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Preface and acknowledgement

Advancing Sustainable Safety: National Road Safety
Outlook for 2005-2020 is the follow-up to Naar een
duurzaam veilig wegverkeer [Towards sustainably
safe road traffic] (Koornstra et al., 1992). Advancing
Sustainable Safety is a critique of Sustainable Safety.
In this advanced version, adaptations have been
made, where necessary, based on what we have
learned from our first steps towards sustainably safe
road traffic. The vision has also been updated in line
with new insights and developments.

This book is not a policy document. However, ele-
ments of the advanced concept could be further de-
veloped in the future, and could provide inspiration
for the policy agenda of all levels of government, the
private sector and civic society, etc. Every chapter
provides many recommendations and possible leads
for future road safety policy.

We chose a broader perspective for this book than in
1992. This broader perspective is justified, because
we have been able to evaluate the results of our ef-
forts to date. Moreover, there was high demand from
practitioners to develop Sustainable Safety for spe-
cific problem areas or problem groups. Finally, this
perspective offers the opportunity to ‘position’ the vi-
sion again, and to get rid of any misunderstandings.
By this means, we want to provide a new stimulus for
the further implementation of Sustainable Safety. We
hope that this advanced vision will inspire road safety
promotion in the Netherlands and abroad in the com-
ing fifteen to twenty years.

Advancing Sustainable Safety is a SWOV initiative and
has been published under the auspices of SWOV.
Many people, within SWOV and outside, have con-
tributed to this book. Without doing any injustice to
other colleagues, | wish to mention two SWOV col-
leagues in particular, who have made a tremendous
contribution: my co-editor Letty Aarts and scientific
editor Marijke Tros. Letty’s effort since this book was
first conceived has been formidable. She was the spi-
der in the web of contacts with other authors, and
also with internal and external reviewers. In addition,
she contributed to much of the text. In its final stages,
Marijke further improved the quality of the book with
her perceptive criticism and incisive mind.
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The authors of this book are, without exception, true
professionals. They are on top of the latest develop-
ments and have been able to update the Sustainable
Safety vision using their respective expertise. In addi-
tion, the collection of essays Denkend over Duurzaam
Veilig [Thinking about Sustainable Safety] (Wegman
& Aarts, 2005) served as an important source of in-
spiration.

Authors

Many people have contributed to writing this book.
Sometimes, the authors of a chapter are easily iden-
tifiable. However, there are also chapters which have
been based on the contributions of many within and
outside SWOV and where authorship is less clear.

The following people from SWOV have contributed
to one or more chapters: Letty Aarts, Charlotte
Bax, Ragnhild Davidse, Charles Goldenbeld, Theo
Janssen, Boudewijn van Kampen, René Mathijssen,
Peter Morsink, Ingrid van Schagen, Chris Schoon,
Divera Twisk, Willem Vlakveld, Fred Wegman and
Paul Wesemann.

At the same time, people outside SWOV have also
contributed to the chapters: Maria Kuiken (DHV
Consultancy and Engineering), Erik Verhoef and
Henk van Gent of Vrije Universiteit Amsterdam, Joop
Koppenjan and Martin de Jong of Delft University
of Technology, Richard van der Horst, Boudewijn
Hoogvelt, Bart van Arem, Leo Kusters and Lieke
Berghout of various TNO institutes, and Mars
Kerkhof.

Further contributions

Several SWOV people can be mentioned who have
helped to bring together information for this book:
Maarten Amelink, Niels Bos, Nina Dragutinovic, Atze
Dijkstra, Rob Eenink, Marjan Hagenzieker, Jolieke
Mesken, Henk Stipdonk and Wim Wijnen. People
outside SWOV should also be mentioned, includ-
ing Rob Methorst (AVV Transport Research Centre),
Jeanne Breen (Jeanne Breen Consulting), and Martha
Brouwer (Directorate-General for Public Works and
Water Management).



In addition, Jane van Aerde, Ineke Fijan, Jolanda Maas
and Patrick Rugebregt of SWOV have all contributed
to the production of this book.

Internal reviewers

The initial concept chapters of this book were criti-
cally read and reviewed internally by one or more peo-
ple of a so-called ‘reading club’, consisting of Marjan
Hagenzieker, Theo Janssen, Chris Schoon, Divera
Twisk and Paul Wesemann.

External reviewers

After the chapters had matured to a stage where they
could be considered fit for review, they were sent
to various target groups of policy makers and other
people ‘outside’ whose opinions were appreciated.
| would like to thank those who made efforts to com-
ment on the material.

From the Dutch Ministry of Transport, Public Works and

Water Management, comments were received from:

- Directorate-General for Passenger Transport, Policy
Group Road Safety (coordinated by Jonneke van
Keep), Christian Zuidema and Cees van Sprundel;
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- Transport Research Centre of the Directorate-
General for Public Works and Water Management,
with comments from Rob Methorst, Pieter van Vliet
(coordination) and Govert Schermers;

- Regional Services of the Directorate-General for
Public Works and Water Management, Periodical
Road Safety Coordination (with Herman Moning
taking care of coordination), Jo Heidendal, Henk
Visbeek and Fred Delpeut.

We also received valuable contributions, insights, and
comments from the Association of the Provinces of
the Netherlands (Jan Ploeger and Gerard Milort); the
various Regional Road Safety Bodies: Gerard Kern
and Paul Willemsen (Province of Gelderland), Flip
Ottjes (Province of Groningen), Hildemarie Schippers
and Ewoud Wesslingh (Province of Flevoland), Ada
Aalbrecht (Province of Zuid-Holland), Martin Huysse
(Province of Zeeland), coordinated by Hans Vergeer
and Ben Bouwmeister; the Association of Water
Boards (Jac-Paul Spaas and Marcel de Ruijter), and
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Peter Stehouwer.
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presenting their respective organization's viewpoint.
We are grateful for their contributions.

Furthermore, we received responses from: Hans
Ammerlaan (RDW, Vehicle Technology and
Information Centre), Harry Beugelink (Royal Dutch
Motorcyclists Organization KNMV), Karel Brookhuis
(Groningen University), Carl Koopmans (University of
Amsterdam), Dirk Cramer (personal view), Wim van
Dalen (National Foundation for Alcohol Prevention),
Henri Dijkman (Ministry of Finance), Hans Eckhardt
(Police Province of Zeeland), Meine van Essen (Bureau
Traffic Enforcement of the Public Prosecution Service
BVOM), Tom Heijer (Delft University of Technology),
Ad Hellemons (European Traffic Police Network
TISPOL), Dries Hop (Police Academy), Ellen Jagtman
(Delft University of Technology), Vincent Marchau
(Delft University of Technology), Edwin Mienis (Bureau
Traffic Enforcement of the Public Prosecution Service
BVOM), Paul Poppink (Dutch Employers Organisation
on Transportand Logistics TLN), Cok Sas (Municipality
of Dordrecht), Paule Schaap (Educational Services
Organization CEDIN), Jan van Selm (Province of
Flevoland), Wilma Slinger (KpVV Traffic and Transport
Platform), Huub Smeets (The Dutch Driving Test
Organisation CBR), Frank Steijn (Dutch Employers
Organisation on Transport and Logistics TLN), Ron
Visser (WODC Research and Documentation Centre),
Bert van Wee (Delft University of Technology), Frank
van West ('Fédération Internationale d‘Automobile’
FIA Foundation), Cees Wildervanck (‘de Pauwen
PenProducten’), Lauk Woltring ("Working with Boys')
and Janneke Zomervrucht (Dutch Traffic Safety
Association 3VO).

About the translation of the book

Since its inception, Sustainable Safety has attracted
a great deal of interest throughout the world. In fact,
Sustainable Safety has become one of the authori-
tative road safety visions. This international inter-
est has inspired us to publish an English translation
of the book. The four parts of chapters are called
Analyses, Detailing the Vision, Special Issues, and
Implementation. The first three of these have been
translated. The fourth part, entitled Implementation,
contains many specific features of the Netherlands.
To appreciate and understand this sufficiently re-
quires a great deal of knowledge about managerial
and financial relations in the Netherlands, as well as
knowledge of the decision making process. In light of
this, we decided to summarize the original four chap-
ters in this part.



This book was translated by René Bastiaans and
Jeanne Breen. They achieved this in a relatively short
time and their efforts were impressive. | would like to
thank them both for these great efforts!

| want to take this opportunity to thank everybody for
their inspiring insights, their creativeness, their criti-
cal minds, and the willingness to continue after the
umpteenth round of comments and editing. The origi-
nal version of Sustainable Safety was only available
in Dutch. | hope, however, that this book will find its
way not only to Dutch readers, but to readers all over
the world.

Advancing Sustainable Safety!

Fred Wegman
Managing Director
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Introduction

Road traffic crashes cost too much

In the Netherlands, every year, there are around one
thousand deaths and many tens of thousands road
users are injured. Compared to other countries, the
Netherlands performs very well, and it is one of the saf-
est countries in the world. Currently, the Netherlands
tops the world in having the lowest number of fatalities
per inhabitant. Dutch road safety policy is often iden-
tified as good practice, and the Sustainable Safety
vision as leading practice (Peden et al., 2004). Dutch
performance commands respect.

At the same time, every year, we have to regret the fact
that so many road traffic casualties occur. This repre-
sents enormous societal loss. It was calculated that this
cost Dutch society nine billion Euros in 2004, includ-
ing the costs of injuries and material damage caused
by road crashes. These costs also comprise intangible
costs that are calculated for loss of quality of life for vic-
tims and their surviving relatives (SWOV, 2005a).

“We all come in contact with it. AlImost daily.
Through newspapers, television and our envi-
ronment. And still, as long as you haven’t experi-
enced it yourself, you will never know what really
happens if your life is changed dramatically by a
traffic crash from one moment to the other.”

From: Veel verloren maar toch gewonnen; Leven
na een verkeersongeluk. [Much lost, but gained
anyway; Life after a road traffic crash]. Teuny
Slotboom, 1992.

Every year, there is a disaster that is not perceived as
a disaster, and which does not get the response that
is commensurate with a disaster. One crash with one
thousand people killed is a disaster; one thousand
deaths in one thousand crashes are as many indi-
vidual tragedies. The average citizen seems to shrug
it off as if all these anonymous deaths are just part of
life. The risk of being killed in a road crash seems too
abstract a concept to be worried about. However, it
is a different story when a fatally injured person is a
neighbour, a colleague, a good friend, or your own

INTRODUCTION

child. Then there is great dismay about how this could
possibly happen, and questions arise as to how this
could have been prevented. It is not surprising that
Dutch people consider road safety to be of great per-
sonal, societal and political importance (Information
Council, 2005). But what are the next steps?

The current size of the road safety problem in the
Netherlands is characterized as unacceptable, and
we strive for further reduction in the number of casu-
alties. ‘Permanent road safety improvement’ does not
say very much, and is more a signal that the sub-
ject is not forgotten. Formulating a task is one further
step forward, and shows more ambition. Working
with quantified targets has been commonplace in the
Netherlands for decades. The level of ambition (a re-
duction in the number of road fatalities by 25% in ten
years time) is not out of the ordinary when compared
with other countries. The ambition formulated by the
European Commission (halving the number of road fa-
talities in ten years time) is highly ambitious (European
Commission, 2001), but has resulted, without any
doubt, in the subject being on the agenda in Europe
in several Member States. It has led to renewed atten-
tion and continuing efforts.

The Dutch Mobility Paper (Ministry of Transport,
2004a) states that, while absolute safety and total risk
exclusion does not exist, the number of casualties
can, without any doubt, be further reduced. There is
no lack of ideas, but the question is: at what cost? To
this end, SWOV has proposed using the criterion of
‘avoidable crashes’ (Wegman, 2000). ‘Avoidable’ in
this context means that we know what to do in order
to prevent crashes and that it is cost-beneficial in so-
cietal terms to do this. In other words: the benefits
exceed the costs. Seen from considerations of ef-
fectiveness and efficiency, we later added ‘and fitting
within the Sustainable Safety vision’.

Sustainable Safety:
an answer to the lack of road safety

A crash can happen to anyone. Everyone makes er-
rors sometimes in an unguarded moment. In most
cases, it turns out all right, because such errors only
lead to a crash if the conditions at that moment are



such that these errors are not sufficiently absorbed.
Examples of this include the presence of other road
users who react a fraction too late to oncoming dan-
ger, or the presence of a tree in the exact spot where
you run off the road in a moment of inattention. There
are more than enough examples. Since humans make
errors and since there is an even higher risk of fatal
error being made if traffic rules set for road safety
reasons are intentionally violated, it is of great impor-
tance that safety nets absorb these errors. Behold the
Sustainable Safety approach in a nutshell! A type of
approach that, incidentally, has been commonplace in
other transport modes for a much longer time under
the name of ‘inherently safe’.

Since the launch of the Sustainable Safety vision
in the early 1990s (Koornstra et al., 1992), the road
safety approach in the Netherlands has shifted from a
reactive approach to a general proactive and integral
approach to the elements of the traffic system. The
idea behind Sustainable Safety was that we have to
make our traffic system — with its large speed and
mass differences and with its (physically) vulnerable
and fallible users — inherently safe. We came to realize
that, if we did not want to burden our children with
such a dangerous traffic system, something structural
had to happen, and a system quantum leap had to be
made. At that time, the term ‘sustainable’ was chosen
in order to make a link with ideas concerning a sus-
tainable society and sustainable development.

And it worked. The vision as laid down in the book
Naar een duurzaam veilig wegverkeer [Towards sus-
tainably safe road traffic] received much support from
politicians, from policy makers, from road traffic prac-
titioners, and from interest groups. Subsequently,
people started working to implement the theoretical
vision in practice. This started in 1995 with several
demonstration projects, and eventually resulted in the
Start-up Programme Sustainable Safety road traffic
agreement in 1997 (VNG et al., 1997).

The most salient feats of the Start-up Programme
include the considerable extension of the number of
30 km/h zones in urban areas, and the establishment
of 60 km/h zones outside urban areas. In particular,
many infrastructural measures were taken, but there
was also preparation in the field of education, such
as for permanent traffic education. In the area of en-
forcement, regional projects were set up. The Start-up
Programme was meant to finish at the end of 2001,
but in order to complete some unfinished matters, it
was extended by a year. This laid the way for the start
of the next phase of Sustainable Safety.
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No waiting around for what the future
has in store

We think that a new stimulus is needed. Meanwhile,
much experience has been gained with the imple-
mentation of Sustainable Safety and infrastructural
measures, in particular. Now is a good moment to
look back, to reflect on our path to sustainably safe
road traffic, and to see if we are still on the right track,
or need to alter the course by a few degrees. Apart
from the lessons that we can learn from the past, there
were other developments — and technological devel-
opments in particular; developments that we need,
of course, to make use of where they offer new pos-
sibilities to improve road safety. In short, enough rea-
sons and a good moment to evaluate the Sustainable
Safety vision and to adapt it, where necessary, to new
knowledge and recent developments.

This book focuses on the advancing of Sustainable
Safety. We hope that the book’s contents will stimu-
late ideas not only in the Netherlands, but also in an
international audience, and stimulate new content of
work during the next fifteen to twenty years on the
way to sustainably safe road traffic.

In the process of thinking about the next steps, we
first consulted with a number of professionals in the
world of traffic and transport. We asked them to pro-
vide their vision about the future of Sustainable Safety.
These various ideas have been brought together in a
book of essays (Wegman & Aarts, 2005), and these
essays have inspired further thinking about the future
of Sustainable Safety.

Dutch national road safety outlook
2005-2020

SWOV published the first Dutch National Road Safety
Outlook in 1992. This outlook introduced Sustainable
Safety as a basis for our thoughts and actions to pro-
mote road safety further.

This is the second outlook, and this book also con-
tains a vision. This vision has been developed on the
basis of the SWOV mission (“SWOV has a vision to
promote road safety and engages in public debate and
the preparation of policy development”). Of course,
this vision could not be written without making use
of the scientific knowledge and creativeness of the
many researchers inside and outside SWOV. Just as
in the first outlook, SWOV also cooperated with many
scientists from various universities and research in-



stitutes. This second outlook fits very well with the
safety assessment activities that SWOV has carried
out since 2003. These activities aim to understand
road safety developments, to explain these if possible,
and to say something about the future based on this
consideration. SWOV aims to produce a quantitatively
orientated outlook in which the advanced Sustainable
Safety vision as set out in this book is central.

Reading guide

We refer those readers who wish to learn concisely
about the update of the Sustainable Safety vision in
this book to the next chapter — Advancing Sustainable
Safety in brief.

The comprehensive exposition of Sustainable Safety
starts with a section comprising theoretical back-
grounds and analyses. The reader will, firstly, find a
chapter with general theoretical backgrounds to the
Sustainable Safety vision (Chapter 1), followed by
analyses of road safety problems in the Netherlands
(Chapter 2). The final chapter of Part | (Chapter 3)
discusses an evaluation of what has been learned
during a decade of Sustainable Safety - about imple-
mentation and the effects of measures based on that
vision.

INTRODUCTION

Part Il and Il discuss the elaboration in the content
of the advanced Sustainable Safety vision. Part Il
focuses on various types of measures in the field
of infrastructure (Chapter 4), vehicles (Chapter 5),
Intelligent Transport Systems (Chapter 6), education
(Chapter 7) and regulation and enforcement directed
at road user behaviour (Chapter 8).

Part Ill focuses on specific problem areas or groups
within road safety. We identify these as speed (Chapter
9), drink and drug driving (Chapter 10), young and
novice drivers (Chapter 11), cyclists and pedestrians
(Chapter 12), motorized two-wheelers (Chapter 13)
and heavy goods vehicles (Chapter 14).

We conclude this book with a fourth part that sets
out in one chapter (Chapter 15) implementation
aspects and opportunities to advance Sustainable
Safety. We discuss the organization of centralized
and decentralized policy implementation, we make
a proposal for quality assurance of the road traffic
system, we review various possibilities for funding
road safety measures, and we discuss various as-
pects that can be characterized as accompanying

policy.
We wish readers much inspiration from this book, and

we hope to inspire many people in making road trans-
port in the world safer.

11



Advancing Sustainable Safety in brief

“In a sustainably safe road traffic system, in-
frastructure design inherently and drastically
reduces crash risk. Should a crash occur, the
process that determines crash severity is con-
ditioned in such a way that severe injury is al-
most excluded.”

From: Naar een duurzaam veilig wegver-
keer [Towards sustainably safe road traffic],
Koornstra et al., 1992.

The concept of Sustainable Safety was launched in
1992 with the ambition stated above. Since then,
SWOV has stated that road traffic should be looked
at in the same way as other transport systems. And
why not? Just as with other transport modes, death
and severe injury due to lack of safety is not inevita-
ble or unavoidable like a natural disaster or a mystery
disease. The Sustainable Safety vision specifies that
safety should be a design requirement in road traffic
in the same way as in the design of (nuclear) energy
plants, refineries, or waste incinerators, and also air
and rail transport.

If we want to integrate safety as a design require-
ment in road traffic, we have first to recognize that
society appears to be prepared to accept many road
crash casualties. Paradoxically, in a country like the
Netherlands, we would never accept three wide-
bodied aircraft crashes in a year. Even a single plane
crash evokes a dramatic societal response.

Despite the downward trend of the annual number of
road casualties over the past decades, the current
number is still considered too high, given the fact that
there is wide political support in the Dutch Parliament
to reduce these numbers further. This downward
trend is, by the way, the result of many efforts, small
and large, to improve road safety. Such efforts were
made over a period of many years, and proved to be
effective (Koornstra et al., 2002). However, as traffic
volumes increase, we have to maintain our efforts in
order to prevent the number of road casualties from
spiralling upwards.

12

Sustainable Safety is a vision that was translated into
specific action plans in the 1990s; plans that have, in
the main, been implemented. This does not mean that
our current road system is entirely sustainably safe
now, but important steps have been made. And now
the time is right to take the next steps.

In updating the vision and its implementation, we con-
cluded that the Sustainable Safety concept, formu-
lated some 15 years ago now, is still a good starting
point. However, particularly with respect to imple-
mentation, we need to define new emphases. This
shift of emphasis is based on our experiences in the
implementation of Sustainable Safety measures in re-
cent years, the fact that other and new intervention
possibilities have become available, and - last but not
least — that the initiation, carrying out and monitor-
ing of traffic and transport policy in the Netherlands
all operate under a different system now (Ministry of
Transport, 2004a).

Is it possible to improve road safety still further, or are
we bound to be the victim of the law of diminishing
returns? If this means that the next steps are increas-
ingly more difficult to take than the previous ones,
then we believe that this is true. If we understand this
law of diminishing returns in such a way that we can-
not realize further improvements, then the compari-
son is at fault, as this book illustrates.

The Mobility Paper (Ministry of Transport, 2004a)
states that absolute safety and an exclusion of all risk
is impossible. Nevertheless, there is no doubt that the
number of road casualties can be reduced. There is
no lack of ideas, but the question is: at what cost?
SWOV proposed the use of the criterion of ‘avoid-
able crashes’ (Wegman, 2000). By ‘avoidable’ we
mean that we know what to do in order to prevent
a crash as well as knowing that it is cost-effective in
societal terms. In other words: the benefits outweigh
the costs. From a viewpoint of effectiveness and effi-
ciency, we later added that measures have to fit within
the Sustainable Safety vision.



The principles of Sustainable Safety

The opening quotation asserts that the objective of
Sustainable Safety was and still is to prevent road
crashes from happening, and where this is not feasi-
ble to reduce the incidence of (severe) injuries when-
ever possible. This can be achieved by a proactive
approach in which human characteristics are used as
the starting point: a user-oriented system approach.
These characteristics refer on the one hand to human
physical vulnerability, and on the other hand to human
(cognitive) capacities and limitations. People regularly
make errors unintentionally and are not always able
to perform their tasks as they should. Furthermore,
people are also not always willing to comply with rules
and violate them intentionally. By tailoring the envi-
ronment (e.g. the road or the vehicle) to human char-
acteristics, and by preparing the road user for traffic
tasks (by training and education), we can achieve an
inherently safe road traffic system.

The most important features of inherently or sustain-
ably safe traffic are that latent errors in the traffic sys-
tem (gaps in the system that result in human errors or
traffic violations causing crashes) are, as far as pos-
sible, prevented and that road safety depends as lit-
tle as possible on individual road user decisions. The
responsibility for safe road use should not be placed
solely on the shoulders of road users but also on
those who are responsible for the design and opera-
tion of the various elements of the traffic system (such
as infrastructure, vehicles and education).

A set of guiding principles has been developed to
achieve sustainably safe road traffic. The old princi-
ples from the original Sustainable Safety vision have

Sustainable Safety principle
Functionality of roads

Homogeneity of mass and/or speed
and direction

Predictability of road course and road user
behaviour by a recognizable road design
Forgivingness of the environment and of

road users
State awareness by the road user

Table 1
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been reformulated where appropriate, and some new
principles have been added. This results in the five
Sustainable Safety principles of Table 1. These prin-
ciples have all been based on scientific theories and
research methods arising from disciplines such as
psychology, biomechanics and traffic engineering.

Traffic planning

Flow of traffic manifests itself in many ways and with
various and different objectives. As long ago as the
1970s, a functional road categorization system had
been introduced which formed the basis for the
Sustainable Safety functionality principle. This princi-
ple starts from the premise that roads can only have a
single function (monofunctionality) and that they must
be used in keeping with that function. The road func-
tion can, on the one hand, be ‘to facilitate traffic flow’
(associated with ‘through roads’), and, on the other
hand, ‘to provide access to destinations’ (associated
with ‘access roads’). In order to provide a proper tran-
sition between ‘giving access’ and ‘facilitating traffic
flow’, a third category was defined: the ‘distributor
road’. The advanced version of Sustainable Safety
maintains these three main categories as the basis
for a functional categorization of the road network.

Preventing dangerous actions

People can perform tasks at different levels of con-
trol: skill-based, rule-based or knowledge-based
(Rasmussen, 1983). Generally speaking, the longer
people are trained in performing a task, the more au-
tomatic their behaviour. The benefit is that task per-
formance requires less time and attention, and that
fewer (serious) errors are made (Reason, 1990). To

Description

Monofunctionality of roads as either through
roads, distributor roads, or access roads, in a
hierarchically structured road network

Equality in speed, direction, and mass at medium
and high speeds

Road environment and road user behaviour that
support road user expectations through consist-
ency and continuity in road design

Injury limitation through a forgiving road environ-
ment and anticipation of road user behaviour
Ability to assess one’s task capability to handle the
driving task
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prevent dangerous actions, Sustainable Safety strives
to avoid knowledge-based task performance in par-
ticular. People have to be sufficiently capable and ex-
perienced to take part in traffic, but they also need to
perceive what is expected from them and what they
can expect from other road users. This is manifest in
the predictability principle, the benefits of which can
be delivered, according to the advanced Sustainable
Safety vision, by consistency and continuity in road
design. This means that the design needs to support
the user’s expectations of the road, and that all com-
ponents of the design needs to be in line with these
expectations.

People not only act dangerously because they make
errors unintentionally; they can also exhibit danger-
ous behaviour by intentionally violating traffic rules.
The original Sustainable Safety vision did not yet take
these ‘unwilling’ people into account, but the ad-
vanced vision includes them. In situations where the
road environment does not stimulate proper behav-
jour, a sustainably safe road traffic system benefits
from road users who spontaneously obey traffic rules
from a normative point of view. To achieve this, traffic
regulations have to fit with the environment, and peo-
ple have to be educated about the logic and useful-
ness of rules. Where people still fail to comply with the
rules, police enforcement to a level where a reason-
able chance of being caught is perceived is the usual
measure to enforce compliance.

Another element in the advanced vision is that traf-
fic has to be sustainably safe for everybody, and not
just for ‘the average road user’. Fuller’s task capability
interface model (Fuller, 2005) supplies a theoretical
framework here. Fuller’'s model states that road users’
task capability is the sum of their capacities less the
sum of their impairments caused by their present state
(e.g. because of fatigue or use of alcohol). For safe
road use, the task capability has to be large enough
to meet the task requirements. These task require-
ments are primarily dictated by the environment, but
they can also be altered by the road user, for instance
by increasing or decreasing driving speed.

Road types combined with allowed road users

A new element in Sustainable Safety is the principle
of state awareness. This principle requires that road
users should be able to assess their own task capa-
bility for participating in traffic. Task capability can be
insufficient due to a lack of competence (e.g. because
of a lack of driving experience), or because of — or ag-
gravated by — a state of mind that temporarily reduces
the task capability (e.g. because of fatigue, or the use
of alcohol or drugs).

Since task capability differs between individuals (e.qg.
inexperienced and elderly road users with underde-
veloped or diminishing competences respectively,
and also fatigued ‘average’ road users, or road users
under the influence of alcohol or drugs), generic road
safety measures are a necessary basis for safe traf-
fic. However, for the group of road users with a lower
task capability in particular, these measures are not
sufficient for safe participation in traffic. Therefore,
generic measures have to be supplemented with
specific measures aimed at these groups or situ-
ations involving them. Specific measures can be
found in the areas such as regulation, education,
enforcement (e.g. banning drivers under the influ-
ence of alcohol or drugs), and Intelligent Transport
Systems (ITS).

Dangerous actions can also be affected by explaining
and gaining support for the principle of social forgiv-
ingness. More experienced road users can, by means
of forgiving driving behaviour (in terms of being antici-
pative or defensive), increase the room for manoeuvre
of less experienced road users. Errors should still be
regarded as errors by the less experienced, in order
that they can learn, but a forgiving approach should
lead to fewer or less serious crashes.

Dealing with physical vulnerability

If road users perform dangerous actions that lead
to crashes, the human body'’s integrity is jeopard-
ized. This vulnerability results from the release
of kinetic energy and the body’s biomechanical
properties.

Safe speed (km/h)

Roads with possible conflicts between cars and unprotected road users 30
Intersections with possible transverse conflicts between cars 50
Roads with possible frontal conflicts between cars 70
Roads with no possible frontal or transverse conflicts between road users =100

Table 2
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To deal with the issue of vulnerability in a proactive
fashion, Sustainable Safety requires that controls are
placed on factors that may intensify the severity of
a crash: differences in speed, direction and mass.
This forms the foundation of the homogeneity prin-
ciple. This principle states that, where vehicles or
road users with great differences in mass have to use
the same road space, speeds will have to be so low
that, should a crash occur, the most vulnerable road
users involved should not sustain fatal injuries. In ad-
dition, where traffic is moving at high speeds, road
users should be separated physically. Based both on
crash tests between pedestrians and cars, and on
ideas developed in the Swedish Zero Vision (Tingvall
& Haworth, 1999), the advanced Sustainable Safety
vision proposes safe speeds for different situations
(see Table 2).

Unfortunately, we do not yet have sufficient scientific
knowledge to define safe speeds for motorized two-
wheelers and heavy vehicles. This issue has also not
yet been resolved in practical terms. Separation from
other traffic would be the best solution, but it is un-
clear how this can be realized in practice.

The principle of physical forgivingness (a forgiving
roadside) can also contribute to reducing injury se-
verity in crashes.

Improved road safety in the
Netherlands

Road safety developments

The first road crash victim died in the Netherlands
more than one hundred years ago, and since then,
mobility and the number of road casualties has grown
quickly. In the early 1970s though, a trend evolved
of increasing mobility combined with improved road
safety. This trend still exists, albeit with some discon-
tinuities over the years. This downward trend in the
number of road casualties is also visible if viewed as
a cross section by a) road transport means, b) road
type and c) age group.

Two types of road traffic participation stand out in
this type of analysis: motorized two-wheeled vehicles
(due to the relatively high risks), and the passenger
car (due to its dominant role in road crashes: the
number of car occupant casualties is comparatively
high, but risks are relatively low and are decreas-
ing steadily). The car performs a double role in road
crashes. In conflict with vulnerable road users (i.e. pe-
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destrians and cyclists), the car is a disproportionately
strong crash opponent; in conflict with heavy goods
vehicles and in single-vehicle crashes against fixed
roadside objects, they are the weaker party. These
single-vehicle crashes occur quite frequently on rural
roads. Rural roads allowing all kinds of traffic partici-
pants yield the highest risks, probably because of the
relatively high speeds in combination with the mix of
different types of road user.

Looking at the number of road casualties and the risks
of different age groups combined with gender, it is strik-
ing that both young people (particularly young males)
and the elderly (aged over 75 years) have a higher risk
of being involved in a crash. The reasons are, in partic-
ular, age-specific characteristics, and for young people
the added lack of experience in road use.

Looking at road safety in the Netherlands in an inter-
national context, it is apparent that we are amongst
the safest countries in the European Union and the
world. Compared with other well-known top perform-
ers — Sweden and the United Kingdom most notably
— road safety statistics reveal that the Netherlands
has achieved the highest reduction in the number of
road casualties and, currently, the Dutch road safety
performance level is on a par with these two other
countries. Nevertheless, the current number of road
casualties is still considered unacceptably high in all
three countries.

Causes of road crashes

What makes road traffic so dangerous? This is due
to several basic risk factors: high speeds, large dif-
ferences in speeds and masses between road users,
and people’s physical vulnerability. In addition, there
are a number of road user factors that further increase
crash risk, such as lack of experience (a particular
problem for young road users), use of psychoactive
substances (including alcohol and prescribed or illicit
drugs), fatigue, emotional state and distraction (e.g.
due to use of mobile phones while driving).

What causes crashes? In the original version of
Sustainable Safety, the starting point was that crashes
were in the end caused by predominantly unintentional
errors by road users. Since it is quite often stated that
hard-core or repeat offenders cause crashes, we have
tried to investigate the distribution of crash causes.
This has led to the view that it is quite often difficult to
attribute crash causes to actions that are either ‘unin-
tentional errors’ or ‘deliberate violations’. Material such
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as police crash registration forms, often fall short in
their examination of the road user actions that precede
crashes. Moreover, a combination of factors is usually
involved, making it even more difficult to separate out
the specific cause. Nevertheless, the view emerges
that deliberate violations cannot be neglected as a fac-
tor that increases the probability of a crash.

Relevant future developments

We can discern several societal developments that
may have an impact on (tackling) road safety in the
future. Firstly, increasing mobility is coupled with in-
creasing economic growth, both for passenger and
freight traffic. It is not yet clear what this means for
traffic distribution over the available road network with
regard to travel times, speeds and modal distribution.
We do not yet know what the impact of a different
way of road use pricing will be, but the impact will be
small in the short term. We may expect that economic
growth will also bring further quality improvement in
the vehicle fleet. The 24-hour economy will undoubt-
edly bring about increasing fatigue in road users.

Taking demographic trends into consideration, we
can discern an overall ageing of the population.
Ageing combined with increasing individual choice
will probably mean a wider urban sprawl, requiring
longer travel distances. In addition, the lifestyle of
double-income families gives rise to more vehicle use
because commuter traffic tends to be combined with
the dropping-off and picking-up of schoolchildren.

Countries, such as the Netherlands, will continue to
be a home to many cultures. Against this background,
certain groups of young people exhibit behaviour that
causes a sense of discomfort and insecurity in soci-
ety. An increased societal aggression and intolerance
is perceived that can affect road traffic. The increased
call for ‘norms and values’ coincides with an increased
demand for a clean and healthy environment. We can
expect that this will have an impact on the organiza-
tion of spatial planning. Road safety considerations
deserve a prominent place in these processes.

Finally, implementation of policies clearly shows a ten-
dency towards decentralization on the one hand, and
more EU influence on the other. Moreover, citizens
will get more responsibilities in general terms with de-
creasing governmental responsibilities. This increase in
personal (and road user) responsibilities and the cor-
responding decrease in governmental responsibilities
suggest that the improvement of safety in an already
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busy road traffic system can only be safeguarded by
centrally structured measures based on the Sustainable
Safety vision.

Sustainable Safety in the past years:
together on the right track?

Sustainable Safety has caught on in the Netherlands
and it has become a leading vision to further improve
road safety. It is apparent that Sustainable Safety
appeals to, and is valued by road safety profession-
als, and is internationally regarded as an authorita-
tive vision. However, outside the inner circle of road
safety professionals, relatively few people know about
Sustainable Safety.

After the launch of Sustainable Safety in 1992, several
steps were taken to implement road safety measures
in line with the vision. Perhaps the most important
step was the Start-up Programme Sustainable Safety:
a covenant with 24 agreements between the national
government and regional and local authorities (VNG
et al., 1997).

Making road infrastructure safer was a visible prime
consideration in the execution of Sustainable Safety.
This thinking was both understandable and correct
(“crash occurrence is a priori dramatically reduced
by infrastructure design”, Koornstra et al., 1992).
Nevertheless, this narrow interpretation does not
do full justice to the vision; the vision was actually
broader in orientation. Page 20 of Koornstra et al.
reads: “The sustainably safe traffic system has an
infrastructure that is adapted in design to human
capabilities, vehicles having means to support and
simplify human tasks and that are constructed to
protect the vulnerable road user, and a road user
who is trained, educated and informed adequately,
and controlled where necessary.” The vision certainly
has been translated into road infrastructure design
adapted to human capabilities, both in terms of road
design handbooks and guidelines and in actual road
construction. However, we have to point out that,
along the way, concessions have been made in re-
spect of the use of low-cost solutions, in particular
concerning a general 30 km/h speed limit in urban
areas and a 60 km/h speed limit on rural access
roads instead of lower, safer limits. These low-cost
solutions were understandable in order that support
for Sustainable Safety could be gathered and also to
start off quickly, but we now have to see if the imple-
mentation has been too low-cost to be effective.



Improvements in secondary vehicle safety (injury pre-
vention) have been advancing, e.g. through EuroNCAP
(European New Car Assessment Programme).
However, this does not appear to have been stimu-
lated by Sustainable Safety. In-car and out-of-car pro-
visions to simplify and assist driver tasks have been
advancing, particularly in the area of ITS (Intelligent
Transport Systems) but actual system and product
developments in this field have only become visible
in the past few years. The role of road safety in this
process is still unclear.

Finally, with reference to the “road user who is trained,
educated and informed adequately, and controlled
where necessary”, we have to conclude that the
Sustainable Safety perspective has not been very in-
spiring in realizing this ambition. The three areas of
driver/rider training, traffic education and police en-
forcement have advanced, but relatively independ-
ently of Sustainable Safety. This, in turn, means that
we do not yet have a sustainably, safe development
plan for these three areas.

The Start-up Programme Sustainable Safety can be
hailed as a success, both as a process of coopera-
tion and in the area of implementation. Cooperation
between the various levels of administrative authori-
ties was evident both in the preparation of the Start-
up Programme and during its subsequent execution.
Regional and local authorities participated enthusi-
astically in the execution of (parts of) the Start-up
Programme. The extent of their enthusiasm becomes
clearer when taking into account that they put more
of their own budgets into the Programme than was
agreed in the subsidy scheme.

Does the Start-up Programme Sustainable Safety
give a good synthesis of the Sustainable Safety vi-
sion? In broad terms it does, provided we accept that
the objective was to implement measures relatively
quickly. For instance, the basic agreement concern-
ing the categorization of roads has been of great im-
portance. Putting access roads to the fore has been
a conscious choice within the Start-up Programme.
This was an attractive idea because there was much
support within the population in general to do some-
thing about the problems on this type of road. It also
created the opportunity to categorize the whole road
network, which has now been completed. However,
the emphasis on access roads has drawn attention
away from distributor roads, which have a compara-
tively high crash risk. Despite the fact that this was
understandable and reasonable (the problems are
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great and the possibilities for solutions limited) this
meant that a large part of the problem has not yet
been tackled, apart from the construction of round-
abouts.

An important concern of practitioners was to imple-
ment certain measures in a low-cost way because
of the limited financial means. With hindsight, we
have to conclude that this was overdone. If we take
as a starting point that there should be no severe
road injuries in 30 or 60 km/h zones, we can deduce
that this problem has not yet been solved, as we still
have fatalities and casualties admitted to hospital in
these areas every year. There are indications that
the intended speed reduction of motorized traffic
has not taken place. There is also an impression that
the national road authority did not feel challenged by
the Sustainable Safety vision, as there is no highly
visible sign of action that we can speak of in this
area.

With respect to accompanying policy, the Start-up
Programme has greatly facilitated the dissemina-
tion and sharing of acquired knowledge, particu-
larly between local authorities. Websites, brochures,
newsletters, platforms and working groups provided
ample evidence of this. The Infopoint Sustainable
Safety has played a central role here. However,
one of the points that was missing was a structural
evaluation of measures on which the continuation of
Sustainable Safety could build. The lack of know-
ledge of education is also worth noting. Much know-
ledge can still be gained concerning infrastructural
measures. This knowledge is necessary to be
able to make cost-effective advances in the battle
for road safety. Based on the existing knowledge,
it has been estimated that the aggregate effect of
all implemented infrastructural measures within the
framework of Sustainable Safety has resulted in a
reduction of 6% in the number of road fatalities and
hospital admissions (Wegman et al., 2006).

So, our road system is not yet sustainably safe but
we are on the right track. Further progress can be
made with the content of the Start-up Programme,
particularly improvements in the integration of differ-
ent road safety measures. It is advisable to involve all
the stakeholders, such as the police, judicial authori-
ties, interest groups, and the private sector in this im-
plementation process. To achieve this end and taking
into consideration the decentralization of policy im-
plementation, a different executive organization than
the Start-up Programme Sustainable Safety initiated
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by the Ministry of Transport, Public Works and Water
Management will have to be found. This is the aim of a
Road Safety Agreement proposed by SWOV and the
Dutch Tourist Club ANWB (Wegman, 2004), which in
the meantime has taken shape as a National Road
Safety Initiative.

It can justifiably be concluded that following the cho-
sen path is advisable but with adaptations and ad-
justments to the vision, resulting in the advanced
Sustainable Safety vision described in this book. The
Start-up Programme Sustainable Safety was a start.
We hope that this advanced vision will lead to new
partnerships that can deliver the next steps to sus-
tainably safe road traffic.

Infrastructure

Infrastructure planning and design is an important
subject in Sustainable Safety. The principles of func-
tionality, homogeneity and predictability have always
been central. We want to maintain these three princi-
ples in the future, with forgivingness (a forgiving road
environment) added as a fourth principle concerning
infrastructure.

Large progress has been made in the translation of
the original three principles into guidelines for road
design and into practical implementation, showing
positive safety results. At the same time, we have
to conclude that some problems are still waiting for
a solution. With respect to functionality, we need to
set requirements for categorization plans at network
level. Furthermore, we will have to keep defining es-
sential characteristics of the three Sustainable Safety
road categories, and not to restrict ourselves to the
agreed and so-called ‘essential recognizability char-
acteristics’. We also need to develop essential char-
acteristics for intersections.

The principle of homogeneity has been developed fur-
ther in Sustainable Safety with the idea that, prior to
a collision, speeds are limited to a level such that only
‘safe crash speeds’ pertain. This idea is not found in
existing design guidelines. On distributor roads and
access roads outside urban areas, discrepancies
exist between these accentuated speed requirements
and current practice. Many road authorities struggle
to decide how to design and construct these roads
in a truly sustainably safe way. Our understanding of
recognizability and predictability of road course and
other road users’ behaviour has grown, but not yet to
the extent that this principle is put into practice based
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on our knowledge. The new principle (forgivingness)
was in fact already embedded in Sustainable Safety,
but it is appropriate to position it explicitly. Meanwhile,
sufficient knowledge has been gathered to apply this
principle in full.

Taking an overview of infrastructure, we have to
conclude that we do not know exactly what sustain-
ably safe road infrastructure really means, nor do we
know the true effect of low-cost solutions. We pro-
pose some improvements for sustainably safe infra-
structure in this book. We think it advisable to set up
a platform for the discussion of these proposals, and
perhaps to do this by means of a road safety agree-
ment. Various infrastructure problems that we refer
to could be analysed using this platform, and possi-
ble solutions developed. This should form the basis
for a multi-annual research programme directed at
these problems and linked with information dissemi-
nation.

Vehicles

In the past, improvements in vehicle safety have con-
tributed considerably to the reduction in the number
of road crash casualties, particularly by preventing se-
vere injury. This raises the question as to what further
improvements are possible and how these can be re-
alized. We need to be aware that an insular Dutch pol-
icy can only make a modest contribution in this area
because other processes are dominant: international
regulations (the European Union in Brussels and the
United Nations Economic Commission for Europe in
Geneva), activities of vehicle manufacturers them-
selves, and developments such as the EuroNCAP
programme (a combination of national authorities,
research institutes and consumer organizations that
rate vehicle safety performance by means of a ‘star
system’).

We need to be aware that there are developments
in areas other than road safety, which have had, or
will have in the future, an impact on vehicle safety.
Examples are cleaner and quieter vehicles, increased
vehicle mass, application of new technologies (ITS,
hybrid vehicles), alongside consumer demands (e.g.
wanting to drive an SUV). We need to investigate in
a more structural way whether or not these devel-
opments yield opportunities for road safety or are a
threat to it.

In the Sustainable Safety vision, vehicle safety occu-
pies an important position because the outcome of



certain crash types is determined by crash speed and
direction, and the protection that the vehicle provides
(to the occupants and to crash opponents). From
this perspective (the perspective of the homogen-
eity principle), stricter requirements need to be put
on road infrastructure design and heavy vehicles on
the one hand, and on cars relative to vulnerable road
users (pedestrians, cyclists, and also motorized two-
wheeled vehicles) on the other hand. Travel speeds
need to be adapted appropriately. This will have to be
the norm for the design of our road traffic.

In the area of primary safety (crash prevention), the
development of intelligent vehicle systems comes to
mind. In secondary safety (injury prevention), it is to
be expected that the process initiated with EuroNCAP
will continue to bear fruit in the future. It is advisable
to expand crash test types (rear-end collisions — to
prevent whiplash) and to promote crash compatibil-
ity, and also testing of primary safety. Technological
developments will increase the effectiveness of seat
belts and airbags. The traditional role of European
regulation is still desirable. One point of concern is
the increasing incompatibility between passenger
cars (particularly because of the SUV).

Intelligent Transport Systems

The application of Intelligent Transport Systems
(ITS) deserves a prominent place in the advanced
Sustainable Safety vision. ITS are an important means
of making road safety less dependent on the individ-
ual choices of road users. It is estimated that safety-
directed ITS may lead to 40% fewer fatalities and inju-
ries. However, in reality, a large part of the possibilities
to reach this estimate have not fully matured yet, and
it is possible that large-scale implementation may run
into a variety of problems. We recommend adher-
ing to strong, promising ITS developments, for areas
such as congestion reduction and comfort improve-
ment. Road safety should be better integrated in the
development process.

In the area of road safety, we recommend directing
attention to information providing and warning sys-
tem variants aimed at speed adaptation and dynamic
speed limits (Intelligent Speed Assistant as a support
system for road recognizability) for the time being. A
second area is to guide road users along the shortest
and safest routes, using navigation systems. In a next
phase, we can think of more advanced systems, such
as ITS applications that control traffic access (valid
driving licences key, alcolocks). Seatbelt locks are an-
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other possibility. In the still longer term, we will have to
think more of automated traffic flow management in
order to realize a truly sustainably safe traffic system.
Nevertheless, it is worth remarking that it would be
unwise to stop applying traditional measures and to
wait for the introduction of ITS applications; the future
is too uncertain for that.

More than ever before, a joint effort of all the relevant
stakeholders in ITS implementation (public authori-
ties, industry, academic and research institutions,
interest groups, consumer representatives, etc.) is re-
quired to direct this potentially effective innovation to-
wards casualty reduction. Perhaps, it is worthwhile to
consider whether or not a road safety agreement on
the subject of ‘Sustainable Safety and ITS’ can play a
facilitating role here.

Education

Traffic education in various forms plays an impor-
tant, albeit perhaps underexposed role in Sustainable
Safety up to now. By the term ‘education’, we mean
teaching, instruction (aimed at specific roles in traffic,
such as driver training) and campaigns. Within sus-
tainably safe road traffic, it is important also to use
people’s capacity to teach themselves. In our view,
education should aim at five behavioural themes:
1) creating an adequate understanding of the road
safety problem and an acceptance of Sustainable
Safety measures as a means to improve road safety;
2) encouraging the making of conscious strategic
choices (modal or vehicle choice, route choice); 3)
counteracting intentional violations; 4) preventing the
development of undesirable or incorrect behaviour; 5)
preparing ‘novices’ as much as possible. Education
is not a panacea, it cannot be a substitute for other
interventions (a sustainably safe road user environ-
ment), but it does provide an essential complement
to them.

For ‘learning’, we have to take human characteristics
as a starting point. By taking into consideration, more
than in the past, that road users learn continuously
from their experiences, it is possible to assemble a
coherent package of measures to direct the learning
process in the direction desired. Formal education is
required to teach correct behavioural routines; how-
ever, practicing these routines needs to take place in
informal education. Education’s key task is to focus
on those subjects that are difficult to be learned di-
rectly from traffic because the relationships cannot
be clearly deduced. Examples are: the relation of
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road safety to driving speed, the organization of the
transport system, the road design and the allowed
manoeuvres (e.g. understanding the ‘essential rec-
ognizability characteristics’), overestimation of ones
capacities, and so on. This may also help to make the
principles of state awareness and forgiving road user
behaviour more tangible. More attention needs to be
devoted to education aimed at minimizing exposure
to dangerous situations.

Current traffic education is overly directed towards
training in operational skills, and too little towards
acquiring an understanding of traffic that supports
safe participation in it. Above all, traffic education
has become a matter of the government (including
schools) to a greater extent than necessary, and this
has caused the education to be less effective. It is
necessary to broaden educational care, particularly
where operational training of novices is put back into
the hands of parents and carers. To create such a
‘broader learning environment, consisting of both for-
mal and informal education, coordination between
organizations and guidance on content are needed in
order to help these organizations carry out their tasks
with competently and with sufficient resource. Central
government has an important directorial role to play
here.

Regulations and their enforcement

In sustainably safe road traffic, regulation forms a
foundation for the safety management of traffic proc-
esses, minimizing latent system errors, and restrain-
ing risk factors. Ideally, in sustainably safe road traffic
people comply with the rules (spontaneously) without
having to make an effort and without feeling negative
about it. On the one hand, this can be accomplished
by adapting the traffic environment (such as infra-
structure and vehicles) in such a way that it supports
the (prevailing) rules as much as possible. This would
be the basis to prevent latent errors in the traffic sys-
tem, because it tackles the cause of traffic violations
at the earliest possible stage. On the other hand, in-
trinsic motivation could prompt people to comply with
rules spontaneously.

Unfortunately, spontaneous traffic rule compliance is
far from being a reality and it is highly doubtful that it
could be relied onin the future. Not everyone is always
motivated to comply with the rules, not even when the
environment has been adapted optimally. The threat
of penalties is needed to deter these road users not to
comply with the rules, for instance by making the cost
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for non-compliance outweigh the perceived benefits
of it. Current enforcement practice can be optimized
by using more effective and efficient methods. More
research can show us the way. Specific enforcement,
focused on target groups and inspection prior to tak-
ing part in traffic, fits within sustainably safe road
traffic (an aid in the principle of state awareness). In
order to lower the number of violations substantially,
intelligent transport systems provide some solutions
for the future. To prevent people violating rules un-
intentionally, intelligent systems can be employed as
advisory systems. For dedicated target groups, this
type of system can also be used as a radical, coercive
variant (such as for recidivists or serious offenders).
These systems may become commonplace in the
more distant future.

Speed management

Speed and speed management are key elements in
Sustainable Safety, because speed plays an impor-
tant role both in crash risk and in crash severity. That
is why speed is addressed in all (original) Sustainable
Safety principles, more particularly in homogeneous
road use. With respect to speed, the essential matter
is to manage crash speed in such a way that severe
injury is almost completely ruled out, starting with
certain types of crash (e.g. frontal and side impacts)
and the level of protection for car occupants. Where
there is less protection (e.g. for pedestrians), crash
speeds should be lower.

We recommend making safe speed limits as a point
of departure for the whole of the Dutch road network.
However, we are not blind to the fact that many cur-
rent speed limits are being very widely flouted, and
some individual road users experience ‘going fast’
as fun, exciting and challenging. SWOV estimated
that if everyone were to comply with existing speed
limits, this would lead to a reduction of 25% to 30%
in the number of casualties (Oei, 2001). If safe speed
limits were to be introduced and if road users com-
plied with them, the benefits could be even greater.
Speed limits have to be credible for the road user;
that is: they have to be seen as logical in the given
circumstances. In the short term, apart from setting
safe and credible limits, good information needs to
be given to road users (principle of predictability).
Next, we have two instruments that have proved ef-
fective in the past and that, if put into practice ap-
propriately, will also be usable in the future: physical
speed reducing measures and police enforcement.
In the longer term and making use of ITS, we recom-



mend that speed limits are made dynamic. This will
result in speed limits that are not coupled inflexibly
with a given road, but are adapted to prevailing con-
ditions.

In order to attain sustainably safe speeds in the
Netherlands, the phased plan that follows can be
used:

- to identify criteria for safe and credible speed limits
and minimum requirements for road user informa-
tion;

— to survey the Dutch road network in order to assess
if the road environment and the existing speed limits
are in conformity with each other, and to implement
adaptations (to the road environment or the speed
limit) where necessary;

- to re-orientate regarding enforcement of speeds of
intentional violators;

— to prepare for and to introduce dynamic speed lim-
its.

We recommend to look for appropriate harmonization

of speeds that serves safety, the environment and ac-

cessibility.

Drink and drug driving

Driving under the influence of alcohol continues to be
a persistent problem. In recent years, drugged driv-
ing has created an additional problem. Simultaneous
use of different drugs and combined use of alcohol
and drugs brings about a considerable increase in
crash and injury risk. Although driving under the in-
fluence of alcohol may have decreased dramatically
over the past decades, the decrease in the number
of casualties has fallen short of expectations. Apart
from an increase in the combined use of alcohol and
drugs, the number of serious offences has decreased
less than the number of less serious violations. Heavy
drinkers may constitute only a fraction of all offenders,
but they are responsible for three-quarters of all alco-
hol-related casualties. Furthermore, current problems
are concentrated during the night, as they were in the
past, with customers of the catering industry (e.g.
pubs, bars and restaurants) and with young males.
Combined use of alcohol and drugs is most prevalent
in this latter group.

The approach to combating drink driving takes place
at several levels: through legislation, police enforce-
ment, education, punishment, rehabilitation and ex-
clusion. In some of these areas, considerable further
gains can be achieved. The chosen policies can be
maintained for the fight against driving under the in-
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fluence of alcohol. The number of offenders reached
an all-time low in 2004. Police enforcement on alco-
hol use has doubled since 2000, particularly since
the setting up of dedicated traffic police enforcement
teams. In the Netherlands, more than two million road
users are tested for alcohol annually. We recommend
the dedication of part of the total enforcement capac-
ity to serious offenders. Much can also be improved in
the area of rehabilitation of alcohol offenders, particu-
larly by fitting the cars of more serious offenders with
alcolocks (principle of state awareness).

Of all new measures mentioned against drink
driving, the alcolock fits best with the Sustainable
Safety vision. The alcolock has proved effective with
convicted drivers and the system should be introduced
in the Netherlands as quickly as possible. Perhaps in
the longer term, all cars can be fitted with alcolocks.
However, before that decision is taken, the question of
whether or not compulsory use of alcolocks for all road
users yields a safety benefit that outweighs the costs
and other possible disadvantages must be answered.
If the answer is a resounding “yes”, it will probably not
be difficult to get sufficient support from the popula-
tion in general and politically for the introduction of this
measure. Social acceptance of driving under the influ-
ence of alcohol is very low in the Netherlands.

Lowest possible limits (so-called zero limits) need to
be established for all drugs used in combination with
other drugs or with alcohol. Efficient policing of drug
use is made almost impossible due to the lack of legal
limits and associated detection devices. However,
easily usable saliva and sweat tests have been much
improved in recent years. Within a few years, EU re-
search results can be expected in this field.

Young and novice drivers

Sustainable Safety originally started out from the
‘human measure’ of the ‘average’ (relatively expe-
rienced) road user. However, young people taking
part in traffic for the first time on their own (as cyclist,
moped rider, motorcyclist or car driver) do not have
the skills that older, more experienced road users
possess. Young road users behave more dangerously
than other age groups. Generally speaking, the start
of a driving or riding career corresponds with a rela-
tively high risk of crash. The comparatively high risks
are caused by a combination of lack of experience
and age-specific (biological, social and psychologi-
cal) characteristics. A sustainably safe environment
will lead to lower risks because the lack of experience
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is compensated for by a safer environment (generic
measures). This risk can be reduced further by en-
suring that young people take part in traffic in less
dangerous circumstances (specific measures, e.g.
driving without passengers at night).

Education and traffic enforcement can be made more
effective more easily if the environment has been de-
signed to be sustainably safe. Less emphasis should
be put on education and driver or rider training in
basic skills, and more on acquiring an understand-
ing of the traffic system and of their own capacities.
Formal and informal learning should reinforce each
other. The graduated driving licence for novice drivers
is an effective approach.

Rowdy behaviour is not appropriate in road traffic.
Police enforcement needs to be intensified, accom-
panied by suitable penalties for novice road users
(often young people). In addition to punishing inap-
propriate behaviour, rewarding appropriate behaviour
can improve safety. An example is a special no-claim
insurance bonus to reward careful novice drivers or
riders.

Cyclists and pedestrians

Walking and cycling are healthy and environmentally
friendly activities, and should also be safe. Walking
and cycling (safely) are most important modes for
young (school-) children, and the elderly. These
vulnerable groups are particular beneficiaries of a
sustainably safe road traffic system design, specifi-
cally based on the principle of homogeneous use.
Pedestrians and cyclists are vulnerable in crashes
with other types of road users, because they are un-
protected and also because other types of road users
move at higher (sometimes too high) speeds. Crash
speeds of motorized vehicles need to remain below
30 km/h in order for pedestrians or cyclists to survive
the crash. This means that pedestrians and cyclists
have to be separated from high-speed traffic. If this
is not possible, the result of conflicts should be such
that pedestrians or cyclists are not severely injured
(forgivingness). This requires both provisions for mo-
torized vehicles (‘friendly’ car fronts, and under-run
protection for heavy goods vehicles and buses) and
for speed reduction for these vehicles. Speed reduc-
tion needs to be applied on access roads but these
need to be investigated further because there are
signs that the low-cost design of both 30 km/h and 60
km/h roads do not fit these speed limits well enough.
Speeds also need to be less than 30 km/h at those
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locations where pedestrians and cyclists and motor-
ized traffic meet (on distributor roads with a 50 km/h
or 80 km/h speed limit). These locations should follow
logically from route plans for cyclists and pedestrians.
The construction of roundabouts and raised cross-
ings can be effective here.

The downward trend in crash statistics for pedestri-
ans and cyclists show that we are on the right track.
So, the slogan could be: proceed on the chosen path.
This path comprises: mix traffic where speeds are low,
separate traffic where speeds are too high, and in-
troduce targeted speed reduction where pedestrians
and cyclists meet motorized traffic flows. Here, SWOV
introduces two new ideas: the Toucan crossing (joint
pedestrian and cyclist crossing), and the two-path
(joint use of pavement with a separate lane for both
pedestrians and cyclists). Incidentally, it is only logical
to address pedestrians and cyclists about their own
responsibilities for safe road use; that they behave
predictably, for instance using their bicycle lights at
night, and do not cross streets while the lights are red.
This will also remove a cause of crashes.

Motorized two-wheelers

Motorized two-wheeled vehicles do not fit well into
sustainably safe traffic, because they have a high vul-
nerability/injury risk in crashes with other motorized
vehicles, because motorized two-wheeled vehicles
are quite often not noticed by others, and also be-
cause they often move at high speeds. The combina-
tion of juvenile recklessness, tuned-up engines, and
sometimes excessive speeds results in relatively high
risks for this road user category.

Only a few Sustainable Safety measures provide a
truly substantial casualty reduction in crashes involv-
ing motorized two-wheeled vehicles. This leads us
to a fundamental discussion concerning risk accept-
ance in a risky society, and to the questions of what
is a reasonable and responsible expectation of risk
reduction, the distribution of individual and collective
responsibility with respect to risk-associated behav-
jour, and so on. We advocate a fundamental discus-
sion on this topic.

We need to facilitate the safest possible way of using
motorized two-wheeled vehicles, given their inher-
ently dangerous characteristics. There are definitely
some, although limited, possibilities: obstacle-free
zones, advanced braking systems, ITS to influence
speeds, conspicuity at crossings, and registration



plates for mopeds and light mopeds. The last of these
require extra enforcement to achieve their potential. In
rider training, much more emphasis needs to be given
to recognizing and anticipating dangers. In the same
way as for young and inexperienced drivers, a posi-
tive effect may be expected from graduated driving
licences (both for motorcyclists, and light moped and
moped riders). Research (from the UK) has shown
that motorcyclists often have incorrect risk percep-
tion and risk awareness; this may also be true for light
moped riders and moped riders. When the graduated
driving licence for novice drivers is introduced, we
recommend that the period of the training phase for
novice riders of motorized two-wheeled vehicles be
extended. When riders have mastered more higher-
order skills, they can participate in traffic under more
dangerous conditions.

Heavy goods vehicles

The freight transport industry represents a large eco-
nomic interest in the Netherlands and, therefore, it is
important to manage freight transport flows safely.
This is also important for the sector’s efficiency and
image. Dangerous heavy goods traffic almost always
means a lack of safety for the other crash party. Fatal
crashes already occur at very low speeds (particu-
larly for the lighter collision opponent). We need to
acknowledge that there is a high level of incompat-
ibility between the heavy goods vehicles and all other
road users.

There is very little else that can be done about this

structural problem other than separating heavy goods

vehicles from other traffic. From the Sustainable

Safety vision, everything possible has to be done to

prevent unnecessary movement, and then to manage

the mileage travelled as safely as possible. Learning

from other transport modes and based on an analy-

sis of heavy goods vehicles safety problems, SWOV

advocates:

- two designated road networks for heavy goods
transport and light goods transport;

— two vehicle types adapted to the road and traffic
situation;

— two types of drivers with different skills require-
ments.

The leading idea is to separate heavy goods vehi-
cles and other traffic as much as possible in place
or time. To this end, a logistics system will have
to be developed where heavy goods vehicles use
the major road network, and are in contact with
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other, mostly more vulnerable, road users as little
as possible. ‘Light goods vehicles’ made compat-
ible with other traffic then use the remaining road
network. The Quality Net Heavy Goods Vehicles
(Kwaliteitsnet Goederenvervoer) may offer a good
starting place. Furthermore, the logistics system
should be designed such that safety is a design
requirement, as is common practice in other trans-
port modes. This also means that the sector devel-
ops additional professional skills further. It is also
important that companies improve their own safety
cultures.

Implementation
Organization of policy implementation

In general, the context of road safety policy implemen-
tation, and that of Sustainable Safety specifically, has
become increasingly complex in the Netherlands in re-
cent years. From a relatively hierarchical setting, the
implementation context has developed an increasing
number of networking characteristics. The network
is characterized by both horizontal and vertical frag-
mentation. The relationships and roles between those
responsible have changed drastically, and the new
relationships have not yet been clarified. It is neces-
sary to look for a new balance. It is also better to aim
for improving the use of these new structures than to
propose new institutional arrangements. A reduction of
unclear commitments is desirable in the new structures
with business-like products and results-orientated co-
operation. We will limit ourselves here to those with a
principal role: the national government, provincial and
local authorities, interest groups, and research insti-
tutes. The role of the police and the judiciary is also
highly important but will only be touched upon here.

We recommend that the national government’s role
be characterized as ‘policy innovator’, now that the
role of ‘central policy decision maker’ is one of the
past. Further definition of the role at the national level
with respect to Sustainable Safety is desirable as well
as that of the competences (Europe, national legisla-
tion, national road authority) and legal tasks (‘frame-
work agreements’). We recommend facilitating and
encouraging further policy innovation, giving particu-
lar attention to facet policy and integration with other
policy areas. The role of 'director’ can be effectively
combined with the functions of facilitator of research
and dissemination of knowledge. These functions are
well matched to the role at the national level.
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The role of provinces and regions can be seen as a
spider’s web. In the Netherlands, they are responsible
for directing the implementation of Sustainable Safety
and for the distribution of financial resources pro-
vided by the national government. Decisions have to
be made that reconcile different interests, and it goes
without saying that ‘road safety’ will only be part of
these integral considerations. The provinces and met-
ropolitan areas will have to see to it that ‘road safety’
is explicitly taken on board in a transparent decision
making process, making it clear how (regional) safety
targets can be met.

The role of local authorities is one of providing feed-
back, both to citizens and other authorities. Local
politics can play a role in stimulating and manifesting
the citizens’ (latent) demands for improved safety and
in the actual implementation of Sustainable Safety.

Interest groups act as critics, and are sometimes ide-
ologically motivated. They can keep those responsible
on their toes. They have an essential role to play, al-
beit that this role is more complex and uncoordinated
because of policy fragmentation. Interest groups can
also link Sustainable Safety with other societal devel-
opments (sustainable society, environment, quality of
life, etc.). Interest groups may feel challenged to make
road safety manifest, based upon issues of concern
to citizens, and to channel it towards decision making
about Sustainable Safety.

Quality assurance

In order to attain a sustainably safe traffic system, it
is important to counteract latent errors. This can be
achieved with the aid of quality assurance. Various
considerations and developments lead to the con-
clusion that this link is necessary for the high-quality
delivery of Sustainable Safety, but which is at present
lacking. A good example of a situation where such
quality assurance is needed is in offering road users a
recognizable and understandable road design that fa-
cilitates the predictability of the road course and other
road users’ behaviour. To this end, road authorities
should agree on a certain level of uniformity of road
design. This possibility does not exist currently but is
fully accepted in other branches of the traffic system.
For example, transport companies are required by law
to incorporate safety into their business (safety assur-
ance systems). However, this is not yet reality within
road transport operations, apart from the transport of
dangerous goods. The system of (overarching) quality
assurance should be an addition to the quality con-
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trol that each organization concerned provides itself.
Quality assurance will have to be directed at all road
traffic components. We recommend conducting an
exploration into this subject.

It is interesting to see how politicians judge the ob-
served ‘quality deficit’ and the desirability of inspec-
tion as part of quality assurance for the further im-
plementation of Sustainable Safety. More research
is needed to prepare this political choice, weighting
the benefits and disadvantages. If the choice were to
install a (central) supervisor, then their involvement
would have to be such that the autonomous com-
petences of authorities are not affected, assuming
that those responsible keep and fulfil their own re-
sponsibilities. That is: one knows the rules, norms,
requirements and so on, and one acts accordingly, or
requires third parties (e.g. contractors) to act accord-
ingly. This should satisfy the requirement for the first
step of quality assurance (competences and capabili-
ties are sufficiently covered).

The quality assurance system needs to have a legal
basis. We recommend developing this system ini-
tially for road authorities. Legislation could take the
form of a framework law or principle law as a basis
for (delegating) arrangements concerning road safety
priorities. A phased structure can be chosen in such
framework or principle law aimed at road authorities.

This could look as follows:

— restricting unclear commitments by supervision of
road authorities at arm’s length; a basis is consti-
tuted for requirements concerning dissemination of
information and knowledge, safety assurance sys-
tems, training, audits and reviews, terms of refer-
ence for contracting, etc.;

- the assurance that safety is taken on board and
weighted in spatial planning and transport and traf-
fic plans, e.g. by means of impact assessment re-
ports;

— conformity and uniformity in infrastructure design,
operation and maintenance;

— compulsory analysis and remedial action in case of
crashes and latent errors;

— compulsory safety monitoring, both in terms of
crash statistics and process indicators.

We advocate starting with four headings:

- the obligation of the Minister to report to Parliament
progress on road safety indicators and on progress
made by other authorities (also process indica-
tors);

— implementation of road safety audits;



- indication of road safety impact assessment of size-
able investments, for instance within the framework
of infrastructure plans or environmental impact as-
sessments of these plans;

— revision of existing guidelines and recommenda-
tions for road design in the Netherlands, such that
they are usable in the quality assurance system as
discussed.

To avoid misunderstanding: the intention is not to ac-
celerate the implementation of Sustainable Safety by
means of the appointment of a supervisor. The inten-
tion is to implement Sustainable Safety better. To this
end, agreements will have to be made within the regu-
lar political and administrative arrangements. Quality
assurance should not only be embedded within the or-
ganizations, but embedded more completely through
a supervisor.

Funding

Funding road safety measures, including Sustainable
Safety, is a matter that continuously needs attention
because the available funding does not cover all needs.
Structural funds are also insufficient. Often, the road
safety budget is not earmarked for the purpose but
forms part of another budget line which makes it un-
clear how much is available to meet road safety needs.
We will restrict ourselves here to a category of expendi-
ture that is highly relevant for the implementation of a
sustainably safe traffic system, that is, infrastructure
investment, and more particularly, regional infrastruc-
ture. Funding needs are known to be high here, and
existing available budgets are insufficient. Our judge-
ment is that this is also the case for other road authori-
ties in the Netherlands. The proposals developed are
therefore also relevant for those roads.

Before discussing the issue of funding, we need
to flag up that economic justification can be given
since government is, itself, active in road safety in-
vestment, and should not expect ‘the market’ to be
responsible for road safety improvement. In econo-
mists’ terms: because the market fails, government
intervention is justified. A second relevant point is
that investments in Sustainable Safety (CPB et al.,
2002) can be characterized as robust investments
(societal cost-effective investments and a proper
governmental task).

Three possibilities have been investigated to cater for

identified funding need: 1) increasing liability for road
crash damages, 2) pricing policy for road use, and

ADVANCING SUSTAINABLE SAFETY IN BRIEF

3) more money from regular and existing budgets.
The first two options are not thought to lead to more
resources for the government for various reasons.
If we stick to the idea that the introduction of road
use charging would have to be ‘budget neutral’, this
option does not bring in anything extra by definition.
The third option therefore remains, which is a realistic
option, but is dependent on the political will to free
up the money. We recommend that a multi-track ap-
proach is followed and that a committee is formed
(Paying for a Sustainably Safe Infrastructure) to over-
see the development of this issue.

Accompanying policy

We expect the implementation of Sustainable Safety
to be better and easier if attention is devoted to four
related topics. These are brought together under the
term of ‘accompanying policy’: integration, innova-
tion, research and development, and knowledge dis-
semination.

Using a variety of criteria, it is plausible that the im-
plementation of Sustainable Safety will not so much
take place within sectoral policy, but rather as an ele-
ment of other policy areas (facet policy). Here we see
two lines of development: enlargement of the area
of work, and possibly organizational integration with
other topics. Integral considerations are desirable re-
garding traffic and transport (quick, clean and safe)
and road infrastructure investment decisions. Integral
considerations and cooperation in implementation
are complicated in terms of content and organization.
We recommend conducting an exploration first, and
based on this exploration, carrying out the practical
implementation of this enlargement and integration,
and using the results as a starting point for targeted
and practical implementations.

Both the advanced Sustainable Safety vision, the wish
to enlarge the area of work (more facet, less sector),
and the new institutional setting in the Netherlands
(‘decentralized where possible, centralized where
needed’) ensure that in the further implementation of
Sustainable Safety new and unknown paths will have
to be followed. This requires much ‘policy energy’,
especially if the wheel is reinvented in many places.
Therefore, stimulating policy innovation is important.
We propose to invite the Dutch Ministry of Transport,
Public Works and Water Management to create a ‘fa-
cility’ to help bring about these policy innovations.

Based on experiences in the implementation of
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Sustainable Safety up till now, we can draw the con-
clusion that the learning capacity of road safety pro-
fessionals has been modest. This makes it difficult for
us to take next steps. Reinforcing research and devel-
opment is therefore required. Given the broad charac-
ter of Sustainable Safety, research and development
on all facets and aspects of Sustainable Safety can
best be delivered in a structured way. We need to give
attention to the availability and quality of basic data,
and to cluster research activities. Here, we recom-
mend fostering international cooperation.

Existing forms of knowledge dissemination should
be better harmonized in order to provide road safety
professionals efficiently with high-quality knowledge.
Special attention should be devoted to professional
education. We recommend using Sustainable Safety
as a road safety communication carrier to citizens and
road users. In this way we can obtain more societal
acknowledgements for road safety, the Sustainable
Safety principles will become better known, and sup-
port can be built up for tangible measures.

A Dutch National Road Safety Initiative can facilitate

combining of resources, and this way it can aid the
realization of its mission: the exchange, dissemina-
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tion, and development of knowledge about road
safety, and about established road safety results of all
those involved. To this end, the objectives and targets
from the Mobility Paper for the year 2010 need to be
achieved (faster if possible). Later on, we can check if
this mission should continue beyond 2010.

Closing reflection

In Advancing Sustainable Safety, the original Sustain-
able Safety vision has been updated. It is not a com-
pletely new vision, but it provides a broader elaboration
of Sustainable Safety, and in this sense it can be called
innovative. This book makes many recommendations
for the further development of these ideas. The elabo-
ration and definition of complex issues in a complex
environment places great demands on the creativity
and effort of the many organizations bearing respon-
sibility in this area, or organizations that should bear
responsibility. Political will is an indispensable sup-
port in this process. We encourage all those involved
to proceed along the chosen path, and not to shun
new opportunities and challenges. We hope that this
advanced vision inspires the further promotion of road
safety in the next fifteen to twenty years.






1.0 ThelprincipleslofiSustainablelSafety

Alvisionlcanlbelconsideredlasi‘anlimagelof’lorl‘alviewl
on’lreality,l oftenlalfuturelandlideallreality,_andlpref-
erablylsettingloutlanlapproachitolitslachievement.l
Theorieslarelalsolimageslofireality.] Theylconstitutel
thelbuildinglblockslandlelucidatel thel contentsloflal
vision.lInlalbookllikelthis,linlwhichlthelSustainablel
Safetylvisionlislagainlexamined,litlislimportantltol
paylexplicitlattentionltoltheltheorieslatlithelfounda-
tionloflithelSustainablelSafetylvision,landtolclarifylthel
choiceslmadelinlthatlvision.

Welstartlby!listinglthelpointslofideparturel(Koornstral
etlal.,]1992;11.1).1Theselpointslarelthelguidelinesiforl
thelpsychologicallandltrafficl planningltheorieslandl
biomechanicalllawslthatlfollowI(1.2),landlthatlcul-
minatel inl thel principles! ofl thel current,” advancedl
SustainablelSafetylvision(1.3).IFollowinglaniexamina-
tionlofltheltheorieslandresearchiresultslwhichlunder-
pinlthelfirstlversionloflSustainablelSafety, theloriginall
principlesiremainvalid..Somelprincipleslhavelbeenl
added!that, inlourlview, updatelthelvisionlforlalnextl
phaselofiSustainablelSafety.

Policieslandlfundingltheorieslthat’arelfundamentall
tolthelimplementationloflthelvisionlareldealtl withlinl
Chapter 15,/becauseltheseltheorieslareldifferentlinl
characterlto’theltheorieslthatlunderpinithelbasiclicon-
tentloflSustainablelSafety.

1.1. The points of departure restated

1.1.1. Two objectives: preventing crashes
and severe injuries

Thel Sustainablel Safety! vision,? asl described! inl
Koornstraletlal.[(1992),laims[tolpreventicrashesland,[ifl
thislisinotlpossible,ltoreducelcrashlseveritylinisuchlal
way'thatl(severe)linjurylriskiislalmostlexcluded.[Thesel
objectiveslarelaimedlforlby’meansloflalproactivelap-
proachlinformedibylprioristudylofitheltrafficIsituationsl
inlwhichlserious,linjury-producinglcrasheslicanloccur.l

Thelnextstagelinvolves!twoloptions:leitherlthelcir-
cumstanceslareichangedlinisuchlaiway’thatithelcrashl
risklislalmostltotallylremoved, or,liflthislislinevitable,l
seriouslcrashlinjurylrisklisleliminated.l‘Severelinjury’l
isldefinedlherelaslfatallinjury, lifelthreateninglinjury,l
injurylcausinglpermanentlbodilyldamagelorlinjurylre-
quiringlhospitalladmission.

1.1.2. Man is the measure of all things in
an integrated approach

Inlthelanalysisioflandlapproachitolpreventinglcrashesl
orlreducinglthelseverityloflconsequenceslofidanger-
ousIsituations,’humanlcapacitieslandllimitationslarel
thelguidinglfactors:“manlisithelmeasureloflall’things”.]
Thelcentrallissuelisithatlpeople,levenlifitheylarelhighlyl
motivatedtolbehavelsafelylwhilelusingithelroad,imakel
errorsithatimaylresultlinlcrashes.lInladdition,/manlis]
physicallylvulnerablelandlthislhaslconsequenceslfor]
injurylseveritylwhenlalcrashloccurs.

Takinglintolaccountlitheselhumanlcharacteristicslas!
thelstartingl point,sustainablylsafel roadltrafficl canl
belattainedlbylanlintegrallapproachltolthelcompo-
nentsl‘man’,l‘vehicle’landl‘road’.]Thisimeanslthatlthel
infrastructurelhas’tolbeldesignedlisuchlthatlit'meetsl
human’ capacitiesl andllimitations,]thatl thel vehiclel
supportsithelperformancelofltrafficltaskslandlpro-
videslprotectionlinitheleventloflalcrash,landlthatlthel
roadluserlislwelllinformedlandltrained,landlislcon-{
trolledlwhereverinecessarylinlthelcorrectlperform-
ancelofltheltrafficltask.

1.2. From theory to vision

1.2.1. Reducing latent errors in the traffic
system

Crasheslarel virtuallyl neverl causedl byl onel singlel
dangerouslroadluserlaction;linilmosticaseslalcrashl
islprecededbylalwholelchainlofleventsithatlarelnotl

Ynlliterature,ltheselarelalsolreferreditolas‘activelerrors’,Ibutlasiwelwilllseellater that’dangerouslactionslarelcomprisedlbylbothlunintentionall
errorslandlintentionallviolations,litlisIbetterltoluselthelterml‘dangerousiactions’lhere.

2ISeelalsolthelmorelrecent'TRIPODImodell(e.g.[VaniderlSchrierletlal.,11998)IthatIdistinguishesInolfewerithani111ltypeslofilatentlerrors.l
However,[thisimodellisiparticularlylapplicablelforlsafetylorganisationlinlindustryl(suchlaslShell,[forlwhichlit'wasldeveloped).]Forlalsystemisuch!l
aslroad!traffic,/thelgenerallidealsufficesithat,prioritolalcrash, alreadylelementsiarelpresentithat’contributeltolthelfactithatldangerouslactionslby!

roadluserslactuallylleadltolalcrash.
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wellladaptedtoleachlother.lForlexample,Jonelorimorel
dangerouslroadluserlactionstimaylcauselalcrash;lorl
deficiencieslinltheltrafficl systemImaylcontributeltol
dangerouslactionslbylroadlusers,lleadingltolcrashes.l
Thesel systeml gapsl arel calledl latent errors! (seel
Rasmussenl&IPedersen,1984,[inlReason,11990).

Latentlerrorsloccurlinlthelfollowinglelementslofithel

trafficlsystem?:
—[Theltrafficlsystem, definedlasthelorganizedIwholel
oflelementslthatl createl thel conditionsIforltraffic,C
suchlas:
-IDesignlofithelsystem,lwherelthelpotentialiforiroad!l
crasheslandlinjurieslhavelbeenlinsufficientlyltakenl
intolaccount.

-lQualitylassurancelinlthelestablishmentoflcom-
ponentslofitheltrafficlsystem.lInadequatelorllackl
oflqualitylassurancelofitrafficisystemicomponentsl
canlleadltolerrorsithatlhavelimplicationsIforiroad!l
safetyl(seelalsolChapter 15).

-IDefencelmechanismsllimitedtoltheltrafficlsysteml
itself._.Theseldolnotlcompriseltheldefencelmecha-
nismslemployedlbylroadlusersiwhileltakinglac-
tivelylpartlinitraffic,but,/forlinstance, error-tolerantl
orlforgivinglinfrastructurelorlintelligentl Transportl
Systemsithatimay’helplpreventlalcrash.[Theselde-
fencelmechanismslarelthellast.componentlinithel
chainlleadinglupltolalcrashithatcanlpreventlatentl
errorslandidangerous’actionsifromlactuallylcaus-
inglalcrash.

—Psychological’ precursors’ofl(dangerous).actions.[
Theselarelthel circumstancesliniwhichIthelhuman!
actuallyloperates, orlthelstatelinlwhichlhe/shelisl
thatlincreaselthelrisklforldangerouslactionsiduringl
activeltrafficlparticipation.

“Ifiroadltrafficlwerelinventedltoday,landliflitlwerel
tolbelassessedlaccordingltollabourllegislation,litl
wouldlbelimmediatelylprohibited.”

Cees Wildervanck, traffic psychologist, 2005

Roadltrafficlislcharacterized byl algreat'manyllatent]
errors,[ particularlyl compared]withl otherltransportl
modes.] Therefore,l currentl roadl trafficl hasl tol bel
consideredltolbelinherently dangerous.lInlthelend,l
crashesloccurlifllatentlerrorslinltheltrafficlsystemland!
dangerouslactionslcoincidelinl(a’sequencelof)itimel
andlplacelduringtrafficlparticipationl(Figure 1.1).

Sinceldangerouslactionslcanlneverlbel completelyl
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Latent errors

System design
Quality
assurance Psychological

precursors
of dangerous
actions

Actions during Defence mechanisms

traffic participation’

Figure 1.1. Schematic representation of the develop-
ment of a crash (large arrow) caused by latent errors
and dangerous actions in different elements in road
traffic (free after Reason, 1990). If the arrow encoun-
ters ‘resistance’ somewhere, a crash will not occur.

avoided,lthelSustainablel Safetylvisionlstrivesitolre-
movellatent’errorsifromtraffic:Itheltrafficlsystemlhasl
tolbelforgivingltoldangerouslactionslbylroadlusers,]
solthatltheselcannotlleadtolcrashes.Thelsustainablel
natureloflmeasureslisicharacterizedlbylthelfactlthatl
actions,Iwhileltakinglpartlinitraffic,]arelless!depend-
entlonilmomentarylandlindividuallchoiceslthatlcan’bel
lesslthanloptimal,’and,lconsequently,lincreaselrisk.

Adaptinglthelenvironmentltolhumanlcapacitieslandl
limitationslcomeslfromIcognitivelergonomics((alsolre-
ferredltolasl‘cognitivelengineering’),loriginatinglinlthel
early’1980s fromlthelaviationlandlprocesslindustries.l
Inlfact,lthiswayloflthinkinglhaslledltolanladvancedl
safetylculturelinlalllmodeslofitransport,lexceptiroad!
transport.[Furtherlincorporation] of? thel Sustainablel
Safetylvisionl shouldl ultimatelylleadtol al situationl
wherelroadltransporticanlalsolbelconsideredlasl‘in-
herentlylsafe’lbecauselofisuchlaslapproach.

1.2.2. Task performance levels and
preventing dangerous actions

Peoplelarelandlalwaysiwilllbelfallible,’butithelextentltol
whichltheylmakelerrorsicanlcertainlylbelreducedlbyl
educatinglandltrainingithemlinltheltasks theylhaveltol
performiwhilelinltraffic.

From attention-demanding to automatic task
performance

Inflorderltolexplainfandialsoltolinklupiwithithefoundingl

principleslofiSustainablel Safety,lwelwilllfirstldiscussl
theltaxonomy!lofitasklperformancellevelsiasldefined]
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bylJensIRasmussenlinlthel1980’sl(e.g.lRasmussen,
1983).IThellevelslinl thisltaxonomylareldependent]
uponthelextentlitolwhichlpeoplelarelfamiliariwithltheirl
environmentlandlwithitheltasksltheyperformIwithinl
thatlenvironment.[Thefollowingltasklperformancellev-
elsicanibeldistinguished:

—Knowledge-based behaviour:lactionslat thisIlevell
arelperformed!inisituationsiwhereleitherlconditionsl
orthowtolcopelwithithemlarelunknown((forinstance:[
drivinglalcarlforithelfirst’time,butlalsoltakinglpartlinl
anlunfamiliarlorlunclearlenvironment).lPeoplelthen.
useltheirlreasoninglcapacity toldefinelthelsituation’
andltolassesslthellikelyleffectlofl certainlactions.l
Whetherlorlnotltheselconjectureslarelcorrectlwilll
onlylbelapparentlafterwards.]Actionslatlthisllevell
arelslow,requirelmuchlattention,’and,imoreover,larel
verylerrorlprone.

—IRule-based behaviour:factionsiatithislevellarelbased!
onlacquiredigenerallrules, forlinstancelinlthelform:l
if.Xlislthelcase,lthenldolY.ITheselruleslarelbuiltiupl
oflexperienceswithIsimilarlsituationslinithelpast,lorl
theylarelexplicitlyllearned.I Theldecisionltolapplylal
certainlruleloccursiconsciouslyl(strategicllevel),/butl
thelactuallapplicationloflthelruleloccurslautomati-
callylandlrequiresinolattentionl(operationalllevel).l
Onelexamplelis:Igivinglprioritytoltrafficicomingfroml
thelright.]Here,lalconsciouslassessmentlisimadelifl
‘givinglpriority'lislapplicable,lbutlthelactuallyieldingl
islanlautomaticlprocess.

—I8kill-based behaviour:lactionslatlthisllevellarelper-
formedicompletelylwithoutlattentionlandtheylreachl
thisllevellwhenltheylare‘groundidown’lbylmuchirep-
etitionl(practice).lAutomatic’behaviourlisifast,lrigid,l
oftenlwithoutlerror,Jandimostlofitheltimesldoeslinotl
takelaccountlofifeedbacklonlprogresslinithelactionl
processlalreadylachieved.l Nevertheless,l controll
moments] canl belapplied! duringl automaticl pro-
cessesl(Brouwer,12002;:Groeger,02000).JAutomaticl
processeslare,[forlexample,lactionslatoperationall
level,llikelwalkinglandlsteering.]However,itherelis]
evidencelthatlsinglelactionsiduringlaldrivingltaskl
arelnotlcompletelylautomaticl butltakel placelatlal
higherllevell(Groeger,[2000).

Level of task performance Error type
Skill-basedl(automatic)lbehaviourl [ Slips
I 0 0 0 0 Lapses

Rule-basedlbehaviourl
Knowledge-basedlbehaviourl

Sustainablylsafeltrafficlbenefitslfromltasklperform-
ancelthatidemandslasllittlelmentalicapacityl(or’know-
ledge-basedilbehaviour)lfromIroadlusersiasipossible.l
Tolunderstandlthis,Iwelwilllfirstllooklatl thel differentl
typesloflerrorithat’canlbelmadelatldifferentllevelslofl
performance.

From slips to dangerous mistakes

Errorsidifferlfromleachlother,ldependinglonithellevell
ofltasklperformanceliniwhichltheylarelmade./Based!
onlRasmussen’sitasklperformanceltaxonomy,lTable
1.10lists[theldifferentlerroritypesiaccordingltolReasonl
(1990).

Slipslarelmanifestiaslanlactionlthatlislincorrectlylex-
ecutedlinlthelcontextloflthatlaction./Lapseslarelomis-
sionsl(orlnotlexecutinglanlactionlthat!should”havel
beenlexecuted).lErrorsiduringlautomaticlbehaviourl
generallyldolnotloftenlresultlinicrasheslbecauseltheyl
producelanlimmediate,lnoticeable,] negativel result]
andlarelthereforelquickly.detectedl(seele.g.0Woods,l
1984).1Becauseloflthis,lalseriesl oflsequentiallerrorsl
thatlmayllead’tolalcrashlicanlbelbroken.

Mistakes! arel characterized? byl performingl actionsl
basedlonlalwrongldecisionlorldiagnosis.]Mistakesl
producelresultsithat’seemitolbeldesirable,’butlbe-
causeltheylarelmadelinlanlincorrectlcontextlorisitu-
ation,Jwithoutlthelknowledgeloflthelactor, theylarel
notlquicklyldetectedlandlthey oftenlleadltolcrashesl
(Woods,[11984).1 Mistakesl canl havel many’ causes,l
suchlaslthelincorrectl classificationl ofl situationslinl
whichlcertainlruleslarelapplicablel(rule-basedlbehav-
iour),lorla’lacklof_.knowledgelbasedluponlalcorrectl
plani(knowledge-basedlbehaviour),lorlallackloflmen-
tallcapacitylgivenlthelamountloflinformation’needed!
tolprocesslforitakinglalcorrectidecision.

As much routine task performance as possible
Fromlthel above,litlis] clear! thatl particularlyl mis-

takeslhaveltolbelavoidedlinlorderltolavoidlcrashes.]
Mistakeslleadltolthelmostliseriouslsituationslthatican!

Rule-basedImistakes
Knowledge-basedlimistakesl

Tagble 1.1. General classification of error types (Reason, 1990) that can occur at the different levels of task perform-

ance (Rasmussen, 1983).
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easilylculminatelinlalcrashlinithelabsenceloflpreven-I
tativelmeasures.TThislseriouslerroritypepredominantlyl
occurslinltasklperformancelatlhigherllevelsI(rule-
basedland’knowledge-basedlbehaviour;lseelReason,
1990).]Especiallylinlviewloflthelfact that’knowledge-
basedlbehaviourldemandsimuchltimelandlattention,
SustainablelSafety’aimsltolavoidthelnecessitytolhavel
toloperate’basedlonlknowledge-basedlbehaviour.

Nevertheless,Isincelroutinelactionslarelrigidlandldol
notl offerithelflexibilitylthatlisirequiredltol staylalertl
andlrespondladequately,Isustainablylsafelroad!traf-
ficlneedsItolstrivelforloptimallperformancelatithelac-
tionllevel.lActionslatloperationalllevell(likelsteering,[
brakinglandlgearlshifting)lcanlbestlbelexecutedat]
automaticllevel,lleavinglmorelmentalicapacityforipro-
cesseslrequiringlconsciousiregulation. Atlthislhigherl
(tactical)level,thelaimlisiforirule-basedlbehaviour:lthel
choiceltolapplylorinotitolapplylcertainlrulesiorlbehav-
iourlremainslalconsciouslprocessithat’doeslnotitakel
toolmuchltimelandlenergy.

Onlthelonelhand, thislentailslinforminglroadlusersl
welllbyltraininglthem,landlespeciallylbyllettingltheml
practiceltheltasksitheylhaveltolperformlinitrafficl(seel
Chapter 7).lInladdition,lthelenvironmentlhasltolpro-
videlsupport,la)lbylofferinglalself-explaininglenviron-
mentlithatmeetsithelexpectationslofiroadlusersiandl
whereltheylcanlrevertitoltheirlskills,llearnedruleslandl
routinesl(seelChapter 4)landlb)lbyloptimizingtrafficl
taskldemands,’e.qg.lbylprovidinglin-vehiclelinformationl
(seelChapter 6).

Twolissuesiplaylalrolelinimakingithelroadlenvironmentl
recognizableltolencouragelthelcorrectlexpectationsl
infroadluserslinlorderltolpreventicrashes.IFirstly, thel
roadldesignlandlayoutlcorrespondingltola’certainl
typelofiroad’has]tolevokelthelrightlexpectationlwithl
respectitolthelroadlcourse,lthelroadluser’'slown’be-
haviourlandithelbehaviourloflotherlroadlusers.lldeally,l
thelpicturelofithelroad’environmentlisisolcleariforiroadl
userslthatlitican’belconsidereditolbel‘self-explaining’l
(Theeuwesl&IGodthelp,11993).IInlsuchlalcase,lthel
roadluserineedsInoladditionallinformationltoluselthel
roadlsafely.[Conversely,lifthelroadlenvironmentimeets]
userlexpectationslinsufficiently,Jroadlusersimay.missl
relevantlobjectslandidelaylthelactionlneededltolpre-
ventlalcrashl(seele.g.. Theeuwes,[1991;ITheeuwes &l
Hagenzieker,11993).

Alsolrelevantitolthislframeworklarelthelpopularitheo-

rieslstemming’fromthel1990slonisituation awareness
(Endsley,11995).0 Situationlawarenessldistinguishesl
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threellevels:01)Ithel perceptualllevel,12)ithellevellatl
whichlperceivedlinformationlfromIthelenvironmentlisl]
understoodlandlitsivaluelassessed,/andl3)ithellevellatl
whichlthelcurrentistatelislextrapolatedlintolthelnearl
futurelandlpredictionslarelmade.llflalproblemloccursl
atloneloflthesellevels,thistlhaslconsequencesIforicor-
rectlsituationlawarenesslandlappropriatelreactionltol
thatlsituation.lInlmakinglthelenvironmentlirecogniz-
able,lthesellevelsicanlbeltakenlintolaccountltolseelifl
therelarelbarriersitolrightlsituationlawarenesslandlex-
pectationslofiroadlusers,landlanladequatelresponsel
toltrafficlsituations.Intelligentlitransportisystemiappli-
cations,inlparticular,canlplaylalsupportirolelhere.

Secondly,landloflequallimportance,particularlyforl
userlexpectationslconcerninglspeedl behaviour,lisl
thatlthelroadlcourselpermanentlylsupportsiroadluser]
expectationsiby continuity and consistency in design.[
TheselconceptsthavelbeeniworkedloutlbothlbyLamml
(undertheltermsl‘designliconsistency’landl‘operatingl
speediconsistency’;le.g.lLammletlal.,]1999)andl byl
Krammesl[(totallylcoveredlbylthelterml‘designicon-
sistency’;le.g.JKrammesletlal.,[1995)..Bylcontinuity in
design,lwelmeanithatithelrequiredispeedladaptationl
whenlnegotiatinglalroadlhas(tolbellimited(particularlyl
inltransitionsIfromIstraightlroadistretchesitolcurves,l
butlalsol atlintersections).lIf thel differenceslinlthel
roadlcourselareltoolgreat,ithislincreases’crashlrisk,’
sincelitlrequiresitoo’highlamentallworkloadltolhave!
tolchangelspeedsiregularly.lAlcurvelafterlallonglroad!
stretchlisimoreldangerous(sincellargerlspeedladapta-
tionslarelrequiredlandlroadlusers’lexpectationslarel
not’met.ISpeedladaptationIshouldleitherlbelunneces-
sary,lorlshould’belmadelcleartolthelroadluserl(onlsitel
orlbylmeansloflin-vehiclelinformationlprovision).] Byl
consistency in designiwelmeanlanlenvironmentlthatl
keepsispeed!differentials’betweenlclose-movinglve-
hicleslasIsmalllaslpossible,lbylbringinglallroadidesignl
elementslintolconformity.. Thisl principlelfitslwelllintol
SustainablelSafety’becauselitlresultslinithelhomoge-
neitylofltrafficlflows,lwhichlhaslthelbenefitlof_makingl
thelbehaviourloflotherlroadlusersimorelpredictable.l
ComplyingZwithlbuilt-inlrequirementslisiveryluseful,l
particularlylforlinexperiencedlroadlusers,!becausel
theylcanlmorelquicklyladaptitolnormalitraffic,‘therebyl
makinglfewerlerrors.

Withlthesel principles,iSustainablel Safetylexplicitlyl
rulesloutlalchaoslapproach,lparticularly’whenltrafficl
flowslarelmanagedlat’highlspeed.lInlthelchaoslap-
proach,lthellineloflthinkinglisimorelthatliflpeopleldol
notlknowlwhattolexpect,theylactimorelcautiously’be-
causeltheylcannotlrevertitol(rigid)lroutines.IHowever,l
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peopleloperatinglatithelknowledge-basedilevel,/makel
morelseriouserrorsiandineedimoreltimelandiattentionl
tolperformltheiritasksithanlwhenltheylcanloperatelatl
rule-basedlorlskill-based!levell(seelabove).I Thislislal
particularlproblemlifitheylparticipatelinitrafficlat’highl
speeds.]Accordingltolthel Sustainablel Safety vision,[
unpredictablelandlbarelylrecognizablelroadltrafficlisl
thelmostlundesirablelsituation.llf.wellooklatlthelrisks]
associatedlwithlvariouslroaditypes,litlbecomeslclearl
thatltheselarellowestlonimotorwaysl(seelChapter 2).0
OnelimportantlireasonlforlthislislthatlonImotorwaysl
thelsituationlisistandardizedlandlpredictable.

Intentional offences and the role of motivation

Infladdition]toldifferentltypeslofiunintentionallerrors,[
welcanlalsoldistinguishlviolationslasl‘dangerousiac-
tions’l(seelalsolReason,’1990;IFigure 1.2).]Fromal
psychologicallperspective,lwelcanionly’speakloflvio-
lationsliflpeoplelintentionallylbreaklalrule.l Afterlall,l
breakinglalrulelcanlalsoloccurlunintentionally,’without
theloffender’beinglawareloflit.lInlorderltol differenti-
atelbetweenldeliberatelviolationslandlallegaliviolation,l
whichlislindependentloflintentions,]welwilllthereforel
speakloflintentional violations.

| unintentional errors E
H

skill-based
behaviour

unintended
action

unsafe
actions

rule-based
behaviour

intended
action

knowledge-
b sedg

a
intentional behaviour

violation

Figure 1.2. Taxonomy of dangerous actions (after Rea-
son, 1990).

Motivationl(orlthellacklof.motivation)Iplayslanlimpor-
tantlrolelinfintentionallviolationsoflrules.[Relevantthe-
orieslcanlgenerallylbeldistinguishedlbylstartinglfroml
alnormativelorlanlinstrumentallperspectiveltolobeyl
thelruleslorlnotl(seele.g.0Tyler,11990;I Yagil,12005).1
Accordingitolnormativeltheories,Jpeoplelrespectirulesl
fromlanlinnerlconvictionlabout!whatloneloughtlandl
oughtlnotltoldo,lirrespectivelof thel circumstances.l
Respectinglthelruleslvoluntarilylaslanlaimlinlitselflis]
alsolcalledl‘intrinsicImotivation’.[Withinlthelnormativel
perspective,thelegitimacyloflrules,injparticular,deter-
minesiwhetherlorinotlpeoplelwilllobeylthemI(Kelman,l
2001).]AnlindividualiweightinglisigivenitolhowJjustifiedl
onelfindslalrulelorlalrulelmakeriinigeneral,lratherithanl
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whetherlalrulelshouldbelrespectedlinlanylgivenlsitu-
ation.]Oflcourse,lalrulelisiconsideredmorelreadilylasl
‘justified’if.thelrelationshiplbetweenlthelruleland thel
rule’slobjectivelisiclear.lInlthelinstrumentallperspec-
tive,lthelassumptionlisithat,linlviolatinglrules, peoplel
weighluplthelpersonall‘profit’landl‘loss’Ithatlthelvio-
lationlwilllbring.lIf_thelsubjectivel profitiexceedslthel
calculatedlcost,peopleloptiforialcertain’behaviour,l
andliflit’/doesinot, theylwilllnot.lintheselassessments,l
alviolationlaslalresultlof,[forlexample,lbeinglinialhurry,l
thelneedforlexcitementlandisolon,maylresultlinisuchl
‘benefits’thatlexceedthelcalculatedlpotentialicostslofl
alcrashlorlalfine.l Thislinstrumentalltheorylfitslwithinl
Reason’slcategorization,!particularlylconcerninglex-
ceptionallviolations.

Inlpractice,Imanylviolationsidolnotlfit’suchlrationall
models.[Peoplelhavelalstronglinclinationltolbelledlbyl
habit,]JorlbylimitatingZothersl(seelYagil,’2005).IEvenlifl
consciouslassessmentsiplaylalrolelin’breakinglrules,]
theselarelmoreoverloftenlbasedlonlincompletelinfor-
mationlorlintuition.[Thelconclusionlgiveslanlindicationl
ofithelgreylarealwhichlexistslbetweenlunintentionaller-
rorslandlintentionallviolationsl(seelalso’Rothengatter,l
1997;IChapter 8).

Tackling undesirable behaviour

Inlthel originall Sustainablel Safetylvision, thel start-
inglpointlwasl falliblelman:Ithelotherwiselwell-inten-
tionedIpersoniwholcanimakelerrors,itherebylcausingl
crashes.[Thislislparticularlylcentred’onlthelword‘can’.l
Butlwelhaveltoladdthelintentional,‘willing’lperson.Tol
whatlextentlunintentionalloffenceslandlintentionallvio-
lationslarelatithelbasisloflcrashes,willlbeldiscussedin
Chapter 2,lbutithelissueldeservesimorelresearch.

Al sustainablyll safel trafficl system? wouldl bel mostl
served,laslfarlasithel‘'willing’Ipersonlisiconcerned, byl
thelintrinsicimotivationloflroadlusersitolrespectithel
imposedlrulesiorl-even_better!-[tolactlsafelylunderl
givenlcircumstances.lIntrinsicimotivationimakeslbe-
haviourlconsistentl(thatlis:Isustainable)linlsituationsl
andloverltime.l ThisIconsistencylwouldl notl existZifl
peoplelalwayslbehavedlaccordingltoltheirlownlas-
sessmentlofl potentiallcostslandlbenefitslofldifferentl
behaviourlinlspecificlsituations.ITherefore,.welshouldl
notldependlonithelcalculatinglroadiuser.

Sincelitlislunrealisticltolrelylexclusivelylonlthelin-
trinsicImotivationl oflalllroadlusers,[thelroadluser’s!
immediatel environmentl hasltol incitelthel desired!l
spontaneousibehaviourlinlsustainablylsafelroadtraf-
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ficl(particularlylinlrelationltolspeedlbehaviour;lseel
Chapters 4, 8 and 9).ISincelthislcauseslotherlroad!
usersitolcomplylwithIthelnorm,Ithel(unconscious)!
sociallinfluenceloflimitatinglothersiworkslinlthelrightl
direction.[Welshouldlalsollooklintolthelextentlthat’
welcanlimprovelthelexplicit.communicationlofirules.l
Bylapplyinglrules,forlinstance,linlsuchlalfashionithat’
peoplelcanleasily.understandliwhyltheylarelinlforcel
atlthatlparticularifmomentland/orthatllocation,lcom-
pliancelcanlbelincreased.!Ruleslhaveltolbellogical,l
correspondltolthel(road)Isituation,Jandlinlthatlsensel
incitel (seel Chapter 8)Iandlconfirmlspontaneousl
compliance.lEducationlalsolhaslanlimportantlrolel
tolplay.llt.canlhelpltolreinforcelintrinsicl motivationl
andlcombatldangerouslhabitslbylprovidingl(more)l
insightlintolthelrelationshipsibetween ruleslandiroad!l
safetyl(seelChapter 7).

Inlsolfarlaslintentionalloffenceslicannot’belprevented]
byltheldirectl(road) environment,’logicallregulationsl
thatlarelclearlylunderstoodland/orl(vehicle) techno-
logicallmeasureslofferithelmeansloflpreventativelen-
forcement.IPreventative,Junannouncedlpolicelchecksl
shouldlensurelthatltrafficloffenceslcannotloccur,lforl
instancelbymakinglitiimpossibleitoldrinklandldrive,lorl
tolstartlthelenginelwithoutlbeltingZupl(see!Chapters
6, 8 and 10).

Givenlthisloptimizedlenvironmentlandltryingltolpre-
ventlunintentional’errorslandlintentionallviolationslasl
farlaslpossible,litlisineverthelessinecessaryltolcheckl
ifl peoplelactuallylexhibit’ properl behaviour.I Thislisl
necessary’asllonglaslactivelparticipationlinltrafficlisl]
determined’by’humans.Enforcementlisithelappropri-
atelmeans’oficheckinglthislandlanlessential’elementl
oflithelSustainablelSafetylvisionl(seelChapter 8).

1.2.3. Man with his capacities and
limitations in interaction with his
environment

Anotherlmodellthatlhelpsitolunderstandithelchoicesl
thatlarelmadelwithinlthel Sustainablel Safetylvisionl
—IwithImanlasithelmeasureloflalllthingsl-lisltheltaskl
capability’modellcreatedibylRaylFullerl(seel2005,forl
thelmostlrecentlversion).. Thisimodellislalresponse,l
amongl others,tol thel riskl homeostasisl modell byl
Wildel(1982),]whichlstartsiwithIthelhypothesislthat]
roadluserslkeeplthelperceivedcrashirisklconstant.l
Thislmeans!thatlif.roadlusersithinkltheylrunlallowerl
risklinltraffic,[thenltheyladoptiriskierlbehaviour.

AccordingltolFuller,Jhowever,lobservationsithatlarel
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explainedlbylrisk’homeostasislorlrisklcompensation!
canlalsolbelexplainedlinlaldifferent’way.lHelhypoth-
esizesthatlroadlusers’keepltheldifficultylof the tasklasl
alconstantiratherlithanlsubjectivelrisk.lInlthisItheory,l
thislsubjectivelmeasureldependsluponlthelratiol be-
tweenlthelobjectiveltaskldemandslandtheldriver’s]
capabilityltolaccomplishithisitask.[Thisltaskicapabilityl
consistsloflalperson’sicompetences,/minuslhisisitu-
ationldependentistatel(Figure 1.3).]Peoplelloselcon-
trolloverlalsituationlif.theltaskldemandslexceedIthel
capabilityltol performltheltask.IThislis, oflcourse,al
breedinglgroundforlcreatinglcrashes.lOnlylanlopti-
mallyldesigned,lforgivinglenvironment(seel Chapter
4)linlcombinationlwithladequatelresponseslofiotherl
roadlusersicanithenlpreventlanlinjurycrash.[Theltaskl
demandslare,linlthelfirstlplace,linfluencedlbylroadl
design,ltrafficivolume,landlthelbehaviourl ofl otherl
roadlusers, butlthelroadluserlcanlinfluenceltheltaskl
demandslinlpart,forlexamplelbylincreasingispeed,lorl
engaginglinisecondary,ldistractinglactivitieslsuchlasl
usinglalmobilelphone.

AslislalsolknownlfromItheloldlarousalltheoryl(Yerkesl
&1Dodson,11908),Ipeoplelhavelaltendencyltolkeepl
theldifficultyl ofltasksl(andlconsequentlylthelcorre-
spondinglactivationllevel)latlalreasonablylconstantl
andloptimallevel.linlFuller’'simodel,lthisimeanslanlop-
timallratiolbetweenltasklcapabilitylonlthelonelhand,]
andltaskldemandslonlthelother.lIfitheltask’demands!
becomeltoolsmalllrelativeltoltheltaskicapabilityl(e.g.l
beinglhalelandlheartylandiwellltrained,landldrivinglat]
lowlspeedslonlalboringlstraightlstretchloflroadlwithl
nolotherltraffic),ithenlpeoplelhavelaitendencyltolmakel
theltaskImoreldifficultltolliftlthelfeelingloflboredom.l
Conversely,lifitheltaskldemandslarelaboutltolexceed!
safeltasklcapabilityl(e.g.lmakinglalphonelcalllwhilel
drivinglinlbusyltrafficlatlhighlspeeds),ltheldriveriwilll
tryltolmake’theltaskleasier.

Speedlisithelmostldistinctivelfactorlinirelationtolde-
creasinglandincreasingitaskidifficulty,lbecauselspeed!
haslaldirectlinfluencel(atloperationalllevel).]Atlstrate-
gicllevel,lroutelandlvehiclelchoicelcanlalsolhavelanl
influencelonitaskldemands,butitheselchoiceslhaveltol
belmadelbeforehand,landlcannotlalwayslbelchangedl
en-route.[ITSlapplicationslandleducationlcanibelsup-
portivelherel(seelChapters 6 and 7).

Theloptimallbalancelexperiencedlbetweenltaskicapa-
bilitieslandltaskldemands(differs,/however,lbetweenl
individuals.IThisldoesInotl meanlthatlthis!balancelis]
alsollideallforlsafeltasklperformance.lSomelpeoplel
havelmorelneedforlexcitement(seeZuckerman,’1979)l
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Figure 1.3. Schematic representation of Fuller’s model: task demands (D) can only be met if task capability (T) is
great enough. Task capability is the result of competences (C), minus the situation dependent state.

andlthereforelacceptlhigheritaskldemandsirelativeltol
theirltasklcapability.] Thislis, forlinstance, typicallforl
youngldrivers,lespecially’males.IBylhavingllessireser-

vationlaboutltheirltasklcapabilities, theylrunlalhigherl
riskloflcrashlinvolvementl(inlFuller,/2005;Isee’Chapter

11).0Apartifromlthat,ltheylalsollackIthelskillsitolrec-

ognizeldangerous.situationslinltimelandltolanticipatel
theirlbehaviourl(tacticalllevel;]Chapter 7).0Inlview]ofl
this,theylhaveltolresortitolreactivelstrategies,landicanl
belthrownlfromlalcontrolledlintolanluncontrolledsitu-

ationl(seelFuller,012005).IThelnextisectionlwillldiscussl
thelimplicationslofithisIforlSustainablelSafety.

A sustainably safe traffic system for everyone

Inlsustainablylsafelroadltraffic,]taskdifficultylshouldl
alwayslbelkeptlatlanloptimumllevellforl safety.l Byl
alwayslkeepingltasklcapabilitylhigherlthanltheltaskl
demands,lseriouslerrorsican,llargely,/belprevented.l
Ideally,ltaskldifficultylcanlbeladaptedlinltwoldirec-
tions:Ifirstlylbylreducingltaskldemands,lsecondly’byl
improvingltasklcapability.l Thelproblemlislthatlroad!l
userslarelnotlalhomogeneousigroup,iwithlindividualsl
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differinglinltasklcapability.] Therefore,lal givenltrafficl
situationlisimoreldifficultiforlonelindividualithanforlan-
other.[Thelquestionlisithenlhowltolmakelaltrafficlsys-
temisafelforleveryone.lSustainablylsafelroadltrafficlisl
attainedfirstlylbylimplementinglgenericimeasuresithatl
providelanladequatellevelloflsafetylinithelsystemforl
thel*average’lroadiuserlunderinormallicircumstances.l
Here,lonelcanlthinkloflinfrastructurallmeasures,!gen-
erallvehiclelmeasureslandlanladequateleducationall
basel(seelChapters 4, 5, 6 and 7).linITnormallcircum-
stances,laveragelroadlusers’havelto’beleasilycapa-
bleloflanticipatingldangerouslisituations.bylhavinglal
goodiviewlofltheltrafficlsituation,/possiblylsupported!l
bylITS.IWholthisl ‘average’’roadluserimay’be,landl
withinlwhichImarginslalroadlusericanlbelconsideredl
‘average’,lislalsubjectlforifurtheriresearch.

Roadlusers!‘atlthelextremes’,land.particularlythosel
atlthellowerlendlofltheltasklicapability’distributionl(thel
borderlinelbetweenlaveragelandinotlaveragelis,lbyl
thelway,Inotlclear),lprofitlfromigenericimeasures.IButl
forltheselgroupsispecificimeasureslarelalsolneces-
saryltolbringltaskldifficultyltolal personalloptimuml
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levellorltolmake thebehaviourlofimorelcapablelroad!
userslacceptableltolthem.

Atlthel'lowerlend’lofltheldistribution,welfind,lamongstl
others,linexperiencedldriversiand thelelderly.] Thesel
havelallowerltasklicapabilitylbecauselofiunderdevel-
opedicompetenceslinlthelfirst’caselanditheldeterio-
ration]oflcertainlfunctionslinithelsecond.]Tolimprovel
competences,’education’haslalfundamentallandlim-
portantlrole.[ltlisparticularlylimportantlthat’thelroadl
userllearnsitolassesslifihelorishelislcapablelofitak-
inglpartlinltraffic,lgivenithelcapacitylofithelindividuall
andlsituationldependentlstatel(alsolcalledl‘calibra-
tion’;IseelChapter 7).]0nelcanlalsolthinkloflgradu-
allylincreasingltaskldifficultyl(e.g.lthroughlgraduated!l
drivingllicensing,lseelChapter 11)linl orderltolpacel
theltaskldemandslwithlgrowingltaskcapability,]untill
thellevellofithelaveragelroadiuserlhasibeenireached.l
Improvingtaskicapabilitylforithelelderlyshould,ltolthel
extentltheylareldrivinglcars,lbelsoughtlinlITS-likeldriv-
ingltaskisupportisystemslinlorderitolcompensatelforl
theldegradationlinlitheirifunctionsi(Davidse,12006).

Althirdlgrouplofiroadluserslatithellowerlendloflthel
distributionicomprisesithelaveragelorisub-averagel
roadlusersiwhoseltasklcapabilitylisitemporarily’de-
creasedldueltolfactorsisuchlas(fatiguelorlalcoholicon-
sumption.linlorderltolpreventlthisigroupifromicausingl
crasheslintraffic,lITSlandlenforcementl(seelChapters
6 and 8)Icanlbeloflservice.lMeasureslhaveltolpre-
ventlsuchlpeoplelfromlengaginglinitrafficl(alcolock;l
specificlenforcement)lorldrivinglafter’beinglwarned?
aboutlreducedltasklcapabilityl(driverlmonitoringlsys-
tems).[Thellevelsloflsituationlawarenessidiscussed!
bylEndsleyl(1995)larelalsolrelevant’here.llflsuchlroadl
userslicannotlbelexcludedIfromitraffic,lITSlandledu-
cationlmay’helplthemltolrecognizelandlpreventlone’sl
ownlpooricondition](state awareness),lsolthat’anlas-
sessmentlicanbelmadelaboutisafeltrafficlparticipationl
(seelChapter 6 and 7).

Atlthelotherlendlofltheldistribution, therelisithelgroupl
oflhighlylexperiencedlroadlusersiforiwhomItheltaskl
demandslofithelgenerallsystemlarelregarded asltool
low,[givenltheirltaskicapability..Bylbeinglengagedicon-

sciouslylinlalsafe,lanticipatingldrivinglstyle,ltheltaskl
demands!forisuchlexperiencedldrivers/ridersican’bel
increasedwithoutldetrimentltolroad safety.] TakingZonl
theselhigherltask!demandswouldlreducelboredom.l
Inladdition,lotherlroadlusersIcouldlbenefit,]becausel
theirlpotentiallerrorsicanlbelabsorbed’bylthelmorelex-

periencedlroadluserishouldlalconflictlarise.lEvaluationl
studieslofltraininglcourseslondefensiveldrivinglindi-
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catelthatltherelisinolnegativeleffectionlroadlsafetyl(seel
e.g.[Lundl&Williams,[1984).] Furtherlresearchishouldl
reveallifisuchlalmeasurelisifunctional.

[tiremainsithelcaselthatlmanylroadlusersithink thatl
theylarelsaferldriversithanitheylactuallylare,landlstartl
tolincreaseltasklidemandsitoldangerouslyZhighllevels.l
Inlorderltolpreventithislleadingitolseriousicrashes,wel
shouldlonlthelonelhandlinvestimorelinlobtaininglin-

sightlintolactualiversuslexperiencedltaskldifficulty..Onl
thelotherlhand, alsolutionlhasitolbelfoundlbylprovid-

inglalforgivinglenvironment,lbothlinlthelphysical’and!l
sociallrespect.lInlthisiway, notlonlylcanltheldesignlofl
theltrafficlsystemlpreventlerrors,/whichlcauselseri-

ousicrashes,butlalsolcrashiriskicanlbeldecreasedibyl
givinglpeoplelmorelroomitolmakelerrorsiwithouticon-

sequences.IConcerninglthellatter,lroadlusersishouldl
notlonlylbelengagediwithltheirlown’tasks, butlalsolbel
anticipatinglotherlroadlusers’’behaviourlasimuchlasl
possible.ISuchlalforgivingattitudelcouldlbelaskedlofl
experiencedlroadlusers,linlparticular.

1.2.4. Physical vulnerability and require-
ments for conflict situations

Inladditionltolhumanlpsychologicall characteristics,l
physicallcharacteristicslalsolplaylanlimportantlrolel
inlcreating’sustainablylsafelroadltraffic.. Thelcentrall
issuelisithattlhumanibeingslarelphysicallylvulnerablel
inimpactsiwithlcomparativelyllargelmasses,lhardima-
terialslandllargeldecelerations’actingZonlthelhumant
body.I Thelcombinationlofltheselfactorslcanlcausel
severelinjury,lsometimesiwithlirreversibleleffects,landl
evenldeath..Somelofithelforcesireleasedlinla’crashlarel
absorbedlbylthelvehiclel(iflpresent).[Thisimeansithat!
peoplelinvolvedlinlalcrashlsustainllessl(severe)linjuryl
aslvehicleslabsorbImorelreleasedlenergy.IThislalsol
meanslthatlhighericrashlspeedslandltravellspeeds]
arelacceptablelifithelvehicleslarelmorelcrashlprotec-
tivelinltheirldesign,liflvehicleloccupantsiarelwearingl
seatlbelts,Jandliflairbagslarelpresent,letc.

Pedestrianslanditwo-wheelersi(motorized’orlnon-mo-

torized)’havellittlelorlnolcrashlprotection.l Tol preventl
severelinjurylinithisigrouplofiroadiusers,ltwolkindslofl
measureslareltaken:lreductionlofl(impact).speedsiandl
increasedlenergylabsorptionlbylcarsitolbenefitlliterallyl
‘vulnerable’lroadlusers.linladdition,roadsidelobstacles!
shouldleither’belremoved, orldesignedinisuchlalway!l
thatltheylcannotlcauselseverelinjury._Aslwelshall’seel
inlChapter 2, collisions’betweeniroadlusersiandiobsta-

cleslarelveryloftenlfatal.l Thislisl becauselobstaclesl
almostldolnotlyield,landlthelroadluserl(andl pos-
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Road types combined with allowed road users

Roadslwithlpossiblelconflictslbetweenlcarslandl
unprotectediroadlusersl

IntersectionsiwithIpossibleltransverselconflictslbetweenlcars]

RoadslwithIpossiblelfrontallconflictsIbetweenlcars!]

RoadsiwithInolpossiblelfrontalloritransverselconflicts]
betweenlroadlusers]

Safe speed (km/h)

0
30

50
70

> 1000

Table 1.2. Proposal for safe speeds in particular conflict situations between traffic participants (Tingvall & Ha-

worth, 1999).

siblylthelvehicle)lhasitolabsorblalllthelkineticlenergyl
releasedlin’thelcrashiwithinlalfractionloflalsecond.

Motorizedtwo-wheelersl canltakel partlinltrafficl atl
comparativelylhighZspeeds,Isoltheylhaveladditionall
riskloflbeinglinjuredlorikilledlinlalcrash.lInlviewloflthis]
dangerousicombinationloflhighlspeedslandlvirtuallyl
nolprotection,imotorizeditwo-wheelerslarelalcategory!
thatl[doesInotffitiwelllintolalsustainablylsafeltrafficlsys-
tem((seelChapter 3).

Givenlthat'peoplelmakelerrors,itlislimportant’inicre-
atinglalsustainablysafelroadltrafficlsystem,ltoldesignl
thelenvironmentisuchlthatltheselerrorsicannotlleadtol
crasheslor,liflithislislimpossible,ldolnotlcauselseverel
injury.. Thelhomogeneityl principlelinlthel Sustainablel
Safetylvisionlislalmethodloflmeetingltheselrequire-
mentsl(seelChapter 4)..Untillnow,[thisprinciplelhasl
beenlworkedl outlinl twol ways:[ firstlyl tol separatel
movinglvehicleslwithllargelspeedland/orlmassldif-
ferencesland, consequently,’tolavoid.collisions;landl
secondlyltollowerltravellspeedsland,’consequently,l
impactlspeedslinithoselinstancesiwherela'crashican-
notlbelavoided.IThel30lkm/hlspeedllimitizoneslarel
algoodlexamplelofladaptedispeedlimitsitolpreventl
fatallcrashes.[Thislislbasedlonlthelfactlthatlthelfatal-
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Figure 1.4. Probability that a pedestrian will die as re-
sult of a car crash as a function of the impact speed of
the car.
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itylriskIforlpedestrianslisllow.whenlinvolvedlinlalcarl
crashlatl30 km/h.]Withlcrashlspeedslhigherlthanl300
km/h,[fatalitylrisklincreasesldramatically./Alcrashlat]700
km/hlorlhigherlislalmostlalwayslfatallforithelpedes-
trianl(Ashtonl&Mackay,11979;IFigure 1.4).

Thelhumanlbody’slvulnerabilityl (thelbiomechanicall
tolerance)landithelimportantlinfluenceloflspeedi(de-

terminingltheldegreelofllocalforcelandldecelerationl
actinglonlthelbody)lonlcrashlseveritylisithelstartingl
pointiforlalproposallforisafeltravellspeedlbylClaesl
Tingvall,lonelofithelfoundingfatherslofithelZerolVisionl
inl Swedenl(Tingvalll & Haworth,11999;0 Table 1.2).0
ThelstartingZpointIforlithislproposallarelmodern, well-]
equippedicars,landi100%useloflseat’beltslandlchildl
restraintlsystems.’However, safer’speedsloughttolbel
usedlinlcrashltestsl(suchlaslinlEuroNCAP),lbutlalsol
inltestsiforlprotectiveldesignl(seelChapter 5).lInladdi-

tion,laslthelcarlfleet’does notlyeticonsistloflthelbestl
designedicars,’andlseatlbeltluselisinotlyet’100%,thel
proposedispeedslareltoo’highlforithelcurrenticon-

ditions.JAlhigheridegreelofl penetrationlofl‘thelbestl
designedlcars’lislnecessaryl beforel thel proposed!
speedslcanlbelviewedlasl ‘thelmaximumlallowablel
speeds’.[Takinglthelcurrentfleetlconditionslandlseatl
beltluselintolaccount,litlis,_lhowever,lhardltolsaylwhatl
arelsafelspeedslatithisimoment,lotherthanithatltheyl
arellowerlthanlthelspeedsllistedlinl Table 1.2.1Thesel
speedslarelneitherlvalidiforimotorcyclistsiforliinstance,l
wholarelmuchImorelvulnerable,lnoriforicrasheslwithl
relativelylheavylvehicleslsuchlasllorries.

AslwithITingvalll&Haworth’sIproposal,l Sustainablel
Safetylproposeslsafeland,lconsequently,_moderatel
travellspeeds.IThislmeans:llowlspeedsiwherelvulner-
ablelroadiusersimixiwithlcartraffic..Higherispeedslarel
allowablelonlylwherelhigh-speed!trafficlcannotlgetl
intol conflict..Wherelhigherlspeedslarelallowed,lonlyl
vehicleltypeslthatlarelequippediforitheselspeeds,/and!
whichlprovidelsufficient!protectionlinicaselofla’crashl
arelpermitted.l
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Strategic travel choices by road users

Alroadlusericanlalsolimprovelroadlsafetyatlalstrate-
giclevel.Helcouldichoose'toltravellas’shortlaldistancel
aslpossiblelonldangerouslroadsiandlhelcould, priorl
toltrafficlparticipation,_moreloftenlconsiderlsafetylinl
hislvehiclelchoice.lInlbothlroutelandlmodallchoice,l
cooperationlwithlotherlsectorslislobvious, suchlasl
spatiallplanninglandlenvironmentallprotection.lAbovel
all,lroadlusersihaveltolbelmadelawareloflthelavailablel
optionslandithelconsequenceslofitheselchoices,land!l
theylhavelatlleasttolbelgivenlthelopportunityltolmakel
suchlchoices.ISustainablylsafelroad trafficidoeslnotl
onlylmeanlthatleveryleffortlisl madeltol guaranteel
safetylatloperationallandltacticalllevel,lbutlalsoltakesl
accountloflthelcontributionloflmeasureslat thelstra-
tegicllevel.lFurthermore,lconsiderationslandimeas-
ureslatlstrategicllevellfitlevenlbetterlintolthelspiritlofl
SustainablelSafetylthanimeasureslatlotherllevels,lbe-
causelatlstrategicllevel,Jchoiceslarelmadelthatlhavel
consequenceslforiroadlisafetylinithelearlylstageslofl
theldecisionlmaking’processlofltrafficl participationl
(Chapter 6 and 7).0AIsimilarllineloflthinkinglformsithel
basislofltacklingllatentlerrors,lbutlherelthelapproachl
isltolmakeltheltrafficlsystemIsafer,lgivenithelfactithatl
peopleldolmakeluselofiit.

1.2.5. Functional road categorization

Alongsidelpsychologicallandlphysicallroadiuserichar-
acteristicslaslthelstartinglpointiforiSustainablelSafety,l
welalsolhavelfunctionallroadl categorizationlandIfur-
therltrafficlflowlmanagement..Fromithislensueslthel
SustainableSafetylprinciplelofifunctionality.

TheltermI‘functionality’’dateslbackltol 1963,]whenl
thelreportiTraffic in Townsiwaslpublishedl(Buchanan,l
1963).0Thislreportlcontainedlalcomprehensivelvisionl
forltheldesignloflourltownslandlvillagesinialhighlyl
motorizedlsociety.]Aldistinctionlwas!presentedlbe-
tweenlroadslhavinglaltrafficlflowlfunction](‘distributorl
designediforlmovement’),landroadsithat/givelaccessl
toldestinations((‘accesslroadsitolservelthelbuildings’).l
Elaborationlofltheselideaslresultedlinlal proposallforl
alroutel hierarchy,lbuiltiuplfromIprimary, district’andl
localldistributorslandlaccesslroadsitoldestinations!]
(Figure 1.5).1Buchananlarguedthat,]withinlaccessl
roads, trafficishouldlbelof.minorlimportanceltolthel
environment,Jandlinleverylarea’atlleastithelmaximuml
acceptableltrafficlcapacity’hadltolbeldetermined.

Buchanan’sireportlputlthelidealbehindlofltheltradi-
tionallDutchImainZroadlthatlhadlalmixturelofldifferent]

1. THE PRINCIPLES OF SUSTAINABLE SAFETY

Primary distributors

District distributors

Local distributors

Environmental area boundaries

Figure 1.5. Functional categorization of roads accord-
ing to Buchanan (1963).

functions.lInlthelcourselofltime,ldifferentlinterpreta-
tionsthavelbeenlgiventolthisihewtrafficlplanningicate-
gorization.JAlcompletelylnewlideaforithelNetherlandsl
waslthelelaborationl oflwoonerflandllater: 300km/hl
zones.

Thel Swedishl SCAFT-guidelines,linl whichl similarl
principles’havelbeenldevelopediforitrafficlplanningl
inltownslandlvillages,larelalsolbasedlonlthelsamel
ideas](SwedishINational’Boardlofl UrbanlPlanning,l
1968).

Inlthelsamelperiod,lalcontribution’byl TheolJanssenl
waslpresentedlasialreportlforithelannuallconferencel
oflithelSocietylof.Dutch!lRoad!Congressesi1974..Thel
abovelwaslchosenlaslstartingl point’andfourlfunc-
tionallrequirementsiwerelformulatedforlcategorizingl
roads:
—Jeonsistencyloficharacteristicsiwithinlalroadlcate-
gory;
—Jeontinuityloflcharacteristicsiwithinlalroadlcategory;
—llittle varietylinl characteristicsl withinlalroadl cat-
egory;
—IrecognizablelroadlcategoriesIforiroadlusers.
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Figure 1.6. Left: categorization of roads and streets in flow and access function according to Goudappel & Perlot
(1965). Right: categorization of roads according to the tri-partition used in Sustainable Safety.

ThelSustainablel Safetylvisionlbuildsluponlthelhier-
archyloflroadslaslproposedlinithelBuchananireport,l
andlfurtherlelaboratedlbylJanssenl(1974),1bylmak-
inglaldistinctionl betweenl ‘residentiall function’land!l
‘trafficlfunction’..Withinltheltrafficlfunction, twolsub-
functionslareldistinguished:I‘flowlfunction’landl‘ac-
cesslfunction’l(makingldestinationslalonglroadsland!
streetlaccessible;lseelFigure 1.6).IThelflowlandlac-
cesslfunctionslarelstrictlyldividedlinlthel Sustainablel
Safetylvision.[Forleachlfunction,ltherelislalseparatel
roadlcategoryl(thelaccessfunctionlandlthelresidentiall
orl‘liveability’Ifunctionlarelcombined). Thelroadsithat!
connectlbothlcategoriesiareldistributors.]Aldistributor?
maylnotlonlylprovidelalflowfunction:[itlalsolisithellinkl
betweenlbothlotherlcategories.[ThisicombinationIwilll
haveltolbelmanifestlinlalsafelway’inltheldesignloflal
distributorl(andlanlappropriatelspeedlimit).

1.3. How to take Sustainable Safety
forward?

Givenlthelfactithatlpeoplelmakelerrors,dolnotlalwaysl
complylwithlrulesland,/moreover,ithatitheylarelvulner-
able,litlislessentiallthatllatentlerrorsl(orlgaps)linlthel
trafficlsystemiarelpreventedlinlorderitolavoidia’breed-
inglgroundlforicrashes.lAccordingltolthelSustainablel
Safetylvision,linlorderltolpreventiseriousiunintentionall
errors,lthelenvironmentlandltheltaskldemandslthatl
thislenvironmentlentailslhaveltolbeladaptedtolallevell
thatlthelmajorityJoflroadlusersicanlcopelwith.I Thisl
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produces,laslit’'were,ldesirablelbehaviourlalmostlau-
tomatically:‘thelroadluserlknowslwhatltolexpect,landl
possiblelerrorsicanlbelabsorbedlbylalforgivinglen-
vironment.I Thislalsolmakeslthelbreedingigroundlforl
intentionallorlunintentionallviolationsllesslfertile.lInlsol
farlaslviolationIlbehaviourlpriorltoltrafficl participationl
canlbeldetected(suchlaslalcohollconsumptionlorinotl
havinglaldrivingllicence),ldenyingltrafficlaccess!fitsl
withinlsustainablylsafelroadtraffic.

Roadluserslhaveltolbelwelliinformedlandlexperiencedl
tolparticipatelinitraffic..Whereltheir’skillslandicapabili-
tiesldolnotImeetltheltaskldemands,(theirlsafelbehav-
iourlneedsltolbelencouraged’bylmeansloflspecificl
measures.[Itlislessential’thatlroadlusersiarelawarel
ofltheirisituation-dependentistate,land,lconsequently,]
theirltasklcapability,ltoltakeladequateldecisionslthat]
maylpreventlalpotentiallcrash. Sinceltherelareldiffer-
enceslinlroadluser.capabilities,JwelshouldlaskImorel
experiencedlroadlusersitolengagelconsciouslylinisafel
behaviour,Idirectedlatllesslexperiencedroadlusers.lInl
trafficlaslalsociallsystem,lalforgivingldrivinglstylelcanl
absorblthelemergenceloflcrasheslcausedlbylotherl
roadlusers.

Thelvulnerablelhuman’hasitolbelprotectedinitrafficlby!
thelenvironmentlbylmeanslofistructuresithat’absorbl
thelkineticlenergylreleasedlinlalcrash.[Tolthislend,[thel
masslofivehiclesisharingithelsamelspacelneedsltolbel
compatible.lIflthislisInotIpossible,lthenlspeedsineed!
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tolbellowered.1Thislsystemlislembeddedlinlaltrafficl
planningltaxonomy!l ofl fastl trafficlflowslonlthel onel
handlandlaccessltolresidenceslonithelother..Betweenl
theseltwolextremes,[trafficthasltolbelguidedlinigood,]
sustainablylsafelways.

Sustainable Safety principle

Functionalitylofiroads]
I

Homogeneitylofimassiand/orispeedl
andldirection

Predictabilitylofiroadlcourselandiroadluserl
behaviourlbylalrecognizablelroadldesignl
0

Forgivingnessloflthelenvironmentlandlofl]
roadlusers!
il

State awarenesslbylthelroadluserl
0

Withlthislslightlyladaptedlvisionlonlsustainablylsafel
roaditraffic,lwelfinallylarrivelatithelfive central princi-
ples:Ifunctionality,_/homogeneity,Ipredictability,/forgiv-
ingness’andlstatelawareness.]Alshortldescription]ofl
theselprincipleslisigivenliniTable 1.3.

Description

Monofunctionalitylofiroadslas eitherlthroughlroads, !
distributorlroads,’orlaccesslroads,linlalhierar-
chicallylstructurediroadinetwork

Equalitylinilspeed,idirection,Jandlmassilat
mediumlandlhighlspeeds

Roadlenvironmentlandlroadluserlbehaviourlthat
supportiroadluserlexpectationsithroughl
consistencylandicontinuitylinlroadldesign
Injuryllimitationithroughlalforgivingiroad
environmentlandlanticipationlofiroadluser
behaviour

Abilityltolassesslone’sltaskicapabilityltolhandlel
theldrivingltask

Table 1.3. The three original and two new Sustainable Safety principles: forgivingness and state awareness.
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2.[ Roadlsafetyldevelopments

Forlalclearlrouteltol sustainablylsafelroadltraffic,itl
islimportantltolstartiwithlanloverviewloflroadlsafetyl
presentlandlpast,]asiwelllasloflexpectationsIforithel
future.[Thislchapterlwill.show,linlgeneral,”how roadl
safetylhasldevelopedlinithelcourselofltime,lwhatlitl
looks!likel now,landlwhatlfutureldevelopmentslarel
likelyltolhavelanlinfluencelonlroadlsafety.

Thelfirstlsectionl of_ thisl chapterl(2.1) giveslanlintro-
ductionltolroad’safety.I Thislstartslwithl examinationl
ofltrendsloverltime,’bothlinlpastidecadeslasiwelllasl
thelmostIrecentltrendslinlvarious! crossl sections! ofl
thelltrafficlandltransportisystem. Followinglthis, welwilll
looklatlroadlsafetylinithelNetherlandslinlanlinterna-
tionallcontext.lWelbaselthelanalysespredominantlylonl
datalaboutlfatalitieslandlseverelylinjuredlvictimsisincel
theseldatalarelthelmostireliable,Jandlsufferlleastlfrom!
problemsloflunder-reporting.IThelintroductorylsectionl
closeslwithlalbriefloverview oflfactorsithatlhavelanlin-
fluencelonlcrashlrisk,leitherlpositivelylorinegatively.
Thelsecondlsectionl(2.2)laddresseslthelbehaviourall
causesloficrashes.[Thelquestionlthatlwelwilllattemptl
tolanswerlisthowlroadluserlerrorsiandlviolationsicon-
tributeltolcrashicausation.
Thelthirdlandllastlsection(2.3)]giveslanloutlinel ofl
nationallandlinternationalldevelopmentsithatlarelex-
pectedtolinfluencelroadlsafetylinlfuture.

AllltheselanalyseslandldescriptionslaimIforlalbetterl
understandinglofiroadlsafetylinlgeneral,Jandloflthel
specificlfactorsithatlplaylaldominantlrole.lITheselkeyl
factorslarelsolimportantithat'theyldeservelexplicitlat-
tentionlinlanylvisionloflffuturelroadisafety.

2.1. Road traffic in the Netherlands
— how (un)safe was it then and how
(un)safe is it now?

2.1.1. Road fatalities then and now

AfterlthelfirstiroadlfatalitylinithelNetherlands, shortlyl
after11900, thelnumberlofiroadldeathsgrewlrapidlyl
(see Figure 2.1).IThelmainireasonslforlthislarelthel
enormousl growthlinI mobility,]thel developmentl ofl
ever-fasterlvehicleslinlaltrafficlsystemIthatlwasinotl
designediforisuchluselinisafety,/andlroadlusersiwhol
makelerrorslandlbreakithelrules.
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Figure 2.1. Cumulative number of road fatalities in the
Netherlands from 1900 up until 2004 (after Koornstra
etal., 1992).

Thelnumberlofifatalitieslinlroadltrafficlpeakedwithlal
recordlofl3264linl1972[(Figure 2.2)..Thislamountsltol
about!9ldeathsleveryday.lAfterlthat,]thelincreaselinl
deathslreversed,/despiteleverlincreasingimobility,land!l
aldownwardltrend’haslbeenmaintained.[Thelnumber]
ofldeaths!first’decreasedlsharply’(exceptduringlthel
periodl1975-1977),lbutlfromithelmid-1980slonwards,[
thisltrendlbecamelsomewhatllessIpronounced(seel
Figure 2.3)
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Number of registered road traffic fatalities

Figure 2.2. The number of registered road fatalities
per year in the Netherlands in the period 1950-2004.
Source: AVV Transport Research Centre.

Thelnumberloflroadldeathslini2004lis]clearlyl out-
sidelthelmarginsicalculatedforlthelannualldownwardl
trend.JForltheltimelbeing,lthisllowerlfigurelcannotlbel
attributeditolspecificlunderlyingldevelopmentslorltol
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Figure 2.3. Actual number of road fatalities per year in
the period 1979-2004 with negative exponential trend
line and 95%-reliability intervals. The actual numbers
of road fatalities before 1995 have been constructed
based on the average percentage of under-reporting of

road fatalities.
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Figure 2.4. Fatality risk (number of road fatalities per
billion kilometres travelled) by road transport mode,
averaged over the years 2001-2004. Source: AVV Trans-

port Research Centre, Statistics Netherlands.
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Figure 2.5. Annual number of road fatalities by road transport mode in the period 1950-2004. Source: AVV Trans-

port Research Centre.
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particularipolicylinterventions..Thelnumberlofiroadifa-
talitieslin020030waslhigh,lwhichlemphasizesithellow!
20040total.lItlislalsolthel caselthat,lquiteloften, thel
actuallnumberloflroadltrafficlfatalities. fallsl outsidel
thelstatisticallmarginlofitheltrendllinel(seelFigure 2.3;[
blackldots).

2.1.1.1. Large differences between trans-
port modalities

Thelriskloflbeinglkilledlinla trafficlcrashlperlkilome-
treftravelledlislhighestIforimoped/lightimoped.riders,]
followedIbyImotorcyclistsi(Figure 2.4).lInlitself, thislis]
notlsurprisingforlthisimodelofltransport,lgiven that]
highlspeedlcombineslwithllittlel physicall protectionl
(seelalsolChapter 13).lIflwellooklatltheldevelopmentl
ofl roadl deaths” amongstl motorized? two-wheelersl
(Figure 2.5),littbecomes(clearithat’thelnumberlofifa-
tallylinjuredImoped/light’mopedridersiroselsharplyl
betweenlthel1950sland]1970s..Bylthelmid-seventies,
thelnumber] ofl fatalitieslunderlmoped/lightt moped:!
riderslhadldecreasedlrapidly,lpartlylbecauseloflthel
introductionloflcompulsorylcrashlhelmetluselwhichl
hadlalpositiveleffectlonlinjurylrisklandlalsideleffectlofl
decreasedimopedluse.Duringlthelpastifewldecades,l
thelnumberlofimoped/lightimoped’ridersikilledinitraf-
ficlhaslbeenlstable,lbothlinlabsolutelnumberslandlinl
relativelshare.ITheltrendlinlfatallyfinjuredimotorcyclistsl
haslhadlallesslpronouncedicourse.lWithinlthisigroup,l
thefluctuationlinideathsicoincidesipredominantlyiwithl
thelmotorcycle’slpopularity.

Twolotherlgroupslofiroadiusersiwithiahighlriskioflbeingl
killedlintrafficlperlkilometreltravelledlarelpedestriansl
andlcyclists(Figure 2.4).[Thelabsolutelnumberlofitotall
fatalitiesIforitheselgroupslisialsolhigh,landithe’highestl
oflalllroadltransport’modes’beforel1960 (Figure 2.5).0
Nevertheless, thelnumberlofipedestrianiandlcyclistl
deaths’haslsharply’decreasedlinlthelpastidecades,l
whichlisiremarkablelinllightloflincreased.cycleltrafficl
andlsteadylpedestrianiflowslinthelNetherlands.

Carloccupantslhavelthellowest fatalitylrisklperlkilo-
metreltravelledl(Figure 2.4).[Thelfactlthat,linlabsolutel
terms,Imostlliveslarellostlinlpassengericarslisidueltol
thelriseloflincreasedlcarimobilityl(Figure 2.5).

2.1.1.2. Large differences in conflicts
between road transport modes

IniTable 2.1,/thelmostlimportanticonflictltypes®larel
assessedlusinglthreelcriteria:11) thelseverityl oflthel
outcome,[2)thelincompatibilitylbetween’theldifferentl
parties,landl3)thelfrequencylofithelconflictitype.

Carlorimopedlimpactsiwithlobstaclesl(suchlastrees!
andlposts)laccountforithelgreatestiproportionlofise-
verelylinjuredltrafficlvictimslandl(logically)icollidelinlal
mostlincompatiblelorlunequaliway.

Outlofltwo-partylcrashes,pedestriansiiniconflictsiwithl
carslarelthelmostiincompatiblel(vulnerable)icrashlop-
ponent.[Tolalsomewhatllesserlextent,lthislislalsolthel
caselforltwo-wheelerslinlconflictiwithlcarslandllorries]
(althoughlconflictslbetweenimopediridersiandlorriesl
dolnotloccurlveryloftenlandlarelnotlincludedliniTable
2.1).lInlthelNetherlands,  conflicts! betweenl cyclistsl
andlcarsloccurlmostloften.

Inifiveloutlof thelsiximostlseriouslconflictitypesibe-
tweenltwolroadlusersl(printediboldliniTable 2.1),/thel
weakestlpartylisialpedestrianlorlaltwo-wheelerluserl]
(seellalsolChapter 12).

Carslare,lindeed, disproportionallylstronglcrashlop-
ponentslinlconflictsIwithl pedestrianslandlcyclists.[
However,linlconflictslwithllorriesI(andlfixedl obsta-
cles),lcarslcomeloutlworsel asl thel weakerl party.l
Cars,therefore,lplaylaldoublelrolelinithelcompatibilityl
pictureliniroadlsafety.]CarslarelinvolvedlinZfiveloutl
oflthelsiximostlseriousIconflictslbetweenlroadlusers]
(printedlboldlin[Table 2.1).[Thelsixthiseriouslconflictlisl
betweenlbicyclelandllorryl(seelalsolChapter 5).

2.1.1.3. Large differences between
road types

Mostlroadldeathslandlseverelinjuriesloccurlonlrurall
roadslwithlani80lkm/hlspeedilimitl(Figure 2.6, Table
2.2)landlonurbanlroadslwithlal50lkm/hIspeedilimitl
(Figure 2.6, Table 2.3).IHowever,_onltheselroads,lthel
numberlofifatalitiesldecreasesimostirapidlyloveritime.l
Onlrurallroadsiwithlal60lkm/hllimit’andlurbanlroads!
withlal30lkm/hllimit,thelnumberlofifatalitieslisllow,butl
haslincreasedloverlthelpastifewlyearsi(Figure 2.6).

Slinlthislconsideration,[allltwo-partylcrashlinjuriesl(period]1999-2003) betweenlpedestrians,mopedriders,imotorcyclists,Icarldrivers,lvanidrivers,l
andlorrylorlbusldriverslhavelbeenltakenlintolaccount.]Alsolobstacleslhavelbeenlincludedlas’alcrash’opponent.lOflalllcombinations,lonly’thosel
conflictltypeslthatlaccountlforimorelthan!1%!lofltheltotallnumberlofitwo-partylcrasheshavelbeenlincluded./Together,ltheselaccountlfori90%!ofl

theltwo-partylcrasheslinlthelafore-mentioned periodlinithelNetherlands.
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Conflict parties Severity
(Y%lseverelyl
0 injuredivictims)l
I 0
Car-obstacle 40.8
Moped-obsacle 41.7
Pedestrian-car 36.7
Bicycle-car 25.0
Moped-car 225
Bicycle-lorry 40.7
Motorcycle-car 35.6
Car-lorry 30.2
Pedestrian-moped 23.0
Bicycle-moped 16.1
2 cars 21.6
2lmopeds 33.2
2lbicycles 28.2

Incompatibility Size
(weakestlparty/l (numberlof
strongestiparty)l injurylcrashes)
I
0 0 0 12,188
0 0 0 2,378
284 0 6,979
150 28,115
120 24,124
0 95 0 1,643
0 50 0 5,377
0 30 0 3,828
0 4 0 1,775
0 2 0 6,519
0 1 29,692
0 1 0 1,963
0 1 0 3,206

Table 2.1. Severity of main conflict types, assessed using three criteria. 1) Relative share of deaths and severely

injured under weaker of two conflict parties as percentage of total number of conflicts of that type. 2) Quotient of

number of fatalities and severely injured of weaker party, divided by number of fatalities and severely injured of

stronger party. 3) Annual number of injury crashes per conflict type. All figures are averages over the period 1999-

2003. Source: AVV Transport Research Centre.
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Figure 2.6. The number of road traffic fatalities by road
type, based on posted speed limits over the period
1980-2003. Source: AVV Transport Research Centre.

Whenlwellooklintolmoreldetaillat’theltypeloflconflictsl
occurringlonldifferentlroadltypes,[itlisiclearlthatlsin-
gle-vehiclelconflictslonlroadlsectionspredominatelinl
seriousicrashesloutsidelbuilt-uplareasl(Table 2.2).20n[
urbanlroads,ltransverselconflictslatlintersectionslarel
predominantl(Table 2.3).IThelexceptionsiarelurbanl
roadsiwithla’30lkm/hispeedllimit,_.where,laslwithlrurall
roads,Jsingle-vehiclelconflictslonlroadlsectionspre-
dominate.
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Figure 2.7. Fatality risk (number of road fatalities per
million vehicle kilometres) by road type (situation 1998;
Janssen, 2005).

Whenlwellooklatlfatalitylrisklbylroaditypel(Figure 2.7),
itlislclearlthat'thelmotorwaylhaslthellowestlcrashlfa-
talitylrisklperlvehiclelkilometreltravelled.IRurallroadsl
whichlarelopenltolallltrafficlhavelthelhighestlrisk,lbutl
majorlurbanlroadslalsolhavelalhighiscore.lTheselarel
roadslwherelrelatively’highlspeeds,llargelspeedldif-
ferences,landlinteraction’betweenldifferent’types]ofl
roadluserslco-exist.
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Rural roads and 120 km/h 100 km/h
motorways IRoad! | Inter-I | 1Road! | [inter-
Sectionl| section | sectionlllsectionl
Numberlofiseriousicrashes | 1 5211 210|0 3070 0570
Numberlofifatallcrashes 1 570 w0 440 070
Conflict type
Longitudionallconflictsl 0 1570 3|m 87 140
Convergingl&ldiverging 1 540 (o 340 120
Transverselconflicts! 0 oo 71100 10 0370
Frontallconflictsl 0 30 |m 410 140
Single-vehiclelconflictsl 1 2891 91| 1300 0100
Pedestrianiconflicts! 0 8l -Ijm el 1or
Parkinglconflictsl 1 100 ol|m s 1oo

80 km/h
IRoad! | Inter-
Sectionl | section
12,0591 11,1650
1 3140 0129010
1 1950 1911
1 21370 188!
1 1121 07180
1 4210 01510
11,0910 010610
1 770 1100
1 270 |

60 km/h Rest | Total
[Roadl | Inter-
Bection]| section |[
0 1010 1300 |16030114,864!1
140 030|0 5901 06290
0 8l 01001040| 06500
0 8l 130|0 570 03841
0 70 0170)01070(01,0050
1 230 140 |00 991| 07470
1 480 140 01930{01,8790
0 50 000 300 01380
0 30 00|10 130 1620

Table 2.2. Total numbers of serious and fatal crashes, and number of serious crashes of different conflict types on
different locations by road type (by speed limit) outside urban areas (average over period 1998-2002).

Urban roads 70 km/h 50 km/h 30 km/h ; Rest Total

[ Roadl Inter-1 1 Roadl Inter-I 1 Road! Inter- |I

[ section] | section I section] | section |1 sectionl | section I
Numberlofiseriousicrashes I 621 1020 | 2,277m| 02,838 i 322100 1152 |0 2610 | 06,0130
Numberlofifatallcrashes 0 8l 9l [ 1391 158 I 130 40 | 140 1344]
Conflict type
Longitudionallconflictsl [ 150 130 [ 231100 [11e0 o 18I0 50 |00 1600 14141
Convergingl&ldiverging 0 70 70 [0 2920 3541 ] 2810 190 [0 3200 17370
Transverselconflicts!] [ 30 660 [0 23800| 01,5820 [0 19100 610 |00 4200 | 02,0110
Frontallconflicts! [ 8l 50 [0 34710 3581 [0 5800 170 |00 4411 18381
Single-vehiclelconflictsl [ 270 81 [ 57100 12281 0 12010 136 |0 8100 | 01,0700
Pedestrianiconflicts! [ 20 41 [0 43710 18401 [0 5800 0120 |00 3900 17360
Parkinglconflictsl [ 0l 00 [o 16200 14 [0 2110 120 |0 700 1207

Table 2.3. Total numbers of serious and fatal crashes, and number of serious crashes of different conflict types on
different locations by road type (by speed limit) in urban areas (average over period 1998-2002).

2.1.1.4. Large differences between
gender and age groups

Sincelthel1960s, thellargestinumberlofiroadldeaths!
haslbeenlamongstlyounglroadiusersiaged’between!
150andi24,lalternatinglduring’thellast’decadelwithlthel
250tol39laged (Figure 2.8).IThelproportionlofideathsl
amongstithel15-241group’hasrisenlsincelthel 1950sl
fromlaroundl12%tol24%,lduringlthellastidecade.l
Thislis,lwithoutlanyldoubt,’dueltolincreasedmobilityl
oflyoungimoped.ridersionlthelonelhand,landlyoung!l
carldriverslonlthelother.

Youngerlroadlusersinotlonlylstandlout’'whenllookingl

atlabsolutelnumberslofiroadlvictims, butlalsolwhen!
takinglaccountloflpersonlkilometresitravelled.lYoung!
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peoplel-Iparticularly’malesi-Ibetweenlthelagelofl 150
andl17lrunlalconsiderably’higherlriskloflbeingfatallyl
orlseverelylinjuredlperlkilometreltravelledIthanlotherl
agelgroupsi(see Figure 2.9).IThelreasonslforlthislarel
moral,_emotionallandlcognitivelage-specificlfactorsl
onlthelonelhand,landlinsufficientlskilllinlassessingl
situationslandlriskslonlthelotherl(Vlakveld,l2005;Iseel
alsolChapters 7 and 11).[Inladdition, thislagelgroupl
oftenluseslhigh-riskltransport’modes,Isuchlasithel
moped.

AlsecondIgrouplofiroadiusersiwith’highlriskloflseverel
injurylinfalroadicrashlper’kilometreltravelled,/arelolderl
roadluserslaged!75]yearsiorimorel(Figure 2.9).]Thel
elevatedfatalitylriskloflolderlroadluserslisiexplained!l
byltheirlincreased. physicallvulnerabilityl(particularlyl

PART I: ANALYSES



1000

900 —

Fatalities by age category

—o— 0-14

1950 1955 1960 1965 1970

1975

1980 1985 1990 1995 2000 2005

Year

Figure 2.8. Annual number of road fatalities by age group between 1950 and 2004. Source: AVV Transport Re-

search Centre.
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Figure 2.9. Average number of fatalities and hospi-
talized (2000-2003) per billion passenger kilometres
by age category for males and females separately.
Source: AVV Transport Research Centre; Statistics
Netherlands.

aslpedestrianslandicyclistsi(seelalsolChapter 2),land!l
byltheldeteriorationlinlvariousIskillslneededItol par-
ticipatelinltrafficl (e.g.lDavidse,’2006).. Thelnumberl
oflroadldeathslamongstipeoplelagedl75lyearsiandl
abovelwaslatlitsIlowestlinlthel]1950sIuntillthel mid-

1970s](Figure 2.8).10nelexplanationlforithislisithatithel
relativelshareloflolderlpeoplelinltheltotallpopulationl
haslrisenlsteadilyl(source:StatisticsINetherlands)landl
peoplelarelmobilelforllongerlthanlinithelpast.

2.1.1.5. Large differences between
countries

ThelEuropeanlUnion,lwithlitsI25]Member]States, hasl
betweenl40,0000tol45,0000reportediroadifatalities!perl
year..ComparisonslofldeathsIperl100,000linhabitantsl
amongstiMemberlStateslindicatelthatlthelNetherlandsl
haslthellowestnumberloflroadlfatalitieslin.thelEU,lto-
getherlwithlthelUnitedlKingdomlandl Sweden(Figure
2.10).“ Theselthreel countries”have,linlcommonlwith]
eachlother,Japproachedlroadlsafetylinlalsystematicl
way forlseveralldecadesl(Koornstraletal.,[2002).

Thel totall numberl ofl roadl fatalities! hasl decreased!
considerablylinithelpastidecades.lIn(thel1970s, therel
werelsomel80,000Ctol87,000lroadlfatalitiesiwithinlthel
Memberl Stateslatltheltime,]whereaslthisfigurelhasl

“IMaltalhas’becomelan’EUImemberlrecently,;andlholds thelpositionlof_.havingthellowestlannuallnumberlofiroadlfatalities!per/100,000linhabitants.
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Figure 2.10. Number of road fatalities per 100,000 in-
habitants for the current 25 EU Member States aver-
aged over 2002-2004 (* = 2001-2003, **= 2000-2002).
Sources: IRTAD; CARE; Eurostat.

beenlhalvedlnow.l Comparedwithltheldecreaselinl
roadlfatalitieslperlnumberloflinhabitantslinithelUnited]
KingdomZandlSweden, theldecreaselbetween19701
andl1985lisllargestlinlthelNetherlands(Figure 2.11),0
whilelthelrateloflimprovementiinitheselthreelcountriesl
haslbeenlcomparablelinlrecentlyears.
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Figure 2.11. Development of the number of road fatali-
ties per 100,000 inhabitants for Sweden, United King-
dom and the Netherlands, period 1970-2004.
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2.1.2. What makes road traffic so
dangerous?

Taking[partlinitrafficlislaldangerouslaffairiinlitself..Thisl
isldueltolthelbasiclrisklfactorslinltraffic:Ithelroadlus-

er’sivulnerabilitylcombinediwithlspeed,lasiwelllaslthel
presenceloflobjectsiwithllargelmassesland/or! stiff-

nesslwithIwhichlonelcanlcollidel(seelalsolChapter

1).lInladdition,Itherelarelalsolroadluserlfactors.thatl
increaselcrashirisk,Isuchlaslalcoholluse,lfatigue,lorl
distraction.l

2.1.2.1. Fundamental risk factors in road
traffic

Fundamentallriskslarelinherentltolroad!traffic,l andl
thelbasislofithellackloflsafetylinlcurrentiroadtraffic.l
Theselarelfactorsisuchlasispeed,!massiandivulner-
ability.l Withl fundamentall factorsl wel dol notl meanl
thoselfactorsithatlformithelfoundationlofithelprocessl
towardslalsaferisystem(seelTRIPOD-model;le.g.[Vanl
derlSchrierletlal.,[1998).

Speed

Speedlisinotlonlylalgivenlinitraffic,litlislalsolalfunda-

mentallriskifactor.lFirstly,lspeedlisirelateditolcrashiriski
(forlanloverview, seelAarts!&IVanlSchagen,12006).0
Froml severall studies! ofl thel relationshipl betweenl
speedlandlcrashlrisk,lwelcanlconcludelthatlhigherl
absolutelspeedsloflindividuallvehicleslarelrelatedltol
anlexponentiallincreaselinlriskl(Kloedenletlal.,11997;0
2001).0f'thelaveragelspeedlionlalroadlincreases,thenl
thelincreaselinlcrashlrisklcanlbelbestldescribedlaslal
powerfunction:lall%lincreaselinlaveragelspeedicor-

respondsiwithlal2%!increaselinlinjurylcrashes,lal3%l
increaselinlseriouslinjurylcrasheslandla’4%!lincreasel
inlfatallcrashesl(Nilsson,12004).1Withlthelsamelab-

solutelincreaselinlspeed,lforlbothlindividuallspeed!
andlaveragelroadlsectionspeed,lanlincreaselinlriskl
islhigherlonlurbaniroadsithanlonlrurallroadslandimo-

torways.

Speedldifferenceslarelalsollinkedlwithlincreaseslinl
crashiriskl(e.g.l Solomon,11964).1Recentlresearchl
however, haslnot] provenlthatlvehiclesltravellinglatl
lowerlspeedsithanltheltrafficlflowlhavelalhigherlriskl
thanlvehicleslthatigoiwithithelflowl(e.g..Kloedenletlal.,[
1997;02001).]Atlthelsameltime,litiwaslconfirmedIthat]
vehicleslgoinglfasterithanltheltrafficlflow’havelanlin-
creasedlrisk.]Speedivariancelatithellevellofiroadlsec-
tionlislalsollinked tolincreased crashlriskl(e.g.[ Taylorl
etfal.,J2000).
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Secondly,Ispeedlisirelateditolcrashlseverity. Thislisl
basedlonlthelkineticlenergyl(ofiwhichlspeedlisianl
importantlindicator),lwhichlisl convertedlintol otherl
energylformslduringlalcrash, causingidamage.llnjuryl
risklislalsoldeterminedlbylspeedilevel,lthelrelativeldi-
rectionsloflcrashlparties, their’massldifferenceslandl
protectionllevel,landlbiomechanicalllaws.

Mass and protection

Whilelinlmotion, theltotallmassloflalvehicle’lcombined!
withlitslspeedlproducesikineticlenergy,_whichlisicon-
vertedlintolotherlenergyformsiduringlalcrashlandlcanl
causelmaterialland/orlbodily’damage.lInlalcrash’be-
tweenltwolincompatiblelparties,thellighterlpartylisiatl
aldisadvantagelbecauselthisipartylabsorbsiallot’morel
kineticlenergylandithelvehiclelgenerallyloffersllessipro-
tectionltolitsloccupantsithanlalheavierivehicle(seelalsol
Chapter 5).Massdifferencesbetweencollidingivehiclesl
canlamountitolmorelthanlalfactorlofl300l(pedestrianl
weighingl60lkglversusla’heavylgoodsivehiclelweighingl
20,0007kg).[Furthermore,linlviewlof theirlstiffnessiand!
structure,lheavierlvehicleltypesligenerally. offerlbetterl
protection toltheirloccupantsinitheleventlofialcrash.l
Forloccupantsiofivehiclesiwithlalhighimass,linjurylriski
isimuchllowerthanlthatlofthelightericrashiparty.lLetlusl
assumethatthelinjurylriskloflanloccupantioflani8501kgl
carlisl1linIcollisionlwithlanotherl850lkglcar.IThelinjuryl
factorlincreases!tol1.4liflthelcrashlopponentliweighsl]
1000kg,landlincreasesltolalfactorl1.8ifithelcrashlop-
ponentiweighsl1500kgl(Elviki&Vaa,'2004).0

2.1.2.2. Risk-increasing factors from the
road users’ side

Lack of driving experience

Thel effectl ofl drivingl experiencel onl crashl riskl sl
stronglyllinkedlwithlageleffects.ISinceldrivinglexperi-
encellisistronglylcorrelatediwithlage, andlsincelbothl
factorslarelassociatedlwithIspecificl characteristics]
whichlincreaselriskl(seelalsolChapter 11),itlisIdifficult]
tolseparatelagelandlexperience.Researchlinto’thelin-
fluencelofldrivinglexperiencelonlcrashlrisk,lindicates]
thatlaboutl60%!loflcrashirisklof.noviceldriversicanlbel
explained’byllacklofldrivinglexperiencel(e.g.JSagberg,l
1998).IFromlthislresearch,lit!canlalsolbelconcluded!
thatlthelincreasedlcrashlriskloflnoviceldriversi(alfac-
torlofl2.5relativeltoldriversiwithImorelthanIfivelyearsl
oflexperience)ldecreasesirapidlylwithinlthelfirstlyearl
afteripassinglaldrivingltest.

Psychoactive substances: alcohol and drugs

Alcohollisloneloflthel mostlimportantlfactorsiwhichl
increaselrisklinltraffic,landlislrecognizedlasisuchlbyl
roadlusersl(seelalsolChapter 10).[Crashlrisklincreasesl
exponentiallyl withlincreased bloodlalcoholl contentl
(BAC).Comparedtolsoberldrivers,thelcrashlrisklisial
factorlofl 1.30withlalBACIbetweenl0.5]and’0.81g/¢, al
factorlofl6lwithlal BACIbetweenl0.8]andl1.5g/2,landl
evenlalfactorlofl 18labovel1.51g/2l(Borkensteinletlal.,l
1974).lApartlfromithat,lalcoholluselalsolincreasesise-
verellinjurylriskl(Simpsonl&Mayhew,11991;1BESEDIMI
etlal.,[11997).

Recentlresearchlintolthelcrashlriskl oflroadlusersl
underlthelinfluencelofl psychoactivelsubstances,lre-
vealedlthatlthelrisklislaboutlalfactorlofl25IwithIthel
combinedluselofldrugs.IThisIrisklcanlevenlincreasel
from113[tol180lwithIthelcombinedluseloflalcohollandl
drugslrelativeltolsoberlroadlusers,ldependinglonlthel
quantityloflconsumedlalcohol(Mathijssen’&Houwing,l
2005).[Also,therelisicumulativelroad crashifatalityrisk?
whenlcombinedlwithltheluseloflalcohollandldrugs!
(BESEDIMIet’al.,11997).

llinesses and ailments

Visualllimitationslorlailmentsiarelgenerallylassociatedl
withlalverylsmalllincreaselinlcrashlriskl(onlaveragel
alfactorlofl1l.1lrelativeltolhealthylpeople;lVaa,[2003).0
Furtherlexaminationlindicates(that, crashlrisklisthigherl
forltwolconditions](Vlakveldletlal.,’2005):
—Reducedlusefullfieldl oflviewl(UFOV).bylmorelthanl
40%/lincreases!risklbylalfactorlofl5lrelativeltolnor-
mallUFOV.ITheloccurrencelisihigherlinlpeoplelofl650
yearslandlabovel(Rubinletlal.,/1999).
—IGlarelsensitivitylincreaseslcrashlriskl by alfactorlofl
1.6](onlylalfewlstudies).

Decreasedlhearinglonlylresultslinlalslightlylincreased!
risklofl1.2](Vaa,[2003).IThelsamelisithelcaselforineu-
rologicalldisorders,thatlarelassociatedwithlincreased!l
risklbylalfactorlofl1.8.1Peoplelwithl Alzheimer’sldis-
easelrunialriskloflcrashlinvolvementlwhichlisltwicelas]
highlaslhealthylpeoplel(Vlakveldletlal.,]12005).]0therl
psychiatricldisorders,[suchlasicognitiveldisordersiandl
depression,resultlinlalslightlylincreasedlriskloflalfac-
torl1l.6lonlaveragel(Vlakveldletlal.,12005).

Sliflalroadluseritravelsiwithoutlalvehicle,lthislislonlylthelperson’sibody’mass.
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Emotion and aggression

Duringthelpastfewlyearsinparticular, manyroadusersl
havelheldlthelviewlthatlaggressionlintrafficlisialmajorl
contributorltolroadlcrashes.l Severall questionnairel
studiesishow!thelrelationshiplbetweenlself-reported?
aggressivelbehaviourl(offendinglbehaviour)landlself-
reportedlroadlcrashlinvolvementl(e.g.]Deffenbacherl
etlal.,12003;IMeskenletlal.,12002;] Stradlingl et al.,l
1998).IHowever, thisldoesinotlimplylalcausallrelation-
shiplbetweenltheltwolelements.[Itlislalsolthelcasel
thatlaggressivelbehaviourlcoincidesiwithlrisk-seekingl
behaviour.IThisimakeslitldifficultltoldrawlconclusions!
aboutlthelrelationshiplbetweenlaggressionlandlroad!
safety.[Thelliteraturelleavesithelimpressionlthatltherel
islalcoherentlbehaviourallpatternloflalcombinationlof!
variouslaggressiveland/orlriskylbehaviourltypesithat!
resultlinfaldangerousidrivinglstyle.lHowever, forlthel
timelbeinglitlisinotlpossibleltolquantifythelrisklassoci-
atediwithlthislriskIfactor.

Fatigue

Fatiguelisimostlprobably’amuchimorelfrequently’oc-
curringlfactorlinlincreasinglrisklthanldata’fromlpolicel
reportsishows. ParticipatinglinitrafficlwhilstIfatiguedisl
dangerousibecause,linladditionltolthelrisk’ oflactuallyl
fallinglasleepbehindithelsteeringwheel,fatiguereducesl
generallability’toldrivel(keepinglcourse),lreaction’time,l
andImotivationtolcomplylwithltrafficlrules.[lResearchl
shows( that! peoplelsufferingfromlalsleepldisorderlorl
anlacutellackloflsleep,lhavelal3to8timesihigherlriskiofl
injurylcrashlinvolvement(Connorletlal.,[2002).

Distraction

Likelfatigue,ldistractionlislprobablyla’muchimorelfre-

quentlicrashlcauselthanlreportedlpoliceldata’shows.l
Currently,lonelofithelmorelcommonisourcesiofldistrac-

tionlisluseloflthelmobilelphonelwhileldriving.[Thelper-

mitted’hands-freeloptionlidoesinotireduceltheleffectlofl
distractionleitherl(e.g.lPattenletlal.,12004).] Thel mostl
well-knownlandlbestlresearchlintolthelriskl oflusingl
almobilelphonelwhileldrivinglindicateslanlincreaselinl
risklbylalfactorlofl4]relativeltolnon-usersl(Redelmeierl
&[Tibshirani,[1997;]McEvoy.etlal.,2005).10therlstud-

ieslshowlalsimilarlrisklincreasel(forlanloverview,lseel
Dragutinovicl &I Twisk,12005).]0therlactivitiesIsuchlasl
operatinglroute-navigation’systems,tuning!CD-playersl
andlradiosletc..canlalsolbelalsourcelofldistraction,asl
canlactivitylsuchlasleating,ldrinking,Ismokinglanditalk-

inglwithlpassengersl(seeYoungletlal.,[2003).
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2.1.3. Increased understanding of road
traffic safety

Muchl canl bel understoodlaboutlroadlsafetylfroml
thelfundamentallriskIfactors:Ispeed,!masslandlvul-
nerability.JResearchlresultslfromlthel pastiteachlusl
this.I Theylalsolidentifylwherelthelopportunitieslarel
forlimprovement.lUsersl ofimotorizedltwo-wheelers!
havelthelhighestIfatalitylandlinjurylrisklinlroadtraffic,l
whichlcanllargelylbelexplainedlbylalcombinationlofl
highlspeediwithlthelrelativelyllowmasslofithelvehiclel
inlconflictiwithlotherlmotorizedltraffic,/lasiwelllaslpoor]
crashlprotection..Onltoplofithat,;mopedslarelpopular’
withlyounglpeoplelwholhavelyetitol obtainlaldrivingl
licence.[Thislgrouplalready’haslalrelativelylhighlriskl
inltrafficlbecauseloflage-specificicharacteristicslandl
needs,landllackloflexperience.

Currently,lcarloccupantsihavelthelmajorishareloflthel
totallnumberlofiroadifatalitieslbecauselofithelrelatively!
highlkilometrageltravelledlinlcars.]Onlthelonelhand,’
thelcarlislalfastlandlweightylopponentlinlconflicts!
withltwo-wheelerslandlpedestriansiwholalsolcom-

priselespeciallylvulnerablelroadlusers,Isuchlaslchil-

drenlandithelelderly.JOnlthelotherlhand, thelcarlisithel
vulnerablelpartylinltermsloflweightlinl conflictsIwithl
heavylgoodslvehicleslandlnotlveryl‘forgiving’lroad-

sidelobstacles.lYounglpeoplelarelanlespeciallyZhighl
riskIgrouplofithoselinvolvedliniseriouslicrasheslibe-

causelofltheirllacklofldriving/ridinglexperienceland!l
age-specificlcharacteristics.lElderlylroadlusers(of750
yearsloldlorlmore)larelaslal carloccupant’thelnextl
mostlimportantlrisklgrouplbecauselofltheirlphysicall
frailty.l

Safetylonlroadsicanlalsoitolalargelextentbelexplained!?
bylal combination? ofl fundamentall riskl factors.[ Forl
example,lseriouslcrashesloutsidelurbanlareas,and!l
particularlylonlrurall80lkm/hlroads,lareldominatedibyl
single-vehiclelconflictslalonglsectionslofiroad.]Thesel
arelusuallylthelresultloflinappropriatelspeeds,pos-

siblylinlcombinationiwithlotherIfactorsiwhichlincreasel
risk,Jsuchlaslalcohollconsumption,ldistractionland/orl
fatigue,landlthelfactlthatimanylroadsiarelnotl‘forgiv-

ing’;lthislresultslinlerrorsibeing’punishediwithl(severe)l
outcomes.[Intelligent? Transportl SystemsIthatlkeepl
speeds! withinllimitsl orl whichl monitorl thel driver’sl
state,lcouldlreducelrisklhere,lbutlthelroadlandlroad-

sidelcouldlbeldesignedlinisuchlalwaylthatlerrorslarel
notlpunishediwithlsevereloutcomes.lOnlurbanlroads,]
transverselconflicts,linlparticular,predominate.lOn’500
km/hlroads,inlparticular,wherelmostlpeoplelarekilled]
inlurbanlareas,’ massidifferentialsland’thelvulnerabilityl
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oflroadluserslarelimportantlfactors,.combinedIwithl
comparativelylhighlspeed,landlthelvulnerabilityloflve-
hicleslinltransverselconflicts.lInlthelNetherlands,lthel
riskloflbeinglinvolvedlinlalcrashlis’highestlonlurbanl
50lkm/hlandlrurall80lkm/hlroads..Motorwayslarelthel
safestlroadsiwhenlitlcomes[tolcrashlrisk.IThislisiduel
tolalcombinationlofiroadldesigni(andivehicleslallowed!
onlthisitypelofiroad)iwhichlislappropriatelforlhighidriv-
inglspeed, bothlphysicallyl(separationlofldriving_di-
rections)landlpsychologicallyl(predictableldesign),lsol
thatlhighlspeedsicanlbelmanagedlinirelativelsafety.

Inl general,lroadl safetyl haslimprovedl enormouslyl
overltime,landlthelNetherlandslisloneloflthelsafestl
countrieslinlthelworld.I Thelratel oflimprovementlinl
thelNetherlands’haslalsolbeenlhighlinlthelpastidec-
ades.IThislisIpartlyldueltolallearninglsociety,lwhichl
haslgrownlusedtolmodern,ifastitraffic.llnfaddition,fin-
frastructuralladaptationlhasitakenlplacel(suchlaslthel
constructionloflrelativelylsafelmotorways),’second-
arylsafetylinivehicleslhaslbeenlimproved,landltherelisl
morelsafetyllegislationlandlenforcementiwhichltakesl
accountloflifactorsiwhichlincreaselrisklandlreducelin-
juryl(suchlaslalcohollconsumptionlinitraffic,;andIman-
datorylcrashlhelmetlandlseatlbeltluselrespectively).l
Theselmeasures’havelalsolcontributed tolreductionsin
thelnumberlofitrafficlfatalitieslandlinjuries, despitelin-
creasedmobility._ Thel SUNflowerIresearchlhasimadel
theselpossiblelexplanationslplausiblel(KoornstraZetlal.,[
2002)andislsupportedbylotheriscientificliterature( Elvikl
&Vaa,’2004).1But, aslyet,/weldolnot’havelaltotallylcon-
clusivelexplanation’foritheselimprovements.

2.2. Cause: ‘unintentional errors’
or ‘intentional violations’?

Takinglintolaccountthelanalysesiandlriskfactorsiwhichl
havelbeenldiscussedpreviously,lthelnextiquestionlisl
howlroadltrafficicrashesloriginatelandlhow(thelfactorsl
mentionedplaylalrolelinlthis.lInlidentifyinglthelcausel
oflcrasheslinlwhateverlsystem,/ manlislalwaysliquoted!
aslthelmostimportanticauseloficrashes.]Peoplelmakel
errors,[nolmatter’lhow’harditheyltrynot’to.lAtlthelsamel
time,lpeopleldolnotialwaysl(intentionallyloriotherwise)l
obeylrulesidesigneditolreducelrisks.

TheloriginallversionloflSustainablelSafetyl(Koornstral
etlal.,11992) took aslitsIstartinglpointlthelwell-inten-
tionedlroaduserlwholis,lunintentionally, fallible.. Thel
contributionlofl(intentional)lviolationsItoldangerousl
trafficlwasiconsideredltolbelextremelylsmall,landlvio-
lationsIwerelconsequentlylnotlspecificallyltakenlonl
boardlinlthelvision.!Welcan,lnevertheless,lquestionlifl
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thislsuppositioniwaslcorrectithen, orliflit‘canicontinuel
tolbelneglecteditheseldays.

Anlopinioniwhichlisloftenlexpressediisithat'crasheslarel
causedbylantisocialiroadlusersiwholgrosslyldisrespectl
alllrules.IThislfeelinglislperhapsinurturedibyltelevisionl
programmes,iwatchedifromlalcomfortablelchairlinithel
livinglroom,linlwhichl charactersiwholgrosslyZoffend!l
andlbehavelinltrafficllikelkamikazelpilotslarelpursued.l
Peoplelimagineltheirlownldrivinglbehaviourltolbelsafe,l
becauselwhatlonelcanlseelonltelevisionlorionlthelroad!
bearsiholcomparisoniwiththowtheyldrivelthemselves.Al
driver’slownloffending’behaviour(forlinstance:Ispeed-
ingjustlallittielorlrunninglalredlight’lbecauseltherelisinol
otherltraffic)lisithoughtltolbelsafe,/becauselhelthinksl
helknowslexactlylwhatlhelisidoing,landlthinksthatleve-
rythinglislundericontrol..Whenlasked,Imostiroadiusersl
thinklthatltheylarelbetterland saferldriversithanlothers,]
butlstatisticallythislis,loflcourse,limpossible..Thelques-
tionlariseshowlseriousl offenceslactually’arelforlroadl
safety,landlwith!whatlfrequencyltheyldolcauseltrafficl
crashes.

Inforderitolgetlalpicturelofithelextentltolwhichl(unin-
tentional)lerrorsland!(intentional)violationsl(seelalsol
Chapter 1)Iplaylalrolelinicrashlcausation,lwellookltol
empiricallresearchiforlalpossiblelanswerltolthislques-
tion.IStudieslintolcrashlcauseslcanbelclassifiedlintol
twolgroups. Thelfirst’grouplofistudiesitakesithelcrashl
aslthelstartinglpointlandlidentifies! contributorylfac-
tors.IThelsecondlgrouploflstudiesitakes roadluserl
behaviourlaslthelstartinglpoint,landlinvestigatesltol
whatlextentltheylarelrelatedltolcrashes.

2.2.1. Crash research

Researchithatltakelcrasheslaslthelstartinglpointlpro-
duceslveryldiverselfindingsionlthelcontributionlofler-
rorslandloffencesitolcrashlcauses./Welneedltolnotel
herelthatimostlinvestigationsididinotllooklexplicitlyltol
distinguishlbetween(unintentional)lerrorsiandl(inten-
tional)lviolations.

From[Australianlresearchlbasedlonlpolicelregistrationl
formsl(Cairneyl& Catchpole,11991),lvisuallperceptionl
errorslemergel as! particularlylimportantl causes. off
crashes.[Fiftylpercentloflcrasheslinvolvinglroadlusersl
reportedinotitolhavelseenleachlother.However,sincel
thislresearchldoesinotlprovidelanylinformationlaboutl
factorsithatlcanlbellabelledlasloffences,nolinferencesl
canlbelmadelfromithisiresearchlastolwhetherlviola-
tionslarelanlimportantIfactorlinicrashicausation.
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Al Swedishlin-depthl studyl of] Sagbergl & Assuml
(2000)foundthat’30%!offatallylinjuredidriversliniroad!
crasheslhadlusedalcohollorldrugs,’hadinotiworniitheirl
seatlbelts,lorlcombinationslofitheseloffences.

Recently,]VanlderlZwart’(2004) foundlinlanlinvesti-
gationl basedlonl policelregistrationlformsl onlfatall
crasheslonlnational’roadslinithelDutchlprovincelofl
Zuid-Hollandlthat!30%lof driversihadlprobablylbeenl
underlthelinfluenceloflalcohol.lTherelwaslalsolsus-
picionl thatlin150%! oflthelcrashes,linappropriatelyl
highlspeedslhadlplayedlalrolelinithelcausationlofithel
crash.[In120%!loflthelcases,litiwasisuspectedlthatlthel
peoplelinvolvedihadinot’wornltheirlseatlbelts.

Inlsimilariresearchl-lalpilotlstudyl-Jintolthelcausesl
oflfatallcrasheslinlthelNetherlandslinl2003(Aartsletl
al.,linlpreparation),’specificlstudylwas:madelintolun-
intentionallerrorsiandlintentionallviolationslasicauses!
oflcrashes.IFromlthelavailablel material,_however,litl
proved.tolbelextremelyldifficult,;Jandlin160%!. ofl thel
caseslevenlimpossible,[tolextractlinformationlaboutl
unintentionallerrorsiandlintentionallviolations.lInlthosel
caseslwherelaljudgementicouldlbelmadelaboutler-
rorsland/orlviolations,lit'\waslfoundlthatlinlaboutZhalfl
oflthelcaseslonelorimorelviolationsiwerelinvolved.

Inlanloverviewlstudylintolthelrelationshiplbetweenl
offenceslandlcrashesl(Zaidel,[2001)] basedl onl of-
fencelregistrationslinllsrael,] Swedenlandlthel Unitedl
Kingdom,lit’waslconcludedlthat,whilelviolationslin-
creaselcrashlrisk,/thel(causal)lrelationshiplbetweenl
(judicial)lviolationslandicrasheslisidifficultltolestablish.l
ThislisIpartlylcausedlbylthelfactithatltheldata’isltoo!
imperfectlforiresearchlpurposes.

FromIthelabovementionedistudies,!nolclearlpicturel
emergeslofithelrelativelcontributionloflintentionallvio-
lationslandlunintentionallerrorsitolcrashes.[lItlisIclear,
however,thatlerrorlisinotlthelonlylfactorlinlthelcausa-
tionloflcrashes.!Welhaveltolbearlinimindlthatlviola-
tions,linlprinciple,lincreaselcrashlrisks,Ibutlthatltheyl
canlleadltolcrashesIperhapsimainlylinlcombinationl
withlerrorsiImadelbyltheldriveriorlbylotherlroadlusers.l
Welalsolneedltolrealizelthatlonelviolationlisldifferentl
fromithelnextl(seelChapter 1).

2.2.2. Research into the behavioural
patterns of road users

Onel ofl thel mostl importantl sourcesl forl researchl
whereldrivinglbehaviourlorlthelbehaviouralltenden-
ciesloflaldriverlisirelatedltoltheldriver’sicrashlhistory,l
islresearchlusinglthelDriverlBehaviourlQuestionnairel
(DBQ).IDutchlresearchlcarriedloutIwithlcarldrivers,l
usinglthelDBQI(Verschuur,12003),lshowsalstronglre-
lationshiplbetweenlviolation’behaviour®landlcrashes,]
asldidlthelresultslof. DBQIstudieslinlotherlcountries!
(e.g.[Stradlinglet(al.,[1998).[Tolalesserlextent,lalstrongl
relationshipiwaslalsolfoundiwith’thelfrequencylofimis-
takesl(seelChapter 1).[Fromlthelresearchlitibecamel
clearlthatltendenciesltolmakingltasklperformanceler-
rors](slipslandllapses)lhavellittlelorinolrelationshipiwithl
crashes,lbutithelquestionlarisesiwhetherlthislrelation-
shiplislunderestimatedldueltolthelnaturelofltheseler-
rorslorinot.[Althoughlthislresearchldemonstratesla’re-
lationshiplwithIcertainltypesiofidangerousibehaviourl
andlcrashes,litlsaysinothinglaboutlthelroleloflerrorsl
orlviolationslinlcrashlcausation.

AlCanadianlstudyllookedlintolthelrelationshiplbe-
tweenlviolationslandicrasheslaslevidencedlbyldriverl
behaviourl (Redelmeierletlal.,12003).] Thelresearchl
teamltrackedicarldriversiwholwerelconvictedloficaus-
inglalfatallcrash,landlrecordedlthelcrashlinvolvementl
ofltheseloffenderslinlithelperiodifollowingthelconvic-
tion.[Thelresearchlrevealedlthat,linlthelfirstimonthfol-
lowingthelpenalty,ithelchanceloflbeinglinvolvedlinial
fatall crashlwas35%!lowerlthanlcouldlbelexpected]
onlthelbasisloficoincidence.lThelresearchlattributed!l
thisleffectltolthelfactlthatltherelwerellessltrafficlvio-
lationslimmediatelylafterithelperiodithatitheldriversl
werelfined.[However,thislbenefitldecreasedlsubstan-
tiallyoverltimelandldisappeared afterithreeltolfourl
months.

Outloflthelabovelresearchlemergeslalstrongirela-
tionship,l particularlyl betweenlviolationslandlcrashl
involvement.lIttmustlbelemphasized,lhowever, thatl
thisltypelofiresearchlcannotlsaylanythingiconclusivel
aboutlcausalitylbetweenltheltwolphenomena.

2.2.3. The importance of intentional
violations

Onlthelbasisloflempirical’researchlintolcrashlcausa-
tion,;welcaniconcludeithatbothlerrorsiandlintentional)l
violationslplaylalrolelinithelcausationloficrashesland,l

8IThelquestionnairelisiparticularlylgeareditowardslispeediviolations.
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therefore,ldeservelalplacelinlthel Sustainablel Safety!
vision.IThelrolelof](unintentional)lerror:seems, how-
ever, tolbelthelmostlimportant..How!largelthelsharel
ofl(unintentional)lerrorlandl(intentional)l violationZisl
exactlyl cannotl bel statedl basedlonl currentl know-
ledge.[Thelpicturelisitoolvague.lThelinformation]thatl
canlbelextractedfromIpolicelregistration’formslaboutl
crashlcauseslicannotlbelused tolidentifylthelunderly-
inglcausesloficrashes.IThislisInotIsurprising,lgivenl
thatlthisldatalislgatheredIprimarilylwithithelobjectivel
oflbeinglableltolidentifylthelguiltyl party,ratherlthanl
thelunderlyinglcausesloflalcrash.ltlshouldlalsolbel
rememberedIthatlcrasheslarelalwayslthelresultloflal
combinationlofifactors.

Thatlunintentionallerrorslstill_’formIthellion’sIsharelofl
crashlcauseslisllogicallonlthelonelhand,!givenlthatl
intentionalloffendinglinlitselflneverlleadsldirectlyltol
alcrash.IViolationsIcertainlylcanlincreaselthelrisklofl
errorlandlthelseriousiconsequenceslofitheselerrors.[
However,Itherelisinolevidenceltolsupportithelwidelyl
heldlopinionlthat’antisociallroad’hogslarelthel majorl
perpetratorsloficrashes.]Withoutldoubt,Itheylcausel
partiofithelroadlsafetylproblem,liflonlylbecauselotherl
roadlusersicannotlalwayslreactlappropriatelyitoithem.l
Still,J]manylcrashesarelthelresultlof_unintentionaller-
rorsithatleverybodylcanimakelinlanlunguardedimo-
ment.

2.3. What will the future bring?

Solmuchlforithelpastlandlpresent.]Butiwhatlwilllthel
futurelhavelinlstoreforlus?lInlorderitoldeterminelthel
appropriatelstrategylinlalroad’safetylvisionlandtolpro-
poselthelrightimeasures,iwelneeditoltakelaccountlofl
futurelsocietallchanges.IAfterlall,]Sustainablel Safety!
haslthelambitionltolbelproactiveitolanticipatelpossiblel
dangerousidevelopments,itendencies’andlsituations,’
insteadlof takinglactionlafterlseriouslcrasheshavel
takenlplace.lInlthelnextlsection,/alnumberloficurrent!
developmentslrelevantitoltraffic’andlroadisafetylinithel
Netherlandslareloutlined.

2.3.1. Developments in the Netherlands
Mobility

Thelfirstldevelopmentithatlisiexpecteditolhavelanlef-
fectlonlfuturelroadisafety,lislfurtherigrowthlinZmobil-
ity.[Thislgrowthlcanbelmainlylattributed’toleconomicl
andlpopulationigrowth(StatisticsINetherlands,12004).0
Itlislexpectedthatlthislwilllsetltwoldevelopmentslinl
motion.[
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Firstly,Ifurtherigrowthlinlcarlmobility,_especiallylcarl
uselforlsociallactivitiesl(SociallandlCulturallPlanningl
OfficeloflthelNetherlands,?2004,linlSchoon,]2005),l
withiwhichlextensionlofitheroadinetworkiwilllnot’keepl
pace.[Thisimeans(thatltrafficlwillbecomelincreasinglyl
busy,land trafficlwilllalsolbeldistributed’morelevenlyl
overltimel(‘thel off-peaklhoursibetweenlpeaklhoursl
willZfilllup’)landiplacel(‘morelcut-throughltraffic’).IThel
exactlconsequences(foriroadltrafficlarel difficultl tol
assess, butltheylwillldependluponlthelwaylinlwhichl
peoplelreactitoleverlheavierltraffic.IMorelconflictlpos-
sibilitieslwillloccur, forlexamplelbecauselthelrelativelyl
dangerouslsecondarylroadlnetworkIwilllbelused tol
relievelthelmainlroad’networkl(seelalsolFigure 1.6).0
Atlthelsameltime,lwhenlsolmuchltrafficlhasltolbelac-
commodated,ithelincreasedlintensitywilllalsolresultlinl
lowerlspeeds,iwithllessllikelihoodloflseriousicrashes.l
Modallshiftimaylalsoloccur.l

ConcurrentlwithImobilitylgrowth,lalsecondldevelop-

mentlisianlincreaselinmileagelby’heavygoodslvehi-

cleslandlvansl(AVV,12004,inlSchoon,[2005).0Thisisl
alsolrelateditolexpectedieconomiclgrowth.'Thelneed!
toldeliverlgoodsljust-in-time,‘thelriseloflinternet’shop-

ping,landlthelspread!oflgoodsldistributionlcentresl
acrossithelcountrylalsolplayZalrolelinlthisl(Schoonl&!l
Schreuders,12006).]AlfuturelnewImobilitylpolicymayl
havelanlinfluencelonltheldistributionlofl trafficloverl
timelandIplace,landlalsolonlthelchoiceloflindividuall
orlpublicitransport.]WelrecommendIlthatIthelvarious]
optionsZforldifferentimobilitylpolicieslinlalscenariolap-

proachlareloutlined,landlthelsafetyleffectslex antel
assessed.lIf thelsafetyleffectslarelregarded’aslun-

acceptable,_.compensatorylmeasuresiwilllneedltolbel
taken.

Demography

Al secondl developmentl concernsl demographyl
withinlthelNetherlands.I Ofl particularinotelarelthel
largelandlincreasinglnumbersloflolderlpeople,landl
thellargelnumbersioflyounglpeoplelborniinithe1980s[
(StatisticsINetherlands,’2004).Combinedlwithithel
trendloflincreasinglindividualism,[thislislexpecteditol
resultlinimorelsinglelhouseholds.lItlislexpectedlthat]
theleffectloflthisiwilllresultlinlfacilities’beinglspread?
overlargerfareasiwithincreasingldependencelonicars!
(Methorstl&lVaniRaamsdonk,[2003).IContributingltol
thislalsolislthellifelpatterniofidouble-incomelfamilies]
who,linflcombiningl(part-time)lwork, careltasksland!
oftenlconsiderablelcommutingldistances,lwilllusel
thelcarlmoreloften,lhavinglpreviouslygonelonlfoot!
orltakenlthelbicyclel(thelschoolltrip,lforilexample,lis!
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nowlcombinedIwithcommutingltolandlfromIwork;l
Schoon,12005).IThisltrendlislanotherlsourceloflin-
creasedlcarlmobility,]butlalsoloflincreasedldrivingl
experiencelandldrivingllicencelownershiplinltraffic.l
Sincelchildreniwilllbeginltolparticipatelintrafficlatlal
laterage, theylwilllalsolneedltollearnltolcopelwithl
trafficlatlallaterstagel(Schoon,12005).1Thislhaslal
possiblelnegativeleffectlonlthelrisklofl(young)lcy-
clistslandmopedlriders.

Social culture

Developmentslinl various! cultural,l societall and/orl
age-specificlsubculturesicanlalsolhaveltheirleffectl
onlroadlsafetyl(Schoon,12005).0Therelislaltrendlthatl
certainlgroupsloflyounglpeoplelinithellowerlsocio-
economiclgroupsliniparticularl(linkedlwithlcertainlcarl
typesiandlmotorizedltwo-wheelers), regardtrafficlasl
alplayingfieldlwherelonelcanlletloneselflgolinlriskyl
behaviourlinlstrivingfforisensation.[Thislislalsolrelated]
tollincreasedl(perceived)laggressionlandlintolerancel
inftrafficl(“Welsometimeslhavelalverylshortifuselinlourl
smalllcountry”,iseelFrame 2.1).IThislislpossiblylalsol
relatedltolincreasinglylcongestedltrafficlandlresult-
ingldelaysiwhenltravelling.ILeavinglasidelsome, for-
tunatelylincidental,/casesloflexcessivelaggressionZinl
traffic,Jthelquestionlremainslasitolthelextentlthatlag-
gressionlactuallylleads’tolmorelcrashes](seel2.1.2.2).0
Nevertheless,litiseemsltolbelappropriatelhereltolkeepl
alfingerlonlthelpulse.

Consumption

Thelgrowthlinlprosperity,llinkedltolthelgrowthlindis-
posableincome,fisiexpectednotionlytoresultin'mobil-
itylincreases, butlalsolalmorelrapidirenewallofithelcarl
fleet.[Thislhaslbenefitsiforiseverelinjurylrisk,lbecausel
new!.carslusually’havelbetterlprimarylandsecondaryl
safetyl(seelalsolChapter 5).[Thislwilllalsolhavelanlin-
fluencelonlthelincreaselinltechnological’applications]
inimotorizedItrafficl(seelalsolChapter 6).]However,l
anlincreaselinlconsumptionlpossibilitieslisimuchllessl
positivelforlroadisafetylwhenlit’‘comesltothelnumberl
oflmotorcyclists,lincreasedlalcohollconsumptionland!?
increasinglfatiguel-[thinkinglforlinstanceloflthelad-
vancelofithel24-hourleconomyl(Schoon,12005).

Quality of life
Increasingl prosperitylalsolresultslinlincreasedlim-
portancelbeinglattachedlbylsocietyltolthelqualitylofl

life.]Health,lhealthyllifestyleslandlalcleanlenvironmentl
becomelimportantlissues.I Theselcanlbelbeneficiall
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‘Short fuses’ in the Netherlands

‘Shortl fuses’l occurl mostl oftenlinl roadl trafficl
(61%),landlpredominantlylinmenlreactinglagitat-

edlyltolotherlroadlusersi(48%).IThesel‘otherlroadl
users’larelmostiprobablylmainly’women,’becausel
theylindicatelthatltheylalwayslbehavelinlalcivilized!
mannerlinltraffic,_butitheylarelconfrontedlalmostl
twicelaslofteniwithluncivilizedIreactionsloflothers!
inltrafficicomparedtolonithelstreet..Theselresultsl
followlfromiresearchlcarried] outl byl TNSINIPOL
inflAugustl2005,lcommissionedlbylSIREI(Dutchl
organizationl ofl Idealisticl Advertisement).I Thisl
researchlalsolrevealedlthatl almostleverybody!
(90%)considersithisitypeloflbehaviouriasiannoy-

ing,landlevenlthatl84%loflpeoplelfindsithatiothers]
arelmorelquicklylannoyedithanl10lyearsiago.

AlllthislwaslalreasonlforlSIREltolstartlalpublicity’
campaignlentitled:1*Shortlfuse’.lWithithislcam-
paign,ISIREaimsltolholdlalmirrorlupltotlpeople,l
andltolconfrontithemiwithltheirlownlbehaviourlinl
alhumorous[fashion.
AdrildelVries,!SIREImanagingldirector:[“Wellivel
onltoplofleachlother,lwelhavellittlelspace, welarel
extremelylassertive,landlwelclaimlourlrightslim-
mediately.]Tolassertlone’slrightlhaslbecomelthel
norm,lotherwiselyoularelalloser.”

Source: SIRE/Metro
Frame 2.1.

forlroadlsafety,/notlonly’becauselofldecreasinglac-
ceptancelofilrisks,Ibut’alsolrecognitionloflhigh-qualityl
traumalorganizationlaslalsecondaryleffect](Amelink,[
2006;IRacioppiletlal.,[2004).ICitylcentresithat’arelnotl
accessibleltol carltraffic,JlandIwhichIshiftimobilityltol
thelperipherylofiurbanlareas,!providelonelexample.l
Thisltrendlislalsolrelated tolthelincreasedldensitieslofl
urbanlareas,lwherelcongestedltrafficlflowslofferlop-
portunitiesiforlexpandingithelpublicitransportinetworkl
andlreducingicar’mobilitylinlresidentiallareas(Schoonl
&ISchreuders,[2006).lInISustainable Safety,therelisial

PART I: ANALYSES



clearlinterestlinltakingladvantagelofidevelopments!inl
urbanlplanning’andldevelopment._However, itlhasltol
belsaid thatlthislhaslnotlyetlfoundlalfirmIfooting.IButl
thelinterestlisithere,landlitlcertainlylislanlissuelthat!
deservesimorelattention.

Public governance

Finally,Jwelmentiontrendslinlthelgovernanceloflthel
publiclsectorlinlrelationltoldevelopmentsiinisociety,l
andlthelrelationshiplbetweenlindividuallandlgovern-

mentallresponsibility.Firstly,'thislconcernsitheleffectsl
oflgovernmentallorganizationlonlroad safety.lInlthel
Netherlands, thislislorganizedlinlaldecentralizedway,
butltherelislalsolthelincreasinglinfluenceloflEurope.l
Theldecreasedlroomifor'manoeuvrelinigovernmentl
funding,‘thelreducedistaff.capacitylandiexpertise,thel
decreasingltendencyltolregulatelcentrallylforlexecu-

tivelorganizations,togetheriwith’decreasedifrequency!
oflinspectionl ofl thelimplementation] ofl measures,l
haveltolbelcompensatedlbylthelincreasedlresponsi-

bilityloflcitizensiwho,lwell-educated,ldolnotllikelto’bel
toldIlwhat’toldo.lInlviewloflthis,lthelcentrallorganiza-

tionloflalnumberlofltrafficlandltransportimatterslisinol
longerlanlissue,landlthelquestion’ariseslaslitolwhat!
thisimeans(forlroadlsafety.lChapter 15]willladdressl
thislinimoreldetail.lInviewlof theseldevelopmentsinl
publiclgovernance,thelhighleconomiclimportancelofi
trafficlandltransport,ltheleverlincreasingtrafficlcon-

gestionlwhichltakesluplalllavailablelphysicallspace,l
andlthelfactlthat’newIconsiderationlhasltolbelgiven!

Perception of road safety in the Netherlands

tolaccessibility,/qualitylofllife,lenvironment,’andlroad!
safety,l decision]l making’ processesl becomel everl
morelcomplex.[Extraleffortlandlidedicated’knowledgel
islrequiredltolallowlfulllconsiderationoflroadlsafetyl
inldecisionimakingl(seelalsolChapter 15).[Addltolalll
thislthelfactlofllifelof_morelemancipatedIcitizensl(seel
Frame 2.2)land thelfactlthatltheylviewlroadlcrashesl
aslallargelproblem,lthisimeanslalgrowing‘market’lforl
thelsocietallcentrelground.

Iflwelcombinelthisiconclusioniwithithelnotionlthatlciti-
zens’Isupportlbecomeslincreasinglylimportant,ithenl
itlislclearlithatlthel ‘roadlsafetyllobby’lhasitolplaylanl
importantlrolelinithelfuture.Improvinglroadlsafetyland!l
realizingISustainablelSafetylwilllbenefit’fromlalstrongl
roadlsafetyladvocacy.

2.3.2. International developments that
are relevant to the Netherlands

MostlEuropeaniroad safety’developmentsiarelofipar-
ticularlinterestlforicountriesiwherelroadlsafetyislatlal
lowerllevellithanlinlalcountrylsuchlasthelNetherlands.l
Inflalnumberloficases,lespeciallylconcerninglthelde-
velopment]oflalvisionlandlinfrastructurallmeasures,
thelDutchlapproachltolroadlsafetylhaslbeenlexem-
plaryl(Pedenletlal.,12004).IHowever, inlthelfuture,ithel
NetherlandslcanlexpectltolprofitlfromIEuropeanlat-
tentionltolbetterlmonitoringZofiroadlsafety’policylandl
measures,landlexchanginglbestlpracticelknowledge.l
Thislfitslwithlinitiativeslatlnationallandlregionalllevel,l

AslfarlasIDutchlcitizenslarelconcerned, roadlsafetylislthel highest prioritylwithinlthelthemel‘trafficland!
transport’,landlabovelcongestion.]Roadlsafetylislalsolconsideredltolbeloflbothlsocietallandlpersonall
importance.lltlisiremarkablelthatlpeopleldolseelthisisubjectllesslasisomethinglithatlshouldlbelgivenimorel
prioritylbylgovernment.IPeoplelobviouslyithinkithatlroadlsafetylalsolislpartlylalmatteriofichanginglattitudes,’
somethinglthatlwelaslcitizensineedltolsolveltogetherl(orlisthislonlylsomethinglforl‘thelothers’?).

Subject Of (large) societal
importance

Roadlsafety! 96%l
1 Ignoringltrafficlrules( 92%l
1 Infrastructure’maintenancel 92%
1 Punctualitylofltrains( 88%il
1 Travelltimel 78%

Of (large) personal Should get
importance government priority

95% 79%

87%! 80%

68%! 69%

29%] 79%

A47%]0 64%

Percentage of respondents who (strongly) agree with the statement mentioned

(Information Council, 2005).

Frame 2.2.
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andlhopefullylcanlcountlonlthelinterestlfromlroad!
safetylprofessionals,lroadlauthorities, roadldesigners,l
thelpolicelandljudiciallauthorities.

Withlrespectitolinfrastructure,lthel EuropeaniCom-
missionlislconsideringldraftinglrecommendationslorl
directives,linvitinglMemberl Statesltolconsiderlroad!l
safetylandltolassess(thelexpectediroadisafetyleffectsl
inltheirlinfrastructurelplanslinlaltransparentiway.lThel
expectationsifor’Europeaniroadlsafetyldevelopments!
arelthatthelemphasislofivehicle-relatedimeasuresiwilll
belonlintelligentltechnologicallsystems./However,lim-
provementslarelalsolexpectedlinithelfieldloflsecond-
arylsafetylmeasuresi(seelChapter 5).lInlthisIfield,lthel
Netherlands,linlparticular,/dependsiuponlinternationall
developments,ithelvehiclelindustry’slownlinitiatives,l
developmentsifromlGenevalandlBrussels,landlde-
velopmentslvial EuroNCAP.IThislprogrammelwilllbel
supportedibylthelEuropeanlCommissionlinithelfuture,l
andlwillllead tolsaferlcarsicominglontolthelmarket.lInl
additionltolcarlfrontlandlsidel(impact)limprovements,l
itlislprobablelthatlmorelattentionlwilllalsolbelgivenl
tol compatibilityl standardsl betweenl vehicles! (seel
Chapter 14).

Withlrespectitoldrivingiskillmeasures,thelNetherlandsl
mightl benefitl particularlyl fromllicensingl arrange-
mentslforimotorizedltwo-wheelers.lIncreasinglmini-
mum’ mopedIriderlagel inl combinationl withl morel
andl prolonged! education] could? considerablylim-
provelroadlsafety forlalvulnerablelbutlalsoldanger-
ouslgrouplofiroadlusers..Unfortunately,lthelpoliticall
supportiforisuchlmeasures,itoldate, isllackinglinlthel
Netherlands.

Withithelaimloflreducinglinjurylseveritylafterlalcrash,l
thelEUlisldevelopinglanle-Calllsystem.lInltheleventlofl
alcrash,lthelsystemicanlautomaticallylnotifyithelemer-
gencylservicesloflthelvehiclellocation.[ Thelobjectivel
forithellongeritermlisitoffitlalllmotorivehiclesiwithisuchl
alsystem.!Dutchlroadlsafetylcanlalsol benefitlfrom!l
theselmeasureslinltermsloflalreductionlinlseverelyl
injurediroadlvictims.

2.3.3. Increasing mobility, technology
and consumption

Townlandlcountrylplanning,lincreasinglprosperity,l
andlthelcompositionloflthelpopulationlhavelquantita-
tivelandlqualitativelconsequencesiforiroadlsafetylinl
thelfuture.lFurtherlincreaseslinlcarlmobilityldominatel
thisIpicture.lThelqualityl ofimotorizedtraffic,linl par-
ticular,[isllikelyltolincreaselwithlincreasinglprosperityl
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(secondarylsafetylmeasures,lsafety-orientatedlITS,[
morelattentionlto’healthlandlenvironment).]Whilelthisl
maylleadltolimprovedloccupantlisafety,Ilspeciallatten-
tionlneedsltolbelgivenltolvulnerablelroadlusers,ipar-
ticularlylcyclistslandlpedestrians./Theldesirelforimorel
economiclgrowthlandlthelneedlforlthelNetherlandsl
tolincreaselitsl competitivenesslalsol putsl pressurel
onlroadlsafety,laslfreightIflowlvolumeslincrease,asl
welllaslcitizens’[fatigue.l Thelincreasinglylcongestedl
roaditrafficlwilllmostlcertainlylhavelanlimpactionlroad!l
safety,lbutlitlislnotlpossibleltolsaylinladvancelifl thel
outcomelwilllbelpositivelorinegative.

Thelmostlimportantlinfluencelfrom’Europelforlthel
Netherlandslislexpectedlinlthelarealoflvehiclelsafety.l
Inthellongeriterm,ltechnologicallapplications,Isuchlasl
e-Calllandlintelligent'SpeedlAssistancel(ISA)lsystems,[
canimakelalcontribution.lFurthermore,lroad’safetylinl
theINetherlandsIcouldlbenefitlfromItighter]Europeanl
requirementsiinivariouslfields(vehicles,driverltraining,l
professionallfreightltransport,iroadlinfrastructure).

2.4. Mapping traffic system gaps

Thelpreviouslroadlsafetylanalysesishowlthaticar’mo-
bility,linfparticular,’haslincreasedinithelcourselofitime,l
withlanlenormouslandlsimultaneouslimprovementlinl
safety.IMuchloflthellatterlisldueltollargelandlsmalll
effortsitolimprovelthelsafetyloflalllthelcomponentsl
ofltheltrafficl system.IWhilel mobilitylislexpectedltol
growlevenimorelinlfuture,Jthelgrowthratelis!likelyltol
bellowerlthanlinithelpast..Welneedltolkeeplalclosel
eyelonlroadlsafetyltrendslaslalconsequenceloflthis.]
Thelgrowthlinlmobilityl hasl specificlconsequencesl
forlcombined(trafficimanagementlasithelnumberslofl
vulnerablelroadlusers,Isuchlaslcyclistslandlpedes-
trians,lincrease.lAllargel proportion]ofithese,linlthel
Netherlands,willlbelelderlylroadlusers.

Asl noted! previously,] motorizedl two-wheelers! arel
alcomparativelyldangerousitransportimode.l Thislis]
related’tolthelcombinationloflrelativelyl highlspeedsl
andlallackloflphysicallprotection..Moreover,_motor-
izedltwo-wheelerslarelpopularlwithlyounglpeople,l
wholrunlalhigheririskloflseriouslcrashlinvolvementl
dueltolallackloflexperiencelandlage-specificicharac-
teristics.

Withlrespectltolsafetylonlroads,lrural’80lkm/hilroadsl
andlurbanl50lkm/hlroadsideservelthelgreatestiatten-
tion.ITheselroadslwilllbelconsideredimorelandimorel
aslpartloflalroadinetworklandltheloptimumluselofl
thisinetwork.IParticularly’single-vehiclelcrasheslresult]
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inlseverelylinjuredlvictimslonltheselroads.lInjury-pro-
ducinglsidelimpactsiarelthelmainlproblemlatiintersec-
tions.

Largeldifferenceslinimassiexacerbatelthelinjurylse-
verityl ofithelweakerlparty.] Thislcanlpartlylbelallevi-
atedl byl secondaryl safetyl designlandl equipment,l
suchlaslcrashlhelmets,lairbagsiandiseatlbelts,]andl
bylpedestrian-friendlylandlcyclist-friendlylcarlfronts.[
Itlislpreferable,lhowever,tolavoidllargeldifferenceslinl
masslandlinlspeed.ThisInot’only’hasliconsequencesl
forlthelseparationlofislowlandlfastimovingtraffic,’butl
alsolforllightlandlheavyltraffic.lIntol thelfuture, road!l
safetylshouldlalsolbelableltolbenefitlfromlintelligentl
TransportlSystemslaimed.atltheldetectionofl obsta-
cleslandldriveristatelmonitoringlandiwarning.

Thelimportantifactorsiwhichlincreaselrisklarelspeed,]
infparticular,fandtheluseloflpsychoactivelsubstancesl

2. ROAD SAFETY DEVELOPMENTS

(mainlylalcohollandldrugs).IOtherlfactorsithatlprob-
ablylcauselcrashesIfarimorelfrequentlylthanlcanlbel
ascertainedIfroml(police)lrecords,larelissueslisuchl
aslfatiguelandidistraction.IFatiguelisiexpected tolbel
anlincreasinglproblemlinlfuture,lasiwillldistractionl
inlanleralwherelmorelandimoreltasks!willlbelauto-
mated.]

Thelgenerallcrashlcausationpicturelisithatlanyonel
canimakelunintentional’errorsiand, whileltheselprob-
ablylcompriselthellionlshare,lviolationsishouldInotltol
belneglected.]Atlleast,violationsicanisubstantiallyin-
creaselcrashlrisk,.whetherlalcombinationloflindividuall
error,Jorlotherlroadluserlerror.lPreventing’lhumanerrorl
fromlresultinglinla’seriouslcrashlremainslalverylim-
portantlissuelforlimprovinglroadlsafety.l Thislcanlbel
reinforcedlbylpreventingZviolationslofithellimitsiwhichl
society’haslsetltoladdresslknownlfactorsiwhichlin-
creaselrisk.
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