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Three questions to be addressed

• How do we measure progress in road
safety?

• Which progress have we accomplished
and why?

• Which next steps can be set?
Dutch answer: Advancing Sustainable
Safety
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Which indicator to use to measure
progress?

• Number of casualties: fatalities and injuries (e.g. KSI)
• Costs (all costs to society)

• Personal risk (casualties/inhabitants): public health
indicator

• Traffic risk (casualties/exposure): indicating safety
quality of road transport system

• A choice for an indicator is a political/policy choice
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Number killed and injured

Social costs

Safety measures and programmes

Safety performance indicators

‘Structure and culture’

External factors

SUNflower target hierarchy
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Road safety data

• Data should be:
complete (underreporting!) 
reliable
comparable, if not internationally harmonized

• Examples:
IRTAD (International Traffic Safety Data and Analysis Group) 
SUNflower (EU project comparing Sweden, UK, NL); 
SUNflower+6 (SUN, Central, South)
SafetyNet (European Road Safety Observatory)

• Data should reflect a road safety paradigm/policy
concept/road safety vision/strategy:

See history of  ‘causes of crashes’
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Road safety ‘causes’ as seen over time 
underpinning policy concepts

Period Characteristic
1900 - 1920 Crashes as chance phenomenon

1920 - 1950 Crashes caused by the crash-prone

1940 - 1960 Crashes are mono-causal

1950 - 1980 A combination of crash causes fitting within a ‘system 
approach’

1980 - 2000 The road user is the weak link: more behavioural influence

2000 - - Better implementation of existing policies
- Systems management perspective, such as ‘Sustainably
Safety' in the Netherlands and ‘Vision Zero’ in Sweden

(derived from OECD, 1997)
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Road safety data + knowledge

Knowledge about relationships
between different layers of the 
pyramid

Safety Performance Indicator 
(SPI) and safety outcome

Policy performance and SPI

Policy performance and 
safety outcome
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Fatalities in the European Union (25)
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Development of traffic safety rates
in SUNflower+6 countries
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Development of personal safety rates
in Europe
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Fatalities by population

2001 2005
EU EU 2001
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Percentage change 2005 on 2004:
number of fatalities
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Mortality rates in Europe (2005)
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Road Safety in Europe

• Halving road deaths over the next ten years
• 2001 – 2010: from 40,000 to 20,000 (EU 15)
• 2001 - 2010: from 50,000 to 25,000 (EU 25)
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European Road Safety Action Plan (I)
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European Road Safety Action Plan (II)
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Evidence based European activities
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Enormous increase in our knowledge: 
scientific research, e.g.:

• The effect of roundabout design features on cyclist accident rate
Accident Analysis & Prevention, Volume 39, Issue 2, March
2007, Pages 300-307
Tove Hels and Ivanka Orozova-Bekkevold
SummaryPlus | Full Text + Links | PDF (138 K)

Source: Accident Analysis & Prevention
Copyright © 2007 Elsevier Ltd. All rights reserved
Shortcut URL to this

page: http://www.sciencedirect.com/science/journal/000145
75

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V5S-4KYY3YB-1&_user=2396579&_coverDate=03%2F31%2F2007&_alid=611833376&_rdoc=1&_fmt=summary&_orig=search&_cdi=5794&_sort=d&_docanchor=&view=c&_ct=2&_acct=C000057015&_version=1&_urlVersion=0&_userid=2396579&md5=34d21a58557c4ef653ca6582ef647ddc
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V5S-4KYY3YB-1&_user=2396579&_coverDate=03%2F31%2F2007&_alid=611833376&_rdoc=1&_fmt=full&_orig=search&_cdi=5794&_sort=d&_docanchor=&view=c&_ct=2&_acct=C000057015&_version=1&_urlVersion=0&_userid=2396579&md5=812a1b35fc8faf855949c8015533be1a
http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6V5S-4KYY3YB-1-3&_cdi=5794&_user=2396579&_orig=search&_coverDate=03%2F31%2F2007&_sk=999609997&view=c&wchp=dGLbVzz-zSkzk&md5=6325b06ed4f8d740d19c88865ae45a35&ie=/sdarticle.pdf
http://www.sciencedirect.com/science/journal/00014575
http://www.sciencedirect.com/science/journal/00014575
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Enormous increase in our knowledge: 
e.g. “Borkenstein-curve” in New Zealand
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SUPREME European Handbook of 
‘best practices’
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General conclusions of SUNflower+6

• Improvements can be observed in all nine countries
• Road safety improvements are not just happening, but more the 

result of continuing, planned efforts
• An increase in the organization of activities and quality

improvement of road safety programmes
• Earlier developments in SUN countries; in Central and Southern 

countries these improvements manifested themselves later
• Policy areas targeted have been similar, measures are of a 

similar nature but, policies implemented differ
• The pace of improvements differed; good safety record is no

reason for poor improvement pace!
• There is room for further improvement in all nine countries
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More and more knowledge available
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Road safety interventions over the years

0

20

40

60

80

100

120

140

1927 1931 1935 1939 1943 1947 1951 1955 1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003

aa
nt

al
 in

te
rv

en
tie

s

algemeen

langzaam verkeer

snelverkeer

In
te

rv
en

tio
ns

General

Slow traffic

Fast traffic



www.swov.nlFred Wegman August 2007

Road fatalities in the Netherlands
since 1950

Fatalities
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Road safety in the Netherlands

• Well developed system of safety legislation and (massive) 
enforcement

• Good safety quality of roads, especially for vulnerable road
users, incl. traffic calming, high quality of motorway network

• We follow UN ECE vehicle regulations and are an active
member of EuroNCAP

• Good system of post-crash care
• We carry out: road safety education, road safety campaigns, 

driver examination
• Etc.

• What next? How to deal with last few percent on non-seat belt 
wearers, dwi’s, speed violators?
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Progress: number of injury accidents
and major road safety events in Denmark
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Major regulatory and enforcement
initiatives taken in Victoria (1989-2004)
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Major regulatory and enforcement
initiatives taken in Victoria (1989-2004)
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Effects in SUN countries: 1980-2000

Saving in fatalities between 1980-2000 attributed to each 
source

Sweden Britain Netherlands

Vehicle safety, seat 
belts,
drinking and driving

48% 54% 46%

Local road 
engineering

4% 10% 5%

Other vulnerable road 
users-related 
measures

38% 29% 31%

Other car occupant 
measures

10% 7% 18%

Total 100% 100% 100%
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Explanations for progress?

• Sound methodology to establish impacts of 
interventions!

• Pay attention to influencing (exposure) and 
disturbing/confounding factors 

• Major positive effects came from engineering 
measures (roads and passive safety in vehicles) and 
road safety legislation + enforcement/campaigns
(alcohol, seat belts, helmets, speed management)
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Progress in the Netherlands: seat belt 
wearing, drinking and driving, 30 km-zones

• On safety performance indicators (SPI’s), e.g.
Seat belts Drink driving Speed management
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Progress in New Zealand: 
cycle helmet wearing rates
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What next? Traditional approach

• Treat high risk groups and take cost-effective
countermeasures, e.g.

Young novice drivers
Black spots
Vehicle inspection
Violators, recidivism

• Certainly progress can be made, but we reach(ed) a 
stage that this will be less effective/efficient
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Fatal crashes in the Netherlands
(2006)
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Development of fatalities on
Dutch black spots (1987-2006)

• Almost no fatalities on black spots anymore: 1.8%
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But,

• We still wish to improve road safety, because
Economical costs (12 billion euro per year) are 
substantial
Societies don’t want to live with preventable crashes: 
we know the causes, we know what to do with cost
beneficial investments

• Formulation of road safety targets (for 2010 and 
2020) is a political statements to express this wish;

However,
• Results in the past are no guarantee for the future!!
• Next steps? 
• A paradigm shift is needed.
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Discussion on a paradigm shift

Relative contribution Driver failures:
‘excess’

Rod Kimber TRL (2003)
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Our fundamental road safety problem

• Today’s road traffic is inherently unsafe
• The road system of today has not been designed with

safety in mind, as is the case with air transport or rail 
transport

• Which means we are almost fully dependent on
whether a road user makes a mistake or error in 
preventing a crash

• The Dutch approach to a solution: Sustainable Safety
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Sustainable Safety

• Sustainable means: we don’t want to hand over a 
road system to our children which, inevitably, results
in the number of road crashes as of today

• Inspired by the UN Brundtland-report on sustainable 
development
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Sustainable Safety fundamentals

• User oriented system approach
• Brings knowledge from different fields together:

transportation planning, traffic engineering, social 
sciences, biomechanics, management, economics

• It is a safe system for everyone
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Sustainable Safety:
the Dutch approach

• 1992: the Sustainable Safety 
vision

• 2005: updated by ‘Advancing 
Sustainable Safety’

• Aims of Sustainable Safety: 
to prevent crashes in 
advance 
and, if impossible to 
reduce crash severity 
(serious injuries virtually
excluded)



www.swov.nlFred Wegman August 2007

Sustainable Safety 

• Philosophy developed in early nineties by SWOV
• Basis for the Dutch road safety policy
• Implementation since mid nineties
• Update in 2005

English version published in November 2006 

Copies free downloadable from 

www.sustainablesafety.nl
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Man is the measure of all things

• Physical properties
Humans are vulnerable

• Psychological properties
Humans are error prone
Humans do not always obey rules
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Proactive approach

• Proactive: preventing system gaps
Intervening in chain of ‘system design’ to ‘traffic behaviour’
as early as possible

Who or what to blame for the 
crash?

How could this happen?
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Proactive approach

• Systems approach: prevention of latent/hidden errors
Intervene as early in chain as possible
Make unsafe acts less dependent from choices of individual road users

Psychological 
precursors of 
unsafe acts

System design

Acts during 
traffic 
participation

Defence mechanisms

Ontwikkeling van 
een ongeval

Quality control

Latent errors

Unsafe acts
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Principles in the advanced vision

Sustainable safety principles
Functionality of roads

Homogeneity of masses and/or speed and direction

Predictability of road course and road user behavior by a recognizable 
road design

State awareness by the road user

Forgivingness of the environment and of road users
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Introduction to Homogeneity & 
physical Forgivingness:
Car – pedestrian collisions
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Reduction of severe injury (I): 
HOMOGENEITY

• Prevention of conflicts
Separate driving lanes for different types of traffic (speed or mass)

Cycle paths and foot paths
Opposite driving directions with high speed: physical separation

• Conflicts unavoidable? Reduce speed!
Lower speed limit
Speed reduction at intersections

Roundabouts
Plateaus



www.swov.nlFred Wegman August 2007

Proposal for safe speeds

Types of infrastructure and traffic Safe travel 
speed (km/h)

Locations with possible conflicts between cars 
and pedestrians

30

Intersections with possible side collisions 
between cars

50

Roads with possible frontal collisions between 
cars

70

Roads with no possibility of side or frontal 
collisions (only collision with structures)

>100
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ANALYSES

DETAILING THE VISION

SPECIAL ISSUES

IMPLEMENTATION

1. Principles of Sustainable Safety
2. Road Safety Developments
3. Sustainable Safety to date:

effects & lessons

4. Infrastructure
5. Vehicles
6. Intelligent Transport Systems
7. Education
8. Regulations and their

enforcement

9. Speed management
10. Drink and drug driving
11. Young and novice drivers
12. Cyclists and pedestrians
13. Motorized two-wheelers
14. Heavy goods vehicles

15. Organization of policy
implementation

16. Quality assurance
17. Funding
18. Accompanying policy

Contents of the book
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Relevance for Denmark?

• Fundamentals are true all over the world
Human being is fallible/vulnerable and makes errors
Risk increasing factors have same nature
Road transport system is inherently unsafe

• Scanning evidence based interventions internationally: 
knowledge transfer

• ‘Paradigm + vision + strategy + plan + implementation’: 
differ all over the world

• www.sustainablesafety.nl
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Fatalities
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Conclusions and recommendations

• Road safety improved considerably in Europe
• More (motorised) traffic was accompanied by an

improvement of the safety quality of the road system
• Societies are not satisfied with safety level of today
• Further improvements are possible, but will have a 

different nature
• Next steps: user oriented, system wide approach with

emphasis on creating a safe environment, preventing
errors/violations (safe roads, technology, etc.)

• Key elements: public awareness/acceptance and 
political will, effective institutional management, more 
integration with other policy fields
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