. By increasing safety it is possible to get greater efficiency and higher output.
“Vision Zero”, “Towards Zero”, “Sustainable Safety” and “Safe System” are different names for
similar policies that fundamentally do not accept death and serious injury as an acceptable product of
mobility. A discussion on the differences can be found in Vaa (1999).
The Safe System approach posits that road trauma is a public health issue, and one of epidemic
proportions. It takes as a starting point the moral and ethical imperative to alleviate human suffering, and
is, at least in the first instance, less focused on the aspect of financial cost. It postulates that human
beings participating in road traffic should be seen as citizens with a right to safe mobility, not merely as

ZERO ROAD DEATHS AND SERIOUS INJURIES: LEADING A PARADIGM SHIFT TO A SAFE SYSTEM — © OECD/ITF 2016

2. PRINCIPLES AND DESCRIPTION OF A SAFE SYSTEM – 31

road users with associated obligations. This right to safe mobility is linked to the notion that the different
providers within the road transport system are ultimately responsible for its safety, too. A Safe System
focuses on preventing the most serious, life-changing harms and accepts a certain amount of minor
injuries caused by the transport system which cannot be overcome without exceptional cost. The
clarification of which serious injuries should be prevented in a Safe System is thus a central issue.
Box 2.1. Case study: Introducing seatbelts and airbags
The first seatbelts in cars appeared during the 1950s, but their use remained voluntary. For a long time,
seatbelt systems were not optimally designed. Only the use of lap belts or lap belts with detachable shoulder
straps (in the United States) was initially advocated. Although the technology for automatic seat belt systems was
already available in the 1980s, they were opposed by most of the industry.
The airbag was invented in 1951. Airbags were installed in some vehicles in the US as early as 1973, but it
took until the 1990s for them to become standard equipment on many vehicles. Similar opposition occurred more
recently with the introduction of centrally high-mounted rear brake lights, which have proven beneficial in
reducing rear-end collisions (Somers and Hansen, 1984).
With respect to safe vehicle design and legislation, it has become clear that improving safety cannot be left
to vehicle manufacturers alone. Government intervention is needed and, indeed, widely occurs now in the United
States, Europe, Japan and Australia. Along this path, road safety research has accompanied vehicle safety
legislation and provided evidence to support enhanced standards.

In a Safe System there is a clear distinction between the responsibility of the system designer and
that of the road user. Whilst in conventional road traffic legal frameworks, the driver is ultimately held
responsible for crashes, in a Safe System, the road user is responsible for following the rules for the safe
use of the system and for behaving appropriately. This is a major difference in that conventional policies
go downstream towards the sharp end while Safe System goes upstream towards the blunt end.
In some countries pioneering the implementation of a Safe System, the shared responsibility falls to
the system designer. That is, if the road user does not follow the rules, the responsibility ultimately falls
back to the system designer, and this is achieved through policy or practice. Policy states that the system
designer is ultimately responsible and must take additional measures to account for when humans will
make predictable errors so that crashes do not result in serious outcomes. A Safe System policy
framework can be a common catalyst for system designers to influence the design and use of the road
transport system. The user responsibility is often formulated in laws and regulations but the “system
designer’s” responsibility is more of an ethical statement but could, if necessary, be a matter of
legislation.
Of course pioneering countries adopting a Safe System are still faced with the realities of
considering network mobility and efficiency with safety. However by focussing clearly on working
towards a Safe System ultimately, these countries are identifying new possibilities and solutions that can
be practically implemented today, that may not have been considered or possible if the thinking at the
outset had been to “balance” safety with other criteria.
The dynamic and complex interactions among the various layers, actors, activities and components
of a Safe System are illustrated in Figure 2.3. This diagram shows how the four principles of a Safe
System come together in the design and operation of the road transport system. As the illustration shows,
a Safe System places humans at the centre of the road transport system. This is the case regardless of
what type of transport they are using – be it walking, riding to driving or as a passenger. The young and
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the elderly have different capacities to use the system safely and have increased frailty and vulnerability.
While people are generally educated and compliant, they do make mistakes when moving on the road
network (as they do in life generally), and there will always be mistakes that result in crashes. This
illustrates the first principle of a Safe System: people make mistakes that can lead to road crashes.
The second circle of the model captures the relationship between speed, roads and roadsides and
vehicles in a) nudging users to behave safely in traffic, then b) acting to ensure that when a crash occurs
it does not have serious injury consequences. These two outcomes are achieved through the interaction of
physical design, the layout and operating conditions of the road and roadside environment, and vehicles
to enable safe operating speeds, safe vehicle operation and safe outcomes. Vehicles in a Safe System use
active technology (e.g. intelligent speed assistance or collision avoidance systems) to assist the driver to
take action (or to intervene if he does not) as well as secondary crash protection for occupants and people
outside the vehicle.
The third circle represents the second Safe System principle that the human body has a limited
physical ability to tolerate crash forces (for example, serious injury will often result from a collision
between a vehicle and pedestrian above 30 km/h). A Safe System seeks to mitigate the risk of serious
harm by anticipating potential causes and managing the three components of the second circle and their
interactions to avoid collisions where the impact forces exceed dangerous levels. While they offer the
most protection in combination, each of the components of a Safe System is expected to provide
protection from impact forces so that when one component part of the system fails, the other parts will
provide sufficient protection.
The fourth circle in the Safe System diagram covers post-crash medical care. This is a vital element
where a system failure has permitted a crash with impact forces that have caused serious physical harm.
In such cases, the health outcomes for crash victims depend on the ability of the emergency medical care
system to quickly locate and provide emergency first responder medical care to stabilise the victim and
then transport the person to appropriate emergency hospital treatment. Together, the second and fourth
circles illustrate the third principle of a Safe System that all parts of the system must be strengthened to
multiply their effects; and if one part fails, road users are still protected.
The fifth and outermost circle of the diagram illustrates the fourth principle of shared responsibility
for a Safe System: a shared responsibility exists amongst those who design, build, manage and use roads
and vehicles and provide post-crash care to prevent crashes resulting in serious injury or death. This is a
responsibility of individuals as well as groups, and it comprises government as much as private-sector
companies or civil society organisations. It pertains to educators who inform and motivate users to act
safely; to legislators who design traffic and safety laws; to police and other government agencies who
enforce them; to researchers, engineers, technicians, policy makers, advocates and opinion leaders. The
use of data and evidence to inform practice and enable results-focused “Management by Objectives” is
essential to underpin collaboration with shared responsibility.

Conclusion
A Safe System is a proactive, forward-looking approach to road safety that constitutes a departure
from traditional ways of addressing safety on roads. A Safe System is based on four guiding principles
that inform thinking and policy with a view to manage design and operation of the road network so that
ultimately zero road deaths and serious traffic injuries will occur. Thus, unlike some approaches, a Safe
System, in principle, does not accept a trade-off between road safety and other priorities, where traffic
deaths and serious injuries are regarded as a price to be paid.
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Figure 2.3. Conceptualisation of the Safe System

The Safe System principles acknowledge that people make mistakes in traffic and there are known
limits to the capacity of the human body to absorb kinetic energy before harm occurs. A Safe System
requires understanding and managing the complex and dynamic interaction between operating speeds,
vehicles, road infrastructure and road user behaviour in a holistic way. The aim is that the sum of the
individual parts of the system combine for a greater overall safety effect in which another part will
prevent serious injuries even where one part fails.
In a Safe System, road users bear the responsibility to obey traffic rules and use roads with due care
for safety. Those responsible for designing, building and operating the road system (the “system
designers”) bear responsibility to ensure it encourages and supports safe use, addresses inherent safety
risks, anticipates errors that users will make and ensure they do not result in serious harm. A safe and
sustainable speed management and limit system that safely manages the interaction between vehicles,
users and road infrastructure is a key feature of a Safe System. As crashes will still occur, optimal
emergency response and post-crash medical care are part of a Safe System to prevent injuries from
having serious health consequences and to ensure optimal recovery.
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Note

1.

Further examples of this concept and a more detailed discussion are included in a special edition of Safety Science
(Wegman and Hagenzieker, 2010).
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Chapter 3

Leadership for a paradigm shift towards a Safe System

A paradigm shift in the way the road safety problem is viewed and responded to requires, first and
foremost, leadership to initiate a change in mind-set and to guide stakeholders on the journey towards a
Safe System. It will also require a sense of urgency to drive this change and raising awareness among all
concerned that a Safe System is the best approach to deliver improved road safety.
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Leadership for a Safe System
After five firemen were killed by a speeding car in 2002, President Jacques Chirac of France used
the head of state’s traditional Bastille Day speech to publicly declare “the fight against poor road safety”
a top priority for his second mandate, stating that he was “absolutely horrified by the fact that French
roads are the most dangerous in Europe”. Following the presidential declaration, an automated speed
camera programme was launched in France in 2003, resulting in a decrease in speeds and of speed limit
violations which contributed to an estimated reduction of road fatalities of more than 16 000 over the
period 2003 to 2010 (Carnis and Blais, 2013).
The French speed camera example highlights the role of leadership in creating a change in road
safety policy making. Leadership at the highest political level as illustrated in the French example is very
powerful to induce change. Yet, strong leadership may equally come from road safety professionals and
civil society representatives, for instance from victims associations or public personalities. A
transformational initiative that aims to shift an existing paradigm and establish a new foundation for
action needs leadership that is visionary, strong and sustained.
Where leaders effectively communicate the vision that road traffic does not need to be deadly, their
contribution can be critical in creating a sense that road safety must improve and that a Safe System is
the way to go. Beyond creating the initial momentum, effective leadership for a paradigm shift must also
be sustained and focused on not only bringing the different stakeholders together, but also on keeping
them together and leading them through the change process.
The experiences in those countries that have decided to address the issue of road deaths by adopting
principles for a Safe System underline the importance of leadership. In all of them, leaders and change
agents initiated, fostered and supported transformational changes in culture and practice that enabled the
adoption of Safe System thinking and allowed the countries to embark on the journey towards a Safe
System.
•

In Sweden, the leadership of both the Minister of Transport and the newly installed director of
road safety at the Swedish Road Administration played a crucial role in convincing members of
parliament that “Vision Zero” was a viable and promising concept. Thanks to their strong
ambitions to improve road safety and their leadership on this issue, “Vision Zero” was adopted
by a large majority in the Swedish Parliament in October 1997, despite initial resistance.

•

In 2007 and 2008 in Western Australia, parliamentary support for the adoption of a Safe
System (called the “Towards Zero” vision) was built by the Minister responsible for Road
Safety inviting Members of Parliament to a road safety advisory group supported by the state’s
Road Safety Council and Government Office of Road Safety. In the Netherlands, leadership of
the director for road safety in the Ministry of Transport helped to convince the minister to adopt
a Safe System.

•

In Argentina, victims associations launched the country on the path to a Safe System. The
initial bottom-up pressure from civil society, triggered by a horrific road crash in 2006, was
then complemented by strong political leadership including the President of Argentina. The
Minister of Interior and the executive director of a newly-created lead agency became vocal
champions of the Safe System vision. By communicating effectively with both political actors
across different ministries and levels of government, as well as with society and grass-roots
organisations, they managed to keep road safety a high-visibility issue on Argentina’s political
agenda and convinced major stakeholders to engage in building a Safe System despite
institutional deficiencies now being addressed by the government that took office at the end of
2015.
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Leadership for change in road safety does not operate in isolation. There are many opportunities to
connect safety priorities and agendas with mutually beneficial, connected agendas, interests and concerns
in the wider community. Seizing them will mobilise supporters and leaders for whom safety may not be
the first priority for the Safe System cause. For example, some countries have been very effective in
connecting the issue of speed management (speed limits and speed enforcement) for improved safety
with the benefits of lower speeds to the environment and public health through reduced noise pollution,
lower emissions, healthier lifestyles as a result of more active mobility, and so on.
The above examples focused mainly on the importance of leadership vis-à-vis other stakeholders.
But leadership is no less critical within the organisations involved – such as the police, road authorities
or transport companies. Support for a Safe System must be built throughout any organisation that shares
responsibility for road safety, and focused guidance is required throughout the change process towards
assuming that responsibility. Thus, organisation leaders need to rally their colleagues to adapt Safe
System thinking, policy and practice to their specific situation.
Cultivating the leaders that will be needed requires understanding what might motivate them to
assume a leading role and tap into latent motives. These can vary: one person may feel a moral or ethical
obligation to do something to reduce the number of people killed in traffic. Another’s willingness to step
to the plate might be triggered by a personal experience. Yet someone else may find themselves in a
specific position from which influence can be exerted and decide to act, and another may be driven to
action by picking up a growing sense of urgency in society to “do something” about road deaths. Others
involved in research or on senior roles in government may be compelled to apply their knowledge of the
scientific evidence for solutions when continually confronted with road crash data that shows the full
picture of the burden on their community. Last but not least, taking the lead on creating a better, safer
built environment for current and future generations can be seen as a substantial and rewarding
professional opportunity.
Leaders come and go with election cycles, promotions and organisational restructurings, while the
journey to a Safe System will last many years. For example, in some countries (notably low- and
middle-income countries), senior government officials and police officers often take over new
responsibilities after a relatively short period of time, which can hamper sustained leadership on an issue.
Because the initiators and strongest proponents will often not be able to guide a country, city or
organisation throughout the process, their particular challenge is to ensure that structures, agency vision
and strategic plans, organisational structures, management systems, policies, guidelines and processes are
put in place in a sustainable way to support the adoption of a Safe System over a longer period of time.

Establishing a paradigm shift for a Safe System with stakeholders and the community
In its original meaning, the term paradigm shift denotes a scientific revolution that completely
changes the way in which science looks at the world (Kuhn, 1962). The term has, however, broadened
over time and is now used in numerous contexts beyond the theory of science. Thus, a paradigm shift in
its broader sense describes a fundamental change in the way an individual, organisation or society as a
whole views “how things work” in the world. In this sense moving from a traditional road safety
approach to a Safe System can be described as a paradigm shift, in that a Safe System takes a radically
new perspective on the road safety problem, and potential solutions to it.
This paradigm shift towards a Safe System has taken place in some countries and is underway in
others, while elsewhere it still has to be set in motion. The concept of a Safe System for road safety
originated in Sweden and the Netherlands in the 1980s and 1990s, when scientists and, in the case of
Sweden, policy makers began to question the prevailing view that safety was the responsibility of the
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road users, and that the main remedy was to change their behaviour through education, information,
regulation and enforcement. While such measures have an effect, it became obvious that the decreases in
the number of fatalities and severe injuries were levelling out. Analysis suggested that the policy focus
on changing how individual road users behave was no longer effective and needed to be reconsidered.
It was in this context that scientists and other pioneers developed the thinking for a Safe System, as
a scientifically based reaction to the prevalent road safety policies. Safe System thinking and practice is
now being adopted by a number countries, cities and companies. They have made zero preventable
fatalities and serious injuries the ultimate goal of their policy and are working to create a Safe System.
The first step for establishing a Safe System is to change the mind set about road safety. Adopting a
Safe System starts with accepting the validity of the simple ethical imperative that no human should be
killed or seriously injured as a result of a road crash. This axiom logically requires that a traffic system
should be designed and used with this imperative in mind. The Dutch “Sustainable Safety” vision states
it this way: “Sustainable Safety aims to prevent (serious) crashes, and where this is not possible, to
eliminate the risk of severe injury as much as possible” (SWOV, 2013).
A central aspect of the Safe System mind-set that differs from the traditional road safety approach is
its acceptance of a shared responsibility. In a Safe System, everybody involved in road traffic in one way
or another, from system designers to users of the system, bears part of the responsibility to prevent
serious crashes. This also requires a shift in the traditional way of thinking of governments and
practitioners.
Financing road safety is also viewed from a new angle in a Safe System. In a traditional approach,
the main question related to financing is “Which measures are most effective, given the available budget
for improving road safety?” In the case of working towards a Safe System, the question should be “How
much money do we need to create a Safe System and how do we get the necessary funding?” While the
amount of money for a Safe System treatment may be more than a traditional, cost-effective, retrofit
treatment for the short term, it is important to take into account the savings from applying a holistic Safe
System solution that will deliver greater crash savings over a longer period even though initially more
expensive in the short term.
A complex social process underlies the replacement of an old paradigm by a new one (Kuhn 1962).
Policy and social innovation and change rarely occurs as a sudden, revolutionary switch but rather as a
continuous process of exploration, error, trial, failure and success (Bornstein 2007, Shove and Pantzar,
2005). This also applies to establishing a Safe System to improve road safety. There is no strictly logical,
orchestrated step-by-step approach for adopting, establishing and implementing a Safe System, as the
experiences of pioneering countries attest to. Instead, moving to a Safe System is a learning-by-doing
process in which opportunities are leveraged as they arise and innovative policy instruments are
developed on a continuous basis. The learning process can be described as a journey that presents
opportunities, hazards and challenges along the way. Box 3.1 provides an illustration for the type of
challenges and opportunities that occur in adopting a Safe System.
Even in countries that have made a Safe System their official policy and where road authorities have
committed to it in principle, numerous examples exist of agencies being slow to adapt practices across
their mandate. Part of the explanation is that many established practices are not fully transparent with
respect to the implicit trade-offs made in relation to safety. For example, underlying economic modelling
and assessments conducted on road projects may unequally assess the impact in terms of safety versus
time saved in terms of network efficiency. Understanding these and adopting new approaches can be
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time consuming and run up against the pressures to deliver outcomes for efficient mobility. All these
issues cannot be resolved at once, so time is required.

Creating a sense of urgency for change
In countries that have adopted a Safe System, innovation occurred where it was felt that the current
approach did not deliver sufficient progress any longer and that change was needed. This sense of
urgency can manifest itself in several ways: in the realisation that existing road safety targets are not
being met, that progress in relation to other countries is poor, or in a single incident that galvanises
policy making.
Both in the Netherlands and Sweden the fact that existing targets for road safety performance were
not being met contributed to the paradigm shift. In the Netherlands, road safety policy had been shaped
by a reactive approach aimed at specific issues, but by the early 1990s it was no longer taken for granted
that targets could be met with the existing policy. At the same time, there was an increasing awareness
that the reactive approach was not addressing safety problems at the root (Wegman and Wouters, 2002).
This triggered the development of the “Sustainable Safety” vision, the Dutch version of a Safe System.
The 1991 road safety policy plan for the Netherlands adopted a two-pronged policy: on the one hand, it
intensified the focus on specific road safety issues; on the other hand, it targeted the development and
implementation of a proactive approach to road safety encapsulated in the concept of “Sustainable
Safety”.
Box 3.1. Case study: Changing old thinking about road safety
In 2007, Western Australia launched a major road infrastructure project to duplicate a section of the National
Highway, at the western end of the major east-west link across the Australian continent. This duplication created a
median dividing two lanes each way with a speed-limit zone stipulating 110 km/h maximum speed.
At the same time, Safe System working groups were being established for a number of major new road
projects, with the intention to put Safe System principles into practice. However, the Western Australian highway
project was not subject to the new Safe System review process.
The leaders of one of the Safe System working groups then identified a section of this new duplication where
a new wire-rope road-side barrier had been installed to protect a newly installed open drainage sump. However,
along the road side for some 100 metres each way on either side of the sump were mature trees. These trees
represented a significant road-side hazard.
When asked why the cable barrier installed in front of the sump was not extended either side to protect from
the trees, the reply was “the sump is a man-made introduced hazard we have to protect”, while “the trees are natural
and were there before”. While some additional cost for the longer barrier could have also been invoked, this was
not the reason given for not protecting the tree-lined part of the new road.
This and other examples have been used as learning opportunities in change management processes,
education, training and problem solving that continues in the evolution of change towards Safe System practice
amongst professional in state and local agencies designing and building road infrastructure in Western Australia.
This reflection and critical thinking has brought about changes in practice firstly on new, major, innovative
road projects and, more recently, changes in road agency vision, planning, policy and procedures to imbed Safe
System thinking in aspects of the business of operating the road network.
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A similar experience led Sweden to reconsider its overall approach. By the mid-1990s, the country
no longer met established road safety targets as the number of fatalities and severe injuries showed signs
of levelling out. Analysing this trend, the Swedish road safety community concluded that “more of the
same” would have only marginal effects. A radical rethink of road safety strategy was the result.
Use of targets
Road safety targets are a useful tool that can help capture the attention of political leaders and the
public, and support the push for a more ambitious approach to road safety. Aspirational targets such as
“zero road deaths and serious injuries” are vulnerable to criticism that they are unrealistic or irrelevant. If
they are supported by operational short-term targets, however, these can help to demonstrate that, while
the end goal is highly ambitious and even visionary, significant progress can be demonstrably achieved.
By way of example, the Swedish government was able to report that in 2008 no child had died in a
bicycle crash – a powerful narrative that, while acknowledging the ultimate eradication of all road deaths
was still a long way away, highlighted that such an outcome could be achieved in principle, and that
taking step after step leads to more safety.
The UN Sustainable Development Goal target of reducing road deaths from roughly 1.2 million in
2010 to around 600 000 by 2020 has created a sense of urgency in many countries. The target is based on
benchmarking performance by income group (low, middle and high income country). If all countries
matched the best in class, deaths would be half their current level. At the global level, the UN SDG target
for reducing deaths from road crashes represents a step change in the level of ambition compared to the
goal set at the beginning of the UN Decade of Action (Figure 3.1). The gap between the trend in road
deaths projected in 2010 and the SDG underlines the size of the challenge and the urgency for change.
The nature and structure of targets, for instance expressed in Safety Performance Indicators (SPI,
see Chapter 4) needs to be carefully considered, and they need to be systematically monitored and
reported in order to help drive the adoption of better road safety policies. An indicator or target must
build upon the available state of knowledge, i.e. reflect the fact that serious crashes are generally not the
result of risk-taking but mostly due to simple and inadvertent errors of judgement, perception or
concentration. SPIs that focus solely on behavioural measures, for instance, may, through their limited
scope, result in more of the same being prioritised - with wider questions only asked once improvements
in fatality rates are stalling.
Pioneering countries are setting targets and using SPIs that reflect the paradigm shift to a Safe
System and collect and analyse data accordingly. For example, measures of human risk-taking
behaviours (speeding, drink driving, seatbelt use, helmet wearing) are complemented with other
behavioural measures that focus on errors. Further, performance measures relating to the safety of road
infrastructure, the appropriateness of speed limits, or vehicle safety also help to focus attention on
monitoring the performance of all aspects of a Safe System.
Relevant road safety data is absolutely essential for penetrating analyses that will convince leaders
to explore new avenues. The quality of road safety data varies considerably, however, and different
standards make international comparisons challenging.1 In many countries, the collection of road safety
data is based on reporting of crashes by the police - yet information gathering by the police, under most
road traffic legislation, focuses on establishing culpability and, potentially, prosecution. Such data are
therefore often recording primarily human behaviour. Information about the safety performance of the
road, the appropriateness of the speed limits and the vehicle may be collected by other agencies, but are
usually regarded as secondary.
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Similarly, data on the severity of crash injuries is difficult to obtain, as this requires hospital data to
be matched with crash records (see also Box 4.4). Pioneering countries are linking police and health data
to provide a complete overview of serious crashes. This consolidated information helps them to form a
more complete and balanced picture of the overall serious crash problem, establish new crash criteria,
and to assess and monitor road safety performance in a way that enables proactive assessments of
inherent risk in the road system as well as a gap analysis between current state and ideal or targeted state.
Benchmarking
Another useful tool for creating the preconditions for a rethink of road safety is benchmarking.
Benchmarking means comparing the performance, processes or strategies of an entity (an organisation, a
country) with those of other entities, in particular with the best in class. Road fatalities can also be
considered as an entity in itself and can be compared to other causes of death. When the World Health
Organization (WHO) in 2004 established that road crashes rank among the ten leading causes of death
(Peden et al., 2004), this helped to create an awareness of the importance of – and demand for – road
safety.
Benchmarking creates transparency. It exposes problems, but at the same time points to potential
solutions by highlighting which measures work best in a certain context. Benchmarking is a powerful
lever to encouraging countries to follow best practices and learn from each other.
Figure 3.1. UN Decade of Action Goals and Sustainable Development targets (millions killed)
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Comparing mortality rate and injury risk between jurisdictions (cities, regions and countries) can
foster a positive competitive spirit, whereby a jurisdiction wants to perform better than another one. In
addition, performance on Safety Performance Indicators, for instance speeding infractions or helmet
wearing rates, can be compared between jurisdictions (see Chapter 4 for a more detailed discussion of
SPIs).
Equally, benchmarking can be effective in keeping road safety on the political agenda. Poor
performance of road safety in relation to other fields (for instance occupational safety, safety in other
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transport modes), other causes of serious injury and death in public health (such as malaria, tuberculosis
or heart disease) or in relation to other countries (for instance neighbouring countries or countries on a
similar stage of economic development) will often create an acute sense of falling behind and foster a
sense of urgency that prods governments to take action.
Benchmarking can also serve as a catalyst for a change in thinking about the underlying
assumptions of established policies and encourage consideration of policies employed by the
best-performing countries. Almost automatically, benchmarking against the better results of a leading
country will lead to an examination of the approach used there, the philosophy underlying that approach
and therefore the concept of a Safe System.
A useful example of a benchmark exercise in road safety is the SUNflower study of Koornstra et al.
(2002). Within this study, road safety strategies and developments were compared for Sweden, the
United Kingdom (UK) and the Netherlands (abbreviated as “SUN”), the countries with the lowest crash
rates in Europe. The study aimed to determine the underlying elements in road safety policy that make
these countries successful and thereby identify policy improvements most likely to produce casualty
reductions. One conclusion was that all three countries have achieved similar levels of safety through
continuous improvements. Another was that, although the policy areas targeted were similar, at the
detailed level the policies implemented differed. The study provided recommendations for SUN
countries, other European Union member countries and the European Commission.
The SUNflower study inspired a project conducted in 2015-16 by the International Transport Forum
to benchmark road safety performance in Latin American countries. The objective of this project was to
offer policy makers in Latin America a tool to assess the weaknesses and strengths of each country, and
to identify areas deserving policy attention where the experience of other countries might be usefully
applied.
Another useful multi-country initiative is the Ibero-American Road Safety Observatory (OISEVI),
established in 2012 by the directors for road safety from 18 Latin American and Caribbean countries
with a remit to share information on best practices concerning policymaking, planning and road safety
indicators. OISEVI has made a significant contribution to raising the profile of road safety in the region.
Its regularly published safety data and performance indicators stimulate knowledge transfer and the
adoption of lessons learned elsewhere.
A third example of a successful benchmarking project is the Road Safety Performance Index (PIN)
created by the European Transport Safety Council (ETSC) for countries in Europe. Since 2006, ETSC
publishes cross-country comparisons on a range of different road safety indicators in so-called PIN
Flashes, on subjects like pedestrian safety, impaired driving, and safety of roads. An annual PIN Report
is also launched at an annual PIN Event in Brussels. These reports facilitate the comparison of data on
strategic performance indicators in Europe by presenting trends and comparing achievements in relation
to EU road safety targets. They also give room to comments from experts and aim to drive action by
making recommendations. The ETSC works with a panel of road safety experts from 32 countries who
supply data, information and comments on road safety policies in their country and also make
suggestions for further research. This inclusive approach and the broad co-operation with many
organisations involved in road safety is critical to the success of benchmarking, notably where efforts
from the partners are needed to put lessons learned into practice for improved safety.
Last but not least, the work of the Global New Car Assessment Programme (Global NCAP) and the
International Road Assessment Programme (iRAP) provide two further examples of how benchmarking
can be effectively used to enhance road safety. Both NCAP and iRAP have created rating systems for the
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safety of, respectively, vehicles and roads. By awarding stars for good safety performance, they create
transparency in an easy-to-understand and easily communicable way that can be used very effectively to
advocate for safer roads and safer vehicles. The Three-Star Coalition2 for example advocates for safer
roads in the developing world, urging infrastructure investors like the World Bank to adopt a minimum
standard of three-star roads.
In-depth studies of fatal crashes
Sometimes a single, serious road crash can make people realise that a change is needed, as the
example of France and Argentina mentioned above shows. In that sense, in-depth studies of fatal crashes
can also at times help to generate a sense of urgency. In 1996, Sweden began to investigate every single
fatal road crash in detail. The original objective was to create a deeper and shared understanding among
decision makers of the problems of road safety by looking at all aspects related to a crash and what
would be required to pre-empt such a crash in the future. In-depth crash analyses allow a better
understanding of the Safe System principles along the chain that leads to a crash.
These detailed examinations equally increased awareness among the wider public that road crashes
represent a major threat and a public health hazard. Systematic reflection on each case not only
highlighted the individual catastrophe it represented. It also pointed to the fact that preventive solutions
often were in the hands of the decision makers and system designers, as much as in those of the crash
victims. This way of working created new insights, fostered a willingness to take responsibility and often
started a process of creative thinking around road safety issues.

Raising awareness, convincing stakeholders, increasing demand for road safety
When a comprehensive reorientation of established policy paradigms is suggested, some initial
resistance must be expected. In Sweden, for example, the elevation of the “zero road fatalities” vision to
a policy-guiding objective was criticised as idealistic and unattainable. Equally, the proposed sharing of
responsibility caused some disquiet among stakeholders, notably the system designers who were asked
for the first time to assume responsibility for reducing injuries and fatalities. To enter into a meaningful
debate about the new approach, it was necessary to first open up minds by demonstrating the potential of
a Safe System and address concerns regarding the changes that were being demanded.
A critical step in adopting a Safe System is to convince all stakeholders that:
•

A new approach to road safety is needed (urgency for a change).

•

A Safe System is the way to go.

•

Creating a Safe System is possible and within reach.

All Safe System pioneer countries undertook considerable efforts to involve, engage and convince
all those stakeholders whose contributions would be required to make a Safe System work: politicians
and policy makers, road authorities and construction companies, vehicle manufacturers and the police,
road safety educators and health professionals, as well as the general public and road users specifically.
The experience of Safe System pioneers shows that there is no single way to do this. How to best
engage them depends on the local and temporal context. In France, for example, political leaders have a
strong role in initiating change in road safety policy, whereas in Sweden government road safety officials
and transport planners played a leading role. In the Netherlands, the vision of a Safe System was
introduced and popularised by the Institute for Road Safety Research (SWOV), and New Zealand
implemented a detailed “cultural change” campaign to reorient thinking about road safety (see Box 3.2).
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Political support for a Safe System approach in Sweden came in the form of strong backing by the
Minister of Transport, whereas in the Netherlands political support from the minister was generated via
parliamentarians in the Dutch House of Representatives, with support from the road safety research
community. Both in Sweden and the Netherlands, policy makers also played a role in securing support
from the Minister of Transport. The important role of senior officials and public servants in governments
in harnessing leadership for a Safe System should not be underestimated. While it is always elected
government that makes critical decisions, senior officials are exposed to key information about the public
health issues on the road network, they see data and information and analysis that compels them to act
with strong leadership and conviction to ensure they effectively communicate to guarantee their
Ministers are fully aware of the size and scope of the trauma problem and the most effective plans,
strategies and approaches to respond. It can be argued these senior officials have a moral and ethical
professional requirement to act to ensure Ministers and key decisions makers are fully informed and
supported with good information, policy and strategy advice to enable good decision making to respond
effectively for the community.
Box 3.2. Case study: Popularising a Safe System in New Zealand
New Zealand adopted a Safe System in 2010 with the launch of its Road Safety Strategy 2010-2020, called
“Safer Journeys”. Two focus areas of the first action plan (2011-12) were to embed Safe System thinking, policy
and practice throughout New Zealand and to generate a broad conversation about road safety and the Safe System.
Among the actions identified for this was the development of indicators to monitor the embedding of a Safe
System. The second action plan (2013-15) continued this theme with actions to “Advance the Safe System
approach”. A three to four-year programme of initiatives was developed to create the necessary cultural change.
Initiatives included:
•

Developing a stakeholder map to identify those with the greatest level of interest, impact and
influence, with which to engage and communicate initially, and undertaking a targeted programme of
engagement. Stakeholders included staff and elected officials in national and local governments,
implementing staff in road authorities, police and transport agencies and road safety community
organisations

•

Developing a range of Safe System resources including a communications guide, standardised
presentations for different audiences, pamphlets specific to various system designer groups, and case
studies.

•

Sponsoring international Safe System experts as guest speakers at key conferences to lead seminars
and workshops with staff and sector partners.

•

Develop a set of Safe System-based best practice manuals (many of these can be found on the Safer
Journeys website www.saferjourneys.govt.nz).

•

Developing a two-day, hands-on, exercise-based Safe System training workshop. To date more than
1 200 staff and key stakeholders have attended this workshop (Climo et al. 2013).

•

Modifying a long running, one-week road safety engineering workshop so it took a wider Safe
System approach in addressing road safety issues primarily from a speed management and
infrastructure perspective.

•

Developing a 20-minute Safe System film entitled “The difference between life and death”.

Incorporating Safe System messaging into national road safety advertising programmes to change the road
safety conversation and raise awareness of the need for a safe road system. The main messages were “People make
mistakes”, “People are vulnerable” and “We need to take shared responsibility for road safety”. These campaigns
have won multiple international awards for excellence in influencing public opinion.
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Despite the different experiences and approaches, a number of general lessons can be learned from
Safe System pioneer countries. First, consensus among road safety experts and professionals on the
desirability of a Safe System and clear positioning in favour of it is important. If experts disagree, policy
makers and politicians will feel uncertain and decisions might be postponed.
Second, it is imperative to show that a Safe System delivers results, and to communicate those
results in a clear and consistent way. In Sweden, for example, a concise visualisation of what constitutes
“A Safe Road Transport System” was developed which summarises the underlying principles of a Safe
System in an easy-to-grasp way (see Figure 3.2.) It has been used in communication especially with
researchers, experts and policy makers.
Figure 3.2. Model of a safe road transport system

Source: Swedish Transport Agency.

In Sweden, so-called precipice pictures (Figure 3.3 below) were used in public communication to
illustrate in a pedagogic way the risks we expose ourselves to in road traffic every day. The picture on
the left is designed to show the risk of harm from the forces associated with falling from a great height
due to gravitational forces and the resulting impact velocity. The pictures on the right in each example
seek to illustrate that in everyday traffic situations, people are exposed to similar levels of potential
impact forces from horizontal velocity as they would be from gravitational impacts associated with a fall
from great height. It is thought that most people have a much better developed understanding and risk
appraisal of falling from height compared to horizontal velocity.
In Victoria (Australia), the Transport Accident Commission (TAC) developed a long-term
“Towards Zero” public education campaign to cement the goal of zero deaths on Victoria roads (see
Box 3.3).
Demonstrations and pilot projects can also be helpful to raise awareness among road users, system
designers and politicians that a Safe System improves road safety. At the same time, they are a useful
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way to test and evaluate interventions before implementation on a larger scale. An important
demonstration project in Sweden was the so-called 2+1 road, a three-lane road with two lanes in one
direction and one lane in the other that alternate every few kilometres, as an alternative to traditional
motorways. The pilot project provided evidence for a positive safety effect of this concept and convinced
road designers and engineers that this was an appropriate solution for the Swedish situation.
Figure 3.3. Precipice pictures used in Sweden to communicate inherent road safety risks

Source: Swedish Transport Agency.
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In the Netherlands, demonstration projects were also used to test, for instance, 60 km/h zones on
roads in rural areas, road designs for speed reduction, and enforcement programmes. In Western
Australia, a range of demonstration projects were carried out to illustrate the effects of speed limit
reductions, adjust speed limits to complement road infrastructure, introduce more consistent speed limits
and develop a community education programme to enhance understanding of the benefits of lower speed
limits. These demonstration projects were introduced as a reaction to divided opinions in the community
regarding the desirability of speed limit reductions that emerged in a consultation process (Corben et al.,
2010).
Bringing in international experts can give credibility to the new approach and help build trust
among stakeholders that the vision is implemented in a good way. Both in Australia and New Zealand
international experts were brought in to hear about and learn from others’ experiences. In New Zealand
for example, international Safe System experts were invited as guest speakers at key conferences and
were asked to lead seminars and workshops with staff and sector partners. How implementation of the
Safe System vision is organised can also help in engaging stakeholders. In the Netherlands for example,
the chairman of the steering committee responsible for developing an implementation strategy for the
“Sustainable Safety” approach (as the Safe System is known in the Netherlands) was a representative of
the Dutch provinces and not of the lead agency. This likely contributed to securing support from other
levels of government for implementation of the strategy.
Box 3.3. Case study: Engaging the community for “Towards Zero” in Victoria (Australia)
In August 2015, the first phase of Victoria’s “Towards Zero” campaign was launched, with the aim of putting
the ethical principle that no one should be killed on the road on the community’s agenda. The initial campaign
personalised the issue of road trauma and helped the community to understand why zero road deaths is the only
acceptable goal to aim for and to create buy-in from the public. The communication concept was centred on the
theme that no one wants their family to become the victim of a road crash. This helped raise awareness for the fact
that everyone who dies in a crash is someone’s relative and that there is no person who will not be missed.
Therefore, the only acceptable road trauma goal is zero. (The campaign can be viewed at: www.tac.vic.gov.au/roadsafety/tac-campaigns/towards-zero#towards-zero).
In November 2015, the second phase of the campaign was launched to help the community understand what a
safe road system can look like and how it can protect people when mistakes occur. By looking back at historical
trends and what has been achieved, the aim was to demonstrate to the community that Victoria can continue to do
better, until the goal of zero road deaths is reached. The campaign emphasised that the way forward is to build a
safe road system involving safe roads, safe vehicles, safe speed and safe people that can accommodate people’s
mistakes (www.tac.vic.gov.au/road-safety/tac-campaigns/towards-zero#then-and-now). The next phases of the
campaign will focus on other keys areas of the Safe System philosophy including human vulnerability. The
Victorian Government “Towards Zero” road safety action plan was launched in May 2016 and can be accessed at
www.towardszero.vic.gov.au/what-is-towards-zero/road-safety-action-plan.

Create an increased demand for road safety among citizens
A highly effective way to engage politicians, policy makers and system designers in a debate on a
Safe System is to create increased demand for road safety among citizens. The traditional societal view
holds that road users bear the main responsibility for road safety hazards. It is they who should be
“blamed and shamed” for incidents and measures should focus on correcting their irresponsible
behaviour. In contrast, a Safe System is based on the notion that road users are citizens with rights and
should be able to take part in road traffic without risking death or serious injury even if and when they
make simple human mistakes. A Safe System also posits that road safety is a shared responsibility, and
thus gives citizens the right to demand safe road traffic from society.
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The impetus for change often stems from the awareness that a better alternative and more effective
solution exists but is not being used (Belin et al., 2012). Convincing citizens of the potential of a Safe
System could create an increased societal demand for road safety. In such a scenario, road safety NGOs
and advocacy groups have an important role to play. They can actively contribute to safer road traffic
partly by increasing the knowledge and insight of their members regarding alternative interventions in
relation to the risks of injury in traffic, and partly by supporting and channel the demands of citizens for
safer roads, vehicles and road transport to the decision makers. As the case studies in Box 3.4 and
Box 3.5 show, the concept of a Safe System for road safety was communicated to the public in both
Sweden and Australia with the aim to increase public demand for road safety.
Box 3.4. Case study: Increasing public demand for road safety in Sweden
The success of Sweden’s “Vision Zero” initiative relied heavily on engaging road users, the public and the
business sector as agents of change. Their role was to make clearly-stated and powerful demands on the designers
of the system to improve road safety. To this effect, comparisons were made between road safety and other
safety-critical areas, such as the electrical system in private homes, which are conceived to be extremely tolerant of
human mistakes, or legislation on safety in work places, which squarely puts responsibility for employee safety on
the employer. Such comparisons showed the incongruity of holding the road user responsible for the safety of the
road traffic system with safety principles applied elsewhere.
The media and Sweden’s National Society for Road Safety (NTF), a non-governmental organisation for the
promotion of road safety, also played an important role by channelling citizens’ demands into the political system
by levelling criticism at the government for accepting a poor road safety performance. This helped to raise
awareness of the problem and led to an 11-point government programme for improved road safety. Early successes
and the resulting positive media coverage also raised awareness of “Vision Zero” and brought a positive shift in
public opinion.
The media was also influential in other ways to create support for “Vision Zero at an early stage. A motor
journalist with one of Sweden’s leading newspapers wrote several articles about the problems created by putting all
responsibility for safety on the individual road user and pointed out the necessity of giving others such as vehicle
manufacturers and infrastructure providers, more responsible for road safety.

In the Netherlands, one approach taken to communicate the Safe System principles was to link them
to the existing experiences of citizens by using the analogy to safe drinking water. However, this did not
work as intended. The public did not seem to be interested in the concept. Alternatively, an attempt was
made to convince the public that zones with speed limits of 30 km/h and 60 km/h were needed to
improve road safety specifically for children in residential areas. This resonated better and led to
increased public demand for such zones with reduced speeds.
Maintaining support from stakeholders
Stakeholder support is not only important for enabling the paradigm shift, but also throughout the
process of establishing and implementing a Safe System. Especially when the number of fatalities is
decreasing, in times of economic recession, and/or in times when there are other social problems that
seem more urgent and get more political priority than road crashes, it may be a challenge to maintain
sufficient political attention for road safety and to keep stakeholders focused on the establishment and
implementation of a Safe System. Box 3.6 shows that in the Netherlands for example it appeared to be
difficult to maintain full support from all stakeholders for a system-wide implementation of a Safe
System.
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Box 3.5. Case study: The experience with community consultation in Western Australia
During 2007, a new road safety strategy for the state of Western Australia known as “Towards Zero” was
developed for the period 2008 to 2020. In this context, the Western Australian Road Safety Council (RSC) received
the support of the Minister for Road Safety to undertake an extensive consultation process prior to submitting its
recommendations for a new long-term strategy to the Government. This consultation aimed to engage community
and stakeholders with a view to raising awareness for the nature of existing road safety problems, and to seek
feedback on the level of support that existed for various countermeasures. It was based on the fundamental belief
that the community should be provided with the best evidence about what works, no matter how controversial, so
that it can debate and consider the options available to improve road safety (Corben, Logan et al., 2010).
To inform a dialogue with the community, the Road Safety Council drew upon the expertise of researchers
from Monash University in Melbourne to develop a discussion paper which introduced the Safe System and
outlined a series of options for road safety countermeasures. The community was then invited to make general
comments online and to respond to a questionnaire based on the paper.
Additionally, Western Australia’s Minister for Road Safety invited all Members of the state parliament to host
a road safety forum in their local community if there was sufficient community interest. At more than 40 such
forums throughout Western Australia, representatives of the RSC engaged in a dialogue on road safety problems
and the packages of potential countermeasures; typically with local secondary school students in a morning
workshop and community members and leaders in an afternoon workshop. The feedback received online, from
other written correspondence and from the community workshops was then reviewed and compiled by the RSC into
a “Recommended Strategy” document, which reflected “both community views and expert advice, for presentation
to the government”.
To build understanding and support, the Minister also invited members of parliament to a bipartisan
Parliamentary Reference Group which received briefings and discussed the evidence of the road safety problem,
potential solutions and the feedback from the community consultation. The feedback from the community showed a
high degree of concern about road deaths and serious road injuries, as well as recognition that reducing both is a
shared responsibility of the entire community. Predictably, the different measures proposed received varying levels
of support. There was generally strong support for additional measures to further improve vehicle safety, improve
the safety of roads, and for education and enforcement actions to improve driver behaviour including reducing
speeding, drink and drug driving and to increase seatbelt and helmet wearing. Community support was mixed for
systematically reviewing and reducing speed limits, while support existed for reducing speed limits in high-risk
locations, for example in areas with high pedestrian and cyclist activity.
As a result, the RSC recommended introducing a comprehensive Safe System approach for Western Australia,
involving a range of measures designed to achieve a 40% reduction in road deaths and serious injuries by 2020.
While expert advice suggested even more ambitious results could be achieved with widespread speed limit
reductions, the mixed community support for these was respected by the RSC in its recommendations to the
government. By being able to clearly demonstrate both the benefits and citizens’ views on the new strategy, the
RSC gave both government and parliament a high level of assurance that the proposed strategy would be widely
supported by the public, thus making both the executive and the legislative more receptive for, and ultimately
supportive of, the “Towards Zero” strategy. It was established by Western Australia’s parliament in March 2009
with bipartisan support.
The critical role of blending scientific, expert advice and community views in developing a road safety
strategy that is both ambitious and in line with community wishes is summed up in a comment received from a
community member who attended one of the forums, reacting to a proposal to widespread lowering of speed limits
to improve safety: "You have done your homework and presented the evidence clearly and I have appreciated our
debates this morning. My head agrees with you - but my heart does not. But someone needs to make a decision and
get on with it, I may grumble initially but then I will get over it and our community and my grandkids will benefit.”
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Some of the instruments that were previously discussed for creating support are also useful for
maintaining support from stakeholders. It continues to be important to communicate that it is necessary
to further improve road safety. Instruments like short-term road safety targets, benchmarking and
in-depth analyses of crashes are useful for communicating this. Moreover, it is important to sustain a
high public demand for road safety and to make sure that citizens keep on asking for safer roads, safer
vehicles and safer transport in general.
Providing continuous evidence that a Safe System is effective in delivering improved road safety is
a powerful way of maintaining momentum. This is one of the reasons why SWOV analysed the impact
of the Dutch “Sustainable Safety” programme after ten years of operations. The main conclusion from
this study was that “Sustainable Safety” has been (cost-) effective in reducing the number of fatalities in
the Netherlands (Weijermars and Wegman, 2011).
For maintaining stakeholder support and continued political commitment for the implementation of
a Safe System, both the long-term vision as well as the implementation strategy should be subject to a
regular review process, and updated and improved as necessary. In the Netherlands for example, SWOV
published a first update of the “Sustainable Safety” vision, called Advancing Sustainable Safety in 2006
and is currently working on a second update (Wegman and Aarts, 2006). The main aim of these updates
is to make sure the vision optimally responds to (future) developments in road safety, such as
technological innovation or an ageing population. They also explore new ways to involve and commit
stakeholders, based on experiences in other countries. At the moment, the Netherlands is for example
exploring the use of interim targets related to Safety Performance Indicators.
Box 3.6. Case study: Maintaining support of stakeholders and political commitment in the Netherlands
The Dutch version of the Safe System approach in road safety, called “Sustainable Safety”, was first
introduced in 1991. Following the adoption of this vision, various actions were taken to implement it. Initially,
research institutes elaborated the vision into principles and guidelines for road authorities and a Steering Committee
Sustainable Safety was created to develop an implementation strategy. It was decided to implement “Sustainable
Safety” in two phases: an initial “start-up programme” would be followed by system-wide implementation. The
start-up programme (see also Box 4.3 was a five-year covenant signed between the Minister of Infrastructure, the
Dutch provinces, the municipalities and the water boards. It comprised 24 action items that the partners agreed to
carry out between 1998 and 2002. The start-up programme also contained an outline of intentions regarding the
decision-making process required for the full-scale implementation of “Sustainable Safety”.
This second phase, however, has not yet been formally launched. Despite enormous improvements, especially
in infrastructure, at the time of writing (summer 2016) a Safe System is not yet fully implemented in the
Netherlands. Moreover, although the principles of “Sustainable Safety” are incorporated in national, regional and
local road safety policies and despite various actions that have been taken to increase the safety of roads, vehicles,
road users and to improve post-crash care, efforts sometimes seem to be less ambitious than during the start-up
programme. Paradoxically, the positive effects of the measures implemented then may have contributed to this.

Conclusion
No country has yet reached the ultimate destination, i.e. achieved a state where road traffic truly
functions as a Safe System and holistic thinking and integrated practices shape all relevant road safety
processes and decisions but many countries have started and are at different points in their journeys.
The first step in establishing a Safe System is to change the general mind-set about road safety. All
stakeholders need to understand and accept that a) the traffic system should be designed and used in such
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a way that no human is killed or seriously injured as a result of a road crash; and b) the prevention of
crashes and their consequences is a shared responsibility of everybody involved in road traffic, from
system designers to users.
There is no fixed roadmap for the adoption, establishment and implementation of a Safe System.
Instead, it is more of a learning-by-doing process which can be described as a journey that presents
opportunities, hazards and challenges along the way. Each country follows its own journey, depending
on the culture and temporal and local context. From the countries that already adopted a Safe System, it
can be learned that three elements are critical for changing the general mind-set: a) creating a sense of
urgency for change; b) convincing all stakeholders that a Safe System is the way to go; and c) having
leaders available to initiate and persistently support the change towards it. As election cycles and other
factors can work against continuity in leadership, it is important that leaders organise the change process
in such a way that agency vision, strategic business plans, policy and organisational structures and
processes are in place to continue the journey to implement a Safe System.
Road safety targets, benchmarking and in-depth studies of road safety crashes can be used to create
a sense of urgency. To be able to apply these instruments, it is very important to collect relevant and
reliable data on road safety performance. Convincing citizens of the potential of a Safe System can
increase public demand for road safety which can subsequently help to engage politicians, policy makers
and system designers.
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Notes

1.

In this context, the work of International Traffic Accident Data and Analysis Group (IRTAD Group) in carrying out
in-depth reviews of country data and validating them by inclusion in the IRTAD database represents an important
contribution to improving road safety policy. Many countries regard reaching the IRTAD standard for crash data as an
objective and are putting considerable efforts into strengthening their national crash data system. To help with this, IRTAD
country twinning programmes also assist interested governments in improving their data. For 2014-15, data from 32
countries were collected, validated and included in the IRTAD database.

2.

http://www.fundforglobalhealth.org/join-the-3-star-coalition
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Chapter 4

Safe System management and governance

Safe System thinking must be embedded into a systematic and sustained way of working. It requires reorientation from top-down management to a bottom-up approach, with governance and management
structures that focus on outcomes through setting objectives, rather than on prescribing methods. Safe
System management acts as facilitator in a broad coalition of stakeholders that share responsibility for
improve roads safety in a mutually reinforcing manner and a process of continuous improvement. It
relies on data and factual evidence to set targets, monitor progress and adapt measures in consultation
with stakeholders.
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Adopting the paradigm shift in thinking to a Safe System is only the first step in its implementation
- it enables a toehold on the new path to road safety improvement to be established. This chapter
discusses how to imbed Safe System thinking into a systematic and sustained way of working. The four
principles set out in Chapter 2 are fundamental and essential to guide the journey to a Safe System. Its
implementation is a continuous exploration process of learning by doing. What works well in some
policy and cultural settings may not necessarily work in others. The point of departure in terms of
institutional development, road safety performance and so on varies from country to country or
jurisdiction to jurisdiction when initiating this path. The best way to establish a Safe System reflects the
local context and opportunities, and also evolves over time. Nevertheless, there are some useful
guidelines and instruments that can be applied under many circumstances. Some valuable lessons can be
learnt from those pioneering countries that have made most progress in the establishing a Safe System on
their roads.
A core take-away from this is that a Safe System requires a re-orientation from governing to
governance. While governing is a purposeful act to steer, guide and control behaviour, governance is a
mode of social co-ordination focused on outcomes. Governance structures are optimised to organise
negotiation processes, determine objectives, influence motivations, set standards, resolve disputes as well
as performing allocation functions and ensuring compliance. They effectively exercise of power through
managing networks of interconnected actors, in which all actors contribute to a mutually desired outcome
through knowledge, resources, money and rights granted to them under the governance arrangements

Managing a Safe System by results
Effective management of a Safe System has a focus on results and the achievement of safety
objectives or outcomes. A focus on results involves monitoring road safety performance against a set of
safety performance indicators. Analysis of results, trends and research into underlying contributing
factors then informs planning, prioritisation and the allocation of resources for effective interventions.
Good management also requires co-ordination of the different agencies and organisations so that
interventions across all parts of Safe System are implemented in such a way so as to optimise their
effectiveness in combination with other interventions. Leading practice in the management of road safety
for ambitious results includes:
•

The political will and leadership to adopt a paradigm shift towards zero deaths and serious
injuries, while setting and achieving ambitious interim targets on this journey.

•

The implementation of systematic and co-ordinated interventions based on evidence for the
achievement of improved results.

•

Ensuring the required management functions are in place and operating optimally to provide the
“production line” that will generate the necessary interventions. (ITF, 2016)

Once stakeholders are engaged and ready for change, the management structure must support them
in assuming their share of responsibility. This also includes support for close co-operation between
authorities and stakeholders. An effective Safe System management structure will include
multi-stakeholder processes (Wageningen University, 2016) that involve joint agreement on road safety
targets and how to achieve them. In this set-up, the role of the authorities changes from a traditional
management role to a networking role to facilitate the management of networks, negotiation processes
and so on, rather than managing interventions in detail. For some countries, notably among low and
middle income countries, knowledge transfer, resourcing and strengthening of public administration is
essential to provide a strong foundation for the journey to a Safe System.
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Seven management functions that are important for road safety have been identified by the World
Bank (Bliss and Breen, 2008):
1. Results focus
2. Co-ordination
3. Legislation
4. Funding and resource allocation
5. Promotion (communication)
6. Monitoring and evaluation
7. Research and development, knowledge transfer.
Management for a Safe System should exemplify the good governance principles of transparency,
accountability, participation, inclusiveness, responsiveness and promotion of the rule of law. All of these
are highly relevant and applicable to road injury prevention. Generalising from experiences from the Safe
System pioneer countries, two main strategies for the establishment and management of Safe System in a
country can be distinguished: the “top-down” or centrally driven approach uses policy and regulatory
instruments that specific exactly what should be done and by who. The “bottom-up” approach stresses
the fact that road safety is a shared responsibility and thus cannot be successful without a democratic
process where public demand for better safety is initiated, sustained and developed further.
Both approaches highlight the importance of a lead agency and of the development of institutional
management capacity as a critical condition to the elaboration of an ambitious and coherent road safety
program, its promotion, and the co-ordination of the efforts for its implementation. It is just the approach
to implementation that varies from “top-down” to “bottom-up”. In most cases, however, both approaches
will be helpful and even necessary, as they emphasise different but complementary elements of the
process. In the top-down approach, the central role is performed by government, with policy, standards
and regulations issued centrally and specifying in detail what a stakeholder in the system should do,
achieve and how they should do it. Prescribed penalties often apply for non-compliance.
Other top-down or centrally driven policy instruments and strategies include communications (e.g.
information, marketing and promotion) and economic (e.g. grants, subsidies, taxes and user charge).
These instruments are used with the main purpose to create and ensure “correct” behaviour among
different stakeholders.
The top-down approach contains an inherent risk that road safety becomes an isolated process in
society, with its own separated management and funding, rather than being incorporated into a more
integrated societal policy. Safe System pioneer countries learned that safety needs to be an integrated and
proactive dimension within many different societal processes, and not a separated, reactive process.
Integrating road safety into wider transport and societal policy is important not least to motivate
stakeholders to take more responsibility and not count on “someone else” to solve the road safety
problem. Within the framework of shared but integrated responsibility for a Safe System, mechanisms to
ensure accountability, individually as well as collectively, of the actors are of great importance.
Performance indicators are one way of establishing clear accountability for the different parts of a Safe
System and to allow focusing collaboration on better results.
In low- and middle-income countries, road safety management structures with strong and clear
mandates can be very effective to help launch the change process and ensure appropriate multi-sectoral
co-ordination, sustained commitment and action to deliver lasting results. This can help mitigate risks
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from political disruptions, lack of ownership of the change process or weak responsiveness to
multi-sectoral interventions. Under such circumstances, a lack of strong overall management may also
lead to a dispersion of valuable expertise and capacity (e.g. universities, insurance associations, statistical
offices, etc.). While the institutional set-up for a Safe System should be designed to ensure sustained
authority, care needs to be taken where overall authority is absent to preserve and utilise the capabilities
that do exist. A number of elements have been observed to contribute to successful road safety
management structures, notably independence, accountability, strong leadership, adequate and reliable
funding, and well-trained and adequate human resources.
In countries like Sweden, for example, it became clear that traditional top-down and centrally driven
management structures and approaches with traditional policy and regulatory instruments connected to
them were not effective enough in terms of shared responsibility. These management structures needed
to be redesigned from the bottom-up in order to foster innovation and responsibility-taking by the
different actors in the system, as well as in influencing market forces so as to create a market for road
safety (see Box 4.1). The establishment of a Safe System in Sweden was very much focused on such a
bottom-up approach to develop and establish new and innovative policy instruments and processes to
raise the awareness of, educate and mobilise stakeholders and the community about the safety problem
and to encourage engagement in, and contribution to, the actions for solutions to improve road safety
outcomes.
Box 4.1. Safe System in a governance context
To understand the implementation and establishment process of a Safe System it has also to be viewed in a
governance context. Governance relates to "the processes of interaction and decision-making among the actors
involved in a collective problem that lead to the creation, reinforcement, or reproduction of social norms and
institutions." (Hufty, 2011).
The traditional way of achieving a desirable state in a system in society is through a command-and-control
approach: the authorities specify in detail what a stakeholder in the system should do and achieve, and how this is
to be achieved (Carnes, 2011). However, in some areas, there is a shift away from an authority-based form of
governing which relies on the capacity of governments to exercise hierarchical control over society. In the shift
away from hierarchical control it is recognised that societal actors have assumed an increasing involvement and
responsibility in governance activities. In these versions of governance, the process of steering involves an
interaction of the public and the private sectors, and also an interaction between top-down and bottom-up
conceptions of how society can be steered.
The so-called garbage can model of organisational behaviour provides a description of how governance can
be exercised exerted in society which is less clearly governed through authority and hierarchy.
It is a model which expands organisational decision theory into the then uncharted field of organisational
anarchy (Cohen et al., 1972). This model rejects conventional linear models of organisational decision-making in
favour of less determinate and less rational forms of making decisions. The fundamental assumption underlying this
model is that decisions in many situations result more from coincidental confluence of opportunities, individuals
and ideas than they are programmed or predictable (Peters, 2002), that is a lot of different factors all come into a
garbage can and are mixed together in decision making. It is argued that “policy windows” open and that policy
entrepreneurs must then be prepared to exploit the opportunities (Cohen et al., 1972).

The bottom-up approach to mobilising and building support for road safety intervention in a shared
responsibility is also an increasing way of working in a number of the countries pioneering the
implementation of a Safe System. These policy instruments and tools will be further described and
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exemplified in the following section. Box 4.2 shows a bottom-up example of working in safety from
Japan.
There is no standard management structure for a Safe System; it has to be tailored to the political,
social and cultural context. In some countries, a top-down, centrally driven management structure based
on strong institutions with clear mandates and accountability may be appropriate. In others (like
Sweden), a more philosophical, visionary focus on the paradigm shift will be taken and translated into a
more bottom-up management approach that supports this. One element that is required in every Safe
System management structure is strong and dedicated leadership, especially political leadership. The fact
that management structures and processes are still very much in development in some of the countries
achieving good results with a Safe System highlights how vital an ingredient this is.
Box 4.2. Case study: Bottom-up approach to a Safe System in Japan
Japan follows a bottom-up type approach to implement safety measures for streets used for school
commuting. With the current birth rate in Japan (1.42 in 2014) far below replacement level, assuring children’s
safety is seen as a major responsibility of the Japanese government. In April 2012, a series of traffic crashes killed a
frightening number of children, and injured others, on the way to school, notably in Kameoka, a city in Kyoto
Prefecture. As a reaction, emergency inspections of school-commuter roads were carried out jointly by schools,
boards of education, road administrators and the police, in collaboration with parents as well as with other
community leaders from May 2012. These inspections targeted commuting roads for 20 160 schools across the
nation.
By the end of November 2012, a total of 74 483 distinct locations were identified as requiring remedial safety
measures and an action plan was adopted for each of these. Responsibility for implementing the programme rests
with the locality concerned. Since that time to the present, schools, school boards, road administrators, and the
police have been working together to solve the problems identified, beginning with those for which solutions are
readily available. As of the end of March 2015, 90% of all the improvements called for as a result of the joint
inspections had been completed. Beginning in December 2013, local authority level committees were created in
order to address all on-going problems relating to school commuter roads. The role of the committees is to
co-ordinate with the stakeholders mentioned above and to implement the safety measures year by year.

Systematically managing for a Safe System
A small cell of professionals to establish a Safe System can be very helpful, as the experience from
leading countries shows. In Sweden, a special Safe System task force was created within the Swedish
Road Administration (now the Swedish Transport Administration), the national authority which then had
the overall responsibility for road transport. This task force was a small but dedicated team which saw it
as their mission to spread the philosophy of “Vision Zero” across the country. In the Netherlands, a
steering committee consisting of representatives from different levels of government was appointed to
develop an implementation strategy for the Dutch “Sustainable Safety” strategy.
Whether such a core group needs more formalisation or less is open to debate. As Safe System
implementation is a learning-by-doing process, a degree of flexibility is needed at least in the early phase
to be able to seize opportunities that arise along the way. Once a steady state is reached, it becomes more
important to have a strong lead agency to continue to drive the process and keep the political and societal
interest in road safety alive. Yet this does not necessarily mean that formal institutional structures and a
“top-down” approach are best suited. The lead agency should still apply work processes that are
“bottom-up”, inclusive and enable all stakeholders to take active responsibility in the planning,
implementation and monitoring of road safety interventions and performance to achieve a Safe System.
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Regardless of the management structure chosen, its operational model must ultimately support the
development and implementation of Safe System interventions. A systematic way of thinking and
designing interventions that is not based on the basic principles of a Safe System will very likely result in
suboptimal outcomes in terms of improving road safety performance.
In particular, it is vital that the management approach reflects the need for close collaboration with,
and among, stakeholders. In practical terms, such an approach could follow the steps of a “Plan-DoCheck-Act” (PDCA) process. PDCA is an iterative four-step management method used in research and
business for continuous improvement. A crucial aspect of PDCA is the active involvement of system
designers and stakeholders at every stage, and hence the sharing of understanding of the Safe System and
responsibility for the outcomes. Figure 4.1 details how the PDCA process, which is cyclical in nature,
translates into different levels of managing road safety.
Figure 4.1. The levels of the management of road safety

TO MONITOR THE CURRENT STATE
TO DEFINE THE WANTED STATE

TO DETERMINE THE OPTIMAL MEASURES FOR ACHIEVING
THE OBJECTIVES
TO FOLLOW THE IMPLEMENTATION OF MEASURES AND PERIODICALLY
CORRECT THE MEASURES AND ACTIVITIES

With respect to road safety, the PDCA process is very much dependent on the availability of
high-quality road safety data. Meaningful monitoring is not possible without easily and promptly
accessible road safety databases that are up-to-date, fed by a well-designed collection system, have the
best possible scope and structure, and include standardised indicators to allow comparisons.
Analyses of relevant road safety data allow a good understanding of existing conditions, help to
define the wanted state and thus formulate objectives, to identify those measures most suited to achieving
targeted road safety improvements, and to finally evaluate their impact with a view to seeking further
improvements in the next iteration in a cycle of continuous improvement.
While there is a consensus about the importance of developing and improving road crash databases,
in practice the effective use of crash data is hampered by problems such as different definitions in
different countries and the lack of detail. In Europe, the European Commission has proposed a
standardised accident dataset (known as CADaS) to address these issues.
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In recent years, the value of bringing together road safety data from various sources in integrated
road safety databases has been increasingly recognised. To be useful, such consolidated databases should
contain at least the following sets of data:
•

General data (e.g. population, socio-economic indicators, geographical indicators)

•

Road data (e.g. category of road, sections, star ratings, footpaths, length, traffic signs, markings)

•

Traffic data (Average annual daily traffic, structure of traffic flows, vulnerable road users, etc.)

•

Road crash data

•

Injury data (Maximum Abbreviated Injury scale)

•

Behavioural data (e.g. safety performance indicators, traffic fines)

•

Road crash costs data.

Road safety databases often contain quantitative data on a more or less aggregated level. This
allows evaluating factors such as the number of crashes or the number of fatalities/injuries, and these are
necessary to allow an initial diagnosis relating to risk factors or road-user groups and monitor their
evolution. Yet there is a need to also complement these aggregated statistical figures with more
qualitative data that allows a deeper understanding of the factors and mechanisms contributing to both
crashes and their consequences.1

Defining targets in a Safe System
Targets have proved effective in focusing attention on road safety at the highest decision-making
levels and, as a consequence, in securing resources for road safety interventions to progress
implementation of a Safe System. They help achieve transparency, accountability and deliverability and when they include the operational dimension - drive concrete results.
Aspirational targets such as “zero road deaths” are often dismissed as unrealistic; to counter this
perception they need to be supported by concrete interim targets. Short-term targets may include a certain
percentage reduction in road deaths or serious injuries over a given time, or to achieve zero road deaths
for a specific group (e.g. children). For short interim targets to be effective in demonstrating the
legitimacy of a larger vision, it is critical that they are realistic and achievable. However, it is important
to set the level of targets to be set having considered the importance of being either “conservative” in
setting targets that may be easily achieved or “ambitious” and setting targets that are more of a “stretch”
and thus drive more effort to achieve results. Stretch targets ultimately may not be achieved but may
achieve more improvement than if a lower, more conservative target was set. This is an important
consideration politically in managing expectations and road safety achievements.
Most importantly, set targets must be regularly monitored and backed by an agreed and fully funded
package of interventions that is selected based on evidence of the results they can be expected to
produce.
Countries at the cutting edge of road safety performance employ detailed ex-ante impact assessment
for road safety measures they envisage. The United Kingdom sets targets for specific users or crash types
based on such ex-ante assessments. In the Netherlands, overall targets for reducing deaths and serious
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injuries are tightened periodically and the effects of safety measures are modelled to assess whether they
will deliver the improvement needed to meet the target (see Box 4.3).
On the opposite end of the spectrum, low-quality crash statistics in the majority of low- and
middle-income countries do not allow adequate planning, designing, and evaluation of road safety
efforts. The absence of reliable data collection leads to underreporting of deaths and injuries and hampers
the kind of analyses that could guide such efforts. However, there are still evidence-based safety
improvements that can be introduced without detailed ex-ante analysis. For instance, where pedestrians
mix with fast-travelling vehicles, a footpath that physically separates the vulnerable road users from
high-speed traffic should always be included. There are many other proven safety measures that can be
part of a systemic approach where case-specific analysis is not possible. For low- and middle-income
countries, this is the quickest and most viable way to implement Safe System solutions.
Targets should be set at different levels, as illustrated in Figure 4.2. Typically, countries set targets
for final outcomes (deaths and serious injuries) or intermediate outcomes measured by safety
performance indicators (e.g. speeding, seatbelt wearing rate).

Box 4.3. Case study: Road safety forecasting in the Netherlands
The quantified road safety targets for the Netherlands are part of the Road Safety Strategic Plan 2008-2020 of
the Dutch Ministry of Infrastructure and the Environment. The Strategic Plan calls for a maximum of 500 fatalities
and 10 600 serious road injuries (i.e. hospital admissions with a Maximum Abbreviated Injury Score of 2 or more)
by 2020. These targets are evaluated every four years. As part of the first evaluation round in 2011, the Institute for
Road Safety Research (SWOV) provided forecasts for the number of fatalities and serious injuries in 2020. From
these, it was concluded that the injury target most probably would not be met without additional policy measures.
The analysis showed in particular that cyclists and older people required extra attention, as the number of seriously
injured road users from these groups was growing. It also showed that achieving the fatality target will depend on
investments in infrastructural road safety measures and on the general development of mobility patterns.
Based on this, the Minister of Infrastructure and the Environment decided to take additional measures and
launched a consultation process with road safety stakeholders (provinces, municipalities, police and interest
groups). This resulted in a proposal for additional measures under the title The Policy Impulse for Road Safety.
To estimate whether the additional initiatives set out in Policy Impulse would succeed in reaching the road
safety targets for 2020, an ex-ante evaluation of the proposed measures was carried out. This concluded that the
measures in Policy Impulse would most probably not suffice to meet the target for reducing serious injuries and that
more far-reaching and expensive steps would be required. The Minister of Transport considered these to be out of
reach; she decided to implement the Policy Impulse as proposed and to make further steps dependent on the results
of the next four-year evaluation round due in 2015.
In the autumn of 2015, SWOV carried out new forecasts. The projections again indicated that the 2020 target
for reducing serious road injuries would most probably not be met. The Minister, the Dutch provinces and the
municipalities involved decided, however, that it was too early to rescind or adapt the target. Instead they are
currently exploring whether intervention-related interim targets, as used in Sweden, can further improve road
safety. The use of forecasting and ex-ante evaluation in road safety policy making in the Netherlands is discussed in
more details in Weijermars and Wesemann (2013).
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Figure 4.2. A target hierarchy for road safety

Source: Koornstra et al. (2002).

Box 4.4. Defining “serious injury”
In many countries, a “serious injury” in a road crash is defined by the police as an injury requiring at least
24 hours hospitalisation, and recorded as such in their reports. This definition, however, invariably include a very
wide range of cases, from minor injuries requiring a period of hospital observation to the most serious injuries
leaving the victims incapacitated for the rest of their lives. A Safe System focuses on preventing the most serious,
life-changing harms.
In parallel to the injury definitions used by the police, hospitals in many countries are applying a medical
definition of injury based on the amount and severity of the injuries sustained. These definitions are contained in
the widely used the Injury Severity Scale (ISS), the Abbreviated Injury Scale (AIS) and the Maximum Abbreviated
Injury Scale (MAIS). They reflect the threat to life associated with the injury, rather than a comprehensive
assessment of the severity of the injury. International fora are moving towards agreement that a level of injury of
MAIS3+ should be the accepted cut-off for a serious injury, with anything below would fall in the category of
minor injury. A recent European Commission (EC) document adopted the MAIS3+ definition and states that in
Europe in 2014 there were 135 000 serious injuries according to the MAIS3+ definition (European Commission,
2016).
The ISS and MAIS standards do not reflect the risk of being permanently disabled. In Sweden, ISS and AIS
have been combined with data from insurance companies to determine the level of disability associated with an
injury. An injury which produces a permanent disability of 1% or more is thus considered as serious. This criterion
on disability is directly linked to post-crash response and health service quality.

Assessing the current situation
A good understanding of current (and past) road safety performance is the logical starting point for
defining priority areas and actions. It also sets the reference point for future ambitions. In most countries,
road safety performance is usually measured by the trends or rate in the number of fatalities. Yet crashes
also cause serious injuries on a large scale, and these are equally the focus of a Safe System. However,
two factors complicate the monitoring of serious road injuries.
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First, it is difficult to collect reliable data on injury crashes. In many countries, the number of
serious road injuries is based entirely on police reports, which may misreport some injury cases and fully
miss others. This makes underreporting a serious problem, particularly acute for vulnerable road users.
The limitations of the data, in turn, lead to skewed perceptions of the road trauma problem.
Complementing police data with other sources, in particular health data can help to focus on overlooked
issues. Matched database tools that assign individual crash victims unique codes or identifiers to share
data and personal details in confidential ways are becoming available to link different datasets from
police, emergency services and hospitals to produce better estimates of the true number of seriously
injured (see in particular the IRTAD report on Reporting Serious Road Injuries, ITF/OECD, 2012). The
Netherlands and Western Australia use this approach to correct the figures published on total deaths and
total serious injuries. The Netherlands uses the approach systematically at a disaggregated level as
outlined in Box 4.5.
A second impediment is that different countries use different definitions of serious injury, resulting
in large variations in the reported numbers. The European Union in 2012 adopted as its common
definition of a serious injury hospitalised patients with an injury level above 3 on the Maximum
Abbreviated Injury Scale (MAIS3+). Fourteen countries were able to report figures for seriously injured
on this basis in 2016.
Using Safety Performance Indicators
Safety Performance Indicators (SPI) can be highly effective in determining road safety policies and
interventions. They constitute an essential tool for diagnosing problematic areas, for understanding the
processes leading to road crashes, and for helping stakeholders to understand how they can contribute to
improved road safety.
It is important that Safety Performance Indicators focus not only on the final crash outcomes (i.e.
people killed and seriously injured) but also intermediate outcome indicators that are thought to
contribute and also measure the outputs being delivered to address the outcomes.
For example in the case of people being killed in crashes while unrestrained, the final outcome
measures are the number of people killed and seriously injured in crashes not wearing a seatbelt, an
intermediate outcome indicator is the number of people driving not wearing a seatbelt and output
measures would include the number of vehicles fitted with seatbelt reminder systems and the number of
infringements issued by the police.
Measuring and evaluating the precise effects of specific interventions on the number of deaths and
serious injuries requires skill and effort. The relatively sparse data available requires long measuring
periods (especially in small countries or cities where the number of casualties are relatively low) to
collect enough relevant information to assess the effectiveness of interventions.
An alternative is to measure an intervention’s effect based on intermediate outcomes through safety
performance indicators. The types of intermediate outcomes are various and cover the principal elements
of the road transport system, such as the road environment, road-user and vehicles and their interactions.
They include factors known to be causally related to final outcomes (e.g. speed and drink driving are
well-known to increase crash risk, seatbelt use has well-documented effects on lowering the injury risk
and the quality of the road design decreases the likelihood of a crash and the severity of the outcomes of
crashes that nevertheless do occur). Safety performance indicators may also concern the post-crash
factors (e.g. quality of emergency services intervention). The report Road Safety Performance Indicators
Theory (Hakkert et al., 2007) provides a good theoretical framework for the elaboration of SPIs.
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Box 4.5. Understanding road safety trends
The trend in the total number of fatalities is the result of a combination of trends of many different groups
of fatalities, stratified for example by transports mode, conflict type, age and gender. For some groups of road
users, the number of fatalities shows a decreasing trend, whereas for other groups the number of fatalities is not
changing or even increasing.
As an example, Figure 4.3 below shows the trends in fatalities for different transport modes in the
Netherlands between 2005 and 2014. While the total number of fatalities fell by an average of 4.2% per year
over this period. Figure 4.3 shows that different transport modes behaved very differently: motorised
four-wheelers showed the strongest decrease in the number of fatalities (-7.1% per year), whereas for cyclists the
number of fatalities did not decrease substantially (-0.3%) and deaths in the category “other” in fact increase
significantly, with a rise in the number of fatalities of 5.9% per year. Further analysis revealed that the latter
resulted from an increase in the number of fatalities involving all kinds of vehicles for disabled persons.
Similar figures can be produced for different crash opponents, road types, age groups etc. and for different
combinations of factors. Further analysis of trends for different groups of cyclists for example shows that the
number of fatalities among older cyclists (60+) seems to increase, whereas the number of fatalities among
cyclists under the age of 60 seems to decrease. Moreover, the number of fatalities among cyclists resulting from
crashes with motorised vehicles has decreased, whereas there was an increase in the number of deadly
cyclist-cyclist crashes.
The trend in the number of fatalities is the result of a combination of developments in distance travelled
(or “exposure”) and risk (number of fatalities per distance travelled). The increase in the number of fatalities
among older cyclists in the Netherlands for example is the result of a combination of an increase in distance
travelled and a small decrease in risk (Stipdonk, 2013).
A stratified approach which includes a detailed analysis by type of road users and type of roads is very
helpful for selecting priority target groups to focus interventions. Analyses of recent trends in the Netherlands
show that fatality trends are worse for cyclists, vehicles for disabled and older road users compared to other
groups. Moreover, fatality risks are relatively high for cyclists compared to, for example, car occupants (12.4 vs.
1.4 fatalities per billion kilometres travelled) and for older road users compared to younger road users. Road
safety measures should therefore be targeted at these groups in particular.
Figure 4.3. Trends in the number of fatalities for different transport modes in the Netherlands (2005-2014)
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To determine whether intermediate outcomes are relevant they need to be readily measureable.
Indicators should offer an accurate and reliable reflection of the state of each intermediate outcome, and
be measured on a regular basis to allow monitoring their evolution over time. Ideally, one should obtain a
good overview of the performances for the different system components. The indicators should be
evidence based, especially regarding their connection to final outcomes and Safe System principles. In
most cases, their measurement requires the organisation of surveys, based on adequate sampling
methods, to ensure representativeness of the sample with respect to the state of the particular problem
investigated. For example the trends in the population use of seatbelts relies on observational, road side
studies that can be then extrapolated and generalised to describe the trend in the overall population.
To have a complete assessment of the road safety performance, SPIs should be defined and selected
so that no element of the system should be omitted as far as this is possible. The set of indicators selected
should be as comprehensive as possible in reflecting the “health” and effectiveness of a Safe System. For
example if monitoring is limited to measuring driver behaviours (speeding, drink driving, not wearing
restraints) then it may be wrongly concluded that driver behaviour is the sole problem and therefore all
solutions must focus on behaviour. A narrow set of indicators will convey a “piecemeal”, distorted and
thus biased image of the road safety problems. Limited monitoring and reporting will likely skew media
coverage and the public debate around road safety issues. The result of a biased debate can lead to
popular but misguided “common sense” interventions being adopted that have limited effects. Hence the
information gathered through SPIs should aim to reflect the breadth of the issues in a Safe System so it
enables adequate debate and decision making about resource allocation. In Sweden, ten Safe
System-related SPIs have been developed and assigned target values for 2020. They are measured and
analysed annually in relation to their targets, together with an assessment of trends in fatalities and
serious injuries and used to inform planning, prioritisation and resource allocation for interventions
annually. The SPIs are regularly reviewed and these reviews may result in target values being changed,
SPIs being abandoned or new ones introduced. Examples of basic and relevant SPIs for the elements of a
Safe System, based on experiences from some countries and suggestions made by Hakkert et al. (2007)
include:
Safe System infrastructure SPIs:
• Percentage of vehicle-kilometres driven on median-separated roads with a speed limit above
80 km/h
• Percentage of vehicle-kilometres driven by passenger cars of the highest Euro NCAP safety
rating
Safe System vehicle SPI:
• Percentage of vehicle-kilometres driven by motorcycles equipped with Anti-lock Braking
Systems (ABS)
Safe System speed management SPIs:
•

Percentage of vehicles driving within speed limits

•

Average speed of vehicles

Safe System behavioural SPIs:
•

Percentage of drivers and passengers in passenger cars using seat belts

•

Number and proportion of severe and fatal injuries resulting from crashes involving at least one
road user who was intoxicated

•

Percentage of moped users and cyclists wearing helmets.
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These SPIs do not focus exclusively upon road user behaviour, but also include indicators on the
safety levels offered by the vehicle, the infrastructure and the interaction of all elements through the
management of speed.
A number of countries are now setting 4- and 5-star performance targets based on Road Assessment
Programme (RAP) standards for high-volume road networks and major new construction projects. There
are also countries which are setting policy targets at the national level in the form of “X% of travel on
roads with three-star rating or better for all road users”. In a Safe System context the percentage of travel
on five-star roads for each road user provides the performance metric of most interest, however.
Setting targets
Setting targets for the total number of fatalities and serious injuries has shown to be an important
driver for initiating and realising effective national road safety strategies However, targets need to be
specific, measurable, achievable, realistic and time-bounded (Van Herten et al., 2000).
The Management by Objectives (MBO) approach posits that defining overall goals and targets to be
achieved will be more effective in delivering results than setting detailed rules about how actors in a
system should behave, by encouraging flexible strategies focused on problem solving within an
organisation (Belin et al., 2010). While its origins lie in the business world, MBO is equally applicable in
public administration context (Parsons, 1995). Instead of formulating detailed rules about how the
administration should behave, the political level determines strategic goals and sets quantified targets
that the administration should achieve (Vedung, 1997). In road safety work, MBO offers a way to engage
stakeholders and commit them to take responsibility for achieving specific objectives. MBO therefore
supports a key element of a Safe System in a way that is harder to achieve via the traditional top-down
approach, where government stipulates not only what the stakeholders must achieve but also how they
should go about it.
An interesting approach to target setting in road safety is “back-casting”. In Western Australia,
system designers worked backwards from the ultimate aim of "zero road deaths and serious injuries" to
determine what elements could be implemented as first steps on the journey towards ultimate Safe
System solutions. In Sweden a similar approach has been taken. Instead of starting from an existing
problem and applying existing road safety interventions to it, the Swedish “Vision Zero” strategy takes
as its point of departure an absolute future state: safe road traffic. Thus, rather than asking “What can be
done?”, the question becomes “What must be done to create a safe road transport system?” (Kane, 2009)
When setting intermediate targets it is important that they are related to the ultimate goal of a Safe
System. Else there is a risk that the targets, especially those based on the final outcome of fatalities and
injuries, will lead to the interventions which may be effective in the short term but may not be in line
with a Safe System. Complementing such targets with targets for SPIs which are based on the condition
states of a Safe System may for that reason be effective.

Identifying and realising interventions
The time scale required for interventions to achieve their maximum effectiveness is an important
consideration. The time needed for measures to show results will differ substantially across the range of
policy areas and instruments. Behavioural measures to avoid speeding or drink driving, for example, are
most effective when they include strong enforcement accompanied by powerful awareness-raising
campaigns. They can have an immediate impact in reducing road deaths and injuries, but need to be
repeated regularly to foster a cultural shift towards safer behaviours. They are also highly
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resource-intensive, requiring substantial effort by road police in particular. In contrast, investment in
safer road infrastructure - such as roundabouts or median barriers - represent a one-off expenditure and
once constructed should achieve a permanent reduction in casualty risk. Similarly, safe vehicles will
deliver improvements but these will depend on the vehicle fleet turnover rate. While safety gains from
new technologies will likely be permanent, these technologies may take between 15 to 20 years to be
fully available in vehicle fleet. These differences in impact delivery and sustainability needs to be
understood and integrated into the timing and implementation of interventions in support of the overall
target adopted.
Particular care should be taken to ensure that the agreed programme of action is effectively
implemented across the spectrum and stakeholders fully participate and take practical responsibility for
carrying out “their” part of the programme. A lead agency may be important here in ensuring that the
appropriate funds, technical tools and legal instruments are available. This section presents different
models, methods and tools for identifying and realising interventions in a Safe System context. The
concrete interventions themselves are described further down in Chapter 5.
Box 4.6. Case study: Sweden’s integrated traffic-crash data system
In 1996, the Swedish Road Administration was commissioned by the government to develop a new
information system that would register all road crashes and resulting injuries. The system was to include both police
and hospital data and integrate the entire process from data collection to data presentation. This was the start for the
Swedish Traffic Accident Data Acquisition (STRADA), which today is used to support the traffic safety work in
Sweden on the national, regional and local level. In 2009, the Swedish Transport Agency became the authority
responsible for STRADA.
The Swedish police report traffic crashes to STRADA since 2003. This is regulated by law and is a mandatory
assignment for all police districts. At a crash scene, a special form is filled in by the police and the collected
information is then registered in STRADA. The police reports on approximately 16 000 crashes each year.
While the police reports focus on the crash, the hospital reports focus on the injuries of a person requiring
medical care after a crash. Hospital reporting to STRADA is not mandatory but based on agreements between the
hospitals and the Swedish Transport Agency. The first hospital started reporting in 1999 and as of June 2015, all
but one of Sweden’s hospitals provide STRADA with data. Their reporting is based upon informed consent from
each patient. Any person seeking medical care after a crash is asked to fill in an injury registration form with
information on the crash. This form is later complemented with injury diagnosis before it is registered in STRADA.
In 2014 there were over 44 000 reports filed by the hospitals.
By bringing together data from two sources, STRADA can provide more detailed information on road traffic
injuries and crashes. The police can supply good information on the crash as such, the traffic-related elements and
road conditions, while the hospital data broadens the knowledge about resulting injuries. For instance, the medical
diagnoses can be used for different health-loss calculations. Importantly, the crashes reported by police and
hospitals do not always fully match. The police may not hear about some incidents , mainly involving unprotected
road users, that are registered by hospitals – for example bicycle accidents not involving cars with minor injuries.
On the other hand hospitals cannot report all casualties, for instance in cases where a person dies at the scene of the
crash and is not always taken to hospital.
The STRADA database has helped to better assess crashes resulting in impairing injuries, which together with
deaths is the focus of the Swedish Zero Vision strategy where no one is killed or severely impaired for life. As a
result, injured cyclists, for instance, have become a new focus for road safety interventions. STRADA has deepened
knowledge about crash and injury scenarios for this road user group that will in the longer run help to put in place
prevention strategies based on Safe System principles. The data in STRADA is accessible to road safety
professionals via a web-based system.
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Taking a Safe System perspective
A Safe System is based on a multi-dimensional approach that investigates and improves the road
traffic system as a whole. Crashes are seen as the result of unexpected, uncontrolled relationships
between parts of the road transport system, rather than having a simple cause and effect relationship
(Underwood and Waterson, 2013). Thus, instead of focusing on improving one element of traffic safety
in isolation, a Safe System aims to understand how the elements affect each other at any given moment,
and how these interrelations can be exploited to provide efficient solutions to road safety problems
(Stigson, 2009). In the behavioural approach, human error is seen as the primary cause of traffic crashes.
A very different view emerges when crashes are investigated from a systemic angle in which the needs,
limitations, and capacities of the road users are integrated in the traffic system (Shinar, 2007).
Factors that contribute to crashes can be identified at the various levels of the system, suggesting
countermeasures beyond those focusing on the direct causes connected only to the actual situation and
the road user. Informing, educating or punishing drivers can reduce the number of crashes but will not
address the underlying problems of, to give some examples, road authorities permitting rigid lamp posts
in close proximity of roads, governments allowing speed limits too high for the level of protection
provided by vehicles and infrastructure, or employers failing to take responsibility for the safety of their
drivers.
Systemic countermeasures with a documented positive effect on crash avoidance or injury reduction
should always be considered. In most cases, the error of an individual road user is the symptom of a
systemic problem to which other road users may be equally vulnerable. The latent factors which shape
the behaviour or contribute to the injury outcome will still remain in the system. For that reason,
countermeasures on a “higher”, organisational level, in a complex, dynamic system like the road
transport system, are often effective and more stable or resistant to different pathways to crashes and
injuries. This is the principle of Safety Management Systems conforming to the ISO 39001 standard.
Building on in-depth crash studies
As crash data usually focuses on crash causation and behavioural risk factors, relying on them may
lead to a bias towards behavioural responses. For that reason, in a Safe System aggregate statistical
analysis needs to be complemented by detailed post-hoc investigation of the events, behaviours and
conditions that combined to make a crash happen and at some point made inevitable. Particular care
should be taken to collect information on the victims’ medical condition, so as to allow a better
understanding of all the aspects of the crash process that generated injuries or affected their severity.
In-depth analyses based on Safe System principles in Western Australia, for example, found that
behavioural risk factors such as speeding, drink driving and not wearing restraints were more prevalent
in fatal crashes compared to serious injury crashes (of which there are many more). In serious injury
crashes, factors such as errors, mistakes and inattention become much more prevalent. The investigation
exposed more of the underlying risk present in the road transport system thus highlighting the importance
of a Safe System (infrastructure, speeds and vehicles) in addition to behavioural responses (e.g.
education, legislation, enforcement).
The two main questions that in-depth crash studies should answer are a) why a crash occurred and
b) if there was serious injury, why the consequences of the crash were so grave. The investigation should
identify the conditions (technical, infrastructural, but also regulatory, political or organisational) that
made it possible for the error (if one was involved) to suffice to lead to the crash and for the level of
injuries. The question “Why?” must be asked to get to the root causes of the problem inherent at each
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level in the system: why was the vehicle not able to avoid or absorb the severity of the crash? If the
vehicle could not, why not the road infrastructure? And so on.
In-depth studies require large amounts of information if they are to cover the different levels of the
road transport system and include all aspects of a Safe System. The access to different information and
data sources related to the accident which are important for the analysis must be secured. Examples are
driver license data, vehicle data, infrastructure data (technical data about the road and its surroundings),
injury data (hospital data, autopsy reports etc.), rescue data, organisational information (e.g. information
about road safety management of the road authorities and buyers and sellers of transports) etc.
From a strict safety perspective, in-depth studies should be a fact-finding activity aiming to learn
from the experience of the accident. The emphasis should be on identifying the underlying root causes in
a chain of events leading to an accident and its injury outcome, the lessons to be learned, and ways to
prevent and mitigate similar accidents or injuries in the future.
Mobilising shared responsibility in responding to crashes
The OLA method (Objective data, List of solution/actions, Addressed in action plans) is an
approach for identifying and realising interventions. OLA is an approach to guide co-operation and
shared responsibility among different system designers in developing solutions for shared road safety
problems (Belin and Tillgren, 2012). On the basis of facts, they discuss potential solutions to one or more
crash problems. A key question is what can we each do that will contribute to preventing this type of
crash from occurring again? Through this approach, everyone is given the opportunity to show what
measures they want and can take, and thereby contribute to improved road safety.
The OLA method is being used at a local level to discuss and prevent a local crash from occurring
again. OLA has also been used on problems affecting a group of people, for example fatal crashes of
scooter riders. OLA is very much an example of a bottom-up approach that engages and educates
stakeholders, media and the community in the road safety problem, the evidence based solutions and a
shared responsibility for road safety in a Safe System
Choosing policy instruments
The shift from government to governance, from hierarchy to markets and networks, has led to a
“multi-stakeholder game”. This requires new, second-generation policy tools to implement interventions,
notably multi-lateral instruments such as covenants, public-private partnerships and voluntary
agreements. Generally, policy instruments fall into three broad categories:
• Communication tools (e.g. information campaigns, promotion, assessment programmes)
• Economic tools (e.g. grants, subsidies, taxes, user charges)
• Regulatory tools (e.g. regulations, prohibitions).
These instruments have often been used in a top-down or “command-and-control” approach
targeting road user behaviours but also specifying in detail how other players in the system should act.
With the government taking the majority of responsibility, however, this leaves very little incentive for
innovation and responsibility among the other stakeholders. Further, the traditional approach often
targets policy instruments on individual system components (i.e. road user, infrastructure or vehicles)
without much regard to how they interact in the overall system, and separate regulations often exist for
the components. In the way they are traditionally being applied, these instruments are therefore not fully
aligned with a Safe System approach.
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Box 4.7. Example of a guided line of enquiry to encourage a system-based crash investigation
Consider this crash scenario: a professional truck driver falls asleep at the steering wheel and his vehicle veers
off the road at a speed of 70 km/h, hitting a lamp post. The driver is killed in the crash. The following questions
could be asked in an in-depth analysis of the incident to establish the root causes inherent in the system:
•

Why did the truck drive off the road? Because the driver fell asleep (most accident investigations end
here and the interventions are directed towards the driver behaviour).

•

Why did the driver fall asleep? Because he had volunteered to take an extra shift outside the
permitted driving hours even though he was very tired (he needed the money).

•

Why was the driver able to take the extra shift? Because the employer did not have a management
system or something similar to prevent the driver from driving outside the permitted driving hours.

•

Why didn’t the employer have a safety management system? Because the legislation does not
provide that and hence there is no authority supervision.

•

Why was a rigid lamp post placed in close proximity to the road? Because the regulations governing
the design of the road permitted such a design.

•

Why did the regulations permit such a design? Because the road authorities do not have a systematic
way of investigating crashes (e.g. as a part of a safety management system).

•

Why do the road authorities not need a safety management system? Because politicians are unwilling
to pass a law which may increase expenditures.

Another answer to the question “Why did the driver fall asleep?” could be that the truck was not equipped
with a driver alert system. From this answer, further questions could be asked which may result in answers showing
that vehicle manufacturers do not find them economical or other reasons for not marketing such devices and
politicians or authorities are not willing to pass laws or regulations stipulating that the manufacturers must install
such systems in their vehicles.

There are, however, alternative ways to use the standard instrumentarium to stimulate innovation
and encourage responsibility-sharing. Part of this is the realisation that other actors than government
authorities may be better suited to employ the available instruments effectively in a given context.
Although authorities are often a useful catalyst, implementation tools may also be developed and brought
to bear for instance by non-governmental road safety organisations or advocacy groups. The ability of
public authorities to let go of their customary role in exercising authority and becoming more of a
facilitator for collaborative processes will greatly enhance the ability for effective development and
shared responsibility for implementation of Safe System measures.
There are many practical examples of how traditional policy instruments have been redesigned, in
ways consistent with a Safe System, to foster innovation and shared responsibility, and to influence
market forces.
Pertinent case studies of how communication can be effectively leveraged by a non-governmental
player for more road safety are the New Car Assessment Programmes (NCAP) and Road Assessment
Programmes (RAP). NCAPs rate car models on the basis of their safety properties, with a view to
providing information for car buyers. By testing new models and attributing between one star (for a low
safety standard) and five stars (for high standard), NCAPs provide transparency via a rating system that
is highly visual and easy to grasp for consumers facing a choice between different offers. The star rating
also enables to compare vehicle standards in different counties and regions, shining light on the fact that
many car manufacturers sell cars with lower safety standards in some countries than in others. Since the
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mid-1990s, these programmes have thus significantly contributed to improved vehicle safety through a
“market-based” approach complementing legislative measures but being able to implemented in most
cases, faster than legislative change which in some cases often waits for demonstrated market failure
before being able to be considered.
Similar star ratings are awarded by RAPs for the safety standard of road infrastructure. The
specification of minimum star rating targets for new road projects provides a powerful regulatory
instrument for project owners. For example, the Asian Development Bank, a big infrastructure funder,
recommends minimum four-star safety standard for pedestrians in linear settlements. In New Zealand, a
minimum four-star safety standard was stipulated for a Public-Private Partnership toll road project. Such
performance specifications provides the road owner with the confidence that certain safety standards will
be met, whilst allowing the design teams some freedom to determine what specific speed environments
and road features they will include to reach the target. The star rating of the new road can then also be
communicated as a quality feature to the public once the road is opened.
A further example of how communication instruments can be used to implement a new policy
measure is the dissemination of scientific research. Electronic Stability Control (ESC) systems for
vehicles were scientifically proven to have great potential to reduce road trauma. In Sweden, the time lag
between the publication of scientific studies on the potential of ESC and the introduction of ESC as
standard equipment by car manufacturers and importers was extremely short: within 48 months, the
market penetration of ESC increased from 15 to 90%. The key to this success was active dissemination
of the scientific results by governmental officials through the media and other channels. As a
consequence, important customers of the car industry expressed their intentions of exclusively
purchasing vehicles equipped with ESC in the future. As in the NCAP example, it was factual
information that affected consumer demand, which in turn influenced the supply of safety technology.
Another example how factual information can be used to drive implementation is via quality
assurance, by making road safety concerns a part of quality assurance programmes for transport-related
services. This could involve aspects like business trips, commuting by employees, or goods transport. If
road safety is systematically included in quality assurance throughout society, the improvement will be
significant – not least through growing consumer demand for quality assured mobility. Under shared
responsibility, leadership for such an initiative should come from the management of private-sector
companies or public authorities.
A management system standard for road traffic safety could play an important role where
organisations want to improve their road traffic safety performance and implement a systematic way of
working. An important tool in this respect is a standard defined by the International Organization for
Standardization (ISO). ISO management standards have positive records for quality management
(ISO 9000 family) and environmental management (ISO 14000 family), helping organisations to deliver
better results through systematic work and management. Against this background, ISO 39001 was
launched in 2012 as the international standard for road traffic safety management systems. ISO 39001 is
a voluntary tool, complementary to legal regulations, aimed to disseminate best practices in road safety
among organisations interacting with road traffic. When ISO 39001 is more widely applied, more
organisations will address road safety in a more systematic way and it will become a standard topic in the
interactions between organisations.
The last example relates to public procurement. Governments have used procurement for many
years as a tool to achieve public policy objectives, for instance in relation to environmental protection.
Some countries, for instance Sweden, now also use procurement to contribute to road safety goals. In
1997, the (then) Swedish Road Administration introduced a travel policy for employees stipulating that
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for work-related trips, certain internal safety requirements would have to be met in order for the agency
to approve. This travel policy then spread to other public, non-profit and private transport stakeholders.
Experiences from pioneer countries showed that involving stakeholders to a greater extent in the
establishment of a Safe System is helpful. Initiating a journey from government to governance and using
multi-stakeholder processes, for example, may foster the stakeholders’ engagement and commitment,
and hence shared responsibility. The stakeholders’ awareness of how their operations impact road safety
will also increase, which may in turn contribute to the engagement and responsibility taking. An example
of the involvement of stakeholders is the Via Sicura programme in Switzerland.
In the Netherlands, implementation of the “Sustainable Safety” vision was kicked off with the
signing of a covenant by the Minister of Infrastructure, the Dutch provinces, the municipalities and the
water boards. The five-year agreement constitutionalised the tasks and shared responsibilities of the
different stakeholders and comprised 24 actions (see Box 4.9) that the partners agreed to carry out
between 1998 and 2002 (Wegman and Wouters, 2002). The national government provided
EUR 110 million for the implementation of the Start-up Programme. To qualify for financial support, the
other levels of government had to supplement the subsidy with an equal amount (Weijermars and
Wegman, 2011). Municipalities, Provinces and Water boards were very interested in obtaining the
subsidy, especially for the realisation of 30 km/h and 60 km/h zones. Besides, the measure costs were
higher than expected. As a result, the investments in a safe infrastructure were much higher than
expected. Since the amount of subsidy provided by the central government was limited, regional
governments paid more than 50% of the costs of the road safety measures. This example shows that
providing subsidy may help to involve other stakeholders and to motivate them to make investments for
the implementation of road safety measures.
Another interesting example of a systematic way of working in partnership with stakeholders using
engagement and communication is the way Western Australia introduced Safe System principles through
major road projects.
To overcome some of the above problems, the traditional “command-and-control” regulatory
instruments need to evolve. One example of this involves allowing the system designers greater freedom
to find solutions. Instead of defining the detailed procedure to be followed, the performance outcomes to
be achieved – or the function that the system or subsystem should fill – is defined. It is then up to the
system designers to find the most appropriate way to achieve this performance. For instance, the
authorities could demand a defined safety performance level, or the use of specific quality management
systems from various system designers.
Using regulatory authority this way turns the focus to the achievement of outcomes and results
rather than specifying particular methods and helps to drive new thinking in the approaches and
responses to problems developed by the system designers. The flexibility on the operational level places
greater responsibility for safety on the various stakeholders involved and brings to bear their practical
knowledge on the development of solutions. It should also leave them with more opportunity for
innovation, and favour the development of a safety culture among them. Applied in the right way, such
“light touch” regulation should also foster co-operation among system designers on more effective
solutions at the system level, e.g. vehicle manufacturers and infrastructure managers in the field of road
traffic. However, there is a dilemma in respect to the optimum level of “self-regulation” and the latitude
an industry should be given – take for example the implicit messages about road safety conveyed (or not
conveyed) in car advertising. Combining regulatory measure and consumer information is a very
effective strategy to create a “push-and-pull” demand mechanism on the market for road safety.
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Box 4.8. Case study: Implementation of the Via Sicura programme in Switzerland
The Via Secura programme was launched by the Swiss government in 2012 as the latest of several road safety
initiatives. The programme is committed to a Safe System approach, focusing on safer road infrastructure.
Additionally, legal measures focus on safe behaviour among all road users (e.g. mandatory daytime running lights;
car owner held liable for violations when driver is unknown) and on high-risk groups (e.g. longer periods of licence
revocation for speeding; more driver rehabilitation courses for delinquent drivers, zero tolerance for blood alcohol
among novice drivers). Development and implementation of the programme have shown that the following factors
are crucial for the success of a national road safety programme:
•

A public discussion has been launched.

•

As a consequence, a change in paradigm towards shared responsibility was achieved and the political will
for action was generated.

•

An evidence-based report made the potential of new measures visible.

•

Working groups composed of stakeholders, interest groups and experts developed ideas on how to improve
road safety.

•

Based on a thorough methodology, a forecast on the safety benefits was made and accepted as a
benchmark for the road safety programme.

•

Stakeholders, regional decision makers and the national parliament discussed suggestions and finally
agreed on a revised list of measures.

•

Instruments facilitating implementation of infrastructure measures were developed, local staff trained and
data on progress collected.

•

A multi-level evaluation is planned; this will not only control progress made but also serve as a steering
instrument.

Box 4.9. Case study: The Start-up Programme Sustainable Safety in the Netherlands
The Start-up Programme Sustainable Safety comprised 24 action items. Some of these concern specific road
safety measures, mainly relating to regulatory aspects and road design questions. The most important of the specific
road safety measures in the Start-up Programme are:

•

Categorisation of the road network (access roads, distributor roads and through roads)

•

Expansion of 30 km/h zones (inside urban areas) and 60 km/h zones (rural areas)

•

Relegation of mopeds from the bicycle path to the carriageway on urban roads.

Further action items of the Start-up Programme:

•

Development of guidelines for the safe design of roads

•

Inclusion of traffic enforcement in the priorities of the police options to increase traffic enforcement

•

Strengthening the role of Regional Road Safety Authorities (ROVs) in education and communication

•

Introduction of regular road safety education in schools

•

Creation of an Information Desk for Sustainable Safety.
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Evaluating performance and addressing challenges
The progress of a road safety initiative should be carefully monitored and the programme evaluated.
Results against targets should be published regularly, for instance in an annual report. Its evaluation
should cover both the targets as such and the interventions implemented to reach them (ITF/OECD,
2012) While monitoring the progress with regard to overall fatalities and severe injuries is important,
tracking performance based on specific SPIs is even more critical in order to be able to adapt strategies
and action plans at an early stage where necessary. The analysis then provides the starting point of a new
Plan-Do-Check-Act cycle (see section “Systematically managing for a Safe System”). Including
stakeholders in the evaluation will provide valuable insights from different perspectives (see Box 4.11
for an example).
In the United Kingdom, the Road Safety Foundation has a long history of publishing risk maps and
performance tracking of the road network in the country (http://roadsafetyfoundation.org). Their reports
highlight roads with persistent high risks as well as those roads with the strongest improvements. This is
complemented with information on Safe System actions deployed by the local authorities to achieve that
improvement and data on the economics and cost of road crashes in individual local areas. The launch of
the reports attracts high-level political and media interest and helps prompt progress towards targets.
One of the main challenges for the successful implementation of a Safe System is that it needs to be
understood and accepted across the board, from the highest level in politics to front-line staff, such as
traffic managers, infrastructure and vehicle engineers, police officers, town planners, funders, educators,
health professionals and many others across the full range of agencies whose work directly impacts
traffic safety performance. In particular transport agencies responsible for road system design,
construction and maintenance or traffic operations should ensure their staff understand, accept and apply
Safe System principles. In the short term this will require regular in-service training within the workplace
and in the longer term to build the capacity of the professions, the inclusion of appropriate units of study
in university courses that prepare professional and technical staff. This can be particularly challenging
for low- and middle-income countries (LMICs), often confronted with unstable technical teams, outdated
curricula in professional courses, outdated design manuals and norms, lack of co-ordination among
sectoral agencies involved in road safety management and amongst different levels of government, and
so on. Efforts for capacity building thus need to go hand in hand with strategies for strengthening
management structures (see section “Managing a Safe System by results”). Despite historic successes in
reducing road deaths, even the Safe System pioneer countries still face a number of road safety
challenges. Indeed, new road safety problems emerge in these countries, for instance as a result of the
promotion of active mobility that is increasing the share of vulnerable road users like pedestrians and
cyclists.
To begin with, the number of serious road injuries has been decreasing at a significantly slower rate
than the number of fatalities. In some countries, the number of serious road injuries has even been rising.
The trends in reported fatalities and injured between 1990 and 2009 are shown for a selection of
countries in Figure 4.5. In this period, road deaths reported by the police decreased by roughly 50% in
these countries, while reported serious injuries decreased less (in the UK and Spain) or even increased (in
Sweden and Japan). Australia and the Netherlands also registered a decrease in the number of fatalities
and an increase in the number of serious road injuries (Berecki-Gisolf, Collie et al., 2013; Weijermars,
Bos et al., 2015). One explanation for the difference in development between fatalities and serious road
injuries is a decrease in crash impact speed thanks to traffic calming measures (e.g. roundabouts). Also
the growing number of safer cars in the vehicle fleet (e.g. improvements of secondary vehicle safety and
increased use of seat belts) contributes to reduce the severity of crashes. This probably has a stronger
effect on reducing the number of fatalities than serious injuries.
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Box 4.10. Case study: Introducing Safe System Principles through major road projects
in Western Australia
In Western Australia, the application of Safe System principles in major new road projects began in 2007. The
state road authority Main Roads WA were then building Western Australia’s highest value road project
(AUD 700 million) to complete 30 kilometres of highway leading south from the state’s capital city, Perth.
The agency’s Chief Executive Officer supported a significant focus on safety and required ambitious safety
performance targets to become part of the project. This provided economic incentives for the contractors to find
innovative ways to build additional safety into the projects and obtain a share of the incentives for safety provided
for the projects. An independent Safe System Working Group of outside experts that reported directly to the Chief
Executive was established to assist the consortium to meet set performance conditions for the highway. The
Working Group developed a Vision Zero Logical Framework to connect the project’s aspiration with practical
operational targets on which the road designers could focus their designs (Petrossian and Marsh, 2010).
The use of the Vision Zero Logical Framework raised awareness, educated and influenced engineering
attention to the most serious injury and death risks expected for the operation of the project road. These Safe
System risks were identified as:
•

Run-off-road and head-on crashes at vehicle speeds exceeding 70 km/h

•

Side-impact crashes at vehicle speeds exceeding 50 km/h;

•

Crashes involving unprotected road users at vehicle speeds exceeding 30 km/h.

The road building consortium project team, together with the Safe System working group and other key
members of the road authority also participated in a Safe System road design workshop with contributions from
several eminent experts from the Swedish Road Administration, Monash University in Victoria, the University of
NSW and the Australian Road Research Group (ARRB).
The workshop enabled numerous practical Safe System suggestions at each level of intervention that could be
considered for inclusion in the project. As the project had already commenced, the opportunity for changes to the
design were limited by timing and budget, however a number of Safe System changing challenges were
incorporated to the traditional design including the use of wire rope barriers above the design standard required at
the time. Most importantly the lessons learned from the Safe System working group process were then incorporated
into following major road projects as an essential requirement; from the start of new projects enabling more
significant Safe System changes to be achieved including full length median barriers, innovative use of roundabout
design and extensive applications of roadside barriers.
Main Roads Western Australia continue to use the Safe System working group processes to inform major road
projects with increasing attention now firmly on how to institutionalise or “imbed” Safe System learning from
projects into whole of agency policies, procedures, practices and standards. The ISO 39001 Road Safety
Management Standard is assisting with this change journey.
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Box 4.11. Case study: Evaluation cycle for road safety performance in Sweden
The cyclical evaluation of road safety performance in Sweden is based on regular analysis of Safety
Performance Indicators, the timely communication of these analyses to the road safety community, and extensive
consultation about implications with a broad range of actors in the road safety arena. This approach has helped to
reinforce the engagement of stakeholders and increased their willingness to take responsibility. The evaluation
process involves the following phases:
1.

January to March: Compilation and analysis of data. In this phase, a national analysis group
consisting of representatives from the Swedish Transport Administration, the Swedish Transport
Agency and the Swedish National Road and Transport Research Institute (VTI) gather data on
fatalities, injuries and the different safety indicators that are being measured.

2.

March: Release of a report on the road safety trends of the previous year.

3.

April: Review of the report. The report is shared with stakeholders for comments.

4.

April: Results conference. At a meeting, stakeholders discuss the findings of the report with the
Ministry of Enterprise, Energy and Communications.

5.

June: Definition of a mutual position. Selected stakeholders discuss and agree on a common
position on priorities for the next review cycle. This is co-ordinated by the National Coordination
Assembly (NCA), a knowledge-sharing and co-ordination forum for road safety stakeholders
committed to “Vision Zero”.

6.

December: Presentation of operational plans. Stakeholders declare what they plan to do and
achieve during next year. The work is co-ordinated by the NCA.
Figure 4.4. Cyclical evaluation of road safety performance in Sweden
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Analysis of this phenomenon for the Netherlands concluded, however, that the main explanation for
this development is largely explained by differing trends among crash types. While there was an
increasing number of crashes without involvement of motorised vehicles on Dutch roads, these incidents
resulted in few fatalities but a relatively high number of serious injuries compared to other types of
crashes: less than 0.5% of all killed and seriously injured (KSI) casualties in crashes without a motor
vehicle involved were fatalities, while more than 99.5% suffered serious injuries. By contrast, for car
occupants in the Netherlands about 11% of the KSI casualties were fatalities and 89% serious injuries.
In the Netherlands and Sweden, a major factor at play in the increase of serious injuries was the
growing number of crashes involving single bicycle crashes. In the Netherlands, about half of all serious
injuries reported were sustained by cyclists who were injured in a crash that had no motor vehicle
involvement. Of these, about 90% did not involve any other road users, i.e. they were single bicycle
crashes. That more cyclists sustained serious injuries is due in part to older persons becoming more
active cyclists (measured in distance travelled). Compared to younger cyclists, seniors on bicycles have a
relatively high risk of being seriously injured in a crash or a fall. About half of all single bicycle crashes
are related to infrastructure, for instance collision with an obstacle, running off the road, skidding due to
slippery road surface, problems in stabilising the bicycle because of an uneven road surface (Schepers
and Klein Wolt, 2012). In both Sweden and the Netherlands measures are being developed by national
and local governments in the light of these findings to reduce risks for cyclists.
Another growing challenge for Safe System road safety policy is the growing number of
motorcycles, mopeds, scooters, electric bicycles and other types of powered two-wheelers (PTW) on the
world’s streets. Between 2010 and 2013 alone, the global PTW fleet grew by 16%, with the majority of
this growth (84%) taking place in low- and middle-income countries (LMICs). At the same time, data
from the World Health Organization (WHO) shows that about 276 000 users of PTWs were killed in
road traffic crashes in 2013 – that equals almost a quarter of all road traffic deaths in that year (WHO,
2015). Even more significantly, a shocking 91% of these PTW deaths occurred in LMICs. In Cambodia
and Thailand, where there is a particularly large PTW fleet, motorcycle fatalities accounted for 70% and
73% of total road fatalities in 2013 respectively. In Latin Caribbean countries, nearly half (44%) of
people killed in road traffic are PTW users.
Studies conducted in a variety of LMICs show that the main risk factors that contribute to PTW
crashes resulting in injury or death include the non-use of helmets or use of poor quality and nonstandard helmets, alcohol, speed, traffic mix, road side barriers, vehicle stability and braking errors.
Effective planning for better PTW safety requires a comprehensive understanding of all the risk factors
involved in different settings. The Safe System approach has several benefits as a framework for
examining key PTW risk factors.
Addressing PTW safety with a Safe System approach should become a high priority for LMICs
from both a public health and a socioeconomic perspective. With a lack of alternative transport mean
limiting commuter choices, PTWs are used as the primary mode of transport in many LMICs, including
for public transport or deliveries. The mean age of motorcycle crash victims in these countries is 25,
which means that the majority die at a productive age (ITF, 2015). Studies have found that the injury rate
for young PTW riders aged 17 to 19 years from lower income groups (often self-employed with no social
or health insurance) is 2.5 times greater than for their peers in higher socioeconomic groups (Huang and
Lai, 2011; de Vasconcellos, 2013; ITF, 2015). A crash resulting in serious injury or the loss of life places
a big economic burden particularly on individuals and households from poorer backgrounds, and the high
incidence of injury and death in the most economically active age groups has a direct negative effect on
the national economy.
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Figure 4.5. Reported road crash fatalities and serious injuries
in Sweden, Spain, the UK and Japan 1990-2009

Source: ITF (2011).

ZERO ROAD DEATHS AND SERIOUS INJURIES: LEADING A PARADIGM SHIFT TO A SAFE SYSTEM — © OECD/ITF 2016

80 – 4. SAFE SYSTEM MANAGEMENT AND GOVERNANCE

Integrating road safety in other areas of public policy
To be able to contribute to the development of the transport system of the future, road safety has to
be horizontally correlated with other important areas of the road transport system, e.g. environmental and
accessibility issues. There is a convergence of public policy agendas around the notion of sustainable
mobility, which should be safe, clean, affordable, healthy, accessible and efficient.
One example for the need of an integrated approach is automated driving. Self-driving vehicles
offer possibilities in many areas, including road safety, environmental protection or improved
accessibility. There is also a need to better understand new challenges arising from new technologies and
societal trends and to continuously monitor and analyse them to be able to relate and react to these
changes. Consequently there is a need for more integrated data and knowledge to be able to consider road
safety as part of a whole. Horizontal co-ordination is also important for the promotion of road safety
among higher-level governmental policies and for the mobilisation of essential resources for the
development of a national road safety strategy. In other words, “the integration of road safety into other
policy areas can be understood as the systematic mainstreaming of road safety into other related fields of
policy” (DaCoTA, 2012).
To begin with, improving work-related road safety contributes not only to improving road safety at
work but in general. The benefits of integrating road safety issues into employment policies are
numerous, such as the reduction of the costs for the employers (number of days of work incapacity,
insurance premiums, repair and replacement of vehicles in the fleet, impact on efficiency and on client
satisfaction). Concern for road-safety also fits in the efforts generally developed for work-health
promotion, which usually tackle a large array of issues that also relate to safe driving, such as stress
management, fatigue, distraction, alcohol, drugs and medicine consumption, pre-existing diseases,
ageing.
Environmental protection is another policy area where overlaps and synergies with road safety exist.
For instance, travel demand directly affects road risk through exposure. The number of people travelling,
the amount of travel and the transport mode chosen clearly influence both the number of road casualties
and the environment. In the past decade, efforts have been made, for example in the European Union, for
integrating environmental and transport policies, and to promote a modal shift away from road transport
– of both people and goods – while increasing the efficiency of infrastructure use and co-modality.
Travel demand management includes land-use planning, fiscal incentives work place travel
planning (teleworking, walking and cycling). The integration of environmental and road safety objectives
in these measures would require selecting those deterring from the use of polluting and risky transport
modes and favouring the shift towards safer and cleaner ones, such as public transport. On the other
hand, walking and cycling should be favoured for environmental reasons, yet are also known to be riskier
than car use. Then again, their public health benefits are generally acknowledged to outweigh their costs
in terms of road trauma. Encouraging the shift towards active transport modes will be greatly aided by a
Safe System environment that acknowledges individual risks for the individual and aims to minimise
them, adding at the same time to positive public health outcomes.
Road injuries and deaths have long been considered primarily as a mobility or transport issue rather
than a public health one. Yet, “there is a strong business case to include the prevention of road traffic
deaths and serious injury on the health agenda” (DaCoTA, 2012). Injuries and health conditions resulting
from unsafe traffic are obviously relevant to the health system, a point that is reflected in growing
concern about underreporting of serious injuries from road crashes and attempts to improve casualty
reporting.
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Beyond this obvious example, several other areas of concern for public health policy are also
relevant in a road safety context and offer opportunities for integrated approaches. This is the case, for
example, of alcohol consumption and more specifically problematic consumption patterns which are
increasingly recognised as a cause of drink-driving. Targeted programmes to tackle the issue of
recidivism and alcohol dependence (reintegration programmes, alcolock-based programmes) are likely to
have positive implications both in terms of road safety and public health in general. Another area of
overlap with health policy is the link between individual mobility patterns, which can either help prevent
health risks like coronary diseases or obesity through use of active mobility options, or aggravate them as
a result of sedentary lifestyles.
The appropriate management of travel speed in a Safe System for improved safety is another area of
public policy that can be effectively integrated to contribute to connected-up outcomes. In addition to
safety outcomes from speed management there are clear benefits regarding environmental (reduced
emissions), economic (less fuel consumption, less wear and tear, lower maintenance costs for vehicle
owners) and quality of living (reduced noise) impacts.

Funding and resource allocation
Many countries with relatively good road safety performance allocate resource based on
cost-effectiveness and cost-benefit analyses. Usually, the “Willingness to Pay” methodology is used to
establish the Value of a Statistical Life (VOSL) to ensure lives saved and injuries avoided are taken into
account and properly reflected in economic terms. This allows strong, objective business cases to be put
forward when competing for resources to improve road safety and to prioritise interventions and projects.
Based on the four Safe System principles, pioneering countries are using new insights into the
nature of crash problems to present strong arguments for road safety initiatives in the competition for
funding and resources. Proactive emphasis on reducing the types of crashes that result in serious injury or
death contrasting to earlier reactive approaches focussed on preventing all crashes (including property
damage) is changing road safety business cases and opening up new possibilities for funding sources.
Personal injury insurance companies are demonstrating increasing interest in sound business cases for
Safe System projects that reduce the burden of serious injury on the road network. People who are
severely and permanently impaired for life represent a small proportion of the total number of claims for
personal injury insurance support, but make up a disproportionately high part of total costs with lifetime
medical and living support required.
Major new road developments in particular are increasingly taking into account Safe System
elements beyond current prevailing standards in their project proposals. Safe System improvements add
to benefits and costs, yet their value is not always recognised in available budgets. Some pioneering
countries are taking a step-by-step approach: they ensure that the initial design includes Safe System
elements to the extent possible, so the foundations are in place to progressively add additional protective
features at a later stage, when more resources become available. Examples of business case development
for a Safe System are found in Chapter 5.

Research and development, knowledge transfer, capacity building
The concept of a Safe System in road transport is comparatively new. More analysis, evaluation,
research and development are needed to improve and better share knowledge and to build capacity
amongst stakeholders and system designers to implement a Safe System.

ZERO ROAD DEATHS AND SERIOUS INJURIES: LEADING A PARADIGM SHIFT TO A SAFE SYSTEM — © OECD/ITF 2016

82 – 4. SAFE SYSTEM MANAGEMENT AND GOVERNANCE

Research and Development (R&D) and the systematic transfer of knowledge are an important
contribution to build the capacities needed for the implementation of a Safe System. They provide new
insights to develop a better understanding of the nature of crashes, the errors that humans make and how
systems can be made “forgiving” to reduce inherent risk in the road infrastructure and provide effective
protection from serious harm in crashes (ITF, 2016).
In addition to informing the development of strategies, action plans, directions and interventions,
research and development and knowledge transfer is vital in supporting the paradigm shift changes in
thinking, practice and approach required for implementing a Safe System.
R&D and knowledge transfer help build the required human capacity by producing a cadre of
professionals who contribute research based approaches and knowledge as informed opinion leaders.
Pilot projects and demonstrations are among the most effective measures to explain the Safe System, and
some national governments are making subsidies available to local and regional authorities for Safe
System demonstration projects. In a number of countries, important resources are being allocated to
document Safe System case studies and share the lessons from Safe System demonstration projects.
These are also used to update design guides and develop training material to disseminate Safe System
knowledge among professionals involved in designing, building and operating road networks.

Conclusions and recommendations
There are no perfect Safe System management structures which will fit every country and
automatically deliver a Safe System. In principle, interventions aligned with a Safe System may be
implemented irrespective of the specific management structure and working processes. However,
experience has shown that a Safe System includes elements that should be reflected in the structures and
processes employed to manage the system in order to facilitate a smooth and speedy adoption.
First of all, the governance and management structures and approaches for building and operating a
Safe System should reflect the critical importance of shared responsibility for road safety. They should
enable and support stakeholders to actively take part in the planning, implementation and monitoring of
the road safety work. Second, a systematic way of working will greatly help the move to a Safe System.
This could be based on approaches like the Plan-Act-Do-Check cycle of continuous improvement or the
adoption of ISO 39001 standard for road traffic safety management systems by more organisations.
As high-level targets for total fatalities and serious injuries do not provide sufficient guidance to
stakeholders for activity planning, more intervention-related interim targets are needed. For that reason
targets for final outcomes should be combined with targets for intermediate outcomes (known as Safety
Performance Indicators, or SPIs). This will help stakeholders to identify measures that can contribute
towards changes in condition states on the road transport system that are necessary to achieve targets for
the number of fatalities and seriously injured.
All the steps in the process, from defining targets through identifying measures to evaluating
performance should be based on evidence. Use of relevant, high quality data is therefore critically
important. The data collected and analysed must be chosen from a Safe System perspective, highlighting
inherent risks in the road transport system and able to help identify the root causes of serious crashes.
Data should provide a balanced and complete picture of crash causation and care should be taken to
avoid inherent biases or limited views of the total problem for example by not only focussing on
behavioural aspects.
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Where possible, aggregate quantitative data should be combined with qualitative data (e.g. from
in-depth studies of crashes). This will allow initial mapping of the different road safety problems and
then analysis of the root causes from a Safe System perspective. These underlying factors will often be
inherent risks present in the road system that apply to similar crashes for a number of people. Effectively
treated root causes are likely to provide a larger and more sustained benefit by preventing similar
occurrences in the future. Such a systematic approach will increase the ability to identify the most
effective interventions.
Traditional policy instruments such as regulations, communication campaigns and economic
measures remain useful in a Safe System. However, they should not only be used in a traditional
top-down, centrally driven manner that aims to force individual road users and stakeholders to adopt
“correct” behaviour, as such an approach based primarily on authority. Instead a focus on outcomes or
management by results is encouraged (e.g. through the use of targets) leaving stakeholders enough
flexibility to develop the solutions that will deliver the desired results, thus fostering shared
responsibility and innovation.
Today’s rapid technological innovation and societal change means that the context of road safety
policy and strategy will constantly evolve. New road safety challenges are constantly emerging as the
pace of digitalisation and automation will increase.
The existing government-centric management structures and processes will be questioned and
co-operation among road safety stakeholders will need to take new forms requiring flexible frameworks
focused on the achievement of outcomes through shared responsibility. The sharing of information about
the root causes and inherent risks in the road transport system and evidence based solutions amongst the
community and stakeholders will play an important role in opening up the often hidden knowledge about
road safety. It will help to develop understanding and mobilise support for further interventions in a Safe
System.
Road safety work cannot operate in isolation. Communities are increasingly seeking improvements
in lifestyle, sustainability, environment and connectivity. A Safe System way of thinking and working
offers great opportunities for integration of road safety with other community policy expectations for
greater potential benefits.
Research and development that increasingly adopts scientific lines of enquiry based on the
principles of a Safe System will continue to yield new insights and understandings about the road safety
problems. For example, emerging research in countries pioneering the implementation of a Safe System
is identifying that the majority of people seriously injured in crashes is the result of a simple error or
mistake, contrasting with earlier thinking and limited data collection and analysis that concluded that
deliberate risk taking was the primary behavioural cause. Understanding, identifying and responding to
inherent risks in the road transport system which allows serious crash outcomes to occur will inform new
treatments.
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Note

1

Data collection, management and analyses is discussed in more detail in Data Systems. A Road Safety Manual for
Decision-Makers and Practitioners (WHO 2010) and the World Road Association’s Road Safety Manual (PIARC, 2015).
These cover the collection and use of crash as well as non-crash data, and why the latter is needed.
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Chapter 5

Safe System practices and tools

A road crash is the result of a failure in the traffic system. A Safe System aims to proactively limit such
systemic failures or keep their impact below thresholds that cause serious harm to humans where
crashes do occur. Core elements of a Safe System are safe vehicles, safe roads and roadsides, safe road
users, safe speeds as well as effective post-crash response. This chapter examines a range of policies,
measures and tools that are available in these areas to build a Safe System and provides various case
studies from pioneering countries.
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Operationalising a Safe System
A road traffic crash, particularly when it leads to someone being killed or seriously injured, is an
end result of system failure. The objective of a Safe System is to proactively identify and limit such
systemic failures. One approach is to design the system backwards from the end point of the severe
casualty and intervene in the integrated safety chain (see Figure 2.1) as early as possible in an attempt to
avoid a crash.
In the first instance, the design and operation of a Safe System seeks to guide and encourage safe
behaviour by users when using the road transport network. When a crash does occur, the amount of
energy that is exchanged needs to be limited to remain within the biomechanical tolerances of the human
body. Post-crash care actions should also work to reduce the severity of any injuries.
Approaches to understanding the biomechanical tolerances of humans include the levels of kinetic
energy, change in velocity and/or acceleration. However, Safe System limits are typically explained or
operationalised through reference to Safe System speeds. A Safe System speed is typically defined as the
impact speed where the chance of death is less than 10% or the point on fatality risk curves where this
changes from shallow to steep (Wramborg, 2005). Commonly referenced survivable impact speeds are
shown in Table 5.1.
Table 5.1. Safe impact speeds for different situations
Road and section types combined with road users

Target Safe System speed

Roads and sections used by cars and vulnerable users

30 km/h

Intersections with possible side-on conflicts between cars

50 km/h

Roads with possible frontal conflicts between cars

70 km/h

Roads with no possible frontal or side-on conflicts
between vehicles and no vulnerable road users

100 km/h

Source: ECMT, 2006.

The quantifiable definition of what is a tolerable level of risk will change over time both with
experience and new evidence. Examples of more recent research on critical impact speed curves,
particularly for pedestrians, can be found in Rosen et al. (2011), Kroyer et al. (2014) and Jurewicz et al.
(2016). The latter report considered fatal and serious injuries combined and suggested critical impact
speeds as low as 20 km/h for pedestrians and 30 km/h for head-on and side impact crashes.
Whilst there is, and will continue to be, considerable debate on safe impact speeds and the shape of
various fatality risk curves, precise definitions are not possible or meaningful in reality. They represent
some form of population average over a sizeable number of cases but there is considerable variability in
outcomes, and hence risk, among individuals due to uncontrollable factors such as the type and size of
the vehicle, the age and health status of the road user, the point of impact, etc. There is a certain
randomness about these factors that is often beyond the control of the system designer or operator.
Because of this variability in the incidence and circumstances of real world crashes, a conservative
position should be adopted concerning risk so as to account for a broad range of population, vehicles and
conditions. We must also be cognisant that the use of fatality risk curves, and the tenth percentile value
to determine safe impact speeds, is by definition permitting the incidence of some deaths and serious
injuries, notwithstanding the commitment to eradicating deaths and serious injuries from road crashes.
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Over time, and with the enlightening experiences of developing a Safe System, insights will develop
and evolve. Openness and flexibility are needed with respect to updating views on what constitutes a
Safe System and on the speeds that the system can accommodate to provide protection to users.
Furthermore, with the steady incorporation of inherently safer vehicles into fleets, with both crash
avoidance technologies and occupant protection, a greater part of the injury problem will be managed
within Safe System limits. However, reducing the likelihood of fatal injuries may require greater efforts
across the entire system.

Taking a system wide approach
Moving the road transport system towards a Safe System relies on the application of measures from
a number of the key elements of the system including safe roads, safe vehicles, safe speeds and safe
behaviours which individually contribute to reducing crash risk and, in any crash, to reducing the injury
severity of the outcome. Interactions between complementary measures to reduce combined crash energy
transfers will provide cumulative benefits beyond the impact that individual measures have. To
significantly reduce road casualties, road user rules and behaviour, road and traffic environment, speed
limits and speed management, driver assistance systems, injury mitigating properties of vehicles, and
emergency responses must be combined in an optimised way.
In isolation, each component may have some positive effect, but as each component sets the
preconditions to maximise the benefits of the others, the whole combination will give more effect than
the sum of the individual impacts of all components. As an example, vehicle design is predominantly led
by the private sector whereas road design and operation is predominantly the domain of the public sector.
Despite this, there are opportunities to create greater synergies between the two. Thus, intersection
geometry can be established to maximise the occupant protection offered by vehicle design.
In other cases, the key to addressing some traditionally difficult safety problems may lie in
interventions in other parts of the system. Addressing excessive speed and recidivist drink driving, for
instance, have traditionally been targeted through education and enforcement, but may be more
effectively addressed via safe vehicle technologies such as Intelligent Speed Assist (ISA) or built-in
alcohol locks in vehicles. For more information on the whole of system approach, see Figure 2.3 and the
Chapter 4 section “Systematically managing for a Safe System”.
There is considerable discussion and debate around the various Safe System elements and their roles
in creating it. Stigson (2009) looked at factors influencing severe injury outcomes for vehicle occupants,
the relative contributions and the interactions of the key Safe System elements in preventing these and
the potential for Safety Performance Indicators (SPI) to identify and eliminate systemic weaknesses.
The safe road transport model developed by the Swedish Road Administration (SRA) (see
Figure 3.2) uses the biomechanical limits of the human body as its cornerstone and the following system
components:
•

Safe Vehicle: Vehicle supports correct use; protects driver and passengers; protects other
road users (Criteria: EuroNCAP 5-star level and Electronic Stability Control, ESC)

•

Safe Road: Road supports correct use; is forgiving in terms of injury mitigation (Criteria:
EuroRAP 4-star level)
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•

Safe Road User: Road user has the knowledge, capability, capacity, willingness to
correctly use the road transport system (Criteria: Wears seat belt, complies with speed
limits, is sober).

Combined with safe speed, these elements should ensure safe road transport. The study found that
compliance with these requirements would go a long way towards eliminating death and serious injuries.
Some shortcomings were identified, however; the study found that most fatal injuries occurred when two
or all three of the components did not meet the criteria. It also found divided roads were the most
effective factor in avoiding fatalities among vehicle occupants. However, it also found that reliance on
the human-behaviour elements to have the weakest impact, with 40% of killed vehicle occupants not
wearing seat belts (despite an overall 96% seatbelt wearing rate) and a quarter of fatalities among vehicle
occupants occurring in alcohol-related crashes. These two factors were also strongly related. The report
concluded that while road users may be motivated to change their behaviour over a short period of time,
for a more sustainable result both vehicle and road design must support the road user. Stigson proposed a
modified Safe System model where the road infrastructure is based on the capabilities and limitations
and biomechanical tolerances of human beings, through good road and vehicle design.
The United Nation’s Global Plan of Action for the Decade of Road Safety has defined an approach
to improving road safety based on five pillars, which broadly align with the elements of a Safe System:
•

Pillar 1: Road safety management

•

Pillar 2: Safer roads and mobility

•

Pillar 3: Safer vehicles

•

Pillar 4: Safer road users

•

Pillar 5: Post-crash response.

Road safety management was treated in Chapter 4. Pillars 2 to 5 will be discussed in the following
sections. A further section is devoted to safe speeds, as the importance of managing speed in a Safe
System cannot be over-emphasised. Safe Roads and Roadsides, Safe Speed, Safe Vehicles, and Safe
Road Use are often referred to as the elements, or components of a Safe System.

Safe roads and roadsides
Road conditions can be the single most lethal factor in serious crashes, ahead of speeding, alcohol
or non-use of seat belts (ITF, 2015c). However, the role of road-related factors in both the causation and
outcome of crashes has been underplayed, often because crash investigations focus on driver causation.
Stigson (2008) reviewed fatal crashes in Sweden based on in-depth crash investigation, with crashes
categorised based on factors that contributed to the crash outcome (as opposed to crash causation). The
study found that there were strong interactions between three system components (vehicles, road
infrastructure and road users), but that road-related factors were most strongly linked to a fatal crash
outcome. Put another way, in the event of a crash, regardless of how that crash occurred, infrastructure
can have a significant impact on the severity of the outcome. Furthermore, Stigson et al. (2011) found
that while vehicle safety standards a potentially have a major beneficial effect on vehicle occupants’
serious injuries, road-related factors were most strongly linked to fatal crash outcomes.
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While a number of countries have adopted Safe System principles, translating these into practice in
the infrastructure delivery is proving difficult. Part of the reason for this is that the present road and
roadside infrastructure design guidelines were developed over many years and are often based on the
paradigm of maximising mobility and throughput of traffic. While they may also aim to reduce the
number of crashes and their impacts, they do not necessarily take an injury prevention approach. Often
the design standards rely on drivers making the right decisions, for instance gap-acceptance decisions at
intersections.
A review of existing road infrastructure design standards is thus required to better reflect Safe
System principles. This is an important step to institutionalise the change to a Safe System and ensure all
engineers, designers, policy makers and funders apply the new design philosophy and the approach it
entails. To use an analogy from the design of buildings: all balconies must have balcony rails as a
default; there is not specific cost-benefit analysis for individual balconies that takes account of height of
the balcony, wind exposure, width of the balcony or the age of people potentially using it - all these are
embedded in the design manuals for structural engineers and are standard practice.
The right balance between safety and mobility is under continuous debate in Safe System
discussions. Sweden, one of the Safe System pioneers, follows the approach that accessibility can only
be developed within a framework of safety. To help inform this debate a number of countries are
adopting performance measures for road infrastructure to complement the established systems. The use
of minimum standards (expressed for instance in star ratings like those used in Road Assessment
Programmes) for network management and new road designs provides an evidence-based foundation for
road authorities’ infrastructure decisions. The United Kingdom, for instance, has set the target that 90%
of travel should take place on three-star or better roads by 2020 (Highways England, 2014). The
Netherlands have set the objective of no more one- or two-star roads by 2020. New Zealand is planning
for all roads of national significance to have a four-star rating. The Asian Development Bank (ADB) is
recommending four-star level for roads with pedestrians in linear settlements.
While including Safe System elements into new infrastructure is comparatively easy if included in
the conceptualisation from the outset, retrofitting of infrastructure poses a substantial technical and
financial challenge that require cost-effective innovation. Safety thus needs to be embedded into planning
and design as early as possible. The starting point for safe infrastructure should be a good road hierarchy
with a clear distinction between, at one side, inter-urban high-speed roads where the infrastructure needs
to be forgiving at the allowed speeds and with separate facilities for vulnerable road users, and at the
opposite end, low-speed pedestrian-priority urban streets where vulnerable road users mix with
motorised traffic. There also needs to be strong control and management of land use and urban
development and planning cities and communities for those without vehicles.
All road users need to be considered when designing or upgrading road infrastructure. The design of
road infrastructure and the broader street environment should start with the needs of the most vulnerable
users and then progress towards the safety needs of the least vulnerable. A road-design and
corridor-planning exercise that considers the needs of pedestrians, cyclists, animal drawn carts,
motorcycles, cars, trucks and buses will ensure that appropriate function, speed, road space allocation,
and design features are incorporated to deliver the best safety outcomes.
Many useful infrastructure interventions can be found in various guides including PIARC (2015),
Elvik et al. (2009) and in on-line tools such as the Road Safety Toolkit (http://toolkit.irap.org) created by
the International Road Assessment Programme (iRAP). Often referred to as Safe System treatments,
some of these can substantially reduce road deaths and serious injuries. Others may have a relatively
small impact, but will still result in safety improvements and help progress towards a Safe System.
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Turner et al. (2009) distinguish between “primary” and “supportive” road safety treatments, with
primary treatments being those that represent an important step towards a Safe System and supportive
treatments those that provide incremental safety gains but not to a level that would create a Safe System.
An example of a “primary” Safe System treatment a median barrier, as this will virtually eliminate (in
over 90% of cases) fatal head-on crashes, while a “supportive” treatment would be a wide centreline with
rumble strips that will make them less likely. It is strongly recommended that the primary treatments are
employed where possible.
Some examples of high-performing primary Safe System infrastructure treatments that can provide
certain and immediate reduction in crash likelihood and severity include:
•

well-designed roundabouts

•

grade-separated pedestrian crossings

•

wire-rope barriers (also called cable-barrier systems) in the centre and on the edge of roads,
in countries with a low share of powered two-wheelers.

However, there are still knowledge gaps regarding Safe System infrastructure designs for some
crash types and some road user groups. While it is known that median barriers can reduce head-on
crashes by over 90%, that flexible barriers absorb crash energy and can protect from roadside hazards,
that roundabouts simplify decision-making for drivers and help to manage speeds at intersections, we
know less about effective Safe System infrastructure solutions for intersections in high-speed
environments (other than grade separation) and concerning motorcyclists.
Road Infrastructure Safety Management
The International Road Traffic and Accident Database (IRTAD) 2015 report on Road Infrastructure
Safety Management (RISM) identifies and evaluates 10 procedures being used for RISM (ITF, 2015c);
these procedures and their general purposes are outlined in Table 5.2. These procedures are aimed at
enhancing road safety at different stages of a road infrastructure life cycle from planning and design
through construction, operation, maintenance, improvement and major upgrading and renewal.
While there are overlaps and similarities between some of these, there are also important
differences. In general, the choice of which procedure to use is linked to the data available and the stage
in the project life cycle. One of the key differences is that Network Safety Rankings (NSRs) are typically
based on historical crash data, while Road Assessment Programmes (RAPs) are based on surveys of
infrastructure design and quality.
An example of RISM in practice is the European Directive (2008/96/EC) which outlines the
mandatory requirements for an infrastructure safety management process for the trans-European road
network (TEN). The components of this directive include:
•

Road safety impact assessment

•

Road safety audit including the certification of auditors

•

Road safety inspections

•

Ranking of road sections
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•

Data management

•

Adoption and communication of guidelines

•

Certified auditors for safety audit.

This directive puts the responsibility on the infrastructure provider or manager for the safety
management of a road network. It encourages a generalised use of RISM procedures, which are now
established in all EU member states linked by the Trans-European Transport Network (TEN-T) and have
been extended to some non-TEN-T roads. Thus, the directive certainly triggered a different way of
thinking and dealing with road safety management in the European Union (Transport and Mobility
Leuven, 2014).
RISM procedures are effective tools to help road authorities reduce the number of crashes and
casualties. However, in a Safe System environment we need to move towards a more pro-active approach
with a focus on the infrastructure elements and designs that do not result in the higher severity casualties.
Pro-active procedures are particularly important for LMICs, who may not have good crash data. They
provide an opportunity to develop a pro-active culture of road safety amongst those responsible for the
planning and delivery of road infrastructure.
Table 5.2. Road Infrastructure Safety Management Procedures
Procedure

Purpose

Road Safety Impact Assessment

Compare different implementation scenarios from a road
safety point of view.

Efficiency Assessment tools

Compare different scenarios from road safety point of view
and identify the most efficient measure from a list of
potentially effective measures.

Road Safety Audit

Identify infrastructure or traffic related factors increasing
injury or accident risk.

Network Operation

Maintain the current level of safety of roads.

Road Safety Performance Indicators

Assess the safety of a road network.

Network Safety Ranking

Rank elements of a road network based on their safety level.

Road Assessment Programme

Rank elements of a road network based on road safety and
identify infrastructure or traffic related factors increasing
injury or accident risk.

Road Safety Inspection

Identify infrastructure or traffic related factors increasing
injury or accident risk.

High Risk Sites

Identify infrastructure or traffic related factors increasing
injury or accident risk.

In-depth Investigation

Identify infrastructure or traffic related factors increasing
injury or accident risk.

Source: ITF (2015c).
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Figure 5.1. Planning processes of the European Directive 2008/96/EC
on Road Infrastructure Safety Management

Road Assessment Programmes
Road Assessment Programmes (RAPs) carry out systematic assessments of risks associated with
road infrastructure in order to identify the major shortcomings that can be addressed by practical road
improvement measures. A common rating system awards stars to roads depending on their standard of
safety, with one star indicating low safety and five starts signifying very high level of safe road
infrastructure. Through the star ratings, RAPs create transparency for road users but also for
infrastructure designers, builders or operators. Ratings are also highly effective in communicating road
safety improvements, and a number of countries are using RAP star ratings as benchmarks for setting
road standards and targets.
Following the European Road Assessment Programme (EuroRAP) launched in 1999, the
Australasian programmes (AusRAP and KiwiRAP) and the United States programme (usRAP) were
created in the early 2000s. In 2006 the International Road Assessment Programme (iRAP) was
established as a charity to oversee the global programme and support governments; development banks
and automobile clubs in their efforts to improve road safety. Since its inception, the programme has rated
more than 900 000 km of roads in over 70 countries worldwide.
The philosophy and evidence-based approach used by RAPs worldwide is driven by Safe System
principles. Together with its sister organisations of the New Car Assessment Programmes (NCAPs), the
RAPs provide the cornerstone for a Safe System in relation to speed, vehicle and infrastructure
performance. Safe System principles are captured in the “Roads that Cars can Read” partnership,
EuroRAP (2011). RAPs are currently planning to develop infrastructure star ratings for roads used by
self-driving cars.
The star-rating protocol pro-actively rates the road safety performance of infrastructure at a specific
location or across a network of roads by assessing the features that are present for safety. Star ratings are
based on an objective, evidence-based methodology for assessing the safety of road infrastructure, taking
into account the speed and mix of traffic at the location. Safer Road Investment Plans provide the
complementing economic analysis to support Safe System-related improvements.
Star ratings are awarded for roads overall and differentiated for pedestrians, cyclists, motorcyclists
and vehicle occupants. They are based on the typical crash types that kill and injure and the specific
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safety needs of that user based on Safe System principles taking into account vehicle speed. Five-star
roads come as close as can be to Safe System infrastructure as we understand it.
Experience from around the world suggests that crash rates per distance travelled reduce between
33 and 50% for each additional star awarded (see Figure 5.2). In other words, the risk of death or serious
injury risk per kilometre travelled on a five-star road is approximately 10% the risk a user faces on a
single-star road. The potential for Safe System road infrastructure to be defined in a five-star standard for
each relevant road user is currently being investigated by iRAP as part of seeking to understand the more
complex interactions between vehicle types, speeds, infrastructure design and road users for safe
outcomes.
The star-rating model includes more than 60 road attributes, including the core elements of Safe
System design. They include road features that create a self-explaining environment (cross-section, line
marking, signage and functional design) and thus minimise the potential for human error, as well as
elements that mitigate the consequences of human mistakes when they occur so that crashes do not result
in serious outcomes.
Figure 5.2. Crash cost reduction per improved road safety rating

Source: iRAP.

As the speed and volume of traffic increases, higher-standard features are needed to maintain the
same level of star-rated protection for road users. This may include physical separation of vulnerable
road users, protection from roadside hazards, enhanced intersection design and separation of high-speed
oncoming traffic. Figure 5.3 presents the summary findings from the assessment of almost
250 000 kilometres of roads in 60 countries at all levels of development. Linked to the relationship
between speed and fatality risk, the analysis highlights the degree to which basic infrastructure features
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contribute to a Safe System and the management of crash forces that exceed biomechanical tolerance
levels.
Safe System Infrastructure Assessment framework
A framework for assessing how infrastructure rates in terms of a Safe System has recently been
developed by the association of Australasian road transport and traffic agencies known as Austroads
(Austroads, 2015). Based on a review of literature on Safe System infrastructure and existing risk
assessment frameworks, the framework considers typical crash types resulting in fatal and serious injury
outcomes, and the risks of these crashes (exposure, likelihood and severity). It provides useful prompts to
ensure each pillar of a Safe System is considered. The tool uses a matrix and multiplicative model to
score and rate infrastructure projects on a 448-point scale, with 0 being low risk and 448 being very high
risk.
Figure 5.3. Levels of exposure to potentially non-survivable forces in the event of crash conflicts

Source: iRAP.

While the scoring is to some extent subjective, guidance is provided in an attempt to make it as
consistent and objective as possible. In the future, more tools such as this will become available and
assist in embedding Safe System thinking into infrastructure projects. Such assessment frameworks could
be helpful not only for new road projects, but could also potentially be applied to existing corridors and
town planning proposals.
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Figure 5.4. Example of Austroads Safe System Assessment Framework
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The economic benefits of safe road infrastructure
The economic cost of road crashes is estimated to be in the range between 2 and 5% of GDP per
annum for many countries. Well-targeted investments in improved road infrastructure that achieve a
reduction in fatalities and serious injuries thus offer potentially high returns.
An analysis by iRAP (2014) based on case studies from around the globe, investigated the
proportion of fatal and serious injury outcomes that could be avoided or prevented with cost-effective
engineering treatments. The study concluded that in total, 92% of pedestrian fatalities and serious
injuries can be prevented among those walking along roads. Among pedestrians crossing the road,
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49% of deaths can be avoided with cost-effective engineering treatments alone. Prevention of deaths and
serious injuries among vehicle occupants in run-off-road crashes can be reduced by over 60% with
simple but proven engineering treatments like barriers, shoulder sealing and rumble strips. The one area
where cost-effective engineering solutions are more limited is at intersections. Here, treatment costs - for
instance from installing roundabouts or grade-separated intersections - are typically high. The more
affordable options, such as signalisation and turning lanes do not sufficiently manage road user
behaviour, as to drastically reduce serious harm; for this conflict speeds and angles need to be more
actively managed.

Safe vehicles
Motor vehicles in high-income countries are much safer than today than ever before, as the result of
a combined effort to use mandatory standards and consumer information to advance the safety
performance of motor vehicles. This model of regulatory “push” and demand “pull” has succeeded in
contributing significantly to declining road fatality rates. The greatest contributor to vehicle safety over
the last fifty years has been improved occupant protection or crashworthiness (also referred to as passive
safety). Crash test standards and independent consumer rating by New Car Assessment Programmes
(NCAPs) have helped to secure significant reductions in crash fatalities even as the exposure to injury
through rising vehicle use climbed substantially.
Figure 5.5. Estimated reduction in fatal and serious injury crashes with
cost-effective infrastructure improvements
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NCAPs provide transparency regarding the safety features of vehicle models by testing them and
rating their safety performance using a star system analogous to that of Road Assessment Programmes.
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The star ratings are intended to encourage consumers to purchase vehicles with higher levels of safety,
and, in turn, encourage manufacturers to produce and sell safer vehicles. The first NCAP was launched in
1978 in the United States, followed by the Australasian NCAP in 1993, Japan NCAP in 1995, and
European NCAP in 1997. There are now nine NCAPs or similar bodies active in Asia, Australia, Europe,
Latin America and the USA.
In 2015 the US National Highway Traffic Safety Administration (NHTSA) released a report
estimating that between 1960 and 2012 more than 600 000 lives were saved in the United States by
automotive safety technologies required by Federal Motor Vehicle Safety Standards (Kahane, 2015).
Similar progress has been achieved in the European Union (EU), where between 2001 and 2012 there
was a 55% reduction in car occupant fatalities (ETSC, 2014). An analysis of vehicle-based crash rates in
the Australian state of New South Wales estimates that occupant fatality risk of cars built in 2010 are
75% lower than for ones built in 1995 (Anderson and Searson, 2014). The gains derived from improved
crashworthiness are now being supplemented by active safety systems which can reduce potential impact
speeds or avoid a crash entirely and will sustain the positive contribution that vehicle technology has
made to reducing road fatalities.
Crash avoidance technology
The earliest crash avoidance technology was anti-lock brakes (ABS) and this has been followed
more recently by electronic stability control (ESC) which prevents loss-of-control skidding incidents.
ESC detects whether the steering inputs of the driver are consistent with the vehicle’s direction of travel.
If this is not the case, ESC applies the brake to one of the wheels (using the ABS) to correct the slide.
Seventeen different studies undertaken between 2001 and 2007 have shown ESC to be highly effective,
reducing single-vehicle crashes by approximately 30% as well as reducing the risk of opposing-traffic
crashes and roll-over crashes, especially for Sport Utility Vehicles (Fitzharris, 2010). ESC is now
mandatory in Australia, Canada, the European Union, Japan, New Zealand, South Korea, and the United
States. In the European Union, where ESC became a mandatory requirement in all new cars from
November 2014, it is estimated that it prevented at least188 500 injury crashes saved and more than
6 100 lives since 1995.
Originally developed in the mid-1990s, ESC was first introduced into the market by premium brand
car makers. Gradually all major manufacturers adopted ESC and offered it across their product range,
though as an additional rather than standard feature. Fitment rates grew steadily but remained low in the
highly competitive small car segment - ironically the type of vehicle where the crash avoidance
capabilities offered by ESC is most needed. The stalling ESC penetration in this high-volume but
low-margin segment is a classic example of a market failure, making regulatory action necessary to
achieve full penetration of ESC in all vehicle segments and realise the full safety potential. As a result
most high-income countries have made ESC mandatory, albeit some twenty years after it was first
introduced. ESC is now fitted to about 60% of new passenger cars worldwide, benefitting from
economies of scale that have lowered unit costs to less than USD 50.
The follow-on technology from ESC is autonomous emergency braking (AEB). This uses
laser/radar/camera systems to detect impending collisions and automatically brake if the driver does not
react in time. A 2016 study by the Insurance Institute for Highway Safety (IIHS), using US
police-reported crash data, shows that automatic braking reduced rear-end crashes by about 40% on
average (IIHS, 2016). It estimates that if all vehicles had been equipped with auto-brakes that worked as
well as the systems studied, there would have been at least 700 000 fewer police-reported rear-end
crashes in the US in 2013.
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AEB has also opened up significant further potential to avoid and mitigate pedestrian injuries. With
sensors that detect pedestrians, AEB can reduce impact speeds by as much as 15 km/h and thereby
contribute to less severe injuries. AEB will complement and maximise the benefit of softer, “forgiving”
vehicle fronts that are already available. So the combined effect of improved pedestrian crashworthiness
and crash avoidance promises further safety gains for pedestrians. If the infrastructure design keeps the
vehicle speeds within the limits that can be sustained by the human body, the outcome would be a Safe
System.
Given the central role of speed management within a Safe System, technologies that assist drivers to
control vehicle speed are an area of significant importance. Intelligent Speed Assistance (ISA) systems
can provide drivers with information about active speed limits warn them when the vehicle exceeds this
maximum speed and, in the case of active ISA, assist the driver to stay below the speed limit. Citing
evidence that ISA systems could cut collisions on all roads by one-fifth, the European Transport Safety
Council (ETSC) supports the mandatory introduction of ISA in all new commercial vehicles by 2017 and
for all vehicles by 2020 (ETSC, 2015).
ABS in motorbikes is another priority as studies of fatal crashes, insurance claims, and test track
performance all confirm the system’s importance for powered two wheelers. In the United States the rate
of fatal crashes has been estimated to be 37% lower for motorcycles equipped with optional ABS than
for those same models without ABS (Teoh, 2011). Supporting this evidence of effectiveness are collision
insurance claims for motorcycles with ABS which are filed 23% less frequently than for motorcycles
without it (HLDI, 2012).
Co-operative Intelligent Transport Systems and Automated Vehicles
Vehicle technology is strongly connected to a Safe System both in terms of trauma reduction, but
also supporting the driver in their behaviour. As vehicles are become increasingly smarter, Co-operative
Intelligent Transport Systems (C-ITS) and automated vehicles (AV) will change the way in which
drivers operate vehicles. Many of these are expected to address some of the existing system failures in
today’s traffic and improve road safety.
C-ITS technologies use wireless communications to allow vehicles to exchange data co-operatively
with other vehicles (V2V), infrastructure (V2I) or with multiple others at the same time including other
vehicles, infrastructure, pedestrians, cloud-based services and smartphones (V2X). C-ITS could inform,
warn or even override drivers in dangerous situations and reduce traffic congestion by optimising traffic
management. Safety C-ITS applications include:
•

collision avoidance and hazard detection (e.g. intersection movement assistance, right
turn assistance)

•

vulnerable road user safety (e.g. Motorcycle approaching indication, pedestrian detection)

•

in-vehicle signage (e.g. speed zone warning, stop sign warning)

•

road weather alert systems (e.g. spot weather impact warning)

•

post-crash notification systems (e.g. eCall).
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While only a handful of crash reduction results have been derived from large-scale C-ITS field
operational tests to date, there is a high level of confidence that C-ITS applications have significant
potential to reduce crash risk and the injury consequences of the road crashes.
In automated vehicles, one or more aspects of vehicle control - e.g. acceleration, braking, steering are performed by vehicle computer, not the driver. The Society of Automotive Engineers (SAE, 2014)
defines six levels of automation, with Level 0 indicating no vehicle automation, and the driver in full
control to Level 5 describing full automation, i.e. the vehicle is completely in control of the driving task,
with no requirement for the driver to monitor the system or road). Progression through the automation
levels will not necessarily be linear, however, as a number of vehicle manufacturers considering avoiding
intermediate Level 3 automation in their vehicles, as they are conscious of the challenges associated with
complex human-machine interaction, notably the question of when and how human drivers should be
able to regain manual control (see ITF, 2015c).
While automated vehicles will not be crash-free, they are generally expected to significantly benefit
road safety, particularly as the level of automation increases. However, the crash reduction benefits of
Level 3 and higher automated vehicles remain speculative, as highly automated vehicles have not yet
travelled long-enough distances for accurate crash reduction estimates to be made.
Automated vehicles represent an exciting development and will ultimately improve mobility options
for many, including the young and the elderly. Yet it will be some time before the anticipated safety
benefits begin to flow and while countries may support the development of automated vehicles, that
investment in the future should not come at the cost of continuing efforts in other areas to improve safety
and implement a Safe System. The transition towards fully autonomous vehicles will bring new
challenges with a mixture of automated and human controlled vehicles interacting in traffic and where
some humans will take further risks assuming that the automated vehicle will see them and react to avoid
potential collisions.
Realising the benefits from improved vehicle safety globally
The key determinant of the pace of improvements in motor vehicle safety is the fleet turnover cycle.
In Europe it has taken a period of about twenty years for safer cars to fully penetrate the vehicle fleet.
The EU originally introduced its front- and side-impact tests for new models in 1998, and in 2003 for all
cars in production. Since then, millions of new safer cars have taken to Europe’s roads and several
millions of older, non-compliant cars were de-registered. Today the overwhelming majority of passenger
cars in the EU pass these crash tests.
The European experience – not least with ESC – illustrates why regulation is beneficial and
ultimately necessary to secure the full benefits of new safety systems. The primary global body
responsible for automotive safety standards is the World Forum for Harmonization of Vehicle
Regulations (WP29) hosted by the United Nations Economic Commission for Europe (UNECE) in
Geneva. Two agreements, adopted in 1958 and 19981, provide the legal framework for UN member
states to voluntarily apply a wide range of motor vehicle standards.
The Global Road Safety Status Report 2015 (WHO, 2015) notes, however, that only 40 of the
193 UN member states fully apply these safety regulations. Of those that do, almost all are high-income
countries. The WHO report concludes that “there is an urgent need for minimum vehicle standards to be
implemented by every country”.
Contributing to this low level of use is the limited engagement by entire world regions in the UN’s
regulatory process, notably of Latin America, the Middle East and most of Africa. With middle-income
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countries now accounting for around 50% of the world’s passenger car production, it becomes paramount
that at least the most important of the UN safety standards for motor vehicles are applied universally. In
this context two things are also worth noting: first, a large share of the unsafe cars withdrawn from
circulation in high-income countries end up on the roads of middle- and low-income countries; of the
13.4 million cars de-registered in the EU in 2006, 7 million were scrapped while 6.6 million disappeared
or were resold outside of the EU and now constitute a threat to road safety elsewhere. Secondly, many
international car manufacturers that sell vehicles with high safety standards in in high-income countries
offer the same cars with lowered safety - for example without seatbelts for back seats as standard fitting.
On 15 April 2016 the UN General Assembly adopted resolution A/RES/70/260 on “Improving
global road safety” which includes strong commitments on vehicle safety. In recommendation number
nine, the resolution “invites Member States that have not already done so to consider adopting policies
and measures to implement United Nations vehicle safety regulations or equivalent national standards to
ensure that all new motor vehicles, meet applicable minimum regulations for occupant and other road
users protection, with seat belts, air bags and active safety systems fitted as standard.” The resolution is
an unprecedented call for standard fitment of vehicle safety technologies and is consistent with the
vehicle safety actions proposed in the UN’s Global Plan for the Decade of Action for Road Safety and
also the Global New Car Assessment Programme’s recommended road map for improved vehicle safety
by 2020 (see Table 5.3).
Table 5.3. Global NCAP Recommended Vehicle Regulatory Road Map 2020
Road map for safe vehicles 2020

All new vehicles produced or
imported

All vehicles produced or
imported

Frontal impact (No. 94)
Side impact (No. 95)

2016

2018

Seatbelt and anchorages
(No. 14 and 16)

2016

2018

Electronic stability control
(No. 13H/GTR. 8)

2018

2020

Pedestrian protection
(No. 127/GTR. 9)

2018

2020

Motorcycle anti-lock brakes
(No. 78/GTR. 3)

2016

2018

Highly recommended

Highly recommended

UN regulations* for:

Autonomous Emergency Braking
systems

*or equivalent national standards such as US FMVSSs.
Generating more demand for safer vehicles for faster safety gains
Communities can realise greater safety benefits, faster from vehicle safety if more vehicles with
improved levels of safety are purchased at a faster rate. Alongside regulatory action, there is considerable
scope to promote stronger demand for safer vehicles. In this respect, the purchasing decisions of public
and private fleet managers constitute an effective “demand-pull” lever. Motivated by a mixture of
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Corporate Social Responsibility and cost control considerations, a growing number of organisations are
introducing fleet safety policies which, for instance, require company cars to have a five-star NCAP
rating.
Such a policy has been adopted by BHP Billiton, the world’s largest resource-extraction company,
and the governments of Australia and Sweden. Their policy decisions reflect the recommendation of the
UN Global Plan for the Decade of Action for Road Safety, which encourages “managers of governments
and private sector fleets to purchase, operate and maintain vehicles that offer advanced safety
technologies and high levels of occupant protection”. It is also in line with the ISO 39001 standard for
road traffic safety management, which identifies vehicle safety as a significant factor for fleet operators
seeking to reduce death and injury in road crashes.
Financial or fiscal incentives can also speed up the introduction of improved or new safety
technologies, especially if they precede tougher regulatory requirements or are introduced in conjunction
with them. This is common practice with regard to vehicle emissions and fuel-quality standards and is
equally applicable to vehicle safety standards. Incentives might include reduced sales tax or registration
tax for cars that meet advanced safety standards. In 1985, the government of Denmark decided to reduce
the vehicle tax for vehicles equipped with anti-lock brakes (ABS). The reduction was relative to the
purchase price of the vehicle and capped at EUR 1 000 (in today’s prices). In 2003, the Danish
government introduced a tax reduction of up to EUR 500 for vehicles equipped with electronic stability
control (ESC). Today, a tax rebate of up to EUR 500 is offered for the purchase of vehicles with a
five-star NCAP rating.
Last but not least, the insurance industry can play an important role, and indeed should take a lead,
through reduced premiums for vehicles with the latest safety fittings. As crash avoidance systems prevent
or mitigate crashes, they help directly to reduce insurance claims and insurers would serve their own as
well as societal interests by passing some of these savings on to customers as discounts on premiums for
vehicles fitted with state-of-the-art safety features.
Some insurers in the United Kingdom, for instance, are changing their group rating system to
incentivise the purchase of cars equipped with AEB. In Australia, NRMA, a major insurance company, is
offering discounts of between 10% and 15% on vehicles equipped with AEB as standard after it has been
tested by the insurer for its effectiveness. Similarly, the Royal Automobile Club of Western Australia
(RAC WA) is only insuring or financing cars which have been awarded an ANCAP safety rating of
either four or five stars and manufactured from 2012.

Safe road users
Humans have always been the weak link in the safety of road transport safety, as in other complex
socio-technical systems. The large and persistent variability in the performance of humans in traffic
makes them the critical safety problem, while the other technical components can be designed to
minimise variability. The fact that humans do not behave safely within the limits of the road transport
system has usually been attributed to knowledge, information or attitude problems. It has long been
considered that road users may not have enough knowledge and information in specific situations to be
able to make rational, correct decisions. An incorrect decision may also be due to an inappropriate
attitude towards the situation. Hence, much of the road safety effort has focused on improving the
reliability of human behaviour by means of rules, training, monitoring and information. The idea has
been to provide road users with sufficient information and knowledge, to ensure they have the right
mind-set and follow rules and procedures for correct behaviour. If road users break rules they are
sanctioned, so as to deter system-disrupting behaviour and encourage compliance (Read et al., 2013).
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However, humans are not a mechanical component that can be conditioned to make objective,
correct and consistent decisions in all situations; human beings are greatly affected by their surroundings
and the context in which their decisions are made (Leveson, 2011). The technology, the social and
organisational context, group affiliation, productivity requirements, time pressure, legislation,
monitoring, the risk of discovery, consequences, the individual's level of knowledge, etc. are all
examples of environmental factors which influence human behaviour.
Safe System thinking represents a new way of looking at and understanding road user behaviour. It
considers the nature of human errors and goes even further in acknowledging human fallibility and frailty
by making its very premise that human beings cannot always cope with the complex demands – be they
physical, cognitive or psychological - that the road transport system confronts them with. The Safe
System holds that, for this reason, there is a need to understand the human capabilities in relation to the
system and how to adapt the properties of the system to these capabilities.
A comprehensive summary of case studies, facts and research on road user behaviour, including
details on all of the major road user risk factors such as drink driving, helmet-wearing, seatbelts,
speeding, distractions and child restraints is provided by The Global Road Safety Partnership Advocacy
Resource Centre (GRSP, 2016). This also includes images, videos, news articles and information on
tactical areas for advocacy activities.
Putting the road users at the centre of the system is the first and most important step towards a Safe
System. Human-centric design (sometimes also called user-centric design or Human Factor Engineering)
recognises that a system needs to explicitly acknowledge human strengths and weaknesses, and
accommodate them in the solutions offered. This approach has been a central tenant of human-centric
design for many years.
The initial objective of a Safe System in relation to people using the road transport system is to help
and support them to comply with road rules, acknowledging their capabilities and limitations, so they can
fulfil their part of the shared responsibility agreement that exists between the users and the designers in a
Safe System. Such an approach helps to identify a range of initiatives and instruments to support humans
and limit the incidence of critical errors. This requires thorough analyses are needed to understand the
complex mechanisms behind human errors or non-compliance in different situations; otherwise the
countermeasures might well turn out to be ineffective.
These analyses will show that non-behavioural measures, e.g. technical support, may be more
effective (see Box 5.1). A range of initiatives and instruments may be used in a Safe System to guide and
support road users to use roads safely. These include infrastructure design that invites safe use, speed
limits and road design that encourages safe speeds, road laws and traffic regulations for safety
compliance, traffic safety education, training (and re-training), and assessment and, ultimately, licensing
for safe road use. Both general and targeted enforcement are required to limit the incidence of the critical
errors most commonly leading to serious injury. In a Safe System, there needs to be a greater recognition
that human error will not be eliminated through safe road use (behavioural) measures alone and other
parts of the systems need to be relied upon.
The way road user errors are currently categorised is another important factor that shapes what
measures are taken. The underlying assumption has been that road user can make an intentional or
conscious decision in all situations to act right or wrong, i.e. that ultimately errors are more or less
intentional violations. In fact the patterns are more complex and human error can be distinguished as:
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•

Slips: Actions not carried out as intended or planned, e.g. misreading the road signs and
exiting from a roundabout on the wrong road.

•

Lapses: Missed actions or omissions, e.g. failing to do something due to lapses of memory
or attention.

•

Mistakes: Wrong actions carried out due to a faulty plan or action, e.g. someone believing
something to be correct when it was, in fact, wrong.

•

Violations: Deliberate illegal actions, i.e. somebody doing something knowing it to be
against the rules.

There will always be errors that may not easily fit into one of these categories. Running a red light
or trying to cross an intersection despite there being conflicting traffic are typical examples of serious
traffic offences which are not necessarily intentional. Forgetting to put on the seat belt, not turning on
headlamps, losing control on a road with invisible ice are other examples of traffic rule violations
without real intention, which can have deadly consequences. The problem is that they are almost always
regarded as violations and thus as intentional. But the remedies to address the issues vary with the
category a given behaviour falls into. Thus intentional red-light running may be effectively addressed by
red light cameras, but these will have only marginal effects on unintentional traffic-light violations.
Similarly, speeding may sometimes be a violation but in other instances the result of mistake.
Box 5.1. Case study: Seatbelt wearing in Sweden
In the mid-1990s, Swedish road safety experts discovered that despite a generally high level of seatbelt use
(approximately 90% in the front seats), the seatbelt wearing rate among car occupants who had been killed in
crashes was only around 40%. For that reason a stakeholder coalition representing government, research, insurance
companies, car manufacturers and suppliers of restraint systems addressed the problem. The initial inclination was
to devise educational and informational measures and plan a public information campaign. However, the group
decided to commission the Swedish National Road and Transport Research Institute (VTI) to carry out further
analysis. A detailed study of road users who did not wear seat belts came to the following conclusions (Dahlstedt,
1999):
•

Non-seat belt users had mostly positive or even very positive attitudes towards wearing seat belts.

•

The most common arguments for not using a seat belt were “just a short trip” or “sheer
forgetfulness”.

•

Only 2.5% of the non-users were genuinely opposed to seat belts, equalling 0.2% of Sweden’s driver
population.

These findings were later confirmed by studies from other countries. Based on these results, the group
concluded that general behavioural measures would only have a marginal effect. Instead, car occupants needed a
reminder every time they forgot to put on the seat belt. This led to a specification for a seatbelt reminder which was
later included in the EuroNCAP protocol. For this reason seatbelt reminders are standard equipment in most car
models in Europe today.
A 2008 study showed a seatbelt wearing rate of 97.5% in cars with seatbelt reminders and 85.8% in cars
without (Lie et al., 2008). These results could not have been achieved with traditional behavioural measures, thus
underlining the importance of analysing and understanding the mechanisms behind human behaviour in order to
take targeted and hence effective measures.
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One of the most common and critical errors made by drivers concerns speed choice. This is one of
the oldest, most enduring and most difficult road safety issues. Excessive speed is perhaps the main
element of risk in the entire road transport system. The relationship between speed and the risk of serious
injury is well-documented. High speed increases both the risk of crashes and the severity of associated
injuries. In particular, roads that have high rates of drivers exceeding the speed limits are the most
dangerous. Yet speeding is common across all road types, and even in countries which have invested
heavily in information, education and police surveillance (i.e. traditional behavioural shaping measures)
the problem of speeding remains large. For this reason, other systemic measures - such as self-explaining
roads and intelligent speed adaption - need to be taken into focus. The same is true for drink driving in
many countries. While there is a clear social norm that drink driving is bad, set through traditional
behavioural shaping measures, driving under the influence of alcohol remains a widespread problem.
Addressing it with “more of the same” will likely only achieve marginally better results. Instead
interventions in other parts of the road system may deliver real results, e.g. technical systems in vehicles
that detect and stop drunk drivers (“Alco-locks”).
One of the important understandings emerging in some countries pioneering a Safe System is the
contribution of different levels of speeding on road trauma. The common belief that serious road trauma
associated with speeding is mainly due to the actions of a relative few people exceeding the speed limit
by large amounts is partially correct. Pioneering work is showing that speed-related road trauma on a
population level is made up of a relative few people speeding by large amounts but also from the
collective impact of a relatively large proportion of drivers exceeding the speed limit by a small amount
of up to about 10 km/h over the speed limit.
This emerging understanding is reinforcing the need to ensure the speeding behaviour of the
population as well as the few who speed by excessive amounts is being managed and responded to in a
safe system.
It has been argued that a major factor in low rates of compliance with speed limits is that they are
not credible to drivers. A “credible” speed limit is defined as one that matches drivers’ expectations as
evoked by the look and feel of the road or traffic situation. It has been shown that visual characteristics
such as road markings, lane width and objects adjacent to the roadside can have significant effects on
drivers’ speeds, independently of the posted speed limits associated with the road. These effects appear
to arise from a combination of drivers’ perceptions of risk, their perceptions of how fast they are going,
and expectations and habits formed from prior exposure to similar roads.
Roads that are “self-explaining” include such specific design elements which drivers will take as
signal for a certain road type requiring a certain driving style. In this way, they act as built-in controls on
driver behaviour. The “Sustainable Safety” programme in the Netherlands involves identifying a clear
functional hierarchy of roads, then defining associated road designs that inherently promote the desired
operating speeds for each road category, and finally applying those road designs consistently to all roads
of the same function (see “Safe speeds” section below). The result is that roads with the same operating
speed look very similar to one another, while roads with different operating speeds look quite different
from one another. This approach has been trialled in an urban district in New Zealand with good results,
leading to a 43% reduction in crashes and a 50% reduction in crash costs over five years (see Box 5.3).
Rural roads are associated with the highest risk of fatalities and serious injuries. This is due to a
combination of a high variation in speeds (produced by both speeding and a diverse range of road users)
and the presence of unforgiving roadsides. To address this issue there are two principal tactics to
consider. The first, called error resistance, identifies ways of preventing users from making errors leading
to serious injury or death. This approach relies heavily on changes to the infrastructure through
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improving road surfaces, re-engineering road layout to improve horizontal curvature, and installation of
median barriers and guardrails to reduce the chance that drivers will leave their driving lane.
A second approach is to improve the error tolerance of rural roads. This approach often features
changes to roadsides such as the removal of static hazards like ditches and poles. Improvements in this
area, however, tend to be incremental rather than dramatic, in part because of the sheer multitude of ways
people are injured in a crash. A complementary approach is to encourage fleet penetration of safer
vehicles, with side impact airbags, antilock brakes, and stability control are seen as minimum standards.
As the age of our driving population increases this will become an even more important consideration
since older drivers are physically more fragile and thus more likely to be injured in a crash.
The focus of road safety efforts has been on drivers of private motor vehicles. This is
understandable, given that occupants of private cars represent the greatest proportion of road deaths and
serious injuries in most developed countries. However, there is an increasing appreciation of the road
safety issues associated with other road users including motorcyclists, truck drivers, pedestrians and
cyclists. This is in part due to the relatively high crash rates for these modes, but also a result of the many
co-benefits that these modes bring through their daily road use. The safe distribution of goods is essential
for the economy of any country, yet truck drivers are prone to fatigue due to long working hours and
higher vehicle mass means that collisions with other road users, fault of the truck driver or not, is almost
always severe or fatal. Walking and cycling have clear benefits for public health, the reduction of
congestion, environment protection and social interaction; yet the requirements of these road users are
often not fully integrated into road planning, funding and design. The vulnerability of pedestrians and
cyclists means that the relatively high speeds in many existing road environments do not represent a safe
environment for them.
A shift to a more holistic view of safety, well-being and economic productivity appears to be
underway, however, and it may be that in future a more sophisticated understanding of the impacts of
transport systems on the lives of humans, for better or worse, will provide better solutions – likely it will
give greater weight to lower traffic speeds, enhanced vehicle safety features and greater separation of
road users where pedestrians and cyclists are expected. It is likely that many of the Safe System
principles that work for vehicle drivers - such as intuitive, “self-explaining” roads – are likely to be
universally applicable.

Safe speeds
Speed is at the heart of a forgiving road transport system. It transcends all aspects of safety: without
speed there can be no movement, but with speed comes kinetic energy and with kinetic energy and
human error come crashes, injury and even death. Speed strongly interacts with all pillars of a Safe
System and is central to understanding the concept of a forgiving road transport system.
Speed is a factor in 100% of crashes and 100% of injuries. Speeding (which includes driving within
the speed limit but at excessive speed for the prevailing conditions) is estimated to contribute to around
30% of fatal crashes (OECD/ECMT, 2006).2 Travel speed affects the driver’s ability to accurately and
reliably process information in the traffic environment. High-level information processing by drivers
becomes critical to safe performance in cognitively demanding traffic settings, for instance in urban
environments where pedestrians, cyclists and other highly vulnerable road users are common.
The relationship between speed, crash frequency and injury severity is well established. One of the
most frequently referenced, the Nilsson power curves model shown in Figure 5.6, is an example derived

ZERO ROAD DEATHS AND SERIOUS INJURIES: LEADING A PARADIGM SHIFT TO A SAFE SYSTEM — © OECD/ITF 2016

108 – 5. SAFE SYSTEM PRACTICES AND TOOLS

for all road types. Curves by different road type and further discussion on these models can be found in
Cameron (2010) and Elvik (2013).
The focus of speed management is not to universally lower speed limits. Its aim is to match the
speed allowed with the mobility need, the environment, the infrastructure quality, the safety of the
vehicle fleet and the risk of death and serious injury. If the infrastructure quality, combined with the
vehicle types and standards, is insufficient to provide the level of protection required for the road users in
that particular environment, however speed management is ultimately required that will set and enforce
appropriate speed limits.
Managing speeds through speed limit setting and compliance
Speed limits should be set in accordance with scientifically robust findings on human behaviour and
performance, as well as human biomechanical tolerance limits. Conversely, it is not acceptable, given the
current state of knowledge about the critical role of speed, to set speed limits based on popular opinion or
by adopting the 85-percentile speed at which drivers choose to travel.
Figure 5.6. The relationship between change in mean speed and crash injuries
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X axis: Relative change in speed; Y axis: Relative change in number of crash injuries.
Source: Dr David Logan (MUARC). Derived from Cameron, M. and Elvik, R., (2010).

Around the globe, the experience for decades has been that speed limits are aligned primarily with
driver attitudes and their personal preferences for high-speed travel. This philosophy of pleasing the
public has not worked well in terms of safety. Optimum bias is the tendency of individuals to
underestimate the likelihood that they will experience an adverse event that may cause harm and this can
cause them to disregard precautions that may help them avoid or reduce the risk of these adverse events.
Most drivers overestimate what speed is safe and also believe they are better drivers than the average.
However, drivers are not good at perceiving many risks, for instance hazardous roadside objects. A new
evidence-based philosophy centring on the “forgivingness” of the road system to characteristic crash
problems is needed.
Notwithstanding the extent of speeding encountered on our roads, posted speed limits are still
acknowledged as one of the most powerful mechanisms for influencing speed choice. Agencies with the
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authority to set speed limits have a duty of care to inform road users more effectively of the risks faced
from driving in certain road environments, at particular speeds, including when complying with speed
limits. It has proven inadequate to allow drivers to exercise their own judgement on speed choice. Yet
this is effectively what is expected of drivers in many situations where the speed limit is substantially
higher than a safe speed. Speed limit setting for a forgiving road transport system should take account of:
•

the types of road users, their characteristic performance in traffic and their tolerance levels
to foreseeable crash types;

•

the safety quality of the infrastructure, especially its capability to forgive foreseeable
human errors, and so create low-risk conditions for all road users;

•

the crashworthiness and crash avoidance capabilities of vehicle fleets.

An example of inadequate speed limit setting is found in rural settings, where high speeds are often
allowed on narrow, low standard roads with an unstable gravel shoulder as the only recovery space
between the vehicle and endless lines of roadside trees, utility poles, drainage channels and myriad other
hazards. In countries such as the Netherlands and Sweden, rural default speed limits in these
environments are set at 70 or 80 km/h, whereas in countries such as Australia and New Zealand, where
the terrain can be highly challenging, the default rural speed limit is 100 km/h regardless of road and
roadside conditions. Should a vehicle leave the roadway at these higher speeds, the impact forces with
unforgiving roadside objects would be well in excess of biomechanical tolerances.
Once appropriately set, speed limits must be adhered to be effective. For road users to fully comply,
they must be supported through Safe System elements. Even low-level speeding results in
disproportionately large increases in individual risk. If the speeding is frequent and a substantial share of
road users is involved, the aggregate effect on system risk is considerable. The safety implications of
low-level speeding are often underestimated and not well understood.
Speed cameras are an effective tool for assisting compliance with speed limits. Sweden has
developed a general deterrence model of operating its national speed camera programme (comprising
about 1 300 cameras as of December 2015) to improve general compliance amongst the motoring public
over large lengths of the road network. The Swedish Transport Administration and the Swedish police
have expanded the system to about 2 000 cameras. The cameras are located at about five-kilometre
intervals on roads with high mean speeds and high risk of crashes. The installation of every new camera
is made public through websites and media. Cameras are also clearly marked and they are sometimes
active and sometimes inactive, but the actual state of operation is not discernible for road users. In this
way, a high general deterrence effect can be achieved and the total number of infringements issued per
year can be managed to not exceed the processing capacity of the police. Because the number of
infringements per year is limited and the camera locations are signposted, accusations of using speed
cameras for revenue raising are difficult to sustain.
The system has been carefully tailored to achieve maximum effectiveness through the unpredictable
switching on and off of cameras to achieve a wide-ranging deterrence effect, with particular attention on
the many thousands of kilometres of rural roads in Sweden which have no long-term prospect of
receiving adequate funding for retrofitting the forgiving infrastructure required by “Vision Zero”.
Real-time, central monitoring of speeds at each camera site provides data that is also used to determine
the optimal strategy for camera activation. Sweden’s speed-compliance programme illustrates how a
responsible driving culture in a Safe System can be fostered. Box 5.2 provides another example of an
effective speed camera programme implemented in France.
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A wide array of technologies is available to support drivers and riders to comply with speed limits.
Technologies include Intelligent Speed Assistance (ISA), mobile and fixed-position speed cameras,
point-to-point speed cameras, and advisory feedback displays, all of which are readily available and
capable of being used to support drivers and riders to travel with low risk.
Speed management through infrastructure design
Speed limits should not only be safe, they also should be credible for road users. A speed limit is
credible if it meets the expectations evoked by the characteristics of the road and its immediate
surroundings. The Netherlands have developed a process for setting speed limits that are safe and
credible (Aarts et al., 2009). Figure 5.7 below shows examples where speeds are not credible.
Figure 5.7. Examples for non-credible speed limits

Note: Both are urban roads with a speed limit of 50 km/h, but each with a completely different character.
Photo credit: Paul Voorham, Voorburg.

Credible speed limits are an important element of self-explaining roads. A Safe System road
network with self-explaining roads meets the expectations of road users and evokes driving behaviour
that is consistent with the legal rules and safety on the road. Ensuring appropriate speed should start with
a clear road hierarchy which separate those roads with a flow function from those with access functions.
In the Netherlands, which aim to make their roads self-explaining, three categories of road exist:
•

Through roads enable travel between origin and destination as fast and as safely as
possible (traffic has the highest priority).

•

Access roads provide (direct) access to the buildings at the locations of origin and
destination where residing is most important (traffic is a guest here).

•

Distributor roads connect through roads and access roads (flow at road sections and
exchange at intersections).

Each road category should have distinctive, different visual appearances and invoke different speed
behaviours. Residential streets, for example, may well be lined with trees that serve to discourage speed
and are unlikely to be a traffic hazard at speeds below 40 km/h. Research shows it is possible to identify
specific characteristics of road and environment that influence credibility (SWOV, 2012). Table 5.4
describes five accelerators (road elements that intuitively elicit a higher speed) and “decelerators”
(elements that intuitively elicit a lower speed) that provide guidance, also for retrofitting.
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Box 5.2. Case study: France’s speed camera programme
The French speed camera programme (SCP) represents one of the most important and effective innovations in
the country’s road safety policy over the decade. An estimated 16 000 fatalities were avoided due to the SPC over
the 2003-10 period as well as more than 62 000 light and severe injuries (Carnis and Blais, 2013).
The programme was implemented in a particular institutional context marked by the interdepartmental
dimension of road safety, specific governance arrangements and local government interventions The SCP
represented a reaction to the relatively unfavourable road safety performance compared with other European
countries and strong criticism of inefficient enforcement of traffic rules (Delorme and Lassarre, 2009; Carnis, 2007;
Ternier, 2003). An important factor was the support from road accident victim advocacy groups (Carnis, 2012). Not
least, the SCP was driven by the strong commitment of President Jacques Chirac, who publically declared road
safety a top priority in his 14th of July speech, media support and the French public’s strong reaction to a series of
high-profile road crashes
The SCP can be considered as a core component of the French approach to a Safe System. It has contributed
to a large reduction in the number of road casualties, as this is related directly to the significant decrease in
operating speeds. This decrease occurred for each driver category and for all different road types of the networks. A
large drop of speed violation rates was also observed in the 2002-12 period. The near complete automation of the
speed enforcement process ended inefficient practices and put a stop to leniency hitherto shown by the police and
judicial system. The SCP has thus improved enforcement operations and enabled a more stringent application of the
law.
With more than 4 000 speed cameras in operation, the automation of traffic enforcement also expands the
enforcement capacity of the police and has allowed a massively improved control of the road network. The number
of speed tickets issued grew by a factor of ten over the 2003-10 period.
An enumeration of the institutional factors that explain the successful implementation of the French SCP must
start with the crucial support provided by President Chirac at the top political level. This received complementary
political back-up from the relevant ministries. The creation of dedicated lead authority, the Direction de Projet
Interministériel Contrôle Automatisé (DPICA) in charge of the implementation process and the management of the
programme (performance indicators, dedicated funding) was a third element. The French SCP is thus characterised
by sustained collaboration between the different departments concerned (Carnis, 2009).
The SCP also faces some challenges that may hold lessons for other countries. Political commitment needs to
be sustained and across political parties in order to fend off challenges from well-organised lobby groups and
instrumentation during election campaigns. Interdepartmental collaboration must be safeguarded against capture by
one single department which may result from administrative reorganisations. Evaluation is crucial, because it
promotes transparency and improves the operation of the programme by making corrections and adjustments
possible. Evaluation can help generate public support and increase the level of acceptance for speed limit
enforcement in society. The revenue dimension remains an important issue for all speed camera programmes. The
public often views cameras as a “cash cow” for government and a hidden tax on drivers. The authorities have to
prove that such programmes are cost-effective and yield a positive return for society at large by reducing harm.
Revenue generated by the SCPs can be also used for funding road safety measures and communication campaigns.
Independently of the speed camera programme, France has moved to gain a better balance between the quality
of life and motorised traffic. In 2015, a bill was passed to allow local authorities to set general traffic speed limits at
30 km/h. Guidelines are now clearly expressing that 50 km/h should be restricted to urban roads where motor
vehicle traffic is a priority. Grenoble has since chosen to adopt a 30 km/h speed limit except for a few main urban
roads.
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While it is not possible to reconstruct our road system overnight, it is possible to retrofit roads with
engineering features such as road humps, road narrowing, angled slow points and mini-roundabouts on
local residential streets. An example of creating a “self-explaining” road network through retrofitting
from New Zealand is described in Box 5.3. Other methods of managing speed through infrastructure
includes perceptual measures such as road markings or posts approaching hazardous locations, electronic
speed feedback devices, and vertical displacements such as speed platforms at conflict situations such as
pedestrian crossings and intersections.
Table 5.4. Road infrastructure elements and their influence on speed
Road elements

Accelerators
(intuitively elicit a higher speed)

Decelerators
(intuitively elicit a lower speed)

Tangents

Long tangents

Short tangents

Physical speed limiters

Physical speed limiters not present

Physical speed limiters present

Openness of the situation

Wide and open road surrounding

Narrow and closed road surrounding

Road width

Wide road

Narrow road

Road surface

Smooth road surface

Rough road surface

Post-crash response
Appropriate management of road casualties following the crash is a critical determinant of both the
chance of survival and, on survival, the quality of life (ETSC, 1999; ETSC, 2001). Conversely, improper
functioning of the post-crash care system leads to more fatalities and severe injuries, which could be
avoided.
In many countries and cities road trauma can account for a significant proportion of trauma patients
in hospitals and other treatment centres. In Victoria (Australia), 43% of major trauma in hospitals is
transport related (Department of Health, 2014). Transport accounts for 70% of spinal cord injury in
Africa (WHO, 2013a).
The system responsible for the medical treatment of injuries resulting from road crashes is referred
to as trauma management (TM) or post-crash trauma care. It typically covers the initial medical treatment
provided by Emergency Medical Services (EMS) at the scene of the crash and during the transport to a
permanent medical facility, and further treatment by permanent medical facilities (hospital, trauma
centres). Post-crash response is an important component of a Safe System, as it can help to avoid death
and reduce the extent and severity of serious road trauma; it is also one of the pillars of the UN’s Global
Plan for the Decade of Action for Road Safety.
The report Safety Strategy for Rural Roads (OECD, 1999) showed the importance of emergency
services by indicating differences between the survival in severe (fatal and serious) crashes in rural
versus urban areas. The study "Reducing the severity of road injuries through post-impact care" (ETSC,
1999) highlighted evidence-based actions for the organisation of optimal trauma care in the European
Union (EU). The 2003 European action programme (CEC, 2003) stated that several thousands of lives
could be saved in the EU by improving the response times of the emergency services and other elements
of post impact care in the event of road traffic crashes. The World Report on Road Traffic Injury
Prevention (Peden et al., 2004) indicated the importance of improving medical care delivered after
crashes.
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Post-crash response services
The term “post-crash response” is used to describe the broad range of services that may be available
to crash survivors. These services have been divided into four sub-categories: legal support and
legislation, research and information, emergency responder training and equipment, injury care, and
mental health care.
Thoughtful legislation can do a lot to improve the post-crash response, and in a variety of ways.
Many countries – for example the UK with its Fire and Rescue Services Act 2004 – make it a statutory
duty for emergency services’ intervention to save lives and to play a role in prevention. Other helpful
supporting legislation may include recognition of a protection for those who offer help (Good Samaritan
Laws) and duty to assist the injured; first aid training and equipment requirements for certain drivers or
vehicles; protocols outlining minimum standards of pre-hospital and facility-based care; and financing
mechanisms to ensure universal access to free emergency care.
Research is another lever that can be effectively employed to improve post-crash response. The
collection of post-crash data and their scientific analysis in particular is critical for improving various
aspects of how the post-crash phase is handled. Injury surveillance systems, trauma registries and quality
improvement programmes all contribute to an increasing body of knowledge about injury and patient
care that can be used to optimise post-crash services and inform injury prevention strategies.
Well-equipped and trained responders are the cornerstone of successful post-crash response. Yet in
28 of the 179 countries listed by the Global Status Report on Road Safety, fewer than 11% of seriously
injured road victims are transported to hospital by ambulance (WHO, 2015). Many low- and
middle-income countries lack the equipment to respond to road crashes in time to prevent fatalities or
more serious injuries. Schemes to empower passers-by to respond are insufficient; emergency response
services must be equipped to at least provide the backbone of a national post-crash response capacity.
Training for emergency services and specialist equipment, such as extrication equipment, is often also
lacking. Training should be interdisciplinary to enable effective multi-agency response to road crashes.
Improvements in these areas can contribute to significant road casualty reductions as witnessed in the
Republic of Moldova, where assistance by FIRE AID with equipment and training for emergency
services has already saved many lives (see http://fire-aid.org/projects/republic-moldova).
Healthcare delivery should be organised and integrated through the entire spectrum, from injury
prevention to pre-hospital, hospital and rehabilitative care. The effectiveness of such a chain and the
outcomes for the injured depend upon the strength of each of its links. Survivors of road crashes may
also experience Post Traumatic Stress Disorder (PTSD) which not only increased the their suffering (and
that of their families) but may also affect their ability to be productive and thus further increase the
economic impact of road traffic injury. Post-crash response should thus include acute stress and grief
management, on-going professional psychosocial support, PTSD management and support groups.
Post-crash response process and benefits
It is customary to distinguish between survivable and non-survivable injuries and to differentiate
three phases in which death from road trauma can occur (OECD, 1999; Sasser et al., 2005). The first
phase comes immediately in the seconds and minutes that follow the injury, when death occurs
immediately or quickly as result of overwhelming injury. Death in this period is usually due to disruption
of the brain, central nervous system, heart, aorta or other major blood vessels. Only few of those patients
can be successfully treated, and typically only in large urban areas where very rapid emergency treatment
and transport is available.
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The second critical phase occurs one to two hours after the incident. Death in these instances results
from major head injuries, chest injuries, abdominal injuries, fractured femur and pelvis, or multiple
injuries associated with major blood loss. Survival rates during this period are clearly dependent on early
and appropriate medical intervention (OECD, 1999).
The third phase where deaths from injuries typically occur is several days or weeks after the initial
injury. Major causes of death in this phase include brain death, organ failure and overwhelming sepsis.
Improved survival rates during this period mainly depend on the quality of hospital treatment. For
example, a national evaluation study carried out in the United States found that the adjusted risk of death
in trauma centres was significantly lower than in non-trauma centres (MacKenzie et al., 2006).
Thus, the potential to reduce fatalities by means of early and appropriate medical treatment exists, at
least for the patients in the second and third post-crash phases. Summing up the published estimates,
Hakkert et al. (2007) concluded that 35-50% of cases could be considered as “treatable”, i.e. occurring
during phases two or three, and therefore, can be influenced (and partly reduced) by an improved TM
system.
Figure 5.8. Post-crash chain of events

Source: Hakkert et al. (2007).

A typical post-crash chain of events is depicted in Figure 5.8. Risk factors in the pre-hospital phase
include lack of effective and timely emergency services, lack of communication (e.g. mobile phones) and
lack of health insurance in countries without basic universal health service provision. Hospital risk
factors include the lack of suitably trained medical staff, particularly with respect to emergency medicine
and trauma management, and lack of suitable medical equipment. While these factors vary between
low- and high-income countries, they also vary within countries and between urban and rural areas.
“Mayday” systems aim to reduce the time between crash occurrence and the provision of medical
services. By improving information transfer between the trauma-care physician and emergency medical
service, they also aim for faster and more appropriate treatment. Automatic crash call notification, which
is currently being implemented in Europe (see Box 5.4) extends the benefits of Mayday systems by
providing emergency responders with data covering the location and the severity of the crash and the
nature of injuries sustained (ERSO, 2006-4). This system has been estimated to reduce 4-8% of road
deaths and 5-10% of vehicle occupant deaths in Finland (OECD, 2008).
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Box 5.3. Case study: Retrofitting self-explaining roads in New Zealand
Point England, a suburb of Auckland (New Zealand) had a high crash rate. A lack of differentiation in the
“look and feel” of local and collector roads caused speeding and the use of local streets for shortcuts. There were
also substantial variations in speeds on all road types.
A Self Explaining Roads (SER) template for the area was developed through an extensive analysis, public
engagement and design process. The aim was to create distinctly different local and collector roads (shown below)
with 30 km/h speed limits on local roads and 40 km/h on collector roads. Less variation in traffic speed and more
inviting environments for walking, cycling and socialising were also desired outcomes. Approximately
11 kilometres of roads were treated within the project area.
On local roads, mean speeds dropped considerably to around 30 km/h, while those on collector roads have
remained at around 50 km/h. The variation in speed on all treated roads is now much lower, reflecting the different
behaviour expected on each of the road types. On local roads, there is now less through traffic and more pedestrian
movement. Video data reveals that pedestrians also appear to be to be less constrained, with vehicles often giving
way to pedestrians. Residents now rate the look and feel of their street more highly than they did prior to SER
construction. In the five years following the completion of the SER project, the number of crashes has fallen by
43% and crash costs by 50%, with only low-severity crashes occurring over this period.
Figure 5.9. Self-explaining roads in Auckland, New Zealand

Left, Local road; Right, Collector road.

A key benefit of the Point England SER project is that the scheme was delivered with comparable costs to
traditional speed-hump treatments, which are generally less effective and are less favoured by residents. Further
development of the SER process and its practical implementation is likely to yield further savings and even better
designs. Building on the Point England experience, a new project called “Future Streets” is being implemented in
Auckland, taking the SER concept further by making community streets safer and easier to walk and cycle. To
understand the potential road safety, health and environmental benefits, a range of measures in treatment and
control areas include casualties, traffic speed counts, walking and cycling counts, road user interactions, a resident
survey (physical activity, travel patterns, perceptions of neighbourhood) and air pollution. The construction is
currently underway and the short-term study will be completed by 2018.
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Other effective countermeasures in the pre-hospital phase include trauma management training for
emergency services personnel. Helicopter services in higher income countries are proving to be cost
effective, particularly within a 200 km radius of major hospitals, as they provide rapid long-distance
transport to specialised medical treatment and avoid delays associated with traffic congestion.
In-hospital care can be improved by training teams for trauma management with the Advanced
Trauma Life Support course of the American College of Surgeons, widely recognised as the standard for
this type of training. Adequate funding for physical resources, including equipment and consumable
medical supplies and for training of medical staff is also essential. Advances in surgical technique,
trauma management and technology, all informed by research, are also improving hospital care of road
and other trauma victims; panel reviews indicate an average reduction of 50% in medically preventable
deaths and trauma registry studies show around a 15-20% reduction (OECD, 2008).
Summarising the findings of specific trauma studies (presented in Hakkert et al., 2007) and
additional evidence on changes in road traffic fatalities before and after introducing changes in trauma
care (Chiara et al., 2002; McDermott et al., 2007), it can be stated that 5-10% of the fatalities can be
determined as definitely preventable and a higher share of the fatalities - as possibly preventable due to
improved trauma management.
Box 5.4. Automatic crash notification via eCall in Europe
On 28 April 2015 the European Parliament voted in favour of an eCall regulation which requires all new cars
to be equipped with eCall technology from April 2018. By this time, eCall is planned to function seamlessly
throughout the European Union (EU).
In the event of a crash, an eCall-equipped car automatically establishes a connection with the nearest
emergency centre. Even if no passenger is able to speak, a “minimum set of data” is transmitted, including the
location of the crash site. Emergency services are thus informed in real time that a vehicle has crashed and where.
eCall can also be activated by pushing a button, i.e. used from an eCall-equipped car whose driver witnesses a
crash.
eCall can thus reduce emergency service response times by 50% in rural areas and by 60% in built up areas.
The fast response is expected to save hundreds of lives in the EU every year. The severity of injuries will be
considerably reduced in tens of thousands of cases. eCall does not allow vehicle tracking under normal driving
conditions.

Taking a system-wide approach to addressing the key crash types
People are typically killed and seriously injured in four main crash types: 1) vulnerable road users
(including pedestrians, cyclists and motorcyclists) hit by motor vehicles; 2) intersection crashes
(typically side impact); 3) run-off-road crashes (typically into hazardous roadside objects) and 4) head-on
crashes. These crashes occur on road networks of all kinds from local residential roads to shopping
streets, from city corridors to inter-urban routes. Targeting these priority crash types is central to the
development of a Safe System and the following sections give an indication as to how different parts,
and combinations of parts, of the system can be used to combat them.
Crashes with pedestrians and cyclists
Improving pedestrian and cyclist safety requires attention to vehicle design, road infrastructure, and
speed management, the focus areas of a Safe System. Their safety should be researched from a system
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point of view to allow for consideration of the many factors that expose them to risk, such as vehicle
speed, poor road design and lack of safe (segregated) facilities. Low- and middle-income countries also
need to avoid the mistakes made by many high-income countries that designed roads mainly with motor
vehicles in mind and without adequate attention to vulnerable road users. As countries witness increasing
numbers of motor vehicles, improvements are needed to infrastructure for vulnerable road users as well
as for vehicles, rather than focusing solely on behavioural measures. ITF (2012) and WHO (2013b) are
comprehensive manuals for pedestrian safety and include reference to a Safe System and similarly good
guides for cycle safety have been published (see for example ITF, 2013a). Notwithstanding those, speed
management in pedestrian and cyclist environments provides one of the greatest immediate opportunities
for improving safety outcomes for these vulnerable road users.
In a driving simulator study that related driver workload, driver speed choice, road environment
visual complexity and driver response times, Edquist, Rudin-Brown and Lenné (2012) found that drivers
travelling in a 60 km/h speed zone attempted to compensate for the effects of increased complexity by
lowering their speeds. However, the observed reductions in speed were insufficient to compensate for the
reductions in driver response times needed to avoid an increase in crash (and injury) risk. This finding
supports the case for reduced operating speeds to assist drivers in complex traffic environments, such as
busy pedestrian/commercial areas, to make safe and timely decisions when their information processing
abilities are being compromised.
Johansson found that drivers are less likely to give way to pedestrians using formal crossings when
travel speeds are higher. The optimum driver give-way behaviour was found to occur at around 30 km/h.
It was also noted in this research that at around 30 km/h travel speeds, there is more often a “social
exchange” between driver and pedestrian, seemingly leading to safer driver behaviour around
pedestrians. Corben (2006) found that fatal crash risk for pedestrians can be reduced by about 75% when
a driver chooses to travel at 40 km/h instead of 50 km/h, and by over 90% when 30 km/h is chosen over
50 km/h. Further research from France (Dommes, 2013) showed that errors in judgement when crossing
a street are similar for young adults and the elderly when traffic is travelling at 30 km/h but 19 times
greater for the elderly when traffic is travelling at 50 km/h.
Hence for pedestrians and cyclists to safely mix with motorised traffic, speeds should be kept below
30 km/h. Even at this speed, crashes with larger mass vehicles such as trucks, buses and trams can result
in death and a high likelihood of severe injury. In addition, vehicle pedestrian safety systems are most
effective around 30-40 km/h.
Infrastructure designs measures such as speed humps and platforms, slow speed areas such as
Woonerven (a name for “living streets” in the Netherlands, using traffic-calming techniques including
shared streets and slow speed limits) and well-designed roundabouts can physically control speeds to
within the limits of a Safe System. At speeds above 30 km/h pedestrians and cyclists should be
physically separated from motorised traffic through provision of separated pedestrian and cycle ways.
Time-separated facilities for pedestrians at signalised intersections and mid-block signalised pedestrian
crossings can result in severe injuries to pedestrians or cyclists when road users make mistakes or drivers
run red lights. Raised platforms at these at-grade crossing points can assist to manage speeds in these
instances. In higher speed environments, grade separated crossings are required to improve effective
separation.
Raised pedestrian platforms that significantly reduce traffic speed appear to be an effective
infrastructure response to severe casualties at pedestrian crossings. In combination with systems that can
brake a car automatically and pedestrian-friendly front ends, the safety effect can be even higher (see
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section “Safe vehicles”). In isolation, the effect of each measure may have some benefit, but when they
work together they give each other preconditions to maximise the safety benefit.
Box 5.5. Case study: Speed management in Japan
In Japan, road sections with a 30 km/h speed limit are nothing unusual. Yet compared to other countries such
as France or Germany these often encounter specific problems that reflect persistent patterns in the historical
development of transport infrastructure in Japan. Notably, parts of Japan lack a functional distinction between trunk
roads and community roads. Community areas and their roadways developed in a loose, random manner and this
has made it more difficult to introduce zone regulations, including the 30 km/h speed zones (“Zone 30”), because
through traffic and community traffic are often very much intermingled on the same road.
This mixing results in especially high traffic-death rates for pedestrians and cyclists that make up about 50%
of total traffic fatalities in Japan. In response, the Japanese authorities in 2011 introduced the Zone 30 principle in
2011. By the end of March 2014, a total 1 110 such zones existed. They are being supplemented by zones with even
lower speed limits. Reflecting the importance of this policy, implementation involved cooperation between police,
road administrators, representatives of local residents and other stakeholders.
This bottom-up approach for improved road safety on community roads is supported by the use of Big Data.
Through analysis of vehicle speeds, it is now possible to determine appropriate speed management measures,
including speed humps and realistic speed limits for given routes.

A range of Co-operative Intelligent Transport System (C-ITS) applications have been developed to
specifically meet the needs and transport issues faced by vulnerable road users, including pedestrians,
cyclists and motorcyclists. This class of applications are aimed at improving the safety of vulnerable road
users by alerting drivers to their presence, particularly if they are out of the driver’s line of sight, and
giving them priority at crossings so they are less likely to come into conflict with vehicles. These
include:
•

Pedestrian detection (a range of applications to detect vulnerable road users beyond the
drivers line of sight).

•

Intelligent pedestrian traffic signals (detects pedestrians, calls and adjusts crossing times).

•

Co-operative intersection safety for cyclists (detects cyclists outside of view and sends
message to driver about, position and speed of cyclist and warns of likely collision).

Crashes with motorcyclists
Crashes involving powered two-wheelers (PTW) can be divided into two main groups: those
occurring in urban built-up environments and high-speed crashes on rural roads. In the urban
environment, managing speeds below 30 km/h in potential conflict situations is likely to reduce the
severity of injuries. Separated motorcycle lanes are now being provided in a number of countries with
very high levels of motorcycle activity (see Box 5.6). Fully controlled turn phases at traffic-controlled
intersections, roundabouts or other means of managing speed and angle of impact on intersections are
other infrastructure initiatives. However, roundabouts remain as a major location for severe injuries for
PTW riders, as they represent a complex environment where drivers fail to see PTWs (and cyclists).
Signalised roundabouts offer an opportunity to improve this situation. Compulsory helmet-wearing and
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enforcement programmes, as well as protective clothing for PTW riders (and, again, cyclists) have been
found to be effective in reducing injuries to these road users.
Motorcycles and other PTWs present a particular challenge in a Safe System where they use rural
roads. This is largely because riders and pillion passengers do not have the level of protection of other
motorised traffic and hence the typical Safe System energy transfers associated with side impact, object
impact and head-on rarely apply. In high-speed environments, roadside barriers designed to improve
safety for other motorised road users - whether impact absorbing, frangible or not - can be dangerous for
motorcyclists who leave the roadway (albeit typically not more dangerous than the roadside objects that
they are protecting). In high-risk locations, motorcycle-safe barriers should be considered. Median
barriers help protect motorcyclists from head-on crashes and sealing gravel shoulders helps avoid loss of
control. In many countries Safe System interventions for motorcyclists are likely to come from the Safer
Vehicle, Safe Use and Safe Speed areas with particular emphasis on rider and passenger protection
systems, and on anti-lock braking systems (ABS). C-ITS applications are also being developed for
motorcyclists. These use vehicle-to-vehicle communication to warn the driver of a car or truck that a
motorcycle is approaching from any direction.
The ITF has recently released a comprehensive research report on Improving Safety for Motorcycle
Scooter and Moped Riders (ITF, 2015a). This study contains a specific section on safety of (PTW) in the
context of a Safe System. PTWs provide some unique challenges, particularly that of providing sufficient
protection in collisions with other vehicles or fixed objects. The recommended countermeasures take a
system-wide approach addressing road use (behaviours and equipment) vehicles and infrastructure.
Box 5.6. Case study: Exclusive motorcycle lanes safety in Malaysia
Crash records in Malaysia for the period 2005-14 show that motorcycle fatalities made up 60% of all road
fatalities, with an average of 3 975 motorcyclists and pillion riders killed each year. Moreover, motorcycle fatalities
rose by approximately 16% over this period, from 3 591 fatalities in 2005 to 4 179 in 2014 (Royal Malaysia Police,
2014).
In a mixed traffic system, motorcyclists share the road with larger vehicles, resulting in differential cruising
speeds and mixed-flow conflicts. One way of addressing the risks is to segregate motorcycles from other larger
vehicles through the provision of exclusive motorcycle lanes (EMCL). In Malaysia, EMCL are completely
separated from the carriageway and can be found on various highways. Egress (path of exiting from the motorcycle
lane) and ingress (path of entering into the motorcycle lane) is one of the main elements of EMCL. It allows access
into and out of the exclusive lane and thus provides mobility from one destination to another. An egress or ingress
itself could also be seen as the most hazardous location of an EMCL as motorcyclists are required to make the
critical decision whether to join or leave a traffic stream (Norfaizah et al., 2015).
The first EMCL was constructed along Federal Highway F02 between Kuala Lumpur and Klang in the early
1970s with support from World Bank. The total length of EMCL along F02 is approximately of 30 km per
direction. Various studies were conducted to evaluate the effectiveness of the EMCL. A preliminary finding noted a
significant overall reduction of crashes on the main carriageway by c. 34% and motorcycles accidents by 39%
(Radin Umar, 1995; Radin Umar et al., 2000). Furthermore, Radin Umar and Barton (1997) have shown that the
preliminary benefit-to-cost ratio of providing an exclusive motorcycle lane ranges between 3.3-5.2, depending on
assumptions used in calculating the motorcycle crash costs and the capacity of the EMCL. The study indicated that
even though the cost for provision of exclusive motorcycle lane is high, the benefit is at least three times higher
than the construction cost and thus provides a cost-effective approach to tackle motorcycle safety problems in
Malaysia.
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Intersection crashes
Crash locations in urban areas are often associated with the highest traffic volumes and often occur
at intersections. This includes signalised intersections and thus often involves vulnerable road users in
crashes. In this there is a certain irony: signalised intersections are the locations where traffic managers
exert most control over road users, telling them when to go, when to stop and what manoeuvres can be
performed. While they may have a relatively low crash rate on an exposure basis, they are nevertheless
associated with a high injury risk when crashes do occur. Over a very long time, road authorities have
seemingly been unable to address the core crash problems, often involving red-light running or
unprotected turns.
Considerable scientific evidence and experience indicate that many of the existing intersection
designs do not align with a Safe System. They rely on drivers’ and riders’ judgements in accepting
appropriate gaps, they do not manage speed, do not account for dynamic visual obstructions, and allow
side impacts, i.e. where vehicle protection systems are weakest.
A roundabout is an example of how to guide the road user to a safe form of behaviour and mitigate
the consequences of common human errors (see Figure 5.10). It is an example of how the capabilities
and limitations of the human being is, to a great extent, taken into consideration when designing the road
transport system, both from a psychological and physiological point of view. However, even roundabouts
can have safety implications related to single-vehicle loss of control, unless carefully designed. Multilane
roundabouts have been found to be problematic for cyclists and motorcyclists. Signalised roundabouts
offer potential for addressing some of these concerns. Managing speed through the intersection zone
through raised platforms is one infrastructure response.
Figure 5.10. Points of conflict at different intersection types

Note: Left, Priority-controlled intersection; Right, Roundabout.

A Safe System intersection is an intersection where road users will not get seriously or fatally
injured even if they make a simple mistake. Most current intersections do not meet this ambition because
the impact forces and kinetic energy levels are often beyond what a typical vehicle structure will resist,
and far greater than the biomechanical tolerance of a human body. This mismatch between speed, human
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biomechanical tolerance and vehicle crashworthiness is especially challenging in rural areas where speed
limits are usually set at high levels. Additionally, a Safe System intersection should aim to prevent a
combination of mistakes or inappropriate behaviours occurring simultaneously. This can be achieved by
providing intersection designs that are intuitively easy to understand and use i.e. self-explaining.
The fundamental constraints for a Safe System intersection design can be defined through the laws
of physics (Corben et al., 2015; Candappa et al., 2015). Physics dictates the levels of kinetic energy of
vehicles driving at speeds close to the posted speed limit, how quickly a driver can brake to avoid a
collision, the impact forces that vehicles exert on each other, and the impact forces that they transfer to
the human body in case of a collision. The angle of the intersecting roads and the angle at which vehicles
collide is one of the core factors determining the severity of the injury (see Figure 5.11).
Candappa describes the following Safe Intersection Design Principles (SIDPs) defined in the
MUARC Intersection Study (Corben et al., 2010):
•

Principle 1: limit travel speeds through intersections to 50 km/h (key principle)

•

Principle 2: avoid 90-degree impact angles (important principle)

•

Principle 3: physically separate vulnerable road users or provide travel speeds below
30 km/h (important principle)

•

Principle 4: limit points of conflict (supporting principle)

•

Principle 5: promote active mutual responsibility at intersections (supporting principle).

A number of countries are starting to investigate alternative, innovative Safe System intersection
designs. Future designs also need to recognise the human factor issues associated with an ageing
population. ITS-type systems such as variable speed limits that are activated by vehicles approaching on
side roads, or variable speed limits activated by vehicles turning across oncoming traffic at the
intersection, warning systems and red-light cameras are other initiatives that can successfully reduce high
severity crashes at intersections. Vehicle to vehicle technologies that detect vehicles entering the
potential collision zones and alerting the road users or taking action, such as braking, also offer potential
for reduced collisions.
Run-off-road crashes
Historically road managers have focussed on keeping vehicles on the road through geometric road
design (alignment and cross-fall). However, many vehicles still leave the road for all sorts of reasons,
including driver fatigue and inattention. Even on very good quality roads, run-off-road crashes with
single vehicles remain the main cause of serious injuries. This is due, to a large extent, to roadsides not
being designed to accommodate the common occurrence of vehicle departures, often at legal speeds.
Over the last 50 odd years, approaches to reduce the severity of these incidents have focussed on
roadside design, roadside hazard management, and an ever-increasing clear-zone width.
Recent research, particularly in Australia (Doecke et al., 2010; 2011) and the report Improving
Roadside Safety (Austroads, 2014) challenge the effectiveness of this approach. Indeed, they show that
other than for very low-angle departures, some vehicles will travel well beyond the designed clear-zone
widths. Speeds at the typical design clear-zone boundaries would exceed Safe System impact speeds. In
wide clear zones, vehicles also tend to roll, still resulting in serious injuries. The Austroads report found
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that the lowest Fatal and Serious Injury (FSI) ratio per crash came from impacts into flexible wire-rope
barrier systems. The flexible barrier system was found to come closest to aligning with a Safe System,
primarily through its ability to capture vehicles, even well beyond the systems design speeds and mass,
and minimise overturning. However, these findings relate to countries with high ratios of cars and trucks
and may not relate to countries with a large share of motorcycles. European studies into run-off-road
crashes on the Naples-Candela motorway in Italy and 2 000 kilometres of French motorways also
support that well-designed barrier systems produce lower rates of injury and serious injury than
unprotected roadsides.
Vehicle systems are now also playing an increasing role in assisting with keeping vehicles on the
road. Electronic Stability Control (ESC) is a driver assistance system which reduces the risk of loss of
traction of a vehicle. Although ESC cannot always prevent skidding from developing into a crash, it can
limit the risk of an injury in some crash configurations by reducing the amount of energy that is
exchanged in the crash. This is achieved by a more favourable crash configuration since the risk of the
side of the vehicle hitting oncoming traffic or other obstacles is minimised. Speed management, through
either infrastructure design or appropriate speed limits, offers huge opportunities for reducing the number
and severity of run-off-road crashes. Charlton (2013) found that drivers significantly underestimate the
risk of many roadside hazards and hence fail to modify their speed accordingly.
Figure 5.11. Influenced impact angle on transferable kinetic energy

Head-on crashes
The likelihood of severe injury from head-on crashes increases significantly beyond speeds of
70 km/h, suggesting that in a Safe System all undivided roads should have operating speeds below this
threshold. Analyses from Sweden, Australia and New Zealand suggest that severe casualty numbers from
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head-on crashes are a major issue at traffic volumes well below typical thresholds for installing median
barriers, often as low as 4 000 to 7 000 vehicles per day.
A Safe System infrastructure response to head-on crashes on roads above 70 km/h is to introduce
single direction carriageways, very wide median separation or a forgiving median barrier system. Stigson
(2009) found divided roads to be the strongest factor in eliminating fatalities among car occupants. The
issues with wide median designs are often the same as clear zone designs referred to in run-off-road
crashes above, with high speed, high departure angle vehicles travelling beyond the median-width or
rolling over. Once an errant vehicle has traversed the median and reached the opposite carriageway,
arriving even at very low speeds, severe injury can ensue, due to the high speeds and volume of
approaching vehicles. As such, well-designed barrier systems are invariably more effective.
Sweden is one country that is leading the way in addressing head-on crashes in high-speed
environments with a strategy of flexible wire-rope barrier systems installed on 13-metre wide undivided
carriageways with alternating passing lanes (2+1 system) and more recently on its nine-metre
carriageways with a 1+1 system. It is the erection of the mid-barrier that is critical to achieving a Safe
System performance, rather than the need to have the alternating three-lane cross-section. However, a
number of other countries have also successfully retrofitted median barriers within a relatively narrow
space to address head-on crash risk. An example from New Zealand is described in Box 5.7. The safety
gains from wire rope median barriers are likely to be greatest from countries with lower PTW usage.
Alternative forgiving barrier systems are being developed and installed where concerns for wire rope
barriers in respect to PTW and heavy vehicle use, maintenance costs from nuisance strikes, road worker
safety etc.
Many countries have developed three-lane carriageways to enable safer overtaking also with the
objective of reducing head-on collisions. Over time, the need for physical separation between opposing
lanes on higher volume roads is recognised. With concerns around the potential risks for motorcycles, the
need to maintain heavy vehicles and to minimise maintenance costs, other less flexible barrier systems
are adopted such as semi-rigid steel beams or rigid concrete barriers.

The business case for investment in a Safe System
Approximate spending on land transport is about 0.7% of GDP annually in most countries (ITF,
2013b). Assuming a similar global spend and world GDP equal to USD 75 592 billion (World Bank,
2015), a rough approximate estimate of the world road industry is USD 530 billion a year. Assuming
targeted road safety interventions equate to 2-5% of total budgets, the investment in targeted road
infrastructure safety is in the region of approximately USD 10 to 26 billion a year. This means that total
world road infrastructure safety investment amounts to approximately 0.5% to 1.4% of the estimated
global cost of fatal and serious crashes (USD 1 851 billion), or one US cent of investment for every
dollar of road trauma costs (McInerney et al., 2015).
With this base funding as a starting point, road agencies have typically set design standards,
warrants and investment levels to work within these funding constraints. This approach has led to
undivided high-speed roads, dangerous roadsides, high-speed cross roads and urban settlements without
footpaths all being considered as in accordance with the standards at certain volumes of traffic and
therefore deemed acceptable by road agencies and engineers. In many cases the belief that road crashes
are the road users’ fault has provided a convenient excuse by funding agencies, politicians and engineers
for maintaining the status quo. That is, within the constraints of available budgets, road authorities have
had to compromise on road safety performance – and accept a level of death and injury on the road
network.
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Box 5.7. Case study: Median barrier installation in New Zealand
In the nine years prior to the installation of a median barrier on New Zealand’s Centennial Highway in 2005,
there had been eight fatal crashes and four serious head-on crashes. Since the construction of the wire-rope median
barrier and the reduction of the speed limit from 100 km/h to 80 km/h, no fatalities or serious injuries have
occurred. Since the installation of the wire rope median barrier there have been no fatal or serious crashes, nor any
head-on collisions.
Camera surveillance of the median barrier showed that vehicles generally sustained relatively little damage
when they struck the barrier and were often observed to drive away after the impact. Drivers also tended to travel
more centrally within their lane with the barrier in place. Camera footage shows numerous situations where
vehicles had collided with the barrier in the face of opposing traffic, including opposing motorcyclists, avoiding
what would almost certainly have been head-on collisions.
Figure 5.12. Rope-wire median barrier on the Centennial Highway, New Zealand

Source: Marsh F et al. (2010).

Linked to the ethical, health and community benefits of road trauma reduction, the business case for
investment in a Safe System is compelling. Based on actual estimates of cost-effective investments in
safer roads and the expected reduction in road trauma and economic costs determined as part of iRAP
assessments worldwide, a global business case for road investment has been developed. The analysis
suggests that an additional investment of USD 681 billion (or less than 0.1% of global GDP per year for
ten years) could prevent an estimated 40 million deaths and serious injuries over 20 years, with a return
on investment of eight US dollars for every dollar invested (see Table 5.5). While not specifically
measuring the cost to deliver Safe System outcomes, the analysis highlights the opportunity for a
win-win investment in road trauma reduction.

ZERO ROAD DEATHS AND SERIOUS INJURIES: LEADING A PARADIGM SHIFT TO A SAFE SYSTEM — © OECD/ITF 2016

5. SAFE SYSTEM PRACTICES AND TOOLS – 125

Table 5.5. The business case for investing in road safety
What could be achieved

Low-income
countries

Lowermiddle
income
countries

Uppermiddle
income
countries

High-income
countries

All

Improve 10% of highest risk
roads

108 000 km

610 000 km

992 000 km

1 546 000 km

3 255 000 km

Build viable
countermeasures (USD)

8 billion

61 billion

149 billion

464 billion

681 billion

Reduction in fatalities over
20 years

384 000

1 483 000

1 528 000

283 000

3 678 000

Reduction in fatalities and
serious injuries over 20 years

4 224 000

16 313 000

16 808 000

3 113 000

40 458 000

Economic benefit over 20
years (USD)

83 billion

663 billion

2 766 billion

2 202 billion

5 715 billion

11

11

19

5

8

Benefit cost ratio

Source: iRAP (2014): Business Case for Safer Roads.

The key to an appropriate level of investment in improved road safety is the recognition of those
who benefit from reductions in road trauma (emergency services, hospitals, health and welfare systems,
insurers, business and treasury) as opposed to the traditional organisations involved in funding and
managing the road network (road agencies).
The potential for so-called Social Impact Bonds or other “impact investing” products to provide the
mechanism to close this gap are being actively explored worldwide. A pilot study is currently being
undertaken by the FIA Foundation, iRAP, the Traffic Accident Commission (TAC) of Victoria,
VicRoads, the Australian Road Research Board (ARRB), and the Royal Automobile Club of Victoria
(RACV) in Victoria, Australia, to develop a social impact bond calculator to measure the financial
savings to all stakeholders from an investment in safer roads (McInerney et al., 2015). The approach has
the potential to initiate a step change in resource mobilisation for combatting the biggest killer of young
people worldwide. It would also lift an enormous burden from health systems and individuals
everywhere and thus create a win-win-win. Further examples for developing business cases for
investment in a Safe System are TAC’s Safe System Road Infrastructure Programme (see Box 5.8) and
the business plan for “Sustainable Safety” programme in the Netherlands (see Box 5.9)
It is worth noting in this context that specific or additional Safe System funding is not needed when
Safe System principles are integrated in the process of building new infrastructure from the outset. This
will actually save money in the long term, both in the health system and in the transport system through
avoiding retrofitting.

Challenges to implementing a Safe System
Implementing a Safe System has many challenges which countries that are already on that path can
attest to. They centre around the paradigm shift away from driver blame, the debate and trade-off
between safety and efficiency, the lack of guidelines and standards, and the fear of higher costs.

ZERO ROAD DEATHS AND SERIOUS INJURIES: LEADING A PARADIGM SHIFT TO A SAFE SYSTEM — © OECD/ITF 2016

126 – 5. SAFE SYSTEM PRACTICES AND TOOLS

The case of Sweden, a leader in Safe System thinking and implementation, provides an illustrative
example. After the Swedish Parliament had unanimously adopted “Vision Zero” and the executive was
thus tasked with implementing the new vision, many road safety professionals remained sceptical and
hesitant, which manifested itself in three main lines of resistance.
First of all, the engrained focus on cost-benefit analysis made that the notion of achieving zero
deaths almost ridiculous to many road safety professionals. It was considered more or less absurd to
suggest that making this a national policy objective could be sound policy from an economic point of
view, as surely the marginal cost for reducing road deaths beyond a certain level would be extremely
costly and hence prohibitive. This line of resistance was countered in part with ethical arguments and the
rhetorical question how many dead and injured people would, in that traditional view, be “optimal” and
most “beneficial” for society. But the criticism was also addressed with hard figures showing the actual
economic cost of the unsafe roads. A final pillar in the case made by the proponents of “Vision Zero”
were pilot projects, which demonstrated that significant reductions in road fatalities did not necessarily
require costly investments. Rather, the coherent application of Safe System thinking could lead to
straightforward, easy-to-implement solutions, and even where large investments were needed, they could
be shown to be cost effective.
Box 5.8. Case study: Victoria’s Safe System Road Infrastructure Program (SSRIP)
Victoria’s Transport Accident Commission (TAC) is the state’s single insurer for transport injury
compensation claims. In partnership with VicRoads, the state’s roads authority, TAC has a strong record of
effective and cost-effective investment in programs which retrofit safety to the existing road network. In response
to Australia’s formal adoption of a Safe System and the growing global commitment to a Safe System vision in
general, the former Safer Road Infrastructure Program (SRIP) has been evolved into the Safe System Road
Infrastructure Program (SSRIP). SSRIP focuses on three main crash types that continue to dominate severe road
trauma in Victoria:
•

intersection crashes (44% of all serious casualties)

•

lane departure crashes (over 33% of all serious casualties)

•

crashes involving pedestrians and cyclists (19% of all serious casualties).

The strategic investment focus of the SSRIP is on:
•

Safe System transformation of intersections: mass action construction of roundabouts; innovative Safe
System designs for signalised intersections.

•

Safe System Transformation for eradicating lane departure casualties: freeways and divided major rural
highways, through the erection of continuous, forgiving roadside and median barriers; undivided rural
highways, initially through the trial of Safe System-aligned treatments, such as 2+1 designs and likesolutions; minor rural highways, through localised safety treatments and improved management of speeds,
given the existing default, 100 km/h rural speed limits.

•

Safe System Transformation for pedestrians and cyclists: popular cycling routes; commercial areas and
routes for pedestrians and cyclists.

To maintain current benefits during the transition to Safe System investment, a steadily declining proportion
of resources will be directed to conventional, cost-effective forms of safety investment (benefit-to-cost ratios of at
least three) during the early years of SSRIP funding. However, consideration is now being given to halving this to
1.5 for treatments that align with a Safe System.
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Box 5.9. Case study: Making the business case for sustainable safety in the Netherlands
Work towards the implementation of a Safe System in the Netherlands began in 1998 with the Start-up
Programme Sustainable Safety. Ten years after the launch, the Dutch Institute for Road Safety Research (SWOV)
assessed how implementation of measures in support of the Sustainable Safety vision has progressed and what their
impact on road safety performance had been. Among the host of road safety measures implemented under the
Start-up Programme, many aimed at improving infrastructure safety, the most important being categorisation of
road networks and construction of 30 and 60 km/h areas. Furthermore, more than 2 300 roundabouts were
constructed from 1998 through 2007. Together, these infrastructure measures have since prevented an estimated
120 to 145 fatalities per year.
Under the Start-up Programme, traffic enforcement also improved, due to the introduction of regional traffic
enforcement teams. These teams consist of about 30 full-time equivalents per police region or 750 full-time
equivalents in total, who work exclusively on enforcement in the following priority areas: helmet use on powered
two-wheelers, seat-belt use, red light violations, driving under the influence of alcohol, and speeding. The increased
traffic enforcement in combination with public information campaigns, probably contributed to a decrease in the
percentage of alcohol offenders and an increase in seat belt use. These improvements in behaviour in turn resulted
in preventing an estimated 65 and 55 fatalities per year respectively.
Vehicle safety also improved during the Start-up Programme, but this is largely attributable to European
regulations and initiatives of the car industry (encouraged by the European New Car Assessment Program
EuroNCAP). However, they align well with the “Sustainable Safety” vision.
On an aggregate level, the measures launched under the Start-up Programme showed positive effects. The
overall fatality rate from road crashes in the Netherlands decreased from 7.3 deaths per billion kilometres travelled
in 1998 to 4.7 deaths in 2007. The average annual decrease almost more than tripled compared to the preceding ten
years; while between 1989 and 1998 the number of road fatalities had fallen by 1.8% per year on average, it fell by
an annual average of 5.3% between 1998 and 2007. From a cost-benefit perspective, the measures were also
effective, with monetarised benefits approximately four times the costs (Weijemars and Wegmann, 2011).

A second challenge to “Vision Zero” came from behavioural scientists within the road safety
community who argued that approach was technocratic and ignored the importance of human behaviour.
Their main contention was that 90% of all road crashes were caused by human behaviour and that the
solution was to eradicate such “bad” behaviour. The Safe System supporters replied that in fact “Vision
Zero” was very much human centric: it acknowledged human frailty and fallibility, building its entire
approach around the notion that human beings cannot be expected to at all times cope with the complex
demands of road traffic - be they physical, cognitive or psychological. Research results highlighting that
speed management, infrastructure and vehicle solutions can prevent the majority of road deaths also
helped to explain the role of Safe System in the context of human behaviour.
Thirdly, among road engineers a prevalent belief was that the only way to build a safe road was to
construct large and expensive motorways. They also tended to be of the opinion that they designed and
built high-quality roads and that it was up to the road users to behave correctly on them. This mind-set
was challenged through a demonstration project, Sweden’s first 2+1 road. It showed that for a fraction of
the cost of a motorway, it was possible to achieve a very high level of safety with enough capacity. At
the same time the project provided clear evidence that the traditional roads in the class below motorways
(13-metres wide roads without median separation) were very unsafe compared to these roads.
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Conclusion
When implementing a Safe System, the professionals or practitioners responsible often ask
questions along the lines of “what do we need to do differently?” or “show me what a Safe System looks
like”. Although we all still have a lot to learn in this regard, this chapter shows how parts of the road
system can be strengthened individually, but more importantly managed collectively, to help work
towards a Safe System. This chapter does not repeat the significant array of well proven road safety
interventions that can be found in manuals such as the PIARC Road Safety Manual (2015), Elvik (2012),
or online in tools such as the CMF clearinghouse (www.cmfclearinghouse.org), or the iRAP road safety
toolkit (www.toolkit.irap.org). Instead it focuses on the primary system treatments that, if effectively
managed, will help make significant steps towards a Safe System.
The starting point for all Safe System practices is to understand the system failure points and how to
work backwards from these to intervene at the earliest possible time in a way that avoids crashes,
managing a crash to minimise any harmful impacts if it occurs, and to optimise the post-crash response.
A Safe System requires an understanding of the forces involved in the event of a crash, and how to
manage these forces within human tolerance for death and serious injury. These crash forces are typically
best explained through Safe System speed thresholds for the most common crash types.
The avoidance of system failures and the management of crash forces can be achieved through a
combination of encouraging safe use, providing self-explaining and forgiving roads and roadsides,
improving vehicle crash-avoidance and occupant-protection systems, and – critically - managing speed.
Should one part of the system fail, other parts must step in, including post-crash response.
Over time, road and vehicle design, and new technologies that promote and support safe driver
behaviour will play an even greater role in creating a Safe System. In the meantime, the importance of
managing speed to manage the kinetic energies should a crash occur cannot be overemphasised. While it
can be challenging to build public acceptance and find political support, speed management is quick to
implement at low cost and is highly effective.
While the fundamental principles of the Safe System are straightforward and should be simple to
implement, this is not always the case. Many traditional design guides, processes and funding
frameworks are not aligned with this approach and need to be updated or challenged. Business cases that
clearly demonstrate the unquestionable benefits of a Safe System can help with this.
The Safe System is still developing and there are a number of areas, in particular with vulnerable
road users, where further research, development and innovation is required. However, in many areas a lot
is already known about what works and what does not. The practices and tools pro-actively move
towards creating a Safe System are there to use.
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Notes

1

The 1958 Agreement has 58 countries as Contracting Parties (CPs) and has established 128 UN Regulations. The 1998
Agreement has 33 countries as CPs and it has established 12 UN Global Technical Regulations (GTRs). See
http://www.unece.org/trans/main/welcwp29.html

2

The 2006 OECD/ECMT Report is a comprehensive document on speed management outlining the effect of speed and the
various mechanisms for managing it through infrastructure design, speed limits, education, enforcement, and vehicle
technologies. Johnson (2014) provides more up-to-date information on the importance of speed management in a Safe
System. It is not the intention in this report to repeat this information but to reconfirm the importance of managing speed
in the pursuit of a Safe System.
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Chapter 6

Safe System in cities

Cities present both a pressing challenge for sustainable mobility and a great opportunity for creating a
Safe System of road traffic. Already, major world cities are becoming Safe System laboratories, testing
the viability of designing, communicating, managing and living the Safe System approach in complex
communities. With continuing urbanisation in high-income countries and rapid demographic growth and
urbanisation in many middle- and low-income countries combined with unprecedented motorisation,
there is an urgent need to establish a road safety paradigm in which pedestrians and cyclists can
equitably and safely share the public space of cities with motor vehicles.
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Why a Safe System is needed in cities
Almost half of global road traffic fatalities and a large proportion of serious injuries occur on city
roads and streets. Because of the diversity of road users in urban areas and their close physical proximity
in city traffic, vulnerable users - pedestrians, cyclists, children and the elderly are at particular risk
(WHO, 2015).Thus, many major cities are grappling with extremely high rates of road traffic fatalities
(see Figure 6.1). In some developing cities, more than 60% of those killed on the roads are pedestrians or
cyclists (Mohan et al., 2015). The exposure of vulnerable road users to road traffic injury is likely to
increase as both the population of cities and the number of vehicles within them grow.
As a result of a mass migration that every week takes three million people from the countryside into
cities in developing countries, the world’s urban population of currently 3.7 billion is forecast to increase
by another billion people by 2030 (WHO and UN Habitat, 2016). Even the population of major
developed cities such as London or New York is still increasing steadily. Over the same period to 2030,
global motorisation is predicted to grow from just over one billion vehicles today to 2.5 billion by 2030
(Sousanis, 2014) while land use taken up by urban development to accommodate these dramatic changes
could double.
Shift in a society’s age profile can also increase the number of vulnerable road users. Many
high-income countries and cities are seeing a growing proportion of older residents with specific
mobility requirements and exposed to specific risks. Meanwhile, urban sub-Saharan Africa is
experiencing massive growth in its young population explosion. By 2050, the average age in Japan is
expected to be 54 years, while in Nigeria it will be 21 years (PWC, 2015). The particular transport and
road safety needs of both these age extremes call for Safe System policy and design solutions. In the
words of former New York City Transport Commissioner, Janette Sadik-Khan: “Streets should be safe
and simple to use no matter your age or ability. City residents should expect and demand streets safe for
people who are eight or 80 years old.”
For all these reasons there is increasing recognition that road safety needs to be a central focus when
wider urban-planning decisions are being made. In addition to the road safety target included in the UN’s
Sustainable Development Goal (SDG) no. 3 (health), a specific target included the SDG no. 11 (cities):
calls for “access to safe, affordable, accessible and sustainable transport systems for all, … with special
attention to the needs of those in vulnerable situations, women, children, persons with disabilities and
older persons” (see https://sustainabledevelopment.un.org) by 2030. The Global Commission on the
Economy and Climate (2014) has also highlighted the important role of policies for walkability and
improving connections to mass transit for pedestrians and cyclists as part of a strategy for low-carbon
cities, and warned of the negative impact for road traffic injuries when cities and their road networks are
allowed to sprawl. This message is echoed by the Africa Progress Panel, led by former UN
Secretary-General Kofi Annan, which has raised the alarm over rising road traffic deaths in sub-Saharan
African cities.
Against this background, there is a growing recognition that Safe System thinking has an important
role to play in urban land-use planning and mobility management. A major report on urban health
published in March 2016 by the World Health Organization (WHO) and UN-Habitat as a contribution to
the Habitat III process for a “New Urban Agenda”, emphasised the Safe System as a strong framework
for delivering lower speed limits, separated cycle lanes and improved pedestrian facilities. This call was
echoed in a UN General Assembly resolution A/70/L.44 adopted in April 2016 which, “taking into
account that the majority of road deaths and injuries take place in urban areas…”, encouraged Habitat III
negotiators “to give appropriate consideration to road safety and access to safe, affordable, accessible and
sustainable public transport and non-motorised modes of transport, paying special attention to the needs
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of those in vulnerable situations, women, children, persons with disabilities and older persons in the
future New Urban Agenda.”
Figure 6.1. Reported traffic fatalities per 100 000 inhabitants in selected world cities

Source: EMBARQ technical note (Welle and Li 2015)
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Key elements of an urban Safe System
Speed management, infrastructure and street design as well as vehicle regulations and technologies
that protect occupants and pedestrians, can combine to deliver a Safe System in cities. Using speed
policy to minimise the kinetic energy released in a road traffic collision is central to enabling a forgiving
road environment. In urban areas, where motorised vehicles move in close proximity to pedestrians,
cyclists and other vulnerable road users, this is particularly important.
The probability of an adult pedestrian being killed if struck by a car at less than 50 km/h is less than
20%, but this increases to almost a 60% if hit at 80 km/h. Yet, according to the WHO, only 47 countries
(24 of them high-income), currently meet best practice standards on urban speed management, which
requires a national urban speed limit of 50 km/h and delegated power for local authorities to reduce the
speed limit locally to ensure safe speeds. In developing countries, more than 80% of the roads surveyed
by the International Road Assessment Programme (iRAP) that had a speed limit of 40 km/h or more and
were used also by pedestrians do not have viable sidewalks. The combination of high vehicle speeds and
inadequate pedestrian infrastructure is a recipe for disaster and high levels of urban traffic casualties - yet
also pinpoints where huge improvements can be made, and quickly.
Table 6.1. Urban speed laws in ITF and OECD countries
Speed limits on urban roads
50 km/h and can be modified by
local authorities
Australia
Albania
Austria
Belgium
Canada
Croatia
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece

Hungary
Ireland
Italy
Luxembourg
New Zealand
Norway
Poland
Romania
Serbia
Spain
Sweden
United Kingdom

Speed limits on urban roads
50 km/h and cannot be modified
by local authorities
Bosnia and
Herzegovina
Bulgaria
Iceland
Israel
Latvia
Lithuania
Malta

Moldova
Montenegro
Netherlands
Portugal
Slovenia
Switzerland
Turkey

No speed law or speed limit on
urban roads > 50 km/h
Argentina
Armenia
Azerbaijan
Belarus
Chile
China (People’s Republic of)
Former Yugoslav Republic of
Macedonia
Georgia
Japan
Morocco
Russia
United States

Note: Data not available for India and Liechtenstein.
Source: Adapted from World Health Organization, Global Status Report on Road Safety (2015).

Adopting a policy that inverts the traditional hierarchy of transport planning priorities (which placed
motorists and their speed of movement at the top) and recognising the needs of non-motorised road users
is a necessary first step to providing safety for all road users. This does not mean that Safe System
policies are anti-car or anti-business. Rather they are “pro-people”, including the people in cars, who are
often also walking, cycling, and travelling on a bus or metro. And they may find that improved street
design and reduced overall speed actually can improve traffic flow, too. Most importantly these changes
improve the urban form and the amenity of people living in these urban settings. Cities that are most
effectively adopting a Safe System use speed management as the common denominator for a range of
interventions.
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Many cities are legislating for speed reductions. In the Americas, New York City campaigned for
State approval to introduce a 25 mph (40 km/h) default speed limit as part of a holistic “Vision Zero”
strategy (see Box 6.1), and São Paulo and Mexico City have recently adopted Safe System policies (see
Box 6.2) with speed limit reduction as a core element. In Europe, London, Edinburgh and Cardiff are
amongst other major British cities introducing widespread 20 mph (32 km/h) speed limits in urban
residential areas that cover the homes of more than 15 million people. On the European continent, cities
such as Paris or Barcelona have set 30 km/h speed limits for significant proportions of their streets.
Box 6.1. Case study: The path to “Vision Zero” for New York City
The evolution of road safety policy in New York City over a decade provides a case study of how a major and
complex city builds support for and adopts the Safe System. Adoption of the PlaNYC strategic plan for
sustainability by Mayor Michael Bloomberg in 2007 led to a fundamental reappraisal of traffic management, street
design and road safety policy. In the NYC Department for Transport’s 2008 strategic plan, a target was set to halve
road traffic deaths by 2030, from 270 to 135. A study by the city in 2010 reviewed 7 000 serious injuries and
undertook an in-depth analysis of how, where, when and why these crashes and casualties had occurred. This study
highlighted the need to improve safety along corridors rather than just at intersections (where it had always been
assumed that most injuries occurred), and prompted re-design of streets up to block-length. As a result, fatalities fell
by 34% in locations which had been remodelled. On streets redesigned to include protected cycle lanes, injuries for
all road users fell by 43%. The Bloomberg administration thus demonstrated that safer street design is feasible at
low cost, and that dangerous expanses of road space can be transformed into places for people complete with
seating and tables, with a little paint and a few plant pots. Thus began a cultural change that went beyond simply
road safety measures. In 2013, Mayor Bloomberg’s successor Bill di Blasio took a further step by announcing that
New York City would adopt a “Vision Zero” road safety strategy and aiming for zero fatalities on its streets by
2024. Mayor di Blasio set out his agenda as follows: “The fundamental message of Vision Zero is that death and
injury on city streets is not acceptable, and that we will no longer regard serious crashes as inevitable.”
A permanent Vision Zero task force was established. A successful legislative campaign at State level gave
New York City the right to reduce the default speed limit to 25 mph (40 km/h). A co-ordinated multi-agency effort
was launched with advertising campaigns and police activity targeting raising awareness and enforcement of risky
driving behaviours. Further street modifications were also undertaken: by the end of 2014, 50 new street design
improvements, 25 arterial slow zones, 8 new neighbourhood slow zones, 250 speed bumps, 20 new speed cameras,
and several miles of new cycle lanes were installed. Going further, injury surveillance and data management was
improved by, inter alia, closer collaboration between the Department of Transport and the city’s Department of
Health; and a review of available vehicle safety technologies launched. In the second year of Vision Zero the city
added a further 80 street improvement projects. Of these, 60 targeted priority locations identified in the Vision Zero
Borough Plans. At traffic lights, a total of 417 leading pedestrian intervals were installed to give pedestrians a head
start crossing streets. An additional 12.4 miles of new protected bike lanes were built. On the enforcement front,
New York police officers issued nearly 40 000 failure-to-yield penalties (nearly triple what had been issued
annually in 2011 to 2013) and more than 134 000 speeding tickets (a 75% increase). In two years 2014 and 2015,
almost 1.5 million speeding ticket were sent to drivers caught by speed cameras. In locations with fixed cameras,
speeding declined by 50% on average.
While it is too early for definitive results confirming that New York is on a pathway towards zero road deaths,
the signs are encouraging. Road traffic fatalities in the city fell to their lowest ever (231) in 2015. Pedestrian deaths
in New York City fell by 27% compared with levels before the introduction of Vision Zero in 2013. The efforts of
both the Bloomberg and di Blasio administrations have been characterised not least by intensive outreach to the
city’s different communities and broad consultation to explain policies, secure feedback and build sustained
support. New York City’s 2016 Vision Zero plan builds on this community support to maintain the momentum.

But many of these cities also recognise that while enforced speed limits are an important weapon in
the armoury, a genuinely Safe System relies on more than education and enforcement to cut speed; it

ZERO ROAD DEATHS AND SERIOUS INJURIES: LEADING A PARADIGM SHIFT TO A SAFE SYSTEM — © OECD/ITF 2016

140 – 6. SAFE SYSTEM IN CITIES

nudges, guides and leads road users into a self-explaining zone of safety where the physical parameters
are designed to prevent serious injury. As Transport for London points out in its 2020 strategy document,
“Safe Streets for London”, which articulates an ambition “…to work together, towards roads free from
death and serious injury” with an initial target of a 40% reduction in those killed and seriously injured.
“Those responsible for delivering road safety in London must strive to accommodate and protect all road
users from the impact of human error and unpredictability, as well as seek to minimise it […]. This
requires innovative thinking about the full range of possible interventions, including developing a safe
road infrastructure, improving vehicle safety and reviewing speed limits to reduce unacceptably high
injury risk.”
Box 6.2. Case study: São Paulo and Mexico City - pioneer cities on the Safe System frontier
Two Latin American megacities which have set ambitious goals to change urban mobility culture and
dramatically reduce road traffic injuries are São Paulo in Brazil and Mexico City.
In 2013, Mayor Fernando Haddad of São Paulo introduced the Life Protection Programme (PPV), which
focuses on making roads safer for all users, starting with the most vulnerable. As part of PPV, the city has reduced
speed limits citywide, introduced diagonal pedestrian crossings, built new cycle lanes and created pedestrian-only
zones. Besides reducing speed limits on major arterial roads, the city also implemented eleven “Areas 40” in
quarters with high pedestrian and commercial activity. In an Area 40, the maximum speed is now 40 km/h on
selected streets. The first Area 40 to be implemented, known as “Centro”, recorded 71% fewer road fatalities and
injuries after the new limits were adopted.
Road deaths in São Paulo have declined, by 20.6% overall from 2014 to 2015. This represents 257 lives
saved. Cyclist fatalities dropped by 34% (from 47 to 31) and the number of pedestrian deaths by 24.5% (from 555
to 419). The number of fatally injured car occupants also declined, albeit less markedly, by 16.9% (from 207 to
172), as did the number of motorcycle deaths (-15.9%, from 440 to 370). Nevertheless, the measures introduced by
Mayor Haddad have met significant opposition from businesses and motorists. They are supported by road safety
and pedestrian NGOs, and these, in addition to international partners such as the World Resources Institute and the
Institute for Transportation and Development Policy, are actively promoting positive results achieved under São
Paulo’s Safe System initiative.
Mexico City reports approximately 1 000 road traffic fatalities each year, which is around half the annual road
deaths for all of the UK. Change is thus urgently needed. In 2015, Mayor Miguel Mancera announced a new Vision
Zero policy aiming to improve safety for pedestrians across the city, following many years of advocacy by civil
society organisations. Mexico City’s Vision Zero establishes a range of road safety measures to protect and
prioritise pedestrians and initially targets a reduction in pedestrian deaths by 35%.
The new policy is underpinned by a revision of traffic safety regulations, the “Law of Mobility”, which
formally establishes pedestrians at the top of the traffic system hierarchy. This translates into pedestrian now having
the right of way at all intersections. Specific measures include reducing maximum speeds on primary urban roads
from 70 km/h to 50 km/h, improving intersection design and introducing traffic-calming measures. The city’s
efforts are also being supported by international partners including the World Resources Institute and a partnership
of the International Traffic Safety Data and Analysis Group and the International Automobile Federation (FIA) that
supports traffic data management in Latin American cities.

Design of urban public space sends signals to users. Wide, multi-lane boulevards tell drivers that
high speed is possible. Side streets with no traffic calming encourage their use as rat-runs. Re-allocating
street space - for example by removing a lane of traffic to create a separated cycleway, providing wider
sidewalks, introducing curb extensions or breaking up wide streets with pedestrian islands - reduces the
encouragement and physical opportunity for high vehicle speed. Understanding how pedestrians and
cyclists move, or would like to move, around cities is crucial to formulate policies that will harness
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design for safety and secure public acceptance and support. Observing and recognising the “desire lines”
along which people intuitively make journeys and co-opting this reality into street re-design can create
safer and more harmonious travel for all road users (Sadik-Khan, 2016).
Figure 6.2. Space reallocation in a neighbourhood street

Space reallocation in a neighbourhood street adds facilities for walking/cycling and calms traffic.
Source: National Association of City Transportation Officials (NACTO).

Within the urban policy toolbox, design elements for safe urban travel include improving arterial
roads through speed management, provision of pedestrian and cyclist facilities including traffic islands
and cycle lanes, shorter blocks, frequent safe crossing points and consistent layout; traffic calming
measures in side streets and residential streets such as speed humps, chicanes and chokers that reduce
speed and enable safe pedestrian movement; a network of connected, separate cycle lanes; and safe
access to mass transit (Welle et al., 2015). Many of these design changes are relatively cheap to
implement and applicable for the streets and traffic situations of towns and cities across the world.
There is growing evidence that a city’s overall attitude to how public space is used, and in particular
how pedestrian and cyclist access and movement is accommodated, can have a strong impact on road
traffic casualties. Prioritising the provision of attractive and accessible pedestrian space, including parks
and public plazas, large and small, and allocating street space alongside sidewalks to cycle lanes
demonstrates that a city cares about its pedestrian visitors (including those who may have arrived by car)
and can show that there are both safety and economic benefits to such an approach. In the United States,
the National Association of City Transportation Officials (NACTO) is spearheading the practical
adoption of new design approaches by city road engineers and advocating for urban street design as a
core element of a Safe System. And an increasing number of cities in the US are re-visiting planning
decisions from the 1950s and 1960s, for example by de-commissioning multi-lane flyovers or converting
their use to walking and cycling.
Reducing the number and length of vehicle trips through city planning that brings shops and
services closer to communities; and encouraging modal shift from the private car to mass transit or
non-motorised travel, can reduce exposure to road traffic crashes. Yet a shift to public bus transport, bus
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rapid transit (BRT) or light rail is not in itself a panacea. Mass transit must be designed to be safely
accessible to pedestrians – most mass transit journeys begin and end with walking – and service
providers must be well-regulated and supervised. Target 11.2 of the UN Sustainable Development Goals
can be an important driver for a holistic approach that encapsulates the provision of public transport as
well as an emphasis on accessibility. Barriers to access of public transport, such as cost or security,
particularly for women, must also be addressed.
In an urban Safe System, vehicle safety has an important role to play. A combination of all vehicles
meeting five-star NCAP safety performance and urban speed limits below 50 km/h would eliminate
almost all fatalities and serious injuries for vehicle occupants in cities. In this context; governments
should also adopt the UN technical regulations relating to pedestrian-friendly design of vehicle fronts,
which can reduce injury severity for pedestrians at lower speeds. New active safety technologies,
particularly Autonomous Emergency Braking (AEB), can take critical fractions of kinetic energy out of a
collision or avoid the crash altogether. While many policy makers and commentators are mesmerised by
a possible future urban utopia of autonomous self-driving vehicles, these life-saving technical regulations
and technologies are available now and should be adopted much more widely and quickly. At city level
large fleet procurement managers, such as city authorities and major employers, could take a lead in
requiring purchase of vehicles that meet a pedestrian-friendly performance standard for both passive and
active safety.
Figure 6.3. A redesigned transit corridor

A redesigned transit corridor provides safe access to pedestrians and public transport users.
Source: National Association of City Transportation Officials (NACTO).

Ultimately, the test of a Safe System is how well it works for its youngest, oldest and most
vulnerable users. Streets safe for children are a priority, and often a starting point, for cities embarking
on the journey to a Safe System. Safe-routes-to-school programmes are localised micro-Safe Systems
already existing in many cities. They are effective, widespread and popular, often well-funded, and can
be a useful point of reference for urban authorities looking to establish a fully-fledged Safe System. For
cities that are already implementing it, safe school zones remain an important part of the overall strategy.
The achievements of South Korea demonstrate how a focus on safe routes to school can drive wider
change. The country managed to achieve a most remarkable 95% reduction in road traffic fatalities for
children under the age of 14 between 1988 and 2012 (see Figure 6.4). At the core of this success is traffic
speed reduction and management, through a combination of street redesign, traffic calming and strict
enforcement of speed laws. The latter include mandatory prosecution of drivers involved in crashes
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within designated school zones and the doubling of fines for traffic violations within these zones. The
strategy has also included regulatory interventions in school transport, support for civil society
advocates, sustained awareness raising and adoption of new or expanded objectives as targets are
reached. South Korea’s results should provide an inspiration for other countries grappling with high road
traffic injury rates.
As older people become a larger proportion of the population, particularly in developed economies,
a Safe System must also be designed to anticipate and accommodate their needs. Because of
physiological change associated with ageing, seniors are more likely to suffer serious injury (such as
fractures) even in lower-impact crashes. Limiting vehicle speed, reducing the width of pedestrian
crossings (e.g. through pedestrian islands) and extending crossing time through smart traffic signalling
are all ways to make journeys on foot safer, less stressful and more enjoyable for elderly people. Safe,
accessible and well-lit transit design is also vital.
Figure 6.4. Child road casualty trends and related policies in Korea

Source: KOTI.

Building political support and delivering a Safe System city
As a growing number of cities are adopting ambitious targets to reduce traffic casualties and seek to
realise them with Safe System policies, what are the common ingredients that these agenda-setters share?
Firstly, political will and leadership is vital. Mayors who provide a clear statement of intent, who
prioritise a Safe System within their administrations and who continue vocally to support and explain
implementation even when measures run into fierce opposition, are the most important success factor.
Strong civil society pressure, particularly from NGOs representing road traffic victims, can help political
leaders to take the step to adopting a Safe System and provide reinforcement as policies and strategies
are rolled out. Former New York City’s former Transport Commissioner Janette Sadik-Khan, for
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instance, acknowledges the important role played by pressure group Transportation Alternatives in both
spurring and enabling sometimes controversial street design changes.
Secondly, data drove the decisions to adopt a Safe System, and is also proving integral to effective
delivery – as illustrated by the example of New York City. Other cities have made the same experience.
In Gothenburg, Sweden, it was data on pedestrian and cyclist crash injuries which kick-started a road
safety step-change that resulted in a 75% reduction in such injuries (see Box 6.4). In Edmonton, Canada,
it was also data on comparatively high fatalities that provided the motivation to act (see Box 6.5). On the
implementation side, some cities for instance in the UK and Italy, are using data-driven tools such as the
WHO’s Health Economic Assessment Tool (HEAT) analysis to build a case for investment in walking
and cycling infrastructure. In France, local road traffic injury data collection is an essential requirement
of holistic Sustainable Urban Mobility Plans (SUMPs) and is guiding policy change which - while not
necessarily explicitly adopting a Safe System vision, delivers Safe System objectives through speed
reduction, prioritisation of pedestrians and cyclists, and investment in public transport (see Box 6.3).
Box 6.3. Case study: Delivering Safe System policy through Sustainable Urban Mobility Plans in France
In France, the provisions of the Solidarity and Urban Renewal Act (Loi SRU 2001) have made safety of
transportation one of the main concerns of French Sustainable Urban Mobility Plans. The objective is to produce a
well-balanced transport system placing particular emphasis on walking, cycling and public transport that is safe for
all users. Taking account of safety in this way serves a dual objective of reducing the number and seriousness of
road traffic crashes and of facilitating the introduction of other policies developed within the SUMP, such as
equitable road-sharing and the development of active transport modes.
Initiatives to make motor vehicle traffic less aggressive for other users of the public space aim to change the
role of cars and reduce crashes. In order to achieve this, the Urban Mobility Authority (AMU) must endeavour,
through consultation, to understand safety problems within its jurisdiction, in particular by examining failures in the
relationships between urban planning, transportation and development likely to lead to injury situations. In seeking
greater coherence between town planning and transportation, local actors have a chance to tackle fundamental
issues underlying safety problems in the whole of the urban area and to produce a transport system that is properly
suited to the physical capabilities and vulnerabilities of all users.
In the SUMPs, French urban mobility authorities (conurbations of more than 100 000 inhabitants) are required
to create a road accident observatory so that they integrate road safety under their field of responsibility. Knowing
their own data, they can run studies, set road safety targets, take decisions on land use and changes in the transport
system and evaluate performance (the SUMP is required to be updated every five years).
Lille Métropole, for example, included a target that no pedestrian should be killed by the end of its latest five
year SUMP, and to achieve this has adopted many objectives common with the Safe System approach. Grenoble
has implemented a default 30 km/h city speed limit as part of its SUMP. Many cities are using these urban mobility
plans to effectively advance, step-by-step, towards a Safe System.
Source: CERTU (2008)

The use of star ratings for walking and cycling infrastructure awarded by Road Assessment
Programmes (RAP) has proved useful to define targets as well as guide design concepts and speed
management decisions in cities around the world. In Vietnam’s capital Ho Chi Minh City, for example,
pedestrian star ratings are guiding safety decisions around public transport hubs. In Mexico and South
Africa, star ratings for schools are helping to ensure that school children’s daily journeys are three-star or
better in terms of road safety. The CycleRAP initiative being delivered in the Netherlands by the Dutch
Automobile Association ANWB and the Institute for Road Safety Research (SWOV) captures the needs
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and benefits of off-road facilities. Targeting five-star ratings for these user groups in urban environments
provides one mechanism to deliver Safe System outcomes in cities.
Data about the impact of interventions is vital to prove the measures work and to lay the foundations
for the next steps. With hard data, New York City was able to demonstrate significant reductions in
casualties against the national trend as a result of its “Vision Zero” (see Figure 6.6). In Colombia’s
capital city Bogotá, policy makers and transport planners were able to show that twenty years of
investment in bicycle lanes has increased the share of cycling from 0.6% to 6%, while at the same time
reducing cycling fatalities by 47%. Similar stories can be told in cities from Copenhagen to Portland,
Oregon. Success breeds success, encourages new political champions, and creates an environment in
which establishing a Safe System becomes possible.
Figure 6.5. Annual road deaths in New York City before and after Vision Zero
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For cities seeking technical advice in establishing an urban Safe System there is a growing support
community of practitioners providing technical advice and policy support. In the United States, NACTO
is building on experiences in New York and other cities to provide mentoring and organisation across the
country, and increasingly internationally. Its practical guides on urban street design, urban cycleway
design and urban transit design will be complemented in 2016 with a Global Street Design Guide, part of
the Global Designing Cities Initiative, supported by Bloomberg Philanthropies, which builds on
experiences in more than 40 cities around the world. The handbook Cities Safer by Design: Guidance
and Examples to Promote Traffic Safety through Urban and Street design from the World Resources
Institute similarly provides practical advice on implementing Safe System street design, from arterial
multi-lane carriageways to traffic-calmed home zones. The recommendations from these organisations
are now being road-tested in low- and middle-income cities, both as part of the Bloomberg Global Road
Safety Initiative and through the Global Initiative for Child Health and Mobility supported by the FIA
Foundation.
National or regional governments that have adopted a Safe System are recognising that their cities
are key proving grounds. In Sweden, for example, the national government is providing financial
incentives to encourage cities to implement Safe System policies. Municipal authorities can receive up to
50% funding for Vision Zero projects. In Australia, the state of Victoria is working closely with a
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Melbourne metropolitan authority to deliver an ambitious plan to create Australia’s first “Towards Zero”
municipality (see Box 6.6). Victoria is making a significant investment with the objective of inspiring
other municipalities and cities to take on the challenge. And the goal is achievable.
Box 6.4. Case study: Building on data to create a Safe System for Gothenburg
In the mid-1990s, Gothenburg was regarded one of the worst cities in Sweden in terms of its road safety. A
particularly large number of car crash incidents with trams filled the police reports. An investigation was launched
by the city’s roadworks department, largely driven by a single official. At the same time, a physician at a
Gothenburg hospital noticed that many patients hospitalised after being hit by cars had sustained similar injuries.
He started to systematically study and survey these injuries and their causes.
Then these two advocates learned about each other’s preoccupation. They connected and started a unique
co-operation to gather knowledge about traffic injuries and linking it to information from the police about where,
when and how the crashes had occurred. The result was a map-based information system detailing traffic crashes
and injuries in Gothenburg.
The hospital records added new and valuable data on who was injured and in what type of collision. This
information showed a pattern of many single crashes involving pedestrians and bicyclists, which were mostly
unknown to the police. The analysis also clearly revealed that speed was of great importance for the injury, thus
laying the seeds of a strategy to reduce speeds on streets and at crossings where pedestrians and bicyclists interacted
with cars, buses and trams.
With data on injury and crash types mapped across the city, it became possible to retrofit the sites where most
crashes with injuries occurred. In some cases, the whole street was rebuilt to make it self-explaining and support the
suitable speed. This was costly, and many streets needed to be retrofitted. As the data showed that many incidents
occurred when pedestrians crossed to and from bus and tram stops such sites could be prioritised, while on other
streets simpler speed calming measures, for example raised pedestrian and bicycle passages were implemented. At
the same time, Gothenburg put a lot of effort into expanding the network of bike paths. These were designed to
separate cyclists from cars and buses to increase safety. Furthermore the crossings between these bicycle paths and
streets were speed-secured. The introduction of small, cost effective speed bumps in residential areas achieved low
speeds in larger areas and not only at crossings.
Hospital records showed the success of these initiatives: over a period of 15 years, the number of injured
pedestrians and cyclists on the streets of Gothenburg decreased by 75%. Evaluations have shown that speed
calming measures have been the most important contributing factor to the injury reduction. Moreover, it has been
shown that such measures are good investments, with a high return on investment (factor 22). Perhaps even more
important is that children are much more likely to play outside in areas with speed calming measures. In preparation
of a new road safety programme for 2010-20, an analysis done over the past two decades identified the following
success factors:

•

Take decisions based on reality. Crash data from the police is valuable but knowledge about injuries
from hospitals is crucial.

•

City officials and politicians are knowledgeable and committed.

•

Set targets to strive for. Targets trigger resources, commitment and management.

•

Work systematically, monitor, measure, follow up and adjust in order to use the resources
effectively.

In the case of Gothenburg, a dramatic improvement in road safety began when two individual driving forces
met and merged their knowledge. Additional important knowledge was obtained from the hospitals, which is used
when developing Vision Zero treatments for implementation in current priority areas and then in new areas.
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A 2014 study analysing road deaths in towns and cities across Europe with populations of more than
50 000 found that 16 towns had experienced no road traffic fatalities over a period of five years (Dekra,
2014). Further analysis of even larger towns in Europe, Japan and the US found that many have gone a
whole year without a single fatality. While these results may not be the consequence of deliberate Safe
System policies, they do show that becoming a genuine “zero deaths” city is not science-fiction and is
within reach for many urban areas. Such examples should provide inspiration to adopt the Safe System in
town after town. Living next door to a “towards zero” district is the best encouragement to become one.
The best support networks for cities are cities themselves. Across the United States, other cities are
following the lead of New York (see Figure 6.5) in adopting Vision Zero strategies and working together
as part of a Vision Zero Network. Boston’s Mayor Martin J. Walsh has committed his city to working
towards eliminating death and serious injury by 2030. In Los Angeles, Mayor Eric Garcetti has set a
target of achieving zero deaths by 2025. Both strategies are underpinned by detailed multi-agency plans,
funding and regular progress reports to the public. These three cities and eight other Vision Zero “Focus
Cities” have agreed to collaborate at senior management level, including representatives from Mayor’s
offices, police, transport and health departments, with regular engagement with advocacy groups.
Although, at time of writing, there are questions about whether all of these cities are fully committed to
implementation of a Safe System, there is certainly positive momentum coalescing around the principle
that nobody should be killed or seriously injured in an urban road crash. The extent to which this
principle is backed up by genuine and sustained Safe System policies will determine the effectiveness of
the nascent US Vision Zero movement.
Box 6.5. Case study: Edmonton’s pathway to adopting a Safe System
Driven by a Mayor’s Task Force on Traffic Safety, the City of Edmonton established a municipal Office of
Traffic Safety (OTS) in 2006 to address its rate of fatal and injury collisions, the highest of any major Canadian
city. OTS works closely with traffic safety stakeholders in a collaborative, integrated process to reduce motor
vehicle collisions in Edmonton. This approach resulted in a 55% reduction in injury collisions over the period 2006
to 2014.
The OTS utilises an evidence-based approach which identifies leading practices in traffic safety, supports
research and evaluation, and drives continuous improvement through performance metrics such as lag and lead
indicators (Tjandra and Shimko, 2016). Several ongoing initiatives support this approach including an annual
International Urban Traffic Safety Conference, the establishment of an Urban Traffic Safety Engineering Research
Chair and the extensive use of data, data analytics and predictive analytics. This progressive, systemic approach
identified Vision Zero and the Safe Systems Approach as the next iteration of Edmonton’s Road Safety Strategy,
which was approved by Edmonton City Council in 2015.
Through the adoption of the Safe Systems Approach, Edmontonians immediately benefit from an ethical
vision for traffic safety. The established, Safe Systems principles and practices take into consideration all road
users, support targets, and a pathway to Vision Zero. As the first Canadian city to approve Vision Zero, Edmonton
joins other major global cities in becoming the engine for Safe Systems implementation in an urban environment.
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Box 6.6. Case study: Creating Australia’s first “Towards Zero” municipality
Mornington Peninsula Shire (MPS), located in the outer metropolitan area of Melbourne, Australia, has made
the commitment to becoming a “Towards Zero” municipality, as it strives to eliminate death and severe injury from
its roads. In part, this entails endeavouring to become the safest municipality in Victoria. MPS constantly seeks
new, improved ways of protecting residents and visitors from death or severe injuries when using the Mornington
Peninsula roads.
The Shire’s initiative enjoys a high level of in-principle support from Victoria's road safety agencies,
including Victoria Police, VicRoads and the Transport Accident Commission, mainly because of the substantial
safety benefits expected. Large, long-term reductions in deaths and serious injuries will be realised for all users of
the Shire roads. Walking and cycling will be possible at much lower risk than today and the needs of youth, older
residents and the mobility-impaired will be prioritised. A major thrust of the initiative will involve working in close
partnership with Victoria’s road safety agencies to implement Safe System-aligned infrastructure and speed
management measures, as part of Victoria’s AUD 1 billion Safe System Road Infrastructure Program (SSRIP).
Demonstrations of innovative, best-practice traffic safety concepts will be a feature.
Residents, businesses and visitors to the Mornington Peninsula are expected to benefit in additional ways:
strengthened strategic network planning and implementation processes; excellence in meeting community
expectations; conditions for improved population health, by better supporting active transport; reduced carbon
footprint; and townships to steadily become even better places to shop, conduct business, work, dine and simply
enjoy. Overall, the initiative aims to create safer and more liveable urban and rural communities in the Mornington
Peninsula. The “Towards Zero” commitment by MPS is believed to be the first of its kind in Australia. To initiate
the process, collaboration with Victorian road safety partners is underway to:

•

Ensure that future community consultation builds on Victoria’s new Towards Zero vision and aligns well
with state-wide communications on road safety.

•

Identify problematic road environments, ranging from high- and low-density populations centres, with
demand for local walking and cycling, to high-speed rural routes with a record of high severity crashes.

•

Identify projects that can be implemented under SSRIP or other funding schemes. This involves a strong
focus on trials and demonstrations of innovative design forms with the potential for widespread
application in other parts of the municipality and elsewhere in Victoria.

•

Share with other leading municipalities special expertise and experience in the same or similar safety
challenges facing MPS.

•

Review and strengthen MPS’s fleet management practices as well as the delivering of transport services
by the municipality

•

Identify opportunities to enhance the effectiveness of local road policing.

•

Identify obstacles to optimum post-crash response and opportunities to improve emergency response on
the Peninsula.

•

Embed the Safe System philosophy into all relevant areas of municipal business, in order to extend the
potential safety gains.

•

Develop a comprehensive MPS “Towards Zero” vision, to be reviewed periodically and continually
strengthened with new ideas and opportunities.

•

Identify and pilot new behavioural initiatives and strengthen existing behavioural programmes.

Last but not least, Mornington Peninsula Shire hopes that it will inspire other municipalities to also take up
the challenge of eradicating road deaths in their area of responsibility.
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Conclusion
The world’s cities are where the 21st century will be defined. By 2050, fully 70% of the world’s
population will live in cities, and the economic, environmental and social future of the planet will be
forged in the urban space.
It is in cities that the battle against climate change will be won or lost. This is why the urban
liveability agenda is assuming such salience, and it is why – for transport and urban planning policy
makers, even beyond the core road safety community – a Safe System is of growing relevance. A Safe
System helps us answer important questions about how we live together in increasingly crowded and
vibrant cities; how we better share limited public space and resources; how we rationalise our mobility
and move towards lower or zero-carbon transport; how we care for the ever growing numbers of both
elderly and young in the maelstrom of a rushing, fast-changing world.
Urbanisation, and the quality of life expectations of a growing middle class, provides an imperative
for city authorities to re-imagine urban mobility and how we travel to essential or entertainment services,
how city economies flourish, how our children grow to healthy independence. This re-imaging begins
with our streets, the arteries and capillaries of the city. For advocates of a Safe System, it is a tremendous
and exciting opportunity.
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Chapter 7

Starting the journey towards a Safe System

This chapter sums up the main lessons learned from the experience of pioneering countries on how to
move from conventional road safety policies to a Safe System. It argues that the ambitious improvements
in fatality reduction targeted by the international community can only be achieved with such a paradigm
shift, which takes as its starting point the premise that no human being should have to lose his or her life
in a road crash.
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Leadership for a paradigm shift in road safety
In the history of human endeavour, substantial change has not come about without the vision and
leadership of people who rallied others to make things happen. The paradigm shift in the way road safety
is approached and the transformational changes in policy and practice necessary for a Safe System
require visionary and sustained leadership.
In 2008, the International Transport Forum published Towards Zero: Ambitious Road Safety Targets
and the Safe System Approach. This report was the first major international report to recommend “that all
countries, regardless of their level of road safety performance, move to a Safe System approach to road
safety”. It articulated the need for a fundamental shift in road safety policies based on the principle that
any level of serious trauma from road crashes is unacceptable.
This report builds upon the Towards Zero report. It shares the experiences of countries that have
embarked upon journeys using the principles for a Safe System to guide their thinking, their policies and
their actions in pursuit of the ultimate prize of achieving zero road deaths and serious injuries. Most
countries, cities, jurisdictions that have embarked on this journey are finding it difficult to shift the
paradigm toward Safe System thinking and practice. They have learned that it is a transformational
experience and a substantial change management challenge. Prevailing views on road safety are strongly
established among road sector professionals and the wider community. There are persistent awareness
and understanding deficits among professionals, in communities and the public at large that act as
barriers. Specifically, there is:
•

A lack of public awareness of the magnitude of the road trauma problem. The daily count of
deaths and serious injuries on roads remains largely invisible. Only major incidents galvanise
public opinion and political action from time to time.

•

A low perception of the real dangers and individual risk of crashes among road users. “I am
a good driver, it won’t happen to me” is the prevailing, and fallacious, mind-set.

•

A lack of appreciation of the fact that there are solutions available that will substantially
reduce crash risks.

•

A lack of support for initiatives seen as infringing on personal freedoms, either because they
are regarded as cumbersome interference (e.g. speed limits, seatbelts, helmet wearing) or work
against engrained socio-cultural perceptions (often promoted in advertising) that equate motor
vehicles with freedom and fun.

In combination these barriers contribute to a demand deficit for safe roads, which will only be
overcome with strong and sustained leadership, commitment by those with a stake in road transport and
sharing of information that will increase awareness among the public for the daily carnage on the world’s
roads and the further solutions that are available. Two realisations must take hold before public and
political support for bold action in road safety can reach the levels required. The first is that every year
the equivalent of the population of a city the size of Dallas, Munich, Stockholm or Adelaide is wiped out
in traffic crashes. The second is that this huge total results from a collation of risks taken and errors made
by individuals during every trip, every day, every week, every month, every year - until one day a chain
of circumstances causes the person to slip between the cracks of the protective system and a crash results
in serious harm. In other words: the societal problem is huge, everyone is at risk, and the traffic system
must support the solution.
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With a wide range of individual and institutional actors involved in road safety, an agreed vision for
a Safe System is critical. This vision must be supported by strong governance, effective management and
broad co-ordination. The Safe System structures and networks will need to be able to:
•

Press the political system to embrace and commit to a Safe System in its entirety.

•

Foster road safety leadership at all levels of society. Strong change management
leadership is required from leaders in government, the community and corporations to
individually and collectively advocate for closing the gap between the current situation and
the aspiration of moving towards zero fatalities and serious injuries through a Safe System.
Mayors for example are providing clear statements of aspiration and intent for a safe city.

•

Ensure effective co-ordination of road safety involving partners from a range of sectors
under shared responsibility for actions that work together for a greater overall result.

•

Develop a road safety strategy based on a clear vision, underpinned by interim and
long-term targets and linked to Safety Performance Indicators.

•

Manage for results. Monitor implementation and evaluate progress against Safety
Performance Indicators and strategic objectives, and use the results to plan and act further.

Why act now?
The public health burden of road trauma worldwide is of epidemic proportions. The World Health
Organisation (WHO) reports 1.25 million people killed. Low and middle income countries account for
over 90% of total traffic deaths. And traffic fatalities, for all the human pain and economic cost they
cause, represent only a small part of the global road trauma problem. Increasing evidence and improved
data show that there is a huge but vastly underestimated global problem with serious injuries from traffic
crashes. The WHO estimates that up to 50 million more people suffer non-fatal injuries, with many
incurring a disability as a result of their injury. Underreporting of injuries is widespread
Progress in combatting the global menace of road trauma varies greatly between countries, between
regions, between cities. Some jurisdictions are seeing increases in the number of crash victims, others
experience a levelling-off, and still others can report improvements ranging from modest to substantial.
In countries that motorised early, road fatality rates peaked in the 1970s. Now countries with growing
populations, accelerating economic development and big increases in the numbers of vehicles on their
roads are poised to become the victims of unprecedented levels of road trauma.
However, these countries have a singular opportunity to learn from the past mistakes of others and
be proactive in providing safe roads. This is particularly true also for cities. They are among those seeing
more and more people killed on their streets, many of them vulnerable road users like seniors and
children. As the world’s growing population is concentrating in cities (where 70% of the world’s
population are expected to be living by 2050), there is a pressing need to find sustainable approaches to
improving urban traffic safety. At the same time, cities can also be laboratories of success for creating a
Safe System in an urban traffic context. Knowledge-sharing among cities will help to amplify the
positive impact; networks like Safer City Streets (www.itf-oecd.org/safer-city-streets), which links up
cities around the world interested in improving their road safety performance, can play an important
facilitating role.
The international community is reacting to the challenge. From 1 January 2016, the member states
of the United Nations have committed to an unprecedented effort to reduce serious road trauma by
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adopting a target to halve road deaths and injuries by 2020, compared to 2010 levels. Road safety is part
of the goals for health and cities in the new UN framework of Global Goals for Sustainable
Development.
Unlike most areas of public health in developed countries where strong economic conditions are
generally associated with improved levels of public health, there appears to be an inverse relationship
with levels of road trauma, with strong economic conditions putting upward, negative pressure on road
trauma results.
While serious crashes do occur from deliberate violations of traffic rules and risk-taking behaviours,
the majority of serious road crashes result from a simple mistake or error of perception or judgement by
otherwise generally law-abiding citizens. Relying on human beings to perform mistake-free in traffic for
fifty plus years is unlikely to succeed and is not consistent with approaches in the airline, shipping and
rail industries, nor in occupational health and safety where system approaches are made that include
engineering the surrounding environment to support human behaviour. With growing populations, and
expanding levels of motorisation, unless bold and different action is taken the road trauma epidemic
worldwide will grow substantially before subsiding later.
Encouragingly, more and more countries and cities are committing to bold visions such as “Towards
Zero”, “Vision Zero”, “Roads Free of Fatalities and Serious Injuries” “Zero Harm” and similar such
public demonstrations of bold and ambitious intent for improvement are a positive step forward and will
serve as a rallying point. However, bold visions must be accompanied by a shift in thinking and the
adoption of new ways of working. Business as usual and incremental improvements to current practice
will not achieve bold ambitions. There is a risk that if no substantial progress follows, support for a
step-change may wane and visions could be abandoned.
A new and strategic effort is required to achieve and sustain substantial reductions in the number of
road deaths and serious injuries. A paradigm shift to a Safe System fundamentally changes the way the
road safety problems are viewed and responded to. This is opening up new thinking and new possibilities
for responses.

What is a Safe System?
A Safe System is a holistic and proactive approach to road safety, managed so the elements of the
road transport system combine and interact to guide users to act safely and to prevent crashes - and when
crashes occur, ensure that impact forces do not exceed the limits that result in serious injury or death. If
one part of the system fails, the other components act to prevent serious harm occurring when a crash
occurs by keeping the transfer of kinetic energy into the human below levels known to cause serious
physical harm.
A Safe System combines enforcement, education, safe road design, management of safe operating
speeds and safe vehicles and post-crash response.
The four fundamental and non-negotiable principles of a Safe System are:
1.

People make mistakes that lead to road crashes.

2.

The human body has a limited physical ability to tolerate crash forces before harm
occurs.
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3.

There is shared responsibility amongst those who design, build, manage and use
roads and vehicles and provide post-crash care to prevent crashes resulting in serious
injury or death

4.

All parts of the system must be strengthened in combination to multiply their effects,
and if one part fails, road users are still protected.

An effective Safe System policy package contains initiatives designed for immediate large-scale
impact. This will include speed management initiatives, enhanced enforcement and education campaigns,
together with measures such as improved vehicle standards and road and roadside infrastructure
investments that will deliver sustained results over the medium to long term.

Why a Safe System?
Pioneering countries have experienced a variety of benefits from progressing implementation of a
Safe System including:
•

Improved road safety performance: The new thinking and innovative approaches
stimulated by the paradigm shift to a Safe System are achieving results on the journey
towards zero road deaths and serious injuries.

•

Focus on root causes: A Safe System helps overcome the risk of a behavioural bias in the
focus of road trauma responses and actions. Efforts were dominated by a belief and a desire
to “correct” human errors in crashes and help make the human behave “perfectly” in traffic.

•

Gaining new insights into the road safety problem and identifying new solutions by
moving beyond approaches that continue to focus on correcting and managing human
behaviour as the primary response to reducing road trauma are limited and constrain the
necessary thinking and decision making to take a country to achieve ambitious results on
the journey ultimately to zero deaths and serious injuries.

•

Universal applicability: A Safe System is applicable in all contexts and jurisdictions, no
matter the starting point. It enables those experiencing increasing rates of road trauma to
leapfrog the mistakes of others.

•

Clear design guidance: Using the Safe System principles as the basis for design guidance
to underpin their approach to design and operation that goes beyond current conventional
standards and guidelines.

•

Address perception gaps: New approaches to data and needs analysis stimulated by Safe
System thinking helps countries to identify types of crashes that remain yet to be addressed.

•

A fresh perspective: The experience of countries implementing a Safe System is that it
provides opportunities to think and act on road safety problems differently. A Safe System
opens up new possibilities by working backwards from the ultimate vision to determine
next steps, while previously this was based on incremental improvement upon current
practice without a long-term vision.
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•

Targeted resource allocation: The new focus on root causes informs budget allocations
towards proactive, innovative and successful measures particularly in road infrastructure
investments.

•

An inclusive approach: A Safe System caters for all road users and directly addresses the
safety challenges for vulnerable road users that represent an increasing share of road crash
victims, particularly in urban areas. Also, Safe System thinking is applicable in both
developed nations and in low- or middle-income countries; it can enable the latter to
leapfrog the peak in fatalities and injuries that usually accompanies increasing motorisation.

•

A flexible framework: Today’s world is rapidly changing, and so is the context for road
safety work. New road safety challenges will emerge as the pace of technological progress
increases, and different ways of working may be needed as traditional structures and
processes might come into question. Building on four high-level principles rather than
detailed specifications implemented through command-and-control, a Safe System offers
high degrees of flexibility to adapt road safety policy to evolving circumstances.

•

Mainstreaming road safety work: The holistic view of road safety in a Safe System
creates new linkages with other policy areas and sectors such as public health, environment
and public transport development, helping to create synergies and win-win situations, and
leading to the inclusion of a road safety dimension.

How to start the journey to a Safe System
As political cycles come and go but the necessary changes take years, it is important that leaders set
up policy and organisational structures and management systems in a way that the change process
remains stable.
An important early step is to change the general mind-set about road safety and generate support for
aspirational targets that aim beyond incremental reductions of crash fatalities. The adoption of a Safe
System philosophy starts with the ethical imperative that the traffic system should be designed and used
in such a way that no one is killed or seriously injured as a result of a road crash; this imperative needs to
be established and become part of the public discourse. Complex social processes and interactions
underlie the replacement of one prevailing paradigm with a new one. Policy formulation and social
innovation more broadly are an ongoing process of exploration, error, trial, failure and success. The
implementation of a Safe System can be seen as a journey with different individual paths that may have
different starting points but ultimately seek to arrive at the destination of trauma-free roads.
The experience of pioneering Safe System countries offers lessons about common success factors:
•

Create a sense of urgency: A paradigm shift requires a sense of urgency of taking action,
and in a radically different way, out of a desire to achieve substantially better results.

•

Take a bottom-up approach: A Safe System needs the involvement of an informed and
committed community of stakeholders. In many countries it has been them who have
demanded better road safety outcomes from system designers. The top-down is needed in
the sense that influential leaders can initiate institutional change, but a sustainable Safe
System is built on shared responsibility among all stakeholders.
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•

Try out new tools: A Safe System way of looking at road safety gives birth to new ideas.
Often these highlight the limitations of the traditional ways of viewing the road safety
problem and lead to effective innovative solutions.

•

Create public demand for more road safety: Convincing citizens of the potential of a
Safe System can increase public demand for road safety, which can subsequently help to
engage politicians, policy makers and system designers.

•

Make the four Safe System principles the foundation to guide the development of road
safety policy and strategy, and ensure that they are not negotiated away.

•

Let data drive road safety policy: Road safety targets, benchmarking and in-depth studies
of road safety crashes help to identify priority action areas and the measures that will most
effectively deal with them. Collecting relevant data on road safety performance across the
elements of a Safe System is thus critical.

•

Communicate road safety facts effectively: Where information about road safety is shared
effectively, different advocates, the media and community members begin to ask questions
and demand safer roads, speeds and vehicles from system designers. Introducing relevant
facts and questions into the public debate in a strategic manner can be an effective way for
change leaders to build community demand for a Safe System.

•

Focus on outcomes by setting targets: Road safety should be managed for results to drive
change. Targets provide this focus on results and drive performance. They also help to
communicate effectively around road safety.

•

Use Safety Performance Indicators: Fully transparent and accountable monitoring of
safety performance using valid and reliable indicators of outputs, intermediate outcomes
and final crash outcomes across all the components of a Safe System is important.

•

Ensure effective governance and management structures: Effective co-ordination
contributes to successful implementation of shared responsibility. The ISO 39001 Road
Traffic Safety Management standard provides a good basis for organisations to
systematically identify safety risk and provides a "how to" implementation guide for
organisations to implement a Safe System thus supporting the guiding principle of shared
responsibility.

Policy makers seeking to achieve ambitious results in road safety are encouraged to recognise a
paradigm shift to a Safe System is required to ultimately achieve and sustain transformational reductions
in road deaths and serious injuries. Their strong and sustained leadership will be needed to establish that
paradigm shift, change culture and then align current practice with a Safe System. The compass for the
journey towards the eradication of road trauma is provided by Safe System principles, drawn from the
practice developed in pioneering countries and cities. Leaders looking for a step-change in road safety
can learn from the practices and tools used by the pioneers and translate those Safe System principles
into on-the-ground action for their specific situations. They should, in turn, document, evaluate, publish
and share their experiences to help create a knowledge base and a political dynamic around the world
that will save millions of lives in the coming years and decades. The first step to achieve that is to act
now.
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To stem the road death epidemic, the United Nations have set the target of
halving traﬃc fatalities by 2020. Every year, 1.25 million people are killed in
road crashes and up to 50 million are seriously injured. Road crashes kill
more people than malaria or tuberculosis and are among the ten leading causes
of death. Their economic cost is estimated at 2-5% of GDP in many countries.
Written by a group of international road safety experts, this report provides
leaders in government, administrations, business and academia with emerging
best practices and the starting point to chart their own journeys towards
a Safe System.

