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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, I 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.

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).

Preface and acknowledgement
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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.  
I 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;

− �Directorate-General for Civil Aviation and Freight 
Transport (coordinated by Janine van Oost);

− �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 
SKVV, the cooperation of metropolitan regions, by 
Peter Stehouwer.

All these people gave a personal view, rather than 

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

I 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. I 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

preface and acknowledgement



�

Introduction	 9

Advancing Sustainable Safety in brief	 12

	 PART I: ANALYSES	 27

	 1.	 The principles of Sustainable Safety	 28
		  1.1.	 The points of departure restated	 28
		  1.2.	 From theory to vision	 28
		  1.3.	 How to take Sustainable Safety forward?	 38

	 2.	 Road safety developments	 40
		  2.1.	 Road traffic in the Netherlands – how (un)safe was it then and how (un)safe is it now?	 40
		  2.2.	 Cause: ‘unintentional errors’ or ‘intentional violations’?	 49
		  2.3.	 What will the future bring?	 51
		  2.4.	 Mapping traffic system gaps	 54

	 3.	 Sustainable Safety to date: effects and lessons	 56
		  3.1.	 From vision to implementation	 56
		  3.2.	 Effects of Sustainable Safety	 63
		  3.3.	 Lessons for the future	 68

	 PART II: DETAILING THE VISION	 71

	 4.	 Infrastructure	 72
		  4.1.	 From vision to road design guidelines	 73
		  4.2.	 From road design guidelines to practice	 74
		  4.3.	 The results and a possible follow-up	 76
		  4.4.	 New (emphases on) Sustainable Safety principles	 78
		  4.5.	 Instruments for road authorities	 83
		  4.6.	 Discussion	 85

	 5.	 Vehicles	 86
		  5.1.	 Introduction	 86
		  5.2.	 Mass, protection and compatibility	 88
		  5.3.	 Can crash criteria be adapted to a sustainably safe infrastructure or vice versa?	 89
		  5.4.	 Primary safety (crash prevention) developments	 93
		  5.5.	 Secondary safety (injury prevention) developments	 95
		  5.6.	 Discussion	 97

	 6.	 Intelligent Transport Systems	 99
		  6.1.	 Characteristics of ITS	 99
		  6.2.	 ITS contributions to sustainably safe road traffic	 102
		  6.3.	 ITS implementation	 106
		  6.4.	 Epilogue	 110

Contents



�

	 7.	 Education	 112
		  7.1.	 Man – the learner – and education	 112
		  7.2.	 Behavioural themes for Sustainable Safety	 112
		  7.3.	 A closer look at the social and political context of traffic education	 116
		  7.4.	 Traffic education as a matter of organization	 118
		  7.5.	 Relationship of education with other measures	 119
		  7.6.	 Summary	 120

	 8.	 Regulations and their enforcement	 121
		  8.1.	 Regulation	 121
		  8.2.	 Enforcement of rule compliance by road users	 125
		  8.3.	 General conclusions and recommendations	 130

	 PART III: SPECIAL ISSUES	 131

	 9.	 Speed management	 132	
		  9.1.	 Large safety benefit is possible with speed management	 132	
		  9.2.	 Speed is a very difficult policy area	 132	
		  9.3.	 Nevertheless, much can be achieved in the short term	 133
		  9.4.	 Conclusions: towards sustainably safe speeds in four phases	 137

	 10.	 Drink and drug driving	 139
		  10.1.	 Scale of offending and trends	 139
		  10.2.	 Problems associated with night-time and recreational road use by young males	 139
		  10.3.	 Policy until now mainly alcohol-orientated rather than drugs-orientated	 140
		  10.4.	 Possibilities for effective new policy	 143

	 11.	 Young and novice drivers	 147
		  11.1.	 Young people and Sustainable Safety	 147
		  11.2.	 High risks that decrease slowly	 147
		  11.3.	 Causes: a combination of age, experience and exposure to danger	 149
		  11.4.	 We can do something about it!	 152
		  11.5.	 Conclusions	 154

	 12.	 Cyclists and pedestrians	 155
		  12.1.	 Walking and cycling – independent mobility	 155
		  12.2.	 Large safety benefits have been achieved	 155
		  12.3.	 Sufficiently safe in the future?	 157
		  12.4.	 The benefits of Sustainable Safety	 159
		  12.5.	 Advancing on the chosen path	 160
		  12.6.	 And what about the behaviour of (some) pedestrians and cyclists?	 161

	 13.	 Motorized two-wheelers	 163
		  13.1.	 Do motorized two-wheelers actually fit into Sustainable Safety?	 163
		  13.2.	 Risk factors and measures	 165
		  13.3.	 In the end, it’s about risk awareness and avoidance	 169

contents



�

	 14.	 Heavy goods vehicles	 171
		  14.1.	 Fundamental problems requiring fundamental solutions	 171
		  14.2.	 A new vision: vision 1 + vision 2 + vision 3	 175
		  14.3.	 Safety culture within companies	 177
		  14.4.	 Epilogue	 177

	 PART IV: IMPLEMENTATION	 179

	 15.	 Implementation	 180
		  15.1.	 Organization of policy implementation	 180
		  15.2.	 Quality assurance	 184
		  15.3.	 Funding	 187
		  15.4.	 Accompanying policy	 192

References	 196



�

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. Almost 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 

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 

Introduction

introduction
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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.

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-
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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 I (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.

Part II and III discuss the elaboration in the content 
of the advanced Sustainable Safety vision. Part II 
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 III 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.

introduction
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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.

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.

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.



13

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 

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 

Table 1

Advancing Sustainable Safety in brief

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

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-
iour, 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.

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.g. 
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.

Road types combined with allowed road users	 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-

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 

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.
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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 

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 

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 
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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-

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 on in 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 

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-
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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-

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 

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-
iour, 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 
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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 

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-

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;
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− �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 

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-

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.
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part i: ANALYSES

1.	 The principles of Sustainable Safety

A vision can be considered as ‘an image of’ or ‘a view 
on’ reality, often a future and ideal reality, and pref-
erably setting out an approach to its achievement. 
Theories are also images of reality. They constitute 
the building blocks and elucidate the contents of a 
vision. In a book like this, in which the Sustainable 
Safety vision is again examined, it is important to 
pay explicit attention to the theories at the founda-
tion of the Sustainable Safety vision, and to clarify the 
choices made in that vision.

We start by listing the points of departure (Koornstra 
et al., 1992; 1.1). These points are the guidelines for 
the psychological and traffic planning theories and 	
biomechanical laws that follow (1.2), and that cul-
minate in the principles of the current, advanced 
Sustainable Safety vision (1.3). Following an examina-
tion of the theories and research results which under-
pin the first version of Sustainable Safety, the original 
principles remain valid. Some principles have been 
added that, in our view, update the vision for a next 
phase of Sustainable Safety.

Policies and funding theories that are fundamental 
to the implementation of the vision are dealt with in 
Chapter 15, because these theories are different in 
character to the theories that underpin the basic con-
tent of Sustainable Safety.

1.1. The points of departure restated

■  1.1.1. �Two objectives: preventing crashes 
and severe injuries

The Sustainable Safety vision, as described in 
Koornstra et al. (1992), aims to prevent crashes and, if 
this is not possible, to reduce crash severity in such a 
way that (severe) injury risk is almost excluded. These 
objectives are aimed for by means of a proactive ap-
proach informed by prior study of the traffic situations 
in which serious, injury-producing crashes can occur. 

The next stage involves two options: either the cir-
cumstances are changed in such a way that the crash 
risk is almost totally removed, or, if this is inevitable, 
serious crash injury risk is eliminated. ‘Severe injury’ 
is defined here as fatal injury, life threatening injury, 
injury causing permanent bodily damage or injury re-
quiring hospital admission.

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

In the analysis of and approach to preventing crashes 
or reducing the severity of consequences of danger-
ous situations, human capacities and limitations are 
the guiding factors: “man is the measure of all things”. 
The central issue is that people, even if they are highly 
motivated to behave safely while using the road, make 
errors that may result in crashes. In addition, man is 
physically vulnerable and this has consequences for 
injury severity when a crash occurs.

Taking into account these human characteristics as 
the starting point, sustainably safe road traffic can 
be attained by an integral approach to the compo-
nents ‘man’, ‘vehicle’ and ‘road’. This means that the 
infrastructure has to be designed such that it meets 
human capacities and limitations, that the vehicle 
supports the performance of traffic tasks and pro-
vides protection in the event of a crash, and that the 
road user is well informed and trained, and is con-	
trolled wherever necessary in the correct perform-
ance of the traffic task.

1.2. From theory to vision

■  1.2.1. �Reducing latent errors in the traffic 
system

Crashes are virtually never caused by one single 
dangerous road user action; in most cases a crash 
is preceded by a whole chain of events that are not 

1 �In literature, these are also referred to as ‘active errors’, but as we will see later that dangerous actions are comprised by both unintentional 
errors and intentional violations, it is better to use the term ‘dangerous actions’ here.

2 �See also the more recent TRIPOD model (e.g. Van der Schrier et al., 1998) that distinguishes no fewer than 111 types of latent errors. 
However, this model is particularly applicable for safety organisation in industry (such as Shell, for which it was developed). For a system such 
as road traffic, the general idea suffices that, prior to a crash, already elements are present that contribute to the fact that dangerous actions by 
road users actually lead to a crash.

28
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well adapted to each other. For example, one or more 
dangerous road user actions1 may cause a crash; or 
deficiencies in the traffic system may contribute to 
dangerous actions by road users, leading to crashes. 
These system gaps are called latent errors (see 
Rasmussen & Pedersen, 1984, in Reason, 1990).

Latent errors occur in the following elements of the 
traffic system2:
– �The traffic system, defined as the organized whole 

of elements that create the conditions for traffic, 
such as:
- �Design of the system, where the potential for road 

crashes and injuries have been insufficiently taken 
into account.

- �Quality assurance in the establishment of com-
ponents of the traffic system. Inadequate or lack 
of quality assurance of traffic system components 
can lead to errors that have implications for road 
safety (see also Chapter 15).

- �Defence mechanisms limited to the traffic system 
itself. These do not comprise the defence mecha-
nisms employed by road users while taking ac-
tively part in traffic, but, for instance, error-tolerant 
or forgiving infrastructure or Intelligent Transport 
Systems that may help prevent a crash. These de-
fence mechanisms are the last component in the 
chain leading up to a crash that can prevent latent 
errors and dangerous actions from actually caus-
ing a crash.

– �Psychological precursors of (dangerous) actions. 
These are the circumstances in which the human 
actually operates, or the state in which he/she is 
that increase the risk for dangerous actions during 
active traffic participation.

“If road traffic were invented today, and if it were 
to be assessed according to labour legislation, it 
would be immediately prohibited.”

Cees Wildervanck, traffic psychologist, 2005

Road traffic is characterized by a great many latent 
errors, particularly compared with other transport 
modes. Therefore, current road traffic has to be 
considered to be inherently dangerous. In the end, 
crashes occur if latent errors in the traffic system and 
dangerous actions coincide in (a sequence of) time 
and place during traffic participation (Figure 1.1).

Since dangerous actions can never be completely 

avoided, the Sustainable Safety vision strives to re-
move latent errors from traffic: the traffic system has 
to be forgiving to dangerous actions by road users, 
so that these cannot lead to crashes. The sustainable 
nature of measures is characterized by the fact that 
actions, while taking part in traffic, are less depend-
ent on momentary and individual choices that can be 
less than optimal, and, consequently, increase risk.

Adapting the environment to human capacities and 
limitations comes from cognitive ergonomics (also re-
ferred to as ‘cognitive engineering’), originating in the 
early 1980s from the aviation and process industries. 
In fact, this way of thinking has led to an advanced 
safety culture in all modes of transport, except road 
transport. Further incorporation of the Sustainable 
Safety vision should ultimately lead to a situation 
where road transport can also be considered as ‘in-
herently safe’ because of such as approach.

■  1.2.2. �Task performance levels and  
preventing dangerous actions

People are and always will be fallible, but the extent to 
which they make errors can certainly be reduced by 
educating and training them in the tasks they have to 
perform while in traffic.

From attention-demanding to automatic task 
performance

In order to explain and also to link up with the founding 
principles of Sustainable Safety, we will first discuss 
the taxonomy of task performance levels as defined 

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.
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by Jens Rasmussen in the 1980’s (e.g. Rasmussen, 
1983). The levels in this taxonomy are dependent 
upon the extent to which people are familiar with their 
environment and with the tasks they perform within 
that environment. The following task performance lev-
els can be distinguished:
– �Knowledge-based behaviour: actions at this level 

are performed in situations where either conditions 
or how to cope with them are unknown (for instance: 
driving a car for the first time, but also taking part in 
an unfamiliar or unclear environment). People then 
use their reasoning capacity to define the situation 
and to assess the likely effect of certain actions. 
Whether or not these conjectures are correct will 
only be apparent afterwards. Actions at this level 
are slow, require much attention, and, moreover, are 
very error prone.

– �Rule-based behaviour: actions at this level are based 
on acquired general rules, for instance in the form: 
if X is the case, then do Y. These rules are built up 
of experiences with similar situations in the past, or 
they are explicitly learned. The decision to apply a 
certain rule occurs consciously (strategic level), but 
the actual application of the rule occurs automati-
cally and requires no attention (operational level). 
One example is: giving priority to traffic coming from 
the right. Here, a conscious assessment is made if 
'giving priority' is applicable, but the actual yielding 
is an automatic process.

– �Skill-based behaviour: actions at this level are per-
formed completely without attention and they reach 
this level when they are ‘ground down’ by much rep-
etition (practice). Automatic behaviour is fast, rigid, 
often without error, and most of the times does not 
take account of feedback on progress in the action 
process already achieved. Nevertheless, control 
moments can be applied during automatic pro-
cesses (Brouwer, 2002; Groeger, 2000). Automatic 
processes are, for example, actions at operational 
level, like walking and steering. However, there is 
evidence that single actions during a driving task 
are not completely automatic but take place at a 
higher level (Groeger, 2000).

Sustainably safe traffic benefits from task perform-
ance that demands as little mental capacity (or know-
ledge-based behaviour) from road users as possible. 
To understand this, we will first look at the different 
types of error that can be made at different levels of 
performance.

From slips to dangerous mistakes

Errors differ from each other, depending on the level 
of task performance in which they are made. Based 
on Rasmussen’s task performance taxonomy, Table 
1.1 lists the different error types according to Reason 
(1990).

Slips are manifest as an action that is incorrectly ex-
ecuted in the context of that action. Lapses are omis-
sions (or not executing an action that should have 
been executed). Errors during automatic behaviour 
generally do not often result in crashes because they 
produce an immediate, noticeable, negative result 
and are therefore quickly detected (see e.g. Woods, 
1984). Because of this, a series of sequential errors 
that may lead to a crash can be broken.

Mistakes are characterized by performing actions 
based on a wrong decision or diagnosis. Mistakes 
produce results that seem to be desirable, but be-
cause they are made in an incorrect context or situ-
ation, without the knowledge of the actor, they are 
not quickly detected and they often lead to crashes 
(Woods, 1984). Mistakes can have many causes, 
such as the incorrect classification of situations in 
which certain rules are applicable (rule-based behav-
iour), or a lack of knowledge based upon a correct 
plan (knowledge-based behaviour), or a lack of men-
tal capacity given the amount of information needed 
to process for taking a correct decision.

As much routine task performance as possible

From the above, it is clear that particularly mis-
takes have to be avoided in order to avoid crashes. 
Mistakes lead to the most serious situations that can 

Level of task performance		E  rror type
Skill-based (automatic) behaviour	 	 Slips
	 	 	 	 	 Lapses
Rule-based behaviour	 	 	 Rule-based mistakes
Knowledge-based behaviour	 	 Knowledge-based mistakes 
	 	 	 	 	

Table 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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easily culminate in a crash in the absence of preven-	
tative measures. This serious error type predominantly 
occurs in task performance at higher levels (rule-
based and knowledge-based behaviour; see Reason, 
1990). Especially in view of the fact that knowledge-
based behaviour demands much time and attention, 
Sustainable Safety aims to avoid the necessity to have 
to operate based on knowledge-based behaviour.

Nevertheless, since routine actions are rigid and do 
not offer the flexibility that is required to stay alert 
and respond adequately, sustainably safe road traf-
fic needs to strive for optimal performance at the ac-
tion level. Actions at operational level (like steering, 
braking and gear shifting) can best be executed at 
automatic level, leaving more mental capacity for pro-
cesses requiring conscious regulation. At this higher 
(tactical) level, the aim is for rule-based behaviour: the 
choice to apply or not to apply certain rules or behav-
iour remains a conscious process that does not take 
too much time and energy.

On the one hand, this entails informing road users 
well by training them, and especially by letting them 
practice the tasks they have to perform in traffic (see 
Chapter 7). In addition, the environment has to pro-
vide support, a) by offering a self-explaining environ-
ment that meets the expectations of road users and 
where they can revert to their skills, learned rules and 
routines (see Chapter 4) and b) by optimizing traffic 
task demands, e.g. by providing in-vehicle information 
(see Chapter 6).

Two issues play a role in making the road environment 
recognizable to encourage the correct expectations 
in road users in order to prevent crashes. Firstly, the 
road design and layout corresponding to a certain 
type of road has to evoke the right expectation with 
respect to the road course, the road user’s own be-
haviour and the behaviour of other road users. Ideally, 
the picture of the road environment is so clear for road 
users that it can be considered to be ‘self-explaining’ 
(Theeuwes & Godthelp, 1993). In such a case, the 
road user needs no additional information to use the 
road safely. Conversely, if the road environment meets 
user expectations insufficiently, road users may miss 
relevant objects and delay the action needed to pre-
vent a crash (see e.g. Theeuwes, 1991; Theeuwes & 
Hagenzieker, 1993).

Also relevant to this framework are the popular theo-
ries stemming from the 1990s on situation awareness 
(Endsley, 1995). Situation awareness distinguishes 

three levels: 1) the perceptual level, 2) the level at 
which perceived information from the environment is 
understood and its value assessed, and 3) the level at 
which the current state is extrapolated into the near 
future and predictions are made. If a problem occurs 
at one of these levels, this has consequences for cor-
rect situation awareness and appropriate reaction to 
that situation. In making the environment recogniz-
able, these levels can be taken into account to see if 
there are barriers to right situation awareness and ex-
pectations of road users, and an adequate response 
to traffic situations. Intelligent transport system appli-
cations, in particular, can play a support role here.

Secondly, and of equal importance, particularly for 
user expectations concerning speed behaviour, is 
that the road course permanently supports road user 
expectations by continuity and consistency in design. 
These concepts have been worked out both by Lamm 
(under the terms ‘design consistency’ and ‘operating 
speed consistency’; e.g. Lamm et al., 1999) and by 
Krammes (totally covered by the term ‘design con-
sistency’; e.g. Krammes et al., 1995). By continuity in 
design, we mean that the required speed adaptation 
when negotiating a road has to be limited (particularly 
in transitions from straight road stretches to curves, 
but also at intersections). If the differences in the 
road course are too great, this increases crash risk, 
since it requires too high a mental workload to have 
to change speeds regularly. A curve after a long road 
stretch is more dangerous since larger speed adapta-
tions are required and road users’ expectations are 
not met. Speed adaptation should either be unneces-
sary, or should be made clear to the road user (on site 
or by means of in-vehicle information provision). By 
consistency in design we mean an environment that 
keeps speed differentials between close-moving ve-
hicles as small as possible, by bringing all road design 
elements into conformity. This principle fits well into 
Sustainable Safety because it results in the homoge-
neity of traffic flows, which has the benefit of making 
the behaviour of other road users more predictable. 
Complying with built-in requirements is very useful, 
particularly for inexperienced road users, because 
they can more quickly adapt to normal traffic, thereby 
making fewer errors.

With these principles, Sustainable Safety explicitly 
rules out a chaos approach, particularly when traffic 
flows are managed at high speed. In the chaos ap-
proach, the line of thinking is more that if people do 
not know what to expect, they act more cautiously be-
cause they cannot revert to (rigid) routines. However, 

1. �the principles of sustainable safety



32 part i: ANALYSES

people operating at the knowledge-based level, make 
more serious errors and need more time and attention 
to perform their tasks than when they can operate at 
rule-based or skill-based level (see above). This is a 
particular problem if they participate in traffic at high 
speeds. According to the Sustainable Safety vision, 
unpredictable and barely recognizable road traffic is 
the most undesirable situation. If we look at the risks 
associated with various road types, it becomes clear 
that these are lowest on motorways (see Chapter 2). 
One important reason for this is that on motorways 
the situation is standardized and predictable.

Intentional offences and the role of motivation

In addition to different types of unintentional errors, 
we can also distinguish violations as ‘dangerous ac-
tions’ (see also Reason, 1990; Figure 1.2). From a 
psychological perspective, we can only speak of vio-
lations if people intentionally break a rule. After all, 
breaking a rule can also occur unintentionally, without 
the offender being aware of it. In order to differenti-
ate between deliberate violations and a legal violation, 
which is independent of intentions, we will therefore 
speak of intentional violations.

Motivation (or the lack of motivation) plays an impor-
tant role in intentional violations of rules. Relevant the-
ories can generally be distinguished by starting from 
a normative or an instrumental perspective to obey 
the rules or not (see e.g. Tyler, 1990; Yagil, 2005). 
According to normative theories, people respect rules 
from an inner conviction about what one ought and 
ought not to do, irrespective of the circumstances. 
Respecting the rules voluntarily as an aim in itself is 
also called ‘intrinsic motivation’. Within the normative 
perspective, the legitimacy of rules, in particular, deter-
mines whether or not people will obey them (Kelman, 
2001). An individual weighting is given to how justified 
one finds a rule or a rule maker in general, rather than 

Figure 1.2. Taxonomy of dangerous actions (after Rea-

son, 1990).

whether a rule should be respected in any given situ-
ation. Of course, a rule is considered more readily as 
‘justified’ if the relationship between the rule and the 
rule’s objective is clear. In the instrumental perspec-
tive, the assumption is that, in violating rules, people 
weigh up the personal ‘profit’ and ‘loss’ that the vio-
lation will bring. If the subjective profit exceeds the 
calculated cost, people opt for a certain behaviour, 
and if it does not, they will not. In these assessments, 
a violation as a result of, for example, being in a hurry, 
the need for excitement and so on, may result in such 
‘benefits’ that exceed the calculated potential costs of 
a crash or a fine. This instrumental theory fits within 
Reason’s categorization, particularly concerning ex-
ceptional violations.

In practice, many violations do not fit such rational 
models. People have a strong inclination to be led by 
habit, or by imitating others (see Yagil, 2005). Even if 
conscious assessments play a role in breaking rules, 
these are moreover often based on incomplete infor-
mation or intuition. The conclusion gives an indication 
of the grey area which exists between unintentional er-
rors and intentional violations (see also Rothengatter, 
1997; Chapter 8).

Tackling undesirable behaviour

In the original Sustainable Safety vision, the start-
ing point was fallible man: the otherwise well-inten-
tioned person who can make errors, thereby causing 
crashes. This is particularly centred on the word ‘can’. 
But we have to add the intentional, ‘willing’ person. To 
what extent unintentional offences and intentional vio-
lations are at the basis of crashes, will be discussed in 
Chapter 2, but the issue deserves more research.

A sustainably safe traffic system would be most 
served, as far as the ‘willing’ person is concerned, by 
the intrinsic motivation of road users to respect the 
imposed rules or – even better – to act safely under 
given circumstances. Intrinsic motivation makes be-
haviour consistent (that is: sustainable) in situations 
and over time. This consistency would not exist if 
people always behaved according to their own as-
sessment of potential costs and benefits of different 
behaviour in specific situations. Therefore, we should 
not depend on the calculating road user.

Since it is unrealistic to rely exclusively on the in-
trinsic motivation of all road users, the road user’s 
immediate environment has to incite the desired 
spontaneous behaviour in sustainably safe road traf-
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fic (particularly in relation to speed behaviour; see 
Chapters 4, 8 and 9). Since this causes other road 
users to comply with the norm, the (unconscious) 
social influence of imitating others works in the right 
direction. We should also look into the extent that 
we can improve the explicit communication of rules. 
By applying rules, for instance, in such a fashion that 
people can easily understand why they are in force 
at that particular moment and/or that location, com-
pliance can be increased. Rules have to be logical, 
correspond to the (road) situation, and in that sense 
incite (see Chapter 8 ) and confirm spontaneous 
compliance. Education also has an important role 
to play. It can help to reinforce intrinsic motivation 
and combat dangerous habits by providing (more) 
insight into the relationships between rules and road 
safety (see Chapter 7).

In so far as intentional offences cannot be prevented 
by the direct (road) environment, logical regulations 
that are clearly understood and/or (vehicle) techno-
logical measures offer the means of preventative en-
forcement. Preventative, unannounced police checks 
should ensure that traffic offences cannot occur, for 
instance by making it impossible to drink and drive, or 
to start the engine without belting up (see Chapters 
6, 8 and 10).

Given this optimized environment and trying to pre-
vent unintentional errors and intentional violations as 
far as possible, it is nevertheless necessary to check 
if people actually exhibit proper behaviour. This is 
necessary as long as active participation in traffic is 
determined by humans. Enforcement is the appropri-
ate means of checking this and an essential element 
of the Sustainable Safety vision (see Chapter 8).

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

Another model that helps to understand the choices 
that are made within the Sustainable Safety vision 
– with man as the measure of all things – is the task 
capability model created by Ray Fuller (see 2005, for 
the most recent version). This model is a response, 
among others, to the risk homeostasis model by 
Wilde (1982), which starts with the hypothesis that 
road users keep the perceived crash risk constant. 
This means that if road users think they run a lower 
risk in traffic, then they adopt riskier behaviour.

According to Fuller, however, observations that are 

explained by risk homeostasis or risk compensation 
can also be explained in a different way. He hypoth-
esizes that road users keep the difficulty of the task as 
a constant rather than subjective risk. In this theory, 
this subjective measure depends upon the ratio be-
tween the objective task demands and the driver’s 
capability to accomplish this task. This task capability 
consists of a person’s competences, minus his situ-
ation dependent state (Figure 1.3). People lose con-
trol over a situation if the task demands exceed the 
capability to perform the task. This is, of course, a 
breeding ground for creating crashes. Only an opti-
mally designed, forgiving environment (see Chapter 
4) in combination with adequate responses of other 
road users can then prevent an injury crash. The task 
demands are, in the first place, influenced by road 
design, traffic volume, and the behaviour of other 
road users, but the road user can influence the task 
demands in part, for example by increasing speed, or 
engaging in secondary, distracting activities such as 
using a mobile phone.

As is also known from the old arousal theory (Yerkes 
& Dodson, 1908), people have a tendency to keep 
the difficulty of tasks (and consequently the corre-
sponding activation level) at a reasonably constant 
and optimal level. In Fuller’s model, this means an op-
timal ratio between task capability on the one hand, 
and task demands on the other. If the task demands 
become too small relative to the task capability (e.g. 
being hale and hearty and well trained, and driving at 
low speeds on a boring straight stretch of road with 
no other traffic), then people have a tendency to make 
the task more difficult to lift the feeling of boredom. 
Conversely, if the task demands are about to exceed 
safe task capability (e.g. making a phone call while 
driving in busy traffic at high speeds), the driver will 
try to make the task easier.

Speed is the most distinctive factor in relation to de-
creasing and increasing task difficulty, because speed 
has a direct influence (at operational level). At strate-
gic level, route and vehicle choice can also have an 
influence on task demands, but these choices have to 
be made beforehand, and cannot always be changed 
en-route. ITS applications and education can be sup-
portive here (see Chapters 6 and 7).

The optimal balance experienced between task capa-
bilities and task demands differs, however, between 
individuals. This does not mean that this balance is 
also ideal for safe task performance. Some people 
have more need for excitement (see Zuckerman, 1979) 

1. �the principles of sustainable safety
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and therefore accept higher task demands relative to 
their task capability. This is, for instance, typical for 
young drivers, especially males. By having less reser-
vation about their task capabilities, they run a higher 
risk of crash involvement (in Fuller, 2005; see Chapter 
11). Apart from that, they also lack the skills to rec-
ognize dangerous situations in time and to anticipate 
their behaviour (tactical level; Chapter 7). In view of 
this, they have to resort to reactive strategies, and can 
be thrown from a controlled into an uncontrolled situ-
ation (see Fuller, 2005). The next section will discuss 
the implications of this for Sustainable Safety.

A sustainably safe traffic system for everyone

In sustainably safe road traffic, task difficulty should 
always be kept at an optimum level for safety. By 
always keeping task capability higher than the task 
demands, serious errors can, largely, be prevented. 
Ideally, task difficulty can be adapted in two direc-
tions: firstly by reducing task demands, secondly by 
improving task capability. The problem is that road 
users are not a homogeneous group, with individuals 

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.

differing in task capability. Therefore, a given traffic 
situation is more difficult for one individual than for an-
other. The question is then how to make a traffic sys-
tem safe for everyone. Sustainably safe road traffic is 
attained firstly by implementing generic measures that 
provide an adequate level of safety in the system for 
the ‘average’ road user under normal circumstances. 
Here, one can think of infrastructural measures, gen-
eral vehicle measures and an adequate educational 
base (see Chapters 4, 5, 6 and 7). In normal circum-
stances, average road users have to be easily capa-
ble of anticipating dangerous situations by having a 
good view of the traffic situation, possibly supported 
by ITS. Who this ‘average’ road user may be, and 
within which margins a road user can be considered 
‘average’, is a subject for further research.

Road users ‘at the extremes’, and particularly those 
at the lower end of the task capability distribution (the 
borderline between average and not average is, by 
the way, not clear), profit from generic measures. But 
for these groups specific measures are also neces-
sary to bring task difficulty to a personal optimum 
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level or to make the behaviour of more capable road 
users acceptable to them.

At the ‘lower end’ of the distribution, we find, amongst 
others, inexperienced drivers and the elderly. These 
have a lower task capability because of underdevel-
oped competences in the first case and the deterio-
ration of certain functions in the second. To improve 
competences, education has a fundamental and im-
portant role. It is particularly important that the road 
user learns to assess if he or she is capable of tak-
ing part in traffic, given the capacity of the individual 
and situation dependent state (also called ‘calibra-
tion’; see Chapter 7). One can also think of gradu-
ally increasing task difficulty (e.g. through graduated 
driving licensing, see Chapter 11) in order to pace 
the task demands with growing task capability, until 
the level of the average road user has been reached. 
Improving task capability for the elderly should, to the 
extent they are driving cars, be sought in ITS-like driv-
ing task support systems in order to compensate for 
the degradation in their functions (Davidse, 2006).

A third group of road users at the lower end of the 
distribution comprises the average or sub-average 
road users whose task capability is temporarily de-
creased due to factors such as fatigue or alcohol con-
sumption. In order to prevent this group from causing 
crashes in traffic, ITS and enforcement (see Chapters 
6 and 8) can be of service. Measures have to pre-
vent such people from engaging in traffic (alcolock; 
specific enforcement) or driving after being warned 
about reduced task capability (driver monitoring sys-
tems). The levels of situation awareness discussed 
by Endsley (1995) are also relevant here. If such road 
users cannot be excluded from traffic, ITS and edu-
cation may help them to recognize and prevent one’s 
own poor condition (state awareness), so that an as-
sessment can be made about safe traffic participation 
(see Chapter 6 and 7).

At the other end of the distribution, there is the group 
of highly experienced road users for whom the task 
demands of the general system are regarded as too 
low, given their task capability. By being engaged con-
sciously in a safe, anticipating driving style, the task 
demands for such experienced drivers/riders can be 
increased without detriment to road safety. Taking on 
these higher task demands would reduce boredom. 
In addition, other road users could benefit, because 
their potential errors can be absorbed by the more ex-
perienced road user should a conflict arise. Evaluation 
studies of training courses on defensive driving indi-

cate that there is no negative effect on road safety (see 
e.g. Lund & Williams, 1984). Further research should 
reveal if such a measure is functional.

It remains the case that many road users think that 
they are safer drivers than they actually are, and start 
to increase task demands to dangerously high levels. 
In order to prevent this leading to serious crashes, we 
should on the one hand invest more in obtaining in-
sight into actual versus experienced task difficulty. On 
the other hand, a solution has to be found by provid-
ing a forgiving environment, both in the physical and 
social respect. In this way, not only can the design of 
the traffic system prevent errors, which cause seri-
ous crashes, but also crash risk can be decreased by 
giving people more room to make errors without con-
sequences. Concerning the latter, road users should 
not only be engaged with their own tasks, but also be 
anticipating other road users’ behaviour as much as 
possible. Such a forgiving attitude could be asked of 
experienced road users, in particular.

■  1.2.4. �Physical vulnerability and require-
ments for conflict situations

In addition to human psychological characteristics, 
physical characteristics also play an important role 
in creating sustainably safe road traffic. The central 
issue is that human beings are physically vulnerable 
in impacts with comparatively large masses, hard ma-
terials and large decelerations acting on the human 
body. The combination of these factors can cause 
severe injury, sometimes with irreversible effects, and 
even death. Some of the forces released in a crash are 
absorbed by the vehicle (if present). This means that 
people involved in a crash sustain less (severe) injury 
as vehicles absorb more released energy. This also 
means that higher crash speeds and travel speeds 
are acceptable if the vehicles are more crash protec-
tive in their design, if vehicle occupants are wearing 
seat belts, and if airbags are present, etc.

Pedestrians and two-wheelers (motorized or non-mo-
torized) have little or no crash protection. To prevent 
severe injury in this group of road users, two kinds of 
measures are taken: reduction of (impact) speeds and 
increased energy absorption by cars to benefit literally 
‘vulnerable’ road users. In addition, roadside obstacles 
should either be removed, or designed in such a way 
that they cannot cause severe injury. As we shall see 
in Chapter 2, collisions between road users and obsta-
cles are very often fatal. This is because obstacles 	
almost do not yield, and the road user (and pos-

1. �the princIples of sustaInable safety
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sibly the vehicle) has to absorb all the kinetic energy 	
released in the crash within a fraction of a second.

Motorized two-wheelers can take part in traffic at 
comparatively high speeds, so they have additional 
risk of being injured or killed in a crash. In view of this 
dangerous combination of high speeds and virtually 
no protection, motorized two-wheelers are a category 
that does not fit well into a sustainably safe traffic sys-
tem (see Chapter 3).

Given that people make errors, it is important in cre-
ating a sustainably safe road traffic system, to design 
the environment such that these errors cannot lead to 
crashes or, if this is impossible, do not cause severe 
injury. The homogeneity principle in the Sustainable 
Safety vision is a method of meeting these require-
ments (see Chapter 4). Until now, this principle has 
been worked out in two ways: firstly to separate 
moving vehicles with large speed and/or mass dif-
ferences and, consequently, to avoid collisions; and 
secondly to lower travel speeds and, consequently, 
impact speeds in those instances where a crash can-
not be avoided. The 30 km/h speed limit zones are 
a good example of adapted speed limits to prevent 
fatal crashes. This is based on the fact that the fatal-

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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ity risk for pedestrians is low when involved in a car 
crash at 30 km/h. With crash speeds higher than 30 
km/h, fatality risk increases dramatically. A crash at 70 	
km/h or higher is almost always fatal for the pedes-
trian (Ashton & Mackay, 1979; Figure 1.4).

The human body’s vulnerability (the biomechanical 
tolerance) and the important influence of speed (de-
termining the degree of local force and deceleration 
acting on the body) on crash severity is the starting 
point for a proposal for safe travel speed by Claes 
Tingvall, one of the founding fathers of the Zero Vision 
in Sweden (Tingvall & Haworth, 1999; Table 1.2). 
The starting point for this proposal are modern, well- 
equipped cars, and 100% use of seat belts and child 
restraint systems. However, safer speeds ought to be 
used in crash tests (such as in EuroNCAP), but also 
in tests for protective design (see Chapter 5). In addi-
tion, as the car fleet does not yet consist of the best 
designed cars, and seat belt use is not yet 100%, the 
proposed speeds are too high for the current con-
ditions. A higher degree of penetration of ‘the best 
designed cars’ is necessary before the proposed 
speeds can be viewed as ‘the maximum allowable 
speeds’. Taking the current fleet conditions and seat 
belt use into account, it is, however, hard to say what 
are safe speeds at this moment, other than that they 
are lower than the speeds listed in Table 1.2. These 
speeds are neither valid for motorcyclists for instance, 
who are much more vulnerable, nor for crashes with 
relatively heavy vehicles such as lorries.

As with Tingvall & Haworth’s proposal, Sustainable 
Safety proposes safe and, consequently, moderate 
travel speeds. This means: low speeds where vulner-
able road users mix with car traffic. Higher speeds are 
allowable only where high-speed traffic cannot get 
into conflict. Where higher speeds are allowed, only 
vehicle types that are equipped for these speeds, and 
which provide sufficient protection in case of a crash 
are permitted. 

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

worth, 1999).
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Strategic travel choices by road users

A road user can also improve road safety at a strate-
gic level. He could choose to travel as short a distance 
as possible on dangerous roads and he could, prior 
to traffic participation, more often consider safety in 
his vehicle choice. In both route and modal choice, 
cooperation with other sectors is obvious, such as 
spatial planning and environmental protection. Above 
all, road users have to be made aware of the available 
options and the consequences of these choices, and 
they have at least to be given the opportunity to make 
such choices. Sustainably safe road traffic does not 
only mean that every effort is made to guarantee 
safety at operational and tactical level, but also takes 
account of the contribution of measures at the stra-
tegic level. Furthermore, considerations and meas-
ures at strategic level fit even better into the spirit of 
Sustainable Safety than measures at other levels, be-
cause at strategic level, choices are made that have 
consequences for road safety in the early stages of 
the decision making process of traffic participation 
(Chapter 6 and 7). A similar line of thinking forms the 
basis of tackling latent errors, but here the approach 
is to make the traffic system safer, given the fact that 
people do make use of it.

■  1.2.5. Functional road categorization

Alongside psychological and physical road user char-
acteristics as the starting point for Sustainable Safety, 
we also have functional road categorization and fur-
ther traffic flow management. From this ensues the 
Sustainable Safety principle of functionality.

The term ‘functionality’ dates back to 1963, when 
the report Traffic in Towns was published (Buchanan, 
1963). This report contained a comprehensive vision 
for the design of our towns and villages in a highly 
motorized society. A distinction was presented be-
tween roads having a traffic flow function (‘distributor 
designed for movement’), and roads that give access 
to destinations (‘access roads to serve the buildings’). 
Elaboration of these ideas resulted in a proposal for 
a route hierarchy, built up from primary, district and 
local distributors and access roads to destinations 
(Figure 1.5). Buchanan argued that, within access 
roads, traffic should be of minor importance to the 
environment, and in every area at least the maximum 
acceptable traffic capacity had to be determined.

Buchanan’s report put the idea behind of the tradi-
tional Dutch main road that had a mixture of different 

functions. In the course of time, different interpreta-
tions have been given to this new traffic planning cate-
gorization. A completely new idea for the Netherlands 
was the elaboration of woonerf and later 30 km/h 
zones.

The Swedish SCAFT-guidelines, in which similar 
principles have been developed for traffic planning 
in towns and villages, are also based on the same 
ideas (Swedish National Board of Urban Planning, 
1968).

In the same period, a contribution by Theo Janssen 
was presented as a report for the annual conference 
of the Society of Dutch Road Congresses 1974. The 
above was chosen as starting point and four func-
tional requirements were formulated for categorizing 
roads:
– �consistency of characteristics within a road cate-

gory;
– �continuity of characteristics within a road category;
– �little variety in characteristics within a road cat-

egory;
– recognizable road categories for road users.

Figure 1.5. Functional categorization of roads accord-

ing to Buchanan (1963).

1. �the princIples of sustaInable safety
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The Sustainable Safety vision builds upon the hier-
archy of roads as proposed in the Buchanan report, 
and further elaborated by Janssen (1974), by mak-
ing a distinction between ‘residential function’ and 
‘traffic function’. Within the traffic function, two sub-
functions are distinguished: ‘flow function’ and ‘ac-
cess function’ (making destinations along roads and 
street accessible; see Figure 1.6). The flow and ac-
cess functions are strictly divided in the Sustainable 
Safety vision. For each function, there is a separate 
road category (the access function and the residential 
or ‘liveability’ function are combined). The roads that 
connect both categories are distributors. A distributor 
may not only provide a flow function: it also is the link 
between both other categories. This combination will 
have to be manifest in a safe way in the design of a 
distributor (and an appropriate speed limit).

1.3. �How to take Sustainable Safety  
forward?

Given the fact that people make errors, do not always 
comply with rules and, moreover, that they are vulner-
able, it is essential that latent errors (or gaps) in the 
traffic system are prevented in order to avoid a breed-
ing ground for crashes. According to the Sustainable 
Safety vision, in order to prevent serious unintentional 
errors, the environment and the task demands that 
this environment entails have to be adapted to a level 
that the majority of road users can cope with. This 

produces, as it were, desirable behaviour almost au-
tomatically: the road user knows what to expect, and 
possible errors can be absorbed by a forgiving en-
vironment. This also makes the breeding ground for 
intentional or unintentional violations less fertile. In so 
far as violation behaviour prior to traffic participation 
can be detected (such as alcohol consumption or not 
having a driving licence), denying traffic access fits 
within sustainably safe road traffic.

Road users have to be well informed and experienced 
to participate in traffic. Where their skills and capabili-
ties do not meet the task demands, their safe behav-
iour needs to be encouraged by means of specific 
measures. It is essential that road users are aware 
of their situation-dependent state, and, consequently, 
their task capability, to take adequate decisions that 
may prevent a potential crash. Since there are differ-
ences in road user capabilities, we should ask more 
experienced road users to engage consciously in safe 
behaviour, directed at less experienced road users. In 
traffic as a social system, a forgiving driving style can 
absorb the emergence of crashes caused by other 
road users.

The vulnerable human has to be protected in traffic by 
the environment by means of structures that absorb 
the kinetic energy released in a crash. To this end, the 
mass of vehicles sharing the same space needs to be 
compatible. If this is not possible, then speeds need 

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.
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to be lowered. This system is embedded in a traffic 
planning taxonomy of fast traffic flows on the one 
hand and access to residences on the other. Between 
these two extremes, traffic has to be guided in good, 
sustainably safe ways.

With this slightly adapted vision on sustainably safe 
road traffic, we finally arrive at the five central princi-
ples: functionality, homogeneity, predictability, forgiv-
ingness and state awareness. A short description of 
these principles is given in Table 1.3.

Sustainable Safety principle	 Description

Functionality of roads	 Monofunctionality of roads as either through roads, 	
	 distributor roads, or access roads, in a hierar-
	 chically structured road network

Homogeneity of mass and/or speed 	 Equality in speed, direction, and mass  at
and direction	 medium and high speeds

Predictability of road course and road user 	 Road environment and road user behaviour that
behaviour by a recognizable road design	 support road user expectations through 
	 consistency and continuity in road design

Forgivingness of the environment and of 	 Injury limitation through a forgiving road
road users	 environment and anticipation of road user
 	 behaviour

State awareness by the road user	 Ability to assess one’s task capability to handle	
	 the driving task

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

1. �the princIples of sustaInable safety



40 part i: ANALYSES

For a clear route to sustainably safe road traffic, it 
is important to start with an overview of road safety 
present and past, as well as of expectations for the 
future. This chapter will show, in general, how road 
safety has developed in the course of time, what it 
looks like now, and what future developments are 
likely to have an influence on road safety.

The first section of this chapter (2.1) gives an intro-
duction to road safety. This starts with examination 
of trends over time, both in past decades as well as 
the most recent trends in various cross sections of 
the traffic and transport system. Following this, we will 
look at road safety in the Netherlands in an interna-
tional context. We base the analyses predominantly on 
data about fatalities and severely injured victims since 
these data are the most reliable, and suffer least from 
problems of under-reporting. The introductory section 
closes with a brief overview of factors that have an in-
fluence on crash risk, either positively or negatively.
The second section (2.2) addresses the behavioural 
causes of crashes. The question that we will attempt 
to answer is how road user errors and violations con-
tribute to crash causation.
The third and last section (2.3) gives an outline of 
national and international developments that are ex-
pected to influence road safety in future.

All these analyses and descriptions aim for a better 
understanding of road safety in general, and of the 
specific factors that play a dominant role. These key 
factors are so important that they deserve explicit at-
tention in any vision of future road safety.

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

After the first road fatality in the Netherlands, shortly 
after 1900, the number of road deaths grew rapidly 
(see Figure 2.1). The main reasons for this are the 
enormous growth in mobility, the development of 
ever-faster vehicles in a traffic system that was not 
designed for such use in safety, and road users who 
make errors and break the rules.

The number of fatalities in road traffic peaked with a 
record of 3264 in 1972 (Figure 2.2). This amounts to 
about 9 deaths everyday. After that, the increase in 
deaths reversed, despite ever increasing mobility, and 
a downward trend has been maintained. The number 
of deaths first decreased sharply (except during the 
period 1975-1977), but from the mid-1980s onwards, 
this trend became somewhat less pronounced (see 
Figure 2.3)

The number of road deaths in 2004 is clearly out-
side the margins calculated for the annual downward 
trend. For the time being, this lower figure cannot be 
attributed to specific underlying developments or to 

2.	 Road safety developments

Figure 2.1. Cumulative number of road fatalities in the 

Netherlands from 1900 up until 2004 (after Koornstra 

et al., 1992).
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Figure 2.2. The number of registered road fatalities 

per year in the Netherlands in the period 1950-2004. 

Source: AVV Transport Research Centre.
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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 2.5. Annual number of road fatalities by road transport mode in the period 1950-2004. Source: AVV Trans-

port Research Centre.
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billion kilometres travelled) by road transport mode, 

averaged over the years 2001-2004. Source: AVV Trans-
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particular policy interventions. The number of road fa-
talities in 2003 was high, which emphasizes the low 
2004 total. It is also the case that, quite often, the 
actual number of road traffic fatalities falls outside 
the statistical margin of the trend line (see Figure 2.3; 
black dots).

■  2.1.1.1. �Large differences between trans-
port modalities

The risk of being killed in a traffic crash per kilome-
tre travelled is highest for moped/light moped riders, 
followed by motorcyclists (Figure 2.4). In itself, this is 
not surprising for this mode of transport, given that 
high speed combines with little physical protection 
(see also Chapter 13). If we look at the development 
of road deaths amongst motorized two-wheelers 
(Figure 2.5), it becomes clear that the number of fa-
tally injured moped/light moped riders rose sharply 
between the 1950s and 1970s. By the mid-seventies, 
the number of fatalities under moped/light moped 
riders had decreased rapidly, partly because of the 
introduction of compulsory crash helmet use which 
had a positive effect on injury risk and a side effect of 
decreased moped use. During the past few decades, 
the number of moped/light moped riders killed in traf-
fic has been stable, both in absolute numbers and in 
relative share. The trend in fatally injured motorcyclists 
has had a less pronounced course. Within this group, 
the fluctuation in deaths coincides predominantly with 
the motorcycle’s popularity.

Two other groups of road users with a high risk of being 
killed in traffic per kilometre travelled are pedestrians 
and cyclists (Figure 2.4). The absolute number of total 
fatalities for these groups is also high, and the highest 
of all road transport modes before 1960 (Figure 2.5). 
Nevertheless, the number of pedestrian and cyclist 
deaths has sharply decreased in the past decades, 
which is remarkable in light of increased cycle traffic 
and steady pedestrian flows in the Netherlands.

Car occupants have the lowest fatality risk per kilo-
metre travelled (Figure 2.4). The fact that, in absolute 
terms, most lives are lost in passenger cars is due to 
the rise of increased car mobility (Figure 2.5).

■  2.1.1.2. �Large differences in conflicts  
between road transport modes

In Table 2.1, the most important conflict types3 are 
assessed using three criteria: 1) the severity of the 
outcome, 2) the incompatibility between the different 
parties, and 3) the frequency of the conflict type.

Car or moped impacts with obstacles (such as trees 
and posts) account for the greatest proportion of se-
verely injured traffic victims and (logically) collide in a 
most incompatible or unequal way.

Out of two-party crashes, pedestrians in conflicts with 
cars are the most incompatible (vulnerable) crash op-
ponent. To a somewhat lesser extent, this is also the 
case for two-wheelers in conflict with cars and lorries 
(although conflicts between moped riders and lorries 
do not occur very often and are not included in Table 
2.1). In the Netherlands, conflicts between cyclists 
and cars occur most often.

In five out of the six most serious conflict types be-
tween two road users (printed bold in Table 2.1), the 
weakest party is a pedestrian or a two-wheeler user 
(see also Chapter 12).

Cars are, indeed, disproportionally strong crash op-
ponents in conflicts with pedestrians and cyclists. 
However, in conflicts with lorries (and fixed obsta-
cles), cars come out worse as the weaker party. 
Cars, therefore, play a double role in the compatibility 
picture in road safety. Cars are involved in five out 
of the six most serious conflicts between road users 
(printed bold in Table 2.1). The sixth serious conflict is 
between bicycle and lorry (see also Chapter 5).

■  2.1.1.3. �Large differences between  
road types

Most road deaths and severe injuries occur on rural 
roads with an 80 km/h speed limit (Figure 2.6, Table 
2.2) and on urban roads with a 50 km/h speed limit 
(Figure 2.6, Table 2.3). However, on these roads, the 
number of fatalities decreases most rapidly over time. 
On rural roads with a 60 km/h limit and urban roads 
with a 30 km/h limit, the number of fatalities is low, but 
has increased over the past few years (Figure 2.6).

3 �In this consideration, all two-party crash injuries (period 1999-2003) between pedestrians, moped riders, motorcyclists, car drivers, van drivers, 
and lorry or bus drivers have been taken into account. Also obstacles have been included as a crash opponent. Of all combinations, only those 
conflict types that account for more than 1% of the total number of two-party crashes have been included. Together, these account for 90% of 
the two-party crashes in the afore-mentioned period in the Netherlands.
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When we look into more detail at the type of conflicts 
occurring on different road types, it is clear that sin-
gle-vehicle conflicts on road sections predominate in 
serious crashes outside built-up areas (Table 2.2). On 
urban roads, transverse conflicts at intersections are 
predominant (Table 2.3). The exceptions are urban 
roads with a 30 km/h speed limit, where, as with rural 
roads, single-vehicle conflicts on road sections pre-
dominate.

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.

When we look at fatality risk by road type (Figure 2.7), 
it is clear that the motorway has the lowest crash fa-
tality risk per vehicle kilometre travelled. Rural roads 
which are open to all traffic have the highest risk, but 
major urban roads also have a high score. These are 
roads where relatively high speeds, large speed dif-
ferences, and interaction between different types of 
road users co-exist.

Figure 2.7. Fatality risk (number of road fatalities per 

million vehicle kilometres) by road type (situation 1998; 

Janssen, 2005).
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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).

Rural roads and
motorways

Number of serious crashes
Number of fatal crashes
Conflict type
Longitudional conflicts 
Converging & diverging
Transverse conflicts 
Frontal conflicts 
Single-vehicle conflicts 
Pedestrian conflicts 
Parking conflicts 

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

Since the 1960s, the largest number of road deaths 
has been amongst young road users aged between 
15 and 24, alternating during the last decade with the 
25 to 39 aged (Figure 2.8). The proportion of deaths 
amongst the 15-24 group has risen since the 1950s 
from around 12% to 24%, during the last decade. 
This is, without any doubt, due to increased mobility 
of young moped riders on the one hand, and young 
car drivers on the other.

Younger road users not only stand out when looking 
at absolute numbers of road victims, but also when 
taking account of person kilometres travelled. Young 

people – particularly males – between the age of 15 
and 17 run a considerably higher risk of being fatally 
or severely injured per kilometre travelled than other 
age groups (see Figure 2.9). The reasons for this are 
moral, emotional and cognitive age-specific factors 
on the one hand, and insufficient skill in assessing 
situations and risks on the other (Vlakveld, 2005; see 
also Chapters 7 and 11). In addition, this age group 
often uses high-risk transport modes, such as the 
moped.

A second group of road users with high risk of severe 
injury in a road crash per kilometre travelled, are older 
road users aged 75 years or more (Figure 2.9). The 
elevated fatality risk of older road users is explained 
by their increased physical vulnerability (particularly 
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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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as pedestrians and cyclists (see also Chapter 2), and 
by the deterioration in various skills needed to par-
ticipate in traffic (e.g. Davidse, 2006). The number 
of road deaths amongst people aged 75 years and 
above was at its lowest in the 1950s until the mid-

1970s (Figure 2.8). One explanation for this is that the 
relative share of older people in the total population 
has risen steadily (source: Statistics Netherlands) and 
people are mobile for longer than in the past.

■  2.1.1.5. �Large differences between  
countries

The European Union, with its 25 Member States, has 
between 40,000 to 45,000 reported road fatalities per 
year. Comparisons of deaths per 100,000 inhabitants 
amongst Member States indicate that the Netherlands 
has the lowest number of road fatalities in the EU, to-
gether with the United Kingdom and Sweden (Figure 
2.10).4 These three countries have, in common with 
each other, approached road safety in a systematic 
way for several decades (Koornstra et al., 2002).

The total number of road fatalities has decreased 
considerably in the past decades. In the 1970s, there 
were some 80,000 to 87,000 road fatalities within the 
Member States at the time, whereas this figure has 

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.

2. Road safety developments

4 Malta has become an EU member recently, and holds the position of having the lowest annual number of road fatalities per 100,000 inhabitants.
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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.
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been halved now. Compared with the decrease in 
road fatalities per number of inhabitants in the United 
Kingdom and Sweden, the decrease between 1970 
and 1985 is largest in the Netherlands (Figure 2.11), 
while the rate of improvement in these three countries 
has been comparable in recent years.

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 part in traffic is a dangerous affair in itself. This 
is due to the basic risk factors in traffic: the road us-
er’s vulnerability combined with speed, as well as the 
presence of objects with large masses and/or stiff-
ness with which one can collide (see also Chapter 
1). In addition, there are also road user factors that 
increase crash risk, such as alcohol use, fatigue, or 
distraction. 

■  2.1.2.1. �Fundamental risk factors in road 
traffic

Fundamental risks are inherent to road traffic, and 
the basis of the lack of safety in current road traffic. 
These are factors such as speed, mass and vulner-
ability. With fundamental factors we do not mean 
those factors that form the foundation of the process 
towards a safer system (see TRIPOD-model; e.g. Van 
der Schrier et al., 1998).

Speed

Speed is not only a given in traffic, it is also a funda-
mental risk factor. Firstly, speed is related to crash risk 
(for an overview, see Aarts & Van Schagen, 2006). 
From several studies of the relationship between 
speed and crash risk, we can conclude that higher 
absolute speeds of individual vehicles are related to 
an exponential increase in risk (Kloeden et al., 1997; 
2001). If the average speed on a road increases, then 
the increase in crash risk can be best described as a 
power function: a 1% increase in average speed cor-
responds with a 2% increase in injury crashes, a 3% 
increase in serious injury crashes and a 4% increase 
in fatal crashes (Nilsson, 2004). With the same ab-
solute increase in speed, for both individual speed 
and average road section speed, an increase in risk 
is higher on urban roads than on rural roads and mo-
torways.

Speed differences are also linked with increases in 
crash risk (e.g. Solomon, 1964). Recent research 
however, has not proven that vehicles travelling at 
lower speeds than the traffic flow have a higher risk 
than vehicles that go with the flow (e.g. Kloeden et al., 
1997; 2001). At the same time, it was confirmed that 
vehicles going faster than the traffic flow have an in-
creased risk. Speed variance at the level of road sec-
tion is also linked to increased crash risk (e.g. Taylor 
et al., 2000).
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Secondly, speed is related to crash severity. This is 
based on the kinetic energy (of which speed is an 	
important indicator), which is converted into other 
energy forms during a crash, causing damage. Injury 
risk is also determined by speed level, the relative di-
rections of crash parties, their mass differences and 
protection level, and biomechanical laws.

Mass and protection

While in motion, the total mass of a vehicle5 combined 
with its speed produces kinetic energy, which is con-
verted into other energy forms during a crash and can 
cause material and/or bodily damage. In a crash be-
tween two incompatible parties, the lighter party is at 
a disadvantage because this party absorbs a lot more 
kinetic energy and the vehicle generally offers less pro-
tection to its occupants than a heavier vehicle (see also 
Chapter 5). Mass differences between colliding vehicles 
can amount to more than a factor of 300 (pedestrian 
weighing 60 kg versus a heavy goods vehicle weighing 
20,000 kg). Furthermore, in view of their stiffness and 
structure, heavier vehicle types generally offer better 
protection to their occupants in the event of a crash. 
For occupants of vehicles with a high mass, injury risk 
is much lower than that of the lighter crash party. Let us 
assume that the injury risk of an occupant of an 850 kg 
car is 1 in collision with another 850 kg car. The injury 
factor increases to 1.4 if the crash opponent weighs 
1000 kg, and increases to a factor 1.8 if the crash op-
ponent weighs 1500 kg (Elvik & Vaa, 2004). 

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

Lack of driving experience

The effect of driving experience on crash risk is 
strongly linked with age effects. Since driving experi-
ence is strongly correlated with age, and since both 
factors are associated with specific characteristics 
which increase risk (see also Chapter 11), it is difficult 
to separate age and experience. Research into the in-
fluence of driving experience on crash risk, indicates 
that about 60% of crash risk of novice drivers can be 
explained by lack of driving experience (e.g. Sagberg, 
1998). From this research, it can also be concluded 
that the increased crash risk of novice drivers (a fac-
tor of 2.5 relative to drivers with more than five years 
of experience) decreases rapidly within the first year 
after passing a driving test.

Psychoactive substances: alcohol and drugs

Alcohol is one of the most important factors which 	
increase risk in traffic, and is recognized as such by 
road users (see also Chapter 10). Crash risk increases 
exponentially with increased blood alcohol content 
(BAC). Compared to sober drivers, the crash risk is a 
factor of 1.3 with a BAC between 0.5 and 0.8 g/ℓ, a 
factor of 6 with a BAC between 0.8 and 1.5 g/ℓ, and 
even a factor of 18 above 1.5 g/ℓ (Borkenstein et al., 
1974). Apart from that, alcohol use also increases se-
vere injury risk (Simpson & Mayhew, 1991; BESEDIM 
et al., 1997).

Recent research into the crash risk of road users 
under the influence of psychoactive substances, re-
vealed that the risk is about a factor of 25 with the 
combined use of drugs. This risk can even increase 
from 13 to 180 with the combined use of alcohol and 
drugs relative to sober road users, depending on the 
quantity of consumed alcohol (Mathijssen & Houwing, 
2005). Also, there is cumulative road crash fatality risk 
when combined with the use of alcohol and drugs 
(BESEDIM et al., 1997).

Illnesses and ailments

Visual limitations or ailments are generally associated 
with a very small increase in crash risk (on average 
a factor of 1.1 relative to healthy people; Vaa, 2003). 
Further examination indicates that, crash risk is higher 
for two conditions (Vlakveld et al., 2005):
– �Reduced useful field of view (UFOV) by more than 

40% increases risk by a factor of 5 relative to nor-
mal UFOV. The occurrence is higher in people of 65 
years and above (Rubin et al., 1999).

– �Glare sensitivity increases crash risk by a factor of 
1.6 (only a few studies).

Decreased hearing only results in a slightly increased 
risk of 1.2 (Vaa, 2003). The same is the case for neu-
rological disorders, that are associated with increased 
risk by a factor of 1.8. People with Alzheimer’s dis-
ease run a risk of crash involvement which is twice as 
high as healthy people (Vlakveld et al., 2005). Other 
psychiatric disorders, such as cognitive disorders and 
depression, result in a slightly increased risk of a fac-
tor 1.6 on average (Vlakveld et al., 2005).

5 If a road user travels without a vehicle, this is only the person’s body mass.

2. Road safety developments
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Emotion and aggression 

During the past few years in particular, many road users 
have held the view that aggression in traffic is a major 
contributor to road crashes. Several questionnaire 
studies show the relationship between self-reported 
aggressive behaviour (offending behaviour) and self-
reported road crash involvement (e.g. Deffenbacher 
et al., 2003; Mesken et al., 2002; Stradling et al., 
1998). However, this does not imply a causal relation-
ship between the two elements. It is also the case 
that aggressive behaviour coincides with risk-seeking 
behaviour. This makes it difficult to draw conclusions 
about the relationship between aggression and road 
safety. The literature leaves the impression that there 
is a coherent behavioural pattern of a combination of 
various aggressive and/or risky behaviour types that 
result in a dangerous driving style. However, for the 
time being it is not possible to quantify the risk associ-
ated with this risk factor.

Fatigue

Fatigue is most probably a much more frequently oc-
curring factor in increasing risk than data from police 
reports shows. Participating in traffic whilst fatigued is 
dangerous because, in addition to the risk of actually 
falling asleep behind the steering wheel, fatigue reduces 
general ability to drive (keeping course), reaction time, 
and motivation to comply with traffic rules. Research 
shows that people suffering from a sleep disorder or 
an acute lack of sleep, have a 3 to 8 times higher risk of 
injury crash involvement (Connor et al., 2002).

Distraction

Like fatigue, distraction is probably a much more fre-
quent crash cause than reported police data shows. 
Currently, one of the more common sources of distrac-
tion is use of the mobile phone while driving. The per-
mitted hands-free option does not reduce the effect of 
distraction either (e.g. Patten et al., 2004). The most 
well-known and best research into the risk of using 
a mobile phone while driving indicates an increase in 
risk by a factor of 4 relative to non-users (Redelmeier 
& Tibshirani, 1997; McEvoy et al., 2005). Other stud-
ies show a similar risk increase (for an overview, see 
Dragutinovic & Twisk, 2005). Other activities such as 
operating route-navigation systems, tuning CD-players 
and radios etc. can also be a source of distraction, as 
can activity such as eating, drinking, smoking and talk-
ing with passengers (see Young et al., 2003).

■  2.1.3. �Increased understanding of road  
traffic safety

Much can be understood about road safety from 
the fundamental risk factors: speed, mass and vul-
nerability. Research results from the past teach us 
this. They also identify where the opportunities are 
for improvement. Users of motorized two-wheelers 
have the highest fatality and injury risk in road traffic, 
which can largely be explained by a combination of 
high speed with the relatively low mass of the vehicle 
in conflict with other motorized traffic, as well as poor 
crash protection. On top of that, mopeds are popular 
with young people who have yet to obtain a driving 
licence. This group already has a relatively high risk 
in traffic because of age-specific characteristics and 
needs, and lack of experience.

Currently, car occupants have the major share of the 
total number of road fatalities because of the relatively 
high kilometrage travelled in cars. On the one hand, 
the car is a fast and weighty opponent in conflicts 
with two-wheelers and pedestrians who also com-
prise especially vulnerable road users, such as chil-
dren and the elderly. On the other hand, the car is the 
vulnerable party in terms of weight in conflicts with 
heavy goods vehicles and not very ‘forgiving’ road-
side obstacles. Young people are an especially high 
risk group of those involved in serious crashes be-
cause of their lack of driving/riding experience and 
age-specific characteristics. Elderly road users (of 75 
years old or more) are as a car occupant the next 
most important risk group because of their physical 
frailty. 

Safety on roads can also to a large extent be explained 
by a combination of fundamental risk factors. For 
example, serious crashes outside urban areas, and 
particularly on rural 80 km/h roads, are dominated by 
single-vehicle conflicts along sections of road. These 
are usually the result of inappropriate speeds, pos-
sibly in combination with other factors which increase 
risk, such as alcohol consumption, distraction and/or 
fatigue, and the fact that many roads are not ‘forgiv-
ing’; this results in errors being punished with (severe) 
outcomes. Intelligent Transport Systems that keep 
speeds within limits or which monitor the driver’s 
state, could reduce risk here, but the road and road-
side could be designed in such a way that errors are 
not punished with severe outcomes. On urban roads, 
transverse conflicts, in particular, predominate. On 50 
km/h roads, in particular, where most people are killed 
in urban areas, mass differentials and the vulnerability 
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of road users are important factors, combined with 
comparatively high speed, and the vulnerability of ve-
hicles in transverse conflicts. In the Netherlands, the 
risk of being involved in a crash is highest on urban 
50 km/h and rural 80 km/h roads. Motorways are the 
safest roads when it comes to crash risk. This is due 
to a combination of road design (and vehicles allowed 
on this type of road) which is appropriate for high driv-
ing speed, both physically (separation of driving di-
rections) and psychologically (predictable design), so 
that high speeds can be managed in relative safety.

In general, road safety has improved enormously 
over time, and the Netherlands is one of the safest 
countries in the world. The rate of improvement in 
the Netherlands has also been high in the past dec-
ades. This is partly due to a learning society, which 
has grown used to modern, fast traffic. In addition, in-
frastructural adaptation has taken place (such as the 
construction of relatively safe motorways), second-
ary safety in vehicles has been improved, and there is 
more safety legislation and enforcement which takes 
account of factors which increase risk and reduce in-
jury (such as alcohol consumption in traffic, and man-
datory crash helmet and seat belt use respectively). 
These measures have also contributed to reductions in 
the number of traffic fatalities and injuries, despite in-
creased mobility. The SUNflower research has made 
these possible explanations plausible (Koornstra et al., 
2002) and is supported by other scientific literature (Elvik 
& Vaa, 2004). But, as yet, we do not have a totally con-
clusive explanation for these improvements.

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

Taking into account the analyses and risk factors which 
have been discussed previously, the next question is 
how road traffic crashes originate and how the factors 
mentioned play a role in this. In identifying the cause 
of crashes in whatever system, man is always quoted 
as the most important cause of crashes. People make 
errors, no matter how hard they try not to. At the same 
time, people do not always (intentionally or otherwise) 
obey rules designed to reduce risks.

The original version of Sustainable Safety (Koornstra 
et al., 1992) took as its starting point the well-inten-
tioned road user who is, unintentionally, fallible. The 
contribution of (intentional) violations to dangerous 
traffic was considered to be extremely small, and vio-
lations were consequently not specifically taken on 
board in the vision. We can, nevertheless, question if 

this supposition was correct then, or if it can continue 
to be neglected these days.

An opinion which is often expressed is that crashes are 
caused by antisocial road users who grossly disrespect 
all rules. This feeling is perhaps nurtured by television 
programmes, watched from a comfortable chair in the 
living room, in which characters who grossly offend 
and behave in traffic like kamikaze pilots are pursued. 
People imagine their own driving behaviour to be safe, 
because what one can see on television or on the road 
bears no comparison with how they drive themselves. A 
driver’s own offending behaviour (for instance: speed-
ing just a little or running a red light because there is no 
other traffic) is thought to be safe, because he thinks 
he knows exactly what he is doing, and thinks that eve-
rything is under control. When asked, most road users 
think that they are better and safer drivers than others, 
but statistically this is, of course, impossible. The ques-
tion arises how serious offences actually are for road 
safety, and with what frequency they do cause traffic 
crashes.

In order to get a picture of the extent to which (unin-
tentional) errors and (intentional) violations (see also 
Chapter 1) play a role in crash causation, we look to 
empirical research for a possible answer to this ques-
tion. Studies into crash causes can be classified into 
two groups. The first group of studies takes the crash 
as the starting point and identifies contributory fac-
tors. The second group of studies takes road user 
behaviour as the starting point, and investigates to 
what extent they are related to crashes.

■  2.2.1. Crash research

Research that take crashes as the starting point pro-
duces very diverse findings on the contribution of er-
rors and offences to crash causes. We need to note 
here that most investigations did not look explicitly to 
distinguish between (unintentional) errors and (inten-
tional) violations.

From Australian research based on police registration 
forms (Cairney & Catchpole, 1991), visual perception 
errors emerge as particularly important causes of 
crashes. Fifty percent of crashes involving road users 
reported not to have seen each other. However, since 
this research does not provide any information about 
factors that can be labelled as offences, no inferences 
can be made from this research as to whether viola-
tions are an important factor in crash causation.

2. Road safety developments
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A Swedish in-depth study of Sagberg & Assum 
(2000) found that 30% of fatally injured drivers in road 
crashes had used alcohol or drugs, had not worn their 
seat belts, or combinations of these offences.

Recently, Van der Zwart (2004) found in an investi-
gation based on police registration forms on fatal 
crashes on national roads in the Dutch province of 
Zuid-Holland that 30% of drivers had probably been 
under the influence of alcohol. There was also sus-
picion that in 50% of the crashes, inappropriately 
high speeds had played a role in the causation of the 
crash. In 20% of the cases, it was suspected that the 
people involved had not worn their seat belts.

In similar research – a pilot study – into the causes 
of fatal crashes in the Netherlands in 2003 (Aarts et 
al., in preparation), specific study was made into un-
intentional errors and intentional violations as causes 
of crashes. From the available material, however, it 
proved to be extremely difficult, and in 60% of the 
cases even impossible, to extract information about 
unintentional errors and intentional violations. In those 
cases where a judgement could be made about er-
rors and/or violations, it was found that in about half 
of the cases one or more violations were involved.

In an overview study into the relationship between 
offences and crashes (Zaidel, 2001) based on of-
fence registrations in Israel, Sweden and the United 
Kingdom, it was concluded that, while violations in-
crease crash risk, the (causal) relationship between 
(judicial) violations and crashes is difficult to establish. 
This is partly caused by the fact that the data is too 
imperfect for research purposes.

From the abovementioned studies, no clear picture 
emerges of the relative contribution of intentional vio-
lations and unintentional errors to crashes. It is clear, 
however, that error is not the only factor in the causa-
tion of crashes. We have to bear in mind that viola-
tions, in principle, increase crash risks, but that they 
can lead to crashes perhaps mainly in combination 
with errors made by the driver or by other road users. 
We also need to realize that one violation is different 
from the next (see Chapter 1).

■  2.2.2. �Research into the behavioural  
patterns of road users

One of the most important sources for research 
where driving behaviour or the behavioural tenden-
cies of a driver is related to the driver’s crash history, 
is research using the Driver Behaviour Questionnaire 
(DBQ). Dutch research carried out with car drivers, 
using the DBQ (Verschuur, 2003), shows a strong re-
lationship between violation behaviour6 and crashes, 
as did the results of DBQ studies in other countries 
(e.g. Stradling et al., 1998). To a lesser extent, a strong 
relationship was also found with the frequency of mis-
takes (see Chapter 1). From the research it became 
clear that tendencies to making task performance er-
rors (slips and lapses) have little or no relationship with 
crashes, but the question arises whether this relation-
ship is underestimated due to the nature of these er-
rors or not. Although this research demonstrates a re-
lationship with certain types of dangerous behaviour 
and crashes, it says nothing about the role of errors 
or violations in crash causation.

A Canadian study looked into the relationship be-
tween violations and crashes as evidenced by driver 
behaviour (Redelmeier et al., 2003). The research 
team tracked car drivers who were convicted of caus-
ing a fatal crash, and recorded the crash involvement 
of these offenders in the period following the convic-
tion. The research revealed that, in the first month fol-
lowing the penalty, the chance of being involved in a 
fatal crash was 35% lower than could be expected 
on the basis of coincidence. The research attributed 
this effect to the fact that there were less traffic vio-
lations immediately after the period that the drivers 
were fined. However, this benefit decreased substan-
tially over time and disappeared after three to four 
months.

Out of the above research emerges a strong rela-
tionship, particularly between violations and crash 
involvement. It must be emphasized, however, that 
this type of research cannot say anything conclusive 
about causality between the two phenomena.

■   2.2.3. �The importance of intentional  
violations 

On the basis of empirical research into crash causa-
tion, we can conclude that both errors and (intentional) 
violations play a role in the causation of crashes and, 

6 The questionnaire is particularly geared towards speed violations.
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therefore, deserve a place in the Sustainable Safety 
vision. The role of (unintentional) error seems, how-
ever, to be the most important. How large the share 
of (unintentional) error and (intentional) violation is 
exactly cannot be stated based on current know-
ledge. The picture is too vague. The information that 
can be extracted from police registration forms about 
crash causes cannot be used to identify the underly-
ing causes of crashes. This is not surprising, given 
that this data is gathered primarily with the objective 
of being able to identify the guilty party, rather than 
the underlying causes of a crash. It should also be 
remembered that crashes are always the result of a 
combination of factors.

That unintentional errors still form the lion’s share of 
crash causes is logical on the one hand, given that 
intentional offending in itself never leads directly to 
a crash. Violations certainly can increase the risk of 
error and the serious consequences of these errors. 
However, there is no evidence to support the widely 
held opinion that antisocial road hogs are the major 
perpetrators of crashes. Without doubt, they cause 
part of the road safety problem, if only because other 
road users cannot always react appropriately to them. 
Still, many crashes are the result of unintentional er-
rors that everybody can make in an unguarded mo-
ment.

2.3. What will the future bring?

So much for the past and present. But what will the 
future have in store for us? In order to determine the 
appropriate strategy in a road safety vision and to pro-
pose the right measures, we need to take account of 
future societal changes. After all, Sustainable Safety 
has the ambition to be proactive to anticipate possible 
dangerous developments, tendencies and situations, 
instead of taking action after serious crashes have 
taken place. In the next section, a number of current 
developments relevant to traffic and road safety in the 
Netherlands are outlined.

■  2.3.1. Developments in the Netherlands

Mobility

The first development that is expected to have an ef-
fect on future road safety, is further growth in mobil-
ity. This growth can be mainly attributed to economic 
and population growth (Statistics Netherlands, 2004). 
It is expected that this will set two developments in 
motion. 

Firstly, further growth in car mobility, especially car 
use for social activities (Social and Cultural Planning 
Office of the Netherlands, 2004, in Schoon, 2005), 
with which extension of the road network will not keep 
pace. This means that traffic will become increasingly 
busy, and traffic will also be distributed more evenly 
over time (‘the off-peak hours between peak hours 
will fill up’) and place (‘more cut-through traffic’). The 
exact consequences for road traffic are difficult to 
assess, but they will depend upon the way in which 
people react to ever heavier traffic. More conflict pos-
sibilities will occur, for example because the relatively 
dangerous secondary road network will be used to 
relieve the main road network (see also Figure 1.6). 
At the same time, when so much traffic has to be ac-
commodated, the increased intensity will also result in 
lower speeds, with less likelihood of serious crashes. 
Modal shift may also occur. 

Concurrent with mobility growth, a second develop-
ment is an increase in mileage by heavy goods vehi-
cles and vans (AVV, 2004, in Schoon, 2005). This is 
also related to expected economic growth. The need 
to deliver goods just-in-time, the rise of internet shop-
ping, and the spread of goods distribution centres 
across the country also play a role in this (Schoon & 
Schreuders, 2006). A future new mobility policy may 
have an influence on the distribution of traffic over 
time and place, and also on the choice of individual 
or public transport. We recommend that the various 
options for different mobility policies in a scenario ap-
proach are outlined, and the safety effects ex ante 
assessed. If the safety effects are regarded as un-
acceptable, compensatory measures will need to be 
taken.

Demography

A second development concerns demography 
within the Netherlands. Of particular note are the 
large and increasing numbers of older people, and 
the large numbers of young people born in the 1980s 
(Statistics Netherlands, 2004). Combined with the 
trend of increasing individualism, this is expected to 
result in more single households. It is expected that 
the effect of this will result in facilities being spread 
over larger areas with increasing dependence on cars 
(Methorst & Van Raamsdonk, 2003). Contributing to 
this also is the life pattern of double-income families 
who, in combining (part-time) work, care tasks and 
often considerable commuting distances, will use 
the car more often, having previously gone on foot 
or taken the bicycle (the school trip, for example, is 

2. Road safety developments
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now combined with commuting to and from work; 
Schoon, 2005). This trend is another source of in-
creased car mobility, but also of increased driving 
experience and driving licence ownership in traffic. 
Since children will begin to participate in traffic at a 
later age, they will also need to learn to cope with 
traffic at a later stage (Schoon, 2005). This has a 
possible negative effect on the risk of (young) cy-
clists and moped riders.

Social culture

Developments in various cultural, societal and/or 
age-specific subcultures can also have their effect 
on road safety (Schoon, 2005). There is a trend that 
certain groups of young people in the lower socio-
economic groups in particular (linked with certain car 
types and motorized two-wheelers), regard traffic as 
a playing field where one can let oneself go in risky 
behaviour in striving for sensation. This is also related 
to increased (perceived) aggression and intolerance 
in traffic (“We sometimes have a very short fuse in our 
small country”, see Frame 2.1). This is possibly also 
related to increasingly congested traffic and result-
ing delays when travelling. Leaving aside some, for-
tunately incidental, cases of excessive aggression in 
traffic, the question remains as to the extent that ag-
gression actually leads to more crashes (see 2.1.2.2). 
Nevertheless, it seems to be appropriate here to keep 
a finger on the pulse.

Consumption

The growth in prosperity, linked to the growth in dis-
posable income, is expected not only to result in mobil-
ity increases, but also a more rapid renewal of the car 
fleet. This has benefits for severe injury risk, because 
new cars usually have better primary and secondary 
safety (see also Chapter 5). This will also have an in-
fluence on the increase in technological applications 
in motorized traffic (see also Chapter 6 ). However, 
an increase in consumption possibilities is much less 
positive for road safety when it comes to the number 
of motorcyclists, increased alcohol consumption and 
increasing fatigue – thinking for instance of the ad-
vance of the 24-hour economy (Schoon, 2005).

Quality of life

Increasing prosperity also results in increased im-
portance being attached by society to the quality of 
life. Health, healthy lifestyles and a clean environment 
become important issues. These can be beneficial 

for road safety, not only because of decreasing ac-
ceptance of risks, but also recognition of high-quality 
trauma organization as a secondary effect (Amelink, 
2006; Racioppi et al., 2004). City centres that are not 
accessible to car traffic, and which shift mobility to 
the periphery of urban areas, provide one example. 
This trend is also related to the increased densities of 
urban areas, where congested traffic flows offer op-
portunities for expanding the public transport network 
and reducing car mobility in residential areas (Schoon 
& Schreuders, 2006). In Sustainable Safety, there is a 

‘Short fuses’ in the Netherlands 

‘Short fuses’ occur most often in road traffic 
(61%), and predominantly in men reacting agitat-
edly to other road users (48%). These ‘other road 
users’ are most probably mainly women, because 
they indicate that they always behave in a civilized 
manner in traffic, but they are confronted almost 
twice as often with uncivilized reactions of others 
in traffic compared to on the street. These results 
follow from research carried out by TNS NIPO 
in August 2005, commissioned by SIRE (Dutch 
organization of Idealistic Advertisement). This 
research also revealed that almost everybody 
(90%) considers this type of behaviour as annoy-
ing, and even that 84% of people finds that others 
are more quickly annoyed than 10 years ago.

Frame 2.1.

All this was a reason for SIRE to start a publicity 
campaign entitled: ‘Short fuse’. With this cam-
paign, SIRE aims to hold a mirror up tot people, 
and to confront them with their own behaviour in 
a humorous fashion.
Adri de Vries, SIRE managing director: “We live 
on top of each other, we have little space, we are 
extremely assertive, and we claim our rights im-
mediately. To assert one’s right has become the 
norm, otherwise you are a loser.”

Source: SIRE/Metro
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clear interest in taking advantage of developments in 
urban planning and development. However, it has to 
be said that this has not yet found a firm footing. But 
the interest is there, and it certainly is an issue that 
deserves more attention.

Public governance

Finally, we mention trends in the governance of the 
public sector in relation to developments in society, 
and the relationship between individual and govern-
mental responsibility. Firstly, this concerns the effects 
of governmental organization on road safety. In the 
Netherlands, this is organized in a decentralized way, 
but there is also the increasing influence of Europe. 
The decreased room for manoeuvre in government 
funding, the reduced staff capacity and expertise, the 
decreasing tendency to regulate centrally for execu-
tive organizations, together with decreased frequency 
of inspection of the implementation of measures, 
have to be compensated by the increased responsi-
bility of citizens who, well-educated, do not like to be 
told what to do. In view of this, the central organiza-
tion of a number of traffic and transport matters is no 
longer an issue, and the question arises as to what 
this means for road safety. Chapter 15 will address 
this in more detail. In view of these developments in 
public governance, the high economic importance of 
traffic and transport, the ever increasing traffic con-
gestion which takes up all available physical space, 
and the fact that new consideration has to be given 

to accessibility, quality of life, environment, and road 
safety, decision making processes become ever 
more complex. Extra effort and dedicated knowledge 
is required to allow full consideration of road safety 
in decision making (see also Chapter 15). Add to all 
this the fact of life of more emancipated citizens (see 
Frame 2.2) and the fact that they view road crashes 
as a large problem, this means a growing ‘market’ for 
the societal centre ground.

If we combine this conclusion with the notion that citi-
zens’ support becomes increasingly important, then 
it is clear that the ‘road safety lobby’ has to play an 
important role in the future. Improving road safety and 
realizing Sustainable Safety will benefit from a strong 
road safety advocacy.

■  2.3.2. �International developments that 
are relevant to the Netherlands 

Most European road safety developments are of par-
ticular interest for countries where road safety is at a 
lower level than in a country such as the Netherlands. 
In a number of cases, especially concerning the de-
velopment of a vision and infrastructural measures, 
the Dutch approach to road safety has been exem-
plary (Peden et al., 2004). However, in the future, the 
Netherlands can expect to profit from European at-
tention to better monitoring of road safety policy and 
measures, and exchanging best practice knowledge. 
This fits with initiatives at national and regional level, 

Frame 2.2.

Perception of road safety in the Netherlands

As far as Dutch citizens are concerned, road safety is the highest priority within the theme ‘traffic and 
transport’, and above congestion. Road safety is also considered to be of both societal and personal 
importance. It is remarkable that people do see this subject less as something that should be given more 
priority by government. People obviously think that road safety also is partly a matter of changing attitudes, 
something that we as citizens need to solve together (or is this only something for ‘the others’?).

	S ubject	O f (large) societal	O f (large) personal	S hould get
		  importance	 importance	 government priority

	 Road safety	 96%	 95%	 79%
	 Ignoring traffic rules	 92%	 87%	 80%
	 Infrastructure maintenance	 92%	 68%	 69%
	 Punctuality of trains	 88%	 29%	 79%
	 Travel time	 78%	 47%	 64%

2. Road safety developments

Percentage of respondents who (strongly) agree with the statement mentioned
(Information Council, 2005).
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and hopefully can count on the interest from road 
safety professionals, road authorities, road designers, 
the police and judicial authorities.

With respect to infrastructure, the European Com-
mission is considering drafting recommendations or 
directives, inviting Member States to consider road 
safety and to assess the expected road safety effects 
in their infrastructure plans in a transparent way. The 
expectations for European road safety developments 
are that the emphasis of vehicle-related measures will 
be on intelligent technological systems. However, im-
provements are also expected in the field of second-
ary safety measures (see Chapter 5). In this field, the 
Netherlands, in particular, depends upon international 
developments, the vehicle industry’s own initiatives, 
developments from Geneva and Brussels, and de-
velopments via EuroNCAP. This programme will be 
supported by the European Commission in the future, 
and will lead to safer cars coming onto the market. In 
addition to car front and side (impact) improvements, 
it is probable that more attention will also be given 
to compatibility standards between vehicles (see 
Chapter 14).

With respect to driving skill measures, the Netherlands 
might benefit particularly from licensing arrange-
ments for motorized two-wheelers. Increasing mini-
mum moped rider age in combination with more 
and prolonged education could considerably im-
prove road safety for a vulnerable but also danger-
ous group of road users. Unfortunately, the political 
support for such measures, to date, is lacking in the 
Netherlands.

With the aim of reducing injury severity after a crash, 
the EU is developing an e-Call system. In the event of 
a crash, the system can automatically notify the emer-
gency services of the vehicle location. The objective 
for the longer term is to fit all motor vehicles with such 
a system. Dutch road safety can also benefit from 
these measures in terms of a reduction in severely 
injured road victims.

■  2.3.3. �Increasing mobility, technology 
and consumption

Town and country planning, increasing prosperity, 
and the composition of the population have quantita-
tive and qualitative consequences for road safety in 
the future. Further increases in car mobility dominate 
this picture. The quality of motorized traffic, in par-
ticular, is likely to increase with increasing prosperity 

(secondary safety measures, safety-orientated ITS, 
more attention to health and environment). While this 
may lead to improved occupant safety, special atten-
tion needs to be given to vulnerable road users, par-
ticularly cyclists and pedestrians. The desire for more 
economic growth and the need for the Netherlands 
to increase its competitiveness also puts pressure 
on road safety, as freight flow volumes increase, as 
well as citizens’ fatigue. The increasingly congested 
road traffic will most certainly have an impact on road 
safety, but it is not possible to say in advance if the 
outcome will be positive or negative.

The most important influence from Europe for the 
Netherlands is expected in the area of vehicle safety. 
In the longer term, technological applications, such as 
e-Call and Intelligent Speed Assistance (ISA) systems, 
can make a contribution. Furthermore, road safety in 
the Netherlands could benefit from tighter European 
requirements in various fields (vehicles, driver training, 
professional freight transport, road infrastructure).

2.4. Mapping traffic system gaps 

The previous road safety analyses show that car mo-
bility, in particular, has increased in the course of time, 
with an enormous and simultaneous improvement in 
safety. Much of the latter is due to large and small 
efforts to improve the safety of all the components 
of the traffic system. While mobility is expected to 
grow even more in future, the growth rate is likely to 
be lower than in the past. We need to keep a close 
eye on road safety trends as a consequence of this. 
The growth in mobility has specific consequences 
for combined traffic management as the numbers of 
vulnerable road users, such as cyclists and pedes-
trians, increase. A large proportion of these, in the 
Netherlands, will be elderly road users.

As noted previously, motorized two-wheelers are 
a comparatively dangerous transport mode. This is 	
related to the combination of relatively high speeds 
and a lack of physical protection. Moreover, motor-
ized two-wheelers are popular with young people, 
who run a higher risk of serious crash involvement 
due to a lack of experience and age-specific charac-
teristics.

With respect to safety on roads, rural 80 km/h roads 
and urban 50 km/h roads deserve the greatest atten-
tion. These roads will be considered more and more 
as part of a road network and the optimum use of 
this network. Particularly single-vehicle crashes result 



55

in severely injured victims on these roads. Injury-pro-
ducing side impacts are the main problem at intersec-
tions.

Large differences in mass exacerbate the injury se-
verity of the weaker party. This can partly be allevi-
ated by secondary safety design and equipment, 
such as crash helmets, airbags and seat belts, and 
by pedestrian-friendly and cyclist-friendly car fronts. 
It is preferable, however, to avoid large differences in 
mass and in speed. This not only has consequences 
for the separation of slow and fast moving traffic, but 
also for light and heavy traffic. Into the future, road 
safety should also be able to benefit from Intelligent 
Transport Systems aimed at the detection of obsta-
cles and driver state monitoring and warning.

The important factors which increase risk are speed, 
in particular, and the use of psychoactive substances 

(mainly alcohol and drugs). Other factors that prob-
ably cause crashes far more frequently than can be 
ascertained from (police) records, are issues such 
as fatigue and distraction. Fatigue is expected to be 
an increasing problem in future, as will distraction 
in an era where more and more tasks will be auto-
mated. 

The general crash causation picture is that anyone 
can make unintentional errors and, while these prob-
ably comprise the lion share, violations should not to 
be neglected. At least, violations can substantially in-
crease crash risk, whether a combination of individual 
error, or other road user error. Preventing human error 
from resulting in a serious crash remains a very im-
portant issue for improving road safety. This can be 
reinforced by preventing violations of the limits which 
society has set to address known factors which in-
crease risk.

2. Road safety developments


