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1. INTRODUCTION 
 
A BASt-project group of scientists and of practioneers elaborated during 1999 under 
commission of the German Federal Ministry of Transport programmatic proposals for 
new approaches to the improvement of road traffic safety in Germany [BREUER et 
al., 1999]. In this context it is important to take into account the federalistic structure 
of the Federal Republic of Germany with the political independence of the 16 Länder 
in many sensitive areas of road safety like police enforcement, school education as 
well as regional and local authorities investments for the road infrastructure. Federal 
government therefore has always to be aware, that bottom-up activities are 
unavoidable for a sustainable and strategic road safety work. 
 
In the last ten years of the 20th century, 95,000 people were killed on the roads of 
unified Germany and 5 million people injured. Happily, despite the fact that total 
travel is increasing, the number of fatalities is falling steadily and in 1999 totalled 
7,750, the lowest figure since official road accident statistics were initiated in 1953.  
Despite this, however, improvement of road safety remains an on-going and 
extremely important task. 
 
The continual reduction in our quality of life caused by more than 2 million accidents 
each year compels us to concentrate even harder than before on improving road 
safety in the coming decade. Individual and communal awareness of responsibility 
must be heightened and a contribution demanded from everybody. The project group 
proposed to make each individual assume even more personal responsibility – 
particularly for vulnerable road users. 
 
In the age of global communication networks, rapid technological progress, more 
closely integrated economic and industrial areas and grave demographic change, it is 
a fact that well-established values, life-styles and demands are changing more 
quickly than in the past. In view of tight resources and increasing demands, this 
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change in structures and values makes it necessary to use the synergy effects of 
closer collaboration between the health care sector, environmental protection and the 
technologically and economically supported increase in mobility in order to improve 
the standard of life and road safety. In an increasingly close-knit Europe, the call is 
becoming ever louder for accident costs to be carried to a greater extent by the party 
responsible for causing them in order to charge the costs fairly and to encourage 
safe behaviour in traffic. At the same time, the European Union emphasised in its 
most recent action programme that the social responsibility of state and of citizen to 
increase road safety were two sides of the same coin.  
 
In order not to lose orientation and speed in the continual improvement of road safety 
and also to keep step with the European neighbours, the project group proposed to 
make heavier demands on the responsibility of the community and of each individual. 
Clear goals for road safety work are necessary to make this a success and allow us 
all to profit. For the majority of road users contributing is a matter of course – but it is 
only when all contribute and accept the obligation for life-long learning that the 
highest possible level of safety will be reached. 
 
A constant reduction in the number of accidents and victims of these accidents, in 
particular fatalities and the severely injured, will serve as an indicator for the 
improvement of road safety. The aim is to reduce the number of both fatalities and 
severely-injured victims by half in the next ten years [figures 1 and 2]. 
 
The recommendations of the project group are based on the guiding principle that 
road accidents are not simply a fateful, unavoidable side-effect of road traffic and 
mobility but are in most cases result from avoidable human errors. Evaluation of 
accident consequences shows annual damages of approximately 70,000 million DM 
in Germany. Only part of the damage is carried by the parties responsible or by their 
vehicle insurance.  
 
More road safety for all can only be achieved if everybody contributes. For this 
reason all social forces, particularly the state, must work towards everybody making 
his contribution, the stronger assuming responsibility for the weaker and in this way 
creating road safety for all. The individual measures for improving road safety are 
orientated towards specific goals and selected according to efficiency criteria.  
 
The implementation of road safety measures and their effects on road safety should 
be observed and optimised continually. Police accident records are an important 
basis for objective and targeted road safety research. This basis must be maintained 
and improved for minor accidents. 
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Research carried out by the Federal Ministry of Transport, Building and Housing 
must include investigation of strategies, procedures and techniques for improving the 
safety, flow, guidance and management of traffic to better exploit existing capacities 
and must also look into the increased use of other modes of transport to satisfy 
mobility requirements and thereby reduce the load on road traffic. 
 
2. Safety Potential 
 
The accident development in recent years and the development forecast to 2010 for 
Germany show obvious areas for initiating road safety measures. With a generally 
favourable development of accident occurrence the main problem areas in road 
safety are: 

– accidents involving vulnerable road users; 
– accidents involving young drivers; 
– accidents on rural roads. 
 
2.1 Road Safety of Vulnerable Road Users 
Vulnerable road users include children, the elderly and the handicapped but also 
unprotected road users such as pedestrians, bicyclists and motorcyclists. Road 
safety has not by any means developed as well in recent years for unprotected road 
users as it has for car occupants. 
 
! safety potential for pedestrians: 

children between 6 and 9 years of age and elderly people of over 65 years of age 
have accidents three times as often as 35-44 year-old pedestrians; accident 
consequences are particularly severe in the case of elderly pedestrians. Making 
residential areas safe, above all through traffic-calming construction and design 
measures which are friendly to children and the elderly are therefore of high 
priority. It is also of absolute necessity to inform drivers even more intensively 
about age-specific behaviour patterns and the physical and psychological 
restrictions of children and senior citizens and to be even more insistent in urging 
drivers to fulfil their responsibilities regarding vulnerable road users. 
 

! safety potential for bicyclists: 
in the coming years, 15-18 year-old bicyclists, over 55-year-old bicyclists and par-
ticularly over 65-year-old bicyclists will have the highest population-related 
accident risk. Road safety work must therefore provide even more detailed 
information for and about these target groups and propose suitable measures. On 
the one hand the bicyclists must recognise their responsibilities and contribute to 
reducing risk by riding defensively. On the other hand car drivers must take into 
account, and adapt themselves to, the typical behavioural patterns and deficits of 
bicyclists. 
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! safety potential for motorcyclists: 

today, the risk of a motorcycle user being killed in road traffic is seven times 
higher than that of other road users. Total motorcycle travel will increase greatly in 
the coming years. Road safety measures in this field (such as motorcycle safety 
training courses offered by the German Traffic Safety Council and his members) 
are therefore urgently required. As well as intensive education of the 
motorcyclists, such measures should also inform and motivate car drivers to a 
greater extent. 

 
2.2 Road Safety of Young Drivers 
Young drivers present a particular road safety problem. Approximately 22% of road 
fatalities are made up by 18-24 year-olds; this figure is far higher than the 8% of the 
population which they make up. The risk of a young driver being killed in a traffic 
accident is almost three times as high as a driver from the 25-34 year-old age group 
and almost five times as high as a driver from the 35-54 year-old age-group. A 
significant reduction in the number of accident victims in this age group would 
considerably improve the overall balance. 
 
Forecasts lead us to expect that the group of 25-34 year-olds will gain in significance 
with regard to accident occurrence in the future. Measures to reduce the risk-taking 
and improve the road safety of young drivers should therefore if possible also bear 
this group in mind. 
 
2.3 Road Safety on Rural Roads 
Accidents on rural roads have particularly serious consequences: two out of three 
fatally injured road users die on rural roads. Also, the favourable accident 
development on all other categories of roads has not been equalled by any means on 
rural roads. If nothing is done the percentage of fatalities made up by those occurring 
in accidents on rural roads will continue to increase. This constitutes a particular 
challenge for future road safety work. 
 
New accident analyses show that most attention should be devoted to avoiding acci-
dents which occur: 

– due to speeding; 
– due to roadway runoffs; 
– when overtaking. 
 
An ecologically acceptable means of avoiding tree accidents with serious 
consequences would have great safety potential (30% of people killed on rural roads 
are the victims of tree accidents). A differentiation should therefore be made between 
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measures on existing avenues and requirements for the construction of new 
avenues. 
It would exceed the scope of this paper if I listed all the measures. I have therefore 
restricted myself to giving an overview of the different areas in which measures are 
carried out. 
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3. Behavioural Influence 
 
Road traffic regulations and acceptance and observance of these regulations are 
necessary for it to be possible to transport people and goods efficiently and safely. 
More than in other social areas, participation in road traffic requires of participants 
responsible behaviour and consideration for others. Measures aimed at behavioural 
influence must therefore make it clear that road traffic is not a matter of self-interest 
and pleasure but primarily a social task which can only bring benefits for individuals 
by improving safety for everybody. 
 
To a greater extent than in the past it is a matter of making “stronger” road users, as 
the parties which cause most of the road accidents, the central subject of road safety 
work in order to provide better protection for “weaker” road users (children, 
pedestrians, bicyclists). 
 
The main areas in road safety work for carrying out measures to influence behaviour 
are therefore in: 

– road safety education, safety publicity campaigns and driver training; 
– the design and enforcement of traffic law and; 
– the use of positive incentives. 
 
4. Traffic Infrastructure Design 
 
With regard to traffic infrastructure design there are both traditional and newer 
measure areas with high potential for road safety. 

– It is an on-going necessity to recognise local road construction and traffic 
management factors which are conducive to accidents and to carry out measures 
to make accident black-spots less dangerous. 

– In road design, it should not be the case that cross-sections, horizontal and 
vertical alignment, equipment and maintenance are orientated exclusively to the 
dictates of simplicity, traffic flow and the interests of the residents but must also 
guarantee safety. Safety potential is therefore also seen in the area of road 
design. In order to detect this potential it is intended that designs for new roads 
and road improvement should be subjected to a so-called safety audit. The work 
to draw up the safety audit has already begun in a special expert group. 

– Road network planning should also be used not only for regional planning aims 
such as traffic avoidance, traffic reduction in local authorities and good 
accessibility, but also for improving traffic safety. 
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5. Vehicle Safety and Telematics 
 
Traffic safety is not conceivable without improvements in vehicle engineering. Many 
vehicle engineering innovations over the last 30 years were aimed at avoiding or 
reducing personal injury in accidents, so-called passive safety. Here considerable 
improvements have been achieved, both through obligatory equipment regulations 
(e.g. seat belts) and on a voluntary basis (e.g. airbags). 
 
It is intended in future to support and supplement this positive development by using 
vehicle engineering to a greater extent than previously to avoid accidents, i.e. to 
improve active safety. The use of telematics in traffic can also contribute to the 
avoidance of accidents. The project group therefore recommended to attach 
increasing significance to technical innovations which aim to avoid accidents. 
 
6. Emergency Medical Services 
 
The emergency medical services constitute a public task to improve quality of life in 
the area of elementary care and life-saving protection against danger. This sector 
includes first-aid and emergency notification measures as well as the organised 
emergency medical services, clinical care and the post-care of accident victims and 
their relatives. 
 
7. Implementation and Funding of Sustainable Road Safety 
 
The implementation of safety measures and their effects on a sustainable road safety 
must be constantly observed and optimised. It is therefore proposed to use the 
Accident Prevention Report, which has been presented to parliament by the Federal 
Government every two years since 1973, as an instrument for controlling the 
implementation and success of the road safety activities in Germany the call was 
made for the necessary federal funds to be make available in order to guarantee 
planning safety, continuity and consequently the success of a long termed road 
safety strategy. 
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Figure 2:     Seriously Injured in Road Traffic in Germany
- Development and Trend -
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SUMMARY 
 
This paper has been prepared by the Public Roads Administration Vestfold. The 
contents of this paper discuss the results of a study concerning Roundabout safety in 
the Vestfold Region,  Norway. 
 
The main subjects of study are as follows: 
 

A.  Before and after studies of constructing roundabouts and their 
 effect on traffic safety. 

 
B. Accident risk studies for roundabouts during the period 1991 to 

1995. 
 
C. Traffic behaviour studies within selected roundabouts and the 

study of their geometric design. 
 
 
The main results for each area of study are mentioned below: 
 
A. Before and After Studies (22 junctions) 
 

• The studies showed that the number of accidents resulting in injury were 
reduced by 34.5%. 

• The average accident rates were reduced from 0.25 to 0.12 
• Reduced degree of severity in the present accidents. 
• There has been a tendency for bicycle accidents to increase whilst pedestrian 

accidents have decreased. 
 
B. Accident Risk Studies (33 roundabouts) 
 

• The studies showed that the average accident rates were 0.10, which is about 
double the normal values. 

• Low degree of accidents severity 
• 30% of the accidents occur at the entrance to a roundabout, and 20% occur 

during head to tail collisions. 
 
C. Traffic Behaviour Studies (6 roundabouts) 
 

• High speed at the entrance to the roundabouts 
• Poor sight lines in many roundabouts. 
• On average, 20% of the motorists don’t give way at the entrance to a 

roundabout. 
• A total of 37% of the motorists do not give way to pedestrians. 

 
 
 
INTRODUCTION 
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The following paper discusses the results of a study concerning the safety of 
roundabouts in the Vestfold Region in Norway, in the autumn of 1996. 
 
The aims for undertaking the study were to answer the following questions: 

1. Has the construction of roundabouts led to less accidents and a reduced 
accident risk? 

2. Traffic situation evaluation and risk of accidents occurring in roundabouts? 
 
The main areas studied were: 

• The consequence of constructing 22 roundabouts and the effect on traffic 
safety analysed through before and after studies.  

• The accident risk of 33 roundabouts. 
• The assessment of traffic behaviour and geometric design of six selected 

roundabouts. 
 
Almost all the roundabouts in Vestfold County have an annual average daily traffic 
(AADT) of  between 2000 and 20,000 vehicles and are located in the city areas. The 
AADT is defined as all traffic entering the roundabout. Sixty five percent of all 
roundabouts have four junction legs and the remainder have three junction legs. Sixty 
five percent of the roundabouts are of medium size. 
 
 
METHODOLOGY 
 
Methodology for the Before and After Study 
 
The chosen method for the Before and after Study is called "Before and After Study 
with Control Material". 
 
The development of the control material was used to make assumptions about how the 
development would have been in the future without changing the geometry of the 
junction. The diagram below describes the process of the Before and after study. 
 
 
 
 
 
 
 
 
 
 
Figure 1: Diagram of the Before and After Study 
 
 
 
1. Defining population number, length of evaluation periods and accident statistics. 
  

Defining the project Correction of registered 
accidents from before 

situation 
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Calculating accident 
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Calculation of especially 
dangerous junctions 

The results are 
summarised and evaluated
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2. Correction of registered number of accidents in the Before Period to make them 
comparable to the number of accidents in the After Period. The corrections include: 

  
a) The regression effect (UCR) 
b) General traffic changes (Ct) 
c) General accident changes (Cu) 
d) Unequal length of time periods (Cp) 
  
 The corrected number of accidents for the Before Period, Uk is calculated as 

follows: 
 Uk=UCR·Ct·Cu·Cp 

  
a) The regression effect in accident numbers, which means to correct the data for a 
possibly abnormal high accident number in the Before Period; 
 
The formula for correcting the number of accidents for the regression effect is: 

UCR=αααα* U1 + (1-αααα)*U 
 
where αααα=U1/( U1+( U1

2/k)) ,U is recorded number of accidents and k=0.5 for 
junctions on main roads in Norway. The formula for calculating the normal expected 
number of accidents is: 

U1 =AADT*365*UfN*10-6  
 
where UfN is the normal accident rate which is calculated from the average accident 
rates for similar junctions. 
 
b) General traffic changes from the Before Period to the After Period; 
 

Ct=AADTa/AADTb 
 
AADTa is the annual average daily traffic in the After Period 
AADTb is the annual average daily traffic in the Before Period 
 
c) General accident changes from the Before Period to the After Period 
 

Cu=Ua/Ub 
 
Ua is the number of accidents in the After Period 
Ub is the number of accidents in the Before Period 
 
d) Possible unequal length of time of Before and After Period. 
 

 Cp=Ya/Yb 
 
Ya is the number of years in the After Period 
Yb is the number of years in the Before Period 
3. Statistically testing of the changes in accident numbers from Before and After 

situations.  Statistically testing is used to check if the changes are statistically real 
or just caused by casual variation. The aim of the test is to determine if the change 



Experiences with roundabouts in the Vestfold Region. Accidents, traffic behaviour and geometric design. 

Public Roads Administration Vestfold, Norway, July 2000 4

in the number of likely accidents are caused by the construction of the roundabout.  
The test is meant to determine the level of significance, or the probability of a real 
change occurring. 

  
 The figure below shows how large the reduction in number of accidents must be 

(% of given number of accidents from Before Period) to be  statistically significant 
for 5% level of significans (P < 0.005). This means that there is 95% probability 
that the reduction of number of accidents is real. The graph below is based on 

 χ 2 -testing. 
  

  
  
  
  
4. Accident rates are calculated to estimate the probability of being involved in an 

accident. A high number of accidents can be due to heavy traffic and the accident 
rate should also be calculated to describe the traffic safety in the junction.  

  
 The formula for calculating accident rates in the Before and After Periods for each 

junction: 
  

 Uf=U·106/AADT·365·t 
  
 The accident rate, Uf, is defined as the number of accidents per 106 passing 

vehicles through the junction. U is the number of accidents and t is the number of 
years in the period.  

  
 The calculation of the average accident rate with concern on the AADT for a group 

of junctions: 
  

 Uf=Σ(U·106)/ Σ(AADT·365·t) 
  
  
  
  
  
 The standard deviation (spread around the middle value) tells something about how 

much the values for each junction deviate from the average value: 

% 

Number of accidents (Before Period) 
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S=√(((∑∑∑∑(Uf-Ufgj)2)/(n-1)) 

 
S is the accident rate spread inside each group of junctions 
Uf is the calculated accident risk for each junction 
Ufgj  is the calculated average accident risk 
n the number of observations 
  
5. A calculation method built on average values from a large number of known 

junctions in Norway, is used to classify the junction as especially dangerous in the 
Before or After situation.  

  
 The number of accidents will most likely follow a Normal distribution as shown in 

the figure below. 
  

  
  
  
  
 It can be shown that if the junction has a normal level of accidents compared to 

other junctions of the same type, the number of accidents over a period of a number 
of years should with 95% probability be lower than U95: 

  
U95=Un+1,65*√Un 

 
Un is the expected number of accidents that can be calculated from: 
 

Un=365*AADT*t*Ufn*106 
 
Ufn is normal accident rate for this type of junction.  
 
The criteria is that if U>U95, the junction can be classified as especially dangerous. 
The formula for the U95 is empiric and should not be used for small number of 
accidents. 
6. The results of the study are summarised and evaluated.  
 
Please note that in this study the length of the "Before" and "After" Periods are from 1 
to 5 years. The study is based on personal injury accident numbers from the police 

Probability 95% 

Average number 
 of accidents 

Probability 
density 

Accidents 
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authorities which are registered according to the internationally accepted definition of 
a traffic accident. 
 
 
Methodology for the Accident Risk Analysis 
 
The junctions in the Before and After Study have various "After" periods depending 
on when the roundabout was built. To describe the accident risk situation, an accident 
risk analysis was carried out of 33 roundabouts for the period 1991 to 1995. 
 
The accident risk analysis includes: 
 

• The annual accidents for each of the roundabouts. 
• The accident rate for each junction and the average accident rate for groups of 

junctions. 
• Evaluation of the roundabouts to determine if any number can be described as 

especially dangerous. 
 
Methodology for Traffic behaviour studies and study of geometric design 
 
The Traffic behaviour study has the benefit of fieldwork assessment. This gives a 
good impression of the total traffic situation and can supply the accident studies to get 
a better picture of the different conditions of importance. 
 
The roundabouts are all within the city areas and are all described as especially 
dangerous and therefore not representative of all roundabouts. 
 
Behaviour recorded for the study : 

• Vehicle travel speed chosen to travel into and through the roundabout. 
• Vehicles giving way to other vehicles and roundabout users. 

 
The vehicle travel speed was measured in situations with no queue, and over a 
distance of 30 metres before and 20 metres through the roundabout and the junction 
leg with the easiest curve to pass. A minimum of 40 observations was carried out for 
each junction leg. 
 
A recording of vehicles giving way to pedestrians and bicyclists was carried out in 
junction legs with a minimum number of 100 crossings each day for each roundabout. 
 
 
 
 
 
The recorded geometric design includes: 
• The radius for the car lane straight through the roundabout 
• The radius for the central island. 
• The location of zebra crossing compared to the give way line 
• Free sight in the roundabout 
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These registrations are in accordance with the manuals for geometric design and free 
sight given by the Public Roads Administration. 
 
 
RESULTS 
 
Before and After Study 
 
For the total of 22 junctions the results show a reduction in the number of accidents of 
34.5% as a consequence of constructing roundabouts in the period 1991 to 1995 being 
statistically significant.  The construction of roundabouts shows a good effect for this 
region. 
 
The junctions had an average accident risk of 0.25 before changing to roundabouts. 
After constructing roundabouts the accident risk is reduced to 0.12 being a  reduction 
of 50%. However, the accident risk of 0.12 is more than the double of the normal 
value for roundabouts in Norway. 
 
Before roundabouts were in place, 6% of the accidents in the junctions were fatal or 
very serious accidents. After the construction of roundabouts, no fatalities or very 
serious accidents have occurred. 
 
There has been a reduction of nearly 50% of crossing drive direction accidents 
(statistically significant). The material also shows that there has been a reduction of 
pedestrian related accidents by nearly 70%. Head-to-tail accidents are reduced by over 
30% and the accidents where cars crash outside the road has increased with 50%, but 
none of these results are statistically significant. 
 
Accidents including non-motorised road users have led to the increase of bicycle 
accidents and a decrease in pedestrian accidents (not statistically significant). 
 
Accident risk analysis 
 
For the entire 33 roundabouts there is an average accident rate of 0.10 in the period 
from 1991 to 1995 being twice as high as the normal value for Norwegian 
roundabouts. This pattern does not change when one looks at 3 or 4 legged 
roundabouts in groups.  
 
The seriousness of the accidents are low, and there have been no fatalities or very 
serious accidents. 
 
The distribution of accident types shows that 30% of accidents happen at the entrance 
of the roundabout, 20% of accidents occur during head-to-tail collision or single 
accidents, and the number of accidents involving pedestrians are few. 
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Traffic Behaviour and Geometric Design 
 
About 70% of the entrances to the roundabouts have an average speed of 40 km per 
hour or more. This indicates too little deflection in the curve through the roundabout. 
Three of the six checked roundabouts are not built in accordance with the manuals for 
geometric design concerning deflection.  
 
Free sight conditions are not satisfied in more than 50% of the controlled junction legs 
with the main problem being vegetation in the central area. 
 
On the average, 20% of vehicles do not give way to other vehicles at the entrance to 
the roundabout. In some of the entrances over 30% of vehicles do not give way. 
 
The share of motorists who do not give way to pedestrians varies between the various 
pedestrian crossings.  
 
For the checked junction legs, 30% of vehicles do not give way at the entrance and 
40% do not give way at the exit. In situations of conflict between motorists and 
pedestrians a total 37 % of the motorists did not give way. 
 
 
ACTIONS 
 
Two levels of actions aimed to improve traffic safety in roundabouts are given: 
 

1. General Actions 
2. Special actions for each roundabout 

 
General Actions are as follows: 
 

• Road safety education to be made more readily available for school students and 
during driving courses. 

• The dissemination of information related to correct road behaviour.    
• Assure that facilities are built in accordance with the manual for geometric 

design. 
• Assure that vegetation does not hinder free sight. 
• Leading lines should be marked from roundabout entrances and through the 

roundabout area. 
• Reduce driver distraction by minimal use of advertising and traffic signposting. 
• Enforce speed reduction campaigns. 
• Clearly mark pedestrian crossings. 
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The study suggests special actions for each of the 6 roundabouts in the study of traffic 
behaviour and geometric design. The main solutions are as follows: 
 
• To increase the deflection in accordance with the standards of geometric manuals 

by enlarging or reshaping the central island. 
• To reshape the canalisation at  roundabout  entrances 
• To line mark leading lines from the entrance and through the roundabout area 
• To install speed bumps before the pedestrian crossing, forcing for reduced vehicle 

speed in anticipation of pedestrian movements.  
• To install rumble strips prior to road junctions. 
• To reduce the amount of landscaping in the centre of roundabouts with the future 

use of appropriate vegetation such as lawns and shrubs rather than trees.  
 
 
CONCLUSION 
 
The Before and after study shows a good effect of building roundabouts. After the 
construction of roundabouts there have been no fatalities or accidents of a very serious 
nature. 
 
The Accident risk analysis shows that the average accident risk for roundabouts in the 
Vestfold Region is double the normal value for Norway. The severity of the accidents 
is low with no fatalities nor very serious accidents. 
 
Traffic behaviour studies show high speed at the entrance of the roundabouts. On 
average, 20% of the motorists do not give way at the entrance and a total of 37% of 
vehicles do not give way to pedestrians. There is poor sight distance and deflection in 
many roundabouts. 
 
Several actions are suggested to improve traffic safety in general and particularly for 
each of the 6 roundabouts included in the study of Traffic behaviour and geometric 
design. 
 
 
FUTURE DIRECTIONS 
 
There have been limitations in this paper due to the lack of time to clearly elaborate 
on specific areas.  The goal of this section is to discuss topics that could assist with 
continuing future research and assessment.  
 
The survey could be redone in a few years time in order to have results for the same 
junctions to make conclusions for a longer After Period. 
 
For this thesis it would be interesting to look at topics such as the size of the 
roundabout, the speed limits and AADT. 
 
The bicycle accidents have not been analysed in depth, due to the limitations on time. 
However it would be worthwhile for future analysis to combine behaviour studies and 
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the hospital reports of injured cyclists to get a better picture of the real situation facing 
bicyclists and possible remedies. 
 
The in depth accident analysis for each roundabout is a natural consequence of the 
results shown in this thesis. 
 
A standardised way of doing a Before and After Study and also an Accident Risk 
Study would ensure the possibility of comparing the results from different studies that 
result in better data for empiric values. 
 
The behavioural study can be carried out in both dangerous and safe junctions to 
determine any different types of behaviour. This could also explain something about 
the usefulness of the methods used.  
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Abstract
This study investigates the effectiveness of traffic signs, as described in the Vienna Convention, in 

sending information, warnings, and orders to drivers to create a safe driving environment. This study 

assumes signage affects the driver’s mind and consequently driving behaviour. Confusing signage 

therefore increases traffic accidents and traffic disturbances. This paper hypothesizes that:

a)	 Some symbols and signs are ambiguous and not easily understood.

b)	 Some symbols give a meaning different from design intentions.

c)	 Some symbols give more than one meaning.

d)	 Some signs give drivers the impression they are allowed to take actions that are dangerous.

The methodology used is based on field research, interviews, and surveys. Traffic signs and their 

usage were observed, documented, and photographed in 23 countries around the world. Drivers and 

other interested parties were interviewed.

The survey included questions about sixteen traffic signs which need review and reconsideration. The 

surveys were conducted at random to 6,000 drivers in England, France, Iran, Kuwait, Bahrain, and 

Ukraine, i.e., 1,000 forms to each country.

Then the survey forms were numbered and entered into the computer using SPSS statistical analysis. 

The results of this basic statistical analysis validate the assumptions, e.g., that perceptions and 

understandings of some traffic signs are very low (29.07% in the case of  (A,7a) sign), and that the 

ambiguity of such signs can give drivers wrong and dangerous information. This confirms the need 

to review and change certain signs in the context of the technological, geographical, social, and 

psychological developments of mankind, and to standardize signage in view of increasing globalization.
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Introduction
The international community lays great emphasis on traffic safety as it is considered a priority concern, 

due to the great number of traffic accidents.

This interest is shared by government authorities, universities, some public associations, engineering 

bureau, vehicle manufacturers as well as manufacturers of materials used in road construction.

All such parties are engaged in conducting studies, research, and applied experiments in order to find 

the best solutions for road problems and consequently improve traffic safety. Those who follow such 

studies and research find that these stress three aspects:

- The human element and the factors which influence his driving ability.

- Improvement of road engineering and materials used in road construction.

- Development of safety devices in vehicles.

However, the above-mentioned parties do not give due attention to the importance of traffic signs 

which provide communication means for transmitting messages and information from traffic departments 

to drivers.

Perhaps such parties presume that the currently used shapes and symbols of traffic signs are adequate 

designwise, and sufficient to convey accurate and clear messages to drivers, as well as advise them 

of required actions in order to avoid all types of risks that may exist on roads.

In this study, we doubt such presumption and attempt to prove the contrary. This attitude rests on the 

belief that traffic signs need reconsideration by the international community. The numerous developments 

in road quality, vehicle design, as well as driver psychology within the last thirty years (since the 

Vienna Convention was approved), were not matched by any changes in traffic signs to make them 

conform with such developments.

Hence, some signs have lost their significance, while others were found to give more than one meaning 

or convey messages conflicting with traffic safety rules and regulations.

In this paper, certain aspects of the negative impact of some traffic signs as well as proposed rectifying 

solutions are highlighted

However, the main objective of this research paper does not aim at persuading the international 

community to adopt the proposed solutions, but rather, to convince them that the problem exists. 

Thereafter, we hope to persuade them to discuss the general system governing traffic signs and 

introduce improvements thereto.

The final step would be to lay down integrated standards for traffic signs which could serve as a 

worldwide reference.

In this pursuit, we should consider not only the developments that affected roads and their users during 

the past thirty years, since the introduction of Vienna Convention, but also the probable changes that 

may occur within the next three decades.
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Last year at the Malmo (Sweden) conference, 

discussion centered around three traffic signs 

covered by Vienna Convention which need to 

be either reconsidered or cancelled altogether. 

The first was the “Descent”, warning sign      

(A, 2a). We have 

pointed out how most 

drivers misunderstood 

the meaning of this sign 

particularly in the 

countries where reading 

and writing are done from right to left. In these 

countries, many drivers look at the sign from 

right to left, thus (A, 2a) is understood to be 

warning of an upcoming ascent, instead of a 

descent. In order to solve this problem, addition 

of an arrow within the triangle was proposed and 

the merits of this suggestion were elaborated. 

The ratio of those who could recognize the sign 

without the existence of the percentage in the 

upper part of the triangle was (45.80%), while 

those who recognized it with the existence of 

the percentage amounted to (72.50%).

However, when the arrow was added, the ratio 

increased to (95.00%), which is a good outcome 

resulting from just adding a simple arrow to the 

sign (table no.1).  

The second sign was a warning sign indicating 

narrowness in the lane (A, 4b, R). We have

Previous Analysis of Signage Understanding

explained the fact that most traffic departments 

use this sign to indicate a warning against the 

termination of one lane of carriageway, and that 

m a j o r i t y  d r i v e r s  

(82.74%) understand 

this sign

to be conveying such 

message. Then we 

proved that the original 

meaning of the symbol namely to warn against 

narrowness in lanes, shoulders or the end of 

shoulders, but not warnings of an end of lane. A 

new symbol was suggested to indicate warnings 

against the end of carriageway lanes and in       

table (2) we see the proposed a new symbol       

(sign No.3) which was the choice of most drivers, 

when they were asked which sign gave them clear 

message of end of a lane.

The third and last sign was (A, 7a) which warns 

against uneven roads, 

but the majority of 

d r ive rs  (66 .20%)  

understand it to be a 

warning sign against a 

b u m p  d u e  t o  

resemblance of the shape of the sign’s symbol 

with a bump. A proposal was made for 

cancellation of the sign’s symbol from Vienna 

Convention together with the introduction of a

Table No. 2

0.28% Gave No Opinion

Average %
 of the six 
countries

8.92 24.10 42.57 24.13

Table No. 1

4321

Average % of the
right answers in 
the six countries

45.80 72.50 95.00

10%10%

1 2 3

4

10%

A, 2a

A, 4b, R

A, 7a



substitute symbol having quite a different 

appearance from a bump shape but giving the 

desired message indicating uneven road.

In table (3) we see the sign with the symbol that 

was selected by most drivers (Sign no.3) as 

alternative for the sign’s symbol (A, 7a). This paper 

introduces two other signs which need to be 

redesigned or, replaced to improve road traffic 

safety.
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Average %
 of the six 
countries

5.8 32.5 47.3 14.3

0.10% Gave No Opinion

Table No. 3

4321



The Vienna Convention lists 30 prohibitory  
and  restrictive traffic signs: “Prohibitory and 
restrictive signs shall be circular.... unless 
otherwise specified, where the signs in question 
are described, prohibitory or restrictive signs 
shall have a white or yellow background with 
a wide red border: the symbols and the 
inscription, if any, shall be black or dark blue 
and the oblique bars, if any, shall be red and 
shall slope downwards from left to right.”

This definition and the study of the design of 
actual signs show that prohibitory traffic signs 
have no uniform specification. The Convention 
allows a white or yellow background and black 
or dark blue symbols or writing, yet it does not 
state when each colour may be used. The 
Convention also allows the presence or absence 
of oblique bars.

In addition to these 
differences in design, all 
prohibitory signs guide 
drivers of different type of 
vehicles - and a few guide 
pedestrians (figure 1). 
Some signs carry pictorial 
symbols (figure 2), others 
are abstract (figure 3), and 
one sign has no symbol 
(figure 4).

Our main concern here is 
with the absence (figure 2) 
of the oblique bar in most 
of the prohibitory signs, 
even though the bar’s 
p resence  ( f igure  5)  
i m p r o v e s  d r i v e r s ’  
r e c o g n i t i o n  o f  t h e  
prohibitory signs’ message.

There are several reasons for associating the

Prohibitory and Restrictive Signs

6

oblique bar with the 
prohibitory message. The 
major reason is the “no 
smoking” sign (figure 6), 
which may be seen in large 
numbers by everyone daily 
in schools, government 
buildings, hospitals, private 
companies, airports, train 
stations, etc., in all countries 
of the world. This sign’s 
meaning is recognized by 
nearly everyone, including 
drivers, even so it is not a 
traffic sign. Therefore, when 
drivers see a prohibitory 
traffic sign without the 
oblique bar, the sign’s 
meaning may seen unclear 
or recognition may take 
longer.

We conducted a survey where the sign (C, 3a) 
that prohibits vehicle entry was displayed in two 
ways. 1) without the oblique bar, as described 
in the convention, and 2) with the bar added. 
Survey participants were asked which sign 
prohibited vehicle entry (table 4). Almost 70% 
of the  participants chose only the sign with the 
oblique bar. 450 of the 6,000 survey respondents 
(7.5% of the total) said both signs meant no entry 
for vehicles. When asked which sign delivers 
the stronger impact, 401 of the 450 respondents 
(89.11%) favoured the sign with the oblique bar.

The positive effect of the oblique bar on the 
sign’s message can be seen clearly, since in 
Britain and France, where that sign is used without 
the oblique bar, respondents still chose only the 
sign with the oblique bar by 73% and 38% 
respectively. If the numbers in column 4 (table 
4) are added to the total number of respondents

Figure 3

C, 1a

Figure 2

C, 3a

Figure 4
C, 2

Figure 1
C, 3g

Figure 5
C, 4a

Figure 6
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who chose only sign 2 (column 2), these 
percentage will become 77% and 57% 
respectively. Accordingly, 76% (table 5) of the 
total respondents understand or prefer the sign 
carrying the oblique bar as the one giving the 
clearer message.

We believe this large percentage applies to all 
prohibitory signs. Most traffic regulators in the 
world must have reached this same conclusion 
because they started adding the oblique bar to 
prohibitory signs in their countries. This action 
contravened the sign specifications set in the 
Convention. As a result, the Convention officials 
decide to follow this trend-not out of conviction, 
but rather to keep up with the change. The oblique 
bar therefore was added to the prohibitory signs 
in the amendments made to the Convention in 
1995.

However, the Convention did not make the

oblique bar mandatory. On page 43 of the 
amendments, it allowed traffic regulators to omit 
the oblique bar when “appropriate”. The 
amendments also gave no reason for adding or 
omitting the oblique bar.

We see it as necessary that the Convention make 
the oblique bar mandatory based on our survey, 
which proved that most drivers prefer the oblique 
bar because it enhances the recognition of the 
prohibitory signs’ meaning. This can only 
improve traffic safety. All that has been said 
above about adding the oblique bar applies only 
to prohibitory signs and not restrictive signs. The 
later should remain as they are in Vienna 
Convention. The addition of the oblique bar to 
prohibitory signs will divide the two group of 
signs, and so, help drivers to understand which 
signs are prohibitory and which are restrictive. 
The message will be delivered quickly and 
clearly.

KUWAIT	

IRAN	

BAHRAIN	

FRANCE

ENGLAND	

UKRAINE	

TOTAL	

PERCENTAGE %

Table No. 4

1

COUNTRY SIGN NO. 1 SIGN NO. 2

BOTH SIGNS
NO.OF DRIVERS WHO

PREFERRED SIGN 2

212

195

123

411

207

160

1308

21.80

2

744

805

744

380

732

765

4170

69.50

44

--

133

209

61

3

450

7.5

44

--

126

188

41

2

401

89.11

* 72 Drivers did not answer.

3 4

*

Table No. 5
TOTAL NO. OF 

DRIVERS WHO CHOSE
ONLY THE SIGN WITH

OBLIQUE BAR

4170

69.5

401 4571

NO. OF DRIVERS
WHO PREFERRED

SIGN 2
TOTAL

PERCENTAGE % 6.68 76.18



Protecting children against danger is the 
responsibility of their parents and society. Among 
life’s dangers to children are traffic accidents. 
Their parents are responsible for driving safely 
and obeying traffic rules to set a good example 
for their children and so provide them with a 
sound driving education. The community is 
responsible for enacting traffic laws that protect 
children in the street and in areas where the are 
concentrated, such as schools and playgrounds. 
These laws include provision of adequate lighting 
at street-crossings, a sufficient number of traffic 
signals, and signage to regulate children’s street-
crossing and warn drivers of their presence.

The Vienna Convention has only one traffic sign, 
A-12 (figure 7),  that 
spec i f i ca l ly  p ro t ec t s  
children. This sign warns 
drivers of road sections that 
children frequent, such as 
streets near school exits and 
playgrounds.

Having one sign is not only inadequate for 
regulating children’s street-crossing, but it may 
also increase risks because the same sign will be 
used near schools as well as near playgrounds 
and other areas. This constitutes wrong usage 
because the principle of any standard requires it 
to be clear and have only one meaning to avoid 
causing confusion.

The use of sign A-12 at areas other than near 
school will endanger children, because our survey 
has show that most drivers see it as a warning 
for school street-crossing. Of the drivers we 
questioned in six countries, 96.65% identified 
sign A-12 as a school warning sign (table 6). 
These drivers, at times when schools are closed 
(late afternoon, holidays, semester breaks, or 
summer vacation), may believe increasing 
attention and slowing down are unnecessary 
because no children should be around. This non-

response to the warning sign used near 
playgrounds would expose children at 
playgrounds to greater danger.

Another reason why warning signs for school 
area and playground area should be different, is 
children attend school at times that differ from 
play times and they behave differently when 
going to and from school than they behave when 
playing games. We therefore propose creating a 
separate warning sign for playground areas (figure 
8). This symbol is taken from the American sign 
W14.1 (photo 1).

Another sign needing creation is one to warn of 
children playing in the street. This would be used 
in narrow streets, particularly in cities, where no 
dedicated playground areas exist and where 
children tend to play in the streets near their 
homes. Also, vehicles parked on both sides of 
such streets obscure the sight of children playing
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Figure 7
A, 12

Photo 1
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Figure 10

or crossing the street. The symbol for this sign 
(figure 9), a child chasing a ball from behind a 
standing vehicle, is based on a Canadian sign 
(photo 2).

These symbols are easy to understand. Our survey 
asked “which of the warning signs (table 6) 
indicate: 1) a school, 2) children possibly at play, 
and 3) a playground?”.

Correct responses were high. 
92.42% of those surveyed 
identified figure 9 as a 
warning that children 
playing in the street. 90.33% 
of those surveyed identified 
figure 8 as a warning of a 
playground area. These percentages prove drivers 
would easily understand the proposed new signs.

We also recommend creating a sign that specifies 
street-crossings for 
children near schools 
area (figure 10). Such 
a  s i g n  w o u l d  
resemble sign E, 11a 
(figure 11) in the 
Vienna Convention 
for use at pedestrian 
street-crossing places. 
This sign would be 
important not only for 
drivers, but also for 
ch i ld ren ,  whose  
safety would be 
enhanced by showing 
them where to cross 
the street.

Figure 11
E, 11a

Figure 8

Figure 9

Photo 2

Table No. 6

KUWAIT	

IRAN	

BAHRAIN	

FRANCE

ENGLAND	

UKRAINE	

TOTAL	

PERCENTAGE %

1

SIGN NO. 1 SIGN NO. 2

988

917

988

985

882

785

5545

92.42

2

984

912

988

984

874

673

5420

90.33

993

991

1000

996

989

830

5799

96.65

COUNTRY

3

SIGN NO. 3



Summary
We conclude that this primary study on the efficiency of traffic signs, as a means of transferring a 

clear, precise and understandable information and messages from the traffic departments to the drivers, 

numerous remarks and facts arise which call for attention and concern of Government officials and 

Researchers in this field. The key facts are:

a)	 The symbols and signs are ambiguous in their meanings and are not easily understood, so they 

need to be corrected.

b)	 The symbols in the signs which give a different meanings apart from what they have been designed 

for, should be changed.

c)	 There are some symbols used in signs which are  confusing for the drivers, so should be avoided 

and replaced with new ones.

Needless to say these problems in the system of traffic signs as described in Vienna Convention will 

have effects on driver’s understanding of the changes in road situations which affect driving behaviour 

and attitudes in a way that will increase the road accident rate. This study aims to reduce this effect 

by achieving the highest level of accuracy and transparency of messages, and to reach a uniformity 

of signs, which helps the drivers to respond appropriately to any type of message by establishing a 

level of familiarity with and prior knowledge of the meaning and use of signs in various situations.

Finally, the results of this initial study ascertain the needs for serious and rapid reconsideration and 

amendments to be done on Vienna convention to match the technical developments and changes in 

roads, and for the personal and psychological changes in users.
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Results of EU-Project “DAN” (Measures for Novice Drivers) 
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Pretoria, South Africa 

 
Novice drivers are involved in road accidents to a great extend. The objective of the 
EU-Project “DAN” (Description and Analysis of Post Licensing Measures for Novice 
Drivers) was to elaborate recommendations to solve this problem. The project, 
focussing on the situation in EU-countries, was partly financially supported by the 
Commission of the European Unions.  
 
In a first step a recent inventory of Post Licensing Measures applied in the EU was 
established. In a second step a qualitative analysis of advantages and disadvantages 
of the different measures was elaborated based on results of evaluation studies 
where available, on opinions of experts participating in an international workshop and 
on theoretical background. 
 
As a result of this project, carried out in 1999 and published early in the year 2000, 
recommendations were addressed to experts as well as to national and EU-
politicians for possible future implementation of certain measures in order to save 
lives of novice drivers. The main results of the DAN-analysis are summarised in form 
of recommendations.  

1. An extended supported learning period for novice drivers regardless of age 
should be implemented on mandatory basis at least stepwise.  
The disproportionate accident risk of novices indicates that the present driver 
education in the EU can still be improved. Driver education and the following phases 
should be harmonised and form a continuum. Post licensing measures should not 
rely on single components, but they should form a net of elements that supports safe 
beginning of driver’s career. 

2.The measures of the extended supported learning period for novice drivers 
should be sufficiently differentiated. Novice drivers and their problems are 
different. 

Two approaches are required:  

• General prevention for all novice drivers: A general preventive multiphase 
education which also makes use of the intermediate phase including in-car 
training as well as psychological elements concerning personal attitudes.  



 

 

• Individual rehabilitation for violators only: Driver improvement courses in the 
sense of rehabilitation focussing on personal characteristics and attitudes lead by 
psychologists or driving teachers. The more precisely the offence is a symptom of 
a socially problematic character the more rehabilitation courses shall be carried 
out by psychologists. At least in case of alcohol- or drug-abuse in traffic and 
repeated other serious traffic violations a psychologist shall be entrusted with the 
course. (Alcohol- or drug-abuse does not affect all novice drivers and cannot be 
solved with general preventive measures.) 

3. A probation period with demerit point systems and feedback of about two to 
five years for novice drivers as well as a central index of traffic offenders 
should be implemented.  
These are frame conditions to support an optimal execution of the measures of the 
extended supported learning period and to provide a comprehensive data basis for 
evaluation. Additionally, it can be assumed that this period “under observation” itself 
has a general preventive effect. 
4. Safe driving courses have to avoid that participants over-estimate their own 
skills after participation or get a misinterpretation of drivers task only as a task 
for mastery of vehicle manoeuvring or single emergency situations.  
Demonstration of risk should be rather emphasised than purely training. Although 
skidding is attractive to young people the course intention is to develop safety 
attitudes. Safe strategy should be emphasised: to keep out of dangerous situations 
rather than to cope with those. 
5. Individual feedback is an important element of any post licensing measure.  
It can also be given in group sessions with maximal 10 participants. Additional driving 
lessons in real traffic for evaluation of driving skills and styles are a recommendable 
method to realise an individual approach. 
6. A zero-Alcohol limit for novice drivers should be introduced. 
7. Specific speed limits for novice drivers or mandatory curfews shall not be 
applied.  
Specific speed limits obviously bear additional risk factors. Late-night or weekend 
curfews shall only be promoted on a voluntary basis. At the same time subsidiary 
mode of transportation (e.g. “Disco Busses”) have to be organised. 
8. Quality assurance systems for post licensing measures have to be 
implemented.  
A standardised quality system assures a regulated conduction of post licensing 
measures and a transparency for the client, who is not able to judge whether a 
measure is appropriate or not. And it is the basis for further development of the 
measure. A quality assurance system must also include periodical further education 
and supervision of the staff. 
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ROAD SAFETY IN GREECE 
 
Maria Sakki, Civil & Traffic Engineer 
Head of Road Safety Equipment Division 
Road Maintenance Directorate, Gen.Secretariat of Public Works 
Ministry of Environment, Planning & Public Works ( E.P.& P.W ) 
July 2000 
 
1.  Background Data  
 
Greece has an area of 131.957 sq.km and a population of 10.264.156 inhabitants ( last census in 
1991), of which approximately 1/3 lives in the greater Athens Area ( FIG.1, FIG.2 ). 
 
The country has a dense road network - its length covers 115.000 km - , split in three categories as 
follows :                 
 
10.000 km of National Roads ( of which approx. 500 km are Motorways ) 
30.000 km of Departmental Roads and 
75.000 km of Municipal and Local Roads 
 
There are about 4 million motorvehicles in Greece. 
 On 31.12.1996 there were: 
- 2.349.099 passenger cars 
- 910.557    trucks 
- 518.500    motorcycles over 50 c.c. 
-    25.120   buses and, 
- more than 1.500.000 mopeds , used widely especially in the Athens area, because of  the car 
circulation restrictions during the working days of the week. 
 
In 1998 , a total of 24.862  road accidents occurred in Greece , in which 2.195 persons were 
instantly killed and 33.450 were injured ( 4.831 very seriously ). 
These are the usual accident rates almost every year.  
As in most countries, road accidents are registered by the Statistic Service of the Traffic Police  
( only where human damages- deaths and injuries- are involved ) . 
Road Accidents are also registered by the Statistic Service of the Insurance Companies Union 
which also includes material  damages. 
 
The total distance travelled in Greece has not been calculated since many years, but it is based on 
rough estimates. It may be noticed that this value ( vehicles x Km ), estimated in a FERSI / ETSC 
Report for 1998 without taking into account the number of mopeds ( which are very much involved 
in the correlated number of road accidents ) presented a higher accident rate for Greece. 
Unfortunately the absolute values of annual accidents and victims are increasing in Greece (FIG.3), 
however much less than the annual increase of the number of vehicles , which is among the highest 
in Europe (FIG.4).So, there is a constant decrease of accidents rates per 1000 motor vehicles(FIG5)  
 
2.  History: road safety situation , policies, plans and programmes 
 
The first road safety measures after the 2nd World War were practically taken in Greece by the 
Highway Circulation Code published in 1959 ( which became a law in 1962), as well as by the 
establishment of the new traffic signalling and signing system in Athens . 
After the Vienna (1968) and Geneva ( 1971&1973) Conventions for the Road Signalization and 
Circulation signed also by Greece, the above mentioned Code was replaced by a new law in 1977. 
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The Code was the base  for the road safety in Greece for many years, but road accidents continued 
to increase, especially during the days with traffic peaks ( holidays,long week-ends etc).  
As in most countries, the authorities blamed road users as responsible for the 90% of the accidents, 
due mainly to their high speeding, wrong behaviour, abstraction etc. and the recommended remedy 
has almost always been the strict «punishment» of the driver! Still it is considered that the main 
responsibility for the road accidents belongs to the drivers. 
The first scientific analysis of the road accident problem was elaborated by the Ministry of E.P. & 
P.W. in the early 80’s. The product of this analysis was the determination of  black spots on the 
national road network and the proposed short term interventions, realised in the frame of the Road 
Maintenance Programmes (1985 ). In general, there were no special safety budgets.. 
In 1986 , the Year of Road Safety, Greece participated actively in the campaign initiated by the 
European Commission . 
The results of the above mentioned actions became  evident in the relevant diagrams, showing the 
decrease of road accidents in the years that followed ( 1987, 1988). 
Unfortunately, this systematic policy for the national road infrastructure initiated by the Ministry of 
E.P. & P.W did not find imitators among the partners and Authorities  responsible for the rest of the 
road networks (regional and local ones), as well as the other accidents’ factors ( drivers, pedestrians, 
vehicles , enforcement procedures etc. ) 
Therefore, no systematic road safety policy was carried out in the late 80s and in the early 90s. The 
main co-ordination among the authorities and “third parties” competent for the road safety 
responsible in Greece, was achieved during the elaboration of the new code of 1992 and during the 
interministerial meetings aiming at the measures to be taken for the prevention of road accidents 
during  holidays, when traffic flows  are very high. 
 
3. Today: characteristics of road safety policy in the mid 90s 
 
The main objective of the Ministry of Environment, Planning &  Public Works (E.P & P.W. ) for 
reducing the road accidents in Greece is the transformation of the important road axes with high 
traffic flows into Motorways (approx. 3000 km of highways, FIG.6).The Annual Maintenace 
Programmes of the Ministry ( about 1 million EUROs) include also the low cost interventions on 
the national road network. Only in some cases there are special safety budgets available.The 
regional bodies are responsible for the rest of the road network. 
Besides the above mentioned objectives, there has been a number of other actions, less costly but 
more dedicated to the Road Safety. 
In 1994, with the initiative of  the Ministry of E.P & P.W. , THE WHITE BOOK on Road Safety 
was published by an appropriate committee of experts. At the same time the Technical Chamber of 
Greece (T.E.E.)  financed a similar  Study on Road Safety and  the 1st Congress of Road Safety was 
held in Greece , co-organised by the Aristotelian University of Thessaloniki  ( A. U. TH ) and the 
Ministry of E.P. & P.W 
These actions were the preliminary steps of  another  more important and mature action, which was 
the establishment of a parliamentary committee, reinforced with experts of the Administration, 
Universities and non profit “ third parties”. 
The product of the above mentioned committee’s work was the report in depth on Road Safety with 
conclusions and concrete proposals, which were adopted by the Greek Parliament, for the first time 
in the road safety’s history. 
The 2nd Road Safety Congress was held in Greece last year and a new Traffic Code has just been 
published, replacing the old one of 1992. 
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During the last 5 years of the struggle against road accidents increase, the following were achieved: 
• Better co-ordination among the authorities and bodies involved and responsible for the road 

safety factors . 
( It is worth mentioning the organisations involved, which are  : 
The Ministries of Transport,  of E.P.& P.W., of Public Order, of Interior,  of Justice, The Regional 
and Local Authorities, Mass Media, Universities and Researchers, Technical Associations as well 
as  
The Automobile, Insurance and Medical Sectors ) 
• The foundation by law of a National Interministerial Council for Road Safety  
• The establishment of a new Road Safety Bureau within the Ministry E.P.&  P.W. , having as 

objectives the elaboration of  the road accident data and the determination of  the black spots in 
order to ensure the continuous improvement of the national roads ( There remains a lack of 
similar actions on the other levels, responsible for the departmental and municipal roads ) 

• The development of the Police Statistics and the connection with the European Data Base 
C.A.R.E  

• Better awareness of the citizens on the road accidents’ problem 
• Better information by the Mass Media .  
• Introduction of the road safety items in education  of children and young people 
• Greater interest by the Authorities ( central, regional and local ones ), especially by the 

Government and the Parliament, towards an effective road safety policy   . 
• Stronger enforcement and control carried out by the Traffic Police  
• Better publicity and campaigns on Road Safety by the parties involved 
• Major improvement of the national road infrastructure 
 
4.  Future : further development  
 
The basic steps have been taken and the foundations have been set for a more effective policy 
towards decreasing of the road accidents in Greece. 
However, the problem is still very much present and there is a strong need for more cost effective 
measures, taken not only by the central authorities but also by all interested parties  on every level. 
The persons and experts involved should be as many as possible, dedicated to this aim and engaged 
voluntarily in the road safety operations. 
The creation of Working Groups of private initiative interested in road safety, gives many hopes 
that the minimization –if not the elimination – of the road accidents, will be achieved finally in the 
near future. 
 
 
Greek Publications consulted : 
 
Studies on road accident analysis and improvement of road safety (1985) 
Highway Codes of Circulation ( 1977, 1992,1999), Greece 
The White Book on Road Safety, Ministry of E.P.&P.W. (1994) 
Parliamentary Committee Report and Proposals ( 1996 ) 
The National Statistic Service publications, Greece  
The National Technical University of Athens ( 1999 ) and  the Hellenic Institute of Transportation 
Engineers  ( 1998 )  Researches on Road Safety. 
The Insurance Companies Publication on Road Accident Data ( 1998 ) 
The Proceedings of the 1st and 2nd Congress on Road Safety in Greece( 1994 & 1998 ). 
Maria SAKKI, Traffic Engineer, Ministry of Public Works of GREECE, Eressou 52, 106 81 
Athens Greece ( Tel.: +301/ 6430612 or / 3807341Fax: +301 / 6434128 or / 3824540 )  
e-mail: jamasak@otenet.gr 
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ROAD SAFETY DIFFERENCES IN THE BALTIC-NORDIC REGION 
 
Ilmar Pihlak, Prof., PhD., Tallinn Technical University 
Dago Antov, IB Stratum, Tallinn, Estonia 
 
INTRODUCTION 
 
The aim of this paper is to compare and analyse the road safety and traffic behaviour of road users in 
the Baltic and Nordic countries (excluding Iceland)- two neighbouring regions between 54 and 
70nothern latitude and 5 and 30 eastern longitude. 
After re-establishing their independence in 1990-91 the differences between the Baltic and Nordic 
countries have started to decrease. 
 
1. BASIC DATA 
 
The main road safety and economic indicators of selected countries are based on official statistics 
/1…8/ and show how the data differs from each other in the big scale, but much more inside the Baltic 
countries (table 1, figure 1). The Nordic countries together with the United Kingdom have the lowest 
risk of road deaths in the world. 
 
Table 1 
Main road safety and economic indicators in selected countries, 1998 
 

Indicator Estonia Latvia Lithuania Finland Sweden Norway Denmark
Population, 1000 1441 2458 3704 5147 8854 4431 5295 
Motor vehicles, 1000 538 650 1100 2329 4145 2213 2179 
Cars per 1000 pop. 312 196 265 393 428 403 343 
M.veh. performance, mill.km 6282 7230 13320 44830 66400 30920 44030 
Fatalities (F) 284 677* 829 400 531 352 499 
Injuries (I) 1990 5364 7667 9097 21356 12472 9175 
F per 100 injuries 14.3 12.5 10.8 4.4 2.5 2.8 5.4 
F per 1 million of pop. 1.97 2.75 2.24 0.78 0.60 0.79 0.94 
F per 10 000 veh. 5.28 10.42 7.47 1.72 1.28 1.14 1.13 
F per 100 mill.veh.km 4.52 9.36 6.22 0.89 0.80 1.14 1.13 
I per 100 mill.veh.km 31.7 74.9 57.6 20.3 32.2 40.3 20.8 
GDP, USD, 1997 7700 5700 6400 20800 20700 26300 24200 
GID, 1997, ranking in the 
world 

46 63 52 11 6 2 15 

Remark: *  7 days data converted to 30 days data by k=1.08 
 
United Nations’ Human Development Report, 2000 /8/ indicates GDP and GID (Global Index of 
Development), which takes into consideration average life time, educational level and income per 
capita. The position number of the country is shown in the last row of table 1.  
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Figure 1. Rate of fatalities (F) in road accidents 



 

 

 
There are considerable differences in road safety situation in the Baltic and Nordic countries, but 
members of both groups have a progress. During the period of 1988-1998 the number of fatalities per 
10 000 motor vehicles have been reduced from 9.6 to 5.3 in Estonia, 19.5 to 10.4 in Latvia, 15.3 to 7.5 
in Lithuania, 3.2 to 1.7 in Finland, 2.1 to 1.3 in Sweden, 2.0 to 1.6 in Norway and 3.8 to 2.1 in 
Denmark. The figure 2 shows the development of this ratio in selected countries during the period of 
1973-1998. 
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Figure 2. Number of fatalities per 10,000 motor vehicles. 
 
The comparison shows, that the today’s safety level of the Baltic countries is comparable to that in the 
Nordic countries in 1970-1975. 
 
Although the definition of injury varies from country to country, the trend of injury data could be 
observed for each country separately. Accident data of the Nordic countries indicate the growth of the 
number of injured road users during last 18 years, except Denmark, in spite of the number of fatalities 
and severe injuries have decreased significantly at this time. 
The progress that the Baltic countries have made in the last decade is not sufficient, thus the experience 
of the Nordic countries could be set as an example for the Baltic countries. 
 
Continuous improvement of road safety indicators in the Nordic countries is a result of regular and 
well-planned activities, based on long-term and flexible 3-years programmes approved by parliaments 
of each country. 
 
The deeper research and analysis between the selected countries is given in following. 
 
2. COMPARISON BETWEEN THE BALTIC AND NORDIC COUNTRIES 
2.1. Accident location 
 
All the selected countries are highly urbanised. There are 69% of Estonian and Latvian, 68% of 
Lithuanian 76% of Finnish, 84% of Swedish, 74% of Norwegian and 85% of Danish population is 
living in urban settlements. When dividing the fatality data by the location we get data as follows in 
table 2. 
 
Table 2 
Fatalities location, 1998 
 
Location Estonia Latvia Lithuania Finland Sweden Norway Denmark 
Urban areas 80 296 361 106 168 71 174 
Rural roads 204 381 468 294 363 281 325 
Total 284 677 829 400 531 352 499 
% of urban areas 28.2 43.7 43.5 26.5 31.6 20.2 34.9 
% of pedestrians, killed in 
urban areas 

12.0 22.0 23.6 9.3 8.1 5.1 11.2 



 

 

 
Fatalities location share between Estonia and the Nordic countries, as well as between Latvia and 
Lithuania is relatively similar. The share of urban fatalities in last two countries is remarkably higher, 
partly because of speed limit of 60 kph, when other countries have urban speed limit of 50 kph. Also 
Latvia introduced the 50 kph urban limit at the end of 1998. The share of urban fatalities was in 1998 
high in other countries with speed limit of 60 kph: Belarus- 42.7, Poland- 48.6, Russia- 51.1, Ukraine- 
61.5, Kazakhstan- 73.7% /9/. 
 
Reducing the speed limit from 60 to 50 kph can reduce the number of accidents and especially their 
severity. The interval of speeds 40…70 kph (at 60 kph limit) which is a hitting speed in most of 
pedestrian accidents, gives an average probability of fatality accidents as 56%, when the interval of 
30…60 kph (at speed limit of 50 kph) is as 40%, data based on Ashton curve. 
 
The share of pedestrian deaths in urban areas from all fatalities was 26% in Belarus, 28% in Russia, 
29.3% in Ukraine and 50.5% in Kazakhstan, as the same percentage in the Nordic countries lies at 
5…11% (data of 1998). 
 
 
2.2. Fatalities by road user groups 
 
Figure 3 shows the share of fatalities (in per cents) by different road user groups. The share of 
pedestrians and car passengers in the Baltic countries is bigger than in the Nordic countries, where the 
share of drivers, cyclists and moped drivers is bigger.  
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Figure 3. Fatalities by road user groups, 1998. 
 
The pedestrian behaviour in the Baltic countries is very risky both on urban and rural roads. Drunken 
walking, red light infringement, walking on right hand shoulder, insufficient use of reflectors, etc. risky 
behaviour is very common. 
 
The maximum difference between the safest and unsafest countries by road user groups are: 
pedestrians 11.8 times, car passengers- 8.5 times, car drivers- 2.8 times, motor cyclists- 5.8 times and 
cyclists and moped drivers- 2.4 times.  
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Figure 4. Number of fatalities per 100,000 of population by road user groups 
 
When the bicycle ownership in Finland is found to be 625 per 1000 inhabitants, and even more in 
Denmark, thus in The Baltic countries this level is approximately 100, but there is a tendency of 
increase. 
 
The frequent use of bicycles and its high safety risk causes a need for the light traffic network 
reconstruction and development. For comparison- there are 3900 km of cycle routes in Finland (1998). 
 
The pedestrian safety is and remains to be one of the main problems of road safety in the Baltic 
countries. 
 
 
2.3. Fatalities by age groups and gender. 
 
Figure 5 shows the number of fatalities per 100 000 inhabitants by age groups. In the Nordic countries, 
the population related risk of fatal accidents is particularly high for age groups of 18…20 and over 65. 
In the Baltic states the high risk population groups are drivers of the age 18...54 In all countries the 
most risky are young people of age 18…20 with relatively low car ownership level.. 
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Figure 5. Fatalities by age groups 
 
 
The young novice drivers with passengers meet particularly high risk at weekend nights, after visiting 
disco-bars or pubs. 



 

 

Male involvement in fatalities and injuries is higher than females, partially because of bigger exposure 
(kilometres driven). 
 
Table 3 
Killed and injured males, 1998 
 
Casualty Estonia Latvia Finland Sweden Norway 
Killed, % 78.2 76.1 72.3 77.2 72.4 
Injured, % 65.4 66.6 … 58.5 … 
 
 
 
2.4. Fatalities by collision types 
 
There are fatality data of collision types share in table 4. 
 
Table 4 
Share of fatalities by collision types, % 
 
Collision types Estonia Latvia Finland Sweden Norway 
Single vehicle accident 35,2 23,5 21,8 30,7 30,1 
Accident between motor vehicles 24,7 28,5 50,3 36,7 
Accident with mopeds or cycles 7,0 6,4 4,5 10,0 

48,3 * 

Collision with obstacle 2,5 7,4 4,2 6,6 4,3 
Pedestrian accident 28,2 33,8 14,0 12,6 14,2 
Other types 2,4 0,4 5,2 3,4 3,1 
Total 100 100 100 100 100 
 
The most common accident type in the Nordic countries is collision between the motor vehicles, 
covering 37…50% of total. In Estonia and Latvia, the share of pedestrian accidents is more than two 
times bigger than in the Nordic countries. 
 
Figure 6 shows the number of fatalities by collision types per 100 millions vehicle km. 
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Figure 6. Fatalities by collision types. 
 
Estonian and Latvian numbers are extremely higher than in Nordic countries, especially by pedestrian 
and single vehicle accidents. 
 
 
 
 



 

 

3. ROAD USER BEHAVIOUR 
3.1. Drinking and driving. 
 
Drinking and driving is legally prohibited in Estonia, where the traffic code states the 0-level. In 
Sweden 0.2, Lithuania 0.4, in Latvia, Norway, Denmark and Finland the 0.5 pro mill level has been 
introduced. In spite of this, drinking and driving is still remaining to be a very serious problem in all 
countries, playing a part in 24% of fatal accidents in Estonia, 25% in Finland and Denmark, 33% in 
Latvia, 17% in Lithuania and 7% in Sweden.  
 
In the Baltic countries alcohol beverages are available during 24 hours during the whole week. In 
Finland, ALKO shops are open from 9 a.m. until 8 p.m. on working days, between 9 a.m. and 4 p.m. on 
Saturdays, when closed on Sundays. The alcoholic beverages sale limitations are introduced in other 
Nordic countries too. 
 
The most effective countermeasures against drinking and driving are total enforcement and drivers’ 
testing with RBT in parallel with forced punishment. 
 
The annual number of RBT in Sweden is about 2 millions, to achieve this level there must be done 
some 900 tests daily in Estonia. Also the legislation support should be developed further, e.g. the error 
pointing system has been planned to introduce in Estonia in the next years. 
 
The RBT started in Finland in 1979 and in Estonia in 1999. There are some results of these tests of 
blood alcohol concentration (BAC) level /10/. 
 
 
Table 5 
Share of drunken drivers by RBT, % 
 

Level of alcohol, BAC per mill Country Period No of tests 
0.01-0.5 Over 0.5 Incl.over 

1.2 
Total over 
0.01 

Finland Jan-Dec, 
1998 

82783 0.88 0.21 0.06 1.09 

June 1999 35650 … 
 

2.00 … 2.00 

July-Dec, 
1999 

48130 … 
 

1.43 … 1.43 

Estonia 

Jan-June, 
2000 

42152 … 0.98 … 0.98 

 
Drinking and driving in Estonia is considerably higher than in Finland. In result of the 1999 campaign, 
including massive RBT enforcement, forced punishment, public campaigns (incl.TV clips) and 
published list of drunken drivers, the share of drinking and driving (drivers with BAC over 0.5) is 
decreased almost twice. 
 
In Sweden, the number of trips driven by drivers under influence of alcohol is estimated to be 3-4 
million trips annually. In average, 0.1-0.2% of drivers are estimated to drive under the influence of 
alcohol or drugs, but at weekend this ratio could reach 0.5% or even more /11/. In an international 
perspective the Swedish numbers are quite low. There are several punishments awarded on drunken 
driving. The driver could be sentenced to drunken driving when during or after drive is found to have 
0.2 per mill BAC and aggravated drunken driving, when the BAC is 1.0 per mill or more. The drunken 
driving will mostly get a summary fine of 40 x one thousand of the suspects yearly income. The 
summary fine will increase progressively as the BAC is coming closer to aggravated drunken driving.  
 
The maximum punishment of aggravated driving is at maximum of two years imprisonment. At a BAC 
level of 0.5 per mill the revocation of a driving license is compulsory. The restriction time of 
revocation is connected to the level of BAC and can be 4…12 months. A person sentenced to 
aggravated drunken driving must undergo a number of medical and psychological testing procedures 
during 18 months. If a driver repeatedly is driving under influence of alcohol the court can confiscate 
his or her vehicle. 
 



 

 

In Finland a driver with BAC of 0.5 per mill can be punished with 30 daily fines or up to 6 months of 
imprisonment. By aggravated drunken driving with the BAC of 1.2 per mill or more, the punishment 
can be 60 daily fines or up to two years of imprisonment. Daily fine is considered to be 1/60 of average 
monthly net income minus 1500 Finnish Marks. 
 
In Estonia, the fine of drinking and driving is 50…150 minimum daily allowances (today 46 EEK or 
approximately 3 USD), revocation of drivers licence for 1…2 years or imprisonment of 15 days. 
Doubled infringement could be punished by fine of 100…250 daily allowances, revocation of the 
licence up to 3 years or imprisonment for 30 days. 
 
3.2. Speeding 
 
There are introduced different speed limits in selected countries. 
 
Table 7 
Speed limits introduced in The Baltic and Nordic countries, kph 
 
Type of road Estonia Latvia Lithuania Finland Sweden Norway Denmark 
Streets, regular 50 50 1) 60 50 50 50 50 
Highways, regular 90 2) 90 70/90 3) 80 70/90 4) 80 70/80 5) 
Motorways: Cars - 110 110/130 6) 120 7) 110 90 110 

Buses - 90 110 80/100 8) 90 80 80 
Vans <3.5 t - 90 110 80 - - 70 

Trucks >3.5 t - 80 90 80 90 80 70 
Remarks:  1) since 1998; 2) cars on selected roads in summer period: 100 or 110; 3) trucks 70; 4) on 
selected roads 90 for cars and buses; 5) cars and buses: 80; 6) on two motorways: 130; 7)on winter: 
100; 8) for special buses: 100. 
 
Because of the higher speed limit on highways and motorways it will be unable for the Baltic countries 
to reach the road safety level common in the Nordic countries. Generally the Baltic highways are 
wider, often unmarked and also the quality of pavement as well as the winter maintenance is not 
comparable with the Nordic roads.  
 
In result of the road users study in Estonia, the majority of road users will accept higher speed limits 
for summer period and decreased speed limits at the winter period /12/. 
 
In Finland, on roads with the speed limit of 60 kph, the driver who speeds up to 20 kph must pay 
500…700 FIM and on roads with speed limit over 60 kph- 400…600 FIM. When speeding is more 
than 20 kph the punishment can be 30 daily fines or up to 2 years of imprisonment. 
 
In Estonia, the punishment of speeding is as follows: 

• up to 20 kph: 1-5 minimum daily allowances (MDA); 
• 20-40 kph: 10…60 MDA or revocation of drivers licence  for 1…3 months; 
• over 40 kph: 60…150 MDA or revocation of licence for 3…6 months. 

 
 
3.3. Use of seat belts 
 
Seat belt wearing became compulsory for drivers and front seat passengers in cars in 1973 in Estonia 
and 1975 in Finland, for rear seat passengers 1987 in Finland and 1992 in Estonia. 
 
The Finnish National Public Health Institute has monitored health behaviour in Finland since 1978 
using annual postal surveys. Estonia connected to this survey in 1990, Lithuania in 1994 and Latvia in 
1998. The primary purpose of the follow-up is to obtain information on health behaviour, use of health 
services and involves a number of questions about traffic behaviour. For these surveys a random 
sample population of each country of age group of 15…64 was selected from the National Population 
Register /13,14,15, 16/. 
 
The results of seat belt usage in 1998 are presented in table 7. 
 
 
 



 

 

Table 7. 
Use of seat belt in selected countries, % 
 
Frequency Estonia Latvia Lithuania Finland 
In the front seat:     

Nearly always 78.1 67.4 75.5 94.5 
Sometimes 11.1 20.0 14.6 4.4 

Never 1.5 3.0 2.8 0.8 
Never use a 
private car 

9.4 9.6 7.1 0.3 

TOTAL 100 100 100 100 
In the rear seat     

Nearly always 11.2 5.1 1.1 75.1 
Sometimes 22.8 13.6 3.8 16.6 

Never 32.8 52.6 60.7 5.2 
No seat belt on 

rear seat 
20.9 18.2 26.0 0.4 

Never travels on 
rear seat 

12.3 10.6 8.4 2.7 

TOTAL 100 100 100 100 
 
From the table 7 and other detailed results of monitoring we can make the following conclusions: 

• There are little difference in use of seat belts in the front seat and a huge difference on a rear 
seat between the Baltic countries and Finland; 

• Females use the seat belt more frequently than male drivers; 
• The use of seat belts is the lowest for male age groups of 16-24; 
• The results of a postal survey are better in general than that of a road survey (in Estonia 

(1999)- in front seat: 65% and 11% on rear seat. 
 
Liikenneturva /10/ had found that in Finland (1998) the share of seat belt users was on rural roads 93% 
and 84% on streets (in front seat), and 72% on the rear seat. The use of seat belts in Sweden and 
Norway is approximately on the same level as in Finland /17/. 
 
Accident registration data shows that the use of seat belts in Estonia in accident situation reaches 48% 
for drivers, 44% for front seat passengers and 19% for rear seat passengers. The use of seat belts can 
reduce the fatality risk about 40%. If the seat belts usage will reach the level of some 90% usage (as in 
the Nordic countries) the number of fatalities could be reduced annually by 0.4*(90-40%)=20%. In 
spring 2000 the campaign of seat belt usage was made in Estonia, in TV and exhibitions. 
 
Many drivers have taken off the front seat head restraints or these are in too low position. In result, 
there are lot of fatalities and injuries, resulting by chaining the victims into wheelchairs for the rest of 
their life. 
 
 
3.4. Reflectors usage  
 
The mandatory use of pedestrian reflectors on rural roads has been introduced in Finland in 1960, and 
in Estonia in 1995 (it was recommended since 1987). Comparison of data in selected countries is 
presented in table 8 /13, 15, 16/. 
 
Table 8 
Use of reflectors, while moving in darkness in areas without lightning, % (1998) 
 
 Estonia Lithuania Finland 
Nearly always 19 3 41 
Sometimes 19 7 39 
Never 62 90 20 
TOTAL 100 100 100 
Remark: answers “never walk on unlighted streets” has been excluded from table. 
 
The most active group in reflectors use are women age 55…64 and most passive- males 15…24. 



 

 

 
There are lot of unlighted streets in urban settlements. The research of Liikenneturva (1997) showed 
that 28% of pedestrian accidents would be avoided when reflectors used in dark and twilight areas. 
26% of Finnish pedestrians used reflectors on unlighted streets /10/. The use of reflectors among 
females is fast two times higher than among males in Finland. 
 
The special campaign in Estonian TV and press has risen the share of reflectors’ usage from 8% (1996) 
to 19% (1998), but this level still remains low when comparing Finland. 
Specially unsafe is pedestrian who moves in darkness or unlighted on the right hand shoulders of 
highway and wearing dark clothes without reflectors. 
 
 
3.5. Wearing of helmet 
 
The mandatory use of motor cycle helmets was introduced in Estonia in 1973 and in Finland in 1977. 
The mandatory use has been followed fast perfectly. While there are any mandatory for bicyclists the 
data is not so good. The share of helmet users in Finland has risen from 4% (1990) to some 23% 
(1998). 
 
 
3.6. Road users opinions. 
 
The survey of health behaviour made a questionnaire of road users- what should be done to improve 
the road safety? Every responder could choose only one answer /13, 14, 16/ 
 
Table 9 
The most important measures of road safety improvement, by road user opinions, % 
 
Road safety measure Estonia, 1998 Latvia, 1998 Finland, 1995 
Use of seat belts 6.7 7.1 27.5 
Speed limits 
 

20.7 36.4 13.8 

Building of light traffic 
routes 

11.7 3.3 15.1 

Highway construction 5.1 7.8 4.7 
Traffic counceling 6.7 6.3 19.7 
Increased traffic 
control 

23.7 16.0 11.8 

Higher penalties 3.3 5.3 4.5 
Continuous use of 
vehicle headlights 

1.1 1.2 0.6 

Improving the quality 
of training 

21.0 16.7 2.3 

TOTAL 100 100 100 
Number of answers 1260 2275 3587 
 
The opinions between the Baltic countries and Finland are very different. 
The three principal measures among Estonians and Latvians are: 

• Increased traffic control; 
• Speed limits; 
• Improving the quality of training. 

 
All three measures are not bounded with road user behaviour but with police, traffic experts and 
teachers of driving schools. 
Same measures among Finns are: 

• Use of seat belts; 
• Traffic counceling after driving school; 
• Development of light traffic routes (there are 4000 km of such routes in Finland already). 

 



 

 

Higher penalties, highway construction and continuous use of headlights (what is mandatory in Estonia 
since 1995 and Finnish rural roads since 1982 and streets since 1997) are considered to be less 
important measures. 
 
 
4. CONCLUSIONS 
 
Presented above results indicate remarkable differences between the Baltic and Nordic countries, while 
split in the motorization ration will decrease year by year. 
The Baltic countries have a goal to join the EU in the nearest future and thus must harmonize the 
transportation situation, including the the road safety with other EU countries. The progress and 
experience of the Nordic countries could be set as an example for the Baltic countries. 
 
The main reasons of insufficient road safety level in the Baltic region are: 

• Baltic countries must reduce the number of traffic fatalities and severe injuries. In the first 
stage the increase of passive safety measures in parallel with speed control (50 kph for 
Lithuanian urban streets) should be put on the first priority. The cost of these measures is 
minor. 

• The change of road users (especially pedestrians) attitudes towards the road safety should be 
developed. 

• Meaningful sanctions against some drivers, especially novice drivers, playing the main role in 
safety (speeding, drinking and driving, lack of skills) must be used. The use of error pointing 
system is under discussion now in Estonia. 

• Wrong attitudes of the society in general towards the road safety must be considered as a 
national health problem. 

• Disadvantages in road user training procedures (especially concerning the drivers’ training 
and children traffic education). 

• National Road Safety programmes should discussed widely in society and approved by the 
parliament. 

• Lack of finances for infrastructure development and road safety activities. 
 
The road safety statistical system differs from country to country (also among the Nordic countries), 
thus the comparison of different aspects is sometimes difficult to consider. An international level of 
road safety statistic system must be marked out, which allows to make regional, continental and global 
comparisons. 
 
In last year (1999) the number of road deaths decreased in Estonia from 284 to 232 or by 18.3%, in 
Latvia from 677 to 652 or 3.7% and in Lithuania from 829 to 748 or 9.8%.   
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INTRODUCTION 
 
The traffic situation in South Africa is not satisfactory at all, judging from recent 
statistics.  The news media, radio and television can only portray a partial picture of 
the actual situation.  Only by looking at the statistics a real picture and an 
understanding of the enormity of the problem can be formed.  In short: it is a national 
problem but has not obtained national priority status among all stakeholders yet. 
In order to form a mental picture of the situation we will look at the statistics for 1998.  
According to the data 641 277 collisions and casualties were reported, 60 794 
people were injured and 9068 died.   
 
Problem statement: 
 
According to statistics there were approximately 13 000 000 learners from Gr1 - 12 
at school during 1996.  With the situation as it is, there are a number of issues which 
must be mentioned and which jeopardise TSE.  

• Education authorities seem not to realise the necessity and urgency of TSE.   

• Traffic Safety Education does not feature clearly in Curriculum 2005.  In other 
words its place is very vague. 

• The teachers are not trained in TSE, it is not included in their teacher’s training 
programme.  They will have to have a good background knowledge regarding 
TSE to recognise and determine its place within the curriculum.   

• TSE can be integrated in almost all the learning areas, but if a teacher does not 
have the knowledge concerning Traffic Safety, he/she will easily overlook the 
possibility of integrating it. 

• There is a great lack of a sense of responsibility with road users and that creates 
a very poor attitude towards safe participation in traffic.  It must also be realised 
that Traffic Safety Education is more than just rules and regulations of the road, it 
is all about attitude and a way of life.  An attitude that life is precious, an attitude 
of respect and sharing of the road.  And it is also about recognising that we are all 
road users from the cradle to the grave and that places a great responsibility on 
each person to use the road with responsibility. 



 

 

A number of crucial questions arose 
It is a known fact that attitudes cannot be changed by legislation, but through 
constant intensive education.  However, education and legislation should go hand in 
hand.   
Questions like these arose: 

• How do we reach the approximate 3 892 480 learners in the foundation grades in 
South Africa with the relevant knowledge, those children who are most vulnerable 
in traffic, but also  

• those who are inaccessible due to distances and remoteness of many schools? 

• How can teachers, who have not specifically been trained in TSE, be supplied 
with the basic background knowledge? 

• How can they be empowered to integrate TSE in the learning programmes with 
the implementation of outcomes based education? 

 
The workshops 
The objective was to, eventually, reach the teaching corps and to help them, through 
the use of teaching materials developed by the National Department of Transport 
specifically for this purpose, to present Traffic Safety Education in schools. 
Initially the Centre for Education in Traffic Safety developed a Traffic Safety 
Education Workshop programme that was offered to the provinces to empower their 
traffic safety officials with the basics of TSE and to have an understanding of OBE.  
The idea was that they should go into their regions and disseminate the knowledge.  
After the presentation of the first of these workshops, we realised that the ideal 
would be to reach teachers themselves and to be supported and serviced by trained 
officials.  KwaZulu Natal (KZN) clearly had the same idea and CENETS was 
approached with a request to conduct workshops in their province. 
The workshop programme was well thought through.  A contract with Department of 
Transport of KZN was acquired and the workshops started in May 1999.  It was like 
new shoes.  As we got on the way, the going became easier and more relaxed.  We 
had good co-operation from the liaison person allocated to us.  He has a good 
relationship with the Department of Education of KZN, who was very co-operative.   
Schools and specific teachers in each region were targeted.  Up to four contact 
sessions or workshops were arranged in a region.  Initially one-day workshops were 
offered, but by popular request the workshops were presented over two days and the 
programme adapted accordingly.  Workshops were often held in remote rural areas 
that entailed travelling long distances, but usually the scenery was breathtakingly 
beautiful. 
A positive note is that in a number of regions the regional managers welcomed the 
workshops, they attended and showed their interest, even if it was only an hour or 
two. 
By the end of March 2000 the number of workshops in KZN came to 33 and 900 
teachers attended.  The feedback received from the teachers, the Department of 
Transport in KZN, and the CSIR was very encouraging and indicated that teachers 
were very positive.   



 

 

The programme 
A comprehensive programme was compiled.  It included the following: 

• Introduction to Traffic Safety Education 

• The limitations of the young child in traffic 

• Trauma that children experience after involvement in an accident 

• The role and effect of alcohol 

• Available programmes and media 

• A recap of OBE 

• STEP within an OBE framework 
The use of the integration manuals to support STEP 

• Other: CITP in OBE 
   The proposed Traffic Safety Education Curriculum 
 
CONCLUSION 
The workshops afforded a number of teachers to come in contact with Traffic Safety 
Education for the first time in their teaching profession. They were supplied with the 
teaching media.  Considering the enthusiasm of most men and women, we trust that 
they went back to their schools able to integrate TSE and with a feeling that they can 
do something worthwhile towards the saving of lives and be of value in their 
communities.   
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ABSTRACT 
 
A heavy vehicle that crosses the central reserve of a motorway may cause a severe accident. There is a 
great risk of oncoming traffic running into the vehicle. Many vehicles run the risk to be involved in a 
crash, resulting in a great number of casualties and big traffic jams on the trunk road network. After 
some of these accidents had occurred in the Netherlands, a discussion started about the containment 
level of safety barriers along motorways. This resulted in a project aimed at the development of safety 
barriers that meet the highest containment level, the H4-level in the European standard EN 1317-2. 
After an investigation of existing H4-safety barriers, new designs were made for a rigid steel barrier, a 
rigid concrete barrier and a flexible steel safety barrier. The rigid barriers are widened versions of 
existing Dutch barriers: barriers with the so-called 'STEP'-profile. The flexible steel H4-barrier is a 
fully new design. In cross-section the barrier has the shape of a triangle which stands on one of its 
angles. If a vehicle runs into it, the barrier will turn over to a certain extent and by doing so it absorbs 
part of the kinetic energy. The deceleration of a colliding car is expected to be much lower (=safer) 
compared to that in a collision with a rigid construction. 
The designs of the H4-barriers were made in conjunction with crashing car and heavy vehicles 
simulations with the use of the VEDYAC computer model. The simulations show that the present 
designs meet the H4-requirements. 
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1. INTRODUCTION 

On November 15, 1995 at about six o'clock in the morning a severe accident happened on the A20 
motorway near the town of Rotterdam. A lorry-driver lost control over his vehicle. The vehicle ran 
into the central reserve, smashed the crash-barrier, turned over and came to a standstill blocking both 
carriageways. The 22 year-old truck driver died in the crash. Because the accident happened on a vital 
part of the road network, it caused an enormous traffic jam. Some motorists had to wait for three 
hours before the police could guide them via secondary roads. Not until noon the traffic in the 
Rotterdam area was more or less back to normal again. 

Accidents like this confront road authorities with the fact that the present safety barriers on 
motorways in the Netherlands cannot prevent heavy vehicles to cross the central reserve and cause 
accidents on the other carriageway. Often, when accidents like that occur, discussions start about the 
present barriers. Questions arise about the need to increase the containment level of safety barriers, 
about which parts of the trunk road network need extra protection and which types of barriers are the 
most suitable for this purpose. 

The Civil Engineering Division of the Dutch Ministry of Transport started a project focussed on 
barriers that are able to stop heavy vehicles leaving the carriageway. The project includes the 
investigation of existing safety barriers and the development of new barriers that are suitable for the 
Dutch practice. The barriers should meet the requirements of 'very high containment' in the European 
standard EN 1317-2 (containment level H4a or H4b, see table 1 and 2 in the appendix). This implies 
that the barriers should be able to redirect a rigid vehicle of 30,000 kg at a speed of 65 km/h and an 
impact angle of 20o (test TB71) or an articulated vehicle of 38,000 kg at the same speed and impact 
angle (test TB81). In addition the barrier should pass a test to verify the safety for light vehicles (test 
TB11). 

 

 

 

 

 
Photo 1-1  Example of an accident in which a heavy vehicle has crossed the central reserve 
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2. PRESENT DUTCH SAFETY BARRIERS 

2.1  Guardrails 

Since the 1960's guardrails have been used in the Netherlands along the motorways. This type of 
crash-barrier has been developed by carrying out a great number of full scale crash tests. Based on the 
results of these tests and experience with guardrails used in other countries, it is assumed that the 
Dutch guardrails meet the H2 level in the European standard EN 1317-2. This implies that the 
guardrail can pass the tests TB51 and TB11. The rail is expected to redirect a bus of 13,000 kg at a 
speed of 70 km/h and an impact angle of 20o. 

The acceleration severity index (ASI) in the test with the passenger car will be below 1.0 (impact 
severity level A). Because of the flexible behaviour of the guardrail during the crash, an important 
part of the kinetic energy of the car is absorbed by the movement of the construction, resulting in 
relatively small risks for the vehicle’s occupants. As the European standard has been established only 
recently, the Dutch guardrail constructions have not yet been tested according to this standard. 
However, activities have started to implement the standards for the existing guardrails. 

 
2.2  STEP-barrier 
In addition to the guardrails, Dutch road authorities use the so-called 'STEP-barrier'. This is a single 
slope barrier with a widening - 'step' - at the base. The slope angle is 8.1o (9 gon under the 400 degrees 
system). The purpose of the step is to reduce vehicle damage in case of minor collisions. The step 
prevents damage to the body of the vehicle during light collisions at shallow impact angles ('grazes'). 

STEP-barriers have replaced the traditional barriers with a New Jersey shape. Evaluation studies 
showed that small cars tend to turn over when colliding into a New Jersey barrier at high impact 
speeds. Impact tests in Europe as well as in the US indicate that single slope barriers reduce the risk 
of turning-over accidents considerably. 

Concrete and steel versions of the STEP-barrier have been tested to class H2 as specified in EN 1317-
2 and appeared to meet the requirements. As expected, the vehicle showed a stable behaviour in the 
passenger car test (TB11) during the collision. The car did not show a tendency to turn over. The ASI 
was 1.4, corresponding with impact severity level B (Drift, 1996). 

 

 

 

 
 

Figure 2-1  Guardrail, STEP-barrier and a traditional New Jersey barrier 
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Although the barrier meets the requirements of class H2, this impact severity is less favourable than 
the impact severity in collisions with the more flexible guardrails. The safety risk for the vehicle 
occupants is larger than in a collision with guardrails. Foreign research confirms the differences in 
risk between flexible guardrail constructions and rigid barriers (e.g. Martin, 1997). The STEP-barrier 
should therefore be suitable for the requirements of the situation. STEP-barriers are for example 
appropriate on roads with heavy traffic and a very narrow central reserve with lighting columns. 
 

3.  EXISTING HEAVY VEHICLE SAFETY BARRIERS 

One of the first parts of the project was a literature review providing information about existing safety 
barriers suitable for heavy vehicles (Pol, 1997). The literature review focussed on information about 
all barriers from Europe, the United States and Japan, developed to redirect heavy vehicles. 
Information from the European test institutes and manufacturers was also included. 

The literature review showed that heavy vehicle safety barriers can be made of either steel or 
concrete. Concrete as well as steel barriers that are suitable for heavy vehicles have been found. In 
situations where there is little space available, rigid concrete barriers with a small working width 
seem the most appropriate. If there is enough space, the more flexible steel barriers seem more 
appropriate in realising a higher level of safety for the vehicle’s occupants. With regard to costs of 
maintenance and repair, the concrete barriers are more economical than the steel barriers. Steel 
barriers sustain more damage after a collision than concrete barriers. 

The available heavy vehicle barriers intended for use on embankments, appeared to differ from those 
used for bridges and viaducts. The safety barriers for embankments are not as massive in design as 
other barriers, due to differences in the foundations of the barriers and differences in the space 
available for deflection. 

Heavy vehicle safety barriers are higher than current constructions. The minimum height is about 1.2 - 
1.3 m. Tests show that a height of about 1.0 m is not sufficient to prevent a turn over of a heavy 
vehicle. An increased height of the barrier also contributes in controlling the vehicle’s cargo. 

Information on the ASI in tests with colliding passenger cars is available of some of the investigated 
barriers. In all cases the ASI is below the highest permitted value of 1.4 in the European standard 
(impact severity level B). In 1997 no barriers that meet ASI < 1.0 (level A) have been found. 
 

4. THE REQUIRED H4 BARRIERS 

In many cases there is not much space available to put a safety barrier. Especially near the towns in 
the west of the Netherlands, the central reserves of the motorways are often very narrow. In addition 
lighting columns often complicate the installation of barriers. Also, on bridges and viaducts the space 
available for barriers is often very limited. 

In situations with not much space available, the Civil Engineering Division decided to develop a rigid 
H4 barrier with the STEP-profile. Such a barrier should match the present H2 STEP-barrier and have 
the same advantages regarding colliding passenger cars in comparison with the traditional New Jersey 
barrier. Impacts should be possible on both sides of the barrier (maximum deflection about 0.80 m) 
and for reasons of continuity in road design the barrier should be suitable for embankments as well as 
for bridges. 

As was mentioned above, rigid barriers are less satisfactory compared to flexible constructions with 
regard to the safety risk for vehicle occupants. Replacing present guardrails by a rigid H4-barrier 
would mean increasing the safety risk in car crashes. Therefore, in addition to the development of a 
rigid H4 STEP-barrier, the Civil Engineering Division started research into an H4 safety barrier with a 
more friendly behaviour in car crashes. This barrier should be able to absorb a part of the kinetic 
energy of a colliding passenger car, in order to meet the impact severity level A, just like the present 
guardrails (ASI < 1.0). 
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In this context a combination of two barriers should also be mentioned. If there is sufficient space, it 
is possible to meet the diversity of requirements of colliding cars and heavy vehicles by using a 
combination of a guardrail and a rigid high containment construction. The guardrail ensures a flexible 
behaviour in car crashes, the rigid construction redirects heavy vehicles. Combinations like this are 
already in use in the Netherlands. 

 

5. WIDENED STEP-BARRIER 

5.1  Geometry 

Based on the present H2 STEP-barrier, calculations were made to determine what adjustments would 
be necessary to meet the H4-requirements. The basis for these calculations is the behaviour of the 
present H2 STEP-barrier in the TB51 tests. The calculations show that the present versions of the 
STEP-barrier are not able to resist the forces of colliding heavy vehicles. In order to meet the H4-
requirements in a satisfying way, the barrier has to be wider. 

The width at the base of the H4 STEP-barrier has been fixed at 750 mm (see figure 5-1). This width is 
sufficient to cope with the forces exerted on the barrier and in addition this size allows the barrier to 
be relatively easy combined with the commonly used lighting columns in the central reserve. The 
profiles at the sides of the impact are similar to the present STEP-barrier. The height of the solid part 
of the barrier is also similar to the present STEP-barrier (900 mm) resulting in a width at the top of 
410 mm. A rail at the top to prevent heavy vehicles to turn over, results in a total height of the barrier 
of 1200 mm. 

 

5.2  Concrete version 

The Civil Engineering Division has designed two types of H4 STEP-barriers: a widened concrete 
version and widened steel version. The concrete H4 STEP-barrier is a widened version of the present 
H2 STEP-barrier consisting of prefab elements linked together by a metal plate. The elements are not 
secured to the ground. The length of the present elements is 6.0 m. For the H4 STEP-barrier this 
length was reduced to 4.0 m per element. Parts at the base of the H4-barrier are hollow, which makes 
it possible to produce elements with the same weight as the elements of the H2-barrier, so that they 
are as easy to handle (using the same crane). 

The Dutch Road Research Safety Institute (SWOV) made computer simulations using the VEhicle 
DYnamics And Crash (VEDYAC) model in order to verify the performance of this H4-barrier design 
(Pol, 1999). The simulations confirm that the H4 STEP-barrier designed, can meet the H4-
requirements. The simulations also show that the displacement of the barrier is largely dependent on 
the joint connecting the prefab elements. Together with the uninterrupted rail on top of the barrier, 
this joint should be able to absorb all forces between two elements. The joint used in the present H2 
STEP-barrier appears to be strong enough for this purpose, but in that case the deflection of the 
barrier due to colliding with a heavy vehicle is unacceptable (> 2.0 m in test TB81). By varying the 
parameters in the simulation model, SWOV has determined what joint is required for the H4-barrier 
in order to reach an acceptable displacement of about 0.80 m in test TB 81. 

 

5.3  Steel version 

The steel H4 STEP-barrier is a widened version of the present steel H2 STEP-barrier consisting of 
5.45 m elements secured to the ground. By choosing a width of 750 mm at the base, the steel version 
of the H4-barrier can be made of the same type of steel (S235) as the present H2 steel STEP-barrier. 
The thickness of the steel plate and the consoles is also the same. 
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Figure 5-1  Widened STEP-barrier, steel version 

 

A critical point in this system is the anchoring of the barrier to the road pavement. There is not much 
information available on the maximum forces anchor bolts in asphalt can endure. In order to gather 
more information, SWOV carried out a number of simple loading tests (Pol, 2000). Three types of 
anchor bolts were tested: two types of adhesive anchors and a mechanical anchor. The anchors 
consisted of M24 studs with an 8.8 quality rating. The tests show that the SR mechanical anchor 
(figure 5-2) can absorb forces that are significantly greater than the adhesive anchors. In the tests the 
maximum tensile force on the SR anchor is about 170 kN (adhesive anchors: about 50 to 70 kN) and 
the maximum shearing force about 140 kN (adhesive anchors: about 100 kN). 

 

 

Figure 5-2  Mechanical anchor ‘Schweizer Riegel’ 

 

 



 

 7

By means of VEDYAC computer simulations, SWOV has determined the forces exerted on the 
anchor bolts of the barrier in test TB81 (Pol, 1999). Comparing these forces with the results of the 
loading tests, shows that the SR anchoring is a good option for anchoring in asphalt at the H4 level. 
Four groups of SR anchors, with four bolts each, are more than sufficient to absorb the forces 
(maximum tensile force in the simulations: 1600 kN; SR anchors: 4 x 4 x 170 kN = 2720 kN). 

 

6. TWOFOLD RESISTANT IRON ANGLE (TRI-angle) 

6.1  Geometry 

In contrast with the widened STEP-barriers, the flexible steel H4 barrier is a fully new design. In 
cross-section this barrier has the shape of a triangle which stands on one of its angles. In its normal 
position the height is 900 mm. This is relatively low. The barrier does not obstruct the view of the 
road users. The width of the construction is 1700 mm. The construction is secured to the ground by a 
hinge (Figure 6-1). 

The TRI-angle should have a 'twofold behaviour': flexible for colliding cars and rigid for colliding 
heavy vehicles. If a passenger car crashes into the TRI-angle, the construction will turn over. By doing 
so the barrier absorbs a part of the kinetic energy of the car. This flexible behaviour of the barrier 
during the crash should result in a gradual transition of the car's speed and direction and consequently 
in a low ASI. A colliding heavy vehicle turns over the construction as well. The heavy vehicle will 
push one side of the triangle to the ground. In that position the TRI-angle becomes a rigid construction 
with a height of about 1.2 m. Calculations show that this height is enough to prevent the truck to turn 
over the construction. 

 

 

 
Figure 6-1  TRI-angle 

 

 

6.2  VEDYAC-simulations 

VEDYAC computer simulations carried out by SWOV (Sluis, 2000) confirm the behaviour as 
described above. Simulating the car collision corresponding with test TB11, shows a smooth 
behaviour of the light vehicle. In this simulation the ASI is slightly higher than 1.0. Based on 
experiences with other simulations and full-scale tests, it may be expected that in a full-scale test of 
the TRI-angle the ASI will be below 1.0. Simulating a heavy vehicle collision corresponding with test 
TB81, shows that the TRI-angle can also redirect a vehicle of 38,000 kg. The vehicle does not turn 
over the construction. The mechanism of turning and moving up the rails at the side of the impact is 
able to prevent this. 
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Figure 6-2  VEDYAC simulations of test TB81 
 

 

6.3  Prototype 

After the simulations a prototype was built, which was used in some simple tests (photo 6-1). The aim 
of the tests was to get more certainty about the performance of the turning mechanism. Collisions 
against the barrier were simulated full scale by using a pendulum (photos 6-2). The kinetic energy of 
the collision in the test was gradually increased. 

The tests with the pendulum showed that the turning mechanism is functioning as expected in case of 
collisions with relatively high kinetic energy. The performance of this mechanism in minor collisions 
still needs some improvement. The behaviour of the barrier in collisions with small cars does not 
seem to be sufficiently flexible. 

 

 

 

 
 

Photo 6-1  Prototype of the TRI-angle 
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Photo 6-2  Test site 

 

 

Besides information about the performance of the turning mechanism, the construction of the 
prototype also provided practical ideas to simplify the construction. At the moment the Civil 
Engineering Division is using the results to optimise the construction. Full-scale tests according to the 
European standard are planned for 2001. 

 

7. CONCLUSION 

The Civil Engineering Division has designed two types of safety barriers, which are expected to meet 
the requirements of 'very high containment' (H4) in the European standard EN 1317-2. These are rigid 
barriers suitable for narrow cross-sections and a flexible barrier. The flexible barrier is more 
satisfactory in case of car collisions. 

Computer simulations show that rigid H4-barriers can be obtained by widening present Dutch H2 
STEP-barriers and adding a rail on top. This applies to the present version of the STEP-barrier 
consisting of prefab concrete elements and to the present steel STEP-barrier. The concrete version - 
which is not secured to the ground - demands an adjustment of the joint connecting the prefab 
elements, in order to limit the displacement resulting from a heavy vehicle collision. The steel version 
requires changes in the construction's anchoring. However, anchoring a H4-barrier to an asphalt 
pavement is feasible. 

The TRI-angle is a promising design for a flexible safety barrier that can meet the variety in 
requirements in case of collisions of heavy vehicles and (small) cars. This barrier should be able to 
redirect heavy vehicles and react flexibly in car crashes as well. It is expected that this barrier will 
meet a higher level of safety for the occupants of an errant vehicle (impact severity level A in the 
European standard) than the H4 STEP-barriers (level B). 
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Table 1-1 Vehicle impact test criteria according to the European standard EN 1317-2 
 

Test Impact speed 
km/h 

Impact angle 
degrees 

Total vehicle 
mass 

Type of vehicle 

TB 11 100 20 900 Car 
TB 21 80 8 1 300 Car 
TB 22 80 15 1 300 Car 
TB 31 80 20 1 500 Car 
TB 32 110 20 1 500 Car 
TB 41 70 8 10 000 Rigid HGV 
TB 42 70 15 10 000 Rigid HGV 
TB 51 70 20 13 000 Bus 
TB 61 80 20 16 000 Rigid HGV 
TB 71 65 20 30 000 Rigid HGV 
TB 81 65 20 38 000 Articulated HGV 

 
 
 
 
 

Table 1-2 Containment levels according to the European standard EN 1317-2 

 
Containment levels Acceptance test 

Low angle containment  
T1 TB 21 
T2 TB 22 
T3 TB 41 and TB 21 

Normal containment  
N1 TB 31 
N2 TB 32 and TB 11 

Higher containment  
H1 TB 42 and TB 11 
H2 TB 51 and TB 11 
H3 TB 61 and TB 11 

Very high containment  
H4a TB 71 and TB 11 
H4b TB 81 and TB 11 
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1. INTRODUCTION  

In Poland a road share in crashes genesis is still understated. It is mainly 

caused by the way of preparing source data about crashes. Published Polish statistics 

about crashes are elaborated basing on accident�s cards or crash�s cards prepared by 

the police and damage notices reported in an insurance company by sufferers. Those 

source data do not include appropriate information about road influence on the 

analysed crash, except those cases when the influence is evident for the person 

preparing the card of road accident, i.e. when the road attributes directly caused the 

crash. 

Source data becoming from the police and insurance companies imply that the 

share of road attributes among joined causes of crashes in cities is about 5% for 

crashes and about 10% for collisions. Moreover, disadvantageous weather conditions 

are noticed in the source data of accidents (about 15% of accidents and about 10% of 

collisions) � but more as circumstances of crashes genesis than their causes. 

Analyses made by the authors imply that in most cases a road share in crashes 

genesis is hidden and difficult to exact defining. Only thorough cause � effect 

analysis gives a chance to find those causes. It is obvious that neither a policeman nor 

a sufferer describing the crash is able to estimate it appropriately (lack of time, no 

essential preparing). Hence oftenest road causes are not taken into account in the 

source data. Statistics prepared basing on the data are incorrect.  



 

 

It implies further negative effects. The mentioned statistics universalization  

causes publishing false theses about little influence of a road on crashes� genesis. The 

false theses are dangerous because they discourage road companies to modernize the 

road network to improve road safety and, what is worse, they often excuse those 

designers whose passion is to design without allowing potential, given by the the 

designs, menace of road safety.  

In fact, as the authors estimate basing on detailed analyses of road safety (road 

road safety) made in some Polish cities, a road � understood widely together with its 

environment, traffic and weather conditions � directly or indirectly influences rising 

of most of crashes. Almost always a crash happens as an effect of a human error. 

However the error is usually implied by the given disadvantageous road situation, 

also by the given road defect.  

There are some frequent road causes of crashes, among the others: insufficient 

visibility of impact flow, insufficient visibility of pedestrians on and near zebra-

crossing, insufficient visibility of an actual sign of traffic lights, illegible geometric 

arrangement of the cross-road, gaps in a vehicles� flow not enough for safe walking a 

zebra-crossing or for safe including to traffic, disadvantageous location of a stop line, 

very big radius of right turning, improper location of tram stops (in places that drives 

do not  anticipate ) etc. 

Detailed analyses of crashes imply also another characteristic conclusion, i.e. 

there is a big share of non-residents among crashes causers. In some places of the 

road network the share reaches 50%. Non-residents meanly four times oftener cause 

crashes than local persons. The main cause of that fact is that non-residents do not 

know the road network well. They make mistakes mainly in places that are 

nontypical in the technical and geometric sense, in places with insufficient visibility, 

high traffic volume that requires high concentration from drivers, in places where it is 

difficult to find the right way of driving. All of those facts show how important 

factors a road and its attributes are in a genesis of crashes.  

Preparing the detailed cause-effect analyses of crashes, regarding road 

attributes, is possible only if an appropriate computer system is available and if it 

includes rich database about crashes, traffic, road and its environment, weather 

conditions. Beside data complementarily the system asserts safety systematic and 

automatic analyses and easy access to data and analyses results wrested for many 

years. Such a system was worked out by the authors and initiated in some Polish 



 

 

cities. Its name is RMIS (Road Management Information System) [1÷3]. In the paper 

the authors present the system usage for road safety improvement. 

 

2. WAYS OF USING THE COMPUTER SYSTEM TO IMPROVE ROAD 

SAFETY  

The system RMIS was prepared basing on the following applications: 

MicroStation, MSSQL i MGE. One of the important system�s advantages, that makes 

it different from other systems applied  in Poland, is that it includes information 

about all crashes, i.e. both about accidents and collisions as well. Moreover it 

contains detailed information about road infrastructure and traffic. That gives the 

base for believable statistic analyses.  

 Crashes� documentation (photos, films, sketches, reports, etc.), prepared by the 

police or insurance companies, is the RMIS system�s main source of information 

about crashes.  

Before crashes data are input into the system�s database  they are particularly 

analysed and compared if data become from several different sources of information, 

especially regarding a place and  a sort of the crash. 

 Many computer applications and catalogues of graphic symbols were prepared 

for simple data input and for making varied analyses. 

 Annual �Road Safety Reports� are prepared for cities where the RMIS system 

has been applied. Those  reports contain both general characteristics of safety and 

detailed estimations of chosen points on the road network. Among the other 

diagnoses and ways of improving road safety on the chosen places are describe in 

reports [4÷10]. 

 The RMIS system and �Road Safety Reports� are used in those cities to realise 

many practical purposes (see fig. 2.1). 

There are for example: 

a) estimation of road safety problem�s dimension and basing on it planning of 

budged resources assigned for improvement an actual road safety condition; 

b) the choice of points for modernisation on account to the low road safety level and 

basing on it planning a professional operations� scheme for some next years; 

c) development of general conception of the road safety improvement in the chosen 

places assigned to be modernised; 
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Fig. 2.1 Ways of using the computer system to improve road safety � idea scheme. 

 

d) development of engineering design of modernisation in the chosen places of the 

city road network; 

e) estimation of effectiveness of operations which goal is to improve a traffic safety 

condition and basing on it choosing verified ways and means applied to that 

improvement; 



 

 

f) forming of proper inhabitants� behaviours in the aspect of road safety by pointing 

dangerous places and faults made by road users. 

 

3. GENERAL ESTIAMTION OF ROAD SAFETY 

 

General estimation of road safety in a given city is necessary for estimation 

of road safety problem�s dimension and basing on it planning of budged resources 

assigned for an actual road safety improvement. 

General estimation of road safety oftenest contains the following 

characteristics: 

♦ Level of road safety in the analysed city against the background of the 

whole country, region and other cities, denominated mainly by the 

crashes number, crashes heavity and other various road safety indicators, 

also by graph of changes of mentioned indicators for particular years. 

♦ Number characteristic of road safety conditions. It applies both to the 

number of various crashes and to results of the crashes in the whole city, 

in particular years, including costs.  

♦ Characteristic of changes of particular kinds of accidents and their effects 

in particular months, days and hours. 

♦ The structure of places of accidents concentration. The structure consists 

of the following elements: 

− cross-roads (inlet, collision area, accumulation area, outlet); 

− road sections (sections between points of collisions, entrance and exit of 

possessions, turning area); 

− car parks or other objects. 

♦ The structure of reasons of road accidents. This analysis allows the share 

of particular main traffic elements (man, road, vehicle) in crashes� 

geneses and allows detailed reasons: road users faults, road disadvantages 

and disadvantages of vehicles in traffic. 

♦ Characteristic of wreckers and sufferers of crashes. They are described 

by: dexterity, age and place of living (local or non-resident), sort of 

vehicle and kind of road user (pedestrian, bicycler, driver, passenger). 



 

 

♦ Road safety condition in particular transport zones of the city. The level  

of road safety in particular city�s zones is denominated by values of 

adequate road safety indicators taking account of: a number of equivalent 

crashes (heavity of an accident is its equivalent), a number of crashes 

with cyclists and pedestrians, a number of crashes with children, an 

average crashes heavity, an increment of number of equivalent crashes in 

comparison to the previous year. Those characteristics are elaborated 

both graphically (as thematic maps) and in tables (as ranking lists sorted 

by the decreasing value of the road safety indicator). The indicators 

values refer to 1 km of the network length in the given zone, i.e. to the 

indicator of the number of equivalent crashes, to the number of crashes 

with cyclists and pedestrians, and to the number of crashes with children. 

♦ Safety of pedestrians. It is described by: changes of number of crashes 

and their sufferers in particular years, months, week days, and hours, the 

structure of the crashes concentration, the structure of the crashes 

reasons, and the list of places on the road network which are the most 

dangerous for pedestrians.  

♦ Safety of cyclists. It is also described by changes of number of crashes 

and their sufferers in time, the structure of the crashes concentration, the 

structure of the crashes reasons and the list of places on the road network 

which are the most dangerous for cyclists.  

♦ Safety of children under their way to and from school is described by the 

analogous attributes as the above ones and moreover by estimation of the 

children risk level under their way to and from school in particular school 

zones. 

 

4. ESTIMATION OF THE ROAD SAFETY CONDITION FOR 

PARTICULAR PLACES OF ROAD NETWORK 

The estimation of the road safety condition for particular places of road 

network is made to choose places requiring modernisation and to develop a 

professional plan of the road network modernisation for the nearest years. 

The road safety level on particular elements of the city road network (cross-

roads, sections between nodes, 50 meters long sections, segments of cross-roads) is 



 

 

described by values of particular road safety indicators, analogous to indicators used 

for transport zones estimation. The safety level is described from point of view of all 

road users including pedestrians, cyclists, children. Basing on the above estimation 

ranking lists of places on the road network sorted by decreasing values of particular 

safety indicators are prepared. Analogously lists of the most dangerous places, so-

called �black spots�, for all traffic participants (pedestrians, cyclists, children) are 

arranged. 

 Figure 4.1 shows a piece of a graphical presentation of road safety level 

estimation on the city road network in relation to the number of equivalent crashes (at 

the section between nodes the number is calculated comparatively for 1 km of the 

section length). 

Figure 4.2 presents the map of black spots on Bydgoszcz city road network 

(numbers mean the succeeding position at the ranking list of the most dangerous 

places). 

 

5. DETAILED ESTIMATION OF ROAD SAFETY FOR SELECTED PLACES 

OF THE CITY ROAD NETWORK 

 The detailed road safety estimation for selected places on the city road 

network is necessary to prepare general postulations for a conception  of those places 

modernisation to improve their level of road safety level.  

 The detailed road safety estimation contains the following characteristics: 

− the localisation of the given place on the city road network,  

− the map of accidents,  

− figure of places of accidents concentration, 

− data statement about the number of crashes and values of particular road safety 

indicators, 

− figures illustrating types of accidents, wreckers characteristic, faults oftenest made 

by wreckers and crashes circumstances in relation to the road (the weather 

condition in it), 

 

 



 

 

 
Fig.4.1. Characteristic of road safety condition on the chosen part of Bydgoszcz basing on the value of the number of equivalent crashes. 



 

 

 
Fig. 4.2. The map of most dangerous places on Bydgoszcz city road network. 



 

 

− illustrations of situation plan of the place and details about geometric dissolving, 

− highness formation of the given place, 

− traffic organisation (containing horizontal and vertical signs and traffic lights), 

− location of devices and other objects on the road lane including advertisements, 

− traffic volumes, traffic way structure and flow structure (allowing all traffic 

participants), 

− road dissolving in the analysed place neighbourhood, 

− visibility characteristic of other road users, traffic lights, signs, 

− description of road safety level, containing mainly reasons of crashes in relation to 

road and traffic attributes, 

− description of road safety improvement containing also general assumption for 

preparing a conception design of the place modernisation. 

 

Figure 5.1 presents selected graphical characteristics made for detailed road safety 

estimation of the given place. 

 
Fig. 5.1a. The general map of road accidents (1999) 



 

 

 
Fig. 5.1b. The map of accidents concentration (1998 and 1999) 

 
Fig. 5.1c. The map of accidents with pedestrians, cyclist and trams (1998 and 1999) 

Fig. 5.1 An example of the detailed road safety description for the cross-road 

�Fordońskie Roundabout� in Bydgoszcz. 



 

 

 

6. DESIGNING THE SELECTED PLACE ON THE CITY ROAD NETWORK 

The RMIS system (based on CAD software) enables computer designing the 

selected place on the city road network. If the exact estimation of road safety 

condition and directions of general changes for road safety improvement in the given 

place are known then it is possible to develop the modernisation plan for the given 

place. Digital maps with scale 1:500 are the base of the designing in RMIS system. 

The maps include, except details contained in photos, co-ordinates, subterrestrial and 

terrestrial system of armature, and also horizontal road marking and vertical signs and 

other devices in road lane. Plans can be designed with the following tools: tools 

contained in used environmental applications (mainly MicroStation), applications and 

graphical symbols worked out by the authors of RMIS (e.g. applications and graphical 

symbols that enable drawing vertical signs and horizontal road marking). 

 

7. ESTIMATION OF MODERNISATION OPERATIONS EFFECTIVENESS  

 Effectual operations increasing the road safety level need the continuous 

estimation of raised effects of those operations. As it is known the road safety is a 

complex problem, mainly with respect to the influence of many indicators not always 

associated to the road. So it is not easy to find a formula for all dangerous elements on 

the city road network. Each place on the network has its individual attributes and 

requires particular approach. Clearly the continuous effectiveness estimation of 

operations gives the chance to drop incorrect methods and ways of road safety 

improvement and enables selection of those methods, ways and devices that bring a  

positive effect such as an increment of the road safety condition. 

 Effectiveness estimation of undertaken modernisation operations is prepared 

basing on the value of the indicator WZj of road safety changes  : 
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where:  

t - the year of modernisation or the period taken to the comparative 

analysis 

( )2t,1tjW ++ -  the synthetic road safety indicator calculated for the element j of road 
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network on the base of accident data for the period of at least two 

years after the modernisation or after the period taken to the 

comparative analysis, 

( )2t,1tjW −− - the synthetic road safety indicator calculated for the element j of road 

network on the base of accidents data for the period of at least two 

years after the modernisation or after the period taken to the 

comparative analysis, 

jW - the synthetic road safety indicator denominating road safety level on 

the network element j: 
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j,xW - the value of the given traffic safety indicator Wx on the network 

element j,  

xW - the average value of road safety indicator Wx for all road network 

elements. 

 

Dependently on the value of the WZj indicator the following estimation of 

road safety level�s is assign: 

WZj>1,5 � aggravation of road safety, 

WZj<0,5 � improvement of road safety,  

0,5≤WZj≤1,5 � no  visible changes of road safety. 

  

8. UNIVERSALIZATION OF ROAD SAFETY PROBLEMS IN PRESS  

 Oftenest articles about road safety presented in widespread press inform about 

accidents with serious effects, ways of road and traffic management, traffic 

aggravations implied by roadwork, about detours and other settlements such as 

transport service, official entertainment. The articles include also readers� notes about 

functioning of respective transport devices and traffic menaces. 

 In two towns where the RMIS system was applied articles devoted to road 

safety appear as consistent items in newspapers [11]. They apply database of the 

RMIS system and annual Road Safety Report for the given city. The articles oftenest 

contain: 



 

 

− driving condition on several cross-roads, zebra-crossings, sections that have been 

modernised etc., 

− the oftenest road accidents, 

− typical faults made by road users and causing crashes, 

− the way of the safe driving, how to pass a cross-road and other difficult place on 

road network; it regards mainly cross-roads with tram lines and other nontypical 

dissolving in relation to traffic management, 

− the way of safe pedestrians movement, 

− behaviours of traffic users in a case of road accident , 

− changes in traffic law and others regulations correlated to road safety, 

− implementation of regulations in traffic law 

− responsibility for road accidents in concrete situations, 

− description of the most dangerous places on the road network, 

− detail characteristic of the most dangerous places, including ways of road accident 

avoid. 

Above topics regularly broach in local papers is an interesting material for 

many road users, and mainly for young and not experienced drivers. Those papers 

have positive influence for correct and safe behaviour of many persons in road 

traffic.  
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ABSTRACT 
The high rates fatality of road accident in Indonesia has reached nearly ten 

thousand deaths every year, and it becomes national problem which need serious 
handling. One of the caused of it, beside the human and vehicle factor is the road and  
environmental factor. Based on the international research, the contribution of road and 
environmental factor in an accident is about 24 %, and another factor there is the single 
factor (4%). The high proportion of the last two factors indicated strong relationship 
between road and environmental condition with road user to road safety.  

On the other side, road development which was built optimally by implementing 
geometric principles still cause an accident. It shows that the need of other strategies 
mainly the improvement of road safety condition through applying road safety concept. 
The strategy namely Road Safety Audit which is aimed to identify the elements of road 
that has a higher contribution to accident. In general, safety audit can be applied at the 
road work beginning from feasibility study stage, draft design stage, detailed design 
stage, pre opening stage and until existing road has been operated. 

 Furthermore, this paper introduces the concept of road safety audit which will 
be implemented on existing by pass road in Cirebon. 

 

1.  BACKGROUND. 
Road construction which was planned through feasibility study often cause  

accidents problem. It is operated with the weakness and inconsistency in applying 
geometric principles. Beside that, other factor might be arising such as road 
environment and road side development that generate pedestrian, and traffic conflict. 

Road safety problems on existing road can be eliminated by means of safety 
concept approach. The strategy used for this purpose is Road Safety Audit in which to 
identify road elements  that potential as a cause of accident. In general road safety audit 
can be applied at the beginning of planning that is on the feasibility study stage, then on 
the draft design, on detailed design, preliminary road opening and the stage where the 
existing road has been operated. 

Lastly, the important of applying road safety audit is on the existing road, since 
most of road sides operated have a serious road safety problems. Therefore, the concept 
has been developed and applied on existing road, particularly on by pass in Cirebon 
which has a relevancy in supporting highway programs in Indonesia. 
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2.  ROAD SAFETY AUDIT. 

2.1  Objective and Benefit. 
 Road safety audit is a kind of formal investigation through potential accident 
and safety performance of road design or existing road by a team of independent auditor 
that has an adequate qualification on field of road safety, road geometric, traffic 
engineering, traffic management and traffic accident investigation. 

 On the whole, road safety audit has the following aims (1) identify potential 
road safety for road user which was caused from the road project, and (2) preventing 
and reducing road safety problems. While,  the benefit of road safety audit are as 
follows (1) to prevent or reduce possibility accident on a certain road side, (2) to 
minimize casualty of accident, (3) to economize a government budget on preventing 
road accident, and (4) to reduce a road project budget by making the effective of road 
design which would be much more expensive if it is implemented after a road has been 
built. 

2.2   Procedure of Road Safety Audit.   
The overall procedures of road safety audit are as follows : 

(1)  choosing auditor team, 

(2)  identify problems background, 

(3)  applying checking-list of safety audit, 

(4)  field Inspection, 

(5)  compile of finding, 

(6)  suggestion and improvement, and 

(7)  improving road elements. 

2.3  Road Safety Audit Elements for Existing Road. 
The important step in applying road safety audit is a checking list. The checking 

list consist of 10 groups of problem that is started by common problems until complex 
problems. Each item entered into checking list is a question with a simple answer and 
its explanation. Substantial problem in the checking list cover 10 types are: (1) general 
problem; landscaping, sight distance and free road side space, (2) alignment and cross 
section, (3) intersection, (4) auxiliary lane and turning lane, (5) the organizing traffic 
signals and street illumination, (6) non-vehicle traffic, (7) traffic signals, (8) 
delineation, (9) safety fence (10) pavement condition.    

 

3.  METHODOLOGY. 

3.1  Applying Procedures of Road Safety Audit. 
Methodology which was developed in applying road safety audit concept 

especially for existing by pass road is carried out in the following stages as it is 
presented in Figure 1. 
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               Figure 1. Methodology 

 
In general applying procedure of safety audit consist of : (1) counting typical of 

road geometric that has been implemented, (2) applying safety audit check list to 
identify road geometric element, land use, and developing road environment which has 
higher contribution to accident, (3) evaluating the application of checking list in the 
field and making the result of finding, (4) carrying out on field survey as a follow up of 
the application of checking list, (5) identifying technical geometric or technical 
handling of potential accident countermeasure through accident prevention, (6) making 
report as a recommendation betterment design and improving road design draft.  

3.2  Accident Prevention. 
Accident prevention in the planning and design of new road construction is to  

eliminate traffic accident and minimized traffic victim.  In this concept, beside applying 
safety road design based on road geometric principles and also applying safety and 
security by inspecting the safety aspects on road design. 

On the whole the safety concept of road design are as follow : 

1) adjust road function based on its grade, function and hierarchy. 

2) make road access limitation to avoid traffic conflict which has high risk to traffic 
accident. 

Collecting Secondary Data 

Applying Road Safety Audit Checking List  in The Field 

Evaluation of applied result of checking list and identified 
typical problem in the field 

APPLYING CONCEPT OF ACCIDENT PREVENTION 

Applying concept of road general planning 

Applying concept of engineering design 

Identifying of technical handling and completing road design 
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3) considerate road geometric principles according to road user need. 

4) maintain the ideal speed design, except at a road site which has higher pedestrian 
activities, where the speed limit is 30 km/hour. 

5) Improve road environment condition which is able to minimize human error (ideal 
sight distance and adequate road side space, etc.). 

The strategy to reduce traffic accident can be done by improving or repairing 
road design, as follows : 

1) Improving drivers expectation by preparing road signal facilities. 

2) Repairing intersection design. 

3) Applying road island and stumbling block. 

4) Preparing pedestrian facilities, etc. 

 

4. APPLICATION  OF  ROAD SAFETY AUDIT  
The location of observation of road safety audit is on By Pass site of Cirebon 

city, comprise of HR Dharsono street and A. Yani street. By Pass Cirebon includes on 
the road betterment project of the Directorate General of Highways. This project consist 
of three phases, as follows. 

a) Phase 1 : By Pass 1, between intersection By Pass - Tuparev street until intersection 
By Pass - Parkit street ( + 5.6 km). 

b) Phase 2 : By Pass 2, between intersection By Pass - Parkit street until intersection 
By Pass -  Kalijaga street ( + 1.8 km). 

c) Phase 3 : By Pass 3, The intersection of By Pass -  Tuparev street. 

The priority of this observation is on the section of By Pass 2, including (1) 
along the road site, (2) Pemuda intersection, (3) Perjuangan access road, (4) 
Sunyaragi/Evakuasi intersection, (5) Kesambi/Kranggaksan intersection, (6) access road 
to Harjamukti Bus Station, (7) Rajawali Raya/Ciremai Raya intersection, (8) Parkit 
access road. 

4.1  The result of Check List Application. 
The checking list was applied at several observation locations therefore same 

checking list sets are needed. Part of the field finding can be directly plotted into a 
simple map (figure 2).  

The general finding of the application of road safety audit as the result from 
identification of road geometric elements can be seen in table 1. Although part of the 
elements has been prepared, but it still needs to be improved in accordance with road 
geometric principles and its safety aspects. Furthermore this table indicated elements 
which has higher potential to traffic accident on the site. Pedestrian problem that is at 
pedestrian path and crossing facility (8) which has high contribution to traffic conflict 
and pedestrian . Improvement on pedestrian path and crossing facilities for pedestrian, 
as a solution to eliminate potentially accident related with pedestrian. The other  
elements which also has contribution to accident is public transport shelter (7); road 
marking (6); signaling (5); and also the other elements associated with road geometric 
design mainly sight distance (5) and intersection design. 
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Table 1.     Potential Elements As Cause of Traffic Accident at By Pass  
No. Problem Location : Total 

  1 2 3 4 5 6 7 8  
1 Landscaping ✓    ✓      2 

2 Haphazard parking      ✓  ✓    2 

3 Lightening ✓         1 

4 Sight distance ✓  ✓  ✓  ✓  ✓     5 

5 Road side free space ✓    ✓  ✓     3 

6 Marking ✓   ✓  ✓  ✓   ✓  ✓  6 

7 Road signals ✓   ✓  ✓  ✓   ✓   5 

8 Alignment / curb / road island   ✓  ✓  ✓   ✓   4 

9 Lay-out / intersection design / 
access design 

  ✓  ✓  ✓  ✓  ✓   5 

10 Pedestrian path ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  8 

11 Pedestrian crossing ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  8 

12 Safety fence for pedestrian    ✓   ✓    2 

 Traffic conflict with pedestrian ✓   ✓  ✓  ✓  ✓  ✓   6 

 Traffic conflict   ✓  ✓  ✓  ✓  ✓   5 

13 Bus / public transport shelter ✓   ✓  ✓  ✓  ✓  ✓  ✓  7 

14 Bicycle route     ✓     1 

15 Street lightening ✓  ✓  ✓   ✓     4 

16 Traffic light   ✓   ✓  ✓    3 

17 Road edge marking ✓     ✓     2 
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Figure 2. Observation Locations in the City of Cirebon 

 

4.2  Main Finding of Road Safety Problem at the By Pass / Kesambi / 
Kranggaksan Intersection   
In the following discussion will be shown general description of safety 

condition at one of the intersection which has potential contribution to traffic conflict 
that leads to traffic accident in the location of observation (intersection By 
Pass/Kesambi and Kranggaksan) : 

a. Poor intersection, cause a problem on sight distance and road side free space 
especially from Kesambi street. 

b. Intersection design led to tend traffic conflict. 

c. Inappropriate placing of traffic light resulted traffic conflict as caused of longer 
traffic queuing. 

d. In accordance with item c above, pedestrian path was too long and often resulting 
traffic conflict. 

e. Inappropriate placing of traffic island which cause a confusing for road user. 

f. Poor bus lay design. 

g. High pedestrian volume and unorganized public transport on taking/dropping 
passengers. 

h. Lack of pedestrian facilities around intersection, therefore pedestrian uses the road 
pavement which has high traffic volume. 

i. Lack of traffic signals, such as speed warning, priority signals, etc. 

 

 

Location : 
➊  Location-1 
➋  Location-2 
➌  Location-3 
➍  Location-4 
➎  Location-5 
➏  Location-6 
➐  Location-7 
➑  Location-8 
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Recommendation of safety improvement are as follows : 

a. Improving on intersection design especially for ideal sight distance, road side free 
space and lane acceleration. 

b. Relocating of traffic light to shortened vehicle line. 

c. Repairing traffic island position so that not confusing to the road user. 

d. Preparing pedestrian facilities (pedestrian path, pedestrian crossing) by 
optimalisation the ideal pedestrian lane. 

e. Completing signals (warning speed signals, priority signal, etc.) 

f. Preparing bus/public transport shelters. 

g. Making safety fence to separate pedestrian from traffic. 

 

5.      CONCLUSIONS  
  General conclusions of road safety audit concept application, are : 

a. Road safety audit concept as a systematic and comprehensive technical approach 
to identify elements which have high contribution to traffic accident. 

b. The implementation of road safety audit need to be supported by an independent 
team which have a good experience in road safety. 

c. This approach can be applied effectively to enhance road safety condition on By 
Pass road in Cirebon city. 

d. Simple application with low cost budget and the comprehensive field survey is not 
needed. 
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 ABSTRACT 
 
 Information and Decision Support Needs for Highway Safety 
 
 by 
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 Springfield, Virginia 
 
 
 In December 1997, the AASHTO Executive Board endorsed a Strategic Highway 
Safety Plan that was developed by its Standing Committee on Highway Traffic Safety.  This 
Plan represents a bold step as it envisions a concerted effort across all aspects of highway safety 
to achieve the ambitious goal of a reduction of 5,000 to 7,000 fatalities per year.  This goal is 
ambitious because there has been only slight fluctuations from the level of about 42,000 deaths 
per year for more than a decade.   
 
 The AASHTO Strategic Highway Safety Plan provides a comprehensive approach 
to improving highway safety.  Topics 21 and 22 of the Plan focus on improving information 
resources, the development of better decision support systems, and the implementation of 
effective safety management processes.  Strategies under these topics are described below. 
 
Topic 21 - Improving Information & Decision Support Systems 
 
 It was recognized in formulating the Plan that safety professionals need improved 
information and processes to monitor changing highway conditions and safety trends to be more 
proactive in addressing existing problems as well as emerging threats to highway safety.  These 
threats occur as there are changes in the characteristics of the vehicle fleet, land use patterns, 
and/or the volumes or mix of traffic. 
 
 Good information properly used is a key underpinning of a sound traffic safety 
enterprize.  Drivers with bad driving records need to be rigorously tracked and appropriate 
measures taken to protect public safety.  The how, when, where, and why of crashes need to be 
recorded and this data made readily available for identify improvement needs and to formulate 
safety policy.  The technology exists to gather, integrate, and utilize information on a wide 
variety of safety issues. Understanding and using information technology to the greatest 
advantage is a critical challenge to traffic safety programs nationwide.  Important strategies in 
this arena include: 
 A - Improve the quality of safety data by establishing programs for quality assurance, 

incentives, and accountability within agencies responsible for collecting and managing 
safety data. 

 B - Provide managers, and users of highway safety information with the resources 
needed to make the most effective use of the data. 

 C - Establish a means for coordinated collection, management, and use of safety 
information among organizations at all jurisdictional levels. 

 D - Establish a group of highway safety professionals trained in the analytic methods 
appropriate for evaluating highway safety information. 



 

 

 E - Establish and promote technical standards for highway safety information systems’ 
characteristics that are critical to operating effective Safety Management Systems (SMS) 
programs. 

 
Topic 22 - Creating More Effective Processes & Safety Management Systems 
 
 Like other complicated endeavors, traffic safety programs need to be managed 
effectively to perform well.  Sound methodology and effective, integrated information systems 
are essential.  Existing systems must be upgraded to provide the basis for assessment of safety in 
all phases of highway life, from the design to maintenance.  Using the information and insights 
gained, new programs and processes need to be promoted at all levels, but especially the 
community level. 
 
 Experience has shown that local government and community institutions are often 
more effective at addressing their safety issues that more centralized units of government.  This 
is especially true in the areas of education and enforcement.  Community-based coalitions of 
local government, law enforcement, and interested stakeholders have successfully impacted 
safety issues.  Important strategies in this area include: 
 A - Communicate the benefits of existing successful Safety Management Systems 

(SMS). 
 B - Implement pilot safety audit processes. 
 C - Promote strong coordination, cooperation, and communication of safety initiatives 

within each State. 
 D - Integrate the planning of highway safety programs and highway safety information 

systems. 
 E - Establish an ongoing performance measurement system to evaluate the cost 

effectiveness of safety investments at both project and program levels. 
 F - Develop and ratify a national safety agenda. 
 G - Implement community-based safety programs to engage local partners in areas of 

traffic safety that most affect their daily lives. 
 
While it was recognized that it is difficult to measure the lives that might be saved through these 
strategies, there is strong consensus that these are a critical element of any effort to improve 
highway safety. 
 
 This paper intends to provide an overview of the current state-of-the-art in safety 
information, decision support tools, and safety management processes in the U.S.  It will 
highlight efforts under the Plan to implement improved systems.  It will review various efforts 
relative to the strategies cited above including the Iowa National Model, AASHTO efforts to 
develop a state-of-the-art crash records system as shareware, various GIS-based systems, the 
FHWA's Interactive Highway Design Model, the concepts for decision support systems that 
evolved from NCHRP Project 17-12, web-based safety information sources, and various state 
efforts.  The paper will also provide thoughts on the important research and development efforts 
that will be needed to implement improved systems. 
Reference: 
 
 AASHTO, Strategic Highway Safety Plan, February 1998. 
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Abstract
This paper reviews the available material for the production of a database that should
underlie the definition of the so-called ‘design road user’. After considering the basic
questions dealing with the incorporation of human factors knowledge into highway design
guidelines, an inventory is presented of known dose-effect relationships between road user
characteristics on the one hand and behavioural as well as safety parameters on the other.
These characteristics are divided into background characteristics (of either a permanent or
temporary nature), driver information processing characteristics, and behavioural
parameters as they can be observed on the road.

While useful knowledge on several characteristics is already available, the investigation of
several variables that may be very relevant has hardly started. Among the latter are:
- Life-style, i.e., composite profiles as interrelated patterns of rather mundane

characteristics that are more descriptive of an individual than simple uni-dimensional
variables.

- Attentional characteristics. Of the information-processing functions, attention – the
stage preceding the actual processing by the senses – appears to be of central relevance.
This pertains, on the one hand, to the ‘Useful Field of View’, and on the other to the
capacity to shift attention from one object to another.

- Decision-making characteristics. Individuals differ in the way in which they reach
decisions. If the situation is risky, the perception of the risk and the thoroughness with
which the decision is taken appear to be of prime importance.

- Driving behaviour parameters. If safety is a desired outcome of the highway design
process it should be known what the accident risks associated with certain driving
behaviours are. This can only be the case if quantitative relationships are developed
that link behavioural parameters to the ensuing accident probability and/or severity.

1 Introduction

This paper has two parts. In the first we list a number of questions dealing with what it
means when we try to incorporate ‘human factors’ into highway design guidelines. The
second part focuses on the state of knowledge with respect to specific driver characteristics
that could qualify for being incorporated. From this some conclusions follow with respect
to what we already know and what are the remaining issues for further research.
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2 Basic questions

The following issues appear to be relevant to the incorporation of human factors
knowledge, with a bearing on individual characteristics, into highway design guidelines.

2.1 Accommodating different kinds of characteristics

The characteristics of people (i.e. road users) can, for the purpose of this discussion, be
divided into three categories (see Fig.1):
- Those that can be changed by training and education.
- Those that cannot really be changed, but can be subjected to selection procedures.
- Those that cannot really be changed, and to which the infra-structural design should be

adapted.

Fig. 1: Ways of acting on driver characteristics.

We are, of course, only considering characteristics that are relevant to taking part in traffic:
that is, which have a demonstrated connection to behaviour, future accident involvement,
etc. Deciding to which category a given characteristic belongs should, at least, take the
following elements into account:
- Its importance, in terms of its effects on behaviour and accident risk (i.e., the steepness

of its dose-effect curve).
- Its distribution in the population.
- Its ‘intrinsic’ changeability.

2.2 Accommodating relevant driver characteristics in highway design guidelines

It seems a straightforward matter to adapt the design to a relevant driver characteristic. For
example, if it were established that the 95th percentile of the distribution of standard

Must & can road user
characteristics
be changed?

Training, education,
campaigning

Is screening/
selection possible?

YES

NO

YES License demands &
restrictions

NO

Infrastructure design
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deviations of lateral position is 0.25 m at design speed it would be easy to calculate the
minimum lane width that would make an involuntary lane exceeding almost impossible. A
complicating factor to be mentioned here is the possibility of compensatory behaviour
from the driver’s side. For example, if the lane width is extended to accommodate what
theoretically is the 95th percentile some drivers may now start driving less carefully,
thereby shifting the existing distribution of lateral position. It is difficult to foresee this
type of effect and the ramifications it may have, and to anticipate on it.

2.3 Accommodating low or moderate correlations between relevant driver
characteristics

A problem occurs when the design of an infra-structural object should be adapted to
different relevant driver characteristics at the same time. If these characteristics are only
weakly correlated within drivers – that is very often the case – the group that meets all cut-
off criteria (such as the 95th percentile) gets smaller with the addition of each next
characteristic.

2.4 Accommodating future trends

It is difficult to predict how future driver populations will be composed. For this we are
completely dependent on other sciences. Even those, however, will not be able to predict
developments for more than a few basic demographic characteristics. Other trends,
particularly those that have to do with the introduction of new technology in the traffic
system, will also affect driver behaviour. In this area there is some level of agreement
among experts on how things will proceed, and what the associated time perspectives are.

2.5 Defining what are the important driver characteristics

There may be two reasons why an individual characteristic is important.
First, an increasing ‘dose’ of the characteristic may have an effect that rises at a fast rate,
or the effect may already attain a level that is significant in an absolute sense at a relatively
low dose.
The second reason is that the distribution of the characteristic in the population may be
such that there is an overrepresentation in the critical tail of the distribution. For example,
if high age were predictive of an increased accident involvement there would be more
reason to worry if there were many people of high age than if there were only a handful.
Thus, it is sheer numbers also that can make a characteristic important.

A somewhat provocative standpoint can be taken with respect to the level at which
characteristics should be considered: is it really worthwhile to look into, e.g., drivers
personality characteristics as contributory factors, or  is it enough to just measure
behaviour shown on the road as the basis for highway design?
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2.6 Deciding on cut-off levels

When designing a consumer product it is unavoidable that a certain percentage of the
population will have difficulties to use the product. The choice of a cut-off level is,
however, a political rather than a scientific one.

2.7 Deciding what are the appropriate output parameters

Finally, it should be agreed what it is we want to achieve. In road traffic, this could be:
- Predictable and appropriate user behaviour, in terms of speed, speed variability, lateral

position keeping, car following, etc.
- Maximal driver comfort.
- Minimal accident risk.
- Maximal throughput.

3   An inventory of driver characteristics and their relation to system performance

On first sight, there hardly appear to exist individual characteristics that have not been
considered for their connections with driving behaviour or accident involvement. This
sounds as if it should now be easy to draw an overall picture of this area. When we
attempted to do so (Janssen, Lourens & Göbel, 1998; see also Stembord & In ‘t Veld,
2000) it turned out to be somewhat more diffuse than expected.

Fig. 2 Orderi
Background factors
demographic factors
permanent factors
temporary factors

motives

Functions
attention

perception
cognition

motor

User performance
driving behaviour

System performance
safety

throughput
comfort
September 20-22, 2000 4

ng of driver characteristics in ‘funnel’ model.



Road Safety on Three Continents, Pretoria, September 20-22, 2000 5

In order to structure the findings from the research literature we used a descriptive ‘funnel’
model, in which layer-by-layer various rubrics of human factors (and levels within those)
were listed: see Fig. 2. The reasoning is that the background factors of road users, first of
all, determine how certain information-processing functions are performed. These in turn
lead to certain behaviour on the road that finally results in certain system performance
qualities (safety, throughput, comfort).

For all separate characteristics we looked for dose-effect functions as well as population
distributions of the characteristic (for the Netherlands). The multiplication of these two
curves results in a function relating the percentile of the distribution a given road user is at
to the effect, i.e., the performance in terms of behaviour, safety, etc. For many
characteristics, however, this ‘ideal’ approach could not be followed because the required
data appeared not to be available.

The following is an outline of what appeared to be the prominent patterns in the research
literature. In this, we have restricted ourselves to the dose-effect functions, this being the
essential first step in tying the evidence together.

3.1 Background characteristics and performance

•  Demographic characteristics

Effect on driving
behaviour?

Effect on accident
involvement?

Gender Yes Yes
Age ? Yes
Nationality Yes Yes
Driving experience Yes Yes
Socio-economic Stratum ? No
Annual mileage ? Yes

Gender. Men drive significantly faster than women in some conditions (Hendrickx, 1991).
Accident involvement is higher for men than for women, in an absolute sense. However,
this is reversed when mileage is taken into account (‘Traffic Test’, undated).
Age. There is an inverse-U relationship between age and accident involvement (Massie,
1995). However, this is moderated by experience (Maycock, 1997). No systematic study
relating driving behaviour to age could be traced.
Nationality. There are bits of evidence suggesting that nationals driving in other than their
own countries experience more than their share in accident involvement, and that this is
related to the quality of their driving behaviour (Dostal & Dostal, 1996: data for Germany).
Driving experience. This variable has already been mentioned under ‘Gender’, as it
interacts with that variable. Experience also affects the quality of driving behaviour (e.g.,
Kuiken & Groeger, 1991).
Socio-economic stratum. The results on this variable are inconsistent and conflicting (e.g.,
Zlatoper, 1991; Keeler, 1994; Chipman, 1995; Abdallah et al., 1997).
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Annual mileage. The final word on the relation of this variable with accident involvement
could well have been said by Maycock (1997): "although a high annual mileage increases
risk simply through exposure, those who drive more have a lower accident involvement
per mile driven". Thus, the resulting curve is negatively accelerating. It has not been traced
in what way this is related to actual driving behaviour (Kuiken & Groeger, 1991).

•  Permanent characteristics

Effect on driving
behaviour?

Effect on accident
involvement?

Intelligence ? No
Field-dependence Yes No
Attitudes ? No
Life-style ? Yes
Sensation seeking Yes Yes
Handicaps Yes Yes
Anthropometric variables No No

Intelligence. There is no evidence that intelligence is related to road accident involvement,
except perhaps at the very low end of the scale (Elvik, 1989).
Field-dependence. This is the aptitude to resist interfering contextual information when
looking for a certain visual pattern. It is tested by means of the so-called ‘Embedded
Figures Test’. While research has shown that there may be some effects on driving
behaviour, there appears to be no relationship with accident involvement (e.g., McKenna et
al., 1986; Quimby & Watts, 1981).
Attitudes. A review by Assum (1997) concludes that attitudes are not reflected in relative
accident involvement, when due corrections (for age and annual mileage) are applied. We
found no reported research on the effects of attitudes on driving behaviour.
Life-style. Tillman and Hobbs in 1949 wrote: ‘ A man drives as he lives.’ Judging from
recent research there may be more than a grain of truth in this after all. Gregersen and Berg
(1994) related certain ‘life-styles’ of young Swedish driver subjects – composite profiles of
everyday activities and interests – to their accident involvement. There appeared to be four
‘high risk’ and two ‘low risk’ life-styles, the latter being almost exclusively practised by
women. The paper did not report on actual driving behaviour.
Sensation seeking. This is an individual’s inclination to indulge in new, complex and
intense experiences, including the willingness to run the associated physical, social, legal
and financial risks (Zuckerman, 1994). Modest correlations with several driving behaviour
parameters have been found (speeding, close following: Jonah, 1997; Heino, 1996), as well
as with accident involvement (Jonah, 1997).
Handicaps. Cardiac and vascular diseases, diabetes, epilepsy, Alzheimer’s disease, and
migraine are all long-lasting conditions that have been shown to be associated with
disproportionate accident involvement (the degree depending on the specific ailment).
Most of this evidence has been summarised by Elvik (1989). For none of these conditions
research was found that deals with effects on driving behaviour. For (some types of) brain
disorders and for Parkinsonism there is evidence of negative effects on driving behaviour,
but there are no reports on accident risk.
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Anthropometric variables. There is not much to mention with respect to this category.
Presumably, driving an automobile has become so easy in a strictly physical sense, and
cabins are so well-designed, that there cannot be much differentiation with respect to
driving behaviour or accident risk.

•  Temporary characteristics

Effect on driving
behaviour?

Effect on accident
involvement?

Alcohol Yes Yes
Cannabis Yes No
Diazepam Yes No
Fatigue Yes Yes
Stress ? Yes
Time-of-day Yes Yes

Alcohol. The behavioural as well as the consequent accident involvement effects of alcohol
intake appear to be sufficiently documented by now (e.g., Stark, 1987).
Cannabis. Moskowitz (1986) concludes that there is probably no effect of cannabis intake
on the ensuing accident risk. Some aspects of driving behaviour seem to suffer, while other
may even get better (Smiley et al., 1986; Robbe, 1994).
Diazepam. The state of affairs seems to be much the same as for cannabis (O’Hanlon et al.,
1982).
Fatigue. It is difficult to single out the effect of fatigue from that of other factors, notably
time-of-day. An effort by Folkard (1997) to do so resulted in a function of accident risk
against time-on-duty that has a local maximum at about 2 to 4 hrs, with a further increase
in risk appearing after approximately 12 hrs. A behavioural study by  Riemersma et al.
(1977) also demonstrated the development of negative effects after 2 to 4 hrs of driving.
Stress. Much of the epidemiological research in this area is weak, because of its
retrospective nature and its reliance on self-reports. The research available, however,
suggests that there is a significant relationship between life stress and accident risk
(McMurray, 1970).There appears to be no systematic research on the effects of stress
(levels) on actual driving behaviour.
Time-of-day. According to Folkard (1997) accident involvement has primary peaks at 3 am
and 3 pm, which are probably related to circadian rhythms. Secondary peaks are at 2 am, 2
pm, and 9 pm. In a simulator study by Lenne et al. (1997) subjects’ speed choice as a
function of time-of-day showed a surprising resemblance to the Folkard cycle.

•  Motives
There are some isolated findings which show an effect of certain motivational factors on
behaviour and/or accident risk. In appears to be particularly well-established that high-risk
driving is associated with being in a company or lease vehicle (e.g., Rajalin, 1994).
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3.2 Information-processing functions and performance

•  Attention
Effect on driving

behaviour?
Effect on accident

involvement?
Divided attention ? Yes
Attention shifts ? Yes

Divided attention. The capacity for sequential or parallel monitoring of several relevant
objects can be expressed as a ‘Useful Field of View’ (Ball et al., 1993). This has been
shown to correlate with accident involvement for drivers aged over 55.
Attention shifts. The capacity to shift attention swiftly to the next relevant object is
regarded by some as an essential element of driving ability. It can be measured by
laboratory tests, such as the dichotic listening task (DLT; Gopher & Kahneman, 1971).
Modest correlations between these tests and accident involvement have been reported
(Kahneman et al., 1973; Mihal & Barrett, 1976; Aviolo et al., 1981, 1985). However, this
type of test, consisting in monitoring whether certain sounds are presented in one ear or the
other, may not really pinpoint the attention shifts that are most prominent in traffic. The
shifts in traffic may be more of a mixture of active inspection of the environment and
attention being passively, and involuntarily, drawn by conspicuous objects.

•  Perception
Effect on driving

behaviour?
Effect on accident

involvement?
Vision Yes No
Audition ? ?
Motion perception ? ?

Vision. There is now reasonable agreement that elementary visual parameters, such as
static acuity, are not predictive of future accident involvement (Burg, 1967, 1968; Hills &
Burg, 1978). Compensation, in the sense of not (being allowed to) taking part in traffic
may be of influence here. ‘Higher-order’ characteristics are more properly regarded as
aspects of attention (see the previous paragraph). There are relations with driving-related
parameters, however, such as identification and readability distances of signs.
Audition. We found no literature on the effects of auditory characteristics on driving
behaviour or accident involvement.
Motion perception. The same is true for this aspect. For example, we have not been able to
locate research dealing with an individual’s susceptibility to motion sickness, or other
vestibular characteristics, as a factor that might affect his driving capabilities.

•  Cognition
Effect on driving

behaviour?
Effect on accident

involvement?
Knowledge ? No
Risk perception ? Yes
Decision making ? Yes
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Knowledge. Elvik’s (1989) review summarises the literature by concluding that no
relationship has been shown to exist between road user’s knowledge of traffic rules and
their accident involvement.
Risk perception. There is some evidence showing that drivers who are slow in recognising
imminent dangers will be over-involved in road accidents (Quimby & Watts, 1981).
Decision making. The relevant aspect appears to be the general thoroughness with which
people make decisions on their everyday issues. Scores on the self-rated Decision Making
Questionnaire (DMQ), which cover this characteristic, are reflected in road accident
involvement, according to West et al. (1992) and Parker et al. (1995).

For all three cognitive characteristics considered there does not appear to be research
relating the characteristic to actual driving behaviour.

•  Motor functions

Effect on driving
behaviour?

Effect on accident
involvement?

Reaction time ? No

The issue here boils down to whether someone’s quickness of responding to relevant
stimuli is related to the quality of his driving performance and/or his future accident
involvement. An early review by Goldstein (1962) concludes that this is hardly the case (r
= 0.17, maximum, over several studies). Compensation, possibly in the form of acting
more carelessly when one knows that one is quick in responding, may play a role (cf. the
overrepresentation of young male drivers in road accidents).

3.3 Behavioural characteristics and system performance

In this category, certain aspects of driving behaviour per se are considered for their
capacity of predicting accident involvement.

Effect on accident involvement?
Driver type Yes
Violations/driver record Yes
Behavioural parameters Yes

Driver type. A typology of drivers would exist when a limited number of patterns in
relevant parameters were found, and a procedure to assign each and every driver to one and
only one of the patterns. Several driver typologies have been developed over the years,
including those of Quenault (1966, 1967a,b, 1968 a,b) and Risser et al. (1983). Despite
some methodological drawbacks in some of these studies (e.g., no control for exposure) it
is probably fair to say that driver type has been demonstrated  to be related to accident
involvement.
Violations/driver record. Several papers (Mercer, 1989; Peck, 1993; Rajalin, 1994)
demonstrate that driver records, in combination with exposure data, are predictive of
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accident involvement. It also appears that self-rated violation data are good enough to
replace the ‘objective’ data in the driver record (Reason et al., 1990; Parker et al., 1995).
Driving behaviour. It is a central question of traffic safety science what the quantitative
functions are relating behavioural parameters (speed, speed variability, lateral position
keeping, headways, TTCs, TLCs, etc.) to accident risk (probability and severity, both of
single-vehicle and multi-vehicle accidents). Only little exists in the sense of well-
developed theoretical frameworks (for speed and speed variability: Nilsson, 1984;
Koornstra, 1990; Salusjaervi, 1990).

4 Conclusions

It may not be too apparent from the compressed descriptions given here, but the field is
rather bewildering for the sheer number of characteristics investigated and for its
heterogeneity in methodologies, statistical treatments, completeness and type of dose-
effect functions obtained, etc.
Nevertheless, it is clear that a number of useful effects exist and are waiting to be applied.
On the other hand, the investigation of several variables that may be very relevant has
hardly started. Among the latter should be counted:

(1) Life-style, i.e., composite profiles as interrelated patterns of rather mundane
characteristics that are more descriptive of an individual than simple uni-dimensional
variables.

(2) Attentional characteristics. Of the information-processing functions, attention – the
stage preceding the actual processing by the senses – appears to be of central relevance.
This pertains, on the one hand, to the ‘Useful Field of View’, and on the other to the
capacity to shift attention from one object to another.

(3) Decision-making characteristics. Individuals differ in the way in which they reach
decisions. If the situation is risky, the perception of the risk and the thoroughness with
which the decision is taken appear to be of prime importance.

(4) Driving behaviour parameters. If safety is a desired outcome of the highway design
process it should be known what the accident risks associated with certain driving
behaviours are. This can only be the case if quantitative relationships are developed
that link behavioural parameters to the ensuing accident probability and/or severity.

The research to be devoted to any of these variables should result in the following:

• Dose-effect functions for the relevant characteristics. Care should be taken:
- that the methodologies applied for the separate issues are identical
- that complete functions are produced, rather than incomplete or dichotomous ones
- that the estimates of effects are in standardised form, so that they can be compared

across the different characteristics.
• Population distributions for the relevant characteristics. While this half of the story has

not been discussed in this paper it is sure that they are woefully lacking or incomplete
for most of the relevant characteristics. Yet they are absolutely required in order to
assess what the ultimate effects of design guidelines will be.
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INTRODUCTION TO CARE 
 
The Crash Analysis Reporting Environment (CARE) is a sophisticated crash record analysis system 
that is powerful, highly versatile and easily transportable.  It was designed specifically to review 
accident data and to provide user-friendly summaries and reports on topics defined in real time by 
the user.  CARE operates on a desktop computer using the Windows or NT system.  It is in the 
public domain and can easily be downloaded from the WWW (http://care.cs.ua.edu). With simple 
modifications it can be mated to virtually any crash record database.   
 
Sample Users of the CARE System – CARE has been implemented by state highway agencies in 
Alabama, Michigan, North Carolina, Tennessee, Iowa and other states.  A large number of cities 
and local organizations utilize CARE as the basis for their highway safety programs.  It is also 
being applied to aviation accident and incident databases for the Federal Aviation 
Administration, the US Army, and NASA, which illustrates its extreme versatility.  It has 
received several awards, including the 1995 “Administrator’s Public Service Award for 
Innovation” by the National Highway Traffic Safety Administration.  
 
Basis of Operation – CARE operates on a query system, with the user defining virtually any 
combination of roadway system types, geographic locations, accident report data items, 
combinations of data items, etc.  The answers can be obtained in tabulations, graphs, and other 
means.  There are other software systems that perform this function, but CARE goes further.  Once 
initial findings are available, it allows additional analysis and even encourages and guides this 
analysis.  For other accident data systems, the analysis usually stops here because additional 
information cannot be easily obtained since formulating a new set of queries is too time-consuming, 
too difficult or too challenging for most users.  This being the case, valuable information (that could 
be obtained from the data) is not retrieved, and crucial safety decisions are thus based upon 
incomplete information.  Millions of dollars are wasted creating databases that are incompletely 
used or that retain latent, erroneous information.  
 
INFORMATION MINING 
 
For maximum success in accident problem identification and evaluation, the analyst should have 
virtually instantaneous access to all of the data in the database with a full capability to easily 
retrieve the pieces of information that are most pertinent to a specific analysis.  CARE goes beyond 
even this.  It generates proactive statements of data over-representation without the analyst having 
to specify the query variables.  This capability, called information mining (IMPACT), essentially 
squeezes all of the first-level information out of the database for any given topic (e.g., alcohol, 
pedestrians, motorcycles, bicycles, restraints, etc.) and displays tabular or graphical visualizations in 
a prioritized, worst-first format. 
 
The information mining capabilities of CARE include modules that find roadway locations that are 
extraordinarily high in accident frequency, severity or rate.  Two modules have been developed 
specifically for this purpose: HotSpot and Early Warning.  The HotSpot module is discussed in 
future paragraphs.  It examines the state (or city, or county) roadway system by looking for and 
flagging all locations that fall above a user-defined threshold.  Then a graphical representation is 

http://care.cs.ua.edu)/


 

provided to the user, who can visually examine the specified site and adjust its borders depending 
upon this graphical representation.  At that point information mining can be done, or a number of 
standardized reports can be generated to aid in the countermeasure development process.  The Early 
Warning module has similar capabilities.  However, instead of looking for locations that fall out of 
range for a given time period, this module compares current accident information with previous 
accident information (in equivalent time periods) and flags all locations that have recent indications 
of problems. 
 
CARE LOCATION CAPABILITIES  
 
To illustrate the capabilities of the CARE HotSpot module, consider Figure 1.  This is the 
standard work screen for crashes that occur on mileposted roadways in Alabama (all State, 
Federal and Interstate roadways).  Potentially hazardous locations called “hotspots” can be 
determined for any filter (struck trees, injury or worse, alcohol, etc.), for any of the following 
criteria: 

 
Crash Frequency – The criterion is some threshold frequency in a given segment length  

(in the example of Figure 1, the criterion is 15 crashes in 0.4 miles). 
 
Crash Rate – The standard Rate/Quality Control method is used to flag all segments (of user-

specified length) that fall above a given probability confidence limit level (e.g., 95% of 
expectation). 

 
Early Warning – By comparing the most recent user-specified time period with the most 

recent past, major changes in crash patterns (that might signal a problem) are detected. 
 
As a first step, note the graphical portion of Figure 1.  The flags represent hotspots selected using 
one of the above criteria.  The computer merely “walks” down the roadway and determines if the 
specified criterion is met, and if so, it flags the location.  All crashes, however, are output for 
purposes of providing maximum information, and the color of the dot represents the severity.  
The problem with this approach, however is that the computer is only so smart.  For the 15 
crashes in 0.4 miles criteria, for example, it must start searching for a new location as soon as it 
defines an existing one.  In the example above this generated two locations in very close 
proximity (Locations 1 and 2).  In addition, there might be times when the particular segment 
length specification might be too constraining.  Extremely sophisticated algorithms could be 
developed to attempt to accommodate this.  However, CARE has been designed to give the user 
the option to easily redefine locations or even create entirely new ones that are known to be 
problems but were not flagged by the system. 
 
This is accomplished by moving and elongating an object on the screen that is called “the 
bucket.”  In Figure 1, it is positioned over Locations 1 and 2.  The bucket starts out on the left 
side of the screen and is set to the user-defined segment length as a default value.  When needed 
it can be moved right or left by dragging its “handle” with the left mouse button depressed.  This 
is used to set the left boundary.  Then the right mouse button can be used to stretch or reduce the 
size of the bucket, creating the right boundary of the new or redefined location.  The “Modify” or 



 

“Add” buttons immediately above the diagram either modify the current location or add a new 
location, respectively.  The current location is the one selected in the list at the bottom of the 
screen. 
Figure 1 – CARE Analysis by Location 
 

 
 
The purpose of this thoughtful exercise is to help the user add, delete and modify locations to 
ultimately produce a “pool” of locations to be considered for funding.  Additional analysis is 
required, including an on-site investigation, in order to refine this pool and determine the optimal 
projects for maximum safety improvement.  CARE supports this by providing two types of 
additional information generation: on line and standardized reports. 
 
The on-line reports are identical to those that CARE can generate for any other type of filter.  In 
other words, once a location is defined and selected as current, CARE recognizes it and 
automatically establishes a filter for it.  Thus, as shown by the buttons above the graph, the 
standard processing options of Frequency, Crosstabs and IMPACT are available on a location by 
location basis.  The “Accident Numbers” button enables the accident numbers for that location to 
be generated so that hard copy can be retrieved.  If an imaging system is available, these numbers 
would form the links to immediately display the hard copy report on the screen. 
 
Additional features available include the ordering of locations at the bottom of the screen by 
crash frequency for any of the severity levels given, by total crashes, or by the “ADT Rate” 



 

(crashes per million vehicle miles).  This adds a sensitivity analysis component to the on-line 
analysis so that severity and rates can be considered simultaneously with overall frequency. 
 
RECENT “IMPACT” DEVELOPMENTS  
 
CARE has been under continuous development for a number of years.  Two of the recent 
innovations to the IMPACT module, variable prioritization and drilldown, will be used in an 
example analysis later in this paper to illustrate the level of sophistication now available.  The 
example utilizes the definitions listed below: 
 

Information Mining – generating information directly from a database without making 
queries to the database or even knowing what queries are possible.  The ultimate goal is 
to have the database “talk” directly to the decision-maker with a minimum of user 
requirements.  The only current user requirement of CARE is called issue definition. 

 
Issue – a general subject about which the analyst seeks knowledge.  Examples include: 

alcohol, pedestrian, motorcycle, child restraint use, graduated drivers’ licensing, or any 
subject that can be defined by a combination of variables in the database.  Users do not 
even have to know what information might be in the database when the issue is defined; 
they only need to define the subject about which they want information.  The goal is to 
get access to all of the information that exists on that subject in a logical, organized way. 

 
Variable Prioritization – a method of arranging output so that the variables with the highest 

potential contribution to the goal (in this case, crash reduction) are presented first. 
 
Drilldown – the ability to seize the moment and instantly generate information when an 

output indicates its availability. 
 
EXAMPLE APPLICATION OF CARE 
 
Issue Definition Step – All CARE information mining begins with issue definition.  The 
example for this step (and following steps in the analysis) occurred when the 2000 Alabama 
Legislature considered a bill to impose a graduated driver’s license (GDL) for new drivers under 
age 21, based on age and experience.  Background information from the Alabama crash database 
was needed to support the GDL initiative, and CARE provided that information.  
 
The only analytical step involved is “issue definition” to determine subsets of data to generate 
information.  It is a simple matter to create a CARE filter to restrict consideration to given subsets 
of ages.  For example, a new (16-year-old) causal driver would be an obvious subset to compare 
– but with what?  A comparison with all 16-year-old non-causal drivers might be enlightening 
and a good first step.  But GDL makes distinctions between 16 and 17-20 year old drivers, and 
those two age subsets would be a better comparison.  If significant differences between these two 
groups of crashes could be isolated; the analyst would have an excellent handle on this issue.  
Even better, CARE’s capability to quickly repeat analyses can provide even more information by 
comparing the 17 age group with the 18-20 group; the 18 age group with the 19-20 group, etc. 



 

 
Analysis Procedure – The first step is to identify filters that will define the subsets related to the 
issue.  This step is trivial and handled by CARE in less than a minute.  The intuitive tool for 
accomplishing this is activated by clicking “Filter” then “Create” and then “Simple” from the 
CARE main environment menu.  In this example, this step is bypassed for brevity.  The next step is 
to select the appropriate filter (if it is not current), using the tool shown in Figure 2. 
 
Figure 2.  CARE Select Filter Tool with Age 16 Causal Driver Selected  
 

 
 
 
The “Select Filter” tool is also used by IMPACT (CARE information-mining module) to select 
the comparison subset.  Note its presence (called “17-20 yr old driver”) in the filter list of Figure 
2.  It has already been created at this point using the filter generation tool. 
 
Once the age-16 causal driver filter is current, the next step is to activate IMPACT.  Merely 
clicking “Analysis,” then “IMPACT” from the main CARE environment does this.  Then two 
options appear.  The default “Compare this subset against its complement,” is accepted most of 
the time.  In this case IMPACT will automatically create the comparison filter and move ahead 
with its analysis.  However, in this example, it is desirable to compare the 16 age group with the 
17-20 age group, so the other option is selected, “Compare this subset against that defined by 
another filter.”  When this option is chosen, the filter selection tool in Figure 2 re-appears and the 
user can choose any of the other filters.  For this example, the “17-20 yr old driver” filter is 
chosen.  This leads to the IMPACT variable selection tool given in Figure 3. 
 



 

Sometimes it is desirable to only run a subset of variables, and this tool allows such an analysis.  
The user may pick any combination of variables as the basis of an IMPACT run.  However, true 
information mining does not require that the user select (or even know) the variables about which 
he or she should be concerned.  Merely clicking the “Select All” button includes them all (in the 
case of Alabama crash records, this is about 220 variables). 
 
Figure 3.  IMPACT Variable Selection Tool 
 

 
 
At this point, the reader should note that a “check” has been placed in the “Order output by max 
gain” checkbox at the lower left corner of Figure 3. This check assures that variable prioritization 
will be performed.  If the default had been used, it would order the variable outputs in their 
normal sequential ordering as they appear in the database.   
 
Output From IMPACT Module – The detailed description above belabors the process.  With 
very little practice the entire procedure (including filter definition) takes less than ten minutes, 
with the actual CARE computer processing taking less than four minutes of CPU time on most 
standard Pentium processors.  So several false starts could be run and evaluated to hone in on the 
true issue.   
 
A part of the output that results from IMPACT is given in Figure 4.  IMPACT provides a highly 
intuitive comparison between the test and control subsets that were created during issue 
definition.  Since it makes this comparison for all variables, if there is information in the 
database relative to the issue, it will not escape.  There is both a tabular and a graphical output.  
The tabular output is ordered by potential gain (MaxGain, to be defined below) within each 
variable.  The graphical output can be toggled to either MaxGain order or natural order.  The 
graph in Figure 4 is in natural order.  The lighter bars (on the left) refer to proportions of the test 



 

subset (in this case, crashes where the causal driver was 16 years old).  The darker bars (on the 
right) refer to proportions of the control subset, which in this case is the 17-20 causal driver age 
group. The bar chart quickly demonstrates that 16-year-olds have their problems before and after 
school hours, as compared to their slightly older counterparts.  The tabular portion of Figure 4 
shows that the most over-represented time is in the afternoon (3:01-4:00 PM), which is also 
easily visualized on the graph.  The 7:01-8:00 AM time period comes in second.   
 
Figure 4.  CARE IMPACT Output for GDL Study: Time. 
 

 
 
 
The analysis can be extended and additional information can be gleaned from the data by 
exploring the tabular headings from Figure 4. 
 

SubFreq – Subset Frequency.  The subset is given in the dark horizontal bar at the top of the 
figure, “16 YR OLD DRIVER” from the 1998 Alabama Accident Data.  As an example, a 
count of 955 is shown for 16-year-old causal crashes between the time of 3:01-4:00 PM. 

 
Sub %  – Subset  Percentage.  The percentage of the subset in this particular cell.  The 955 

crashes between 3:01-4:00 PM were 16.129% of all crashes caused by 16-year-olds. 
 
OtrFreq – Other Frequency.  The frequency defined by the “other” subset, in this case the 

subset is the “17-20 yr old driver.”  As an example, 2113 crashes caused by the 17-20 



 

year-old causal driver subset occurred between 3:01 and 4:00 PM.  Because this subset is 
of a different size, containing a four-year range of drivers, the frequencies are not directly 
comparable.  This is usually the case – rarely do test and control subsets have even 
numbers of underlying drivers, vehicles, or mileage so the frequencies normally do not 
provide any meaningful basis for comparison.  

 
Otr % x – Other Percentage.  The percentage of the OtrFreq, comparable to the Sub %.  As an 

example, 11.864% is the percentage of the total crashes caused by 17-20 year old drivers. 
 This 11.864% is literally comparable to its 16.129% counterpart, because if these two 
subsets behaved identically the two percentages would be identical.  The fact that the 
16.129 exceeds 11.864 demonstrates that a greater-than-expected proportion of 16-year-
olds have their crashes at this time.  

 
OverRep – Over-representation.  To get a better handle on the degree to which the test 

proportion exceeds the control proportion, the test proportion is divided by the control 
metric (e.g., 16.129/11.864 = 1.359).  It indicates that the proportion is about 35% greater 
than expected.  An asterisk (*) after the OverRep factor that difference between the two 
proportions is statistically significant.  A normal approximation to the binomial is 
assumed, and the alpha value is extremely high (0.99).  Further, this test is only 
performed when both proportions have a sample (frequency) size of at least 20.  So when 
the * appears, there is a clear statistically significant difference between the two 
proportions. 

 
MaxGain – Maximum Gain.  This is a function of both the difference between the proportion 

and the base sample size.  The rationale for this metric is that the maximum that can be 
expected of applying a countermeasure is the net over-representation.  For the 3:01-4:00 
PM time period, this would be the differential of the 16.129 – 11.864 proportions applied 
to the 955-crash base.  This amounts to 252.53 crashes.  The tabular output is sorted on 
this column, since it provides a metric to determine “the biggest bang for the buck.” 

 
The MaxGain also provides the basis for outputting the variables in a prioritized order (variable 
prioritization).  Note the small box in the upper right quadrant of Figure 4.  If the variables were 
listed in their natural ordering, they would appear as V001, V002, etc.  Since the “Order by 
MaxGain” was specified in Figure 3, the variables that have the highest cumulative positive 
MaxGain are output first.  This relegates non-significant variables to the bottom of the list and 
lets users focus on the most meaningful information first. 
 
The particular output presented in Figure 4 is the third one in the list that is considered 
“meaningful.”  Several variables will generally come ahead of the meaningful variables; they are 
the variables used to generate the subset (in this case, they are variables relating to age or highly 
correlated with it).   In this example, they are followed by two other variables, City and Police 
Agency ORI (highly correlated to city).  These are meaningful in the sense that they demonstrate 
the city concentrations for 16-year-old causal drivers. 
 
The next variable in order of priority is the number of occupants in the causal vehicle, which is 



 

given in Figure 5.  This is a very important (and somewhat counterintuitive) variable, since one 
of the factors under consideration for the GDL is the restriction on the number of occupants 
under the age of 21.   
 
Figure 5.  CARE IMPACT Output for GDL Study: Number of Occupants 
 

 
 
It is clear that 16-year-old drivers are over-represented in the higher number of occupants when 
compared to their 17-20 counterparts.  At this point, the analyst might desire to learn the ages of 
occupants within these vehicles – a straightforward CARE query.  Another primary factor to 
consider is the time of the crash.  So both time and occupants are found to be quite significant.  
At this point it is important not to get so sidetracked with the study that the main point of the 
CARE demonstration is missed. 
 
As the IMPACT windows scroll upward, a scenario develops to show strong differences between 
16 year-old causal drivers and their older counterparts.  Each variable contributes to the scenario, 
identifying those areas where maturity and experience are an asset, and others where aging 
actually causes a problem (e.g., alcohol causation, which is under-represented at the younger 
ages).  One factor that contributes to this scenario is the “contributing circumstance” variable, 
which is given in Figure 6.  This shows that speeding, failure-to-yield, and driver-not-in-control 
are the primary factors that diminish significantly with age. 
 



 

Figure 6.  CARE IMPACT Output for GDL Study: Contributing Circumstances 
 

 
 
 
Drilldown Capabilities – The CARE information mining capabilities described above are able to 
create information automatically, and to identify all information in a database that might be relevant 
to a given issue.  This is because all of the variables of the database are processed.  This does not 
mean that a given IMPACT run squeezes out all of the information that is available; it just reveals 
that such information exists.  Indeed, because of the billions of bits of potential information in any 
given database, revealing it all at once would be counterproductive.  What is needed is an easy way 
to surface additional information of interest at the point when it is discovered to be available.  This 
process is called drilldown. 
 
Figure 7 presents an example of a significant finding from the GDL example that might trigger a 
user’s desire for more information.  While the variable “gender driver causal” is not high on the 
priority list, it is a very interesting finding because females are rarely over-represented, and the 
proportion differential is statistically significant.  With such an over-representation, it is only 
natural to desire some instant research on the subject.  In general, females are only over-
represented in the 16-year-old causal age group.  The example will be extended to find out why. 



 

Figure 7.  GDL Output: Example that Might Trigger Drilldown 
 

 
 
The analysis is simple.   Click on the FEMALE cell as is indicated in Figure 7, and then click the 
“Why?” button (in the upper right corner).  This will reiterate the IMPACT analysis at a lower 
level where the subset becomes 16 year-old female causal drivers, and the control becomes all of 
the 16-year-old drivers.  This provides a conservative comparison of the 16-year-old females 
against their male counterparts (conservative because females appear in both subsets).  By 
reiterating the IMPACT at this lower level, an instant scenario is created for female 16-year-old 
causative drivers.   
 
Figure 8 illustrates that their problems are a failure to yield the right of way as opposed to 
speeding (in fact, speeding is significantly under-represented).  In other words, the analyst 
inadvertently discovered that the driving problems that females have at age 16 are significantly 
different from their male counterparts.  This information discovery was something that the 
analyst was not even fishing for when the study began. 
 
Can this be taken further?  What about those females who are failing to yield the right of way?  Is 
it possible to learn more about just where this is happening?  Again, click the “Fail to Yield 
ROW” cell and click the “Why?” button, and the answers appear at the analyst’s fingertips 
(Figure 9).  Four maneuvers are over-represented (as shown by the *).  In rank order they are left 
turn, exiting a private road or private property, starting in traffic, and right turn. 
 



 

 
 
Figure 8.  Drilldown on 16-Year-Old Female Causal Drivers 
 

 
 
Figure 9 illustrates the drilldown example generated to this point.  The first drilldown isolated 
the females, and showed that one of their main problems was in the “failure to yield” 
contributing factor.  The second drilldown was on failure-to-yield, comparing 16-year-old 
females who failed to yield against all 16-year-old females.  This gave the most robust 
comparison to isolate the problems of females failing to yield.  The third drilldown provided the 
types of maneuvers that the causal drivers were executing when the crash occurred. 
 
All of the outputs generated during this example analysis are not presented in this paper.  
However, enough information has been reviewed to show that it was easy to establish a scenario. 
Furthermore, it is very easy to explore any portion of an on-going analysis using CARE’s inherent 
features.   
 
For the current example, the next drilldown (not shown in the paper) found over-representations 
in two-car crashes at intersections where Driver 2 was going straight ahead at 31-35 MPH and 
the causal driver was over-represented while turning left at a speed of 1-5 MPH.  This level of 
detail is extremely difficult to isolate using conventional software. 
 



 

Figure 9.  Third Level Drill Down Example 
 

 
 
 
At this point the example will be terminated; however, readers will be interested to know that the 
analysis prepared for the Alabama Legislature went further to identify several trends about 16-
year-old female causal drivers.  It was shown that they have problems at stop signs and traffic 
signals (as opposed to yield signs), and that the problems were more prevalent in certain cities 
than others.   
 
CONCLUSION 
 
This paper has been prepared to acquaint the world family of road safety officials with a versatile 
analytical tool, CARE. The paper illustrated that CARE is practically limitless in its ability to 
pursue an analysis and to deliver the most-pertinent information to a user (who may be a novice). 
It is in the public domain, and the software used to perform the example analyses in this paper 
can be downloaded from the CARE web site (http://care.cs.ua.edu). 
 
CARE goes beyond providing answers to queries – it lets the database pour out its information.  
No knowledge is required of the underlying data structure, of any database, or of any statistical 
package.  The user does not even have to know the names of the variables in the database. The 
only requirements on the part of the user are (1) a genuine concern to improve traffic safety, and 
(2) the ability to formulate an “issue definition” to bring CARE’s potent capabilities to bear on 
the identified problem.  

http://care.cs.ua.edu/
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Abstract: 
Aggression in traffic, aggressive driver behaviour and its association with road 
accidents has definitely been put on the agenda in the recent years (Arnett 1996; 
AAA Foundation 1997; Arnett et al 1997; Lajunen et al 1998; Mizell 1997; Parker 
et al 1998; Shinar 1998; Underwood el at 1999). Considering these reports, 
however, some problems arise concerning the definition of aggression and 
aggressive driving behaviour. One question is to what extent the definitions used 
are satisfactory in the understanding and study of aggressive driver behaviour.  

Several definitions of aggression and aggressive driver behaviour are presented 
and several aspects are discussed in more detail. These are: 

• Emotional aspects, which to a large extent are missing 

• The distinguishing between instrumental and emotional aggression.  

• The role of threat: Is it only animals that use ‘threatening appearences’? 

• The role of intention 

• Aggressive driving behaviour vs ‘road rage’ 
 
One of the major problems concerning aggressive driving behaviour, and the 
possible association with accidents in traffic, is to define in a clear way, what 
‘aggressive driving behaviour’ actually is. This difficulty may be a reflection of 
the variation in definitions of aggression proposed by experts in this field. It is 
hence difficult to give advice to the police on what types of traffic behaviour they 
should address in their enforcement efforts. European drivers do, however, admit 
that they engage in close following, tailgating and chasing of other drivers. 

Considering the literature on aggressive behaviour in traffic, it becomes quite 
clear that there are major differences between the USA and European countries, 
concerning what is regarded as the problem of aggressive incidents. While the 
USA have been afflicted by shoot-outs and killings of drivers in the road traffic 
system for quite some time, such episodes seem quite rare in Europe, although 
some incidents are known in recent years. Judged from the reports the ‘European 
problem’ with aggressive driving behaviour seem to be more directed towards less 
severe levels of aggression and violence. On the other hand, no European data 
collection system or data base are known that records aggressive driving 
behaviour, or incidents of ‘road rage’. 
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1. Introduction 

Traffic safety researchers , traffic police and road authorities have one main 
objective in common: Understand why road traffic accidents occur, and find 
measures to reduce the number of accidents in traffic. Traffic police forces have 
long asked researchers what kinds of driver behaviour they should give priority in 
their enforcement efforts to reduce the number of accidents. And traffic safety 
researchers have for decades tried to relate traffic accident involvement to how an 
individual driver normally behaves in traffic (Evans and Wasielewski 1982). 

Should the police enforce violations of Road Traffic Acts, or should they address 
other types of behaviour? If considering violations only, what types of violations 
should be enforced? Given that enforcement resources are limited, and given that 
the police itself and road authorities are looking for results of their efforts, the 
view that only violations that have impacts on accidents should be prioritised, 
have emerged.  

Reviewing a considerable amount of evaluation reports on police enforcement 
activity, only four types of driver behaviour can be said to be firmly associated 
with the number and severity of traffic accidents (Elvik et al 1997, ETSC 1998). 
These behaviours are: 

• Speeding: A reduction of speed, in terms of average driving speed and/or the 
number of speeding drivers, is accompanied by a reduction in the number of 
accidents. 

• Drunken driving: A reduction in the number of drunken drivers, and/or the 
level of alcohol in the blood, reduces the number of accidents involving 
drunken drivers. 

• Seat belt use: Enforcement of seat belt use increases user rates. When user 
rates increase, the levels of injury decrease. This is especially true for severe 
levels of injury, in particular fatal injuries. 

• Regulating driving-and-resting time for drivers of heavy vehicles reduces 
accidents with heavy vehicles. 

In addition, there are some evidence that right-of-way and red-light violations are 
associated with traffic accidents (Chen et al 1995; South et al 1988). 

But questions concerning aggression remain: Is there a link between aggression in 
traffic and traffic accidents? Is aggressive driving a candidate for police 
enforcement? Will enforcement of aggression in traffic be followed by a reduction 
in the number of traffic accidents?  
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2. Definitions of aggression and aggressive driving 
behaviour 

Aggressive driver behaviour has definitely been put on the agenda in the recent 
years (Arnett 1996; AAA Foundation 1997; Arnett et al 1997; Lajunen et al 1998; 
Mizell 1997; Parker et al 1998; Shinar 1998; Underwood el at 1999).  

The issue of aggressive driving have also been among those addressed in the EU-
project ESCAPE which was finalized in June this year 2000.1 Aggressive driver 
behaviour and its impact on speed choice is also among issues being studied in a 
research program on driver behaviour models currently running at the Institute of 
Transport Economics (TØI).2 

 

2.1 Definitions of aggression 
What is meant by aggression? What do we understand by aggressive driving 
behaviour? Is there a consensus concerning the understanding of aggression and 
aggressive behaviour? Definitions of  aggression and aggressive driving 
behaviour is obviously needed. Considering literature in this field, it has become 
clear that defining aggression is not a straightforward task. Textbooks in 
psychology and encyclopaedia differ considerably in their definitions of 
aggression, as do the definitions used in papers and articles on the subject. 
Consensus cannot be said to have been reached. And several aspects of the 
definitions used are troublesome.    

• The etymologic origin of aggression is the Latin word ‘aggress(are) which 
means to attack (Webster 1994). Webster’s psychological definition of 
aggression is: ‘Outwardly or inwardly directed, overt or suppressed hostility 
either innate or resulting from continued frustration’ . 

• Dollard et al in ‘Frustration and Aggression (1939) defines aggression as: ‘A 
sequence of behaviour, the goal-response to which is the injury of the person 
toward whom it is directed’. 

• A Norwegian dictionary defines aggression as ‘a hostile attitude towards the 
environment’ (Guttu 1998). 

• A Norwegian encyclopaedia defines aggression as ‘an attack, or hostile 
behaviour that intends to cause pain, injury or the like’ and continues by 
distinguishing between aggression in humans and aggression in animals 
(Svartdal 1995):  

                                                 
1 ESCAPE – ‘Enhanced Safety Coming from Appropriate Police Enforcement – is an EU-project 
under the 4th Framework Program running from January 1999 to June 2000. 
2 A Strategic Institute Program (SIP) on “Driver Behaviour Models” is currently running at TØI. It 
is financed by the Norwegian Research Council and the Norwegian Public Roads Administration. 
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In humans: ‘Acts directed towards other individuals, objects, or oneself. Can 
be expressed in many ways and intensities, from ironic comments, verbal 
criticism and self-assertion to physical attacks resulting in destruction, injury 
or homicide’.  
In animals: ‘A large part of an apparently aggressive behaviour do not intend 
to bring about pain or injury in others, but seeks rather to establish 
dominance by means of threatening appearances’.   

• Konrad Lorenz in ‘On aggression’ (1966) defines aggression as: ‘The fighting 
instinct in beast and man which is directed against members of the same 
species’.  

• Hilgards “Introduction to Psychology”: ‘Aggression is behaviour that is 
intended to injure another person physically or verbally’ (Atkinson et al 
1996). 

• Berkowitz (in ‘Aggression: Its causes, consequences and control’ 1993) and 
Baron & Richardson (in ‘Human aggression’ 1994): ‘Any form of behaviour 
that is intended to injure someone physically or psychologically’  

• Renfrew (in ‘Aggression and its causes’ 1997): ‘Aggression is behaviour that 
is directed by an organism toward a target, resulting in damage’ 

 

2.2 Definitions of aggressive driving and ’road rage’ 
Some recent studies of aggression in traffic provide completing definitions of 
aggressive driving behaviour. A new concept has also entered the arena: ‘Road 
rage’.  

• Lajunen et al (1998) define driver aggression as ‘Any form of driving 
behaviour that is intended to injure or harm other road users physically or 
psychologically’ . 

• Martinez/NHTSA (1997) classify aggressive driving as a traffic offence and 
defines it as: ‘The operation of a motor vehicle in a manner which endangers 
or is likely to endanger people or property’ while  

‘road rage’ is classified as a criminal offence and defined as ’an assault with 
a motor vehicle or other dangerous weapon by the operator or passenger(s) of 
one motor vehicle on the operator or passenger(s) of another motor vehicle or 
vehicle precipitated by an incident which occurred on a motorway’ 
(definitions cited from Shinar (1998)). 

• Mizell/AAA Foundation (1997), defines ‘aggressive driving’ as: ‘An inicident 
in which an angry or impatient motorist or passenger intentionally injures or 
kills another motorist, passenger, or pedestrian, or attempts to injure or kill 
another motorist, passenger, or pedestrian, in response to a traffic dispute, 
altercation, or grievance’. It is also considered ‘aggressive driving’ when ‘an 



 6 

angry motorist intentionally drives his or her vehicle into a building or other 
structure or property’.  

 

2.3 Some comments on the definitions 
This variety in the definitions is clearly confusing. It is a surprise to find so little 
consensus in the definitions of  ‘aggression’ and ‘aggressive’ as they are concepts 
we frequently use in our everyday speech. ‘He seemed very aggressive’, ‘an 
aggressive salesman’, ‘aggressive marketing’ and the like, are comments we use 
without much hesitation, and without much objections from others when we make 
our comments.  

 

Emotional aspects are missing 
Renfrew (1997) points out that we may get as many definitions of aggression and 
aggressive behaviour as the number of people we ask. Could it be that the 
variability experienced among lay persons are reflected by the variability in the 
definitions proposed by researchers in this field? It is indeed fascinating that 
aggression, or anger, being one of  the basic drives and emotions in human and 
animal life, for the most part are defined with almost no reference to emotional 
aspects. Some of the definitions are completely ripped off any emotional content. 
And anger and aggression certainly are emotions ‘in motion’, so to speak. I would 
also argue that when we say ‘he seemed aggressive’ then such a comment is based 
on the emotional quality of  his appearance, and identified by the emotions it 
arouses in ourselves. But we may differ considerably when we attribute labels on 
certain kinds of behaviour: I may say ‘he behaves aggressively’, another might 
say ‘he is self-assertive’. We differ in our perceptions of the surrounding world 
and we differ with regard to sensitivity, i.e. the emotional and cognitive apparatus 
we use when we classify and judge the behaviour of others. As said, the 
variability seen in the definitions proposed, could be reflections of the variability 
in man’s perceptions of others and the behavioural and emotional categories we 
use when appraising the behaviour of others. 

Baron and Richardson (1994) and Berkowitz (1993) distinguish between 
instrumental and emotional aggression. Instrumental aggression refers to 
instances in which the aggressor uses aggressive behaviour as a means of non-
injurious goals, rather than out of a desire to harm other people. In emotional 
aggression, the primary aim of the aggressor is to cause suffering and harm to the 
victim. This distinction is questionable because it presupposes that instrumental 
aggression is a kind of behaviour that is free from any emotional content. This is 
unlikely, emotions are always an aspect and a part of behaviour, even if this is not 
stated explicitly (Damasio 1994): An individual using aggressive behaviour as a 
means of ‘achieving non-injurious goals’ would experience emotional satisfaction 
of his achievement, it could indeed be the working reinforcement that increases 
the probability of behaviour. A person being used as an instrument for others, and 
for the achievement of other peoples goals, does not experience any good feelings 
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when being used, unless perhaps s/he is a masochist or a person who experience 
their submissive nature with good feelings. It is hence argued that there is no real 
difference between instrumental and emotional aggression, there is only an 
apparent difference in the emotional intensity that may be visible to the outside 
observer.  

Some definitions mention that aggression could involve psychological harm or 
verbal injury of others. Such concepts must also be understood in terms of 
emotions and cognition i.e. the self-destructive thoughts and painful feelings that 
may be the results of ironic comments and verbal criticism from others. 

 

The role of threat: Is it only animals that use ‘threatening appearences’? 
I find it surprising and remarkable that only one of the definitions mentions 
threats as a part or aim of aggression, and only among animals. Svartdal made a 
specific remark concerning aggression in animals (1995): 

‘A large part of an apparently aggressive behaviour [in animals] do not 
intend to bring about pain or injury in others, but seeks rather to establish 
dominance by means of ‘threatening appearances’’.   

It may look like threats, or acts perceived as threats, are not part of the 
communication acts between human individuals. But of course it is, man has 
developed a wide repertoire of communication acts that may induce some kind of 
fear or perceived as threatening by others: Raising a voice, a hostile glance, 
indulge in personalities, aggressive questioning, certain body postures and facial 
expressions. A lot of communication acts induce threats or imaginations of 
threats, and are hence perceived as aggressive by others.  

Threatening interactions are certainly found in road traffic also. Hostile and angry 
glances are found in traffic as well as outside, but there is more, for example:  

• High speed among vulnerable road users is in itself threatening, making 
pedestrians and cyclists giving way to the vehicles. 

• Cars ‘diving’ into a crossing in high speed, makes other drivers submissive. 

• Drivers using their larger size of their vehicle in order to make other drivers 
submissive. 

• When  a vehicle come close to another from behind and flashes its headlights 
repeatedly in order to make a slower vehicle in front change from the left to 
the right lane so that passing can take place.  

Is this aggressive acts? Or is this just normal interaction between two parties were 
the roles of being self-assertive and submissive are found in a natural way in the 
process of solving everyday conflicts in traffic? When should acts be regarded as 
normal interactions and when as aggressive interactions? When and where to 
distinguish between the two?  Where is the cut-off point? 
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The role of intention 
Some road users, and especially drivers, do behave in dominant or threatening 
ways in order to achieve submission by the other, but again: When is it 
aggression? The aggressive content of threatening behaviour may be very obvious 
to the common road user who is exposed to the behaviour in question – i.e. that 
the act is perceived as threatening and aggressive by the other party, who in turn 
react with submission. Is the behaviour then aggressive behaviour?  

Lajunen et al (1998) argue that the motive or intention of harming other road users 
should be the criteria that distinguishes aggressive driving behaviour from just 
reckless, hazardous or dangerous driving.  The question is whether this criteria is 
sound as it relies on (access to) the emotional and cognitive content of the 
aggressor. An aggressor may deny any intention to harm others although it may 
obvious to observers that the act was aggressive. It may be argued whether a 
definition of aggression should include the judgement of observers, i.e. the 
possibility of external observers to reach intersubjective agreement on whether an 
act should be classified as aggressive or not. 

 

Road rage 
‘Road rage’ is a new concept, entering the arena of road traffic around 1997. In 
my view, road rage as it is defined earlier, is nothing else than acts of violence, 
i.e. criminal offences, not traffic offences. And as acts of violence it is nothing 
new in the society as such, what is new is that violence is now also taking place 
on the roads as they have done in other sectors of the society for years. There are 
also indications that this phenomenon is increasing in the USA. The phenomenon 
must be viewed as part of a much larger and older problem: The problem of 
violence in modern societies as a whole. 
 

3. Aggression in road traffic 
Considering the literature on aggressive behaviour in traffic, it becomes quite 
clear that there are major differences between the USA and European countries 
concerning what is regarded as the problem of aggressive incidents. While the 
USA have been afflicted by shoot-outs and killings of drivers in the road traffic 
system for quite some time, such episodes seem quite rare in Europe, although 
some incidents are known in recent years. Judged from the reports the ‘European 
problem’ with aggressive driving behaviour seem to be more directed towards less 
severe levels of aggression and violence. On the other hand, no European data 
collection system or data base are known that records aggressive driving 
behaviour, or incidents of ‘road rage’, as the one established in the USA by Mizell 
and the AAA Foundation (described in section 3.2). 
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3.1 European studies 
Several studies have investigated aggressive driving and aggressive acts in road 
traffic in recent years (Sample Surveys Ltd 1996; Lex Report of Motoring 1996; 
Joint 1995; Parker et al 1998; Lajunen et al 1998; Underwood et al 1999). Table 1 
gives a summary of some frequencies/prevalences of aggressive driving in the 
UK. 

 
Table 1:  Reports on aggressive acts in the UK: Sample characteristics, behaviour 

reported, frequencies/prevalences. 
Study and country Sample Prevalence of aggressive 

behaviour types 

Sample Surveys Ltd, 1996 (UK) 3 Car drivers, lifetime 
prevalence experience 

‘Bullied’ when driving: 49% 

Verbally abused: 40% 

Physically assaulted: 2% 

Lex Report of Motoring (1996) 
(UK)  

Drivers, preceding  
12 months 

Gestural or verbal abuse: 44% 

 

Joint (1995) (UK) Members of UK 
Automobile 
Association, last 12 
months  (n = 526). 

‘Road rage experiences’: 90% 

Close following/tailgating: 62% 

Drivers admitting ‘loosing their 
temper’: 60% 

Headlight flashing: 59% 

Obscene gestures: 48% 

Physically assaulted: 1% 

Parker et al (1998) (UK) Self selection 
sample/Advertising  
(n = 270) 

Chasing others, showing hostility 
towards others, annoying others 

by using the horn 89% 

 

                                                 
3 Referred to in Lajunen et al, 1998 
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Considering table 1 it is clear that aggressive communication between drivers do 
take place in the road system in the UK. There is also some consistency across 
studies: Verbal abuse and obscene gestures are experienced by some 40 – 48% of 
the drivers, and 1 – 2 % of the drivers have been physically assaulted. But using 
their horn, showing hostility, receiving gestures, and being verbally abused, can 
hardly be said to be a problem of traffic safety. Being physically assaulted could 
be acts of violence, and as such criminal offences, not traffic offences. So what’s 
in it concerning traffic safety? It is hard to tell from these data, but, lot of UK 
drivers, 62%, reports close following/tailgating (Joint 1995). 

Lease Plan is an international cooperation which organises and finances company 
cars for larger companies in five European countries: UK, Spain, France, the 
Netherlands and Norway (Lease Plan Norway 2000). In 1999 Lease Plan made a 
survey among company car drivers in each of the five countries. The final sample  
consisted of 1750 respondents – 350 from each of the countries. About  10% of 
the final sample were female drivers. A part of the survey addressed aggressive 
behaviour in traffic: Table 2 sums up the opinions of the drivers: 

 
Table 2:  Aggressive behaviour among company car drivers in five European 

countries: Great Britain, Spain, France, the Netherlands and Norway. 
Respondents pr country: 350 (Source: Lease Plan Norway 2000) 

Question/Country Great 
Britain 

Spain  
% 

France  
% 

TheNether-
lands % 

Norway 
% 

Average 
% 

Acted aggressively 
against other drivers? * 

55 54 57 35 68 54 

Obscene gestures? ** 66 42 56 51 59 55 

Verbal abuse? ** 50 60 57 30 29 46 

Dangerous driving? ** 10 9 7 19 20 13 

Chasing car in front? ** 7 6 9 11 7 8 

Physical assault? ** 1 0 2 0 0 1 

Seriously threatened by 
other drivers? * 

41 16 46 33 15 30 

*) All drivers (n = 1750) 
**) Subsample: Responded ‘Yes’ to acting aggressively against other drivers (n = 942) 
 

On the average, 54 % of all the drivers admit that they have acted aggressively 
against other drivers. The percentages of drivers in Great Britain, Spain and 
France are all of the same magnitude, while Dutch drivers are far below and 
Norwegian drivers above this average. It is interesting to observe that there is a 
mismatch between acting aggressively and being seriously threatened by others 
for Spanish and Norwegian drivers, but not for drivers of other countries. It is 
hard to tell why, drivers may have different opinions of what ‘serious threats’ are, 
but it remains strange that this mismatch is reported in traffic cultures that are 



 11 

quite different. Only French and British drivers reports, and admits, physical 
assaults, and again there is consistency across studies for the British drivers. 

Concerning traffic safety issues, it is more serious that 8 % of the drivers 
admitting aggressive acts also reports ‘chasing car in front’. This average of 8 % 
seems quite stable across the countries, while there is more variation concerning 
the number of drivers admitting ‘dangerous driving’. The numbers are quite high 
in Norway and the Netherlands and considerably lower in Spain, France and Great 
Britain. 

 

3.2 American studies  
No studies are found that makes it possible to compare frequencies of aggressive 
driving in European countries to figures in North America - i.e. ‘aggressive 
driving’ in the same meaning as the types presented in tables 1 and 2. The 
recording of aggressive driving have, however, been sampled by Mizell in a report 
to the American Automobile Association (AAA). The definition of aggressive 
driving is here different from the ones used in the previous tables and may show 
an elevated level of violence on American roads  (Mizell 1997). Mizell gives 
descriptions of several traffic incidents: 

• Massachusetts – 20th February 1994: Donald Graham (54) and Michael 
Blodgett (42) had an ongoing, heated dispute chasing each other for several 
kilometres before ‘.. they both pulled over to an access road and got out of 
their vehicles. At that point Graham retrieved a powerful crossbow from his 
trunk and murdered Blodgett with a razor-sharp 29-inch arrow’.  

• Seattle, Washington: Terence Milton Hall (57) shots and kills Steven Burgess 
(21) ‘…, because he was unable to disarm the loud anti-theft alarm on his 
jeep’  

• Washington D.C – April 1996: Nakal Keval Terry (26) and Billy Canipe (26)  
‘ … began duelling in their cars as they drove up the George Washington 
Parkway. Travelling at speeds of up to 80 miles per hour, the cars crossed the 
median of the parkway and hit two oncoming vehicles. Only one of the four 
drivers involved in the crash survived; Nakal Terry was sentenced to 10 years 
in prison for his role in the incident’.  

 

Mizell presents several other incidents in line with the ones cited above and gives 
examples of some of the causes of the aggressive acts: 

• ‘He… was killed because he drove too slowly’,  

• a woman was shot ‘because the bitch hit my new Camaro’,  

• a child was injured because her father ‘cut me off’. 
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Mizell, who owns a corporation that maintains databases of crime reports, was 
commissioned by the AAA Foundation for Traffic Safety to search  for and 
collect data on all incidents of violence that involved traffic altercations and use of 
the vehicle as a weapon. The incidents in Mizell’s database on aggressive driver 
behaviour, included only the most violent confrontations, i.e. those which were so 
extreme that they resulted in a police crime report or a published newspaper 
article. However, the AAA Foundation says ‘they undoubtedly represent a small 
fraction of the total number of such incidents’ (AAA Foundation 1997). 

From January 1990 to 1st September 1996, there were at least 10.037 incidents of 
aggressive driving in the United States reported to Mizell and Company (Mizell 
1997, table 3). 

 
Table 3:  Known incidents of aggressive driving that occurred from 1st  
 January 1990 to 1st September 1996  (From Mizell 1997) 4 

Year Number Increase from previous year (%) 

1990 1129  
1991 1297 14,8 
1992 1478 14,0 
1993 1555 5,2 
1994 1669 7,3 
1995 1708 2,3 
1996  1201 5,4 * 

 10.037  
 *)          The database did not comprise the four months September-December of 1996.  

Based on the preceding 8 months, an estimate for the whole year 1996 
would be approximately 1800 incidents or 5,4 % increase from 1995. 
 

At least 218 men, women and children are known to have been murdered and 
12.610 injured as a result of these 10.037 incidents. The 12.610 injuries include 
cases in which people suffered from paralysis, brain damage, amputation and 
other seriously disabling injuries (Mizell 1997).  

The data gives a yearly average of 1.505 incidents. Estimating the population of 
the USA to about 260 million, the incidence, i.e. the number of new incidents pr 
year, would be about 5,8 per million citizens per year. 

Considering the EU/EEA countries, with an estimated population of 375 millions, 
one would expect about 2.175 incidents of this kind per year if they were of the 
same magnitude as in the USA. 5 
                                                 
4 The numbers are based on notices from 30 newspapers, police reports of incidents from 16  
police departments and statistics from insurance companies. The following incidents are not 
included: Random snipers (socalled ”thrill shootings”) and objects thrown from overpasses. It does 
not include people injured or killed by armed robberies of motorists or other common highway 
crimes, or people injured or killed in ”ordinary” drunk driving or hit-and-run collisions 
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Concluding remarks 
One of the major problems concerning aggressive driving behaviour, and the 
possible association with accidents in traffic, is to define in a clear way, what 
‘aggressive driving behaviour’ actually is. This difficulty may be a reflection of 
the variation in definitions of aggression proposed by experts in this field. It is 
hence difficult to give advice to the police on what types of traffic behaviour they 
should address in their enforcement efforts. European drivers do, however, admit 
that they engage in close following, tailgating and chasing of other drivers. 

 

Considering the literature on aggressive behaviour in traffic, it seems to be major 
differences between the USA and European countries concerning aggression in 
traffic. Judged from the reports, the ‘European problem’ with aggressive driving 
behaviour, seems to concern less severe levels of aggression and violence than the 
incidents recorded by Mizell and the AAA Foundation for Traffic Safety. ‘The 
American problem’ is a problem of violence and criminal acts taking place in the 
road system, not aggressive traffic behaviour as such. On the other hand, Europe 
and European countries have no known data collection system that records 
aggression, i.e. acts of violence, taking place in road traffic. Based on available 
reports presented and discussed here, comparisons between Europe and the USA 
are difficult, but there is little doubt that the problem of violence on American 
roads are of a much larger and serious scale than on European roads.  
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INTRODUCTION 
 
This paper attempts to examine the reasons behind the behavior on the roads of South Africa today which 
has led us to a death rate of some 15 x that of developed countries such as Australia, the United States 
and Europe.  I am fully aware that we have a lower rate of crashes than many developing countries in the 
world which account for 70% of global deaths, although they only carry 30% of the traffic.  South Africa is 
a society in transition, with a history markedly different from most developing countries, with its own 
special circumstances and conditions. 
 
The paper is a reflection on the political and social history of my country, and an entirely personal view of 
the factors which I perceive to be  contributory to the carnage on our roads, and the attitudes and behavior 
which contributes to that carnage.  I am aware that I am speaking to engineers, scientists and other 
people who base their work on logical and scientific principles, and my presentation will concentrate on 
behavior, emotion, personal perception and some social analysis.  Please bear with me on our journey. 
 
 
THE ROOTS OF APARTHEID 
 
The old South African government embarked on a social engineering program which became known 
world-wide as Apartheid, and which was denounced by the United Nations as ”a crime against humanity”.  
This policy built on the inequalities which were rampant under 200 years of Dutch and British colonisation, 
and which, among other hardships, deprived more than 80% of the population of rights to most of their 
land as early as 1913.   At the Rivonia Trial where ex-President Nelson Mandela was the first accused, he 
gave a clear summary of past atrocities : ”Already (by the early 1960s) scores of Africans had died as 
a result of racial friction.  In 1920 when the famous leader, Masabala, was held in Port Elizabeth, 
twenty four of a group of Africans who had gathered to demand his release were killed by the 
police and White civilians.  In 1921 more than one hundred Africans died in the Bulhoek affair.  In 
1924 over two hundred Africans were killed when the Administrator of South-West Africa led a 
force against a group which had rebelled against the imposition of a dog tax.  On 1 May 1950 
eighteen Africans died as a result of police shootings during a strike.  On 21 March 1960, sixty-
nine unarmed Africans died at Sharpeville” 
 
By the time that the Nationalist government came into power in 1948, black resistance had already begun, 
and over the next nearly five decades, suppression of black political ambitions and boosting of political 
and economic status of whites as well as maintenance of their privilege was the prime objective of state 
structures including security forces. 
 
As resistance movements attempted to organise in an endeavor to retain and then gain some political 
voice, the state became more and more heavy-handed in resisting change towards a more democratic 
and equitable society.  For nearly half a century the majority of people in South Africa had no political, 



TRAFFIC SAFETY ON THREE CONTINENTS 
Politics, Violence and Road Safety - Wendy Watson 

Road Safety is Everybody’s Business 

2

2

economic or social voice that was heard by government or the international community, and resistance to 
the fight for freedom and equality by state forces was heavy, violent and continual. 
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prospects Black
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from government
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State sanctioned 
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The Truth and Reconciliation Commission was set up in 1996 to establish as complete a picture as 
possible of the causes, nature and extent of gross violations of human rights which were committed during 
the period 1960 to 1994.  The  primary finding of the Truth and Reconciliation Commission states ”The 
predominant portion of gross violations of human rights was committed by the former state 
through its security and law-enforcement agencies.  Moreover, the South African state in the 
period from the late 1970s to early 1990s became involved in activities of a criminal nature when, 
amongst other things, it knowingly planned, undertook, condoned and covered up the commission 
of unlawful acts, including the extra-judicial killings of political opponents and others, inside and 
outside South Africa.” 
 
 
INSTITUTIONALISED VIOLENCE 
 
This institutionalised violence is one of the factors which has led to the legacy of violence which exists in 
our society today. There was no respect from the State for human life and property.  In a well ordered 
society the family is the main structure around which civil society, education systems, the churches, 
government agencies and the security forces form concentric circles of responsibility and authority.  In a 
”normal” society, if a family collapses, then the education system or social security acts to assist the 
victims, and to re-establish their position in society.  If this does not operate, then the next level of 
authority should support the individual or community who is not managing. 
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THE CIRCLES OF AUTHORITY 
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In South Africa, the ultimate authority, the Government, used their security forces to move through these 
levels of authority and attack individuals, families and entire communities in their homes.  Legislation such 
as the pass laws and influx control forced families to live apart, and caused traditional community and 
extended family support to weaken.  The education system for blacks was designed to discourage 
academic advancement, and to produce a subservient population who would fulfill roles as obedient 
labourers.   
 
All of these moves were resisted by the African majority, who found it difficult to mobilise because of 
violent state suppression and lack of infrastructure in their communities.  In 1990 only 2% of people in 
black communities had access to telephones.  Televisions were only introduced in 1975 in South Africa, 
and even then there was little world coverage, heavy censorship, and limited coverage in mother-tongue.  
The policy of dis-information and control of media by the state kept people isolated from other 
communities, from the political struggle, and from world trends. 
 
Many black leaders went into exile to further their educations and the struggle against oppression, and 
vast numbers of their followers left the country to be trained as soldiers to take up the call to armed conflict 
when it was made.   Many of the leaders who remained within the country went underground to continue 
the struggle, or were arrested, detained or killed, either judicially or extra-judicially.  South Africa for many 
years had the highest rate of capital punishment in the Western world.  Many of the people hanged were 
killed for political crimes, when social crimes often went unpunished because of security resources being 
used by the regime to maintain the system of apartheid, colloquially referred to as ”separate 
development”.   
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TRANSITION, UNEMPLOYMENT AND POVERTY 
 
In the early 1990s when tens of thousands of militarily trained exiles started to return to South Africa, the 
international economic recession led to a situation where many were unable to find work.  Some of these 
men were able to survive and to fill the material expectations of their families through resorting to crime. 
 
All of these factors, the increasing suppression, the economic impoverishment, the breakdown of family 
life, the call to the people to make themselves ungovernable, and the proliferation of both legal and illegal 
arms, has led to a situation where many South Africans are armed - and dangerous.  The economic 
situation, political frustrations and heavy state suppression with army and police concentrating on 
protecting ”white” interests led to a very high level of crime in black society.   Now that we are in a new 
dispensation, and security is more equitable, levels of crime in areas which were previously advantaged 
have increased markedly.  The perception of a general increase in violence and crime is incorrect, but 
crime has moved from being mainly in the disadvantaged communities to being more general in all sectors 
of society. 
 
The result of this social engineering has meant that South Africa is one of the most violent societies in the 
developed  world. Our murder rate is among the highest in the world, and is only superceded by countries 
such as Columbia.   One is 70 times more likely to be murdered in South Africa  than in England, and 
more than 40 times more likely than in even the most violent parts of  the United States.  About 600 Police 
in South Africa die at the hands of criminals each year, and the police kill many more than that,  although 
there is now no legitimate death penalty in terms of the new constitution.  More people are dying now at 
the hands of police and security forces than were killed by those forces in the early and mid-1990s. 
 
 
EDUCATION AND BEHAVIOR IN COMMUNITIES AND ON THE ROADS 
 
In a speech during 1998, Mr Cyril Ramaphosa stated that damage done to South African society through 
the lack of adequate education has had the greatest long-term effect on our society because it 
incapacitates generations of people.   One of the first acts of the Nationalist government elected in 1948 
was to stop subsidies for black schools.  Education for White children was compulsory and largely free.  
The SA Institute for Race Relations in its 1963 journal, stated that approximately 40% of African children 
in the age group 7 - 14 years did not attend school.  The Government spent R144.57 on each White child 
per year, and less than 10% of that amount (R12.46) on African children.  Schools are still violent places.  
Children and teachers are sometimes armed, and recently there have been two incidents where 
massacres have occurred on school premises when teachers have argued in staff rooms.   
 
In KwaZulu Natal 15,000 people were killed in political violence alone (state orchestrated, ”low-intensity”, 
black on black conflict) between 1984 and 1994. Levels of family murders, muggings, rape, high-jackings, 
security robberies, suicides and other violent crime are extremely high in comparison with both first world 
and developing nations. 
 
In this society of violence and intolerance, it would be extremely surprising if our roads were safe places, 
where people were polite and tolerant and had a respect for human life.  To expect ”normal” behavior in 
any area of our still ”abnormal” society is unrealistic. 
 
South Africa is also a very authoritarian and paternalistic society, where the image of a man is to be 
strong, militant and ”macho”.  It is a society which for years legislated a mans ”rights” over his women and 
family, and which, to a large extent,  still prescribes to this ethos, in spite of the protection of one of the 
most progressive constitutions in the world.  This leads to aggressive behavior, which is reflected in 
driving conduct, a passion for fast cars, and even rampant road rage.   South African society has for many 
years accepted abuse of alcohol as the ”norm” even to the extent of it being an extenuating circumstance 
for crimes committed.  One driver in seven on our roads in the evening is over the legal alcohol limit, and 
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most crashes occur in the evening hours and over weekends.  The same ”macho” ethos leads to wide-
spread abuse of women and children in our society.   
 
 
ENGINEERING 
 
From a structural/road-engineering point of view, the rural areas of South Africa and the ”townships” and 
informal settlements have remained largely undeveloped.  There is a wonderful network of arterial roads 
and highways, sometimes four or five lanes wide, which criss-cross the land.  These connect towns and 
cities, and lead in and out of previously disadvantaged areas and were developed partially to make the 
fast and safe movement of troops and military equipment possible during times of political ”unrest”.  In 
KwaZulu Natal there is even a section of the N3 near Estcourt which was designed to be suitable for the 
landing of military aircraft. 
 
There has been insufficient infrastructure created for the safe road use by pedestrians in most areas, and 
too little government subsidy of travel for the  poor, or facilities for taxis to enable them to pick up and drop 
off passengers safely.  The taxi industry is not regulated, causing problems with control which leads to 
poor vehicle design, condition and maintenance and illegal licenses of both drivers and vehicles.  Because 
many of our informal settlements have not been planned, often schools are on one side of a main road, 
and homes on the other.  Sometimes shack settlements have grown up illegally and are established 
actually within the road reserves.  Taverns and shebeens are informal businesses, which are not planned 
to enable safe travel home for patrons, often in inebriated states.  70% of adult pedestrians killed on our 
roads are drunk.  This means that nearly 3000 lives are lost each year nationally because of drunken road 
use by pedestrians, and 1000 children die when they are hit by vehicles.   
 
 
ACCESS TO JUSTICE 
 
The South African judicial system cannot cope with the level of prosecutions in terms of either crime or 
road traffic offences.  In some jurisdictions only 3% of murders are followed by successful prosecutions 
and convictions.  The Administrative Adjudication of Road Taffic Offences Act (AARTO) was designed to 
bring about a change in the ”culture of impunity” on the roads which presently exists.  It has been passed 
by parliament and is due to be implemented in late 1999.  This will involve not only collection of fines, but 
demerit points which can lead to suspensions of licenses, and confiscation of property for non-payment of 
traffic fines, as well as introduce a standard policy nationally regarding punishments.  This will remove the 
majority of road offences from the courts and enable the judicial system to once again be a tool in 
combating social crime. 
 
Nearly 10,000 people die annually on the roads, and many times that number are permanently disabled or 
seriously injured.  This is seventeen times the ”world’s best practice”, and can certainly be changed, with 
skillful public relations campaigns which will limit the resistance of sections of the community which sees 
heavy enforcement as a continuance of the suppression and over-regulation of the past.   
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THE SOLUTION 
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Dealing with society on many levels will change road behavior.  Concentration on speed reduction, backed 
up by a comprehensive advertising campaign clearly indicating the emotive consequences of unsafe 
behavior,  will have the most immediate effect because most road crashes could be avoided or the degree 
of damage lessened if they occur at lower speeds.  Comprehensive alcohol programs - high levels of 
enforcement synergised by mass media - will change attitudes to drinking and driving. In the medium term 
improved road infrastructure (low cost engineering projects at black spot sites) will ensure that pedestrians 
have less chance of being involved in conflicts with vehicles.  Education programs in schools and 
communities will have a long term effect, and enable us to maintain the downward spiral.  Overall, the 
state and security forces having a respect for human life will eventually change attitudes and encourage 
our society to become gentler and more responsible. 
 
International experience has proved that, with the political will and sufficient allocation of resources to 
enable the implementation of a scientifically based, data driven, road safety program which integrates 
enforcement, advertising, public awareness, education and engineering elements as well as strong 
community participation, we should be able to achieve a 50% reduction in road deaths over the next five 
years.  This will reduce the present rate of nearly 20 deaths per 10,000 vehicles to 10 deaths per 10,000 
vehicles, and will save R20 billion and 15,000 lives nationally over the five year period.  Between 1996 
and 1999 the Asiphephe Road Safety Programme in Kwa Zulu Natal alone has saved approximately 2000 
lives and R1.2 billion, as well as untold suffering.  The cost benefits of a program of this nature are 
enormous.  The saving of pain of unnecessary deaths, permanent injuries and serious damage is 
immeasurable, especially in a society which has suffered so much violence over the past half century, and 
which looses so many of its people by having one of the highest incidences of HIV/AIDS in the world. 
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CONCLUSION 
 
To again quote from Mr Mandela’s Rivonia Trial defence in April, 1964 ”Our fight is against real, not 
imaginary, hardships.  Basically we fight against two features which are the hallmarks of African 
life in South Africa and which are entrenched by legislation which we seek to have repealed.  
These features are poverty and lack of human dignity”. Thirty five years after this historic speech, it is 
possible that these two root features are still basic elements in the high death rate on our roads.  The lack 
of self-esteem caused by generations of oppression, the image conscious response to a history of poverty 
which leads to a ”macho” approach to driving in the most at-risk groups, and the spawning and 
perpetuation of an unregulated taxi industry which has contributed to  thousands of deaths.  The majority 
of South Africans are still victims of the system, still living in poverty, still relying on an unregulated public 
transport industry, and living far out of cities and away from their places of work. 
 
South African road safety experts do not see this as a mission impossible.  They see Road Safety as a 
necessary element in the change of our society, to heal the scars of the past, saving both lives and 
money.  If we re-engender a respect for human life on our roads, this philosophy will spill into other areas 
of society,  leading to a reduction of crime and violence in communities and homes throughout South 
Africa and ensuring the survival of our fragile and new democracy. 
 
wpw 
06.08.2000 
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Abstract 
In order to increase traffic safety for unprotected road users in Sweden, a project based on 
accident in-depth investigations was carried through. The project focused on accidents 
between unprotected road users and motor vehicles. The accident in-depth investigations 
studied the pre crash phase. As part of the investigations, eye movement recordings and 
analyses were done in order to identify possible “mechanical filters”, i.e. a certain obstacle or 
hindrance for adequate visual information to reach the driver in a particular road accident site. 
 
The aim of this pilot study was to investigate whether or not eye movement analyses can be 
useful as a tool for a better understanding of the accident causation and, furthermore, for 
identification of possible “mechanical filters” in the traffic environment. 
 
The results from this pilot study showed that in 75 % of the investigated accidents, in which 
eye movement recording were part of the investigation, the eye movement analyses played a 
major role or a conclusive role. Furthermore, the outcome from the investigated accidents 
were recommendations for a reconstruction of the accident site, partly based on the findings 
from the eye movement analyses. 
 
It was suggested that an investment in an eye tracker and in employing medically educated 
professionals may be a good investment, if it can lead to a decrease in traffic accidents and, 
hence, a decrease of fatalities and severe injuries from road traffic accidents, by pointing out 
“mechanical filters” leading to accidents. 
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Introduction 

The human visual system and the driver 
The human visual system consists of two sub-systems, foveal and peripheral vision. Foveal 
vision is restricted to a visual angle of approximately 1° around a fixation point. It provides 
the driver with high-resolution information, which supports capabilities such as recognition 
(Samuelsson and Nilsson 1996). Peripheral vision enables the driver to detect changes in 
contrast and movement, but with decreased visual acuity. Peripheral vision supports 
capabilities such as the driver’s orientation, but without the driver being fully conscious of 
this process (Leibowitz 1986). These two systems operate simultaneously and are dependent 
on each other. When driving, the driver uses his foveal vision to detect directional cues, while 
the peripheral system is used to maintain lateral control of the vehicle (Rockwell 1972). 
Peripheral vision also provides the driver with a wide range of visual information from which 
the foveal sampling of features takes place. 

Visual search strategies in theory 

The visual sampling is based on cognitive processes (Yarbus 1967). The sampling process is 
dependent on eye movements. Eye movements are directed by an individual schema of the 
driver (Neisser 1967), which is updated with information gathered by both peripheral and 
foveal sampling. The goal of this information gathering is to identify certain features in the 
traffic environment in order to control the vehicle, as shown in Figure 1.  

Peripheral sampling
(feature location)

Prioritisation of cues
(information processing)

Foveal sampling
(feature identification)

Vehicle control (e.g. lateral and longitudinal position)

Driver’s requirement on information from
the visual scene

Experience

Eye position

Road situation

Workload

 
Figure 1: A model of driver information processing, adopted from Lansdown (1996) 

 



In the “Prioritisation of cues” process, “Experience” is one of four inputs. An integral 
component of “Experience” is the schema of the driver. 

The visual system and its’ relation to traffic 
An indisputable fact is the importance of the visual system as an input channel for information 
necessary when driving (Spijkers 1992). The extent of this input channel, in comparison with 
other input channels, has, however, been debated (Sivak 1996). The visual system has been 
investigated in relation to accident involvement also for novice drivers and drivers with some 
experience (Groeger, Kuiken et al. 1990). It was found that there was a moderate relation 
between the observation task, i.e. the use of the visual scanning system, and accident 
involvement, and it was concluded that visual search strategies were a major area of concern. 
Visual search strategies can be detected by measuring eye movements.  

Eye movement recording 
A drivers’ eye movements can be measured using an eye movement recorder. There are 
several such apparatus on the market. A commonly used method to detect the eye movements 
is the infra red light cornea reflex technique. NAC EMR 600 represents a recorder using this 
technique. It is a head mounted eye tracker equipped with an NTSC video recorder for data 
storage. The video based data are analysed using the NAC Data Processing Unit linked to a 
PC in order to establish fixation data. The fixation generation procedure is discussed in a 
paper by Falkmer and Gregersen (2000) and is cited below. 

Fixations; theoretical framework, definition and analysis 
“The driver identifies certain features (i.e. cues) in the traffic environment by fixating. In 
daily life, the fixation point is assumed to reflect the focus of attention. There is, however, 
laboratory evidence that a foveal fixation point does not necessarily represent visual attention 
(Posner 1980; Groner 1988). A change in focus of visual attention is possible without a 
change in point of fixation, although it is not possible to change the fixation point without 
changing the focus of visual attention (Shepherd, Findlay et al. 1986).  
 
The fixation point can be extrapolated from eye movement data. Eye movement data from 
dynamic scenes, such as driving, require special criteria to be used for determination of 
fixations, due to the fact that virtually all objects perceived by the visual system are in motion 
(Chapman and Underwood 1998). Fixations are generally defined as mean x,y co-ordinates of 
the fixation points, yielding an area of a⋅a°, lasting a minimum of t ms (Chapman and 
Underwood 1998; Maltz and Shinar 1999). The reason for this definition is that fixations need 
to be separated from saccades, due to the fact that during the saccade a person is virtually 
blind (Yarbus 1967). Hence, a fixation can be defined as the period between two saccades, i.e. 
the inter-saccadic interval (Hooge and Erkelens 1997). The criteria for a fixation are set so 
that eye movements with an average speed higher than a certain value, i.e. saccades, can be 
excluded from the fixation point analysis.  
 
Almost no fixations are shorter than 100 ms (Cohen 1977). Hence, the sampling rate of the 
eye movement data is crucial for setting the criteria. An insufficiently high sampling rate, i.e. 
<10 Hz, makes the t-value of 100 ms unusable. With a sampling rate of 30 Hz, a t-value of 
100 ms means that at least three consecutive video frames must contain fixation points located 
within an area of a⋅a°. The a-value criterion is dependent on the resolution of the eye 
movement recorder and the prerequisites of the experiment. Crundall and Underwood (1998) 
used 2⋅2°, Maltz and Shinar (1999) used 1⋅1° and Chapman and Underwood (1998) 
0.25⋅0.25°.  



 
The fixation has a location and a duration value. The mean duration is dependent on the 
interactions among prior fixations, the amplitude of eye movements, the characteristics of the 
object fixated, and the present schema of the subject, as well as information processing time 
(Cohen 1977). In general, fixation durations provide a measure of the information content of 
the fixation as well as the information processing strategy used by the subject (Chapman and 
Underwood 1998). The typical fixation duration is about 360 ms with SD 220 ms and a 
skewness of 2.18 (Cohen 1977). 
 
The location of the fixation can be analysed both quantitatively, (e.g. Chapman & 
Underwood, 1998; Crundall & Underwood, 1998; Mourant & Rockwell, 1970; Mourant & 
Rockwell, 1972), and qualitatively (e.g. Spijkers, 1992). The quantitative approach provides 
information about where in the visual field fixations are located and for how long. The 
qualitative approach provides information on what (objects) fixations are directed. The 
drawback of the qualitative approach is, as stated previously, that it only provides indicative 
information about the focus of attention. The quantitative approach, in turn, although 
providing fixation point data, still generates an interpretation problem, i.e. what in the 
surrounding environment does a fixation point represent?”  

Eye movement recording as a tool for accident in-depth investigations 
The visual processing is mainly done unconsciously and, hence, hard to describe 
retrospectively in detail by the driver. In fact, it is almost impossible to orally present a 
complete description of how a traffic scene was perceived. A commonly used expression in 
accident in-depth investigations is “looked but failed to see”. The reasons for “ failed to see ” 
are, however, seldom evident for the driver himself/herself. For this reason the use of eye 
movement recording and fixation analyses may contribute to understand why a driver did not 
“see” a certain object within the traffic scene, by providing data on fixation points. 
 
There may be several reasons for “not seeing”. One way to classify them is to introduce the 
concept of filters. The first filter that an object within the traffic scene has to pass is a 
“mechanical filter”, i.e. a certain obstacle or hindrance for the visual information to reach the 
driver. The second filter is a “perceptual filter”, i.e. limitations of the drivers capacity to 
obtain information from the traffic scene. The third filter is a “cognitive filter”, i.e. lack of 
knowledge, experiences or incorrect anticipation on the traffic scene. 

Background to the present pilot study 
The risk for a fatal outcome of a traffic accident in Sweden is comparatively low. In addition, 
there has been a decreasing trend over the past 20 years in the number of fatalities related to 
traffic accidents both in relative and absolute figures. However, for bicyclists the reverse 
pattern has occurred. For bicyclists the relative risk for fatality in case of an accident is five 
times higher than for drivers of private cars. For pedestrians the corresponding figure is 11 
times higher. (SNRA official statistics). 
 
In order to increase traffic safety for unprotected road users in Sweden, a project using 
accident in-depth investigations was carried through (Ahlcrona et al. 1994). The project 
focused on accidents between unprotected road users and motor vehicles, under a 12 month 
period in the southern most area in Sweden.  
 
A “case study” methodology, based on an “on the spot”-approach, was used. The accident in-
depth investigations focused on the “pre crash” phase. A specially designed team, comprising 



vehicle inspectors, road construction technicians and a social scientist was organised. As part 
of the investigation of the “pre crash” phase, eye movement recordings and analyses were 
carried out on a test driver, in order to identify “mechanical filters” in the traffic environment. 
However, not all accidents were chosen for eye movement recording. Only those accidents, in 
which a suspicion was raised about existing hindrance for relevant visual information to reach 
the driver, were subjected to eye movement recording and analyses. The decision was taken 
by the specially designed team. In this project 50% of the accidents were investigated using 
eye movement analyses. 

Aim of the pilot study 
The aim of this pilot study was to investigate whether or not eye movement analyses can be 
useful as a tool for a better understanding of the accident causation and, furthermore, to 
identify possible “mechanical filters” in the traffic environment.  

Methods 
Eye movements were recorded with an NAC 600 eye movement recorder (Kielgast, 1994). 
The equipment uses a cornea reflex system to measure the movement of the eyeball in the 
horizontal and vertical directions.  
 
By using infra red light reflected on the cornea, movements of the eyeball are registered with 
an accuracy of ±0.17° and a frequency of 30 Hz. Synchronous with the registration of eye 
movements, the surroundings ahead are recorded with a video camera mounted on the 
headset. The apparatus is shown in Figure 2. 
 
The co-ordinates representing the direction of gaze are linked to the video recordings. The 
resulting video film tape shows the surroundings from the perspective of the subject.  

 
Figure 2 The NAC 600 eye movement recorder mounted on a test person’s head. 
 



Data analysis in the present pilot study: 
In the present pilot study, the qualitative approach was adopted. The analyses of the eye 
movements were focusing on the “mechanical filter”. 
 
The t-value in the study was set at 100 ms. Furthermore, a minimum a-value of 1⋅1° was used, 
based on the fact that foveal vision is restricted to a visual angle of approximately 1° around a 
fixation point. Hence, the Data Processing Unit was set to recognise fixations where at least 
three consecutive data samples, measured at 30 Hz, fell within a minimum of 1⋅1° of each 
other, using a centroid procedure. This gave a minimum fixation duration of 100 ms and 
allowed pursuit tracking to be classified as a fixation.  
 
The video based data were analysed frame by frame for those sets of frames clustered into a 
fixation. The fixation durations were noted. 
 
The test driver drove a pre-defined route of 10-20 minutes including the accident spot. The 
test driver was unaware of the actual accident spot and the pre-defined route were driven at 
least three times, in order to control for learning effects. The test driver were asked to 
comment his driving, while driving, in order to enhance identification of possible “mechanical 
filters”. 
 
The analyses of the eye movements were made using a semi-blind approach. The responsible 
researcher knew the actual accident spot and, hence, which frames to be analysed. The 
characteristics of the accidents were, however, unknown to him. For this reason, the analyses 
were not biased by any pre assumptions on what could have been a “mechanical filter”. The 
eye movement analyses were then sent in to the specially designed team and were added to 
their investigations. In addition, the eye movement analyses were classified by the specially 
designed team with respect to their contribution to the accident in-depth investigations. The 
classifications were done using the following parameters: “The eye movement analysis 
played: 
• no role at all for the accident in depth investigation, or 
• a minor role for the accident in depth investigation, or 
• a major role for the accident in depth investigation, or 
• a conclusive role for the accident in depth investigation” 

Results 
In total, eight traffic accidents were analysed using eye movement recording. Of these 
accidents, three had a fatal outcome. In three accidents the unprotected road user sustained 
severe injuries and in two accidents the unprotected road user got only slightly injured. The 
specially designed investigation team classified the eye movement analyses with respect to 
their contribution to the accident in-depth investigations. The results are presented in Figure 3. 



Eye movement analyses and their contributing role to the
investigations.

A minor role
25%

A major role
62.5%

A conclusive role
12.5%

No role at all
0%

Figure 3: The role of the eye movement analyses with respect to their contribution to the 
accident in-depth investigations, n=8. 
 
The eye movement analyses were just one part of the accident in-depth investigation. 
Together with technical inspections of the traffic environment and the vehicle, and interviews 
with the persons involved or witnesses, the cause of the accident was established. In addition, 
suggestions for improvement of the traffic safety were given. In all eight accident in-depth 
investigations, referred to above, i.e. in which eye movement analyses were performed, 
suggestions for improvement of the traffic environment were suggested. The results are 
presented in Table 1. 
 



Table 1: A summary of the investigated accidents types, causes and suggestion for 
improvements. 
 
Accident 
type 

Vehicles 
involved 

Time of 
day 

Road 
condition 

Accident 
outcome 

Cause of the 
accident 

Suggestion for 
improve-
ments1 

Intersection Private car - 
bicycle 

Night Wet Fatal “Mechanical 
filters”, 
Human error 

Reconstruction 
of the accident 
site. 

Other Private car - 
pedestrian 

Day Dry Severe 
injuries 

“Mechanical 
filters”, 
Vehicle 
malfunction, 
Human error 

Reconstruction 
of the accident 
site. 

Other Private car - 
pedestrian 

Night Wet Fatal “Mechanical 
filters”, 
Human error 

Reconstruction 
of the accident 
site. 

Intersection Private car - 
bicycle 

Day Dry Severe 
injuries 

“Mechanical 
filters”, 
Human error 

Reconstruction 
of the accident 
site. 

Intersection Private car - 
bicycle 

Dawn Wet Mild 
injuries 

“Mechanical 
filters”, 
Vehicle 
malfunction, 
Human error 

Reconstruction 
of the accident 
site. 

Intersection City bus - 
bicycle 

Day Dry Severe 
injuries 

“Mechanical 
filters”, 
Vehicle 
malfunction, 
Human error 

Reconstruction 
of the accident 
site. 

Intersection Private car - 
bicycle 

Day Dry Mild 
injuries 

“Mechanical 
filters”, 
Human error 

Reconstruction 
of the accident 
site. 

Intersection Private car - 
bicycle 

Day Wet Fatal “Mechanical 
filters”, 
Human error 

Reconstruction 
of the accident 
site. 

 

Discussion 
Road traffic accidents, leading to fatalities or severe health losses constitute a major public 
health problem. Approximately 650,000 persons are killed annually by the road transport 
system. Even in countries with a relatively high level of traffic safety, still 5 % of the 
population are either killed or permanently disabled due to road accidents. The cost for the 
society is, with no doubt, high, not to mention the ethical aspects of this issue, and even a 
small reduction of the number of road traffic accidents could lead to a substantial cut down of 
these costs. 

                                                 
1  In this column individual improvements of human performance and adjustments of vehicle malfunctions are 
not mentioned, due to the fact that all these interventions were on an individual level and, hence, no 
generalisations could be made. 



 
Accident in depth investigations could be a key to a better understanding of accident causes 
and, hence, guide traffic engineers and politicians towards creating a more user friendly traffic 
environment. The present pilot study has shown that by including eye movement analysis as 
an integral component of accident in-depth investigations, a higher quality can be reached, 
especially with respect to the traffic scene, i.e. to identify “mechanical filters”. 
 
Performing eye movement recording and analysis of the gathered data, as a part of accident 
in-depth investigations requires, on the one hand economical means to buy and adapt an eye 
tracker and to hire medically educated professionals for the analysis. This may, however, be 
regarded as hard to realise in a decreasing or small economy. On the other hand, an 
investment in an eye tracker and medically educated professionals may be a good investment 
if it can lead to a decrease in traffic accidents and, hence, to a decrease of fatalities and severe 
injuries from road traffic accidents, by pointing out “mechanical filters” leading to accidents. 
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STEPPING STONES TO A SAFER COMMUNITY: REFLECTIONS OF THE 
SANTA SAFE COMMUNITY EXPERIENCE. 
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Lynn Vermaak and Kevin Corneliussen 

 
 
SUMMARY 
 
This paper looks at the process facilitated by the CSIR and the Northern Cape 
Department of Transport,  in the community of Santa, Kimberley in the Northern 
Cape Province.  
 
The Safe Communities project is aimed at creating safer environments and 
behaviours in order to reduce and minimize the impact of injury on health, 
development and the well-being of the people in Santa. 
 
 The main characteristics of the Safe Communities approach are: 

• expanded partnerships, 
• community involvement and input, 
• data analysis and where possible data linkage, and 
• an integrated and comprehensive injury control system. 

 
Therefore, the main objective is to develop and promote a model for an 
integrated and comprehensive injury control system that can be used in the 
community by the community members themselves. Communities are in the best 
position to affect improvements in safety related problems. When a community 
takes ownership of an issue, change happens. 
 
The CSIR, through their experience, have embraced the following framework for 
facilitating community-driven safety:  
Empowerment of people by enhancing their personal capacity and self-worth so 
that they can become aware of their potential to meet their needs through 
participation and ownership of the process of development.  
 
This paper also looks at the various participatory educational technologies(PET), 
developed by the CSIR,  in the framework of a safe community-driven process, 
within the Santa pilot project. The participation and ownership of road safety 
issues within communities  is presently an important vehicle of change in South 
Africa. 
   
These techniques embraces a range of approaches, methods and behaviours 
that enable people to express and analyse the realities of their lives and 
conditions in terms of road safety , to plan themselves what action needs to be 
taken to address these road safety issues, and then to monitor and evaluate the 
results. The techniques can facilitate the process of community members 
learning about road safety in their community through the various techniques 



such as mapping, modelling, matrix ranking,  flow diagrams, venn diagrams and 
many other techniques.  
 
In the paper,  the process and technologies are presented and discussed as they 
were implemented in the community of Santa. 
 
 
 



 

 

TRAFFIC SAFETY ON THREE CONTINENTS 
 
 
TOPIC: A SELF-HELP TRAFFIC SAFETY PROGRAMME FOR SCHOOLS 
ABSTRACT 
The aim of the project is to change learner attitudes towards Road Safety issues in their 
communities, by means of a participatory project. For learners to endorse the Department of 
Transport project, “Arrive Alive”, they need to know why road safety is so important. They also 
need to understand the consequences we all face from those who do not abide by road safety 
practices. The best way to provide that information is through encouraging communities to be 
involved in identifying their own road safety problems and be involved in researching their 
solutions. 
 
Public education must do more than just informing, it must create an environment for change. It 
must change the learners’ attitude and it must provide a hands-on opportunity for learners to 
solve road safety problems on their own. This is true since it has been proved in most community 
work that, when a community takes ownership of an issue change happens. 
 
Everyone can play role in this process, from community road safety forums/councils, Traffic Law 
Enforcement officers, SAPS, Education institutions, information centers and Private Sector. The 
participation and ownership of road safety issues within communities, is presently an important 
vehicle of change in South Africa. The CSIR’s Traffic Management Programme has been actively 
involved in community development. They have been instrumental in the establishment of 
community-based road safety forums/councils, thereby gaining a lot of experience in facilitating 
community ownership and participation. 
 
The CSIR through their experience have embraced the following framework for facilitating 
community-driven road safety: “Empower people by enhancing their personal capacity and 
self-worth so they can become aware of their potential to meet their needs through 
participation and ownership of their process of development.” 
 
The project is aimed at encouraging learners to take ownership and be responsible for road 
safety problems in their communities. Experts must transfer relevant skills in the following areas: 
→ How to plan and execute research; 
→ How to identify problems in a community approach; 
→ How to find or develop solutions in a participatory approach; 
→ How to implement the identified solutions. 
The Road Safety Education Directorates should serve as a basis/vehicle of change in the 
Provinces’ Department of Education’s regions. The objectives of the project are therefore: 
→ To encourage learners to be aware of road safety issues/problems; 
→ To teach learners to take responsibility of road safety issues that affects their communities. 
→ To empower learners, educators and road safety officials and other relevant role players 
             to participate in practical experimental work on road safety problems;                                            
→ To develop and enhance the learners presentation skills by means of a practical      
             presentation session during an evaluation camp; 
→ To promote teamwork and participatory learning by means of Participatory Educational  
             Techniques (PET).   
 
Prepared by: NKOSI S.C (Mr.) 
CSIR, TRANSPORTEK(Pretoria) 
TEL: 012 841 377 
Fax: 012 841 4200 
Email: snkosi@csir.co.za 
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ABSTRACT 

 
The object of this study is to compare the trends and levels of road safety 
between the USA, the UK and the RSA after 1966. These countries will be 
compared on the basis of their respective levels of personal safety, transport 
safety and mobility/motorization. To make meaningful comparisons these 
indicators will be compared at equal levels of mobility and transport safety. It 
will be shown that South Africa has the worst levels of personal and 
transport safety. It will also be shown that although the USA has a similar 
level of transport safety as the UK, its level of personal safety is 
considerably worse than that of the UK at similar levels of mobility. 

 
1. INTRODUCTION 
 

The objective of this paper is to make a comparison of road safety in the 
United States of America (USA), the United Kingdom (UK) and the Republic 
of South Africa (RSA) after 1966. 

 
There are at least two ways to describe the safety level in a country- by 
means of personal safety and transport safety. The indicators used as a 
measure of personal safety and transport safety are called the temporal 
accident rate and the spatial accident rate respectively (Wilde – 1994). 
These two indicators have completely different meanings and cannot be 
used interchangeably. Each one of these indicators on its own does not and 
cannot reveal the full picture regarding the state of road safety in a country. 
However a clearer picture is revealed when  both indicators are considered 
together and how they interrelate with each other.  

 
When interpreting these indicators it is important to consider that the task of 
driving is a productive activity. According to Glahe and Lee (3)  a productive 
activity is any activity that increases utility. A road user is a consumer. 
He/she consumes the mobility offered by the road transportion system to 
gain utility. Furthermore a road user is a rational consumer, in other words, 
he/she will always attempt to maximise his/her’s utility, subject to his/her’s 
budget constraints. 

 
 It is also important to keep in mind that both the UK and the USA are highly 

developed countries. According to the Human Development Report of the 
United Nations Development Programme (1998) the USA has a Human 
Development  Index of 0,992 ( rank = 4) and the UK an Index of 0.986 ( 
Rank = 14). South Africa is still a developing country with a Human 
Development Index of 0.717 ( Rank = 89). 
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2. DATA 
 

The analyses and comparisons made in this paper are based on the data 
contained in the Appendix. Reliable information on total kilometres travelled 
in South Africa is not readily available, therefor when South Africa is 
compared to the UK and the USA only vehicle based rates will be used. 
 
It is important take note of the differences in the definitions of what 
constitutes a road traffic accident fatality in these three countries. In South 
Africa a fatality is defined as when a person dies as a result of an accident 
within 7 days after the accident. This period in the UK is 30 days and in the 
USA it is 1 year. The analyses will be based on the actual number of 
fatalities recorded in each country (according to their own definitions), with 
no adjustments made. 

. 
3. TEMPORAL ACCIDENT RATE 
 

An accident rate expressed as accidents (e.g. fatalities) per population is 
referred to as a temporal accident rate. 

 
The temporal accident rate indicates the risk to any member of the 
population of being involved/injured/killed in a traffic accident. It is also 
referred to as a measure of personal safety. Temporal accident rates 
reflects the extent to which road accidents constitute a public health 
problem, compared with, for example, HIV/AIDS or tuberculosis. 

 
According to Wilde (8) the annual accident loss in a country is the 
consequence of the hourly risk (R) people are willing to take, multiplied by 
the time (h) they spend on the road, multiplied by the number of people in 
the population (P). 

 
A = R * h * P 

 
R in the above expression can also be referred to as the ‘target level’ of risk. 
Target risk, according to Wilde (8), can be defined as the level of subjective 
risk that road users are willing to accept when using the road transportation 
system. It is that level of risk where the perceived cost is equal to the 
perceived benefit.  

 
Equation 1 can be rewritten as follows : 

 

 
Equation 2 shows that the temporal accident rate for a country, for a 
specified period of time, is equal to the total risk the citizens of a country are 
willing to accept when using the road transportation system. In economic 

hR
P
A *=

...[1]

...[2] 
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terms the temporal rate is equivalent to a person’s budget for the acquisition 
of mobility. 

 
According to Wilde (8) the target level of risk , and therefor also the temporal 
rate, is a function of the following 4 subjective utility factors : 

 
1. The expected benefits of risky behaviour e.g. gaining time by speeding 

(+) 
2. The expected cost of safe behaviour e.g. peer pressure (+) 
3. The cost of risky behaviour e.g. motor vehicle repair costs (-) 
4. The expected benefits of safe behaviour e.g. insurance discounts (-) 

 
The higher the levels of utility factors 1 and 2, the higher the level of target 
risk, and the higher the levels of utility factors 3 and 4, the lower the level of 
target risk. 

 

 
Graph 1 shows the temporal accident rates for the UK, the USA and South 
Africa expressed in terms of the number of fatalities per 100 000 of the 
population.  

 
According to Wilde (8) an important factor to consider when analysing 
temporal rates is the prevailing economic conditions in a country. When the 
economy is in recession, for example, the expected benefits associated with 
‘risky’ behaviour are reduced ( i.e. utility factor 1 decrease), because time is 
worth less money. There is less to be gained from driving a lot of kilometres 
and from driving fast. At the same time the expected cost of risky behaviour 
e.g. fuel cost, maintenance etc. increases relative to real income. The result 
is a reduction in the target level of risk and hence a decrease in the 
temporal accident rate. 
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Graph 1 : Temporal accident rates for the UK, USA and the RSA. 
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In a study of American trends in the annual number of traffic fatalities 
between 1960 and 1983 Partyka (7) used three variables that produced a 
remarkably accurate prediction. These variables were; the annual number of 
people employed, the annual number of people unemployed and the 
number of people not in the labour force. These variables produced good 
results because they are obviously related to the size of the population as 
well as to the economic situation in the country. 

 
Another measure of the economic situation in a country is the 
unemployment rate. Wilde (1994) found the following product-moment 
correlation coefficients between annual unemployment rates and temporal 
rates for the USA and the UK : USA (1948 – 1987) = -0.68 and UK (1960 –
1985) = -0.88. 

 
2.1 CONCLUSIONS 
 

a) Of the three countries South Africa appears to have the highest 
temporal rate. The average South African road user is therefor willing to 
accept a much higher level of risk when using the road transportation 
system than his/her’s American and British counterpart. In turn the level 
of target risk in the USA is higher than in the UK. 

 
b) To maximise the utility they derive from their transport system the South 

African nation as a whole is willing to ‘tolerate’ more fatalities per capita 
then the UK and the USA . Similarly the USA is willing to ‘tolerate’ more 
fatalities per capita than the UK. 

 
c) The chances of a USA citizen being killed in a road traffic accident are 

considerably larger than that of a UK citizen, but not as high as in South 
Africa.  

 
d) Road accidents are a bigger social health problem in the USA than in 

the UK. 
 
3. SPATIAL ACCIDENT RATE 
 

An accident rate expressed as accidents per kilometre travelled is referred 
to as a spatial rate. Often because of the unavailability of information on 
total kilometres travelled in a year, the spatial rate is expressed as the 
number of accidents per registered vehicle. The number of registered 
vehicles is information that is routinely available.  

 
The spatial accident rate is a measure of transportation safety i.e. it 
indicates the risk associated with using the road transportation system. The 
spatial rate indicates the extent to which accidents constitute a traffic 
problem. In economic terms the spatial rate is equivalent to the unit cost or 
price of mobility. 

 
The trends of the vehicle based spatial accident rate ( fatalities per 10 000 
registered vehicles) for the USA, the UK and the RSA are shown in Graph 2 
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It is evident that there has been a consistent exponential reduction in the 
rates for the USA and the UK since 1966. The rates for other developed 
countries like West Germany, the Netherlands, Canada etc. also follow a 
similar pattern (Wilde  and Oppe). The rates for RSA do not follow the same 
pattern. 

 
Adams (in Haight - 4) refers to these exponential curves as ‘ national 
learning curves’. These curves show how a country has learned to cope as 
the threat of traffic has grown. 

 
A country could adapt in many ways. Individuals might learn how to be safer 
road users, the safety of motor vehicles may improve, the government may 
buildsafer roads, legislation may be passed to govern certain aspects of 
driver behaviours e.g. seat-belt wearing etc. It is to be expected that the rate 
of adaptation or successes achieved will vary between different countries. 
This process of adaptation must be affected by the national culture and 
identity. It involves may disciplines including the engineering, medical, law 
enforcement and scientific disciplines. The cumulative result of the efforts by 
all these disciplines has been an exponential decline in accident rates. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To determine the rate of decrease in the spatial rates for the UK and the 
USA, models with the following form have been fitted to the data from both 
countries : 

 
Where  

 
 

YRs βα +=)log(
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Graph 2 : Vehicle based spatial rates for the UK, the USA and the RSA 



 6

Rs -  Either the vehicle based or distance based spatial rate. 
Y - Year - 1966 

 
Table 1 : Regression results 
RS Country αααα ββββ R2 

UK 1.551 -0.056 0.986 F/T USA 1.176 -0.038 0.980 
UK 1.739 -0.045 0.979 F/V USA 1.621 -0.032 0.922 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

There are periods (of short duration) where the spatial rate actually 
increased. According to Haight (4) the increase in the rate for the USA 
between 1975 and 1980 correspond to a period of increased economic 
activity. From Graph 1 it is evident that there has been a substantial 
increase in the temporal rate over this time. In other words the level of target 
risk increased and to compensate for this increase drivers behaved in a 
more risky manner e.g. driving faster etc. Improved economic conditions 
could lead to an increase in alcohol consumption and more employment 
opportunities (and thus more mobility) for the youth – the road user group 
associated with the highest accident  risk.  

 
3.1 CONCLUSIONS 
 

a) Relative to the UK and the USA it is unsafe to use South African roads. 
 
b) Since about 1985  road transport has been safer in the UK than in the 

USA.  
 
c) It appears as if the safety of the South African road transportation 

system, and to an extent the behaviour of road users, has been very 
sensitive to the social, economic and political changes and events in the 
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transport industry, the socio-economic and political situation in the 
country. Events like the fuel crises, sanctions, the deregulation of the 
road freight industry, the proliferation of minibus taxis, to name but a 
few, possibly all contributed to the pattern of transport safety in South 
Africa.  

 
The quality of the physical road infrastructure in South Africa is probably 
comparable to that of the USA and the UK. The reason then why the 
South African spatial rates are so much higher relates primarily to the 
large percentage of pedestrian fatalities. This is a consequence of a 
large part of the population that cannot afford motorised transport – 
hence South Africa’s relatively low motorization rates. During 1998 38.1 
% of all fatalities were pedestrians. The majority of pedestrians killed are 
from previously disadvantaged groups. High rates of speeding, the non-
wearing of seatbelts, unroadworthy vehicles and high drunk driving 
rates, especially in the presence of perceived non-existent traffic law 
enforcement and an ineffective judicial system, all contribute to the high 
spatial rate.  

 
d) Since 1966 the distance based spatial rate in the UK has decreased by 

5.6 % per year compared with the 3.8 % of the USA. Based on Adams’ 
learning curve theory it appears that the UK , at least since 1966, has 
been more successful in coping with the threat of accidents than the 
USA.   

 
4. MOBILITY / MOTORISATION 
 

Mobility can be defined as the average number of kilometres travelled per 
person of the population in a specified period of time. Motorization on the 
other hand can be defined as the average number of vehicles per person of 
the population. In economic terms the level of mobility/motorization is 
equivalent to the demand per capita for  the use of the road transportation 
system.  

 
Mobility = Temporal rate / Spatial Rate 

 
From Graphs 4 and 5 it is evident that there has been a consistent increase 
in the level of mobility/motorization in all three countries and that in the USA 
and the UK the mobility has an inverse relationship with the spatial rate.  

 
Wilde (1988) provides the following explanation. As the road transportation 
system becomes safer the spatial rate decrease. In order to maintain their 
target level of risk drivers compensate for the decrease in the risk of 
travelling by either driving increased distances and/or driving in a more risky 
manner e.g. at increased speeds. If drivers do not make this adjustment 
they will operate at a level below their target level of risk, which means that 
they do not behave like rational consumers. 

 

...[3] 
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The irregularity in the curve for the USA at about 1974 was caused by a 
sudden reduction in vehicle ownership levels during the 1973 -1974 oil 
crises.  

 

 
To compare the exponential growth in mobility between the USA and the UK 
after 1966 a regression model with the following form was applied to the 
mobility data for both countries : 

 

 
Where  
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M -  Mobility ( kilometres / population) 
Y - Year - 1966 

 
Table 2 : Regression results 
Country αααα ββββ R2 seββββ 
USA 8.996 0.022 0.977 0.000599 
UK 8.129 0.029 0.979 0.000742 

 
It can be shown that the β-coefficients of the two models are significantly 
different from each other.  

 
4.1 CONCLUSIONS 
 

a) The USA since 1966 has experienced considerably higher levels of 
mobility than the UK and South Africa. 
 

b) Since 1966 the UK has experienced a higher rate of growth than the 
USA – 2.9 % versus 2.2 % per year respectively. 

 
5. COMPARING MOBILITY 
 

Meaningful comparisons concerning the demand for a product can only be 
made if the product is available to all parties at the same price.  

 
In order to make a comparison of the demand for mobility it is necessary to 
make such comparisons at similar spatial rates for the three countries 
concerned. Such a comparison is difficult in the sense that the UK and the 
USA have never since 1966 experienced the spatial rates South Africa 
experienced between 1970 and 1989, and South Africa has never since 
1970 experience the levels of motorization that the UK and the USA 
experienced.  
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 It appears as if at low spatial rates the demand for mobility in South Africa 
could be less than for in the UK and the USA, while at higher spatial rates 
the demand for mobility could exceed that of the UK and the USA. Due to 
possibly large prediction errors and incorrect model choices Graph 6 should 
be interpreted with caution. 

 
Graph 7 shows the demand curves for just the USA and the UK. Whereas 
Graph 6 was based on the demand for of motorization Graph 7 is based on 
the demand for mobility. 

 
It is evident from Graph 7 above that the average demand for mobility in the 
USA is considerably higher  than the UK.  

 

 
 
 
6. COMPARING TEMPORAL RATES 
 

Meaningful comparisons concerning the total budget for a product can only 
be made when the same amount of product is consumed by each party or 
when the product is available to all parties at the same price. 
 
From Graph 8 it is evident that at similar levels of the spatial rate the USA 
have higher temporal rates than the UK and that the temporal rate in the 
USA has been more sensitive to changes in the spatial rate than in the UK. 
In turn a change in the temporal rate ( as a result of changes in the target 
risk) has caused larger changes in the spatial rates in the UK than in the 
USA.  
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Graph 9 indicates the relationship between mobility and temporal rates for 
the UK and the USA. 

 

 
 
 
 It is evident that for similar levels of mobility the temporal rates in the USA 

have been considerably higher than in the UK. This implies that the USA is 
willing to ‘pay’ more in total for a certain level of mobility than the UK. 
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7. GENERAL DISCUSSION 
 
 It is evident that the reason why the level of personal safety in the USA is so 

much worse than that of the UK is the USA’s high level of target risk which 
is a function of the following utility factors :- 

 
• Benefit of risky behaviour 
• Cost of safe behaviour 
• Benefit of safe behaviour 
• Cost of risky behaviour 

 
It appears as if the high levels of target risk in the USA are manifested 
primarily as high mobility levels. 

 
An increase in mobility constitutes ‘risky’ behaviour (increased exposure to 
risk) and a reduction in mobility constitutes ‘safe’ behaviour (decreased 
exposure to risk). 

 
The benefits of risky behaviour i.e. high mobility levels probably relates to a 
desire to achieve economic growth and to sustain an economy which is 
widely considered as one of the best in the world. Furthermore high mobility 
levels can be associated with increased personal freedom and 
independence.  

 
The cost of safe behaviour i.e. a reduction in mobility, could be reduced if 
there are acceptable alternatives, such as for example, a good, socially 
acceptable and an efficient public transport system. The USA has lower 
public transport ridership levels than other western countries as shown in 
Table 3. Furthermore, according to Cox (2), this level in the USA is 
decreasing by about 3 % per year. 
 
Table 3 : National per capita urban transport ridership levels 
Nation Per Capita Year 
Australia 74.9 1990 -94 
Canada 45.8 1995 
UK 90.1 1994-95 
USA 22.3 1994 

Source : www.publicresponse.com/ut-natl.htm 
 
The level of saturation i.e. the ratio of demand to supply, could impact on 
the cost of risky behaviour. Higher saturation levels are associated, amongst 
others, with congestion and air pollution . According to Oppe (6) in 1985 the 
USA already utilised 59 % of the maximum vehicle kilometres their 
transportation system could supply while the UK utilised 78 % of their 
supply. Could the perceived cost of ‘risky’ behaviour in the USA be lower 
than in the UK ? 

 
 The road safety problem in South Africa has its roots in the high target level 

of risk of the average South African road user which appears to be 
manifested, not as increased levels of mobility, but as unacceptable human 
behaviour e.g. speeding, drinking and driving etc. In trying to find an 
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explanation for this, one cannot ignore South Africa’s apartheid history and 
the attitudes and perceptions that this fostered in the hearts and 
subconscious minds of its people. 
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UK : Source- The 1998 Casualty Report USA : Source - Traffic Safety Facts, Nov 1998 

Year Fatalities Population 
(millions) 

Vehicles 
(millions) 

Vehicle 
kilometres 
(100 
million) 

Fatalities 
per 100 
000 
population

Fatalities 
per 10 
000 
vehicles 

Fatalities 
per 100 
million 
vehicle 
km 

Kilometers 
per person 

Vehicles 
per 
person 

Fatalities Population 
(millions) 

Vehicles 
(millions) 

Vehicle 
kilometres 
(100 
million) 

Fatalities 
per 100 
000 
population 

Fatalities 
per 10 
000 
vehicles 

Fatalities 
per 100 
million 
vehicle 
km 

Kilometers 
per person 

Vehicles 
per person 

1966 7985 53.2 13.3 180000 15.01 6.00 4.44 3383.46 0.25 50894 196.6 95.7 1490860 25.89 5.32 3.41 7584.76 0.49 
1967 7319 53.5 14.1 180000 13.68 5.19 4.07 3364.49 0.26 50724 198.7 98.9 1552040 25.53 5.13 3.27 7810.50 0.50 
1968 6810 53.7 14.4 190000 12.68 4.73 3.58 3538.18 0.27 52725 200.7 103.0 1635760 26.27 5.12 3.22 8150.03 0.51 
1969 7365 53.9 14.8 200000 13.66 4.98 3.68 3710.58 0.27 53543 202.7 107.4 1709820 26.42 4.98 3.13 8436.18 0.53 
1970 7499 54.1 15 200000 13.86 5.00 3.75 3696.86 0.28 52627 205.1 111.2 1787100 25.67 4.73 2.94 8715.35 0.54 
1971 7699 54.4 15.5 220000 14.15 4.97 3.50 4044.12 0.28 52542 207.7 116.3 1898190 25.30 4.52 2.77 9140.81 0.56 
1972 7763 54.6 16.1 230000 14.22 4.82 3.38 4212.45 0.29 54589 209.9 122.6 2028600 26.01 4.45 2.69 9664.79 0.58 
1973 7406 54.7 17 240000 13.54 4.36 3.09 4387.57 0.31 54052 211.9 130.3 2113930 25.51 4.15 2.56 9975.65 0.61 
1974 6883 54.7 17.3 230000 12.58 3.98 2.99 4204.75 0.32 45196 213.9 134.9 2062410 21.13 3.35 2.19 9644.01 0.63 
1975 6366 54.7 17.5 240000 11.64 3.64 2.65 4387.57 0.32 44525 216.0 126.2 2138080 20.62 3.53 2.08 9899.76 0.58 
1976 6570 54.7 17.8 250000 12.01 3.69 2.63 4570.38 0.33 45523 218.0 130.8 2257220 20.88 3.48 2.02 10352.56 0.60 
1977 6614 54.7 17.8 250000 12.09 3.72 2.65 4570.38 0.33 47878 220.2 134.5 2361870 21.74 3.56 2.03 10724.12 0.61 
1978 6831 54.7 17.8 260000 12.49 3.84 2.63 4753.20 0.33 50331 222.6 140.4 2487450 22.61 3.59 2.02 11175.28 0.63 
1979 6352 54.7 18.6 260400 11.61 3.42 2.44 4760.51 0.34 51093 225.1 144.3 2461690 22.70 3.54 2.08 10938.17 0.64 
1980 6010 54.9 19.2 276500 10.95 3.13 2.17 5036.43 0.35 51091 227.2 146.8 2458470 22.48 3.48 2.08 10819.54 0.65 
1981 5846 54.8 19.4 281800 10.67 3.01 2.07 5142.34 0.35 49301 229.5 149.3 2503550 21.49 3.30 1.97 10910.33 0.65 
1982 5934 54.8 19.8 290300 10.83 3.00 2.04 5297.45 0.36 43945 231.7 151.1 2567950 18.97 2.91 1.71 11084.80 0.65 
1983 5445 54.8 20.2 294300 9.94 2.70 1.85 5370.44 0.37 42589 233.8 153.8 2661330 18.22 2.77 1.60 11383.32 0.66 
1984 5599 55 20.7 309400 10.18 2.70 1.81 5625.45 0.38 44257 235.8 158.9 2769200 18.77 2.79 1.60 11742.61 0.67 
1985 5165 55.1 21.2 315600 9.37 2.44 1.64 5727.77 0.38 43825 237.9 166.0 2857750 18.42 2.64 1.53 12011.19 0.70 
1986 5382 55.3 21.7 330700 9.73 2.48 1.63 5980.11 0.39 46087 240.1 168.5 2954350 19.19 2.73 1.56 12302.97 0.70 
1987 5125 55.4 22.2 356200 9.25 2.31 1.44 6429.60 0.40 46390 242.3 172.8 3092810 19.15 2.69 1.50 12764.96 0.71 
1988 5052 55.6 23.3 380900 9.09 2.17 1.33 6850.72 0.42 47087 244.5 177.5 3261860 19.26 2.65 1.44 13341.00 0.73 
1989 5373 55.8 24.2 412100 9.63 2.22 1.30 7385.30 0.43 45582 246.8 181.2 3374560 18.47 2.52 1.35 13672.21 0.73 
1990 5217 56 24.7 416100 9.32 2.11 1.25 7430.36 0.44 44599 249.4 184.3 3451840 17.88 2.42 1.29 13838.36 0.74 
1991 4568 56.2 24.5 416700 8.13 1.86 1.10 7414.59 0.44 41508 252.1 186.4 3496920 16.46 2.23 1.19 13869.84 0.74 
1992 4229 56.4 24.9 415100 7.50 1.70 1.02 7359.93 0.44 39250 255.0 184.9 3617670 15.39 2.12 1.08 14186.83 0.73 
1993 3814 56.6 24.8 414800 6.74 1.54 0.92 7328.62 0.44 40150 257.8 188.4 3696560 15.58 2.13 1.09 14341.48 0.73 
1994 3650 56.8 25.2 426400 6.43 1.45 0.86 7507.04 0.44 40716 260.3 192.5 3796380 15.64 2.12 1.07 14585.08 0.74 
1995 3621 57 25.4 435300 6.35 1.43 0.83 7636.84 0.45 41817 262.8 197.1 3901030 15.91 2.12 1.07 14846.31 0.75 
1996 3598 57.1 26.3 446700 6.30 1.37 0.81 7823.12 0.46 42065 265.2 201.6 4002460 15.86 2.09 1.05 15093.43 0.76 
1997 3599 57.3 27 456600 6.28 1.33 0.79 7968.59 0.47 41967 267.6 203.6 4121600 15.68 2.06 1.02 15400.02 0.76 
1998 3421 57.5 27.5 463400 5.95 1.24 0.74 8059.13 0.48       
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RSA – Source – National Department of Transport : Mr GJ Botha 
Year Fatalities Population 

(millions) 
Vehicles  Vehicle 

kilometers 
(100 
million) 

Fatalities per 
100 000 
population 

Fatalities per 
10 000 
vehicles 

Fatalities 
per 100 
million 
vehicle km

Kilometers 
per person 

Vehicles per 
person 

1966 5728  1668034   34.34  
1967 5975  1722470   34.69  
1968 5810  1776905   32.70  
1969 6987  1949066   35.85  
1970 7948 20.1 2121227   37.47 0.11 
1971 8417 20.6 2265323   37.16 0.11 
1972 8713 21.0 2409419   36.16 0.11 
1973 8580 21.5 2532658   33.88 0.12 
1974 6346 22.0 2786375   22.78 0.13 
1975 8001 22.5 3118901   25.65 0.14 
1976 8030 23.0 3201718   25.08 0.14 
1977 6420 23.5 3203830   20.04 0.14 
1978 6550 24.0 3315323   19.76 0.14 
1979 6037 24.5 3457570   17.46 0.14 
1980 7572 25.1 3494748   21.67 0.14 
1981 9087 25.6 3739207   24.30 0.15 
1982 9154 26.2 4055860   22.57 0.15 
1983 9121 26.7 4203945   21.70 0.16 
1984 9621 27.3 4470021   21.52 0.16 
1985 8972 27.9 4569520   19.63 0.16 
1986 9343 28.5 4763231   19.61 0.17 
1987 9905 29.0 4827225   20.52 0.17 
1988 10691 29.6 4862988   21.98 0.16 
1989 10877 30.2 5081527   21.40 0.17 
1990 11157 30.8 5200153   21.46 0.17 
1991 11069 31.0 5324749   20.79 0.17 
1992 10142  5391291   18.81  
1993 9466  5457833   17.34  
1994 9981  5524375   18.07  
1995 10256  6458513   15.88  
1996 9848  6506868   15.13  
1997 9691  6555223   14.78  
1998 9068  6603578   13.73  
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ABSTRACT  
 

The population of major cities in African and Latin American countries has more 
than doubled over the last twenty years. The population growth has brought with 
it a corresponding increase in vehicle ownership. Despite the increase in vehicle 
ownership, developing countries have not embarked upon any meaningful and 
sustainable transport management programs. In big cities of developing 
countries, congestion created by illegal parking, hawkers, and street vendors 
trying to make a living in the face of harsh economic reforms have all contributed 
to transportation safety problems. 
 
Accident rates in developing countries have been estimated to be 20 – 30 times  
higher than those in European countries. The escalating vehicle accident rates 
have created heavy drain on the economies of the developing countries which 
continue to import transportation components using their scarce foreign 
exchange reserves. 
 
The need for effective transportation management backed by research cannot 
therefore be over-emphasized. The paper discusses the accident rates for some 
developed and developing countries and attempts to identify areas for research. 
Accident fatality rates in developing countries have been compared with those in 
developed countries. 

 
1. INTRODUCTION  

 
The term “traffic management” is usually used to describe the general process of adjusting 
or adapting the use of existing road systems to improve traffic operation without resorting 
to new major construction. Traffic management usually seeks to improve environment or 
provide better access for people and goods. These aims can sometimes be in conflict with 
each other and compromises may have to be made. However, most traffic management 
schemes would seek to improve road safety as a by-product even if this was not the main 
objective. The paper discusses accident fatality rates in selected developing countries and 
attempts to compare the accident rates with those of developed countries. 
 
Countries covered by this article are those in West Africa (viz. Sierra-Leone, Cote D’Ivoire, 
Burkina Fasso, Niger and Nigeria) as well as others in East and Southern Africa (viz. 
Ethiopia, Kenya, Malawi and Zimbabwe). Other countries in North Africa viz. Morocco and 
Tunisia are also covered. 



 

 

 
 

2. SAFETY PROBLEMS IN SELECTED DEVELOPING 
COUNTRIES  

 
 
It is estimated (TRL 1991) that over 300 000 persons die and some 10 – 
15 million persons are injured every single year in road accidents 
throughout the world. Fatality rates (with respect to vehicle numbers) in 
developing countries especially African countries can often be 20 – 30 
times as high as those in European countries. Fig.1 shows the African 
countries covered in this article. 
 
TRL (1978) has provided the fatality rates in developed countries in units 
of death/10 000 vehicles. Fig.2 gives similar figures (deaths/ 10 000 
vehicles) as at 1978, while Fig.3 gives similar statistics for 1985/86. 
 
3. COMPARISON OF ACCIDENT FATALITY RATES  
 
Table 1 shows the data extracted from Fig.1 and Fig. 2. The data show 
that out of eleven randomly selected from the 1978 data, 95 deaths/10 
000 vehicles were recorded as against 70 deaths/10 000 vehicles from 
1985/86 results. This goes to show that accident rates fell from 95 to 70 
deaths /10 000 vehicles between 1978 and 1985 mainly for developing 
countries. Within the same period the accident rates for developed 
countries fell from 3.5 to 2.7 deaths /10 000 vehicles. 
 
Comparing the accident fatality rates between developing and developed 
countries it will be noted that there were 95 accidents in developing 
countries as against 3.5 in 1978 i.e. a ratio of 27:1 while in 1985 the 
accidents in developing and developed countries were respectively 70 
and 2.7 i.e. a ratio of 26:1. This goes to prove that the accident fatality 
rates in developing countries are about 27 times higher than those in 
developed countries. 
 

(a) COMPARISON OF ACCIDENT FATALITY RATES IN 
DEVELOPING COUNTRIES  

 
Table 1 shows that as at 1978 (during the oil boom in Nigeria) Nigeria 
was leading all African countries in accident fatality rates by 235 
deaths/10 000 vehicles. Hence the seven African countries with the 
highest accident fatality rates were Nigeria, Ethiopia, Malawi, Ghana, 
Kenya, Upper Volta, Niger and Togo. Between 1968-85 the accident 
fatality rates in Nigeria were nearly four times higher than those of Togo. 
Out of the 15 African countries selected Zimbabwe registered the least 
accident fatality rates of 25 deaths / 10 000 vehicles. 
 



 

 

 
4. CAR OWNERSHIP RATES IN SELECTED CITIES  
 
Table 2 gives the accident fatality rates for some selected cities. 
 

Table 2 
 

COMPARISON OF CAR OWNERSHIP RATES IN SELECTED CITIES  
 

 
 

CITY 

CAR 
OWNERSHIP 

PER 1000 
POPULATION 

 
 

MEAN 
 

 
 

RATIO 

ABIDJAN 
KARACHI 
LAGOS 

- 50 
- 35 
- 47 

 
44 

NEW YORK 
LONDON 
PARIS 

- 220 
- 280 
- 370 

 
290 

 
 

1:7 

 
 
Table 2 shows that there are approximately seven times more cars in the 
industrialized cities than the cities of developing countries. Despite this 
fact it is curious to note that there are still over 20 times more fatality 
accidents in developing countries compared to developed countries. 
 
5. DECREASE / INCREASE IN ACCIDENT FATALITY RATES  
 
Fig. 4 shows the rates at which accident fatality rates have been 
decreasing / increasing between 1968 and 1985. Figures extracted from 
Fig.4 are given in Table 3 below. 
 

Table 3  
 

DECREASE / INCREASE IN ACCIDENT FATALITY RATES  
 

 % INCREASE/DECREASE IN ACCIDENT FATALITY 
RATES 

 
YEAR 

AFRICAN 
COUNTRIES 

ASIAN 
COUNTRIES 

DEVELOPED 
COUNTRIES 

1968 0 0 0 
1971 +75 +30 0 
1978 +170 +60 -10 
1980 +220 +110 -8 
Mean +155 +67 -6 

 



 

 

 
Table 3 shows that the accident fatality rates are highest in African 
countries followed by Asian countries, and that, over the period, those 
accident fatality rates have increased by a mean value of 155% for 
African countries and 67% for Asian countries. While the accident fatality 
rates are increasing for African and Asian countries, the rates are 
decreasing for developed countries. 
 
The following facts must be highlighted: 
(i) Major cities in developed countries carry seven times more traffic 

than those cities in developing countries. 
(ii) The accident fatality rates in developing countries are 20-30 times 

higher than those in developed countries, and finally 
(iii) While the accident fatality rates in developed countries are 

decreasing, those in developing countries are increasing. 
 
The facts on the increasing accident fatality rates in developing countries 
should create cause for concern. The situation needs to be controlled 
without delay. 
 
 
6. BREAKDOWN OF ACCIDENT FATALITY RATES  
 
Table 4 shows the breakdown of road accident fatalities with respect to 
causes. It will be noted from the results contained in Table 4 that 
accident fatalities fall into two main groups viz. 
(i) Accident fatalities involving pedestrians and 
(ii) Accident fatalities involving drivers and passengers. 
 
The major countries leading in the two main groups are as follows: 
 
 
(a) ACCIDENT FATALITIES INVOLVING PEDESTRIANS  
 
 
 

Ethiopia 84% 
Hong Kong 70% 
Kuwait 55% 
Swaziland 55% 
Sri Lanka 51% 
Jordan 47% 
Kenya 45% 

  
 
 



 

 

 
(b) ACCIDENT FATALITIES INVOLVING DRIVERS AND 

PASSENGERS  
 
 

Jordan  50% 
Zambia 49% 
Zimbabwe 47% 
Indonesia 44% 
United 
Kingdom 

 
44% 

Nigeria  42% 
Kenya 40% 

 
 
By identifying areas where accident fatality rates are highest for each 
country, traffic management in those specific areas may be intensified. 
For example in Ethiopia 84% of accident fatality rates are related to 
pedestrians.  
 
Therefore traffic management may be intensified in an effort to protect 
vulnerable road-users or to increase the effectiveness of high occupancy 
vehicles (HOV) by improving pedestrian areas. Where the traffic volume 
consists of a high content of cyclists then a decision can be made to 
provide cycle lanes. ( See Table 6). 
 By carrying out recommended surveys (see Table 5) e.g. an inventory 
survey, the road characteristics, junction geometry and control, signal 
settings, street furniture and lighting, parking facilities and the safety of 
street vendors it may be possible to determine how the accident rates 
may be reduced. 
 
In Zimbabwe, for instance, the report indicates that the greatest 
proportion of accidents involve drivers and passengers. There have 
been several cases of bus disasters in Zimbabwe. Attempts must be 
made to embark on accident data collection and analysis so that (if 
possible) highway design improvements at accident black spots can be 
implemented.  
Effective mass transportation planning can also be implemented. In this 
case the recommended traffic surveys may be concentrated on road 
performance and driver behaviour, using manual recording, video 
surveys, or hand-held data capture devices. (See Table 5). 
   
7. CONCLUSION  
The paper serves to highlight the alarming accident fatality rates in 
African countries compared to Developed countries. Road accidents 
have been found to account for almost 2.5% of all deaths recorded in 



 

 

some selected 19 third world countries. In fact, road accidents may be 
considered as the 10th most important cause of death. If consideration 
should be given to the fact that all types of vehicles are imported and 
paid for in foreign currency and that all the spare parts for the repair and 
maintenance of these vehicles are also imported then the road safety 
awareness campaigns deserve unreserved support. 
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TABLE 1  
 

FATALITY RATES  
VEHICLE ACCIDENTS (DEATHS/10 000)  

(a) DEVELOPING COUNTRIES 
 

DEATHS/ 10 000 VEHICLES 
 
Number 

 
COUNTRY 

1978 1985/86 
1 NIGERIA 235 - 
2 ETHIOPIA 210 180 
3 MALAWI 170 - 
4 GHANA -  110 
5 KENYA 70 56 
6 UPPER VOLTA 70 - 
7 NIGER 68 30 
8 TOGO 64 - 
9 CAMEROON - 55 

10 LESOTHO - 55 
11 PAKISTAN 50 50 

 
12 

SIERRA 
LEONE 

 
42 

 
- 

 
13 

COTE 
D’IVOIRE 

 
40 

 
- 

14 CONGO  30 - 
15 ZIMBABWE - 25 

MEAN 95 70 
 
(b) DEVELOPED COUNTRIES  
 
 
 
COUNTRY 

 
1978 

 
1985/86 

WEST GERMANY - 4 
U.S.A 3 2 
GREAT BRITAIN 4 2 

 
MEAN 

 
3.5 

 
2.7 

 
 
 
 
 
 
 
 



 

 

TABLE 4  
 
 
 

PERCENTAGE OF FATALITIES BY ROAD–USER CLASS  
 
 
 
 

COUNTRY 
  

YEAR  
 

Pedestrians 
 

Cyclists 
Motorcyclist 
& Scooters  

DRIVERS 
AND  
PASSEN
GERS 

 
 

TOTAL 

Ethiopia 1976 84 1 1 13 100 
Guyana 1977 45 13 10 28 100 
Hong Kong 1976 70 4 7 19 100 
Indonesia 1977 20 2 34 44 100 
Jamaica  1978 41 5 17 37 100 
Jordan 1979 47 1 2 50 100 
Kenya  1972 45 9 2 40 100 
Kuwait 1978 55 2 2 41 100 
Nigeria - 35 3 20 42 100 
Sri Lanka 1980 51 10 10 28 100 
Swaziland 1978 55 5 0 40 100 
West Malaysia 1979 22 13 33 32 100 
Zambia 1977 40 8 3 49 100 
Zimbabwe 1979 36 9 2 47 100 
United 
Kingdom 

 
1980 

 
32 

 
5 

 
19 

 
44 

 
100 

 
SOURCE:   Transport Research Laboratory 
                      Crowthorne, Berkshire (U K) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

 

TABLE 5  
 

SURVEY TYPES  
 

Information Description Survey methods 
 
 
 
Road use 

Traffic volumes on links and 
at junctions. Volume & 
density lane occupancy & 
effective width. 
Peak/off-peak differences 
daily & seasonal variation. 
Traffic composition 
Pedestrians  

Traffic counts by time of day 
(manual / automatic), junction 
turning movement studies, 
vehicle occupancy counts 

 
 
 
Service quality 

Road speeds 
Delays 
Queues 
 
 

Radar surveys, stopwatch 
methods, video surveys, floating 
car, chase car number plate 
survey, input/output surveys, 
path trace, internal-based queue 
length event-based queue length 

 
 
 
Inventory 

Road characteristics  
Junction geometry + control  
Signal settings 
Street furniture  
Lighting 
Parking facilities 
Street vendors 

Observation with standard form 
checklists 

 
Parking 

Duration-temporal and 
spatial 

Parking ‘beats’ 

 
 
 
Road performance 
and driver behaviour 

PCU values, speed flow 
Gap acceptance and 
headway 
Saturation flows at junctions 
Following distances & 
speeds, compliance to red 
turning circles and stopping 
distances.  

Manual recording, video 
surveys, hand-held data capture 
devices, number plate surveys. 

 
SOURCE: Transport Research Laboratory 

                                          Crowthorne, Berkshire ( U K) 
 
 
 
 
 
 

 



 

 

TABLE 6 
 

TRAFFIC MANAGEMENT OBJECTIVES  
 

Category Objectives Techniques 
 
 
 
IMPROVE CAPACITY 

Make efficient use of fuel. 
Reduce time wastage. 
Promote and develop the 
urban economy. 

Road & junction 
improvement on-street. 
Parking and trading 
restrictions. Traffic signal 
improvements one way & 
tidal flow system 
roadmarking and signing 
improvements 

 
 
 
Allocate priorities 

Protect vulnerable road-
users. Increase 
effectiveness of high 
occupancy Vehicles 
(HOV) 

Pedestrian areas cycle 
lands  
Bus or HOV lanes 
Selective detection at 
signals, exemption from 
other regulation. 

 
 
RESTRAINT 

Improve Public Amenity 
Protect Environment 
Improve road safety 

Parking controls 
Physical restraint 
Cordon restrictions 
Area licensing 
Road pricing. 

 
SOURCE: Transport Research Laboratory 

                                           Crowthorne, Berkshire ( U K ) 
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ABSTRACT 
 
It has been shown in the past that the road fatality rates of different countries are 
dependent on the total vehicle ownership of such counties. Recent research has 
revealed that the passenger car ownership is a better predictor of the fatality rate of a 
country. This is also the case for the different continents. 
 
When comparing the fatality rates of three continents, it was found that there are other 
socio-economic factors, such as income, illiteracy and life expectancy that also 
contribute to the large differences between the developed countries of the northern 
hemisphere and the developing countries of Africa. 
 
Accident and fatality rates can be expressed in terms of the population, or the vehicle 
or passenger car population or the road network of a country. In the paper the 
comparisons are made for all four of these rates and the differences are discussed.  
 
The relationships between road safety and the different socio-economic variables as 
applicable to the countries of the three continents are also shown. Conclusions are 
made regarding the reasons for the differences in fatality rates. 
 
 
INTRODUCTION 
 
The accident or fatality rates of different countries, areas or types of infrastructure are 
often compared in an attempt to determine possible causes for high (or low) accident 
and fatality rates. Sometimes it is simply done to determine benchmarks for countries 
or areas with unacceptably high rates.  
 
The purpose of this paper is to report on a study in which the fatality rates of the 
countries of the three continents, Europe, North America and Africa, were compared. 
This was done in terms of infrastructure, transportation and socio-economic variables 
that were available from international databases. The relationships between the 
fatality rates and other variables were also determined for the three continents. This 
was done by means of stepwise regression analyses. 
 
In the paper the data collection is described, comparisons in fatality rates are made 
and relationships between rates and socio-economic data are developed and discussed. 
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DATA COLLECTION 
 
Data for the countries of the three continents were retrieved from the latest 
publications of international organisations such as the International Road Federation 
(1997) and the United Nations (1997, 1998). These figures are applicable to three 
different years, a span of two years - from 1994, for accident and transportation data, 
to 1996 for some of the socio-economic inputs. It is believed that the errors resulting 
from the fact that the data were representative of different years are less than the 
errors inherent in the data collection process in many of the countries. 
  
The variables collected are shown in Table 1. For each variable and each continent the 
minimum (min) and maximum (max) value are given. Data on road fatalities are 
available for 33 countries in Europe, 18 countries in Africa and five countries in 
North America. 
 
Table 1: Variables collected 
 

Europe Africa North America Variable 
min max min max min max 

Fatalities 24 9814 22 9935 283 40676 
Vehicles (million) 0.14 42.84 0.004 5.45 0.14 198.8 
Cars (million) 0.12 40.50 0.003 3.81 0.07 149.1 
Population (million) 0.3 81.8 0.4 127.0 3.2 265.0 
Paved road network 
(1000 km) 

3.1 644.0 0.3 70.6 1.7 3736.8 

HDI 0.612 0.946 0.229 0.737 0.530 0.960 
Life expectancy 67.5 79.0 44.5 70.0 67.5 79.0 
Adult illiteracy (%) 0.2 17.7 14.9 69.0 1.0 34.3 
GDP per capita 
($1000) 

1.52 42.42 0.08 5.00 0.46 26.0 

  
The Human Development Index (HDI) is a combined index (Ul Haq, 1995) made up 
of the income (GDP per capita), the level of education (adult illiteracy rate) and the 
life expectancy of the population of a country or region. The HDI is published 
regularly by the United Nations. 
 
Apart from the problem of the availability of data, the accuracy thereof can also be 
questioned. For instance, some countries report more injury accidents than the number 
of people injured in these accidents. This was then also the main reason why the study 
concentrated on fatal accidents only and not on injury or damage only accidents. 
There is also a problem with definition. In certain countries the number of vehicles 
may include farming implements, trailers, military vehicles, etc; and in others it may 
not include these vehicles. The definition of a road is also not consistent and often 
differs between administrative jurisdictions – especially when it comes to lower order 
roads. This is the reason why the paved, rather than the total length of road is used in 
Table 1.  
 
The variables collected were used to determine different rates of fatalities, road use 
and vehicle ownership. In the next section, these are compared for the three 
continents. 
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COMPARISONS 
 
The actual values of the variables for the three continents (for the countries with 
available data) are compared in Table 2. 
 
Table 2: Comparison of collected data 
 
Variable Europe Africa North America 
Number of countries 33 18 5 
Fatalities (Total) 69 900 35 700 49 900 
Vehicles (million) 215.6 10.8 230.1 
Cars (million) 188.5 7.7 172.1 
Population (million) 568.7 354.9 392.3 
Paved roads (1 000km) 3212 246 4196 
HDI (Average) 0.867 0.465 0.919 
Life expectancy (years) 74.7 55.7 76.0 
Adult illiteracy (%) 2.1 37.4 4.2 
GDP per capita ($1 000) 16.1 1.1 15.9 
 
Although the total number of road fatalities and the populations are of the same order, 
the road infrastructure and number of vehicles in Africa are much lower than in the 
other two continents. Also, the level of development, as shown by the HDI, life 
expectancy, adult illiteracy and income is substantially lower in Africa than in Europe 
and North America. In the majority of cases, the difference between the attributes of 
the latter two continents is insignificant. 
 
To compare the road safety situation of the three continents, different fatality rates 
were calculated. These are reflected in Table 3 and are also shown in Figure 1. 
 
 
Table 3: Comparison of road fatality rates 
 
Fatality Rate Europe Africa North America 
Per 100 000 vehicles 32.4 330.6 21.7 
Per 100 000 cars 37.1 463.6 29.0 
Per million people 122.9 100.6 127.2 
Per 1000 km of paved road 21.8 145.1 11.9 
 
Unfortunately the fatality rate in terms of vehicle kilometres travelled is available for 
a few countries only and could not be determined as being representative of the three 
continents. 
 
From Table 3 it is clear that in terms of vehicles and infrastructure the fatality rate in 
Africa is much higher than in Europe and North America – in the order of seven to 16 
times as high. For the same rates North America seems to be safer than Europe. 
However, when the fatality rate per capita is compared, the situation is reversed with 
Africa having the lowest rate, followed by Europe and North America. This rate is 
often considered indicative as an indication of the seriousness of the contribution of 
road fatalities to the overall death rate. From these rates it is clear that Europe and 
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North America have, in terms of their overall mortality rate, a greater problem from 
road fatalities than the countries of Africa. This is then probably one of the reasons 
why the former countries spend more resources on the elimination of this problem. In 
Africa, infant mortality and AIDS create much greater health problems and have a 
higher priority in the allocation of resources.  
 
 
RELATIONSHIPS 
 
As early as 1949 Smeed has shown that the fatality rate of a country can be related to 
the number of vehicles per capita or as it is also known, the rate of motorization. In a 
recent study (Bester, 2000) on international road fatality rates, it was found that  
passenger car ownership is a better explanatory variable of fatalities per 100 000 
passenger cars than vehicle ownership as an explanatory variable of fatalities per 
100 000 vehicles. This logarithmic relationship, as determined for all the countries 
with available road fatality data (93 countries), is shown in Figure 2. 
 
The general form of the relationship can be described as follows: 
 

F/C = a(C/P)b                                          …….. ……………………………(1) 
 
where  

F/C = Fatalities per 100 000 cars, 
C/P = Cars per 1 000 people, and 
a,b  = constants. 

 
From Equation 1 it can be shown that: 
 
 

F/P = (a/1 000)(C/P)b+1                                .….. ..…………………………(2) 
 
where 

F/P = Fatalities per 100 000 people. 
 

This means that if the relationship between fatalities per 100 000 cars and car 
ownership is determined, the relationship between fatalities per 100 000 people and 
car ownership is fixed. 
 
The values of a and b as determined by means of regression analyses for the world 
(Figure 1) and the three relevant continents are given in Table 4. 
 
Table 4: Constants in logarithmic relationship. 
 
Area a b 
All countries (93) 4 517 -0.807 
Europe 14 618 -1.027 
Africa 1 889 -0.414 
North America 6 409 -0.911 
 
The relationships for the three continents are shown in Figures 3, 4 and 5 respectively. 
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Figure 1: FATALITY RATES
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FIGURE 2: FATALITY RATE VS CAR OWNERSHIP (93 COUNTRIES)
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FIGURE 3: FATALITY RATE VS CAR OWNERSHIP (AFRICA)
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FIGURE 4: FATALITY RATE VS CAR OWNERSHIP (EUROPE)
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From Equation 2 it can be seen that the nearer the value of b is to –1, the less the 
influence of car ownership on fatalities per capita which tends to a constant value. 
This is clearly the case for Europe and to an extent, for North America. For Africa, on 
the other hand, there is an increase in the fatalities per capita with increased 
motorization. This means that the improvement in safety as a result of increased 
motorization (Equation 1) is more than cancelled by the rate of motorization. The 
latter is also from a very low base. The average car ownership in Africa is 21.7 cars 
per 1 000 of the population. This can be compared to the values of 332 and 439 cars 
per 1 000 of the population for Europe and North America respectively. 
 
Another relationship that is clearly illustrated by the combined data for the three 
continents is the effect of the Human Development Index on the fatality rates. This is 
shown in Figure 6. 
 
 
 
EXPLAINING THE VARIATION IN FATALITY RATES 
 
In a recent study of international fatality rates (Bester, 2000) it was shown that the 
variation in these rates can best be explained by the following variables: 
 

• Car ownership (C/P); 
• Human Development Index (HDI); and  
• Percentage of vehicles other than passenger cars (PV). 

 
The following equation was determined by means of stepwise regression analysis: 
 
Ln F/C = 18.066 – 0.633 Ln C/P + 6.65Ln HDI – 11.447 HDI + 0.0160 PV …....(3) 
 

FIGURE 5: FATALITY RATE VS CAR OWNERSHIP (NORTH AMERICA)
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From the previous section it is clear that car ownership alone has different effects on 
the fatality rates of the different continents. This difference is the greatest where a 
large difference in the HDI is found , eg. between Europe and Africa. The inclusion of 
the HDI in explaining the variation in fatality rates is further justified when separate 
models are developed for Europe and Africa. There are not enough data points for a 
separate North American model. The model fitting results are shown in Tables 5 and 
6 for Europe and Africa respectively. 
 
Table 5: Model fitting results for Ln F/C (Europe) 
  
Explanatory 

Variables 
Coefficient Std. error t-value Significance 

level 
Constant 31.30 9.241 3.387 0.0021 
Ln C/P -0.447 0.1291 -3.462 0.0017 
Ln HDI 17.77 7.626 2.330 0.0272 

HDI -26.20 9.455 -2.771 0.0098 
PV 0.030 0.0075 4.026 0.0004 

R2 = 0.876 
 
 
 
Table 6: Model fitting results for Ln F/C (Africa) 
  
Explanatory 

Variables 
Coefficient Std. error t-value Significance 

level 
Constant 10.57 1.163 9.089 0.0000 
Ln C/P -0.9086 0.234 -3.878 0.0015 
Ln HDI 2.291 0.828 2.766 0.0144 

R2 = 0.436 

FIGURE 6: FATALITY RATE VS HDI
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It is interesting that for the 33 countries in Europe the same variables as for the 
international model (Equation 3) were included by the stepwise regression analysis. 
The model for Africa also included the HDI, but the percentage of the variation that is 
explained (43.6%) is much lower than for Europe. 
 
 
DISCUSSION 
 
From a comparison of the fatality rates of the three continents it is clear that in terms 
of vehicles and infrastructure the fatality rate in Africa is much higher than in Europe 
and North America – in the order of seven to 16 times as high. For the same rates 
North America seems to be safer than Europe. However, when the fatality rate per 
capita is compared, the situation is reversed with Africa having the lowest rate, 
followed by Europe and North America.  
 
As far as infrastructure and car ownership are concerned, the road fatality rate in 
Africa is much worse than in the other two continents. As an example it can be shown 
that the country with the highest car ownership in Africa (South Africa) would have 
been the third lowest in Europe. Also, the socio-economic data show that the 
development in Africa is at a much lower level than in Europe and North America. 
This is illustrated by the level of education, life expectancy and income as reflected in 
the Human Development Index. 
 
The relationship between fatalities per car and car ownership is valid for all three of 
the continents. However, the slopes of the lines are different, with that of Africa again 
much lower than those of Europe and North America. The result is a positive 
relationship between fatalities per capita and car ownership for Africa, whereas the 
fatalities per capita in Europe and North America are constant and not affected by the 
car ownership. 
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Abstract 
In the past the South African school curriculum has perpetuated race, class, gender, 
ability, language and ethnic divisions and has emphasized separateness, rather than 
common citizenship and nationhood.  It was therefore imperative to restructure the curri-
culum in order to reflect the norms, values and needs of the new democratic society.  
The legacy of the past has indeed left South Africa with a number of problems not least 
of which are that, road safety education or better known as education for life was 
neglected!  Although it has been stated already in 1947 that the teaching and training of 
the learner are in vein if he/she is not also equipped for safe participation in road traffic 
in order to survive road safety education was not part of the previous South African 
educational system.  Today, more than 50 years later, on the threshold of an outcomes 
based approach towards education, no one may ignore the cry of distress regarding the 
inclusion of road safety education as an integral part of the learning area, Life 
Orientation, in Curriculum 2005.   
 
Research worldwide indicates that in countries where road safety education is 
compulsory, the accident rate is relatively low and in countries where road safety 
education is partly compulsory or where there is no road safety education at all the 
accident rate is relatively high.  Road safety education thus forms the focus in the 
accomplishment of traffic safety and is a contributing factor in the reduction of the death 
toll.  Over and above it has a definite role to play and deserves a rightful place within the 
educational system of any country.  When taken into account that a curriculum is the 
heart of any educational process road safety education could not take place in the past 
because of a lack of a structured curriculum.  In order to overcome this problem a com-
prehensive study was done from 1997 to 1999 in order to develop a core curriculum for 
road safety education.  This paper is an attempt to spell out the value thereof. 
 
The curriculum was developed accordingly to four parallel research processes, namely: 
! Various curriculum models were studied in order to identify a model that will form 

the basis of the road safety education curriculation process. 
! The different age and developmental phases as well as accompanying limitations of 

the target group were identified and specific road safety themes aimed at 
overcoming these limitations were selected. 

! A comparative study between the curricula of 14 countries in Southern Africa and 
overseas were made and common road safety themes that feature prominent in the 
various curricula were identified. 

! Questionnaires were sent out to teachers regarding the level of road safety 
education presently in schools and to parents regarding the young road user’s 
exposure to different traffic situations as well as general road safety education.  

 



 

 

The above-mentioned processes were integrated in order to develop the core curriculum 
for road safety education in South Africa.  This curriculum is based on the principles of 
co-operation, critical thinking and social responsibility, and should empower all young 
road users to participate safely in all aspects of society.  This could best be achieved by 
a national curriculum which prides general road safety education as a platform for 
lifelong learning and contributes to the reduction of accidents, deaths, injuries and the 
accompanying pain and suffering. 
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“You taught me how to speak and write in three languages  
but I do not know how to say what I feel in my heart. 

You taught me how to solve maths problems  
but I still can’t solve my own problems. 

You taught me the names of the cities in the world  
but I don’t know how to survive in the streets in my own city. 

You taught me many facts – and I thank you –  
But why do I have to leave school to go and learn about coping with life?” 

- Anonymous (Sunday Times, 30 January 2000) 
 
It is sometimes the honest thoughts and words of a youngster in a poem like this that 
brings us to a halt in order to re-think life and its value.  In this regard it is particularly the 
South African educational system, with specific reference to the curriculum content, 
which are referred to.  It is indeed true that mathematical problems do not weigh as 
much as the issue of “coping with life”.  It is thus not a question of giving a child a fish 
but teaching him how to catch a fish.   
 
Realising this, South African education authorities initiated a total transformation 
process, resulting in a new school curriculum framework for General and Further 
Education and Training.  The challenge faced by the Ministry of Education at the 
dawning of a democratic society is to create an education and training system that will 
ensure the full development of the human resources and potential in our society. 
   
It was imperative to restructure the curriculum in order to improve the standard and 
quality of education in our country, especially due to the legacy of the past.  However, 
the need for access to life-long learning is not a South African phenomenon – South 
Africa is simply following international trends!  Our millennium vision is to give maximum 
opportunity for every learner to progress to the highest level of achievement.   
 
The new curriculum aims to reflect the norms, values and needs of a new democratic 
society.  It is based on the principles of co-operation, critical thinking and social 
responsibility, and should empower individuals to participate in all aspects of society.  It 
is flexible, appropriate and will cut across traditional divisions of skills and knowledge.  
The emphasis will be on what the learners should know and can do at the end of a 
course of learning and teaching, instead of the means that are to be used to achieve 
those results.  The development of a new curriculum framework is a serious attempt to 
create a shift form the traditional input-based approach to an outcomes based approach. 
      



 

 

This could best be achieved by a national curriculum, which prides a general education 
as a platform for lifelong learning.  Incorporated in this curriculum is inter alia the 
learning area, Life Orientation, with the focus Life Skills Education.  This particular field 
opens the door for road safety education to form an integral part thereof.    
 
Although it has been stated already in 1947 that the teaching and training of the learner 
are in vein if he/she is not also equipped for safe participation in road traffic in order to 
survive, road safety education or better known as education for life was neglected in 
South Africa!   
 
Today, more than 50 years later, on the threshold of an outcomes based approach 
towards education, no one may ignore the cry of distress regarding the inclusion of road 
safety education as an integral part of the learning area, Life Orientation, with the focus 
Life Skills Education in Curriculum 21.   
 
The following table indicates the linkage between road safety education and the 
accident rate: 
 

COUNTRY ACCIDENT RATE 
(Deaths per 100 million 

vehicle km traveled) 

ROAD SAFETY 
EDUCATION 

United States of 
America 

1.8 Compulsory 

Canada 2.9 Compulsory 
Denmark 2.6 Compulsory 
Finland 2.0 Compulsory 
France 4.6 Partly compulsory 

Federal Republic of West 
Germany 

3.8 Compulsory 

Great-Britain 2.1 Compulsory 
Luxembourg 3.5 Compulsory 

Norway 2.25 Compulsory 
Israel 4.2 Compulsory 

Turkey 12.0 Not compulsory 
Sierra Leone 23.6 No 
South Africa 16.8 Partly compulsory 

 (Accident rates obtained from the report of the International Road Federation, 
1986,110-117) 
 
From the above table it appears that in countries where road safety education is 
compulsory, the accident rate is relatively low and in countries where road safety 
education is partly compulsory or where there is no road safety education at all the 
accident rate is relatively high.  Road safety education thus forms the focus in the 
accomplishment of traffic safety and is a contributing factor in the reduction of the death 
toll.  Over and above it has a definite role to play and deserves a rightful place within the 
educational system of any country.   
 



 

 

When taken into account that a curriculum is the heart of any educational process road 
safety education could not take place in the past because of a lack of a structured 
curriculum.  In order to overcome this problem a comprehensive study was done from 
1997 to 1999 in order to develop a core curriculum for road safety education.  This 
paper is an attempt to spell out the value thereof. 
 
This curriculum was developed accordingly to four parallel research processes, namely: 
 
! Literature study:  various curriculum models (Tyler, Taba, Wheeler, Nicholls & 

Nicholls, Oliva, Littrel & Bailey, Jansen, Walters, Cawood-Carl-Blanckenberg, 
Kruger, Steyn) were studied in order to identify a model that will form the basis of 
the road safety education curriculation process.  The outcome of this was the 
identification of the Kruger model to serve as the basis for developing the road 
safety education curriculum.  The following is a schematic approach to the Kruger 
model:   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
! Literature study & Questionnaires:  The different ages (5 – 18 years), 

developmental phases (pre-school child, pre-adolescence and adolescence) and 
school phases (grade 0, foundation phase, intermediate phase, senior phase) were 
identified according to accompanying limitations of the specific target group.  Road 
safety themes aimed at overcoming these limitations were selected.   
Questionnaires were sent out to parents and teachers of learners in order to get 
feedback regarding their knowledge of the limitations of children during traffic 
participation.  The following serves as an example of the pre-school road user 
(Grade 0, 5-6 years) in this regard: 

Situation Analyses 
(contextual / pre-valuation) 

Outcomes 
(Goals & objectives) 

Selection & classification of 
learning content 

Selection of techniques, 
methods & media  

Selection & classification of 
learning experiences 

Planning & implementation 
of the teaching-learning-

situation 

Evaluation  
(summative & formative) 



 

 

 

 
According to each limitation with regards to the behaviour of the young road user, 
certain road safety themes were incorporated in the curriculum in order to help children 
to deal and overcome their limitations.  An example based on the above-mentioned is: 
 
 

 
 
 

Height:  limits his vision, see and be seen, 
can not cross street between parked 
vehicles 

Visual blindness, limited peripheral 
vision & low eye level 

Poor memory, memorizing 
without insight, illogical 
reasoning ability, inability to 
think abstractly, poor decision 
making skills 

Limited sensitivity for 
sounds, limited ability to 
locate sound 

Poor hand dominance 

Rushing out as a result of 
limited social skills 

Ego-centeredness, self-
centeredness 
Impulsiveness, increased 
vitality, curiosity, fickleness, 
willfulness, unpredictability 

Danger regarding parked and reversing 
vehicles 

Looking in all directions 
Visibility 
Interpretation of stimilu 
Crossing a street 
Visual skills

Interpretation and meaning of 
traffic signs 
Rules applicable to 
passengers in a car, taxi, bus 
Rules applicable to 
pedestrians and cyclists 
Distinguish:  right vs wrong 

Listening to traffic sounds 
Auditory skills 

Poor hand dominance 

Dangers and risks 
Pedestrian facilities  
Gross motor skills 
Fine motor skills 

Safe places to play 
People who can help 
How, where and when to 
cross a street 
Attitudes:  obedience, 
courtesy, responsibility 



 

 

! A comparative study was made between the curricula of 14 countries in southern 
Africa and overseas and common road safety themes that feature prominently in 
the various curricula were identified.  The 14 countries were: 

 
o United Kingdom 
o Belgium 
o Zimbabwe 
o Austria 
o Denmark 
o Estonia 
o Spain 
o France 
o United States of America 
o Israel 
o New-Zeeland 
o Germany 
o Japan 
o Netherlands  

 
From this comparative study the following categories were included to serve as 
main themes in the curriculum: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Road Safety Education 
Curriculum 

Traffic 
Environment 

Pedestrian Passenger Cyclist Driver Perceptual 
skills 

Attitudes 

Development & 
Limitations 



 

 

 
 For each of the above-mentioned categories content was developed.  The 

following serve as an example of the Pedestrian component within the curriculum 
for Grade 0: 

 
 
PEDESTRIAN 
EDUCATION 

 
Walking safely 
! Differences between urban and rural areas 
! Rules applicable to pedestrians 
! The interpretation and meaning of traffic signs applicable to pedestrians 
! Visibility and conspicuous clothing 
! Dangers and risks 
! Effect of weather conditions 
How, where and when to cross a street 
! The danger regarding parked and reversing vehicles 
! How to use a pavement or footpath 
! How to walk safely next to the street or road 
! Traffic lights for pedestrians 
! Block pedestrian crossing 
 
NB:  Above-mentioned are taught to the learner, but it is recommended 
that the learner only apply it under adult supervision.  It is therefore a 
preparatory process. 
 

 
! Questionnaires were sent out to teachers and parents regarding the young road 

user’s exposure to different traffic situations as well as training in general and 
specialized road safety education.  The following results were found: 

 
o It was found that most teachers did not receive training in road safety education 

during the initial formal professional training or in-service training. Teachers 
neither received any other training of this nature. The result of this is that the 
majority of teachers are not trained and equipped to offer road safety education.  
The average response considering the training in road safety education of 
parents of learners in the various school phases also indicated that parents 
received no training of any kind for offering road safety education to their 
children. 

o Although teachers are not trained to present road safety education teachers in 
all three relevant school phases indicate that "reasonably many" lessons are 
devoted to road safety education.   

o It was also found that teachers responsible for grade 0, the foundation phase 
and intermediary phase "sometimes" use teaching media and that a traffic 
official was invited "reasonably often" to pre-primary schools and "sometimes" to 
primary schools.   

o Road safety awareness days and/or weeks takes place "reasonably often" in 
pre-primary schools and "sometimes" in primary schools.  With regard to road 
safety awareness days the situation in pre-primary schools appears to be more 
favourable than that in primary schools, where a stronger negative response 
regarding traffic safety awareness activities was given.  

o It was found that the themes "how and where to cross a road/street" and "rules 
for pedestrians" showed the highest user frequency in all three school phases. 



 

 

Themes relating to safe cycling, namely "the use of hand signals during cycling" 
and "rules for cyclists" shows the lowest user frequency in all three school 
phases.   

o Teachers take grade 0 learners "reasonably often" for practical work sessions in 
the real traffic situation, while parents of grade 0 learners and teachers of 
learners in the foundation phase and intermediary phase "sometimes" take 
learners for practical work sessions. A predominantly negative response was 
therefore given in this regard.   

o It was found that young road users in all three the relevant school phases were 
exposed in the presence of their parents mostly to situations where they were 
confronted with "the use of safety belts" and the "crossing of a road/street". 
Learners in all three the school phases are exposed least to "the use of a 
tricycle/bicycle" and "the learning of hand signals" in the presence of their 
parents during traffic participation.  Learners in grade 0 are confronted in the 
absence of their parents mostly with "safe places to play" and "the use of safety 
belts". Grade 0 learners are exposed least to "the use of a tricycle" and 
"situations where rules for bicycles must be applied" in the absence of their 
parents. Learners in the foundation phase and intermediary phase are exposed 
in the absence of their parents mostly to "the crossing of a road/street" and 
"situations where basic traffic rules must be applied". The same group of 
learners are confronted least with "situations where hand signals must be 
displayed during cycling" in the absence of their parents. From this it follows that 
grade 0 learners are both in the presence and absence of their parents exposed 
mostly to "the use of safety belts" and "safe places to play" and least to "the use 
of a tricycle" and "situations where rules for cyclists must be applied". Learners 
in the foundation phase and intermediary phase are confronted both in the 
absence and presence of their parents mostly with "the crossing of a road/street" 
and "the use of safety belts". Second to this, grade 0 learners and learners in the 
foundation phase are exposed mostly to situations where they must take 
decisions about "safe places to play". These three situations therefore show the 
highest frequency in all three relevant school phases. Learners in the foundation 
phase are exposed least to "situations where hand signals must be displayed 
during cycling", "situations where rules for cyclists must be applied" and 
"different destinations to which he travels by bicycle". Learners in the 
intermediary phase in turn are confronted least with "situations where hand 
signals must be displayed during cycling" and "situations where the child carries 
out dangerous actions and experiences the results". It appears that the total 
population of learners is exposed both in the absence and presence of their 
parents least to "the use of a tricycle/bicycle" and "the application of hand 
signals during cycling".  

o Parents teach grade 0 learners most about "safe places to play", "the use of 
safety belts" and "positive attitudes towards road use" and least about "where to 
ride with a tricycle". It became clear in the above that the latter theme is also the 
situation to which grade 0 learners are exposed least both in the absence and 
the presence of their parents. Parents of learners in the foundation phase teach 
their children most about "safe places to play", "how to cross a road/street" and 
"the use of safety belts" and least about "rules for cyclists" and "the learning of 
hand signals".  In this light it can be said that parents of learners in the 



 

 

foundation phase teach their children most about "how to cross a road/street", 
"safe places to play" and "the use of safety belts". Compared to this, "the 
learning of hand signals" and "rules for cyclists" is taught least. Learners in the 
foundation phase are exposed respectively the most and the least in both the 
absence and the presence of their parents to these situations.  In the 
intermediary phase parents teach their children most about "how and where to 
cross a road/street" and "the use of safety belts". This group of learners is taught 
least about "rules for cyclists" and "the learning of hand signals". Themes about 
which parents teach their children in this phase most and to which they are 
exposed most in both the absence and the presence of the parents, are "the 
crossing of a road/street" and "the use of safety belts". A theme about which 
parents teach their children least, and to which children are also exposed least 
both in the absence and presence of parents in the relevant school phase, is 
"the learning of hand signals during cycling".  Common themes which are taught 
most in all school phases and to which learners are exposed most in both the 
absence and presence of parents, are "the crossing of a road/street", "safe 
places to play" and "the use of safety belts". It was found that parents teach 
cycling education to their children least with specific reference to "the use of a 
tricycle" in grade 0 and "the learning of hand signals" in the primary school. 
Apart from this, respondents also indicated that learners in all school phases are 
exposed least to these themes both in the absence and presence of their 
parents. 

o The average opinion of parents and teachers of learners in all three relevant 
school phases is that they have "reasonably much" knowledge of the possible 
limitations experienced by young road users in traffic situations. This indicates a 
predominantly "average" rate of response.  (As a measure of control for the 
above finding, questionnaires made provision for respondents to mention at 
most two alternative limitations of road users in grade 0, the foundation phase 
and intermediary phase. Fewer than a third of teachers and parents of learners 
in the relevant school phases reacted to this, the exception being parents of 
grade 0 learners, of whom 44,83% responded.)  The conclusion is that only a 
minimum number of respondents on the one hand understand the concept 
"limitation" and on the other hand show insight in the limitations of young road 
users during traffic participation.  It should, however, be mentioned that 
respondents who did respond to this, offered sensible reactions.  

o Parents of learners in all school phases agree that they can describe as 
"reasonably adequate" their knowledge about limitations, which make children 
vulnerable in the traffic situation. 

o All teachers and parents of learners in grade 0, the foundation phase and 
intermediary phase are of the opinion that parents and the school are "definitely" 
responsible for Road safety education.  Teachers for grade 0 and the foundation 
phase as well as parents of learners in the foundation phase are of the opinion 
that traffic safety authorities "definitely" are responsible for Road safety 
education, while teachers and parents of learners in the intermediary phase and 
parents of learners in grade 0 are of the opinion that traffic safety authorities are 
responsible for Road safety education only "to an extent".  Teachers for the 
foundation phase responded that traffic officials are "definitely" responsible for 
Road safety education, but other teachers and parents are of the opinion that 



 

 

traffic officials are responsible for it "to an extent".  Teachers and parents of 
grade 0 learners are of the opinion that the church is "not at all" responsible for 
Road safety education, while teachers and parents of learners in primary 
schools are of the opinion that the church is responsible for Road safety 
education "to an extent". 

o The average response of teachers and parents of learners in grade 0, the 
foundation phase and intermediary phase indicates that Road safety education 
is regarded as "essential" for all children.  Teachers of learners in the 
intermediary phase respond that the current Road safety education practice is 
"totally inadequate". All other teachers and parents describe the current practice 
in schools as "reasonably adequate", which indicates a predominantly average 
response, compared to the former negative response.  All respondents (i.e. 
teachers and parents of learners in grade 0, the foundation phase and 
intermediary phase) agree that the ideal Road safety education practice should 
be "compulsory" for all learners.  What is striking about the general remarks and 
comments, which respondents could make, is the plea for Road safety 
education to be incorporated in the school curriculum and to be compulsory for 
all learners in all school phases. Based on this, it may be said that the 
importance and necessity of Road safety education is generally recognised.  

    
The above-mentioned ingredients of the overall research processes were integrated in 
order to develop the core curriculum for road safety education in South Africa.  Common 
and high frequency factors were identified and incorporated.  This curriculum is based 
on the principles of co-operation, critical thinking and social responsibility, and should 
empower all young road users to participate safely in all aspects of society.  This could 
best be achieved by a national curriculum which prides general road safety education as 
a platform for lifelong learning and contributes to the reduction of accidents, deaths, 
injuries and the accompanying pain and suffering.  Education and training are indeed 
central activities of our society.  Road safety education as an integral part thereof is of 
vital interest to every family, community and to the health and prosperity of our national 
economy.  Let us all contribute not only to teach our children “the names of the cities in 
the world” let us strive towards effective road safety education and intensively teach 
them “how to survive the streets of their own cities…”  
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1. Introduction 
 

One of the main traffic problems is to ensure the safe traffic in the roads and streets.  
A number of motor vehicles is increasing in Lithuania (Figure 1). Lithuania has about 

3,7 million inhabitants and about 1,2 million motor vehicles. Traffic intensity, which has 
grown to a considerable extent, causes many difficulties in ensuring safe traffic. In Lithuania 
during the period 1980-1999 years 15529 people were killed in road traffic accidents and 
104698 were injured. It is registered from 5 to 7 thousands of traffic accidents every year, 
during which people suffer. About 60 children are killed in traffic accidents per year and 
almost 1000 become invalids. Solely during 1999 there were 748 fatal casualties and 7696 
people were injured. Annual traffic accidents loss makes up about 325 million USD. 
Besides, great moral losses are suffered. 

   Fig. 1. Number of motor vehicles per 1000 population in 1981-1999. 
 
2. Analysis of road traffic safety 
 

The analysis of the number of traffic accidents in Lithuania during the past 20 years 
shows, that this period can be divided in 4 periods. First in year 1978-1986 the amount of 
traffic deaths was slightly decreasing. Secondly, in year 1987-1992 traffic deaths and injury 
has increased (1,8 times) at a sharp rate. Thirdly in years 1992-1996 the amount of traffic 
deaths was slightly decreasing, but again increased in 1997, especially increased the umber 
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of injured people. Dynamics of number killed and injured 1980-1999 in Lithuania 
represented  in table 1.and figure 2. 

Fig 2. Dynamics of number killed and injured in Lithuania 1989-2000 (1980 = 100%: black 
� killed, white � injured) 

 
Table 1. Distribution of road traffic accidents and casualties in 1990-1999. 
 

Year Accidents Injured Killed Vehicles Cars 
Killed /1 

mln. vehicles 

Killed /1 mln. 

population 

Killed /100 

injured 

1990 5135 5491 933 622098 492978 1500 250 17,0 

1991 6067 6638 1093 657642 530824 1662 292 16,5 

1992 4049 4251 779 693097 565320 1124 208 18,3 

1993 4319 4556 892 727281 597735 1226 240 19,3 

1994 3901 4147 764 763506 652810 1001 204 18,4 

1995 4144 4509 671 836943 718469 801 179 14,9 

1996 4576 5223 667 905122 785088 734 176 12,7 

1997 5319 6198 725 1005807 865032 837 195 11,7 

1998 6445 7667 829 1087880 942369 762 224 10,8 

1999 6356 7696 748 1115964 957652 672 202 9,7 

 
The analysis of traffic accidents, which took place in Lithuania in 1996-1999, and 

during which people were killed and injured, shows that the main types of accidents are as 
follows: knocking down pedestrians and cyclists, collision of cars, collision to obstacles, to 
cart, to standing means of transport, overturning and others. Almost every second accidents 
are collision between pedestrian and vehicle. It makes about 40% of all casualties. Collision 
between pedestrian and vehicle generally occurs at night time. 

The distribution of culprits of traffic accidents is represented in table 2. In the traffic 
accidents, during which people were killed or injured, drivers were guilty (about 60%), 2/3 
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of them being drivers of motor cars. More than one third of road accidents happens through 
drivers�, whose length of driving does not exceed 4 years. That shows that a level of training 
of drivers should be improved. 

After analyzing the distribution of fatal casualties and the injured between the traffic 
participants it is seen that about 40 % pedestrians suffer in car accidents (table 3). 
The distribution of traffic accidents in the streets of towns and in the roads is represented in 
table 4. This information shows that more than a half of accidents takes place in streets of 
towns. 
A number of killed in road accidents per million persons were 202 people and fatalities per 
million motor vehicles were 672 people. A number of killed per 100 injured were 10 people 
(table 1). In spite of a lower motorization level in Lithuania than in many developed 
European countries, there indexes of traffic accidents are several times worse than in others 
countries of Europe. 
 
Table 2. Culprits of traffic accidents. 
 

Number of accidents Culprits of 

accidents 1994 % 1995 % 1996 % 1997 % 1998 % 1999 % 

Drivers 2278 58,4 2452 59,2 2867 62,6 3426 64,4 4117 63,9 4217 66,3 

Pedestrians 1223 31,4 1231 29,7 1283 28,0 1408 26,5 1668 25,9 1466 23,1 

Cyclists 326 8,4 332 8,0 255 5,6 368 6,9 428 6,6 395 6,2 

Others 75 1,9 129 3,1 174 3,8 117 2,2 232 3,6 278 4,4 

Total: 3902 100,0 4144 100,0 4579 100,0 5319 100,0 6445 100,0 6356 100,0 

 

Table 3. The distribution of fatal casualties between traffic participants. 
 

Traffic 

participants 

Fatal casualties 

1993 1994 1996 1997 1998 1999  

Numb. % Numb. % Numb. % Numb. % Numb. % Numb. % 

Pedestrians 358 40,1 323 42,2 238 36,0 274 37,8 338 40,8 269 36,0 

Drivers 243 27,2 175 22,9 173 26,0 201 27,8 210 25,4 226 30,2 

Passengers 185 20,7 170 22,2 173 26,0 172 23,7 200 24,1 181 24,2 

Cyclists 100 11,2 86 11,2 75 11,0 70 9,7 70 8,4 67 9,0 

Others 7 0,8 11 1,4 8 1,0 7 1,0 11 1,3 5 0,6 

Total: 893 100,0 765 100,0 667 100,0 724 100,0 829 100,0 748 100,0 

 
 
 
 
 



 

 

 
Table 4. The distribution of traffic accidents in streets and roads. 
 

Number of accidents 
Place 

1994 % 1995 % 1996 % 1997 % 1998 % 

Urban roads 1969 50,5 2167 52,3 2575 56,2 3399 63,9 3575 55,5 

Others settlements 248 6,4 365 8,8 250 5,5 369 6,9 838 13,0 

Main roads 470 12,0 429 10,3 455 9,9 376 7,2 475 7,4 

National roads 508 13,0 525 12,7 556 12,1 513 9,6 660 10,2 

Regional roads 606 15,5 550 13,3 615 13,4 561 10,5 826 12,8 

Local roads 100 2,6 108 2,6 125 2,9 101 1,9 71 1,1 

Total: 3901 100 4144 100 4579 100 5319 100 6445 100 

 
 
 

3. The main reasons of traffic accidents 
 
When was made the analysis of traffic accidents in Lithuania in 1980-1997 in which was 
investigated the kind of traffic accidents, their culprits and situations, the amount of fatal 
casualties and injured distribution between participants of traffic and having estimated the 
experience of foreign countries was established the main reasons for high level of 
development of car accidents in Lithuania: 
- not perfect and incompletely finished the legal basis of road traffic safety; 
- there is no unified road traffic system and structures which would ensure effective 
coordinate work of all the sections; 
- there is no unified road traffic safety information system; 
- unsatisfactory infrastructure of roads and streets; 
- very bad traffic participants� behavior and discipline; society is not involved in 
discussing road traffic safety problems; 
- very low financing of the work of road traffic safety; 
- ineffective control of road traffic; the work of police is insufficiently oriented to 
disclosing the most dangerous infringements and to prevention of infringements; 
- not perfect safe traffic training system; 
- there is no system for preparing and perfecting road traffic safety specialists; 
- ineffective of rescuing and first aid; 
- local governments (especially in districts) are very passive and they do not take part in 
ensuring safe road traffic in streets and local roads; 
- unfinished system of control of means of transport and their exploitation; 
- there is no law for the obligatory drivers� civil responsibility insurance; 
- not perfect drivers� training system; 
- ineffective propagandize activity of traffic safety; 
- insufficiently collaboration with foreign and international organizations of traffic safety; 
 
 



 

 

4. The main measures of improving traffic safety 
 
Having estimated very bad traffic safety conditions in Lithuania and the finance possibilities 
of our country and having estimated the experience of foreign countries, it were suggested 
the measures for improving traffic safety: 
- developing the public cities� transport; 
- improving the legal basis of traffic safety; 
- to make and develop the general computer information system of traffic safety; 
- to organize training of all traffic participants, to form the importance of road traffic 
safety in society; 
- to organize the system for preparing and perfecting road traffic specialists; 
- to improve the system of drivers� training; 
- to develop propagandize and agitation in field of road traffic safety; 
- to prepare and realize measures of improving road traffic safety in roads and streets; 
- to renovate the scheme of road traffic organization in the biggest cities of Lithuania; 
- to strengthen the control of road traffic in roads and streets; 
- to establish the system of rescuing and first aid in the main highways; 
- to improve the quality of the means of transport and their exploitation; 
- to prepare the law of road traffic; 
- to prepare the program of controlling alcohol for drivers; 
- to analyze the establishment of traffic safety program in 1997-2000; 
- to establish traffic safety services in districts and local governments; 
- to prepare the law for the obligatory drivers� civil responsibility insurance; 
- collaborate more with foreign and international organizations of traffic safety; 
In order to improve road traffic safety in Lithuania, the road traffic safety program for 2001-
2005 was prepared. The essential aim of this program is to reduce the number of fatal 
casualties by 25 %. 
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Introduction 
 
 At the end of 1999, UEMOA, the Economic and Monetary Union for West Africa, launched a study 
of the road safety situation and management processes in seven of the eight countries of the Union (Bénin, 
Burkina Faso, Côte d'Ivoire, Mali, Niger, Sénégal, Togo), in view of formulating Communal Road Safety 
Policies at the regional level. The study was funded by the European Union. A team of African and 
European "experts" was formed to establish a diagnosis on each country as well as a global assessment of 
the situation in th region, and to draw proposals for action. The final report was published in March 2000 
and is now being evaluated by UEMOA and integrated into a wider proposal for transport policies, for 
presentation at a round table of donors. 
 
 The present paper does not provide a complete summary of the outcome of the study, but presents a 
selection of some difficult problems encountered in the countries investigated and directions for possible 
solutions as seen by the researchers and consultants that took part in the study. Comprehensive proposals 
and guidelines for Communal Road Safety Policies are not included as they have not officially been 
accepted by UEMOA yet, but the original report can be requested from this organisation in Ouagadougou. 
A brief outline of the approach and methodology used is described. More complete methodological 
guidelines, developed from the experience gathered through the UEMOA study as well as previous ones 
carried out by Inrets (the French National Institute for Transport and Safety Research) will be published at a 
later stage. 
 
 
Objectives of the study 
 
 The study aimed at planning Communal Road Safety Policies for the countries in the UEMOA 
Region. In order to do this, a diagnosis of the road accident and injury situation in each of the eight 
countries was found necessary as well as an assessment of their organisations for road safety management 
and identification of possible changes or improvements to be made at the national level. 
 
 Communal Road Safety Policies were intended as a useful complement to national road safety 
efforts. As such, they were defined as serving three main purposes : 
 
1. Encouraging, promoting and facilitating the development of national safety policies in the eight countries 
of the Union by organising communication and exchanges of experience on key issues of interest to all, 
possibly organizing pilot actions on specific issues, and following up implementation of recommended 
strategies and their effects. 
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2. Harmonizing road safety action taken in the eight countries when needed in view of mobility of 
populations or road users across their borders ; regulations, education and driver training are particularly 
relevant areas, but road design and maintenance procedures on the international road network need also be 
considered. 
 
3. Putting research as well as methodological, technical, and training resources in common whenever 
possible in order to avoid duplication of investments, provide common guidelines and optimize the use 
made of such tools. 
 
 In addition, some attention was given to issues of particular interest to a community of countries such 
as safety of the international road network linking them. 
 
 The necessary institutional developments as well as means and tools needed to implement the 
Communal Road Safety Policies were to be analysed and proposals made. Budgetary and financial 
procedures and needs were examined whenever possible, but a complete assessment of the funding 
requirements involved could not be made with the time and means allocated. 
 
 
Methodological approach 
 
1. Country diagnoses 
 
 The safety diagnoses carried out on each of the seven countries investigated covered six areas: 
 
a) Basic tools available for road safety information and management : availability and reliability of accident 
and injury data, of other relevant data (population, economy, traffic, infrastructure, etc.), institutional 
management of the data collection systems, needs for improvement and/or development, needs for technical 
or methodological tools, needs for training. 
 
b) Current road accident and injury situation, as drawn from existing data as well as previous studies : 
overall assessment, main characteristics in terms of accident types, road users involved, geographical 
distribution, risk factors, accident or injury causation factors in urban areas and on rural roads, etc. 
 
c) What was termed as "fundamental" or "structural" actions : measures or strategies necessary to ensure 
smooth functionning of the infrastructure and transport system (including, of course, increased safety), but 
involving long term organisation and therefore not aimed at an immediate reduction of accident and injury 
rates : road user training and licensing, traffic education, traffic regulations and enforcement, transport 
regulations, road user information. 
 
d) "Corrective" or remedial actions : measures or strategies primarily aimed at reducing the amount of 
injuries already observed on the roads : safety measures and plans in urban areas, safety measures and 
strategies on rural roads, measures addressing vehicles, rescue and treatment of accident victims. 
 
e) Organisation of road safety management : public and private actors and institutions involved, their 
relationships, coordination and road safety planning at the national level, the difficulties encountered, needs 
for methodological and technical tools and assistance, needs for training. 
 
f) Study and research resources : identification of research and/or study teams, results from previous studies 
in road safety or related fields, interactions with the road safety management system. 
 
 Diagnoses were carried out in each country by separate sub-teams including national and French 
experts. In order to ensure comparability of the diagnoses, a detailed checklist of information to be gathered 
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in the five areas described was drawn. Part of the information wanted was found from legal or 
administrative documents and, in some countries, from previous studies recently performed by team 
members ; as an assessment of the real conditions of road safety management was needed, interviews with 
persons identified as key road safety actors in their countries were also carried out ; in the present state of 
road safety organisation in UEMOA countries, it was found that drawing a reliable road safety diagnosis 
involved interviewing high level professionals in most of the sectors of activities councerned : transport, 
enforcement, roads, health, emergency rescue, studies and research. 
 
 The information collected was processed in order to provide a faithful, if summary, image of road 
safety conditions and management in each country, and areas for improvements were identified. 
  
 
2. Comparison of findings and proposals for Communal Road Safety Policies 
 
 The findings from the country diagnosis were compared in each of the six areas. Common 
characteristics and problems were identified in view of suggesting similar courses of action in the eight 
UEMOA countries and guidelines for the regional road safety policies. On issues of interest to all, the 
countries most advanced or with interesting experience were identified as possible "pilot-countries" for 
future action. Differences in road safety management were also assessed, either when creating problems at 
the regional level and thus justifiying some effort at harmonization, or when providing examples of 
strategies that could be adapted in other countries. Finally, the types of resources required for improvements 
of national road safety management systems were compared in order to identify those that could be provided 
and maintained at the communal level. 
 
 
Main findings 
 
1. Accident data management 
 
 In the seven countries investigated, accident reporting is performed according to similar procedures 
by the law enforcement agencies, the urban police in the larger cities and the "gendarmerie" (military 
police) on rural roads. Injury accident reporting is noticeably uncomplete in all countries for a variety of 
reasons : some of the road users involved come to an agreement and do not call the police (Bénin, Mali, 
Togo), means of transport and other resources allocated to the law enforcement agencies are not adequate 
for the task, which means that accidents notified are not always reported (Côte d'Ivoire, Mali, Sénégal), the 
road users are asked for a fee to obtain a report and are not always willing to pay (Burkina Faso) or are 
simply not inclined to involve the law. Furthermore, severity of reported accidents is usually underestimated 
as the law enforcement officers do not have the means to follow up the health condition of accident victims 
for a few days after the event and a significant proportion of fatalities are thus not counted. 
 
 A standard accident statistical form has been designed in all countries except Niger at various times 
between 1984 (Côte d'Ivoire) and 1999, but there has been no harmonization of the data content and 
structure so far. There is still scope for developing a common core for accident forms in order to produce 
some comparable accident statistics ; this will should be negociated at the regional level between regional 
and national authorities and representatives the field actors involved in each country (data users and 
managers, law enforcement officers). 
 
 However, the main problem at the moment lies in centralizing the statistical data at the national level 
: while the gendarmerie operates with a formal hierarchy that provides natural channels to check and gather 
data from the local level upwards, accidents and injuries reported by the urban police seldom reach the 
national agency in charge of producing road safety statistics. To overcome this problem, some countries 
(Côte d'Ivoire, Sénégal) have organised, at least for a transitory period, specific teams to collect the data all 
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around the country at regular intervals ; however, such procedure is not always easily accepted by the law 
enforcement officers and it is difficult therefore to make sure the data is all in.  
 
 Most of the problems encountered are generated or amplified by insufficient communication between 
the actors requesting and using accident and injury data (roads and transport sectors, study and research 
agencies, etc.) and those originally producing them (the law enforcement agencies) as well as the absence of 
a formal status of the national accident statistics.  
 
 Developing a reliable accident data collecting system in the UEMOA countries obviously requires 
allocation of greater resources, both human and material, at different levels of the data production chain 
(investigating and reporting accidents, filling in statistical forms, centralizing data, processing data), better 
provisions for periodical training of the officers involved, and wider dissemination of the statistics obtained 
in order to keep spirits up all along the operational chain. It also requires setting up some new institutional 
links for discussion and improvement of the content and quality of the information collected and for easier 
and faster circulation of the data. Finally, the data must be made more easily available to all those needing it 
for road safety tasks. This will not happen without a strong political will at the national level, which can be 
induced or supported by efforts at the communal level. 
 
 
2. The road accident and injury situation 
 
 Given the current poor quality of accident and injury recording, it is very difficult to draw an accurate 
road safety diagnosis at the national level and even more to compare situations between the seven countries 
investigated. However, based on subsets of data and on some ad'hoc safety studies (in Côte d'Ivoire, Niger, 
Burkina Faso), some common problems can be identified : 
 
a) Road safety in urban areas is a major issue, particularly in the large cities with a high level of 
motorisation (as, for instance, Cotonou in Bénin, Ouagadougou in Burkina Faso, Abidjan in Côte d'Ivoire, 
Bamako in Mali, Dakar in Sénégal, Lomé in Togo), but also in smaller towns where through traffic 
conflicts with local activities. The main accident fatalities are pedestrians, of which over 40 % are 
children under 14. In Cotonou, Ouagadougou, Lomé, where two-wheeler traffic is important, motorbike 
safety is also an issue. Most of the serious accidents appear to occur on large urban arteries with mixed 
traffic and mixed usage of part of the road space, where speeds may be high, junctions are usually under-
equipped and provisions for pedestrian crossings are grossly insufficient. 
 
b) On rural roads, the higher density of serious accidents is naturally observed on the primary road 
network, including the interstate routes, where traffic is heavy, speeds are high and safety equipement 
poor. Professional vehicles (buses, minibuses, vans, lorries) are most often involved (which does not 
necessarily imply that they are more at risk than others). Severity of accidents involving vehicles 
transporting simultaneously people and goods is particularly high and a few "catastrophical" accidents, 
generally happening to public transport vehicles (which makes for a large number of fatalities), may 
account for a significant portion of the overall victims count. 
 
 The accident factors most frequently identified through ad'hoc safety studies or acknowledged by 
local professionals include : 
 
- behavioural problems : speeding or inadequate speeds in relation to the traffic environment, lack of 
compliance with regulations (Stop, priorities, overtaking), insufficient attention to pedestrians, 
inadequate positioning on the road for turning movements, fatigue and loss of vigilance ; it is to be noted 
that some of these factors are often related to a poorly designed road environment inducing 
misunderstandings and mistakes by the road users, while others are induced by hard working conditions. 
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- vehicle problems : overloading, mixed transport, insufficient maintenance of safety features (tyres, 
headlights, brakes) ; such factors may reflect on the behaviour of vehicle owners, but are usually also 
related to the constraints of professional transport. 
 
- infrastructure problems : in urban areas, lack of pedestrian facilities, poor street lighting, underequipped 
junctions ; on rural roads, dangerous curves and junctions, lack of adequate shoulders, insufficient 
signing and marking, deterioration of the road surface resulting from infrequent maintenance. 
 
 Drinking-and-driving is not systematically checked and is not considered an issue, at least in 
some of the countries investigated, due to the local way of living, but drug taking, especially aimed at 
keeping awake and driving longer, is suspected to be a significant accident factors on rural roads (for 
example in Niger), although there are no means available to assess drug consumption. 
 
 Some of the behavioural accident factors identified point out to the fact that the "fundamental" 
measures have fallen behind and need to be developed in order to change behaviour and improve 
professional transport conditions. Other factors call for "corrective" action including infrastructure 
improvements (design, signing and marking, maintenance) on the primary road network as well as on 
urban thoroughfares, speed management, implementation of pedestrian safety facilities. The latter is 
particularly at stake in the cities where traffic plans are being developed as pedestrian traffic needs to be 
taken into account at an early stage.  
 
 Improving safety conditions thus requires combined long-term and short-term efforts addressing 
not only the road users but also their infrastructure environment. Although road safety problems in urban 
areas may not be directly managed by national governments, they are too important to be neglected and 
have to be included in national safety policies. 
 
 
3. "Fundamental" or "structural" action 
 
 Emphasis has been put here on issues on which improvements are workable or are deemed 
urgent. Other important issues, such as regulation and organisation of professional transport and driving, 
have been tackled in the study, but have been omitted in this paper as possible solutions involve 
economic issues and will require long term consultations and discussions, both at the national and the 
international level, in order to reach a consensus. 
 
3.1. Traffic regulations 
 
 The Highway Code is ancient in all seven countries and needs to be clarified and added to, 
particularly with regards to dispositions on pedestrians rights and mobility rules, on provisions for 
enforcement, and on the level of fines. The law is being revised in Niger, Mali and Togo. 
 
 All countries have speed limits in urban areas, varying from 40 to 60 km/h, but there is little 
compliance from drivers and enforcement is nonexistent. Speed limits on rural roads vary according to 
type of infrastructure and type of vehicle, but Bénin and Togo still do not have them. Again, compliance 
is low and enforcement is only performed periodically. Mandatory seat belt wearing is effective only in 
Côte d'Ivoire and Togo and not enforced. Helmet wearing for motorised two-wheelers is mandatory in all 
seven countries, but seldom enforced. There is a legal maximum blood alcohol content for drivers of 0.8 
g/l in all countries except in Burkina Faso (no law)  and in Bénin (where a 0.5 g/l limit is enforced 
without having been legalized). 
 
 Periodical technical checks of vehicles are mandatory in all UEMOA countries, but are 
performed through different channels ; in Côte d'Ivoire, for example, monopoly of the technical checks 
has been allocated to a private organisation, equiped with all the necessary technical tools; in Niger, 
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Sénégal, Togo, the transport administration performs the checks with rudimentary means ; this was also 
the case in Mali until recently when a private firm was granted monopoly of the checks in the capital 
city. In Bénin, the National Road Safety Centre performs the tests in several cities with variable levels of 
specialised equipement. Whatever the organisation, the fleet of vehicles is not wholly covered and the 
effects obtained are not all that encouraging : vehicle defects still appear as major factors in accidents 
and enforcement agencies spend a lot of their time on the roads checking tyres or vehicle lighting and 
finding faults even in vehicles displaying a periodical check certificate. More attention should be given 
as to the basic reasons that make drivers or vehicle owners neglect maintenance of their vehicle, reasons 
which are not addressed by periodical checks. 
 
3.2. Enforcement 
 
 In all UEMOA countries, enforcement is simply not working. Most of the safety regulations are 
not enforced, as mentionned earlier, and efforts concentrate on checks of vehicles and administrative 
papers which can be performed at fixed locations. Misuse of power is the current practice of traffic law 
enforcement agencies, to the point that enforcement has now been completely stopped in several 
countries or cities (in Abidjan, in Togo), under the pressure of transport professionals that have started 
protesting the unequity of the procedures : in actual facts, the issue of unequity and the corrupted image 
of enforcement agencies have obliterated all the useful aspects of law enforcement in the eyes of the 
public. It must be said that attitudes and practice of law enforcement personnel is greatly influenced by 
the fact that they are underpayed and provided with very little means to perform their task. However, the 
situation has now reached a point where it will not be easy to straighten out. 
 
 In Côte d'Ivoire, OSER, the Road Safety Office, has organised special brigades working, in 
cooperation with the law agencies, on enforcement of speed limits and is preparing to do the same with 
drinking-and-driving laws. Although the new procedure seems to have had a positive effect on driver 
behaviour (no formal evaluation has been carried out), it cannot be extended over the whole country with 
the current resources available, and it raises some institutional opposition. However, the example is 
worth following up and some larger scale and more formal organisation could be drawn from it.  
 
 Whether enforcement is reorganized within the law enforcement agencies or with the 
intervention of another network, related to the transport administration or to traffic safety institutions, 
new personnel with more time devoted to safety issue, better training, better working conditions and 
adequate working equipement will be needed. Information of the public will be essential to make sure the 
changes and new attitudes are known and recognized. 
 
3.3. Driver training and licensing and road user education 
  

Although, in all UEMOA countries, the licensing laws follow a similar progression according to 
type of motor vehicle and its usage (private, commercial), there is a wide diversity of dispositions that 
make it easier to get a license in some countries and encourage future drivers in others to get their exams 
abroad : in Niger, for example, it is particularly difficult to obtain a license to drive lorries or buses and a 
fair proportion of  Nigerien professional drivers own a license from Côte d'Ivoire. For safety purposes, 
some harmonization is needed, but it will reflect on the organisation of driver training and the licensing 
exams as, for example, a greater variety of vehicle types, including heavy lorries and buses, will have to 
be used for training and testing. Accuracy and equity of the driving exams also need to be enhanced and 
facilities for taking the driving test in national language need to be developed. 

 
Driver training through driving schools is mandatory before the licensing exam in Bénin, 

Burkina Faso and Côte d'Ivoire, although number of lessons or duration of the course is not defined or 
not checked. In driving schools, safety rules and practice are usually not clearly taught. "Informal" 
training through apprenticeship with another driver exists in all countries, although it is not always 
officially recognized (as in Côte d'Ivoire) ; informal training dominates among professional drivers. No 
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alternative channels are provided to deliver minimum safety knowledge to future users of bicycles (and 
in some countries light motorcycles) who do not have, by law, to take licensing exams. 

 
Informal driver training appears as a valuable complement to driving schools as it provides 

practical experience, and it is not to be discarded ; on the contrary, it would be useful to facilitate it and 
provide some accompanying procedures ensuring that new drivers do not learn the mistakes of their 
masters at the same time as they learn to manage efficiently in real road and traffic conditions. 

 
Development of traffic education for children and young road users is a way to establish sound 

bases for future driver training and can also provide some of the necessary information to cylists and 
moped drivers. Without elaborating here on current traffic education processes in schools in the UEMOA 
countries, we can stress the need for teaching desirable traffic behaviour through methods adapted to the 
successive stages of development of the child and the young adult, both in schools and through networks 
outside schools, as some of the UEMOA countries still display a rather low level of school attendance. 
 
3.4. Road user information  
 
 Information of the road users should be useful in the UEMOA countries, particularly to make 
sure safety regulations and basic rules are known by the public and their purpose and usefulness 
recognised, also to help improve attitudes of drivers towards the non-motorised road users. In this 
respect, experience is very similar in the seven countries investigated. Some action is taking place in all 
of them, with television the media most often used, although radio programmes are also developed, 
especially as they touch the public of professional drivers. Local radio programmes in national language 
are considered a valuable complement to national campaigns carried out in French in at least three 
countries (Bénin, Côte d'Ivoire, Togo).  
 

The problem is that communication with the road users generally suffers from insufficient means 
to perform long duration information campaigns and evaluate their effects, lack of medium-term planning 
of campaign themes and targets, heterogeneity of messages leading to an inconsistent image of road 
safety for the public, and, often, preference of publicity type slogans to a real information content. Some 
countries however, as Niger and Sénégal, have experimented with longer television programmes; in 
others, such as Côte d'Ivoire, this is made difficult by the fact that television is commercial and the 
annual budget for communication would disappear into one single programme. 
 
 One further complication in the field of road user information is that private actors, usually 
associations, sometimes industrial firms or insurance companies, also devote some effort to it, often 
without proper knowledge of safety or communication methods. Such non-governemental efforts may 
interfere with messages provided by the (hopefully) more professional public sources. Conversely, they 
could be made very useful, especially to address specific groups of the population, if they were harnessed 
to a global coordinated effort at the national level aimed at producing and implementing a consistent 
information plan through diversified media. 
 
 At the national level, some improvements are needed in terms of more regular and adequate 
funding, partnership, planning and design of campaigns. Information of the road users is also one area 
where cooperation and exchange of experience between UEMOA countries (and others) may prove the 
most useful. Some programmes could even be developed on a communal basis. 
 
 
4. "Corrective" action 
 
4.1. Road safety programmes 
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 None of the UEMOA countries can be said to effectively program safety action at the national 
level ; some annual plans are sometimes produced (for instance by OSER in Côte d'Ivoire), but are only 
partly applied. The basic tools for programming (accident and traffic data) are currently not easily 
available, thorough diagnosis of the safety situation is not a regular exercise, coordination of the actors 
involved is loose, and professionals with actual knowledge of road safety methodology and procedures 
are scarce.  
 

Without any visible programming effort, safety measures are diluted in other courses of action 
where they do not get much priority. A preliminary step to developing consistent safety programmes is 
however to improve the accident data systems and study and diagnosis capabilities (trained teams of 
professionals and/or scientists) and make intersectoral coordination of decision-making work more 
efficiently. 
 
4.2. Safety in urban areas 
 
 Corrective action is usually not even considered in urban areas, although accidents are frequent 
and severe as they mostly involve unprotected road users. It can generally be observed that urban roads 
are under-equiped and in a low maintenance state (carriageway and pavements), facilities for pedestrians 
are scarce, pavements are used for multiple activities which reduces walking space, access to buses is 
often unsafe, high speeds are frequent and unchecked, street lighting is low, etc. Reasons for lack of 
action are technical (lack of local data bases, lack of road safety knowledge among decision-makers and 
local professionals), institutional (unclear allocation of responsibilities, multiple actors intervening on 
the same territory), political (safety is not the highest priority of local authorities), financial (city budgets 
are restricted).   
 
 Opportunities for data gathering and for action are opening with the traffic plans that are being 
developed in the larger cities, through international funding. Safety should normally been taken into 
account, but some pressure is necessary to ensure that the final plan actually takes into account the needs 
of unprotected road users, endeavours to regulate speeds through traffic management techniques and the 
physical design of streets, and provides for adequate safety facilities for all categories of traffic. 
 
4.3. Safety of rural roads 
 
 Some countries (Burkina Faso, Niger, Togo) have undertaken blackspot treatment without having 
access to the correct tools to perform the task (comprehensive accident files including accurate accident 
locations, detailed accident reports) ; identification of blackspots is thus perfomed based on the 
experience of local professionals (police, road engineers) whose subjective assessment is often related 
more to traffic difficulties or congestion than to actual accident factors. In other countries (Bénin, Côte 
d'Ivoire), blackspots on intercity roads are identified through analysis of a statistical file of accidents 
reported by the gendarmerie, but the agencies carrying out the task (for instance, OSER in Côte d'Ivoire) 
are not institutionally linked to the road administration, and either their proposals get lost in the 
administrative circuit, or they are not seriously taken into account, or implementation cannot be funded. 
In fact, there is no provision for safety interventions in road maintenance budgets and any kind of 
remedial action on roads has to wait for special operations carried out with international funding. 
 
 On some of the high traffic routes, infrastructure is now so degraded that blackspot treatment is 
not the best approach and systematic improvements are needed. Signing and marking are periodically 
checked in some countries (Côte d'Ivoire, Togo), but are not systematically maintained in others (Bénin, 
Burkina Faso). Safety devices such as danger signing or guardrails are still scarce in some countries (as 
Burkina Faso) or have been implemented only on the recently constructed roads (Bénin, Niger). Audits 
of the state of road maintenance are current procedures in Côte d'Ivoire, Niger, but maintenance budgets 
have not been up to the task.  
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Efforts are needed in all UEMOA countries both to upgrade the safety characteristics of the older 
parts of the road network and to increase and optimise maintenance procedures. On the more recent 
infrastructures, speeds may be a major problem and require some specific corrective measures, and safety 
treatment of roadsides seems needed (elimination of obstacles, of differences in level with the 
carriageway, installation of guardrails along ditches, etc.). 
 
 
 
4.4. Care of accident victims 
 
 Emergency rescue of accident victims is performed by different actors (ambulances, the fire 
brigade, gendarmerie, local road users) according to country and location (urban, rural). Communications 
are not easy on the rural roads, and waiting time between the accident and access of the casualty to a 
medical centre varies greatly, especially between urban and rural areas. 
 

The Health system in all UEMOA countries works on a network basis, with a hierarchy ranging 
from Teaching Hospitals (CHU) to the local dispensaries. Accident victims are usually taken to hospital, 
but, in rural zones, may be brought to a health centre unfit for dealing with emergencies : further transfer 
may be needed, which delays treatment. Even emergency wards in the better hospitals suffer from limited 
resources and equipement and from overcrowding. Rehabilitation of recovered victims to reduce 
permanent disabilities and resulting handicaps seems to be virtually non-existant in the public health 
sector. 
 

One important issue is that, in some countries, access to medical care is restricted to the fraction 
of the population getting some form of medical insurance or enough private means to be able to buy 
medicines and pay the marginal costs charged by hospitals and health centres. Lack of generalised 
medical coverage leads to (often long) delays at the admission of accident victims (maybe even to 
refusals, although this is never acknowledged). Moreover, restructuring policies of international donors 
(such as the World Bank) tend to encourage financial self-sufficiency of public and private medical 
services, thus raising the costs charged to the patients and accident victims and enlarging the population 
to whom access to proper care is denied. In such situation, emergency transport of victims becomes a 
secondary problem. 

 
Some debate is needed on discriminatory access of the population to health centres. Where road 

injuries are concerned, some solutions could be designed on the basis of a partnership involving the 
health and transport sectors, law enforcement agencies and the fire brigades, the social security systems 
as well as insurance companies, so that at least access to hospitals and initial treatment are guarantied. 
An evaluation of costs and gains to be expected is needed. Emulation at the regional level could help. 

 
 
5. Organisation of road safety management 
 
 All seven countries investigated have set up some form of institution to coordinate road safety 
management, with either consultative or decisional or operational powers ; all institutions include 
representatives from relevant non-governmental organisations. Only Bénin displays a dual organisation 
with a road safety office, CNSR, in charge of studies and of some operational actions, and a Commission 
for Driving License Withdrawal with enlarged powers in road safety decision-making. Côte d'Ivoire is 
now setting up a new management system by strengthening the relationships between the national 
coordinating institution, CNSR, and the road safety office, OSER, that is in charge of support studies and 
should ultimately assume the permanent secretariate of CNSR. 
 
 Road safety management organisations as they have been set up so far meet with similar 
problems : 
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a) Although they all exist legally (under different profiles according to countries), the coordinating 
institutions have too little power to prevail on strongly organised sectors such as road construction and 
maintenance or enforcement, and get their proposals implemented. 
 
b) Some coordinating institutions (in Côte d'Ivoire, Niger, Togo) are backed up by a secretariate (or a 
study outfit acting as such) in charge of following up developments between formal meetings and 
keeping activities going ; some of them can even call upon some limited study capabilities (such as 
OSER in Côte d'Ivoire), but they usually do not have adequate budgets to function (except maybe in 
Benin where some of the revenues from technical checks of vehicles can be channelized to other areas of 
road safety work), and even less to fund the studies necessary to support decision-making. 
 
c) Government members of the coordinating institutions are nominated by way of their function in their 
respective agencies, which means that they change often ; as they usually do not have initial knowledge 
of safety approaches, they have to learn from other members during their mandate and their motivation 
level may be low. As a consequence, continuity of decision-making is difficult to obtain and road safety 
experience does not accumulate. 
 
d) Except in Mali, coordinating institutions are not allocated any budget for implementing priority 
programmes or measures, which means that they must look for outside funding (private, international) or 
convince their partners to devote part of their own sectoral budgets on the safety measures decided upon. 
They may not have the authority to succeed (see a)). 
 
 In short, attempts at organising intersectoral coordination for road safety management and 
partnership with NGO's have been made in all seven countries, but not enough attention has been given 
to operational requirements, especially to the study capabilities required to prepare and support 
decisions, and the means devoted to the task have been grossly underestimated. It seems expected that in 
these countries, road safety management can be organised without spending, which obviously has never 
been the case in the highly motorised countries where experience with safety management is several 
decades old. Again, it can be understood that strong political backing will be necessary for road safety 
management to perform properly, and pressure at the regional level may help national decision-makers 
and international funding agencies to raise to the challenge.  
 

Although the main contributors to the road safety effort should remain the national and local 
governments, that are responsible public health, other possible sources of funding for road safety should 
be discussed with the appropriate partners, especially those in the private sector that should benefit from 
better transport conditions. 
 
 
Conclusions 
 
 The study carried out for UEMOA provided an opportunity to test an operational methodology 
for the overall diagnosis of the safety situation at the national level. Although the tool developed can still 
be improved, it has proved useful in generating comparable information and it can be easily transferred to 
and used by professionnals who are not particularly familiar with road safety management. 
 
 The safety problems identified in the seven UEMOA countries investigated are not new and were 
already detected through earlier studies performed in the 80's. This shows that little progress has been 
made in road safety, in spite of the energetic road construction activities going on in some countries 
(Côte d'Ivoire, for example). In fact, some problems have worsened, as the road maintenance conditions 
in countries that sustained political and economical problems (Niger), or the emergency treatment of 
accident victims. There is a case for stating frankly that putting road safety on the agenda goes nowhere 
if adequate means and organisation are not set up to ensure proper planning and implementation. 
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 Implementation of most of the strategies to reduce accidents and injuries in the long or short term 
is deeply interwoven with implementation of other government policies and with organisation of the civil 
society. Road safety policies therefore need to be discussed, argumented, and partnerships set up with a 
variety of administrative or economic actors. None of the problems described in this paper are 
unsolvable, but none of them can be solved without negociations in each country and, for some, at the 
international level. Efficient and highly visible national road safety management systems are a necessary 
condition for the dynamics to take place. Regional structures providing information and experience 
exchange, training, facilities for safety studies, guidelines for "good practice" and in charge of 
harmonization should contribute to the movement and help governments raise the priority of road safety 
in their own countries. 
 
 The findings of the UEMOA study involve seven West African countries which inherited similar 
administrative systems. Institutional observations may differ in details in other African countries, but one 
can advance the hypothesis that most of the problems encountered are (or were at some stage) also 
present there. It would therefore be interesting to include other African countries in the comparison and 
examine way for making both communities to benefit from each other's experience. 
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ABSTRACT 

 
 

 At the end of 1999, UEMOA, the Economic and Monetary Union for West Africa, launched a study 
of the road safety situation and management processes in seven countries (Bénin, Burkina Faso, Côte 
d'Ivoire, Mali, Niger, Sénégal, Togo), in view of formulating safety policies at the Regional level. A team of 
African and European "experts" was formed to establish a diagnosis on each country, a global assessment of 
the situation, and draw proposals for action. A provisional report was published in December 1999 and the 
study will have been finalized by the time the Pretoria Conference takes place. 
 
 The team of experts first designed guidelines and a checklist for working out comparable diagnoses at 
the national level. The issues examined included identification and evaluation of available data and 
information systems, assessment of the road safety situation as feasible on this basis (numbers and 
characteristics of accidents, injuries, risk), sectoral and inter-sectoral responsibilities in road safety 
management, availability of technical support for decisions, partnerships with local actors and with non-
governmental bodies, state of development of basic institutions and actions (laws and regulations, driver 
training and licensing, traffic education, road user information, organisation of professional transport, etc.), 
remedial measures already applied and implementation processes, and evaluation of past road safety action. 
Information gathering was carried out through collection and analysis of relevant documents and, mainly, 
through interviews of a large sample of key-actors in each countries.  
 
 The safety diagnoses thus drafted were reviewed and assessed by the team of experts, who drew a 
global assessment of the road safety management situation in the region and identified common problems. 
Proposals for action were drafted, covering most of the issues included in the diagnosis, with particular 
attention to driver training and licensing, enforcement of safety laws and regulations, development of 
national and regional structures and processes for road safety management, development of accident data 
collection and management procedures, safety plans for urban areas, safety measures addressing 
infrastructure and professional transport organization on the inter-urban and inter-State trunk roads, need for 
specific studies and organization of scientific support. The particular part that UEMOA could play in 
enhancing road safety in the Region was identified, following three principles : 1) harmonization of 
standards, laws or procedures when this can prove useful for preventing future injuries ; 2) promotion of 
national safety action through diverse means (sensitization of decision-makers, incentives, technical 
assistance, training, etc.) ; and 3) providing common ressources (funds, knowledge, manpower, safety 
material, etc.). The proposals are being reviewed by UEMOA and a final report and conclusions should be 
available by April 2000. 
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 The UEMOA study provided an opportunity to develop and check working procedures to assess road 
safety management at the national level at the same time as it seeked to achieve its main goal : to provide 
strong and objective support for decision-making at the Regional level.  
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ABSTRACT  
 
As far as road safety is concerned, the Walloon Region of Belgium has concentrated its action on two  
fields : the road network and the drivers' behaviour. 
 
The road network 
 
High-risk sites are detected by means of an automatic method for searching accident concentrations 
that is an extended concept of black spots.  Once located, each of these sites will be submitted to a 
multi-criteria analysis taking account of the number of victims, geometry, traffic and the frontage 
residents' density.  Each of these sites then receives a global mark indicating the importance of an 
intervention.  The sites concerned are classified annually according to this mark and the selected sites 
are analysed from the accidents' point of view. An efficiency comparison in then carried on and finally 
a confrontation with the knowledge of the physical field of local authorities and local road managers. 
This five steps approach guaranties the selection of the sites that will offer the greatest  social benefit 
and the optimisation of public money.  It should progressively lead to an  optimum network. 
 
The drivers' behaviour 
 
The aim of the study is to determine the most frequent mechanical and sociological causes of  injury 
road accidents in order to take the most efficient political measures.  An accident is generally due to 
the conjunction of several factors. Each combination of sociological and mechanical factors defines an 
accident sequence.  The most frequent sequences thus must be specified in order to know : 1) the 
mechanical causes (slippery bend…) and 2) the targets (for instance : young unmarried drivers).  This 
will allow the definition of road safety strategies. 
 
Two complementary databases are available : the forms filled in by the gendarmes or police officers 
after an accident and the national survey  on household mobility carried out  in 1999. Both of these 
data sources have variables in common (such as, for instance, age, gender, transport mode), which 
allows cross-checking. 
 
A first analysis is being done on the factors and a second one will concern the combination of factors 
or accident  sequences.  That way, it will be possible in the years to come to take actions aiming at 
modifying the drivers' behaviour, such as training and education at school, retraining courses for high-
risk drivers, probationary periods for elderly drivers, campaign against alcohol abuse. 
 
 



 

 

 
 
 

HIGH RISK ZONES, HIGH RISK CONDITIONS 
 

1 INTRODUCTION 
 
In South Belgium, a calculation concerning 9.000 km of the national network showed that the complete 
normalisation of the network (that is to say a thorough treatment of all the dangerous zones) would 
mean 25% less victims (dead within thirty days and seriously injured). The accidents due to vehicle 
failure are not numerous thanks to the vehicle checking which is compulsory from the fourth year 
onwards.  The same applies to the combination of unavoidable circumstances. So it seems that nearly 
75% of the victims are attributable to inadequate driving behaviour.  
 
In consequence, South Belgium will go up to two fronts: black sites and driver behaviour in certain 
conditions. 
 

2 INDICATORS 
 
In South Belgium, roads constitute the first mortality factor - when counting the number of potential life 
years lost [1] - and come before suicide and ischemic heart diseases, and this because young people 
are mostly involved. It is a national problem requiring national budgets. The public health point of view 
therefore prevails and following indicators seem to be the most interesting : 
 
! The number of dead equivalents (dead within thirty days + seriously injured multiplied by a 

coefficient of equivalency) 
! The number of potential life years lost up to the age of 70 (dead + seriously injured multiplied by a 

coefficient of equivalency) 
 
At the present time, we use the value of 0.20 for the coefficient of equivalency because it is the most 
common ratio between the economic costs of a dead and a seriously injured person but a research is 
being done to replace it by the mean ratio of handicap. After having investigated all the available 
international scales of handicap, the FIM-FAM scale has been chosen; it means "Functional 
Independance Measure and Functional Assessment Measure. Now we are doing statistics to know the 
mean value. 
 
This last indicator allows to introduce a "quantity of life" parameter at the same time as a "quality of 
life" parameter in government criteria. 



 

 

 

3 THE ROAD NETWORK: HIGH RISK ZONES 
 
 
 
The first level 
 
When we have a look at the network, various concentrations of accidents appear here and there, 
especially at crossroads, cross-town links and other dangerous sites. Up to now, we considered there 
was a black spot where three accidents with casualties occurred during the same year on the same 
hectometre. But this method was too much focused on specific points. Indeed, if these three accidents 
are spread over 4 or 5 hundred meters, in the case a crossroads for example, the site won't be 
considered as a black site. Nevertheless, this crossroads is responsible for the accidents. We 
therefore established a black zones method which also takes account of the accidents in the four 
neighbouring hectometres - two at the entrance and two at the exit of the crossroads concerned - but 
with a weighting coefficient decreasing with the distance. We did the same with time: if we study a 
month, we include the accidents which occurred during the five preceding months and the five 
following months by using a parabolic decreasing coefficient.  
 
Finally, an average of these values over a span of five years is made in order to determine the 
dangerous zones. This average will be called "safety index".  When it will be higher than 2.4, which 
corresponds roughly to the former conception of a black spot - that is to say 3 accidents a year ON 
THE SAME SITE - the hectometre will be qualified as a "high-risk site". When the index is situated 
between 1.2 and 2.4, the hectometre will be considered as a "medium-risk site". In 1994, the Region 
presented 200 High Risk Sites and 1000 Medium Risk Sites and these sites contained 26 per cent of 
the accidents with casualties. 
 
 
 
 

THE DEAD AND THE LOST YEARS OF LIFE
IN SOUTH BELGIUM / 1990-93

CAUSES OF THE DEATH LOST YEARS

Years/Th. Inhab.

Motor vehicles accidents 7.34
Suicides 5.72
Ischem ic heart disease 4.32
Lung cancer 3.63
Breast cancer 3.59
Respiratory infection 2.50
Hign blood pressure and cerebrovascular diseases 2.19
Cirrhosis 1.92
Neck of the womb cancer 0.35
Other causes 24.19

TOTAL 55.75



 

 

 
 
 
The second level 
 
If the first stage was to localise these sites on the map thanks to the safety index, the second 
consisted in analysing everyone of them with a multicriteria grid. That way, a set of indicators was 
added in order to draw up an assessment grid that gives an overview of the situation from the 
standpoints of both safety and mobility. This approach will allow us to better define the real risk of 
accidents. 
 
The safety criterion is based on two accident indicators, on two spatial indicators and two traffic-
related indicators. In addition, the movement of parking vehicles and pedestrians is specified by two 
other indicators: the number of dwellings and public buildings. At the beginning, we also considered 
using mobility indicators but now safety became so important that only the safety criterion has been 
retained.  At the bottom of the grid, a global figure can be calculated, but it will never replace the grid. 
When converted into a bar graph, this grid gives a picture of all the components of a site and enables 
to take in its qualities and flaws at a glance. Several sites can be compared by lining up all the bar 
graphs. This method allows us to make choices and to establish a list of improvement works classified 
according to decreasing priority. 
 
 
The third level 
 
This stage is to analyse the accidents on the site and to set up the corresponding improvements. As 
an example, a high number of turn-on-the-left accidents will result in turn-on-the-left lanes or a 
roundabout etc. 
 
 
The fourth level 
 
Now we need to calculate the benefit – in dead-equivalents or  in lost years of life – of every project of 
worksite, and more specifically the benefit for one million invested. This is named "efficiency" of the 
improvement. A new ranking will be pointed out on the efficiency basis. 
 
The problem is to know the efficiency of every type of improvement: delineator posts, carriageway 
markings, roundabouts… Here we have no specific studies in our country and we are obliged to take 
them abroad when waiting to have our own studies. Then we have consulted the driver's behaviour 
diagrams of the SARTRE [2] study that has compared the behaviour in the 15 countries of Western 
Europe to find that Spain was always very close to Belgium. We thus have retained the Spanish 
Tables published by Elsamex in 1996 [3].    
 
 

THE MOST FREQUENT HIGH-RISK ZONES

%
Crossroads with traffic signals 34
Crossroads (simple) 27
Bend 13
Crossroads with split levels 12
Town crossing 6
Slope down 5
Road (simple) 2

Total 100

Crossroads with TS

Crossroads

Bend

Crossroads split 
L



 

 

Fifth level 
 
The last approach is to compare these theoretical considerations with the field. We held a meeting 
with the chief-engineers of every province: they physically know their road network and can tell 
"Attention, here there will be a new big market next year, the traffic will increase and this crossroads 
will be overloaded, new accidents will appear, this calls a higher priority…" 
 
 
Finally 
 
So, the complete study of a site is carried out at five levels: the safety index, the multicriteria grid, the 
accident analysis, the efficiency of improvements and the confrontation with the physical field. It allows 
to set up a ranked listing of the risk sites so that political authorities  can choose every year the sites to 
fit up, drawing the maximum profit of public money . This approach allowed us to reduce the number of 
High Risk Sites from 200 to 80 in 4 years and to lower the number of victims (killed and seriously 
injured people) by 21% and this, despite a 9% increase in the number of vehicle kilometres ! 
 
 
 

4 THE DRIVER: HIGH RISK CONDITIONS 
 
 
The aim of this study is to determine the most frequent mechanical and sociological causes of  
casualty road accidents in order to take the most efficient political measures. 
 
An accident generally is the result of a group of factors.  For instance : < an unmarried young driver (1) 
enters a slippery (2) bend (3) one Saturday night (4) > is a combination of 4 factors. The factor (1) is 
sociological and the others are mechanical. Each combination of sociological and mechanical factors 
defines a type of accident. The most frequent types must therefore be specified in order to know : 1. 
the targets (for instance, young unmarried drivers of a given socio-economic class) and 2. the 
mechanical causes (slippery bend…).  This will allow the definition of strategies such as signing, 
advertising and training campaigns and others in order to change the drivers' behaviour, as well as the 
determination of possible improvements. 
 
Accident sequences can be deduced from two sources : 1. the forms filled in by the gendarmes or 
police officers after an accident and 2. the national survey on household mobility as far as accidents 
are concerned. These two databases are complementary. The first one is an exhaustive database 
comprising about 45.000 accidents recorded over three years and counting 60 variables The second 
one is a sociological accident database, based on the declarations of persons polled on mobility in 
general.  Several hundred accidents distributed over thousands of individuals for whom several 
hundred variables are defined will thus be available.. Both of these data sources have variables in 
common (such as, for instance, age, gender, transport mode, etc) thanks to which it will be possible to 
define classes of individuals common to both databases and thus to have a basis for comparing data.  
 
 
The correspondence factor analysis 
 
A classical CFA will point out the most frequent factors that are at the origin of the accidents. 
 
 
The sequential analysis 
 
This analysis is based on the principles applied by Dawn and Massie [4] and the Belgian Road Safety 
Institute (IBSR) [5] and aims at determining the most frequent accident sequences.  It identifies the 
most frequent 'groups of factors' using the following approaches: 
 
1. classification tree (CART segmentation) 
2. neural network 
3. hierarchical clustering (CAH) 



 

 

4. partitioning par nuées dynamiques  
5. factorial correspondence analysis 
6. projection pursuit regression (contrasting FCA) 
 
That way, it will be possible in the years to come to take actions aiming at modifying the drivers' 
behaviour, such as training and education at school, retraining courses for high-risk drivers, 
probationary periods for elderly drivers, campaign against alcohol abuse, etc. 
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Implementing traffic safety measures 
Zero fatalities – is that possible 
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Introduction 
Measures to improve traffic safety is easier to implement when introduced as part 
of a larger road-infrastructure program. Safety measures that demand significant 
investments  and that reduces traffic speed are more difficult to implement than 
others. This may seem obvious, but is important for a realistic view of what is 
possible when working with traffic safety. Too often planners and politicians 
focus on paper tigers, good plans with no power base, or white elephants, poor 
plans with a strong power base, or a large potensial for working as a symbol for 
little or nothing happening. 
In the autumn of 1998 The National Swedish Road Administration (Vägverket) 
gave TØI the task of analysing which measures for improving traffic safety 
conditions that was possible to implement, considering economic, political, social, 
organisational and cultural conditions in the Swedish (and Norwegian) society. 
The result of the project is presented in this paper. The conclusions is mainly in 
the type of thoughts, not straight and underlined answers. The results are 
hypotesis’, based on theories about decision-making processes and to some extent, 
facts gathered from examples of such processes. I have experienced, over the last 
years, that too few studies have been conducted into the world of power and 
politics around road-building and traffic-safety. The main focus has been on 
effects of measures, not processes concerning how they did or did not come into 
being. 

Meassurses that have effect 
In the project we picked six groups of measures. The choices were based on 
expected effect, type of measure, geographical fit, degree of conflict related to the 
measure and whether the measure was seen as easy or difficult to implement: 

• Measures in the road network; larger road-projects and conflict-checking 
measures. 

• Measures to reduce speed in sparsely populated areas; speed-limits, police 
controlls, automatic speed controlls (ATK). 
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1. Introduction 
For a long time, traffic safety policy in and outside the Netherlands has been based on 
corrective measures. Road sections and intersections with the most accidents (black spots) 
received the highest priority in improvement programmes, and groups of road users most 
frequently involved in accidents were the focus for information campaigns. 
 
Early in the 1990s, improvements in traffic safety seemed to come to a standstill. General and 
political interest in traffic safety diminished, and a new impulse was necessary.  
This turned out to be an intention to achieve sustainable safe traffic and transport systems, 
based on a preventive approach, which focused full attention again on the three old traffic 
components of people, vehicles and infrastructure. However, the approach was integrated this 
time and these aspects were handled together, not separately. 
 
A sustainable safe traffic system includes [ref. 1]: 
! an infrastructure whose design is adapted to the limitations of human capabilities, 
! vehicles equipped to facilitate human tasks and constructed so as to optimally protect 

people, vulnerable as they are, and 
! traffic participants who are adequately educated, informed and, where necessary, 

monitored. 
 
2. Infrastructure 
It would be impossible to briefly summarise all the proposals and measures covering the three 
components of traffic safety: people, vehicles and roads. For more information see the 
presentation of the Dutch Ministry of Transport [ref. 2]. At CROW, we concentrate mainly on 
the roads (design, layout and environment), which is why the consequences of the Sustainable 
Traffic Safety philosophy for this component will be discussed in more detail in this text – 
naturally, in relation to the other two components. 
 
It is essential to harmonise the function, design and use of roads, when considering their 
arrangement and layout. For this, it is important to establish the function of roads in the road 
system. This will enable the proper design and layout to be chosen. When design is well-
attuned to function, roads will be used by traffic participants as intended. Examples are 
motorways for high-speed car traffic over (medium) long distances and residential streets for 
reaching residences by all sorts of traffic. 
 
In addition, a sustainable safe infrastructure is based on three essential safety principles [ref. 
3]: 
1. functional use – prevention of incorrect road use, e.g. traffic taking short cuts; 
2. homogenous use – prevention of big differences in speed, direction and volume at 

moderate speeds (50 and 70 km/h) and high speeds (80 km/h and higher); 
3. predictable use – prevention of uncertain behaviour by road users. 
 



3. Road categories 
Keeping in mind these three principles, a CROW working group has developed a system for 
categorising existing and future road systems. An approach has been used as the basis for this 
with three development steps, as follows: 
1. functional criteria for the system; 
2. operational criteria for road categories; 
3. design criteria for every category (for road sections and intersections). 
 
3.1 Step 1: functional criteria 
To be able to safely classify the road system, a restricted number of road categories must be 
permitted [ref. 3]. Safety principles and experience in various experiments show that there are 
two safe road categories. Firstly, there are roads designed for high-speed flows of (chiefly 
motorised) traffic, opposing traffic flows of which are fully separated. Crossings are on a 
different level and interchange of vehicles is achieved by merging on and off. Secondly, there 
are roads that offer access exclusively to residences, rarely used by through traffic, if at all. On 
these roads, all users drive in the same lane, and intersections and crossings occur at street 
level and at any desired point. 
We call these two categories, respectively: through roads and access roads. 
In addition, an intermediate term is necessary to suit the area between these two extremes. 
This type of road is intended to open up areas, which is why they are called distributor roads. 
 
When two sorts of traffic movements are discussed, interchanging and through traffic, the 
three road categories can be characterised as follows: 
 
road category interchanging traffic through traffic 
through road  on road sections and intersections 
distributor road on intersections on road sections 
access road on road sections and intersections  
 
Basically, functional requirements apply to roads both in and outside built-up areas. But, in 
view of the function of through traffic, it is unlikely that it can be applied in built-up areas. In 
the rare event that a through road is found in built-up areas, the same requirements would 
apply as to through roads outside built-up areas. 
 
In addition to the three road categories, twelve functional requirements can be derived from 
the three safety principles for a sustainable safe road system: 
1. Creating connected residential areas that are as large as possible. 
2. Reducing driving on relatively unsafe roads as much as possible. 
3. Keeping rides as short as possible. 
4. Having the shortest and safest routes converge. 
5. Avoiding search behaviour. 
6. Making road categories recognisable. 
7. Limiting the number of traffic solutions and making them uniform. 
8. Avoiding conflicts with oncoming traffic. 
9. Avoiding conflicts with cross traffic. 
10. Separating types of vehicles. 
11. Reducing speed at potential points of conflict. 
12. Avoiding obstacles along the carriageway. 
 



The first four are requirements that can be set for a road system. The next three are applicable 
to routes. For road sections, numbers 6 and 7 as well as 8 to 12 are important. Requirements 5 
to 12 are for intersections. 
 
The above requirements are more or less applicable to all sorts of road users. That is why it is 
important for every type of user to develop a notion of what is desired on the basis of these 12 
requirements. These road concepts then have to be compiled and attuned, resulting in a 
functional road system. 
 
3.2 Step 2: operational criteria 
It is then essential to formulate operational requirements for the three road categories. These 
operational requirements are specifically intended to clarify the differences between the 
categories for users. In a sustainable safe traffic system, all users are aware at all times of the 
type of road they are on and know what is expected of them. The following design elements 
are considered in operational criteria: 
− statutory maximum speed limit 
− signs 
− longitudinal road markings 
− carriageway design 
− colour and texture of pavement 
− woonerf connections 
− carriageway separation 
− crossing on road sections 
− parking 
− public transport stops 
− provisions for breakdowns 
− obstacle distances 
− bicycles 
− mopeds 
− slow-moving motorised traffic 
− speed control measures 
− lighting 
− intersection principles 
− transition of road category 
 
From a comprehensive study conducted by TNO and SWOV on various groups of road users, 
design  
elements were taken that road users base their behaviour on and consequently use to make a 
distinction between the various road categories. These design elements are called essential 
characteristics and are marked above in italics.  



Operational requirements for each road category have been identified for these operational 
criteria. Separate tables have been developed for intersection and crossing designs. Other 
operational requirements have been formulated for roads outside built-up areas as follows: 
 
Operational criteria/ 
design elements 

Operational requirements (outside built-up areas) 

 through roads distributor roads access roads 
maximum speed 120/100 km/h 80 km/h 60 km/h 
signs attunement by category 
longitudinal road 
markings 

fully partially none 

carriageway design 2 x 1 or more 2 x 1 or more 1 
colour and texture of 
pavement 

impervious (asphalt or 
concrete) 

impervious (asphalt or 
concrete) 

pervious 

woonerf connection no no yes 
carriageway separation hard difficult to traverse none (situation-

dependent) 
crossing road sections different level different level (or at 

intersections) 
same level 

parking no no, in spaces on carriageway 
provisions for 
breakdowns 

emergency lane hard shoulder or 
parking lane 

none 

obstacle distance large medium short 
bicyclists separated separated situation-dependent 
mopeds separated separated on the carriageway 
slow-moving motorised 
traffic 

separated separated on the carriageway 

speed control measures no suitable measures yes 
lighting attuned to category 
 
 



As previously stated, operational requirements have been formulated for the various 
intersections. This takes account of all unusual routes such as cycle tracks, bus lanes and 
underground infrastructures. For roads outside built-up areas, the table is as follows: 
 

Operational requirements for intersections outside built-up areas 
road category through roads distributor roads access roads 
through roads junction different level 

connection with right of 
way provision 

n/a 

distributor roads different level 
connection with right of 
way provision 

same level with speed 
control measures and 
right of way provision 

same level with speed 
control measures and 
right of way provision 

access roads n/a same level with speed 
control measures and 
right of way provision 

equal with speed 
control measures 

bicycle tracks n/a same level with speed 
control measures and 
right of way provision 

same level with speed 
control measures and 
right of way provision 
for cyclists 

public transport lanes different level 
connection with right of 
way regulation 

different level or fully 
controlled crossing 

different level or 
controlled crossing 

 
A similar table has been formulated for transition areas. In some cases, it concerns built-up 
area boundaries, while in others it involves the transition from one category to another. The 
table shows which transitions are allowed (or acceptable from the standpoint of traffic safety). 
 
transition through road distributor road 

o.b.a. 
access road o.b.a. distributor road 

i.b.a. 
distributor road 
o.b.a. 

intersection 

access road o.b.a. unacceptable intersection 
distributor road 
i.b.a. 

unacceptable area boundary or 
intersection 

area boundary or 
intersection 

access road i.b.a unacceptable area boundary 
and/or intersection 

area boundary or 
intersection 

intersection 

o.b.a = outside built-up areas 
i.b.a. = inside built-up areas 
 
These are the functional and operational requirements. 
 
3.3 Step 3: design criteria 
Design requirements can be developed on the basis of the functional and operational 
requirements for sustainable safe roads, which are formulated on the basis of design elements 
as mentioned in the operational requirements. As this concerns a totally new approach to road 
design, the design requirements are provisionally referred to as “recommendations”. At a later 
stage, when these recommendations are put into actual practice and evaluation results are 
known, they may be changed into design requirements. A distinction is made in design 
recommendations between roads inside and outside built-up areas. First, recommendations are 
discussed for roads outside built-up areas, then for area boundaries and finally for roads inside 
built-up areas. 



 
3.3.1 Access Roads outside built-up areas 
Access roads are recognisable by the fact that they comprise a single carriageway without 
traffic lane markings and are possibly visually narrowed with recommended lanes. Marking 
on carriageway widths of less than 5.5 metres is inadvisable. On carriageways 5.5 metres and 
wider, recommended lanes are possible with broken lines and without bicycle symbols. Cycle 
tracks do not occur on access roads. The speed limit never exceeds 60 km/h. The maximum 
speed is 30 km/h at intersections and connections. Access road intersections have to be equal. 
Speed control measures are desirable here. 
 
At intersections of access and distributor roads, physical speed inhibitors are unnecessary. It is 
better to place physical speed inhibitors on road sections just before the intersections. 
Roundabouts or traffic control systems are in fact a possibility at such intersections. Situation-
dependent solutions remain requisite. In 60-km/h areas, standard signs (for cars) are not 
needed. Signs may be a good idea for cycle tracks through these areas. It is best to make brick 
access roads. For practical reasons, however, asphalt and concrete should not be excluded. In 
those cases, print surfacing can be chosen. Crossings for pedestrians are normally provided 
with speed inhibiting measures. At crossings with major solitary cycle routes, the cycle routes 
have right of way. Preferably, the crossing will be a plateau. Stopping and parking along the 
road is basically permitted but is determined by local circumstances. Public transport vehicles 
(buses) simply stop on the carriageway. Provisions for breakdowns (emergency lanes) are 
unnecessary. On narrow roads, shoulders that can bear driving on or passing places are 
desirable, however. 
 
The distance for obstacles on the shoulder is 4 metres from the edge of the road. In principle, 
bicycle traffic will be mixed with other traffic on access roads. In exceptional cases where a 
separate cycle track is present, mopeds are to stay on the carriageway [ref. 4]. 
 
3.3.2. Distributor Roads outside built-up areas 
Distributor roads are characterised by broken edge lines. Maximum speed on these roads is 
80 km/h on road sections and 40 km/h through intersections. Depending on the number of 
traffic lanes, intensity and spatial possibilities, a “central reserve” (or centre lane) is opted for, 
along which run continuous edge lines or a double axis with vertical traversable elements 
between. The number of lanes per carriageway depends on the intensity and desired traffic 
flow. On a two-lane road, a local passing lane for longer road sections is an option, e.g. 
directly after an intersection. Distributor roads always have separated carriageways. There are 
direction signs and advance direction signs. Distributor roads have an impervious asphalt or 
concrete surface. Property along the road is accessible via parallel access roads or entry roads 
(dead-end parallel roads). Crossings are preferably at a different level or at the same level at 
intersections. Same level crossings with cycle or pedestrian tracks are only possible with 
physical speed inhibitors before and after crossings on distributor roads. Crossings for 
pedestrians are not marked as pedestrian crossing spots. Parking and stopping only occur in 
separate parking facilities. Stops for public transport (buses) are at the side of the road or 
separately situated. A shoulder that can be driven on will suffice for breakdowns. An obstacle 
distance of 7 metres is advisable along distributor roads. 
 
Cyclists are not permitted on distributor road main carriageways. A separate provision is 
necessary in the form of a parallel road (which will have the status of an access road) or a 
separate bicycle track. Slow-moving motorised traffic is undesirable. 



 
3.3.3. Through Roads outside built-up areas 
Through roads have full longitudinal markings and hard (non-traversable) carriageway 
separation. The maximum speed on this type of road is 100 km/h or 120 km/h. Connections 
consist solely of exit and merging lanes. Crossings are always at a different level, also for 
slow-moving traffic. Direction signs comprise advance direction signs and junction signs. All 
through roads have an impervious concrete or asphalt pavement. Woonerf connections are not 
permitted. Stopping and parking on through roads is prohibited. Public transport (bus) stops 
are separated from the carriageway. Emergency lanes are required along all through roads. The 
obstacle distance is 10 metres at 100 km/h and 13 metres at 120 km/h. Cyclists and slow-
moving motorised traffic are not permitted on through roads. There are no speed inhibiting 
measures on these types of roads. 
 
4. Road types 
In principle various differing types of road or methods of execution may be applied for each 
category of road. However the greater the number of methods of execution and design 
techniques used in construction, the more difficult it becomes to guarantee that the differences 
between various road types, and therefore also the individuality of road categories will remain 
distinctly recognizable. This unique identification is one of the essential principles of the 
concept of Sustainable Traffic Safety. The road user recognizes a category of road by the 
consistency of its’ unique characteristics and design elements. Localized features which 
distinguish a road category, such as the uniformity of design of intersections, also help to 
make a road category distinctive.  
 
Possible types of road or design features of individual categories of road should comply with 
the following conditions: 
√ the essential features of a particular category of road are not allowed to be applied for a 

different road category (they should be individually distinctive features which are 
unique to a particular category of road) 

√ the types of road applied in each individual road category should exhibit all the 
essential characteristics of that category.  

√ the number of road types per category of road should be kept to a minimum so that the 
road category is easily recognizable to the road user. 

 
In the concept of Sustainable Traffic Safety the road is not only carefully designed to fit in 
with its surroundings, but is also visibly attuned and designed to stimulate a certain driving 
behaviour and type of traffic which is dictated by the Highways authority on the three 
categories of road. The design requirements should therefore be formulated in terms of the 
behaviour expected from the various participants in traffic. Clarity and uniformity of the scene 
facing road users in each category and type of road are therefore extremely important factors. 
 
The various types of road and their various characteristic features are indicated in the table 
below. 
 
The national through roads (primary distributors such as trunk roads and motorways) form the 
road network of the highest order in the hierarchy. These roads are used for primary journeys 
between different regions of a country and the relevant economic and cultural centres, as well 
having importance in terms of international relations. 
 



Regional through roads form the link between the regions and the relevant centres. They also 
complement the network of national through roads thereby creating sufficient density in the 
through roads network. 
 
Category of road Type Characteristic  

type I (national 
through road) 

motorway, maximum speed 120 km/h Through roads 

type II (regional 
through road) 

trunk road with limited access, maximum 
speed 100 km/h 

type I single carriageway, transverse profile 2x1 
traffic lanes 

Distributor roads 

type II dual carriageway transverse profile 2x2 traffic 
lanes 

type I edge of carriageway marking, with cycling 
provisions, width of paving  > 4,50 m 

Access roads  

type II no edge marking, cycle traffic on carriageway, 
width of carriageway ≤ 4,50 m 

 
Within the category of distributor roads it is necessary to make the distinction between the 
two road types due to particular reasons concerning capacity. The choice of one of the two 
road types is mainly determined by the relationship between the (forecast) volume of traffic 
and the capacity of the distributor roads in question.  
 
Opting for two types of access roads is mainly concerned with the function which the road has 
within the network. Even with this category of road it is mainly because of reasons of capacity 
that two types of road are identified. 
 
5. Translating into concrete guidelines. 
In the Netherlands there are Guidelines for the Design of non-motorways outside built-up 
areas known as RONA. These guidelines date from the period between 1980 and 1992 and 
weighing most heavily in 1986. Apart from the fact that these guidelines are somewhat 
outdated, they have also since been superseded by technical and social developments which 
justify the necessity for a revision of these guidelines. The revision process is currently 
underway and the new version of the RONA is expected to appear by the spring of 2001.  
The process should eventually result in a set of guidelines for designing roads outside built-up 
areas, 

√ based on the latest technology, where the emphasis is heavily placed on the concept of 
Sustainable Traffic Safety and 

√ in line with the wishes and needs of the present and future guideline users (designers) 
and 

√ thanks to the content, composition and design configuration, they can be kept efficient 
and effective, up to date and manageable. 

 
The aim of the guideline is to: 

√ provide the user with expertise, based on the most recent technical and social 
developments at  national and international level and also based on practical 
experience. Particularly those new developments and insights such as given in 
Sustainable Traffic Safety have been included and elaborated on. This new expertise 



may be applied with the design of new roads or the reconstruction of existing roads 
outside built up areas. 

√ offer a tool which may be used as a testing mechanism and instrument of assessment 
as well as being used in process description, particularly in new construction work, 
reconstructions and participation procedures. 

 
5.1 Latitude 
It has previously been indicated that the guidelines are based on the principles of Sustainable 
Traffic Safety, especially the infrastructural elements thereof. Within these principles the 
range of latitude or scope has been set out. This latitude is in line with the wishes of users that 
have expressed the necessity of such. Local situations and circumstances (space, environment, 
aspects of landscape and finance) often compel the designer to deviate from guidelines and 
recommended values. Having insight into the consequences of the deviations provides a well-
founded basis for the assessment and decision making process. It makes the designer aware of 
the consequences of particular actions and decisions.  
 
Though designers are given latitude to find good solutions, it is not intended that they exceed 
given limiting values (ranges of latitude). If a deviation is unavoidable, then the designer will 
have to consider the consequences related to such. Answers must be found to the following 
questions: 

√ Where and why can a particular design not be carried through in accordance with the 
guidelines? 

√ To what extent should a guideline be deviated from? 
√ What consequence(s) might this have for traffic flow, road safety, the environment, 

land use and costs? 
√ Which (counterbalance) measures may be applied in order to entirely or partially 

prevent adverse consequences? 
 
5.2 Structure of the guidelines 
The new guidelines must be laid down in a practical manner. For this reason the following 
basic assumptions have been set out: 

√ every category of road has been subdivided into two types of road;  
√ an ideal profile has been set out for each road type. The ideal profile will include the 

essential features of the relevant category of road; 
√ the ideal profile is supplemented by ranges of scope or latitude. This offers designers 

the latitude to configure the road lay-out according to their own insight and those 
elements characteristic of the area in question, while incorporating the philosophy of 
Sustainable Traffic Safety; 

√ the ranges of scope are provided with consequences, in the sense of effects on traffic 
safety and/or traffic flow; 

√ where possible phased measures are to be applied. 
 
The scope may be defined as that ‘distance’ between the minimum and maximum values. As 
long as design remains within this range or scope then it is consistent with the guideline. 
However designers should be thoroughly aware that the ‘adding up’ of several minimum 
values may lead to severe problems. 
 



In most cases the quality of road safety and traffic flow is best served when the road category 
conforming with the ‘ideal’ can be worked out. In practice this is often not feasible and the 
road will have to be phased or realized with some deviation in dimension (range of scope). 
Phasing may be defined as carrying out the construction or reconstruction of a road in phases 
(temporary state in development). It should be noted here that only the non-essential design 
elements may be applied in a phased manner. In addition there are two important points 
deserving of attention: 

√ the phased design should be based on the ‘ideal’ design, so that any design elements 
which are still missing may be easily incorporated in due course. In this way the 
destruction of capital may be avoided. 

√ the negative effects should be limited as far as possible by means of (simple) 
compensatory counterbalance measures. 

 
5.3 Concrete examples in the guidelines 
In order to clarify the guidelines, a number of examples are given below with respect to the 
ideal profile, phasing options and ranges of scope. 
 
Ideal transverse profile of access road type I: 
In the table below the ideal profile is given for the type I access road, supplemented by the 
minimum and maximum profile.  
 
 ideal / normal minimum maximum 
a. width carriageway 3,50 3,50 4,00 – 4,50 
b. edge or manoeuvring strip 0,50 0,25 1,25 
d. marking 0,10 0,10 0,10 
g. cycle track–one-way on each 
side 

2,50 1,50 * 2,50 

h. partition strip or reserve 1,50 1,50 1,50 
i. shoulder or verge obstacle-free 
zone 

0,50 0,50  

sizes in metres 
* mopeds on carriageway 
  
Phasing proposal for distributor roads: 
Under normal circumstances there is no overtaking on distributor roads and the carriageway is 
closed to slow-moving motorized traffic. The statutory maximum speed limit is 80 km/h for 
passenger cars as well as goods vehicles and buses. Overtaking is not necessary and therefore 
it is also unnecessary to provide for an overtaking sight distance. In order to avoid potentially 
very dangerous overtaking manoeuvres on this type of road the transverse profile should be 
provided with a partition strip or reserve which is very difficult to drive on.  
 
When complete prohibition of slow-moving traffic has to be realized in phases, then it has to 
be possible to overtake such slow-moving traffic. In this case a broken line is applied on 
condition that traffic volume is not too high and that there is adequate overtaking sight 
distance. 
 
Scope of obstacle-free zone on through roads: 
The obstacle-free zone is understood to be the area running parallel and adjacent to the 
carriageway where no obstacles are allowed. The proportion of individual accidents occurring 



on the hard shoulder of road sections on the existing single carriageway roads in The 
Netherlands is extremely high. Due to concerns about road safety affecting the occupants of 
the relevant vehicles, the area adjacent to the carriageway is kept obstacle free. Only those 
elements which would not result in damage, in the case of a collision, are allowed within this 
zone. The following table indicates the width dimensions (standard values) for the obstacle-
free zone: 
 
design speed Vd  
(km/h) 

Width of obstacle-free 
zone standard value (m) 

90 10,00 
60 < Vd < 90 6,00 
≤ 60 4,50 
When the standard value is deviated from any resulting increase in the number of individual 
incidents is considered acceptable. The relevant dimensions are given in the table below 
(bands). 
 
design speed Vd  
(km/h) 

width of obstacle-free 
zone bands (m) 

90 8,00 – 10,00 
60 < Vd < 90 4,50 - 6,00 
≤ 60 4,50 
 
 
6. The further process of Sustainable Traffic Safety and the Guidelines 
The four various Road Authorities in The Netherlands are currently busy with the first part of 
Sustainable Traffic Safety, the so-called Starting phase. In a jointly signed agreement the 
philosophy behind Sustainable Traffic Safety is set out and measures are indicated which 
could be realized in the short term.  
In order to be able to fully incorporate Sustainable Traffic Safety into the Dutch road network, 
a new agreement is currently being composed i.e. ‘Sustainable Traffic Safety phase two’. The 
guidelines play a significant role in this as they complement the measures included in the 
second phase, particularly in the area of infrastructure.  
A concept of the guidelines has already been produced and this will be assessed and 
commented on by about 300 people by October 2000. The definitive version of the texts is 
expected to come out at the end of this year but this will depend on the amount and certainly 
of the content of such commentary. The guidelines will subsequently be submitted for the 
final approval of texts to the various umbrella organizations of the Road Authorities. If the 
guidelines are then agreed they will appear on the market in the spring of 2001. 
After that the introduction and transmission of the content of the information in the guidelines 
will take place at regional meetings. 
Continuous management of the guidelines is needed as new developments and experience 
gained is being constantly gathered with Sustainable Traffic Safety in mind.  
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• Measures to reduce speed in housing areas specifically; physical measures 
(bumps), low speed zones (30 km/h). 

• Measures to reduce speed in urban areas in general; environmentally 
friendly streets, automatic speed controll (ATK), intelligent speed adaption 
(ISA). 

• Technical measures; seat-belt reminders, alcolock. 

• Measures to improve driver behaviour through cooperation with 
employers – discussed under technical measures. 

All of these measures are shown to have a significant impact on traffic safety (see 
Trafikksikkerhetshåndboken, Elvik 1997). Road investments and measures in 
housing areas and cities are the most efficient, including technical measures for 
reducing speed. The least efficient are measures to reduce speed in sparsely 
populated areas. 

A substantial part of the reduction in the most serious accidents around 1970-80 
was caused by the obligatory use of seatbelts. It is therefore natural that 
obligatory, technical reminders for such use also have an effect. 90 per cent of 
drivers and passengers outside urban areas use a seatbelt, 70 per cent inside. 

 

Facts about decision-making processes 
The ideal situation for a project like this would be to study actual, historical 
decision-making processes for similar measures or to look at the implementation 
of measures under vision Zero as they unfold. For several reasons this has not 
been possible. In stead we have gathered information from studies in general 
concerning traffic safety measures to see what possible conclusions we can draw 
from these. We have also included studies on such processes in other fields, inside 
the transport sector, or outside, to get a wider material for consideration. 

The study of the implementation of obligatory use of seatbelts in USA is the most 
comprehensive example from the field of traffic safety. Arvid Strands study of 
“Action Safe School Roads” in Norway  is also worth mentioning. We have also 
looked at some studies around road-building where one goal has been to improve 
traffic safety and the environment. The majority of these studies are old, 20 to 30 
years. 

Conflicts of a more general nature within road-building processes was the main 
topic for a series of studies in Norway and Sweden some 15 years ago. The main 
outcome from these studies was to show the necessity of spending time in the 
process, to solve such conflicts as existed, and not try to hide them. 

Charging for the use of roads has been a topic in Norway, and some other 
countries, over the last 10-15 years, to finance building and if possible to 
influence demand. The main experience drawn from the implementation of such 
taxes (road-pricing) is how the process is connected to actors and how conflicts 



 

 

are sought to be solved, f.ex. the negotiations around the “Dennis-package” in 
Stockholm. 

 

Experiences from public reforms 
Any succesfull decision-making process has to fullfill some or all of the following 
conditions: 

• The goals for the reform work must be relativily unambigous and not 
conflict too much with other important, societal objectives. 

• The decision-makers must hold substantial knowledge about causes and 
effects within their field of work, especially concerning goals and the 
necessary measures to reach these goals. 

• The process must be adapted specially to the chosen measures, ideally 
through one spesific organisation, legitimated by law. 

• Too many participants make it difficult to foresee the results of the process 
(anarchy). 

• The existence of vetopoints, where one or more actors can block the 
process, must be considered early in the proceeding work. 

• Clear and positive attitudes towards the work at hand among those 
involved, are important for a succesfull implementation. 

• It is of vital importance to seek support from powerholders and interest-
groups outside of the process itself.   

• Changes in economic, social and cultural conditions may imply changes in 
goals and possible meassures.  

• Measures must be designed to make compromises possible. A “we are 
right”- attitude can be a serious obstacle to a succesfull result. 

• The will to negotiate is important for meeting obejctives, even though this 
may imply the changing of aims and measures through the process.  

This list can be viewed from the top-and-down or from the bottom-and-up. The 
correct way to start depends on the degree of conflicts and the kind of measures. 
In situations with considerable amounts of conflict it is always of importance to 
focus on confidence, build common understanding of the realities concerning the 
situation at hand, have respect for the values of others involved and focus on 
solutions that benefit all actors involved. 

 

Feasible actions 
Improving traffic safety is probably easiest done in combination with improving 
road infrastructure. This may seem surprising since most road building is 



 

 

promoted to increase speed and improve accesibility in general. Implementation is 
most likely if actions to improve traffic safety also advances other goals. Road 
projects also has a strong and homogenous organisation to further their 
implementation. 

Larger road projects must however fullfill certain criteria to function as measures 
for improving road safety. First of all the new road must not lead to increased 
speed, which means stronger speed regulation. Second the new road must not 
enhance more traffic, which also means more accidents. Environmental problems 
and extensive land-use are severe objections to new roads. The planning system, 
however, is structured to search for solutions to such conflicts, through 
negotiations between national road administrations on one hand, and regional and 
local authorities on the other. The question of costs has, in Norway and other 
countries, been solved through the use of user payment. Swedish authorities also 
discuss such actions. New roads are often backed by strong societal interests, 
because they may promote cheaper  transport and economical growth. 

Measures to prevent collisions, median barriers, have been discussed to improve 
safety in the old network, as an alternative to new roads. This is only possible 
where the existent road is wide enough to allow three lanes with a psyichal 
divider. In Norway this is a most unlikely solution due to narrower roads and the 
fact that such solutions improve safety, and only that. The only possibility for 
such solutions to be succesfull is to implement them on roads where larger 
accidents have occurred. Through public attention around such instants one may 
obtain enough support for actions, and not through more general analysis’ of 
where the measures is most justified. 

Street enhancement projects, with focus on safety and the environment, has been 
tried in some Norwegian cities and towns. The possible success is based on 
synergi between environment and safety, even though the main effect seems to be 
upon safety, and not, as expected, on noise and polution. The experiments have so 
far also shown how it is possible to further cooperation between national and local 
authorities. Such solutions have so far only been possible to implement in smaller 
communities with a limited amount of through-traffic. In Norway the only 
exception is the town of Horten, with less than 20000 inhabitants. Such actions 
will be of greater interest when tried out in larger cities. 

The most difficult measures to implement are those related to lowering speed, and 
enforcing speed regulations, even though such measures are most effective to 
reduce the number of accidents. Lower speed limits and controlls by police, 
through surveillance cameras or by use of information technology, are all 
problematic. The main reason for this is the conflict between the amount of time 
spent in traffic and safety. Such actions also suppose a strong cooperation 
between road authorities and the police. So far the police does not seem to give 
traffic safety high priority when in conflict with crime prevention in a more 
general sense. 

It is of great importance not to make the public believe that lower speed and speed 
controlls is an easy and popular task. If so one often ends with symbolic acts. The 



 

 

decisive question is to focus on speed regulation  where it is effective, not in too 
much conflict with fast and efficient transport and where participation by the 
police is not essential. This is mostly the case in larger cities, and especially in 
housing areas, where low speed can be enhanced through the use of physical 
obstacles. 

The last group of measures are based on technical solutions that can help people 
to avoid the most deadly aspects of driving, not using seat belts and driving when 
under the influence of alcohol or drugs. Obligatory use of seat belts have been 
part of traffic legislation over the last 15-25 years. The share of users are 90 per 
cent in sparsely populated areas and 70 per cent in cities. A device that reminds or 
forces people to use seat belts, exists. The same is the case for alcolocks. Such 
solutions however take time to ble implemented. In Europe seat bealts existed for 
nearly 20 years before the use was promoted by law. In USA obligatory use of 
seat belts was approved in 1986. One reason for such long time periods is that 
regulations conflicts with the emphasis on personal freedom to act as one wants 
even though the result may be fatal.  

Technical solutions may also be costly and must therefore fullfill other purposes 
than just safety. This is probably the case when discussing ISA (Intelligent Speed 
Adaption). ISA has a great potential, but only if there also is a need for electronic 
maps and route gudiance.   

These conclusions may seem obvious and debatable at the same time. To an 
extent they can be seen as hyoptesis’ rather than substantial truths. Most of all the 
discussion above focuses on possible processes towards solutions rather than 
simple introductions of “measures with greatest effect”. 

 

Top-down or bottom-up 
I have focused on vision zero and traffic safety measures as governmental 
reforms, implemented from above. In organisational theory this approach is 
named top-down. A good alternative, both theoretically and in practical reform 
work, is a so-called bottom-up perspective. With this alternative one focuses, not 
on rigid objectives and given solutions, but on the network that exists (locally and 
centrally) or will be promoted to work with possible solutions. The role of 
national government in such situations will be to provide resources and start the 
process working, if involved at all. The focus for local actors will be, not on 
specified goals, but on processes and compomises, more or less independent of 
central objectives. 

There are several reasons for such a perspective to be a better solution and also 
give a better description as to what really happens. The main reason is that it is 
hard, if possible, to fullfill all the requirements listed earlier. Conflicts will always 
exist, external conditions always change, one does not always know the best mean 
for given ends, and so on. The main problem related to a vision is that it may lock 



 

 

the process to given and in many cases, unobtainable objectives. The challenge is 
to use visions as inspirations, not as deadlocks. 
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1. Background 
 
There is an ever-increasing tendency towards standardising principles, policies and practices 
world-wide. As far as the definition of a traffic accident fatality is concerned, however, there is 
still a large range of definitions currently in use by different countries. Some of the more common 
definitions include: immediate death and death within 24 hours of a traffic accident (Portugal), or 
death 3 days (Republic of Korea), 7 days (Italy), 30 days (most European countries) or 1 year 
(USA) after a traffic accident. 
 
The wide variety of definitions makes comparisons between different countries difficult. In 1993 
the United Nations Economic Commission for Europe (UN/ECE) adopted the following 
definition of a person killed in a traffic accident: “any person who was killed outright or who died 
within 30 days as a result of the accident” (United Nations, 1993). This was the first international 
attempt at trying to standardise the definition of a traffic accident fatality. Since 1993 the 
following countries have adopted the 30-day definition: Austria, Belgium, Bulgaria, the Czech 
Republic, Denmark, Finland, France, Germany, Hungary, Israel, Japan, Luxembourg, the 
Netherlands, Norway, the Slovak Republic, Spain, Switzerland and the United Kingdom (Mónica 
Colás Pozuelo and Izarzugaza, 1996).     
 
Attempts have also been made to develop (universal) correction factors to allow for comparison 
amongst countries with different fatality definitions. However, applying such correction factors is 
problematic because of differences in the quality of road infrastructure, vehicle safety and 
medical management between countries (and over time). These influence the survivability of 
victims and consequently the validity of such factors (Mónica Colás Pozuelo and Izarzugaza, 
1996). The ultimate solution would be to encourage the global standardisation of the definition of 
a traffic fatality in accordance with that prescribed by the UN/ECE. But even this introduces new 
problems (Mónica Colás Pozuelo and Izarzugaza, 1996). The longer the period in which a traffic 
accident casualty dies after an accident, the greater the chance the cause of this death is not 
registered as being from a road traffic accident but rather from complications which arose from 
the accident (e.g. pneumonia after fractured ribs sustained by a vehicle driver during an accident). 
The accuracy of fatality statistics is therefore diminished by longer-period definitions of traffic 
accident fatalities. An additional problem is that such definitions require long follow-up 
procedures that are very time consuming for police and hospital staff. These require regular visits 
or phone calls. The “longer” the definition, the more administration and resources required. To 
complicate matters further, these follow-up procedures are generally more established in larger 
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hospitals, which admit large numbers of traffic accident casualties. For smaller hospitals, where 
the frequency of admission of traffic accident casualties is low, such procedures may not even 
exist. Where police are not involved in the recording of accidents or the transport or admission of 
traffic accident casualties, alternative follow-up procedures may not be in place or effective. 
 
In the light of the above-mentioned problems, this paper investigates the consequences of using 
the 6-day definition in South Africa, the merits of changing this definition to a 30-day definition, 
as well as the possible implications this is likely to have in terms of procedure and processes. 
 
 
2. Situation in South Africa 
 
Up to 1975, the official definition of a fatal motor vehicle accident in South Africa was one where 
death occurred within three months of an accident. Thereafter (from January 1975) the definition 
was changed to death within 6 days of an accident. The process by which traffic fatality data is 
recorded and collected in South Africa is depicted in Figure 1 below. 
. 

 
Figure 1. The process through which traffic fatality data is recorded and collected in South 
Africa 
 
In terms of the National Road Traffic Act No. 8 of 1998, all motor vehicle accidents resulting in 
serious injury or death have to be recorded on a standard accident report form by either a police 
or traffic officer. With fatal accidents a police docket is also opened, and a case of culpable 
homicide investigated by the police against the drivers of the vehicles involved. As information 
from the accident report forms have to be incorporated into the homicide investigation, the 
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original accident report forms sometimes disappear within police dockets. Seriously injured 
casualties are sometimes rushed off the scene of the accident to hospital without being recorded 
on an accident report form. Occasionally, slightly injured casualties land up in hospital (without 
having to be recorded in terms of the Road Traffic Act) and subsequently die of their injuries. 
 
In South Africa there is no formal follow-up procedure for tracking the progress of specifically 
traffic accident casualties en route to hospitals or while undergoing hospital care. The accident 
report forms are therefore not updated as far as fatalities are concerned. They consequently only 
really reflect ‘dead on the scene’ cases. The police reported fatalities are therefore heavily 
underreported when compared to actual fatalities. 
 
There is an indirect method of establishing the eventual outcome of traffic casualties. The Births 
and Deaths Registration Act, 1992 (Act No. 51 of 1992) stipulates that all deaths have to be 
registered on a death certificate by a medical practitioner or a professional nurse. In terms of the 
same act and the Inquests Act No. 58 of 1959 (as amended) all deaths due to non-natural1 and 
undetermined causes, including traffic accidents, are subject to a medico-legal investigation 
(including an autopsy), by a district surgeon or forensic pathologist. The onus rests almost 
exclusively on the doctor or nurse to determine whether the deceased died as a direct or indirect 
result of a traffic accident and if so, what the approximate length of time between the accident 
and death was.  The latter requirement was, however, only incorporated into the new Death 
Certificate that has been in usage since 1998.  Consequently, the validity of this variable has yet 
to be assessed.  
 
There are basically two national accident databases containing fatality records. The National 
Department of Transport maintains general accident data on its National Traffic Information 
System (NaTIS) as recorded on the standard accident report form; while Statistics South Africa 
(STATSSA) captures mortality data from the Death Certificate on its Vital Stats database. As a 
result of capturing and recording problems previously described, NaTIS fatality data reflects 
reasonably accurate Dead on Arrival (DOA) information and to a lesser degree major injuries but 
very few minor injuries. Traffic accident casualties dying after admission to hospital, even within 
6 days, are rarely recorded on NaTIS. Although its data is less than optimum NaTIS can provide 
fatality data relatively quickly. In addition to NaTIS, during peak holiday seasons, such as Easter 
and Christmas (and as part of the national “Arrive Alive” Road Safety Campaign), all police 
stations across the country are required to fax all fatal accident forms (DOA’s only) to the NDOT 
immediately after the accident has occurred. Despite the improvement in the availability of 
fatality data during this time, the accuracy of the data is still questionable. The STATSSA data 
would have a better sample of patients who die in road traffic accidents, but as mentioned earlier, 
this data is also imperfect because many doctors fail to record the cause of the injury. In as many 
as one-third of the non-natural cases the cause of injury is recorded as “undetermined” on the 
Death Certificate.  Furthermore, since STATSSA only records Death Certificate data some years 
after an accident has occurred, it becomes virtually impossible to investigate and determine the 
“undetermined” causes of injury. This backlog can sometimes extend to 5 years. The backlog for 
capturing accident data onto NaTIS is significantly less (up to 6 months). With the recent 
introduction of a new accident report form, this backlog has increased.

                                                 
1 Non-natural causes in terms of the International Classification of Diseases (WHO 1977 p 763), are 
defined as  “the circumstances of the accident or violence which produced the fatal injury” 
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3. Case study 
 
Recognising the need for a concerted response to injuries in South Africa, in 1996 the Essential 
National Health Research Congress identified research for injury and violence prevention as a top 
priority. Furthermore, in 1997 the development of a public health response to violence and injury 
was itemised as part of the US-South Africa Bi-National Commission. In July 1997 a consultative 
conference on health and violence prevention prioritised the development of an injury 
surveillance system.   
    
In 1998, funding was obtained from the Department of Arts, Culture, Science and Technology’s 
(DACST) Innovation Fund for crime prevention.  A consortium of researchers (MRC [lead 
organisation], UNISA [Health Psychology & Centre for Peace Action], CSIR [GIS Department]) 
were commissioned to develop an injury surveillance system which had three components, viz.: 
 
 • a national non-natural mortality surveillance system (NMSS); 
 • a national non-fatal injury surveillance system (NNFSS); 
 • the sentinel surveillance of trauma and drugs (TAD). 
 
 
The National Non-natural Mortality Surveillance System (NMSS) was piloted in 1998 but 
formally started at the beginning of 1999.  It collates information readily available from the 
documentation that arises from medico-legal post mortem investigations (Butchart, Matzopoulos, 
Peden, et al, unpublished manuscript).  Currently, 10 mortuaries in 5 different provinces 
contribute their data to this system.   In 1999 there were 12 269 cases registered in the database.  
This sample represents about one-fifth of the approximately 60 000 non-natural deaths registered 
annually in South Africa.  This data has been validated and found to be sufficiently accurate for 
generalisations to be made. Of these deaths, 3 464 were due to transport-related collisions. The 
vast majority of these collisions were classified as ‘accidental’.   In only 7.3% of cases, was the 
cause of the collision undetermined pending a court investigation, e.g. hit-and-run cases.   
 
The date of death and date of injury are included in the database but the latter variable is 
relatively difficult to obtain in many cases, particularly where accident casualties have gone 
through a hospital facility or died later. This is usually because the hospital folder does not go to 
the mortuary and if the doctor (who completes the forms for medico-legal post-mortem request) 
does not indicate when and why the patient was admitted, then the forensic pathologist who does 
the post mortem does not get this information. Consequently, the date of injury and date of death 
were only available in 54.8% of the traffic cases in the database.  The results presented here are 
therefore an underestimate of the actual proportion of cases who die between 7 and 30 days after 
injury. Bearing the limitations of this study in mind, Table I indicates that 7.2% of cases died 
between seven and thirty days after their injury.  
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Table 1. The percentage of traffic accident casualties dying as a result of their injuries for 
various periods after the accident. 
 

Delay to death 
(in days) % Cumulative 

% 
95% confidence 

interval 
0 76.4 76.4 74.4 - 78.3 

1 – 6 14.7 91.1 13.1 - 16.3 

7 – 30 7.2 98.3 6.0 - 8.4 

31+ 1.7 100.0 1.1 - 2.3 
 
 
Using the above data, a conversion factor of approximately 1.08 (98.3/91.1) may be deduced. 
This compares favourably to the correction factor of 1.10 derived by Smeed (1968) for fatalities 
occurring within 7 days of an accident.  
 
For as many as 43.8 % of the cases the traffic user category was unspecified, but pedestrians 
accounted for almost one-quarter of cases (Figure 2). 

Pedestrian 24.8%
Passenger 13.9%

Driver 13.1%

Unspecified 43.8%

Train 0.7%
Cycle 3.6%

 

 
 
Figure 2. Proportions of traffic users fatally injured in traffic collisions 
 
STATSSA recorded 9 068 fatal injuries in South Africa in 1998.  According to the conservative 
estimates that arise from this study, if fatal traffic accidents were defined according to the 
UN/ECU definition, the actual total would be approximately 9 793 (9 068 X 1.08) if it is assumed 
that the correction factor for 1999 was the same as for 1998. This is an additional 725 fatalities, 
which translates roughly to an additional cost of R226 million ($33 million) to the country. 
Clearly, the consequence of not using the UN/ECU definition is quite significant – traffic 
accident fatalities for South Africa and its impact on the country’s economy are even worse than 
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generally depicted. This would, however, have to be weighed against the cost of traffic officials 
having to follow up patients in hospital. At present this change cannot be estimated in monetary 
terms but would involve changing the present accident report form again, training officers and 
doctors alike, follow up costs etc.    
 
 
4. Discussion 
 
The starting point in considering whether to change from the present definition of a fatality to the 
definition prescribed by the EU/ECE is to determine the minimum level of accuracy required for 
international comparisons. The next step would be to determine the once-off and recurring costs 
required by the South African government in terms of improved procedures/processes, additional 
manpower and administration to ensure this minimum level of accuracy is maintained. This has to 
be compared to the alternative of keeping the current definition of accident fatalities and merely 
applying a correction factor that is reviewed periodically. However, even for this alternative, 
improved procedures/processes will be required to ensure a minimum level of accuracy in the 
fatality data. But, as the assessment of the financial implications of both alternatives is beyond the 
scope of this paper, only the possible processes and procedures for the alternatives are discussed 
here. 
 
A number of problems have been mentioned that inhibit accurate fatality data collection in South 
Africa. These include: 
 

- the request for an approximate length of time between the death and the cause of 
death (traffic accident) on the death certificate, and the consequent poor estimates 
made on this; 

- doctors failing to indicate the cause of injury on the death certificate (specifically 
with regard to traffic accidents); 

- lack of formal follow-up procedures for tracking the progress of traffic accident 
casualties en route to hospitals or in hospital care; 

- the backlog in capturing of fatalities on both the NaTIS and STATSSA databases, 
which complicates any follow-up of suspect or incomplete accident or medical 
records; 

- the disappearance of original accident records during the investigation of culpable 
homicide investigations by the police against the drivers of the vehicles involved; 

- the non-recording of some seriously injured casualties on accident report forms; and, 
- the non-recording of slightly injured casualties that land up in hospital and 

subsequently die of their injuries. 
 
 
The most obvious procedural change that could improve the accuracy of accident fatality data 
would be amendments to the current death certificate. This would include changing reference to 
an approximate length of time between the death and the cause of death to one requiring an exact 
measurement of this period. However, since the form was only changed in 1998 this is probably 
not feasible. Never the less, this procedural change would be ineffective unless accompanied by 
the institution of procedures for all hospitals to clearly document seriously slightly injured 
patients together with the primary cause and time/date of injury. In other words, South Africa 
requires a national non-fatal injury surveillance system. Such a system is currently being piloted 
and should be up and running by 2001 in sentinel hospitals around the country.  These data could 
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be used to validate the NaTIS database. This would have to be enforced through appropriate 
legislation, that in turn would have to be accompanied by proper marketing and training. 
 
It is envisaged to expand the National Non-natural Mortality Surveillance System (NMSS) 
currently being pilot tested to incorporate all state mortuaries around the country. A 
rationalisation process that is currently taking place within the Health Department however is 
unfortunately hampering this roll out. Provided the date of injury was better completed on the 
data collection form used in this System, this could eventually provide a useful way of correlating 
traffic fatality data from the death certificates and traffic accident report forms.  
 
Another important procedure that would need to be introduced is for the doctor who completes 
the forms for medico-legal post-mortem request to indicate exactly when the patient was 
admitted. In other words, the doctor requesting the autopsy would need to state specifically on the 
request form when and how the injury occurred so that the Forensic Pathologist could include this 
information. 
 
The backlog in the capturing of fatality data onto Vital Stats is mainly due to a combination of the 
extremely large number of fatalities per year and a shortage of data capturers. Historically, 
military conscripts were used to help capture fatality data, but with the abolishment of 
compulsory military service, this practice has been terminated, with the result that STATSSA 
resources for capturing have significantly dwindled.  
 
The problem of accident records disappearing during the investigation of culpable homicide 
investigations by the police could become worse with the introduction of the new accident report 
form. This does not have duplicate copies like the old form but relies on photocopies having to be 
made by the police. This could increase the chances of the form getting lost. 
 
However, the accident investigation procedure is in the process of being taken over by the traffic 
police. Due to their tasks being more focused on traffic related matters, this could result in an 
improvement in the quality of accident fatality data. The privatisation of the capturing of traffic 
accident fatalities, along with various other administrative functions of the traffic police, is being 
considered. This has the potential to largely reduce the current capturing backlog.  
 
Another, and perhaps the most feasible procedural change that could lead to improved quality of 
accident fatality data, involves introducing follow-up procedures for traffic police. This has two 
main advantages: 
 

- the number of traffic fatalities, is considerably less than the number of total fatalities, 
which should reduce the cost of this procedure compared with procedural changes 
introduced in the health sector; and, 

- the capturing backlog of traffic accident data on NaTIS is considerably less than the 
capturing backlog of fatality data on the Vital Stats database, meaning that accident 
fatality data would be available much quicker via NaTIS than via STATSSA. 

 
Quite simply, a procedure could be introduced and legislated whereby traffic authorities, which 
are responsible for capturing traffic accident data for NaTIS, periodically contact their respective 
state mortuaries to identify traffic accident casualties that have died as a result of their injuries. 
 
The National Department of Health is currently developing a National Health Information 
System.  This will eventually indicate the number of people living in the country and details 
concerning the state of their health. There is a possibility of including in the System the cause of 
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death. This would open up the possibility of creating links to NaTIS to enable traffic accident 
casualties that die in hospital to be identified.  
  
 
5. Conclusions and recommendations 

 
The consequence of not using the UN/ECU is quite significant – traffic accident fatalities for 
South Africa and its impact on the country’s economy are even worse than generally depicted. 
The change in the definition of accident fatalities for South Africa from death within 6 days of an 
accident to death within 30 days of an accident should therefore be seriously considered. This 
however requires further investigation to determine the cost and implication of the procedural 
changes and amendment in legislation to ensure an acceptable level of accuracy of data arising 
from the new definition.   
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ABSTRACT 

 

Safety professionals are often concerned about the installation of safety measures at selected 

high crash locations due to the potential for the past crash experiences of the improved locations 

moving to other untreated locations within the same area. It is postulated that increases in the 

traffic crash experience at untreated locations would occur after improvements were made at 

only selected treated locations in an area that experiences significant crash reductions. Past 

research indicates that this ‘migration’ phenomenon is possible under certain conditions. 

A public-private partnership project in the City of Detroit, Michigan was initiated in 1996 

to alleviate traffic crash and severity problems at select high crash locations. AAA Michigan, one 

of the largest insurance companies in Michigan, partnered with the City of Detroit, Wayne 

County, the Michigan Department of Transportation (MDOT), the Office of Highway Safety 

Planning (OHSP) and Wayne State University, to identify high crash locations and implement 

low cost countermeasures, in order to reduce crashes and injuries. 

Low cost safety treatments were installed at several intersections in the northeast part of 

the City of Detroit.  A “before and after” safety evaluation study revealed that total crashes and 

injury crashes were reduced by close to 50 percent at the locations where safety improvements 

were made in 1997.  The reduction of right-angle crashes, left-turn head-on and injury crashes 

were statistically significant.   

The purpose of this study was to determine if the intersection locations in the vicinity of 

the treated sites were experiencing increased traffic crashes and injuries due to traffic crash 

migration effect. 



  
  

 

The results of the statistical analyses for intersections without implemented 

countermeasures indicated the differences in targeted crash types during the same time period 

were not significant. Therefore, no migration effects were identified in this study.  The results of 

the statistical analyses performed for grouped intersections with implemented countermeasures 

indicated significant reductions in traffic crashes for total, injury, right-angle and left-turn head-

on crashes. 

 

INTRODUCTION 

 

The process of high crash location identification inherently discriminates between highway 

locations with a higher incidence of crashes and injuries, and locations with lower crashes and 

injuries.  In fact, various methods of high crash location identification process is supposed to do 

this, in order to allow safety professionals to allocate scarce resources towards only a limited 

number of the high crash locations. Safety professionals are often concerned about the 

installation of safety measures at only a few selected high crash locations that are targeted to 

reduce crashes and injuries because of the potential for the past crash experiences to move to 

another untreated similar location in the same vicinity. This phenomenon is often referred as 

migration of traffic crashes.  Past research indicates such migration experiences may be possible 

under certain conditions.  For example, an intersection that was found to have a high incidence of 

left-turn head-on crashes and was fitted with the countermeasure that consisted of the prohibition 

of left-turns.  The left-turn head-on crashes at the intersection will be reduced to almost 

nonexistent, however this left-turning traffic may start using an adjacent intersection to make this 

maneuver and thus, may cause a high incidence of left-turn head-on crashes at a nearby location.  

This is a simplified example of the migration phenomenon of traffic crashes. 

Safety professionals are often concerned about the migration of traffic crashes to adjacent 

locations when only certain locations are treated with crash countermeasures, instead of 

implementing area-wide safety improvements, especially those treatments which impact driver 

attention and behavior. 

Some traffic and safety professionals hypothesize that if safety improvements are 

implemented at site-specific intersection locations that experience significant crash reductions, 

then the crashes may migrate to other surrounding untreated intersections.  The underlying 

assumption to this hypothesis is that at the treated sites, the driver’s awareness for caution may 



  
  

 

be lessened.  However, as drivers continue to travel through adjacent and similar untreated areas, 

they may maintain this subdued caution and are more likely to be involved in a traffic crash. 

Consequently, the risk of a crash in the surrounding areas may be increased as compared to the 

treated sites. 

A public-private partnership project in the City of Detroit, Michigan was initiated in 1996 

to alleviate traffic crash and severity problems at select high crash locations. AAA Michigan, one 

of the largest insurance companies in the state of Michigan partnered with the city of Detroit, 

Wayne County, the Michigan Department of Transportation (MDOT), the Office of Highway 

Safety Planning (OHSP) and Wayne State University, to identify high crash locations and 

implement low cost safety treatments, in order to reduce crashes and injuries. 

As a part of this project, low cost safety treatments were installed at several intersections.  

A “before and after” safety evaluation study at the treated signalized locations revealed that the 

total crashes and injury crashes were reduced by close to 50 percent at the locations where safety 

improvements were implemented in 1997 and the reductions were statistically significant.  The 

reduction of right-angle crashes, left-turn head-on and injury crashes were considerable and 

statistically significant.  

The purpose of this study was to determine if the intersection locations in the vicinity of 

the treated sites were experiencing increased traffic crashes and injuries due to traffic crash 

migration phenomenon. 

 

BACKGROUND 

 

Boyle and Wright (1) conducted a study in the Greater London Council (GLC) area to 

investigate crash migration by comparing the crash frequency for three years of “before” and 

three years of “after” data in treated blackspot locations, as well as in untreated neighboring 

sites.  A blackspot is defined as a location that has experienced high crashes in the past years.  

The purpose of this study was to determine if a decrease in crashes at the high crash locations 

were followed by an increase in crashes in the immediate area.  The results of this study showed 

that for 133 sites sampled, there was a decrease in crashes of 22 percent at the treated sites and 

there was a 10 percent increase in crashes in the areas surrounding the treated blackspot 

locations.   



  
  

 

It should be noted that this study was conducted under several constraints and limitations. 

Some of these constraints and limitations included the removal of hazardous locations from the 

sample due to specific location-related concerns and the lack of available crash data. 

The paper by Boyle and Wright was critiqued by Huddart (2).  Huddart states that it 

cannot be agreed upon that “the evidence is sufficient to say that accident migration is a real 

effect, and are certainly concerned that such a statement could unwarrantly impair road safety 

work.”  Huddart also states that the findings of the Boyle and Wright paper are unrealistic due to 

an unconvincing hypothesis stated to explain the results.  This critique also suggested that the 

statistical analysis used were not robust and that the migration effect was more likely to have 

been caused by a bias in the data. 

McGuigan (3) examined crash migration with the regression-to-mean effect using the 

data set from the Boyle and Wright study (1).  Two years of “before” and “after” data in the 

Lothain region, London along a corridor was used for this study.  The author concluded that the 

regression-to-the-mean analysis did not prove or disprove the existence of crash migration, but it 

did however “indicate that at least some, if not a major part, of the ‘migration’ effect reported by 

Boyle and Wright (1) could be quite simply explained by regression-to-mean”.  The author also 

concluded that in order to demonstrate that improvements implemented at treatment sites are 

successful, the crash reduction needs to be shown as greater than any effect of regression-to-

mean.  Similarly, to demonstrate that crashes have ‘migrated’ to areas surrounding the treated 

site, any observed increase in crashes needs to be greater than the effect of regression-to-mean. 

Levine, Golob and Recker (4) in their study observed the migration of crashes associated 

with lane addition projects on urban freeways.  They tested the migration of crashes associated 

with safety evaluations of freeway expansion projects in Los Angeles and Orange County in 

Southern California.  A “before” and “after” study with control sites was performed and tested 

using the chi-squared test of significance.  The authors concluded that crashes increased in the 

downstream areas after the improvements due to traffic congestion and that the treatment sites 

experienced crash reductions due to the congestion relief. 

 

SITE DESCRIPTION 

 

Seven signalized intersections were studied in order to investigate the traffic crash migration 

phenomenon at urban signalized intersections in the City of Detroit.  Three of the seven 



  
  

 

intersections are treatment sites where safety improvements were implemented and the 

remaining four intersections are the untreated sites.  It is important to note that these untreated 

sites have similar geometric features, traffic volumes and traffic control devices as the treatment 

sites, before the improvements were implemented.  All seven sites are located within a five-mile 

radius of each other. 

The safety treatments implemented for alleviating traffic crash problems at the treated  

sites included the implementation of yellow change intervals calculated on the basis of measured 

approach speeds and all-red intervals designed on the basis of roadway geometry. Additionally, 

there were other safety improvements made at the treated sites, such as providing larger signal 

heads (30.5 cm (12 inch) diameter) and the addition of exclusive left-turn lanes and left-turn 

phases, where warranted.  Three signalized intersections out of the seven intersections were 

modified to include these improvements. 

The three treatment sites for this study are the intersections of: 

• Seven Mile Road and Ryan Road  

• Seven Mile Road and John R Road  

• Hubbell Road and Puritan Road  

All three intersections are located on the northeast side of the City of Detroit.  The 

adjacent land uses around all of the intersections were commercial with the exception of a high 

school located at the southwest corner of the Seven Mile Road and Ryan Road intersection.  

These intersections were the treatment sites.  The improvements at these locations were all low 

cost and did not include any pavement widening. 

In order to identify if any migration effects existed, four signalized intersections in the 

same area of the city, including some that were located on the same roads, were studied.  They 

are the intersections of: 

• Seven Mile Road and Dequindre Road 

• Seven Mile Road and Conant Avenue 

• Greenfield Road and Puritan Road 

• Schaefer Road and Puritan Road 

 These intersections have similar geometric features as the three treatment sites, before the 

improvements were implemented.  The traffic volumes and traffic control features were also 

similar.   



  
  

 

 All seven intersections (three treatment sites before improvements and four untreated sites) 

are generally characterized by having extraordinarily wide lane widths (greater than 5.8 m (19 

feet) per lane) at each approach, operating on a two-phase signal design, having less than 

twelve-inch signal heads and lacking left-turn lanes and phases.  The adjacent land uses in the 

vicinity of these sites were similar to the treated sites.  It should be noted that the untreated sites 

either had no, or an insufficient all-red interval and approximately, a four-second yellow interval 

as the phase change interval.  All of the treated sites now however, have properly designed 

yellow and all-red intervals as a part of their improvements. 

 

SAFETY DEFICIENCIES AND COUNTERMEASURES 

 

Treated Sites 

In general, the treated intersections were not properly marked for laneages before their 

improvements.  For example, some legs of the intersections, although 13 meters (43 feet) wide 

were marked with only a centerline. Thus, creating two 6.6 meter (21′-6″) wide lanes.  There 

were also numerous driveways to adjacent commercial developments in close proximity to the 

intersections.  Some of the intersections were experiencing high levels of left-turning traffic, yet 

all the traffic signals were pre-timed two-phase traffic signals.  In most cases, the pavement was 

deteriorating, cracking and had developed potholes.  There were no all-red intervals at the 

treated sites with the exception of a nominal and insufficient all-red interval at the intersection 

of Seven Mile Road and Ryan Road. 

 The countermeasures implemented are as follows: 

• Replacing all signals with standard 30.5 cm (12-inch) diameter signal heads 

• Providing painted exclusive left-turn lanes at all approaches for all three intersections 

• Providing exclusive left-turn phases for Seven Mile Road traffic  at Ryan Road and 

for Seven Mile Road traffic at John R Road  

• Providing a 4- second yellow interval at all intersections and providing 1.8 to 2.0 

seconds of all-red intervals between all conflicting signal intervals 

• Repaving all intersection approaches with asphalt 

• Removing on-street parking 61 meters (200 feet) from the intersection at all 

approaches for all three intersections 



  
  

 

• Replacing all missing and deteriorating signs at all three intersections 

 These countermeasures were targeted towards mitigating total, injury, right-angle and 

left-turn head-on crashes.  Specifically, the implementation of the all-red intervals were to 

mitigate right-angle crashes and the installation of left-turn lanes and/or phases were to alleviate 

left-turn head-on crashes.   

These improvements were made based on “before” improvement crash experience, traffic 

volume data and approach speed data.  In spite of unequal pavement widths at various legs of the 

intersections, no modifications were made to alter the basic pavement widths at any intersection 

in order to keep the improvement costs to a minimum.   

 

TRAFFIC CRASH ANALYSIS 

 

The purpose of this study was to perform a “before” and “after” evaluation in order to determine: 

1. The effectiveness of the safety treatments at the treated sites. 

2. The effect of crash migration in the surrounding area. 

 

Traffic crash data for all seven sites was obtained for two years “before” (1995 and 1996) 

and one year “after” (1998) the improvements were implemented at the treated sites.  One year 

(1997) of crash data was excluded from this analysis because this was the time period when the 

safety treatments were implemented (May 1997 through October 1997) at the treated sites. 

Analyses were performed in order to determine the net effect of traffic crashes for the 

treated sites and the untreated sites.  The traffic crash analyses considered each intersection 

individually as well as a group of sites combined.  The crash data for three treated sites were 

combined to form one group and the other group was formed similarly for the four untreated 

sites.  Table 1 shows the average annual crash experience per location for both groups.   

 

 

 



  
  

 

Table 1.  Annual Average Traffic Crash Experience Per Intersection for the 

Treated and Untreated Groups 
AVERAGE ANNUAL CRASHES AND INJURIES PER 

INTERSECTION 
PEROID CRASHES 

TREATED GROUP OF 
THREE SITES  

UNTREATED GROUP OF 
FOUR SITES 

Total Crashes  59.33 42.50 
Injury Crashes  18.50 13.25 
Right Angle Crashes  21.50 13.0 

BEFORE 

Left-Turn Head-On Crashes  10.17 6.50 
Total Crashes  26.67 40.25 
Injury Crashes  5.67 11.0 
Right Angle Crashes  6.67 10.75 

AFTER  

Left-Turn Head-On Crashes  2.33 5.75 
 

If crashes were to migrate to the surrounding areas after the installation of safety 

measures at the treated sites, one would expect the traffic crashes to decrease at the treated sites 

and increase at the neighboring untreated sites.  A trend of the total crashes per intersection for 

the “before” and “after” period for the treated and untreated groups are shown in Figures 1 and 2, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  “Before” and “After” Crash Data for the Untreated Sites 
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Crash statistics for the city of Detroit and the state of Michigan were analyzed in comparison to 

the treated and untreated groups of sites.  Table 2 presents the total crashes for 1995, 1996 and 

1998. 

 

Table 2. Statewide, Citywide and Study Groups Crash Statistics Comparison 

TOTAL ANNUAL CRASHES  

1995 1996 1998 

State of Michigan 421,073 435,477 403,766 

City of Detroit 51,618 54,567 49,245 

Treated Study Group 60 58 27 

Untreated Study Group 37 48 40 

 

From 1995 to 1996, the state of Michigan and the city of Detroit follow similar trends.  

Michigan’s traffic crash data revealed an increase of 3.4 percent and the city of Detroit also 

experienced an increase in traffic crashes of 5.7 percent.  From 1996 to 1998, the state of 

Michigan and the city of Detroit experienced decreases in total traffic crashes of 3.6 percent per 

year for the state and 4.9 percent per year for the city. 

Figure 2. “Before” and “After” Crash Data for the Treated Sites 
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 For the treated group of intersections the traffic crashes remained almost constant, 

however from 1996 to 1998 experienced a significant crash reduction of 26.7 percent per year or 

53.4 percent in the two year period after the implementation of safety treatments.  However the 

untreated group of intersections followed similar crash patterns as the state and city.    From 

1995 to 1996, the traffic crashes increased and from 1996 to 1998 decreased by 8 percent per 

year. 

The “before” and “after” study performed at the same three treatment sites as a part of 

past research indicated statistically significant reductions of 44 to 57 percent for total crashes and 

53 to 73 percent reductions in injury crashes [5].  The crash data at the untreated sites for the 

“before” and “after” periods are presented in Table 3.  

 

Table 3.   “Before” and “After” Crashes at the Untreated Sites 
AVERAGE ANNUAL CRASHES 

BEFORE AFTER UNTREATED 
INTERSECTIONS Right 

Angle 
Left-Turn 
Head-On 

Injury Total Right 
Angle 

Left-Turn 
Head-On 

Injury Total 

Seven Mile Road and 
Dequindre Road 

 
14 

 
5 

 
13 

 
42 

 
6 

 
3 

 
5 

 
36 

Seven Mile Road and 
Conant Avenue 

 
11.5 

 
5 

 
10.5 

 
37.5 

 
12 

 
6 

 
9 

 
45 

Greenfield Road and 
Puritan Road 

 
8.5 

 
5 

 
12.5 

 
38.5 

 
9 

 
5 

 
11 

 
32 

Schaefer Road and 
Puritan Road 

 
18 

 
11 

 
17 

 
52 

 
16 

 
9 

 
19 

 
48 

 

  Statistical tests were performed for the “before” and “after” periods for the treated and 

untreated sites using the chi-squared test of significance.  This test was used to determine if there 

were statistically significant differences in the crash experiences in the untreated group during 

the “after” period.  The null hypothesis stated that the are no differences between the “before” 

and “after” crash data. The alternative hypothesis stated that the “before” and “after” crash 

frequencies are different. 

Safety treatments implemented at the treatment sites were targeted to reduce total, injury, 

right-angle and left-turn head-on crash types.  Therefore, these crash variables were the only 

ones tested at both the untreated group to assess any migration effects due to crash reductions at 

the treated sites.  An alpha value of 0.05 was used to test the above stated hypothesis for total 

crashes, as well as for injury, right-angle and left-turn head-on crashes for the untreated group.  



  
  

 

At an alpha value of 0.05 and three degrees of freedom, χ2
critical = 7.815 and the calculated χ2 

values were determined for the specific crash variables mentioned earlier.  If χ2
calculated > χ2

critical, 

the null hypothesis is rejected, the alternative hypothesis is supported and a significant difference 

in the “before” and “after” crash frequencies are found. However, if the calculated chi-squared 

value is less than the critical value, then a significant difference is not found in the “before” and 

“after” crash frequencies.  The calculated chi-squared values were less than the critical value for 

all the categories, therefore the null hypothesis is not rejected.  The results of the statistical 

analysis for the untreated group are shown in Table 4.  

 

Table 4.  Results of Statistical Testing (Chi-Squared Test) for the Untreated Group 

CRASH TYPES χχχχ2 CALCULATED 

SIGNIFICANT AT χχχχ2
critical = 

7.815  WITH αααα = 0.05 AND 
THREE DEGREES OF 

FREEDOM* 
Total 3.76 No 
Injury 5.55 No 
Right Angle 4.84 No 
Left-Turn Head-On 1.36 No 

* If χ2
calculated > χ2

critical significant results are found 
 

The results of the statistical analysis for the untreated group indicated that the differences 

in crash frequencies are not significant for total, injury, right-angle, or left-turn head-on crashes.  

This indicates that these crash variables did not change significantly and therefore, there were no 

migration effects from the nearby treatment sites.  

The statistical tests were also performed using the chi-squared test of significance for the 

treated group of intersections indicated significant reductions in traffic crashes for total, injury, 

right-angle and left-turn head-on crashes.  The results of this analysis are presented in Table 5.  

Table 5.  Results of Statistical Testing (Chi-Squared Test) for the Treated Group 

CRASH TYPES χχχχ2 CALCULATED 

SIGNIFICANT AT χχχχ2
critical = 

5.991  WITH αααα = 0.05 AND 
TWO DEGREES OF 

FREEDOM* 
Total 54.96 Yes 
Injury 26.92 Yes 
Right Angle 30.73 Yes 
Left-Turn Head-On 18.33 Yes 

*If χ2
calculated > χ2

critical significant results are found 



  
  

 

CONCLUSIONS  

 

When site-specific safety treatments are implemented at high crash locations that result in traffic 

crash reductions, some researchers believe that the past crash experience migrate to neighboring 

locations.  This traffic crash migration phenomenon is evident by increases in crashes at 

surrounding untreated sites.  However, past research does not provide clear cut results. 

As a part of a public-private partnership project initiated in 1996 in the city of Detroit, 

three high crash intersections were studied and low cost safety treatments were implemented in 

order to reduce traffic crashes.   A “before and after” safety evaluation study at these sites 

revealed that the total crashes and injury crashes were reduced by close to 50 percent.  The 

reduction of right-angle crashes, left-turn head-on, total and injury crashes were also statistically 

significant.  This evaluation study used annual average crashes and injuries using two year’s of 

crash data for the “before” period and one year of crash data for the “after” period. 

Traffic crash analysis for four untreated intersections were also performed using the chi-

squared test. The analyses indicated that the untreated group of intersections indicated no 

significant increase or decrease in total, injury, right-angle or left-turn head-on crashes.  

Therefore, migration effects were not observed for any of the specific crash types and crash 

severity tested for these groups. 

 Based on the effectiveness evaluation of the treated group, the specific safety treatments 

implemented were successful in reducing the targeted crash types.  Specifically, implementing a 

properly designed all-red interval significantly reduced right-angle crashes and installing left-

turn lanes and/or phases at intersection approaches mitigated left-turn head-on crashes.  These 

are specific examples of policy-related modifications that can be adopted by a road agency, with 

minimal cost of implementation and without any crash migration effect. 
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Introduction 
 
Passive restraint systems are systems which restrain and redirect vehicles which leave the 
road. They are used in Germany in accordance with the �Codes of Practice for Passive Road 
Restraint Systems� (Richtlinien für passive Schutzeinrichtungen an Straßen � RPS) [1] and 
are applied in central reserves to divide carriageways and at the edges of roads to protect 
vehicles against coming off the road and colliding with objects in the roadside area. The 
number of areas in which road restraint systems are applied has grown in recent years as they 
have been used to a greater extent at work sites. 
 
Passive road restraint systems such as steel guardrails and concrete crash barriers have been 
used in Germany since the 50s. While other countries, such as the USA, often use concrete 
crash barriers, steel systems are more common in Germany. A targeted development and 
improvement of steel systems took place in Germany in the 60s and 70s. The investigations at 
that time [2], [3] were based on a large number of crash tests. Crash tests are still used today, 
after the opening of the European market, to test the suitability of road restraint systems. The 
requirements which must be met are laid down in European standards. 
 
Every restraint system which is intended to be used on European roads must prove its 
effectiveness according to the specifications in the standards which are becoming binding in 
the Member States of the European Union (EU). The performance characteristics of the 
systems are classified in predefined levels. A fundamental characteristic is the capacity of a 
system to restrain a vehicle; this characteristic is divided into a total of 6 performance levels 
according to the types of colliding vehicle i.e. car, bus or heavy load vehicle, and the effective 
collision energy. 
 
The introduction of these standards is of great consequence for the systems, including those 
currently used in Germany. Classifying the systems in one of the performance levels is the 
basis for laying down at national level the areas in which the various systems may be used. 
 
Goals 
It was the aim of a research project initiated by BASt and the Federal Ministry of Transport, 
Building and Housing to create the basis for classifying the systems using crash tests which 
met the requirements of the standards. The main aim of the project was therefore clear: to test 
whether the standard steel and concrete systems which are most often used in Germany, and 
which conform to the RPS [1], also met the European standard EN 1317-2 "Road restraint 
systems � Part 2: Safety Barriers � Performance Classes, Impact Test, Acceptance criteria and 
Test Methods" [5]. It would then be possible to classify the systems in the specified 
performance levels; this would constitute the precondition for retaining and continuing to use 
the existing systems and for securing the large socio-economic capital which the installed 
restraint systems represent. 
 
The crash tests to prove the suitability of systems involve considerable financial, staff and 
technical expense. For this reason, now as in the past [2], [3], tests are mainly restricted to 
only the standard system constructions. 
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This investigation had also become necessary as the crash tests from the 60s, which were 
carried out for the development of the systems used to date, were not conducted according to 
the test conditions of the European standards. These systems � although they have been used 
and have proved themselves in the German road network over many years � must therefore 
prove their effectiveness once more, with regard to the performance levels mentioned above. 
 
National regulations will have to be adapted to these new requirements in the medium term. 
The timing of the investigation makes it possible to use the results for drawing up national 
regulations such as the new Codes of Practice for Passive Road Restraint Systems (RPS) 
which are currently being revised. The findings will also be able to be incorporated at 
international level into the work of European bodies (CEN) to protect German interests during 
the elaboration of further standards.  
 
It is also intended to use the crash tests to reveal the qualities and any defects of the current 
restraint systems in order to gain a more comprehensive picture of the mode of operation and 
the limits of the systems. 
 
It is also intended that the findings � particularly the negative findings � should be discussed 
at an early stage with competent parties from industry and to be used by the latter as a basis 
for improving systems and making new developments. Defects are to be shown through 
analyses of the behaviour of individual elements of the restraint systems in order to enable 
constructive alterations to be made and, consequently, the above goal to be reached in the 
long term with the altered systems. 
 
Systems are regarded as different in this investigation even if they only differ through post 
intervals or beam profiles. The systems are tested under conditions which correspond to the 
subsequent practical reality. In addition to the rammed standard design steel systems, the 
double spacer guardrail in central reserve crossing areas has been included the investigation; 
this was not previously tested in crash tests. It will therefore be possible to gain fundamental 
knowledge about the mode of operation and the general behaviour and functioning of the 
system from the results. This is particularly significant as there are a large number of crossing 
areas in central reserves on federal motorways. 
 
The EN 1317 European Standards 
 
The CEN (Comité Européen de Normalisation) has been working for some years on the 
elaboration of European standards for passive restraint systems. These standards lay down 
standard requirements for the mode of operation of passive restraint systems during the 
qualification process, i.e. the crash tests; the standards are binding within the European 
market. 
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These standards which are at present drawn up by work group 1 of CEN Technical Committee 
are entitled: �Road Restraint Systems�. They comprise a total of 6 parts: 
• part 1: Terminology and general criteria for test methods; 
• part 2: Safety Barriers � Performance Classes, Impact Test, Acceptance criteria and Test 

Methods; 
• part 3: Crash cushions; Performance classes, impact test acceptance criteria and test 

methods; 
• part 4: Barrier Systems: Terminals and Transitions � Performance classes, impact test 

acceptance criteria and test methods; 
• part 5: Durability and evaluation of conformity; 
• part 6: Pedestrian parapets. 
 
Parts 1 and 2 were introduced in July 1998 and part 3 in May 2000. Drafts exist for the other 
parts; the drafts have been submitted for formal voting. 
 
Part 2 [5] applies for all types of system which are intended to be used as restraint systems 
placed longitudinally along the road. It contains - adapted to different areas of application � 
different levels of requirements with standard conditions for carrying out crash tests on the 
systems to be tested. 
 
Table 1 shows the possible containment levels and the relevant test types with the crash 
configurations. 
 
Table 1: Containment levels and crash configuration in accordance with [5] 
 
Description Containment 

level 
Test type Impact speed 

[km/h] 
Angle of 
impact 
[degrees] 

Total mass of 
the vehicle 
[kg] 

N1 TB 31 80 20 1500 
TB32 110 20 1500 

Normal 
containment 
capacity 

N2 
+ TB 11 100 20 900 
TB 42 70 15 10000 H1 
+TB 11 100 20 900 
TB 51 70 20 13000 H2 
+ TB 11 100 20 900 
TB 61 80 20 16000 

Higher 
containment 
capacity 

H3 
+ TB 11 100 20 900 
TB 71 65 20 30000 
+ TB 11 100 20 900 
TB 81 65 20 38000 

Very high 
containment 
capacity 

H4a 
Or * 
H4b 

+ TB 11 100 20 900 
* Levels H4a and H4b are both valid. 
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Two tests have to be conducted to be classified in a containment level. A test with high 
impact energy, i.e. usually with a heavy load vehicle as the test vehicle, is intended to test the 
maximum containment capacity with the working width (see below) of the system. The 
second test serves to test the ability of the system to restrain and redirect small vehicles 
without placing excessive loads on the occupants. This car control test (TB 11) is valid for all 
levels for which it is required. 
 
The standard lays down not only impact conditions and impact condition tolerances but also 
requirements regarding the behaviour of the system and of the test vehicle. 
 
Most importantly, the system must ensure that the vehicle colliding with it is restrained and 
redirected. No important parts of the system may become detached and it must not break or 
crack. The working width of a system results from adding the maximum dynamic lateral 
displacement to the installation width of the system. The working width is the space which is 
required by the system for the respective performance level without endangering areas located 
behind it (e.g. traffic moving in the other direction). Table 2 shows the 8 possible working 
width levels. 
 
Table 2: Working width levels in accordance with [5] 

Working width levels Size of the working width W 
W 1 W ≤ 0.6 m 
W 2 W ≤ 0.8 m 
W 3 W ≤ 1.0 m 
W 4 W ≤ 1.3 m 
W 5 W ≤ 1.7 m 
W 6 W ≤ 2.1 m 
W 7 W ≤ 2.5 m 
W 8 W ≤ 3.5 m 

 
Rolling, tipping and pitching movements by the vehicle due to the interaction between the 
vehicle and the system are only allowed to a limited extent. 
 
The two parameters Acceleration Severity Index (ASI) [4] and Theoretical Head Impact 
Velocity (THIV) with Post Head Deceleration (PHD) [4] for the impact severity both apply. 
They are determined using accelerations measured along the three spatial axes of the vehicle 
during the impact and using yaw velocity. They allow statements to be made about the 
reaction of systems on the vehicle occupants and serve mainly to allow systems to be 
compared with each other. The parameters do not, however, allow any conclusions to be 
drawn regarding actual injuries, as no bio-mechanical functions exist to date to relate 
laboratory test results to real accidents. For both the parameters, lower values mean that the 
impact is less severe for the occupants. Level A of the impact severity levels shown in table 3 
is therefore the preferred level. 
 
Table 3: Impact severity levels in accordance with [5] 

Impact severity level ASI THIV and PHD 
A 1.0 9 m/s and 20 g 
B 1.4 

 
and 

9 m/s and 20 g 
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In order to keep the number of crash tests as low as possible a system which passes the test for 
one impact level is also regarded as having passed all levels below this. The values recorded 
for the working width and the impact severity from the tests which have been passed also 
apply for the lower levels. The values are not adapted e.g. through extrapolation. 
 
If the construction of systems which have already been tested is changed then the systems 
must be subjected to new crash tests. 
 
The European standards also require restraint systems to have separate tests for all envisaged 
operation conditions, e.g. in the ground, on paved surfaces and on bridges. 
 
The specifications of these test conditions for restraint systems were laid down with a view to 
defining a load test for the systems; they are not so much intended to reflect real accident 
occurrence. This claim is consciously not made by the standard; the tests rather have the 
objective of approving the systems. 
 
Test Programme and Execution 
 
Tests were carried out on the standard designs of the steel systems ESP, EDSP and DDSP and 
on the 81cm-high concrete crash barrier which had a �New Jersey� profile; all of which 
conform to RPS [1] and are used on German roads. Table 4 gives an overview of the 
investigated systems with the containment levels tested in each case. 
 
The test planning was drawn up based on estimation of the performance of the systems being 
tested; this estimation was derived from earlier crash tests. 
 
Table 4: Overview of the test programme 

System Area for use 
under RPS 

Test type under EN 
1317-2 

tested containment level 

ESP 4.0 (B profile) edge of roadway TB 32 + TB 11 N2 
EDSP 2.0 (B profile) edge of roadway 

+ central reserve 
TB 42 + TB 11* H1 

EDSP 1.33 (B profile) edge of roadway 
+ central reserve 

TB 42 + TB 11 
TB 51 

H1 
H2 

DDSP 4.0 (B profile) central reserve TB 42 + TB 11 H1 
DDSP 4.0+ (A 

profile)** 
central reserve TB 42 + TB 11 H1 

DDSP 4.0+ (B 
profile)** 

central reserve TB 42* H1 

DDSP 2.0 (B profile) central reserve TB 42 + TB 11 
TB 51 

H1 
H2 

81 cm-high concrete 
crash barrier with 

�New Jersey� profile 

central reserve TB 51 + TB 11 H2 

* Test carried out under commission to the Studiengesellschaft für Stahlschutzplanken 
(Association for the Study of Steel Guardrails) 
** Interval of spacers 1.33 m  
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The RPS [1] does not differentiate between A profile and B profile beams of steel systems 
with regard to mode of operation and area of use. Systems with B profile beams were used 
almost exclusively in the tests as they are more common. 
 
The length of all the systems used for the tests was 60 m with tapering ends at the beginning 
and end of the system, each measuring an additional 12 m. The only exception was test type 
TB 51 on the DDSP 2.0, for which the system was installed with a length of 80 m due to the 
greater impact energy. The terminals  of the tapered ends were embedded in the ground. The 
concrete crash barrier was installed with a length of 70m. The impact point, in accordance 
with the specifications in [5], was for all tests approximately 1/3 of the way along the system, 
measured without the tapered ends. 
 
Common vehicles from various manufacturers were used as test vehicles. For technical 
reasons it was always the left side of the vehicles which collided with the system. The 
specifications of standards [4], [5] do not differentiate between a collision with the left and 
with the right side of the vehicle as there is no fundamental technical difference between these 
constellations (see fig. 1). 
 

 
Fig. 1: Test vehicle at the impact point before the test (TB 11) on the cast-in-place concrete 

crash barrier 
 
Test Results and Conclusions 
 
The tests with higher impact energies (TB 32, TB 42 and TB 51) are decisive for classifying 
the working width in the containment levels N2, H1 and H2. The car control tests (TB 11) are 
decisive for classifying the impact severity. 
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Steel systems 
 
The ASI and THIV/PHD values were within level A for all steel systems tested. 
 
The ESP 4.0 (B profile) system successfully met the requirements for car containment level 
N2 with a level W5 working width. 
 
The EDSP 2.0 and 1.33 (B profile) systems both successfully met the requirements for 
containment level H1. EDSP 2.0 achieved a working width level of W5 and EDSP 1.33 a 
level of W4. 
 
All three systems can therefore continue to be used, under consideration of the respective 
working width. 
 
The positive result suggested that the EDSP 1.33 (B profile) would also meet the 
requirements for containment level H2. The result of the TB 51 crash test with a 13t bus as 
test vehicle which was subsequently conducted was negative in the sense of the standard 
specifications. The rebound behaviour (box) just failed to meet the specifications. One 
positive aspect was that the vehicle was restrained and redirected by the restraint system. It 
remains open whether this positive part of the result can be used so that, with small 
modifications, the EDSP 1.33 system would be able to pass test type TB 51. 
 
The test analysis indicates that two behavioural patterns are of decisive significance for the 
relatively large angle of rebound. On the one hand the rear end of the bus passes over the 
beam system which means that the angle between the longitudinal axis of the bus and that of 
the system increases. On the other hand the bending sequence of the system showed 
inconstancies towards the end which was due to the greater difficulty in the posts becoming 
detached from the post jaws. Making it easier for the posts to become detached from the 
mechanism could lead firstly to the beam system acting higher up the vehicle so that the rear 
end no longer passed above the beams and secondly to the lateral deflection of the system 
being more constant towards the end. This would possibly restrict the vehicle which is guided 
by the system to a smaller rebound angle which would produce a positive result for the 
rebound criterion. (�box�). 
 
The tests on the DDSP system produced differing results which are studied in detail below. 
 
The DDSP 4.0 (B profile) (construction method used to date) deflected the 10t heavy load 
vehicle in the H1 test but was unable to offer the vehicle sufficient resistance and the heavy 
load vehicle passed right through the system during the rest of the impact sequence. Due to 
this result two more crash tests on slightly modified DDSP 4.0 systems were conducted. In 
both tests the system was equipped with an additional spacer (new name DDSP 4.0+). The 
first test was carried out with A profile beams, the second with B profile beams. Both tests 
were successful so that the modified systems DDSP 4.0+ met the requirements for 
containment level H1 with a W6 working width level (see fig. 2). This means that DDSP 4.0 
systems must be equipped with an additional spacer for future use. 
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              Fig. 2: Scene from the impact sequence on the DDSP 4.0+ (B profile) 

 
It remains open whether, under TL-SP [6], the successful car control test on the DDSP 4.0 (B 
profile) system can be used for the DDSP 4.0+ system with an additional spacer, as part 5 of 
EN 1317 (�Durability, Conformity Procedure and Conformity Certification� ) has not yet 
been passed and it is only at this stage that binding regulations will be made regarding the 
ability to transfer tests. BASt is of the opinion that the successful TB 11 tests on the DDSP 
4.0 (B profile) and the DDSP 4.0+ (A profile) should be able to be transferred to the DDSP 
4.0+ (B profile) system as the test serves mainly to evaluate the impact severity. This severity 
was level A in both the tests conducted so that it can be assumed that the value for the DDSP 
4.0+ (B profile) will also be within level A, particularly as the system has less flectional 
strength than DDSP 4.0+ (A profile). 
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The DDSP 2.0 (B profile) system was to be tested for containment level H2 (13t bus). The 
performance capability of the DDSP 2.0 (B profile) system was estimated based on the results 
of earlier tests , in which the double spacer safety barrier had withstood a collision with the 
parameters of level H2. In the present test the vehicle was deflected by the system but �rode 
up� onto the system, i.e. the vehicle�s left wheels (collision side) passed over the system and 
ended up on top of the system; its centre of gravity did not pass the deflected middle axis of 
the system. This meant that the system just passed the test. 
 
Due to the unsatisfactory test result, a test at the containment level H1, one level lower down, 
was carried out as a control test. This is not necessary under the regulations of the standard [5] 
as higher levels cover lower ones. The test aimed to achieve an unambiguous positive result 
with an definite classification in containment level H1. Contrary to expectations the test was 
similar to the 10t heavy load vehicle test on the DDSP 4.0 (B profile) system. The system 
deflected the vehicle but was unable to offer the vehicle sufficient resistance with the result 
that the heavy load vehicle rode up onto the system during the rest of the impact sequence and 
the heavy load vehicles centre of gravity passed over the deflected system. This meant that the 
system did not meet the requirements of the standard [5] for level H1. Contradictory 
statements can therefore be made regarding the classification of the system based on these 
two tests. 
 
BASt is of the opinion that this behaviour cannot be regarded as satisfactory. Formally it 
would be possible to classify the system as containment level H2, but, in view of the negative 
heavy load vehicle test (TB 42) and with regard to safety, no classification under the 
specifications of the Euro standard should be carried out as the system was at or even beyond 
its limits. 
 
Apart from discontinuing to use the DDSP 2.0 (B profile) system and it consequently being 
necessary to replace the existing systems, considerations could be made on whether the 
system could be modified by changing from B profile to A profile because of the greater 
torsional rigidity of the A profile and by installing two additional spacers. This would make it 
necessary to carry out new crash tests and would mean considerable expense for adapting the 
existing systems. 
 
The following fundamental behavioural patterns were observed in the tests on steel systems: 
• the longitudinal forces acting in the system during the collision, most of which must be 

absorbed by the beams and their linking joints, were absorbed well by these parts of the 
system in all tests. They were not the cause for the system failing the tests; 

• it was clearly seen that the posts of  the systems with dividers or spacers become detached 
from the post jaws only with great difficulty. One of the reasons for this is the torque 
which is used to mount the M10 bolts and the large degree of friction between jaw and 
post. It is far higher than the torque required for these bolts; 

• the stability of the joint between the spacers and both the front and rear beams is not 
sufficient in the standard DDSP to achieve the desired support from the ground. This 
means that the systems are not able to offer the colliding vehicle sufficient resistance. They 
can be pressed down and driven over by the vehicle when the wheels are able to hit the rear 
beam which is on the ground. This mechanism is heavily influenced by the construction of 
the vehicle. The danger of the system exhibiting this behaviour is particularly acute when 
the colliding vehicle has large and exposed (i.e. not protected to a significant extent by the 
vehicle body) wheels (see fig. 3). 
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          Fig. 3: test vehicle (10t heavy load vehicle) at the impact point before the test 

(Photograph: G. Lukas; BASt) 
 
Concrete Systems 
The first crash test to be carried out in Germany with a heavy load vehicle against a concrete 
crash barrier - manufactured using the slipform construction method - was a success. The 81 
cm-high concrete crash barrier which had a �New Jersey� profile can be classified as 
containment level H2. The impact severity measured in the TB 11 control test was above level 
B. This means, with regard to using the system, that concrete crash barriers, pursuant to the 
European standard EN 1317-2 [5], may only be used �at specific hazardous locations where 
the containment of an errant vehicle (such as heavy goods vehicle) is the prime 
consideration...�. It is the duty of the national regulations to define which points or areas can 
be classified as particularly dangerous. This has not yet been laid down definitively in 
Germany. 
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Table 5 gives a summary of the most important results of the crash tests against steel 
guardrails and concrete crash barriers. 
 
Table 5: summary of the results of the crash tests on rammed steel guardrails and concrete 
crash barriers 
Construction Containment 

level 
impact 
severity 
ASI and 

THIV values 

dynamic 
lateral 

displacement 

Working 
width level 

Comment Result 

ESP 4.0 
B profile 

N2 A 
0.8 | 3.9 m/s 

144 cm W5 � passed 

EDSP 2.0 
B profile 

H1 A 
1.0 | 5.3 m/s 

115 cm W5 � passed 

EDSP 1.33 
B profile 

H2 A 
0.8 | 6.0 m/s 

175 cm � � failed 

EDSP 1.33 
B profile  

H1 A 
0.8 | 6.0 m/s 

72 cm W4 � passed 

DDSP 4.0 
B profile 

H1 A 
0.5 | 4.5 m/s 

� � passed over 
system 

failed 

DDSP 4.0+ 
A profile 

H1 A 
0.6 | 5.5 m/s 

110 cm W 6 additional 
spacers  

passed 

DDSP 4.0+ 
B profile 

H1 A 
0.5 | 4.5 m/s 

120 cm W 6 additional 
spacers 

passed 

DDSP 2.0 
B profile 

H2 A 
0.5 | 5.8 m/s 

131 cm W 7 �rode up onto 
system�; 

conformed to 
standard 

passed 

DDSP 2.0 
B profile 

H1 A 
0.5 | 5.8 m/s 

   failed 

Concrete 
barrier; 81 
cm; „N J“ 

profile 

H2 > B 
0.5 | 5.8 m/s 

4 cm W2  passed 

 
Summary and Prospects 
 
On account of the ongoing European harmonisation, which is also evident in the field of 
passive restraint systems, the restraint systems most commonly used in Germany, which 
conform to the RPS [1], were investigated in a series of crash tests so that a report on the 
effectiveness of the systems tested was available at an early stage. The main aim was to 
qualify the systems under the requirements of the already existing European standards EN 
1317-1/2 [4], [5] and, connected with this, to be able to continue to use the systems without 
limitation. A total of 17 crash tests with cars, lorries and buses as test vehicles were carried 
out on a 81 cm high cast-in-place concrete crash barrier with a �New Jersey� profile and on 
five steel systems. 
 
The ESP 4.0 (B profile), EDSP 2.0 (B profile) and EDSP 1.33 (B profile) steel systems meet 
the performance level required under EN 1317-2 [5]. If the new regulations pertaining to 
vehicle restraint system use, which are currently being elaborated, do not specify any higher 
containment levels than those applicable to date, these systems can continue to be used under 
consideration of their respective working width. The 81 cm-high concrete crash barrier with 
the �New Jersey� profile was also able to meet, as expected, the level H2 containment 
capacity. The impact severity, however, exceeded level B so that this system is only to be 
used at points where preventing the injury of third parties, e.g. through avoiding penetration 
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of central reserves, is of priority, and if systems of equivalent performance levels with more 
favourable impact severity are not available. 
 
Despite the fact that the DDSP 2.0 system passed the TB 51 test (H2) and could theoretically 
therefore be classified as having an H2 containment level, both this test result and the failure 
in test TB 42 to achieve the H1 containment level were not satisfactory. For safety reasons, 
use of the DDSP 2.0 (B profile) should be discontinued. The tests do not as a whole show any 
significantly better performance of the DDSP 2.0 compared with the DDSP 4.0+. In order to 
make significant progress with systems with double spacers, consideration should be given to 
the DDSP 1.33 which has not so far been included in the regulations. 
 
The investigation has shown that the one-sided systems function better overall than the two-
sided systems. Aligning two of these systems next to each other could therefore be an 
alternative to two-sided systems. If they are used in central reserves, they are for example also 
advantageous if there is a difference in height between the carriageways. The construction 
height, which is of great significance for ensuring that the system functions properly, can then 
be adapted individually to the respective carriageway. Further advantages are that repairs and 
maintenance measures can be carried out without disrupting the other carriageway. 
Additionally the second system provides a certain reserve in safety as the rear of the second 
system can be regarded as a further separate restraint system, should the first system be 
passed over by a vehicle. This applies if the systems are installed at a distance of more than 50 
cm from one another. If the distance is smaller the rear side of the second system can serve as 
support for the first system (similarly to the guard rail on bridges when EDSP is used, cf. RPS 
[1] fig. 56). The size of these respective reserves in safety is difficult to estimate. In order to 
make a scientifically sound statement the behaviour of the rear side of systems would have to 
be tested in further crash tests. If required the system could be adapted to the different 
conditions. This would however result in the system having to be retested regarding its 
original function, the �normal� impact with the front side. If this approach were pursued it 
would be meaningful to also investigate the EDSP 4.0 system which is currently being 
developed.  It has economic advantages over the EDSP 2.0 and the EDSP 1.33 systems. 
 
Crash tests are important for investigating the modes of operation and effect of restraint 
systems, particularly newly-developed systems. Given the same prerequisites, they also 
enable comparisons to be made between different systems. The tests portrayed here with the 
relevant crash constellations constitute critical load cases. This is initially sufficient to bring 
the system onto the market. The crash tests are of limited significance when the behaviour of 
the systems in accident occurrence i.e. in operation is also considered. The qualification tests 
should therefore not lead solely to a general and exclusive characterisation of a system. 
Accident investigations show from time to time behavioural patterns of systems or vehicles 
which were not observed in crash tests. It is questionable as to which procedure better depicts 
the overall nature of this area. This is an open question which must be kept in mind in order to 
see which procedure is more expedient for enabling safety to be improved through altering 
systems or developing new systems. The parameters, such as alignment, soil conditions, 
cross-section location, type and condition of the vehicle, driver behaviour and crash 
parameters, which are specified by the local conditions, are of decisive influence in this 
regard. 
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Figures 
 
Fig. 1: Test vehicle at the impact point before the test (TB 11) on the cast-in-place 
concrete crash barrier 
 
 
Fig. 2: Scene from the impact sequence on the DDSP 4.0+ (B profile) 
 
 
Fig. 3: Test vehicle (10t heavy load vehicle) at the impact point before the test 
(Photograph: G. Lukas; BASt) 
 



COMPREHENSIVE EVALUATION OF AN 

ADVANCE BRAKE WARNING SYSTEM 
 

David Shinar, Ben Gurion University of the Negev, Beer Sheva, Israel 

 

Three studies evaluated the potential risks and benefits of an advance brake warning system 
(ABWS). The system is based on a sensor attached to the accelerator that sends a signal to the 
brake light whenever the accelerator is released in a sudden manner (0.3 m/s - typical of 
emergency braking). The signal turns the brake lights on for 1.0 second. If during that time the 
driver actually brakes, then the following driver perceives a continuous brake light that comes on 
approximately 0.2 s before the brakes are actually applied (equivalent to the time it takes to move 
the foot from the accelerator pedal to the brake pedal). If the driver does not brake, then the brake 
light goes off within 1.0 s (essentially signaling a false alarm). The first study, a field study, 
showed that the ABWS has a false alarm rate of 25% and that, in general such emergency 
braking actions are relatively rare. The second study evaluated the additional time that would be 
provided to the following driver when the brake lights of the car ahead are activated by the 
ABWS. In a laboratory study, subjects braked in a simulator in response to the onset of the brake 
lights of the car ahead. The results showed that the critical movement time from the accelerator 
to the brake pedal (i.e., the added time that a following driver would have to respond) is 
approximately 0.2 s, and it is not greatly influenced by the level of expectancy. The third study 
was a computer-based Monte Carlo simulation that evaluated the likelihood of crash prevention 
due to ABWS under different conditions of speed, road conditions, and headway distances. The 
results showed that the ABWS should be very effective whenever the headway is under 1.5 
seconds. This was true especially under dry road conditions, and regardless of the driving speed. 
The final study was a fleet study with nearly 400 matched pairs of vehicles – with and without 
the ABWS - that were tracked for an average of 3 years. The fleet study failed to find a 
statistically significant benefit of the ABWS. In conclusion, while the ABWS does not 
compromise safety, its benefits in real world driving are sufficiently small that its incorporation 
into the vehicle brake-communication system is questionable. 

 

 

KEYWORDS: Advance Brake Warning, Driving Headway, Brake Reaction Time 



OMPREHENSIVE EVALUATION OF AN ADVANCE BRAKE WARNING SYSTEM 

 

 INTRODUCTION 

In highly motorized countries, rear end collisions typically constitute approximately one 
quarter of all crashes (National Highway Traffic Safety Administration, 1999). Some efforts 
directed at reducing these crashes, have focused means to reduce the brake reaction time of 
following drivers in response to the braking of lead drivers. One approach that relies on shorter 
perception reaction time of the following drivers to the brake lights of the lead driver is the 
Center High Mounted Stop Lamp (CHMSL). Three independent early fleet studies conducted in 
the U.S. showed that the CHMSL reduces 'relevant' rear-end collisions by 50 percent (c.f. Evans, 
1991). Evaluations conducted after it installation was required in all passenger cars sold in the 
U.S. reaffirmed the effectiveness of the CHMSL but with lower estimates of crashes prevented 
(Farmer, 1996). Other studies have shown that the probability of braking in response to braking 
by CHMSL-equipped vehicles is higher (Sivak, Post, and Olson, 1981), and brake reaction time 
to such vehicles is shorter (McKnight and Shinar, 1992) than to vehicles with standard brake 
lights. 

A different approach is to reduce the lag between the lead driver's decision to brake and 
the onset of his/her vehicle's brake lights; especially in emergency braking situations. The 
Advance Brake Warning System (ABWS) constitutes evaluated in this study is based on such an 
approach. 

The ABWS evaluated here consisted of a sensor that is mounted on the gas-pedal rod. 
Whenever that pedal is released abruptly (so that it moves at a speed of 0.3 m/s or more), the 
brake lights are activated for a duration of 1.0 second. If the driver presses the brake pedal during 
that 1.0 second interval, the brake lights remain on until the brake pedal is released; otherwise, 
the brake lights go off after 1.0 second.   

Two evaluate the effectiveness of the ABWS three studies were conducted. All of these 
studies are reported in more details elsewhere. The first was a field study aimed at assessing the 
prevalence of false alarms: activation of the brake lights by the ABWS without the contingent 
actual activation of the brakes (Shinar, 1995). A low false alarm rate is a necessary condition of 
the implementation of the ABWS, since frequent false alarms would dilute the effects of brake 
lights. The second study was a digital simulation study that was designed to provide probability 
estimates for the rear end collisions under various circumstances including different speeds, 
different weather conditions, and different alertness levels (Shinar, Rotenberg, and Cohen, 1997). 
The final study was a fleet study in which the crash involvement of close to 400 matched pairs of 
vehicles (with and without the ABWS) was tracked over a period of nearly three years (Shinar, 
2000). The purpose of this study was to estimate the expected benefit of the ABWS under real-
world driving conditions. 

 

 



 

STUDY I – Field study of false alarms generated by the ABWS (Shinar, 1995) 

For the ABS to be effective it must satisfy two conditions: 

1. A necessary condition that its installation will not in any way compromise traffic safety 
relative to the present brake light systems and codes. If this condition cannot be met, than its 
installation should be prohibited. 

2. A sufficient condition that its installation should improve traffic safety through a significant 
reduction of rear-end accidents, relative to present brake light systems and codes. If this 
condition can be satisfied, then depending on the cost/benefit estimates, its use should be 
encouraged or even considered as a mandatory standard. 

 This study addressed the necessary condition: is there an inherent safety problem in the 
use of the ABW? The potential source for this kind of problem is known as the 'false alarm 
problem': an excessive rate of activations of the brake lights in response to the ABW sensor 
without the expected contingent braking behavior. In a previous evaluation of an earlier version 
of this ABWS, Olson (1988) reported in 28% of the times that the brake light was activated by 
the ABWS, the driver did not follow the accelerator pedal release with a braking action. 
However, Olson’s study was done on an earlier version of the ABWS, on a much smaller scale, 
and in an artificial driving situation.  

 

 METHOD 

 ABWS units and counters were installed in 6 vehicles: two passenger cars with automatic 
transmission, two with manual transmission, and two pickup trucks with manual transmission. 
The vehicles were part of a car pool in a communal settlement (a kibbutz), and their users were 
all licensed members of that commune. They were not aware of the study or of the presence of 
the ABWS. There were a total of 743 trips made, averaging 83 kilometers per trip.  

 A hidden electronic event recorder recorded the following five types of events: 1. Total 
number of braking actions; i.e., each time the driver brakes for any duration. 2. Total number of 
ABW activations. 3. Number of braking actions whose duration is < 1.0 s. 4. Number of ABWS 
activations followed by braking within 1.0 s. (i.e., emergency braking) 5. Number of ABWS 
activations followed by brief braking (< 1.0 s. duration) within 1.0 s.  

 

 RESULTS AND DISCUSSION 

 In total, the six vehicles were driven 61,668 km, and generated 95,394 brake applications, 
of which 820 - or 0.9 percent - were abrupt enough to activate the ABWS. While brake 
applications were quite frequent, occurring on the average of 1,547 times per 1000 Km, the rate 
of emergency braking that activate the ABW system was only 13.3 per 1000 km, and they 
constituted less than one percent (0.86%) of all brake applications. In contrast, brief braking 
actions - whether preceded by the ABW light or not – were fairly common, consisting of 



approximately ten percent (10.82%)  

 

 The total number of brake applications and number of brief brakes (<1.0 sec) applications 
correlated highly with kilometers driven; r=0.96 and r=0.89, respectively. In contrast, the 
correlation between kilometers driven and emergency braking (as indicated by the combination 
of the ABWS+brakes activation), was only 0.34 (not significant at p<.05). Furthermore, the 
correlation between total braking actions and emergency braking actions also failed to reach 
statistical significance at r=0.34. Thus, emergency braking seems to be relatively infrequent, 
quite unpredictable, and not significantly related to kilometers driven. This in fact is what makes 
it characteristic of 'emergency braking' behavior. It is more likely that the abrupt braking typified 
by the combined activation of the ABWS and the brakes is due to a combination of extreme 
traffic situations and possible individual differences in braking styles. The role of individual 
differences in braking style and its contribution to rear end collisions has been demonstrated by 
Babarik  

 There were no significant differences between vehicle types, and so the ABWS was 
equally applicable to large and small cars, with manual and automatic transmission.  

 

Fel! Bokmärket är inte definierat.Table 1. Rates of Appropriate and Inappropriate Advance 
Brake Warning Activations. 

Vehicle False 

Alarms per all 
ABWS 

Brief <1s 

Brakes per 
Total Brakes 

FA per brief 
<1s brakes  

 

Emergency 
Brakes per all 
Brakes  

ABWS w/o 
brakes per 
all 
Brakes<1s 

Pass. Aut1  0.136  0.111  0.004   0.003  0.006 

Pass. Aut2  0.191  0.115  0.030   0.015  0.013 

Pass. Man1  0.277  0.093  0.046   0.011  0.011 

Pass. Man2  0.154  0.096  0.003   0.001  0.001 

Pickup1  0.268  0.110  0.032   0.010  0.003 

Pickup2  0.490  0.125  0.041   0.005  0.014 

Average  0.233  0.108  0.024   0.009  0.009 

 

 The average false Alarm rate was 0.23, and the range for the six vehicles was from 0.14 
to 0.49.  The rates of different measures are summarized in Table 1. The decision as to what 
constitutes a low, adequate, tolerable, or high false alarm rate, is not inherent to the rate itself, but 



must be derived from other considerations. The primary consideration seems to be a cost/benefit 
issue of whether the benefit of the correct ABWS activations offset the potential danger of the 
false alarms. The assumption that false alarms are dangerous stems from the notion that a "high" 
rate would cause a following driver some indecision as to whether to wait a little in order to 
decide whether the brake light that has come on is a true braking or just a false alarm. One 
relevant measure for consideration here is the rate of real brief braking actions; ones that turn on 
the brake lights for less than one second. In our study this rate was 167 per 1000 kilometers, or 
10.8 percent of all brake applications. In Olson's study, though based on much less exposure the 
rate was higher, reaching 44.6 percent. Thus, from both studies it appears that brief braking 
actions are quite common. Relative to this frequency the false alarm rate is negligible: 
approximately one in 50, or 2.4%. Consequently, the rare occurrence of a false alarm would not 
be noticeable among the many brief brakes already existing in traffic. 

 

STUDY II: Digital Simulation of the ABWS Potential Benefits (Shinar, Rotenberg and Tal., 1997) 

 In the present study we used a digital simulation to demonstrate the expected savings in 
frequency and severity of rear-end crashes, given travel speeds typical on different U.S. highways 
(Godwin, 1992), different roadway conditions (dry, wet, and icy), different inter-vehicle 
headways (from 0.5 to 2.0 seconds), and different levels of driver expectancy. Since the actual 
numbers of miles driven under each unique combination of vehicle separations, speeds, roadway 
conditions, and level of driver expectancy, are not known, the simulation was designed to 
provide separate estimates for each of the studied conditions.  

 The simulation used empirically derived distributions of driver perception reaction time 
for the estimated time from appearance of an obstacle, and empirically derived distributions of 
brake movement time (the time potentially saved by the ABWS); both from field studies by 
Olson and Sivak (1986). To nullify the effects of increased alertness - that is typical in an 
experimental study - we made further adjustments to that data with a multiplicative coefficient 
empirically derived from field studies by Johansson and Rumar (1971). 

 

 METHOD 

 A digital simulation program was written to evaluate the ABWS effectiveness. The 
simulation assumed that two vehicles are moving at the same speed in the same direction. When 
- in response to an emergency situation - the lead driver brakes hard, the car brakes lock and a 
skidding stop is initiated. The following driver, in response to the onset of the brake lights of the 
lead car, brakes equally hard to a skidding stop (or collision). When the lead vehicle is equipped 
with an ABWS, its brake lights come on as soon as the gas pedal is released. When the lead 
vehicle is not equipped with ABWS, its brake lights come on only once the brake pedal is 
engaged. The difference between the two is in the movement time from the gas to the brake 
pedal. 

 Standard time-distance-speed functions, characteristic of crash reconstruction calculations 
were applied to both vehicles to calculate distance traveled by time T from moment of maximum 



braking, speed at time T, distance traveled to complete stop, and crash severity (defined as 
impact speed). 

 The independent variables - factors that could affect the likelihood of collision - included 
in the simulation were: 

1. Vehicle speeds prior to braking. We used speed distributions obtained in a 1988 survey of 
speeds on two types of U.S. roads (Godwin, 1992): (a) Rural 2-lane roads with 55 mph speed 
limit, where the average speed was 95.4 km/h, sd=11.0 km/h, and (b) Interstate freeways shortly 
after the speed limit was increased to 65 mph, where the average speed was 101.1 km/h, sd= 9.9 
km/h. 

2. Inter-vehicle headway. Since empirical studies and roadside surveys have shown that most 
drivers maintain headways less than 2.0 seconds (Evans and Wasielewski, 1982; Rockwell, 
1972; Postans and Wilson, 983), we chose headways of 0.5, 0.75, 1.0, 1.5, and 2.0 seconds for 
the simulation. 

3. Expectancy and brake response time. Since the total brake response time is the sum of the 
perception reaction time and the brake movement time, the simulation sampled these two 
component times from empirical distributions of these times obtained in a field study by Olson 
and Sivak (1986). Since they also obtained differences in response time between expected and 
unexpected obstacles, we used different distributions for each and further added a correction 
factor for alertness derived by Johansson and Rumar (1971) of 1.35.  

4. Brake lag time of the vehicles. Braking systems’ lags from 0.07 to 0.15 seconds (TAAR, 
1990), and we assumed that the lag times are normally distributed between these limits. 

5. Roadway/tire coefficient of friction. We evaluated the ABWS on dry roads (cf=0.7g), wet 
roads (cf=0.25g), and icy roads (cf=0.1g). 

 Two dependent measures of ABWS effectiveness were used: (1) number of crashes 
prevented with vs without the ABWS under identical conditions, and (2) average crash severity, 
in terms of average dV, with vs without the ABWS. Since in some conditions, on some of the 
trials the collision was avoided, crash severity on those trials was 0. Consequently, the more 
collisions prevented, the lower the average severity. Thus, average crash severity is based on all 
incidents, and not only those ending in rear-end collisions.   

 There were 120 different combinations of vehicle speeds for the two types of roads (2) X 
headways between the two vehicles (5) X expectancy/alertness levels of the following driver (2) 
X coefficients of friction between the road and the tires (3) X the presence/absence of ABWS on 
the lead vehicle (2). Sixty trials of the simulation were conducted on each of these combinations. 
Each trial consisted of randomly sampled values of perception reaction time, brake movement 
time, and brake system lag, from their respective distributions. In all, the data base consisted of 
7,200 simulation trials. 

 

 RESULTS AND DISCUSSION 

 The initial analysis of all 7,200 runs, showed that with inter-vehicle headway intervals of 



1.5 and 2.0 seconds all collisions were prevented - regardless of the presence or absence of an 
ABWS. Thus, assuming the following driver is looking at the car ahead when its brakes are 
applied, he/she has such a safety margin that the ABWS does not add any marginal safety 
benefits. Therefore the more detailed analyses involved only the 4,320 trials conducted with gaps 
of 0.5, 0.75, and 1.0 seconds. 

 Across all conditions, with the variables and levels examined here, the ABWS prevented 
82% of all rear end collisions with vehicle headways of 1.0 seconds or less. In contrast, in the 
absence of ABWS only 27% of the crashes were prevented; indicating that under these situations 
a driver is 3.0 times as likely to avoid an crash with an ABWS than without one (odds ratio = 
3.03).  

 To examine the interactions of ABWS with the other variables we conducted Chi Square 
analyses. Alertness and vehicle headway interacted strongly with the presence or absence of the 
ABWS, while the road condition (coefficient of friction) and the road type (vehicle speed) did 
not. highways). 

 The unexpected lack of effect of the coefficient of friction is because it affects both 
vehicles equally. A situation that is very different from the case of a single car crash. Thus, 
although the braking of the following vehicle is less effective on a wet or icy road, the lead 
vehicle is also braking less effectively and consequently the separation between them remains 
similar across all three conditions. 

 Driver alertness interacted significantly with the ABWS. The ABWS was more beneficial 
to an unalert driver than to an alert one. Table 2 shows that without the ABWS, unalert drivers 
would not have prevented any of the crashes with an inter-vehicle gap of 1.0 seconds or less, 
while an alert driver could avoid 55% of these crashes. However, an alert driver with the ABWS 
would be expected to avoid all the rear-end crashes. 

 

Table 2: Percent of Rear-end Crashes Prevented as a Function of ABWS and Driver Alertness 

Fel! 
Bokmärket 

är inte 
definierat.Al

ertness 

With ABWS Without ABWS Total 

Unalert 64 0 32 

Alert 100 55 77 

Total 82 27 55 

Chi Square = 323.75, p<.001. No of simulation runs in each cell = 1080. Total  = 4320. 

 

 Vehicle headway had a most significant interaction with ABWS. As expected and as can 



be seen from Table 3, with or without ABWS, the greater the headway, the greater the percent of 
crashes prevented. The ABWS' advantage increases as the headway  decreases. With a headway 
of 0.5 seconds, in the absence of an ABWS none of the crashes were prevented; whereas with an 
ABWS even with such short headways 50% of the crashes were prevented. With a headway of 
1.0 seconds the ABWS reaches maximum effectiveness (preventing all crashes), while in its 
absence 50% of the crashes still occur. 

 



 

Table 3: Percent of Rear-end Crashes Prevented as a Function of ABWS and Vehicle Headway 

Headway With ABWS Without ABWS Total 

0.5  Seconds 50 0 25 

0.75 Seconds 95 32 64 

1.0  Seconds 100 50 75 

Total 82 27 73 

Chi Square = 159.87, p<.001. No of simulation runs in each cell = 720. Total  = 4320. 

 Because it is a continuous measure, severity is a much more sensitive indicator of the 
ABWS' effectiveness than 'crashes prevented'. A 5-way analysis of variance all main effects 
except road type were significant at p<.001. The ABWS had two-way significant interactions 
with driver alertness, road-tire coefficient of friction, and the inter-vehicle headway, as well as all 
three-way interactions with these variables. These interactions showed that:  

1. Crash severity increases with increasing coefficient of friction, thus it is greater on dry roads 
than on slippery roads.  

2. With ABWS on the lead car, an alert following driver has an average crash severity of 0.00 
under all road conditions, because all the rear-end crashes are avoided.  

3. For an unalert driver, crash severity is 4.0-4.5 times as high without the benefit of ABWS on 
the lead vehicle as with it.   

4. An alert driver benefiting from an ABWS can avoid all crashes even when the headway is 
reduced to 0.5 seconds. 

5. The greatest benefits of the ABWS are for unalert drivers maintaining inter-vehicle separation 
of 0.75-1.00 seconds. In these cases the difference in vehicle severity is over 3 km/h. 

6. Crash severity increases with increasing coefficient of friction and with decreasing headway, 
so that the benefit of the ABWS increases the most as the headway decreases on a dry road; and 
increases the least as the headway decreases on an icy road. The maximum decrease in severity 
with the ABWS - on a dry road, with headways of 0.5-1.0 seconds – was by an average of 4 
km/h. 

 

STUDY III: Fleet study of crash involvement with and without ABWS (Shinar, 2000) 

The results of the simulation pointed to the clear-cut benefits of the ABWS whenever the 
driver of a lead vehicle brakes abruptly and the inter-vehicle is less than 1.0s. However, to obtain 
these benefits it was assumed that: (1) at the moment of braking, the two vehicles are traveling at 
the same speed, (2) the following driver is actually directing his look at the lead vehicle's brake 
lights at the time of their onset, and (3) the following driver's response is to brake as soon as 



he/she perceives the brake lights. Unfortunately there are no data to indicate the joint probability 
of these events, relative to all events with rear-end collisions. Furthermore, we do not know the 
prevalence of headways <1. 0 s, and we do not know how often the drivers in rear-end collisions 
were distracted so that they were not even looking in the direction of the car ahead. Thus, the 
savings potentials in crash severity and occurrence under real world conditions remain to be 
evaluated. The purpose of this study was to provide an estimate of the ABWS benefits under real 
world driving conditions.  

In this study 764 government vehicles were tracked over an average period of nearly three 
years. Half the vehicles in the study were equipped with ABWS, and a matched half were not 
equipped with ABWS. The objective of the study was to determine whether ABWS-equipped 
vehicles are involved in significantly fewer relevant rear-end collisions in which they were struck 
from behind; and if they are, then what is the magnitude of the reduction in rear-end crash risk. 

 .  

 METHOD 

The ABWS was installed in 382 vehicles that constituted the ABWS (treatment) group. A 
matched (in terms of make, model, government agency) group of 382 vehicles without the 
ABWS made up the control group. Ninety eight percent of all vehicles were 1991-1995 models. 
Most vehicles were passenger cars, but there were a few small pickup trucks. The drivers were all 
male government employees, of unknown age (though all were 21 years old or older). 

Tracking of crash data was conducted by the Ministry of Transport. Data collection lasted 
for over three years and the total exposure at the end of the study was 2,188 vehicle-years, with 
an average of 34.97 months per vehicle. Because some vehicles dropped out of the study before 
its termination, the average exposure for the treatment and the control groups differed slightly 
(34.99 and 34.94 months, respectively), but not significantly (t=0.06, p=0.95). 

For each vehicle the total number of crashes, and the number of rear-end crashes in which 
it was struck, were obtained. Rear-end crashes were further classified into relevant and irrelevant 
crashes. Relevant crashes were those in which the government vehicle was struck from behind 
while braking or immediately after braking. Irrelevant crashes were those in which (1) the 
government vehicle was already stopped for a while, or (2)  the government driver decelerated or 
braked gradually rather than abruptly, or (3) the striking driver testified that he/she failed notice 
the stopping or stopped vehicle ahead. Because the level of detail varied greatly among reports, 
and because ‘relevance’ was a subjective decision, each case was evaluated independently by 
four researchers who were ‘blind’ as to whether a vehicle had an ABWS or not. A collision was 
considered relevant if at least three of the four judges agreed that it was. 

 

 RESULTS AND DISCUSSION 

There were a total of 142 rear-end collisions, and in all of them the behavior of the 
striking driver was coded in the accident report as "not keeping a safe distance." In contrast, the 
struck government driver was not cited for any violation in 96% of the rear-end crashes. 
Visibility was listed as “optimal” in 90 percent of the rear-end crashes. Only 22 of the crashes 



(15%) were injury crashes, and of these 12 collisions had one ‘slight’ injury only. Consequently 
an analysis of the effects of the ABWS on injuries or injury crashes, or as a function of visibility 
could not be made.  

The total distance traveled by the ABWS vehicles was 44.63 million km and total 
distance traveled by the control vehicles was 42.75 million kilometers. Average distance traveled 
per vehicle was 118.7 thousand km for the ABWS cars, and 114.0 thousand km for the control 
group cars. This difference was not statistically significant (t=1.15, p=.25). A total of 1,722 
crashes of all types were recorded for all 764 vehicles: 849 for the ABWS vehicles and 873 for 
the control vehicles. A Chi Square analysis of the crash frequencies (0-1, 2-4, 5+) of the two 
groups showed that they were not significantly different (Chi Square = 0.033, p=.98). 

The average distance traveled and the average time-in-study per collision was essentially 
the same for the two groups (t=1.64, p=0.104), but the ABWS vehicles traveled more, with an 
average difference of 31 thousand km (t = 2.94, p=0.004).  

The central focus of this study was to test whether the ABWS-equipped vehicles were 
involved in fewer rear-end collisions than the vehicles without ABWS. This was assessed for all 
rear-end collisions, and for relevant rear-end collisions. First, looking at all rear-end collisions, 
the ABWS group was involved in a total of 75 such crashes and drove a total of 44.63 million 
kilometers, while the control group was involved in 67 crashes and drove a total of 42.75 million 
 kilometers.  When the absolute number of crashes was adjusted for the exposure of each group, 
the difference between the groups essentially disappeared: 1.7 vs. 1.6 rear-end collisions per 
million km of travel, respectively.  

For a more detailed evaluation of the ABWS, all rear-end collisions were classified as 
either relevant or irrelevant. Relevant rear-end collisions constitute less than one third of all rear-
end collisions (Fisher’s exact test p=0.36). The difference between the groups in the absolute 
number of relevant collisions was negligible (19 vs. 22 for the ABWS and control groups, 
respectively). When adjusted for exposure in terms of km of travel, the involvement rate of the 
ABWS group was slightly lower: 0.43 relevant collisions per million km of travel versus 0.51 
relevant collisions per million km of travel for the control group. However, this difference was 
not significant (Z=-0.51). 

 

 CONCLUSIONS AND RECOMMENDATIONS 

The three evaluation studies show that: 1. The ABWS does not compromise safety. The 
rate and the actual frequency of false alarms is very low, either in comparison to the total number 
of braking actions, or in comparison to the number of brief (less than 1.0 second) braking actions, 
or in comparison to the miles driven (Shinar, 1995). 2.  The ABWS is most effective under dry 
road conditions, at all speeds, when the headways are 1.0 second or less, and the following driver 
is attentive to the vehicle ahead (Shinar, Rotenberg, and Cohen, 1997). 3. Under real-world 
driving conditions, the ABWS has only a marginal benefit in reducing the rate of rear-end 
collisions (Shinar, 2000). The effect is probably small because the conditions in which the 
ABWS is most effective are probably rare: requiring a combination of emergency braking with a 
close following and an attentive driver. Thus, despite the theoretical appeal and the results of the 



first two evaluation studies, the fleet study suggests that the ABWS may not be a cost/effective 
safety device for the prevention of rear-end crashes. 
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In the United States, the application of Road Safety Audit (RSA) techniques are 
in their infancy when compared to current practices in Australia, New Zealand, 
and many other countries.  However, within the past two years the Federal 
Highway Administration (FHWA), some local and state governments, and the 
Institute of Transportation Engineers have undertaken actions to promote the use 
of Road Safety Audits as part of an agency’s comprehensive safety program.  
The objective of this paper is to summarize recent activities to advance of the 
use of Road Safety Audits by state governments, specifically for use at the 
design stage of project development.  This summary is intended to serve as a 
guide for other countries evaluating the implementation of an RSA program.  The 
paper highlights the development and presentation of an initial two-day pilot 
workshop designed to advance U.S. state departments of transportation (DOTs) 
knowledge and use of RSA concepts.  To encourage states to integrate RSA 
practices in their safety programs, the workshop focuses on design stage audits.  
The heart of the workshop is a practical “hands-on” case study exercise, which 
examines many facets of conducting an RSA.  One issue discussed in-depth is 
the tort liability implications of an RSA.  The experiences in developing and 
presenting this course and the lessons learned from the pilot presentation are 
discussed in terms of the implications for other countries in the process of 
advancing the use of RSAs. The FHWA co-author was primarily responsible for 
the scanning team’s visit, having seen the value of RSAs on a previous scanning 
trip identifying safety management practices.  The initial findings of this team 
assessment have identified issues central to adapting RSA concepts for use in 
the U.S.  The authors have been involved in research efforts to examine and 
overcome these RSA implementation issues.  These, as well as brief summaries 
of the pilot state DOTs findings, are discussed in the paper.  The paper also 
highlights a review of the different stages where audits have been applied and 
the variations from the traditional RSA approaches that have been tried.  The 
lessons learned from organizing both pilot applications and training programs are 
stressed.  
 



 

 

 
ADVANCING DESIGN STAGE ROAD SAFETY AUDITS 

IN THE UNITED STATES 
 
 
Introduction 
 
In the United States, the practice of identifying safety improvement needs has 
been primarily a reactive process.  Crash data analysis of high accident 
locations continues to benefit safety at site specific locations.  Crash testing and 
installation of improved safety appurtenances has improved the survivability of 
many roadside crashes.  Vehicular design improvements and the installation of 
airbags have also helped.  These programs identify high hazard locations and 
highway safety improvement programs have been generally in response to crash 
experiences.  Recently the concept of safety management systems (SMS) has 
been introduced to provide a more comprehensive and ongoing program. 
 
A promising new technique for advancing roadway safety programs to the next 
level in the United States is that of the Road Safety Audit (RSA).  The purpose of 
the RSA is to proactively identify roadway safety issues before a crash history 
has been established. Incorporating the RSA into the safety management 
systems of the US Departments of Transportation and to spread success stories 
of RSAs as a new tool for all local governments will hopefully result in the next 
level of reductions in roadway crashes and fatalities.  
 
The issues of incorporating the RSA into practice in the United States are not 
easily solved. In the US the fear of tort liability is widespread. Does identifying a 
needed safety improvement and not implementing the recommendation increase 
exposure to tort liability? Mitigating these fears and expanding the use of the 
RSA into tort liability defenses must be part of the implementation process. 
 
This paper focuses on recent activities to advance the use of RSAs by state 
governments, specifically at the design stage of project development. Issues that 
have surfaced in implementing the RSA process and its use as an effective 
safety tool are identified. It also provides guidance to other countries considering 
introducing RSAs into their safety program.  
 
What is a Road Safety Audit? 
 
A road safety audit, as defined by Austroads, is “… a formal examination of an 
existing or future road or traffic project or any project which interacts with road 
users, in which an independent, qualified examiner reports on the project’s 
accident potential and safety performance.” (1)  The key parts of this definition 
are:  (a) a formal examination, (b) done by an independent, qualified examiner, 
and (c) restricted to safety issues.   
 



 

 

RSAs can be applied at different stages of a project.  These include project 
planning, draft design, detailed design, construction, and in pre-opening of the 
project.  At each stage, an audit focuses on different issues.  For example, a 
planning stage audit evaluates safety issues associated with options such as 
route locations.  A draft design stage audit, sometimes referred to as preliminary 
design includes the evaluation of general design standards.  A final design stage 
audit would include examining safety issues of specific geometric design 
features.  A pre-opening stage audit is a final check prior to opening the facility to 
insure that the safety concerns of all road users have been addressed and that 
hazardous conditions have been eliminated.  
 
A final stage audit, an audit of an existing roadway, is performed on existing 
facilities to determine if the safety needs of all road users are currently being 
served.  It recognizes that the use of a roadway may change over time. The road 
safety audit review (RSAR) is a more appropriate term used to define the audit of 
an existing facility.  The RSAR maintains the integrity of the more formal RSA 
process, but with modifications to allow the technique to be used by local 
agencies.  
 
Recent History of RSAs in North America 
 
Road safety audits (RSAs) have been used successfully in Great Britain, 
Australia, and New Zealand for a number of years. In 1996 the US Federal 
Highway Administration (FHWA) sponsored an international scanning tour to 
Australia and New Zealand with the objective to “review and document 
international efforts to enhance highway safety through implementation of safety 
audit initiatives.”(2)   Subsequent to that tour, the interest in Road Safety Audits in 
North America has increased at a rapid rate.  In Canada, the Insurance 
Corporation of British Columbia has promoted the role of RSAs as a method for 
lowering casualty loss claims. A Technical Committee of the Institute of 
Transportation Engineers (ITE) has completed a technical report, “Implementing 
Road Safety Audits in the U.S.”(3), summarizing recent RSA initiatives.  ITE, in 
cooperation with FHWA, has developed a web site with the address, 
http//www.roadwaysafetyaudits.org, devoted to RSA activity in North America 
and within a global context. Several workshops have been held sponsored by the 
Kansas DOT and other states. 
 
One of the key recommendations of the international scanning tour was that The 
Federal Highway Administration (FHWA) established a goal to encourage the 
use of the road safety audit approach during the design phase of roadway 
development. One of the initial efforts was a two-day workshop sponsored by 
FHWA and held in St. Louis in May, 1998, designed to encourage states to 
undertake RSA pilot programs.  The workshop included presentations by 
international professionals who had conducted Road Safety Audits, individuals 
who had participated in the scanning tour, and representatives from states that 
had begun RSA pilot programs.  FHWA did not set rigorous standards or provide 



 

 

any special funds to initiate the pilot programs, nor did they provide training other 
than the materials presented at the workshop. They did indicate that they 
preferred that audits be conducted during project design stages. Two states had 
pilot programs underway. The Pennsylvania DOT developed a successful 
program to implement road safety audits in the design stage and the New York 
DOT developed a program to integrate RSAs within their pavement overlay 
program. As a result of this meeting, another eight states agreed to pilot RSAs.  
 
Results of the Pilot Programs 
 
The results of the FHWA pilot program are summarized in a draft report prepared 
by BMI, Inc.(4) that is currently under review. The document contains the findings 
and experiences of the eight states that initiated pilot programs along with the 
results of the audits conducted in Pennsylvania and New York. These included 
the types of projects audited, the size and make-up of the audit teams, and the 
costs and lengths of time to complete the audits. 
 
The following observations were provided by the states that participated in the 
pilot program  
 
♦ Management was skeptical 
♦ Lack of a sample audit report and lack of training were hindrances 
♦ Some said they were already doing this in their safety programs 
♦ Several participants said they have no FORMAL process in place to explicitly 

consider safety  
♦ The documentation in the reports was a subject of concern 
♦ The use of the term “recommendation” was a problem to many 
 
Several conclusions and recommendations were made regarding implementation 
possibilities including the following: 
 
♦ RSAs are a specialized tool in the highway engineer’s toolbox 
♦ RSA defines a formalized process for all projects of a given type 
♦ RSA is a formalized process for projects that meet certain criteria 
 
Among the keys to successful implementation were: 
 
♦ Audit teams should be small - 4 to 5 members 
♦ A safety coordinator is required 
♦ Audits should be conducted early in the process 
♦ Trained auditors are essential 
♦ The term “recommendation” should be avoided 
♦ Audits appear to be more appropriate for 3R, 4R, and capital type projects 
♦ The duration of the audit should be limited 
♦ Maintenance perspectives should be reflected on the audit team 



 

 

♦ The audit results should focus on “do-able” suggestions 
♦ Teams should be composed of experienced members 
♦ Implementation is dependent on the support of management 
♦ Involvement of new perspectives result in better audits 
♦ There is a greater chance for implementation of RSAs in centralized DOTs 
♦ The formation of audit teams should consider DOT biases 
♦ Cooperation between divisions affects the chance for implementation 
♦ Benefits and costs of RSAs must be better documented 
 
The anticipated next steps reported by the states were: 
 
♦ Integrate into design process 
♦ Conduct more audits 
♦ Use only when appropriate 
♦ Create a “safety engineer” position 
♦ Wait and see 
 
Pennsylvania has been at the forefront in the application of Road Safety Audits. 
The Penn DOT Road Safety Audits program was designed to address the 
following questions:  
 

Will the ROAD SAFETY AUDIT Process ADD VALUE to  
 projects?  
  

  Can the ROAD SAFETY AUDIT Process be implemented  
 WITHIN EXISTING RESOURCES?  
  
    Will the ROAD SAFETY AUDIT Process DELAY PROJECT  
 DELIVERY?    
  
Fourteen audits were conducted in two districts -District 6 (3)  and District 10 
(11).  Of these, eight were conducted at the draft design stage. The types of 
projects varied from intersection improvements, to rural 2-lane resurfacing to new 
roadway construction. The findings of the audits addressed a wide range of 
improvements.  These, of course, varied with the stage at which the audit was 
conducted.   
 
It was found that audits are low cost - from $2,000 to $5,000 per audit using 
agency personnel.  However, training is an important factor to consider. 
 
If the audits are completed in the early stages, the costs of improvements are low 
and can be easily be integrated into the project.  
  
The PennDOT experience has proven to be beneficial in many ways. The 
findings of the audits identified safety improvements that exceeded those that 
could have been anticipated by just reviewing for standards compliance. Often, 



 

 

standards only set minimum criteria. By using the RSA process, safety for all 
road users was achieved. 
 
Additional improvements were identified and incorporated into the projects as a 
result of a formalized team review .The reports were circulated throughout the 
agency which led to similar situations being treated in a consistent manner. This 
“spill-over” into other projects led to additional safety enhancements. 
 
Did the RSAs add value?  The Penn DOT experience was an unqualified YES! 
From the “bricks and mortar” perspective, safety improvements which would 
probably have been missed were recommended as a result of the process.  The 
quality of the field reviews was enhanced as a result of the application of a 
formalized process. There was a high degree of self learning among the audit 
team members and the project designers. The use of experts created a comfort 
zone for designers. The multimodal input identified safety issues which may have 
been overlooked in a traditional safety review. 
 
Recommendations from the PennDOT audit experience included the following: 
 

♦ Buy-in is the key to success.  This can not be overstated.  
♦ Cite concerns not recommendations.   This is one of the most 

important issues learned.  Recommendations and solutions are too 
restrictive for the Design Team and could be the biggest cause for tort 
liability concerns if the recommendation cannot be incorporated. 

♦ A Coordinator is needed to provide leadership, champion the process 
and keep it on track.  

♦ An interdisciplinary approach is a must if the needs of all road users 
are to be served.   

♦ Audit team members must have knowledge and skills.  This may 
require training.  

♦ Projects should be selected that are manageable in size and that are 
anticipated to benefit from an audit.    

♦ A road safety audit and a traditional safety review are different 
processes.  Their use and application should not be confused.  

♦ The team should prepare a formal report.  This report should document 
findings which will be used to undertake corrective actions.  

♦ The report needs to be timely so the short windows of opportunity are 
not missed and information is not forgotten. 

♦ Differences of opinion will occur between team members. A protocol 
must be established to resolve these conflicts and to bring the team to 
a point of consensus.   

 
 
The New York DOT had already initiated a process that included some elements 
of the RSAs as a way to add safety auditing functions in their Preventative 
Maintenance Program (PMP). The SAFETAP program was developed to 



 

 

consider the inclusion of safety improvements in their resurfacing projects. It was 
observed that when roads were resurfaced, the number of crashes tended to 
increase when safety improvements did not accompany the resurfacing.  By 
implementing an audit-type process, safety improvements were identified and 
corrected at the time of resurfacing.   
 
By having the process in-place, NYDOT was able to demonstrate that safety was 
not degraded while adding overlays, thus qualifying for federal funding of the 
resurfacing program. The key element in the NYDOT program was to link the 
RSA process with an on-going existing program. 
 
Their application could be classified as a Road Safety Audit Review as it focuses 
on existing roadways.  The process is devoted to identification of safety issues, it 
does use a team concept in the reviews, and findings are reported. 
 
The thrust of the program was on roadside issues, i.e., delineation, guard rail, 
markings, not on major redesigns. The key element in the NYDOT program was 
to link the RSA process with an on-going existing program. It was important for 
the process to be successful that the addition of the RSARs did not have 
negative impacts or use resources committed to the PMP resurfacing program. 
This requires buy-in from the participants and responses to the most frequent 
reactions.  In New York it took two years to build a consensus to proceed with a 
program.   
 
The results obtained from the program exceeded expectations. It is important to 
note that the success is attributed as much to the establishment and acceptance 
of a process which incorporates RSAR into an existing program as to the actual 
measured crash-reduction benefits.  
 
This NYDOT experience illustrates the importance of developing procedures that 
fit the organization and will lead to substantial crash reductions 
 
 
FHWA Workshop on Road Safety Audits and Road Safety Audit Reviews for 
state DOTs 
 
As a follow-up to the pilot program, FHWA sponsored the development of a two-
day workshop on RSAs and RSARs for state DOTs.  The goals of the workshop 
are to:   
 

To develop an awareness of RSAs and their benefits 
To provide participants with information to promote RSAs 
To provide participants with skills and information necessary to implement 
RSAs. 

 



 

 

The initial pilot offering of the workshop was held in August of this year.  The 
direct results of the pilot will be discussed during the Congress.  An overview of 
the course and design approach follows:   
 
The workshop audience is directed towards key issues that need to be resolved 
in order to develop a successful RSA/RSAR program.  These learning keys were 
designed to emphasize needed decisions within each course module.  There are 
14 separate modules in the course (see Table1).  The first module keys on the 
executives or chief executive officers that need to understand the concepts and 
key issues.  In essence, this session is a one hour overview of the course 
tailored to minimize the time an executive will attend the two-day course.  The 
CEOs attending are also included as participants in this introductory session.  An 
Executive Summary is provided to guide the session (see attached Executive 
Summary).  The CEOs and their key staff provide the initial buy in which is 
essential for a program and surface their particular concerns.  The course has 
been designed to emphasize a local assessment of the RSA concept. 
 
 

Table 1:  RSA Course Modules 
 
Session I:   Course Overview 

  -    Introductions 
   -    Course Goals 
   -    Focus on New Projects 
   -    Executive Summary 

 
Session II:  Historically Setting the Stage 

- U.S. Safety Programs 
- RSAs Globally 
- RSA/RSAR 
- Course Objectives  

 
Session III: Current Safety Practices in Your State DOT 

- Your Issues 
- Safety Related 
- RSA/RSAR Implementation Issues 
-    Overview of RSA Pilot Results 

 
Session IV: The Details of RSAs & RSARs  

- Define & Describe 
- Organizational Issues 

 
Session V: Legal Considerations & Implications 

 
Session VI: Recap of Benefits & Issues of RSAs & RSARs 

 
Session VII: RSA & RSAR Process  

- Details to Consider 
- When & What to Audit 



 

 

- Tailoring for Your State 
 

Session VIII: Planning Stage Audits 
- Interactive Planning Stage Sample Problem 
- Case Study Review of Planning Stage RSA 

 
Session IX: Design Stage Audit Workshop Case Studies 

- Review Design Audit Materials 
 

Session X: Detailed Design Audit Workshop 
   Presentation of Materials 

     Team Work 
   Video “Field Visit” 
   Audit Report Preparation  

 
Session XI: Group Case Study No. 1 
   Presentations and Critique (written & oral) 

 
Session XII: Group Case Study No. 2 
   Presentations and Critique (written & oral) 

 
Session XIII: Comprehensive Discussion & Review 
   Importance of Written Report & Response 
   Major Benefits of RSAs & RSARs 
   What have we learned? 

    
Session XIV: Course Evaluations & Adjournment  

 
 
Tort liability is an issue central to U.S. safety practice.  Using the RSA approach 
in defense of tort litigation is developed as an integral part of the course.  Using 
summaries of tort law and involving the state DOT attorney general’s officers is a 
separate session. There are no guarantees to preventing tort litigations, however 
methods using the RSA practice in defense of tort litigation are developed. 
  
Design and planning stage audits are the basis of the course.  A planning stage 
audit concludes the first day pointing out the key issues of safety in general 
location decisions and the specific issues associated with facility alignment.  This 
case study uses the location of a major interstate highway around a town and 
was developed based on an actual location decision. This type of major facility, 
the bypass, is generally the major new design being completed in the U.S. today.  
The other completely new projects are systems superimposed on the existing 
facilities and new residential areas.  This case study is designed to be completely 
interactive with the attendees developing responses to the needs for checklists, 
audit team skills and issues associated with the presentation of audit results. 
 
The design stage audit is the focus of the course during the second day. 
Attendees are divided into teams and each team completes a design stage audit.  
Table 2 contains a summary lesson plan for the design stage audit session. 



 

 

Again the keys are adapting the process to fit within their state operation.  A 
video taped drive through of the project, design plans and reference materials 
are provided to each breakout team.  The instructors interact with the teams only 
on request.  The purpose is to provide as close to a real world experience as 
possible.  
 
 

Table 2 
DESIGN STAGE WORKSHOP CASE STUDIES 

 
 
SESSION OBJECTIVES: 
 
1. COMPLETE A TEAM AUDIT OF A DESIGN STAGE PROJECT  
 
2. REVIEW DESIGN STAGE AUDIT MATERIALS PROVIDED AND INDICATE 

NEEDED IMPROVEMENTS 
 
3. ASSESS THE VALUE OF THE TEAM DESIGN RSA APPROACH 
 
4. RECOMMEND ADDITIONAL AUDITOR SKILLS DESIRED, BUT NOT INCLUDED 

IN THE AUDIT TEAM 
 
5. PREPARE A VERBAL & WRITTEN AUDIT REPORTS 
 
6. DISCUSSION OF THE FOLLOWING ISSUES: 
 

• FOR AN IN-HOUSE AUDIT TEAM INCLUDE: 
• ASSESSMENT OF TEAM SIZE & PERMANENT TEAM SKILLS 

NEEDED 
• ORGANIZATIONAL/LOCATIONAL ISSUES 
• WHEN TO AUDIT?  I.E., WHICH PROJECTS? WHICH STAGE(S)? 
• WILL IN-HOUSE AUDITS ADD VALUE TO PRESENT PRACTICE? 
• RECOMMENDED REPORTING PROCEDURE? 

• MEETING BEFORE OR AFTER WRITTEN REPORT 
• FINDINGS OF NEEDED SAFETY IMPROVEMENT ISSUES?  
• INCLUSION OF RECOMMENDATIONS? 
• INCLUSION OF ALTERNATIVES TO CONSIDER? 

• RECOMMENDATIONS FOR RESPONDING TO AUDITOR ISSUES 
• APPROPRIATE ISSUES ASSOCIATED WITH IMPLEMENTING 

AUDITOR FINDINGS 
• FOR A CONSULTANT AUDITOR INCLUDE: 

• DESIRED ORGANIZATIONAL CONTACT STATUS WITHIN DOT? 
• IDENTIFYING TEAM DESIGN SKILL ISSUES AND REQUIREMENTS? 
• PREFERED WORKING RELATIONSHIP, I.E. AUDITOR CONSULTANT 

“ON CALL”? OR RFP FOR AUDITORS FOR EACH PROJECT? 
• NATURE OF THE DESIRED APPROACH—FINDINGS ONLY?, 

INCLUDING RECOMMENDATIONS?, INCLUDING SUGGESTED 
ALTERNATIVES? 



 

 

 
Each group presents their findings as well as their assessment of a design stage 
audit. Each team also addresses other general audit issues from the viewpoint of 
their local practice.  The discussion is designed as a self-assessment practice of 
applying the RSA and/or the RSAR as new safety tools.  The concluding session 
is an evaluation of the course with an ability to assess the actual implementation 
at future dates within their DOTs.  The plans for the course are to make the 
workshop available upon request.  The ideal class would contain one or two state 
DOTs and the attendees include the CEO decision makers, their key staff and 
the agency personnel that would either be conducting  
the audits or contracting with outside auditor consultants.  
 
 
International Applications  
 
Based on the results of the pilot Road Safety Audits performed by states and the 
experiences gained from conducting the workshop course, it is believed that 
advances could be made to enhance safety practices in other countries.  The 
pilot projects identified issues and practices that were of prime concern to each 
of the states.  Just as the course was designed to address these issues and to 
demonstrate how Road Safety Audit concepts could be integrated into existing 
safety programs, adapting the course to fit specific practice in other countries or 
provinces within a country could be easily accomplished.  Knowledge of existing 
safety programs and analysis methods and an assessment of tort liability issues 
would be needed to tailor the course to fit the safety practice in other countries. 
 
The authors believe that applying the results of road safety audits is the next step 
to reducing the global road causality total.  The missing proactive component 
totally focusing on safety is the key to the future.   
 



 

 

Road Safety Audits & Road Safety Audit Reviews 
 

Executive Summary 
 
 
Road safety audits (RSAs) are a proactive approach to improving transportation 
safety.  RSAs have been used successfully in Great Britain, Australia and New 
Zealand for a number of years.  In only the last couple of years, agencies in the 
United States have begun to focus on RSAs.  
 
What is a road safety audit?  Simply put, an RSA is an examination of a future or 
existing roadway, in which an independent, qualified auditor reports on safety 
issues.  The step-by-step procedure of an RSA can be performed during any or 
all stages of a project, including planning, preliminary design, detailed design, 
construction, pre-opening, and on existing roads.  For an existing road, the RSA 
is effectively a review and is discussed as a road safety audit review (RSAR). 
 
Worldwide, the RSA concept has proven to be highly effective in identifying and 
reducing the crash potential of roadway projects.  Globally it is estimated that one 
million fatalities result from motor vehicle crashes each year.  The potential 
savings—in lives, serious injuries, and property damage—is incalculable. 
 
A few state departments of transportation (DOTs) have begun to incorporate 
RSAs along with their existing efforts to enhance safety.  A program in 
Pennsylvania has successfully implemented road safety audits in the design 
phase.  In New York, the DOT is integrating RSAs within their pavement overlay 
program.  This practical approach to improving road safety can be implemented 
in spite of limited resources and the ongoing need to focus on maintenance and 
operations.  To date, 10 DOTs are involved in pilot RSA programs. 
 
Although concerns have been raised that the use of road safety audits would 
increase an agency’s liability, in fact, just the opposite is true.  Implementing a 
plan to reduce the crash potential and improve the safety performance of a 
roadway is actually a proactive approach to safety and should be used in 
defense of tort liability.  This is particularly true of RSAs performed in the early 
stages of a project.  Identifying and documenting safety issues on an existing 
roadway is not an admission of guilt.  Rather, it is the first step in a process 
designed to improve safety.  Proper documentation, communication and logical 
prioritization of an agency’s plan to address safety issues would be difficult to 
fault. 
 
Road safety audits, adaptable to local needs and conditions, are a powerful tool 
for state and local agencies to enhance the state of safety practices in the United 
States.  The value of the RSA process in identifying roadway safety issues 
makes it a potentially important component of any agency’s safety strategy. 
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1. BACKGROUND 
 
1.1 General characteristics of rural road safety 

  
Finland is quite large country (1000 km long) and inhabited throughout. The road network is spread 
out. There are some 78 000 km of public roads that are maintained by Finnish National Road Ad-
ministration (Finnra) and 280 000 km of private roads, but only 20 000 km of streets maintained by 
municipalities. 
 
We have in Finland a new Road Safety Plan 2005 from The Ministry of Transport and Communica-
tions. The plan includes a Traffic Safety Vision, which says: 
 

"No-one will be killed or seriously injured in road traffic" 
  
According this eathical decision there will be only 100 killed people in year 2025.  
 
In 1999 some 440 people were killed in traffic accidents. Every year about 270 people are killed in 
head-on, single and vulnerable road user accidents - These three types of accidents cover about 
80 % of all the fatalities on public roads. 
 
The Ministry of Transport and Communications gives Finnra a road safety goal every year. Last 
few years the goal has been reduction of 60 - 70 accidents resulting in personal injuries. This goal 
will be achieved by measures implemented by Finnra or by lowering the speed limit.  
 
The central administration divides the share of the goal left to basic road management among the 
districts. The districts plan their activity within the framework of set goals, approved lines of action 
and allotted funds. 
 
1.2 Elk and deer accidents in Finland 
 
Finland has six species of animals in the deer family. The most significant from the standpoint of 
road safety are the elk (Alces alces), the white-tailed deer (Odocoileus virginianus) and the reindeer 
(Rangifer tarandus). Because of its weight and size, the elk, in particular, is a significant cause of 
accidents. 
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The number and cost of elk and deer accidents have risen again throughout Finland after a slight 
drop in the beginning of the 1990’s. Table 1 shows that the number of elks in Finland decreased 
until 1996, but it has risen significantly again during the last few years. The increased number of 
white-tailed deer particularly in Southern Finland caused a sharp rise in the number of deer acci-
dents. Elk and deer accidents account for approximately 20 % of all traffic accidents reported to the 
police. About 1 500 - 2 800 elk accidents and 1 300 - 1 700 deer accidents occur each year. Fortu-
nately these accidents are less severe than an average accident, and some 7 % of animal accidents 
lead to injuries or death.  Still every year 2 - 11 people are killed and some 200 - 300 are injured in 
these accidents. The cost to society in 1999 was 55 million US$ (4 534 elk and deer accidents). 
About 4 000 reindeer accidents happen each year, but because of the small size of the animal, usu-
ally they are not as serious. 
 
Table 1. Elk and deer accidents in Finland 1992 - 1999. 
 1992 1993 1994 1995 1996 1997 1998 1999 
Elk stock in winter 82 000 79 000 70 000 68 000 61 000 79 000 94 000 102 000 
Elk accidents 1 341 1 158 1 409 1 572 1 698 1 792 2 038 2 815 
Deer accidents 731 976 994 1 277 1 361 1 420 1 686 1 719 
Persons killed 8 6 3 2 7 3 11 9 
Personal injuries 164 164 208 255 289 223 233 312 
 
 
 
2. THE PROBLEM OF ELK ACCIDENTS 
 
2.1 Introduction 
 
Though elk accidents are not ranked among the three major accident types they still form a big 
problem in Finland. Various measures have been used to reduce the number of these accidents. A 
new way of using  transport telematics to warn drivers when elks are going to cross the road is de-
scribed in this presentation. The system has been in test use on highway 7 since December 1996 in 
Uusimaa Region in Southern Finland some 50 kms east of Helsinki. Another similar test site was 
later (1998) built on main road 5 in South-east Finland. This presentation concentrates on results 
and experiences collected from highway. 
 
The highest risk for elk or deer accidents occur during the sunset and the few following hours. Mid-
dle of the summer, luminous nights in July are most dangerous. The number of elk and deer acci-
dent depend on both traffic volume and amount of the elk and deer stock.  
 
Finnra has conducted a survey in which several concentration points of elk accidents on the road 
network of Uusimaa region were identified. A typical  accident spot is located in forest area in low 
terrain, close to a river bed or edge of field.  
 
Finnra has traditionally averted animal accidents mainly by using warning signs to warn drivers 
about animals, by clearing roadside vegetation to improve visibility and by building game fences 
along roads. New methods are continuously being tested, but an efficient universally suitable 
method has not been found so far. 
 
The easy years in reducing road accidents are gone. The most efficient measures to decrease the 
number of accidents have been taken. A comprehensive approach is needed  to achieve further re-
ductions. This applies also the elk accidents. 
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Game fences would effectively prevent animals from entering the road if the fences could be made 
continuous. However, openings need to be made for crossroads. On the other hand fences cause elk 
to change their travel behaviour thus shifting the problem to new locations. Elk fences have mostly 
been built along motorways where traffic is heavy and speeds are high. 
 
When designing new roads it is required to arrange natural safe crossings for elks. An analysis of 
the natural paths for the animals is required. Accident statistics of the elk accidents is also vital in-
formation. Proper crossing arrangements are needed to the most safe crossing points. Overpasses 
and underpasses for the animals can often be built exploiting the natural terrain. However, this is 
not always possible and the elk crossing concentration points are potential accident prone sections. 
Other solutions are needed. 
 
2.2 Transport telematics used in solution 
 
With the help of transport telematics special road safety measures can be arranged at elk crossing 
points. The risk for accidents can be kept low by designing  the crossing points well. The sites for 
the openings in the elk fence must have especially good visibility from both directions of road.  
 
Automatically variable elk warning signs were built on highway 7 in Uusimaa region. 1 650 metres 
long new elk fence was built along highway 7 in 1996 and the new "door" for elk was opened. The 
detection system observes large animals by the sides of the road.  The signs on highway 7 turn on 
whenever sensors detect an approaching animal. Static warning signs are placed 500 metres and 
variable fiber-optic message signs 200 metres before the "door" on both sides of the carriageway.  
 
"The door" was about 200 metres wide opening in the elk fence. Totally 20 microwave detectors 
were installed on both sides of the road on five poles on each side. Poles are situated 25 metres from 
the edge of the fence and 50 metres apart and 5…20 metres away from the side of the road. The 
radars face away from the road. There is also an infrared detector on each pole. These detectors are 
activated through a rain detector. When the rain detector detects much rain the microwave detectors 
will be connected off and leaving only infrared detectors on (to decrease the number of false 
alarms). The detection zone of the microwave radars reaches up to 50 metres from the detector and 
each detector can see horizontally a sector of 60 degrees.  
 
There is also a video camera and recorder in the system, which starts when the alarm system is on. 
 
To monitor traffic volume and speeds there are inductive loop detectors on the road in the middle of 
the "door". 
 
The system is connected to the Traffic Management Centre of Uusimaa Region.  
 
The variable message signs are turned on when the radars detect a movement. The camera turns in 
the direction of the alarm given by the  microwave or infrared detectors and the video recorder 
starts recording. The variable message signs are turned off three minutes after the last detection. 
Three more minutes are recorded on video tape. The alarms are also recorded in the log file of the 
detection system. 
 
The implementation costs of the warning system were about 90 000 US$. 
 
The system built on main road 5 is similar to the system on highway 7.  
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3  EVALUATION OF THE EFFECTS 
 
To study the effects of the warning system a survey was conducted on both the test sites. 
On highway 7 the survey period for the effect on traffic was in January-February and June-July  
1997. On main road 5 recording of alarms started in 5th of January 1998 and it lasted until 20th of 
May 1999 during 202 days. 
 
The effects on drivers were studied on highway 7 (motorway ).  It was shown that the drivers de-
creased their speed in all cases in rainy weather and in many cases in darkness when the sign was 
on. In rainy weather the effect of the sign to speed reduction was 14-15 km/h, but in darkness the 
effect was only 2-3 km/h. 
  
In daylight and good weather conditions the sign had no or very little effect on drivers. 
 
The reasons for the alarms have been followed continuously on both test sites. On highway 7 the 
video recordings have been studied. On  main road 5 the information was collected from log file of 
the detection system.  
 
On main road 5 the log file of the had recorded 1816 observations during 202 days. Microwave de-
tectors had caused 30 percentages of the observations and 70 % of the observations were from infra-
red detectors. Just 71 of all the observations seemed to be possible road crossings of elks. 
 
The video recordings from highway 7 were studied during 3 months May-July in the year 2000. 
Totally 686 observations were studied. 37 observations were identified as caused by elks or deers. 
50 elks and 12 deers were seen on recordings, of which 14 elks and 7 deers were seen crossing the 
road. In 332 cases it was impossible to identify reason to alarm. Other reasons for false alarms were 
rain/wind or human/machine/horse.  
 
 
 
4  CONCLUSIONS 
 
The costs of elk and deer accidents to society in 1999 were almost FIM 350 million, which is too 
much. The most effective ways to reduce animal accidents would be to decrease the number of 
animals and lower driving speeds. Such measures are though very unpopular.  
 
The variable warning signs lowered speeds when weather was poor or it was dark. On good condi-
tions there were almost no effects on driving speeds. There may be many explanations for this. Lo-
cal people learned that there were many false alarms and during daytime driver's have good view to 
observe themselves if any animals are on or approaching the road. The system is still rare in Finland 
and many drivers don't actually understand it correctly. One of the results drawn from a survey con-
ducted, was that more publicity was needed to improve drivers' awarness of the system.   
 
In the future technical operation of the system, sensitivity and operation of  detectors have to be 
monitored more active than they have been done. The quality of log file information has to be in-
formed thus it includes all operational information of the system. 
 
The evaluation of the system has shown that even if many technical improvements are needed, the 
system has potential in reducing the accidents. Especially in poor weather conditions the alarm 
caused the drivers remarkably to decrease their speed. 
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In planning and building this type of systems on elk-accident prone sites on Finnish roads special 
attention has to be paid to the selection and design of the site and the detection arrangements. It 
would be ideal if the area of detection were owned by the Road Administration to control the land 
use of the area. 
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 ABSTRACT 
 
 Strategies for Safe Coexistence of Trees and Highways 
 
 by 
 Kenneth S. Opiela, P.E. Ph.D. 
 Transportation Consultant 
 Springfield, Virginia 
 
 Trees and utility pole crashes account for more than 8,000 deaths in the U.S. each 
year.  Consequently, this represents a primary element of the AASHTO Strategic Highway 
Safety Plan.  Past efforts have involved limited analysis of the causative factors, but these efforts 
did not consider all types of roads or rigorously delve into the combinations of roadway, traffic, 
and environmental factors that may be indicators potential crash problems with trees.  This is a 
complicated problem to solve.  Tree grow naturally, roads often evolve to serve higher levels of 
traffic than imagined, and drivers sometimes fail to understand the risks associated with roadside 
features.  There are valid interests in keeping trees along a highway for aesthetic, noise control, 
and air pollution mitigation. 
 
 New efforts in this area are expected as part of efforts to implement the AASHTO 
Strategic Highway Safety Plan.  The need exists to examine new means to increase the 
consciousness of the tree crash problem and to implement innovative approaches to addressing it 
over the longer term.  All approaches must be sensitive to the aesthetic and environmental value 
of trees.  A variety of approaches for enhancing the safety of roadsides with trees include 
removal, moving, replacement, protect/shield, and delineating the trees.  The solution may also 
be found in restricting or calming traffic or managing speed.  Of course there are a myriad of 
possible combinations of these options.  It is difficult to make effective decisions because of 
limited information on the trade-offs (e.g., How many crashes necessitate action?  What is an 
appropriate tree replacement ratio?)  A key to the success of these initiatives is establishing a 
dialogue between the engineering and environmental groups.  
 
 The effort will review the issues associated with implementing solutions to the tree 
crash problem.  It will assess agency/organization responsibilities, determine appropriate 
technical steps to identify target areas where action is needed, define a marketing strategy to 
build awareness of the problem, establish guidance for getting the various parties involved, and 
setting a framework for measuring effectiveness.  Related matters such as flexible design 
standards, long term management of tree growth, logical highway beautification programs, and 
how are potentially hazardous trees on private property addressed.  This effort is just getting 
underway with updated analyses of the characteristics of the problem based upon a detailed crash 
analyses using the HSIS database. 
 
 The paper will present the findings of the crash analyses and provide an overview 
of the opportunities and constraints identified in the first part of the study.  It will offer 
perspectives on different methods to value the alternative treatments for different types of roads.  
It will offer suggested criteria and outline processes for assessing the tree risks and selecting 
appropriate treatments. 
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ABSTRACT 
 
The City Council of Pretoria identified a need to set up a traffic control plan and road 
safety plan for Maunde Street in Atteridgeville. Maunde Street is an important east west 
corridor serving Atteridgeville and carries relative large volumes of vehicles and 
pedestrians. 
 
The need to set up this plan originated from actions by Gautrans and the Greater 
Pretoria Metropolitan Council to address road safety in the area. A business plan was 
prepared to address especially pedestrian safety in the Metro Area with the  objective to 
reduce pedestrian fatality rates with 30%, over the next five years.  
 
Specific problems identified along Maunde Street include a high percentage of accidents 
happening at night (35%), high vehicle / pedestrian conflict between pedestrians and 
taxis as well as roadway verges that are not properly developed. Illegal movements by 
vehicles - vehicles stopping anywhere along the road and in intersections, together with 
jay walking by pedestrians - were identified as problems. 
 
Specific actions were taken during the project to involve the community to identify 
problems and to assist with the development of solutions. A bus tour through the area 
(the total section investigated was 3,7 km) was done to allow representatives from the 
community to show problem areas. 
 
The solutions proposed to address the problems consist of the three aspects - 
engineering, education and enforcement. A range of engineering related physical 
measures was investigated and recommended, including  additional raised pedestrian 
crossings, providing vertical kerbs around intersections, pedestrian walkways, paving of 
the complete area surrounding intersections, improved street lighting and additional taxi 
bays. 
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1. INTRODUCTION 
 
Maunde Street is an important east-west arterial serving Atteridgeville and the new extensions of 
Atteridgeville.  The location of Maunde Street is shown in Figure 1. Maunde Street is a typical 
Township Street - a long straight street that has a mobility function, but has direct residential 
access, no paved sidewalks, many pedestrians and many taxis. 
 
The need to conduct a road safety investigation in Maunde Street was identified and the City 
Council of Pretoria launched a study with the following objectives: 
 

· evaluate the correct usage of existing traffic control measures, 
· determine the extent, type and cause of accidents along Maunde Street, 
· compile a strategy for the management of existing and future 

implementation of traffic control devices along Maunde Street, 
· evaluate the applicability of existing public transport facilities along 

Maunde Street,  
· identify locations for possible future public transport facilities, and 
· improve pedestrian safety along the street. 

 
The purpose of the traffic control plan and road safety investigation is to evaluate the existing 
traffic control measures and pedestrian facilities in order to determine the effectiveness thereof.  
 
The methodology followed consisted of obtaining all the relevant status quo data - traffic counts, 
accident statistics, previous planning studies, etc. Extensive field observations were done and 
intersections were analysed. Liaison with the community also took place in the form of a meeting 
and a bus tour through Maunde Street as well as meetings with ASTRASA (Atteridgeville / 
Saulsville Road Safety Forum). This was followed by detail analysis and development of 
solutions.  
 
 
2.  STATUS QUO 
 
2.1 Geometry 
 
Maunde Street has a road reserve width of 25m. The road has one lane per direction
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of 3,7 m wide and a pedestrian walkway on the northern side of the road of 1,5 m wide. Taxi and 
bus bays of approximately 2,5 to 3,0 m wide are provided at regular intervals. 

 
There is no paving or grassing of the sidewalk other than where the pedestrian walkway is 
provided. The spacing between intersections is shown in Table 1 below. The typical sidewalks 
and intersections are shown in Photos 1 and 2. 
 
TABLE 1: SPACING BETWEEN INTERSECTIONS (STOP CONTROL) 
 

From Street 
 

To Street 
 

Distance (m) 
 
Makaza 

 
Mphalane 

 
345 

 
Mphalane 

 
Ntsu 

 
355 

 
Ntsu 

 
Sekhu 

 
730 

 
Sekhu 

 
Hlahla 

 
480 

 
Hlahla 

 
Magombane 

 
490 

 
Hlahla 

 
Moloantoa 

 
410 

 
Moloantoa 

 
Khoza 

 
915 

 
TOTAL LENGTH 

 
3725 

 
 
2.2 Traffic Demand 
 
The traffic demand on Maunde Street, between Hlahla- and Sekhu Streets  is 
approximately 830 vph (both directions) during the AM peak hour and approximately 940 
vph (both directions) during the PM peak hour.  

 
2.3 Pedestrians 
 
Maunde Street carries relative high pedestrian volumes. The main reasons for the high 
pedestrian volumes are: 
 

· the relative high density housing with direct access onto Maunde Street, 
· the fact that Maunde Street is a public transport route, 
· the presence of schools both sides of Maunde Street. 
 

Pedestrians, when walking parallel to Maunde Street, does not pose a serious traffic 
safety problem. Crossing pedestrians, especially ”jay-walking” pedestrians is a high risk 
and measures needed to be taken to improve their safety.  
 
The pedestrian volumes crossing Maunde Street range from 200 pedestrians per hour 
to 400 pedestrians per hour; pedestrians walking along Maunde Street range from 100 
to 200 pedestrians per hour. 
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2.4 Public Transport 
 
Maunde Street is a major public transport route carrying relative high volumes of buses 
and taxis. At present, there are several taxi lay-byes located on the northern and 
southern sides of the road.  
 
Bus volumes range from 30 to 45 buses per hour per direction, taxis range from 120 to 
300 taxis per hour per direction. The modal split was determined on different sections of 
Maunde Street and is shown in Table 2 below. 
 
TABLE 2: MODAL SPLIT - PERCENTAGES 
 

 
 

East of 
Mphalane 

 
East of 

Moloantoa 

 
East of Mosalo 

 
AVERAGE 

 
Buses 

 
6.50% 

 
8.00% 

 
4.50% 

 
6.33% 

 
Taxis 

 
67.00% 

 
34.00% 

 
28.50% 

 
43.17% 

 
Cars 

 
25.50% 

 
57.50% 

 
64.00% 

 
49.00% 

 
Heavy Vehicles 

 
1.00% 

 
0.50% 

 
3.00% 

 
1.50% 

 
TOTAL 

 
100.00% 

 
100.00% 

 
100.00% 

 
100.00% 

 
2.5 Accident Statistics   
 
Accident statistics for Maunde Street was obtained from the Pretoria Traffic Department. 
The statistics was in varying formats and for different periods, some of them overlapping 
and not all with the same detail information. The statistics are shown in Tables 3 to 7 
below. 
 
The following conclusions can be made from the accident statistics: 
 

· Three main types of accidents occur, namely head to rear end collisions, 
accidents with pedestrians and sideswipe accidents.  

· The intersections where the highest frequency of accidents occur, are also 
the intersections with the highest traffic volumes.  

· In the 29 month period for which data on the grade of accidents is 
available, 4 fatalities  and 25 serious injuries were reported. The 
frustration expressed by the community relates well to these statistics.  

· The frequency of accidents is higher during the off peak period, when 
speeds are probably higher due to lower traffic volumes. It is important to 
note the high frequency of accidents at night between 18:00 and 06:00, 
when 35% of accidents occur. This is an indication that the lighting is 
inadequate, which was confirmed with field surveys. 

· The location of accidents with pedestrians indicate that ”jay walking” - 
pedestrians crossing the street uncontrolled between intersections - is the 
highest cause of pedestrian accidents. It is an indication that pedestrians 
should be encouraged to stay on the side walk. 
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TABLE 3: FREQUENCY OF TYPE OF ACCIDENTS  
 

Type of Accident 

 
 

01/01/97-30/06/98
(18 months) 

 
 

01/01/99-31/05/99 
(5 months) 

 
 

Both 
periods: 

23 months 

 
 

Percentage 
of Total 

 
 Unknown 

 
0 

 
27 

 
27 

 
16.77% 

 
 Head/rear end 

 
27 

 
13 

 
40 

 
24.84% 

 
 Accident with pedestrian 

 
32 

 
7 

 
39 

 
24.22% 

 
 Head on 

 
1 

 
6 

 
7 

 
4.35% 

 
 Approach at angle 

 
0 

 
6 

 
6 

 
3.73% 

 
 Accident with fixed object 

 
0 

 
2 

 
2 

 
1.24% 

 
 Accident with parked vehicle 

 
0 

 
1 

 
1 

 
0.62% 

 
 Sideswipe - same direction 

 
18 

 
1 

 
19 

 
11.80% 

 
 Single vehicle overturned 

 
3 

 
1 

 
4 

 
2.48% 

 
 Sideswipe - opposite direction 

 
3 

 
0 

 
3 

 
1.86% 

 
 Turn in face of traffic 

 
5 

 
0 

 
5 

 
3.11% 

 
 Right angle collision 

 
1 

 
0 

 
1 

 
0.62% 

 
 One or both turning 

 
3 

 
0 

 
3 

 
1.86% 

 
 Reversing 

 
4 

 
0 

 
4 

 
2.48% 

 
Total 

 
97 

 
64 

 
161 

 
100.00% 

 
TABLE 4: LOCATION OF ACCIDENTS (PERIOD FROM 1/6/98 TO 31/5/99) 
 
Street intersecting with 
Maunde Street 

 
Fatal 

 
Serious 
Injury 

 
Injury 

 
Damage 

only 

 
Total 

 
Percentage 

 
Makaza

  
1

  
2 3

 
10.0%

 
Mphalane 

 
 

 
 

 
2 

 
5 7 

 
23.3% 

 
Sekhu 

 
 

 
 

  
3 3 

 
10.0% 

 
Nchare 

 
 

 
 

  
1 1 

 
3.3% 

 
Tau 

 
 

 
 

  
1 1 

 
3.3% 

 
Tlou 

 
 

 
 

  
1 1 

 
3.3% 

 
Mhlanga 

 
 

 
 

  
1 1 

 
3.3% 

 
Hlahla 

 
 

 
 

  
5 5 

 
16.7% 

 
Magombane 

 
 

 
1 

  
2 3 

 
10.0% 

 
Senthumule 

 
 

 
 

  
1 1 

 
3.3% 

 
Mokgatle 

 
 

 
 

  
1 1 

 
3.3% 

 
Khudu 

 
 

 
 

 
1 

 
1 

 
3.3% 

 
Moloantoa

 
1

 
 

 
1 

 
2 

 
6.7% 

 
TOTAL

 
1

 
2

 
4

 
23 30

 
100.0%
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TABLE 5: GRADE OF ACCIDENTS 
 
Period for which data is available 

 
Fatal 

 
Serious 
Injury 

 
Injury 

 
Damage 

only 

 
Total 

 
1/1/97 - 30/6/98 (18 months) 

 
3 

 
17 

 
14 

 
63 

 
97 

 
1/7/98 - 31/5/99 (11 months) 

 
1 

 
8 

 
5 

 
69 

 
83 

 
Total 

 
4 

 
25 

 
19 

 
132 

 
180 

 
Percentage 

 
2.2% 

 
13.9% 

 
10.6% 

 
73.3% 

 
100.0% 

 
TABLE 6: TIME OF DAY WHEN ACCIDENTS OCCUR 
 

TIME PERIOD 
 
1/1/97-30/6/98 

 
1/7/98 - 31/5/99 

 
Total 

 
Percentage 

 
06:00 - 09:00

 
6

 
20

 
26

 
15.6%

 
09:00 - 16:00 

 
35

 
26

 
61

 
36.5% 

 
16:00 - 18:00 

 
8 

 
14

 
22

 
13.2% 

 
18:00 - 06:00 

 
35

 
23

 
58

 
34.7% 

 
TOTAL

 
84

 
83

 
167

 
100.0%

 
TABLE 7: LOCATION OF ACCIDENTS WITH PEDESTRIANS (1/1/97-30/6/98) 
 

Location of accident with Pedestrian 
 

Total for period 
 

Percentage 
 
Crossing street at intersection 

 
7 

 
28.0% 

 
Crossing street between intersections 

 
12 

 
48.0% 

 
Walking in the street 

 
6 

 
24.0% 

 
TOTAL 

 
25 

 
100.0% 

 
  
2.6 Problems identified by the community and ASTRASA 
 
The following problems were identified by the community: 
 
·  Elderly and children are walking from the informal settlement in the west to the 

station, crossing Maunde Street west of Makaza Street.   
·  Speed humps are required for the western section of Maunde Street. 
·  The implementation of traffic circles is a problem, motorists do not know who 

has right-of-way. 
·  Pedestrian walkways on both sides of Maunde Street would improve safety. At 

present there is only a walkway on the northern side. 
·  Signage on Maunde Street to major attractions and community facilities.  
·  The 3-way stop control at the intersection of Moloantoa- and Maunde Streets is 

ignored, speed humps are required. 
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·  The taxis moved from Maunde Street to Ramokgopa Street, because of the 
speed humps in Maunde Street. 

·  More speed humps are required between Mphalane- and Sekhu Streets. 
·  Speed humps are required at the intersections of Maunde Street with Nchare- 

and  Ramano Streets, due to the schools on both sides of Maunde Street. 
·  The taxis use the sidewalks to skip the intersections and stop streets.  
 
2.7 General problems observed with field surveys 

 
Table 8 shows the general problems observed with field surveys. This confirmed 
problems identified by the community. 
 
TABLE 8: GENERAL PROBLEMS FROM VISUAL FIELD SURVEYS  
 
Nr 

 
DESCRIPTION 

 
1. 

 
Stop control at intersections is ignored. 

 
2. 

 
Utilisation of the taxi and bus bays should be addressed. 

 
3. 

 
Street lighting should be improved. 

 
4. 

 
A traffic problem is experienced during funerals  at the two cemeteries next to Maunde 
Street. 

 
5. 

 
The absence of paving behind the existing mountable kerb result in gravel and sand being 
washed into the road surface. 

 
6. 

 
The several Informal trade stalls result in pedestrians having to walk in the street to pass 
these hawker stands. 

 
7. 

 
The provision of rails or barriers to channelize people waiting for taxis on the sidewalks 
should be considered. 

 
8. 

 
Taxis pile-up in the intersections to make U-turns to pick up passengers in the intersection, 
before continuing on their routes. 

 
 
3. PROBLEM IDENTIFICATION AND ANALYSES 
 
3.1 Traffic Control 
 
The existing traffic control on Maunde Street is stop control - most streets intersecting 
with Maunde Street has stop control (on the intersecting street) and a few intersections 
has all-way stop control.  
 
To determine the optimum type of control at an intersection, the aspects that need to be 
considered include traffic safety, capacity and level of service. The feasibility of 
providing traffic signals or other form of traffic control was specifically investigated at a 
few intersections, namely: 
 

1. Mphalane / Maunde 
2. Sekhu / Maunde 
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3. Hlahla / Maunde 
The provision of traffic signals at these intersections are not supported, for the following reasons: 

· The traffic volumes on the side streets are lower than the minimum required in the 
South African Road Traffic Signs Manual. 

· The speed of vehicles through the intersections may increase - not the average 
speed, but the speed of individual vehicles as they speed to go through on either 
the end of green or through yellow. 

·  It will be more effective to provide raised pedestrian crossings for school children 
as it will force motorists to reduce speed and yield for pedestrians. People don’t 
cross at the intersections.  

·  In the South African Road Traffic Signs Manual (Volume 1, Part 3, Par 6.8.2.2) it 
is also clearly stated that collisions may increase at traffic signals, although the 
type and severity of collisions may change. 

·  The provision of mini-circles was also investigated as a method of control at the 
intersections. Mini-circles however, do not always function well in conjunction 
with high pedestrian volumes. 

 
The above motivation can be applied to the approval of traffic signals in other similar areas. The 
results of the capacity analyses also show that most intersections operate at acceptable levels of 
service at present. 
 
3.2 Traffic Safety 
 
A detailed analyses of accident statistics was done as part of the Status Quo investigation. The 
main causes of accidents, can be summarised as follows: 
 

·  Poor driver behaviour - this includes speeding, ignoring stop control at 
intersections and taxis loading passengers anywhere and not only at the designated 
bays.  

·  Poor pedestrian behaviour - this includes ”jay walking”, not waiting for taxis at 
the designated loading bays, walking in the roadway. 

· The above two issues relate to education of drivers and pedestrians as well as to 
law enforcement. 

·  The impact of vehicles that are not roadworthy on traffic safety is not quantified in 
this report but should be addressed through law enforcement. 

 
The following physical aspects of Maunde Street were identified as problems which need to be 
addressed: 
 

·  Lighting - the high frequency of accidents at night show clearly that the lighting is 
inadequate. 

·  Pedestrian / vehicle conflict can be controlled through reducing speed by the 
provision of additional raised pedestrian crossings - at intersections and midblock. 

·  Vehicles stopping on the side walk at locations other than the designated taxi bays 
can be controlled by erecting vertical kerbs and painting a red no stop line. The 
red line will assist in law enforcement. 

· The fact that a paved sidewalk or pedestrian path is only provided on the one side 
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of Maunde Street (the northern side) for the largest length thereof, possibly result 
in pedestrians crossing the street between intersections to walk on the sidewalk. 
There is a need for a pedestrian walkway both sides of the road. 

· Apart from the fact that the existing sidewalk is not aesthetical, the unpaved area 
force pedestrians onto the road when it rains to avoid standing or walking in the 
mud. 

· A significant problem is hawkers that have shelters within the road reserve, 
especially where their stands extend over the pedestrian walkway.  

 
To address the above mentioned problems and to improve traffic safety, a range of physical 
measures can be implemented. The different measures are shown in Table 9. 
 
TABLE 9: POSSIBLE PHYSICAL MEASURES TO IMPROVE ROAD SAFETY 
 
Nr 

 
Measure 

 
Application and function 

 
1 

 
Provision of a median island 

 
Reduce turning movements, refuge for pedestrians 

 
2 

 
Limit turning and conflict movements 

 
Improve traffic safety 

 
3 

 
Speed humps 

 
Reduce speed 

 
4 

 
Pedestrian Paths 

 
Separate pedestrians and vehicular traffic 

 
5 

 
Additional turning lanes 

 
Improve capacity and reduce vehicle conflict 

 
6 

 
Provide vertical kerbing 

 
Protect pedestrians on side walks 

 
7 

 
Provide raised pedestrian crossings 

 
Reduce speed and improve pedestrian safety 

 
8 

 
Improve lighting 

 
Improve traffic safety at night (sight distance) 

 
9 

 
Provide additional signage 

 
Warning signs to improve driver awareness  

 
10 

 
Reduce number of direct erf accesses 

 
Reduce conflict movements 

 
11 

 
Reduce traffic volumes by diverting 
traffic to other roads 

 
Improve spare capacity, reduce through traffic and 
hence conflict movements 

 
12 

 
Channelize pedestrians 

 
Improve pedestrian safety 

 
13 

 
Remove or control hawkers from side 
walks 

 
Improve pedestrian level of service 

 
14 

 
Change control of intersections to 
circle control or traffic signals 

 
Improve capacity, not necessarily traffic safety 

 
15 

 
Additional bus and taxi bays 

 
Improve public transport level of service  

 
16 

 
Provide shelters for bus and taxi bays 

 
Improve public transport level of service 
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14. PROPOSED ROAD UPGRADES TO IMPROVE TRAFFIC CONTROL AND ROAD 
SAFETY 

 
The different measures identified in Section 3.2 were applied for the whole section of Maunde 
Street.  The total cost of the proposed measures, as proposed in Table 10, is approximately R 1,5 
million.  A prioritisation of the measures is proposed to assist in planning for the implementation 
thereof. Some of these measures are under construction at present. 
 
TABLE 10: PRIORITISATION OF MEASURES AND ESTIMATED COST  
 

Priority 
 

Description 
 

Cost 
 
1 

 
7 Additional raised pedestrian crossings 

 
R70,000 

 
2 

 
Pedestrian walkways south of Maunde Street 

 
R299,000 

 
3 

 
Improvement of road markings 

 
R39,500 

 
4 

 
Improvement of street lighting 

 
R75,000 

 
5 

 
Provision of vertical kerb at intersections 

 
R70,000 

 
6 

 
Additional turning lanes at Hlahla and Maunde Street 

 
R160,000 

 
7 

 
Provision of paving around intersections 

 
R488,400 

 
8 

 
Provision of additional taxi bays 

 
R84,000 

 
9 

 
Provision of paving behind taxi bays 

 
R224,000 

 
 

 
TOTAL 

 
R1,509,900 

 
Figure 2 show a typical plan of some of the measures that are implemented. 
 
5.  ADDITIONAL ACTIONS UNDERTAKEN BY THE CITY COUNCIL, ASTRASA 

AND GAUTRANS 
 
The following actions were also undertaken in addition to the road improvements below. 
These actions have reference to the specific problems as identified in the report. 
 
5.1 Education 
 
Gautrans Road Safety Promotion will provide road safety education to the residents 
living along Maunde Street. Educational material such as leaflets and audio visual media 
will be used at schools, clinics and along the street. The local road safety forum 
ASTRASA (Atteridgeville / Saulsville Road Safety Forum) will be linked into the project 
through information sessions on community meetings, workshops and general 
assistance with Gautrans Road Safety Promotion. 
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5.2 Marketing 
 
ASTRASA, together with City Council of Pretoria and Gautrans, is involved with the 
launch of the project before and after completion. The relevant local print media will be 
invited as well as all relevant role-players and stakeholders. An information billboard was 
erected. 
 
5.3 Law Enforcement 
 
In addition to the involvement of the local Pretoria Law Enforcement team, the Gautrans 
Pretoria Regional Office was also brought in to provide a supplementary service. The 
two teams will work in co-operation with one another and will assist in joint law 
enforcement campaign after the completion of the project. The local SAPS will also be 
drawn in to provide a backup service. 
 
Speed measurement, visible patrolling, road blocks(K78) and selective law enforcement 
will be the main thrust of the law enforcement agencies on Maunde Street. 
 
6.  FINDINGS 
 
The Maunde Street Traffic Safety Project had a specific focus, namely to improve safety 
in a higher order street through a Township Street. The findings from the study are 
generalised to assist in the execution of other similar projects in future: 
 
- Township Streets have unique problems. Maunde Street is an example of many 

typical streets in Townships - a relative high mobility function combined with 
direct residential access, public transport usage and high pedestrian volumes. 

 
-  The verges on these roads are seldom paves or grassed which result in 

pedestrians within the roadway, gravel on the road reducing skid resistance and 
an overall poor aesthetical appearance. 

 
-  The vehicle volumes on these roads are seldom high enough to warrant traffic 

signals, although there can be pressure in many cases from the community to 
provide traffic signals. The disadvantages of traffic signals in terms of safety 
should be clearly explained to the community and should only be implemented 
where the traffic demand adequately warrants it. 

 
-  This study showed that a proper engineering analyses, based on adequate traffic 

data - volumes, accident statistics etc, combined with community participation, 
can deliver traffic safety solutions that can be expected to yield results. 

 
-  There are a limited range of physical measures that can be done from an 

engineering perspective to improve traffic safety. These typical measures are 
listed in Table 9. The implementation of such measures should coincide with a 
proper education and law enforcement programme. 
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4-0 and 3-1 contraflow workzone areas:
Effects on driving behaviour, workload and comfort.

Marieke H. Martens, Karel A.Brookhuis1 & Alex P.P.M. van Loon2

TNO Human Factors, the Netherlands
1Centre for Environmental and Traffic Psychology, the Netherlands

2 Transport Research Centre of the Dutch Directorate General of Transport, Public Works and Water Management.

Abstract
In contraflow workzone areas, traffic of one carriageway is guided to the other carriageway with decreased
lane width, either partially (3-1 type workzone) or completely (4-0 type workzone). According to the Dutch
guidelines for workzone areas, a contraflow system is only allowed to have a maximum length of 4 km,
since otherwise it is supposed that road users experience too high a workload. The present study
investigated the effects of long contraflow systems (up to 12 km) on lateral position, longitudinal control,
speed, road marking crossings, steering performance, workload and subjective evaluation. The study
included a driving simulator study, video observations of traffic behaviour at contraflow systems, and a
study with an instrumented vehicle at prolonged contraflow-systems.

The driving simulator study investigated the effect of type of contraflow system, lane width and length of
the contraflow system on driving behaviour, workload and subjective safety. Video images of traffic
behaviour at transitions from a standard motorway to both contraflow systems were analysed and effects of
both contraflow systems on real driving behaviour and physiological measures were studied by means of
driving in an instrumented vehicle in actual traffic.

The three separate studies showed to be complementary. The driving simulator study (with simulated cars
and heavy vehicles surrounding the subject) showed a clear difference in driving behaviour and subjective
safety between 3-1 and 4-0 type workzones. Lane width also turned out to affect driving performance. The
study with the instrumented vehicle showed effects on driving behaviour and physical workload, with the
effect of length being in correspondence with the results found in the driving simulator study. The video
images showed high turbulence in the traffic flow in front of the workzones due to a fairly high amount of
lane changes. This may be explained by drivers trying to avoid the traffic lane where heavy traffic is
allowed.

Based on the results of the three studies together, safety recommendations were proposed for designing safe
contraflow systems, with attention paid to lane width, type of workzone system and length of the workzone.

1 Introduction

In contraflow workzone areas on motorways, traffic from one carriageway is guided to the other carriageway
with decreased lane width. Road users can be guided to the other carraigeway either partially with one lane on
the other carriageway (3-1 type workzone) or completely with 2 lanes to the other carriageway (4-0 type
workzone). According to the Dutch  guidelines for workzone areas, a contraflow system is only allowed to have
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a maximum length of 4 km, since otherwise it is supposed that road users experience too high a workload.

Under contract by the Transport Research Centre (AVV) of the Dutch Directorate General of Transport, Public
Works and Water Management, TNO Human Factors investigated the effect of long contraflow workzones on
driving performance, workload and comfort, together with the Centre for Environmental and Traffic
Psychology of the University of Groningen. The study concentrated on the question whether a contraflow
system with a length of more than the usual 4 km would be acceptable in terms of driving behaviour, driving
comfort and workload. For this, a distinction was made between a 3-1 and a 4-0 contraflow workzone. Also
two types of lane width were investigated within each of the 2 workzones. Special attention was paid to the
driving behaviour close to the transitions of a normal motorway lay-out to a contraflow workzone. To answer
this question completely, the study consisted of three parts, a driving simulator study, video observations of
the transitions and a study with an instrumented vehicle.

2 Driving simulator study

The driving simulator offered the possibility to properly investigate the effect of long contraflow zones, since
long workzones up to 12 km are not yet actually in use. The driving simulator study investigated the effect of
length of the contraflow system, type of contraflow system, and lane width on driving behaviour, workload and
subjective safety.

In the TNO Human Factors driving simulator (for a detailed description see Hogema & Hoekstra, 1998;
Hoekstra, van der Horst & Kaptein, 1997), a 3-1 and a 4-0 contraflow workzone were simulated conform the
Dutch Guidelines for Workzones (CROW, 1995), with each two lane widths and a speed limit of 70 km/h. For
the 3-1 workzone, the lane was either 2.50m or 2.75m wide. For the 4-0 workzone, the left lane was either
2.50m or 2.75m wide and the right lane was 3.00m or 3.25m wide. Subjects always drove on the left lane of
the 4-0 system.

Altogether, 24 subjects participated and drove all 4 contraflow workzones, as well as a control condition in
which they drove on a normal 2x2 lane motorway.

2.1 Task
Every subject started by driving the control condition, driving on a standard motorway. The control condition
allowed a comparison between driving behaviour in contraflow workzones and normal driving behaviour. After
this, each subject drove two 3-1 workzones (with 2 lane widths) and two 4-0 workzones (2 lane widths). The
order in which subjects had to drive these workzones was balanced.

Subjects were free to choose their own speed. After each ride, subjects took a short break and were asked to
fill in a questionnaire.

2.2 Dependent variables
Driving behaviour was measured by means of  speed, standard deviation of lateral position, and steering
behaviour, in terms of the proportion of high frequency steering (HFS). The proportion of HFS was calculated
by dividing the energy in the 0.3-0.6 Hz area by the energy in the 0-0.6 Hz area (Blaauw, 1984). An increasing
proportion of high frequent steering is an indication for difficult or strenuous steering. Also, Time-to-Line-



3

Crossing was calculated, which is a measure that indicates how close a driver is (in s) to crossing a road
marking, as well as the percentage of actual road marking crossings (on the left side as well as on the right
side).

2.3 Results

Speed
There was an effect of type of road condition on speed [F(4,92) = 222.97, p<0.0001], with higher speeds in
the control condition. Also a main effect was found of type of contraflow workzone on driving speed [F(1,23)
= 4.59, p<0.043], with lower speeds in the 3-1 workzone. A main effect of lane width was found [F(1,23) =
9.93, p<0.004], with higher speeds for wider lanes. A main effect was also present for distance within the
workzone [(F(2,46)=9.947, p<0.000)], with higher speeds further in the workzone (for this, the 12 km
workzone was subdivided in 3 parts). Since this latter effect was also found in the control condition, this is most
probably caused by subjects getting used to the condition, instead of the workzone itself. Average driving speed
was between 70 and 80 km/h.

Standard deviation of the lateral position
There was an effect of type of road condition on standard deviation of the lateral position [F(4,92) = 67.91,
p<0.0001], with higher standard deviation of lateral position in the control condition. Neither a main effect of
type of contraflow workzone nor a main effect of lane width was found on the standard deviation of lateral
position. However, there was an effect of distance within the workzone [F(2,46) = 21.83, p<0.000], with higher
standard deviation of the lateral position when subjects drove further in the workzone.

Proportion of HFS
There was an effect of type of road condition on proportion of HFS [F(4,92) = 33.48, p<0.0001], witha lower
proportion of high frequency steering in the control condition. There was no main effect of type of contraflow
workzone on the proportion of high frequency steering. Also no main effect was present of lane width. There
was a main effect of distance within the workzone [F(2,46) = 5.55, p<0.007]. An interaction between type of
contraflow workzone and lane width [F(1,23) = 4.47, p<0.045], with a decrease of HFS in the wide 3-1
workzone and an increase in the 4-0 system. An interaction was also present between lane width and distance
within the workzone [F(2,46) = 4.40, p<0.018]. In the control condition, there was also a main effect of road
section [F(1,23) = 20.675, p<0.000] with a lower decrease in HFS near the end of the road. The HFS was
higher for the experimental conditions than for the control condition.
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Figuur 1: HFS in the different road conditions (contraflow workzones and the control condition) for the 3
subsequent road sections.

Percentage road marking crossings
The crossing of the left road marking was defined as subjects crossing the right side of the left road marking
with the left side of the car. The percentages indicate how much of the time subjects were driving over this road
marking. A main effect was present of type of workzone [F(1,23) = 31.50, p<0.000], with a higher percentage
of left road markings crossing for the 4-0 workzone. There is also an effect of lane width [F(1,23) = 262.591,
p<0.000], with less road marking crossings with wider lanes. Also, there is an effect of road section [F(2,46)
= 16.437, p<0.000], with a lower percentage of left road marking crossings in the middle of the workzone.

In the control condition, there was no effect of road section, meaning that subjects did not cross the left road
markings more or less, further on in the road section. Overall, the percentage left road marking crossings is high
for the narrow lanes. Subjects drove very much towards the left hand side, probably trying to avoid any
conflicts on the right hand side, since it is more difficult to judge how close one is to other traffic or the barrier
on the right side. Figure 2 shows the percentage of crossings of left road markings.
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Figure 2: Percentage of crossings of the left marking for the experimental conditions and the control condition
for the 3 subsequent road sections.

No significant effects were found for crossing the right road marking.

Mean Time-to-Line-Crossing left road marking
Time-to-Line-Crossing (TLC) indicates the time until a driver will cross a road marking if he/she will keep the
same course, the same speed and the same acceleration (or deceleration). A TLC value of 0 indicates that a
driver starts to cross a road marking. Results show a main effect of contraflow workzone on TLCleft [F(1,23)
= 22.04, p<0.001], with higher values for the 3-1 workzone.  Also lane width has a main effect [F(1,23) =
131.86, p<0.001], with higher values for the wider lanes. A main effect was found of section [F(2,46) = 7.11,
p<0.002], with higher TLCs for the middle section. Figure 3 shows the mean TLCleft-values for the different
conditions.

Figure 3: Effect of condition on mean TLCleft in the control conditions and the experimental condition for the
3 road sections.
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For the TLCs on the right hand side,  no significant effects were found.

Questionnaires
Subjects indicated that driving in contraflow workzones was more strenuous than driving on a normal
motorway, with the 4-0 workzone leading to more strenuous driving than the 3-1 workzone. They stated that
driving was not more difficult after a longer period of time inside the workzone. Even the wide lane in the 4-0
contraflow workzone was judged as narrow. Their overall preference was for the 3-1 workzone.

2.4 Conclusions of the driving simulator study

In summary, the results show that a long 3-1 contraflow workzone with a lane width of 2.50m is not to be
recommended. Subjects' steering was more strenuous than in other workzones, while their standard deviation
of the lateral position got larger. This indicates that in spite of steering with more effort, it is harder to keep a
stable lateral position. The fact that this driving behaviour occurs in a narrow lane even enlarges the chances
of incidents. In situations in which a 3-1 workzone with a lane of 2.50m is necessary, it is strongly
recommended to limit this to a workzone with a length of 4 km. With a 2.75m wide driving lane, the standard
deviation of the lateral position increases after 8 km. The effort subjects put into steering did not change over
the length of the workzone. This results in the recommendation not to exceed the length of 8 km for a 3-1
contraflow workzone with a lane of 2.75 m.

For the 4-0 workzone with a left lane width of 2.50m, the standard deviation of the lateral position increased
further on in the workzone, even though people show more strenuous steering the longer they drive in the
workzone. Similar to the narrow 3-1 workzone, this indicated that in spite of putting more effort into steering,
it is harder to keep a stable position within the lane. For the lane width of 2.75m., there is also an increase in
the standard deviation of lateral position after driving on this lane for a longer period of time, in combination
with more strenuous steering behaviour. This, again, is an indication of higher chances of incidents. With this,
there is an increase in the number of lane marking crossings on the right side after driving in the work zones
for a longer period of time. 4-0 workzones with lengths over 4 km are therefore not recommended.

3 Video registration of transitions

The driving behaviour during driving through the transitions from a normal motorway to a 3-1 workzone and
a 4-0 workzone was measures by means of video registration. The conflicts occuring were analysed. Trucks
as well as normal traffic (cars) were included in the analysis. Per location, 6 hours of video were produced.

3.1 The 3-1 contraflow workzone

The lateral positioning of drivers in the left driving lane of the transitions of a normal motorway to a 3-1
workzone was analysed. On the left lane, no trucks were allowed. Yellow road markings were used to indicate
the driving lane and red-white beacons were used on the left side, and a barrier is used on the right side.

Road users use all the space available to make the curve in the transition as large as possible. Thereby they
cross the lane markings, as long as there is space available on the left side of the road marking. Since there is
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a concrete barrier on the right side, drivers want to keep as far as possible from this. Because of this, road users
enter the 3-1 workzone on the left side of the lane, and they correct their position after the transition.

A 3-1 workzone forces the driver to choose one particular driving lane (left or right, with the right lane being
wider than the left lane). In order to do this in ample time, there is an uninterrupted road marking separating
the left and right driving lane. The video registration showed that road users ignore this, and they still change
lane very close to the lane separation, thereby crossing the uninterrupted road marking. In those cases, car
drivers change more often from the right to the left lane instead of the other way around. This can be explained
by the fact that they want to avoid trucks in front of their vehicles because of low speed and limited view.
About 1% of all traffic changed from left to the right lane, crossing the uninterrupted road marking and up to
3% changed from the right to the left lane.

3.2 The 4-0 workzone

Also in the 4-0 workzone, an uninterrupted road marking is used to separate the left and right driving lane. The
data on the left and the right driving lane were analysed separately. About 74% of all traffic (including trucks)
in the right driving lane does not cross any road marking, and stays within their lane. Even though the majority
stays within their lane, the majority also brakes before entering the curve in the transition, basically indicating
they are driving too fast in front of the transition. About 24% of the road users touch the left road marking in
the beginning of the transition. This is about 34% in case of trucks only. About 2% of all traffic changes to the
left driving lane within the transition, but these are cars only.

The majority of the traffic in the left driving lane (88%) stays within their lane. About 8% of the road users
touch the right road marking with their wheels. About 1% touches the left road marking. Since there is less
space available to cross the road marking, this result was to be expected. About 3% changes from the left to
the right driving lane during the transition.

Summarising, these results show that quite a lot of traffic still changes lane just before or even in the transition,
even though this is not permitted. In the 4-0 system, changes from the left to the right lane are about equal in
number to the changes from the right to the left lane. They are probably only used to make the curve less sharp.
In the 3-1 workzone, more road users change from the right to the left lane. Independent of the type of
workzone, road users use all available space to cut the corner. In order to avoid any conflicts, it is therefore
advised to use a double interrupted line to emphasise its importance. In the 4-0 workzone, accurate lateral
positioning is more important since there is traffic in the adjacent lane. Therefore the 3-1 system is to be
preferred, especially in high traffic volume situations. The video registrations did not show any major conflicts.

4 Instrumented vehicle study

To gain insight in the effects of contraflow workzones on appraisal, workload and driving behaviour in actual
traffic, a small field experiment was carried out in an instrumented vehicle. This part of the study is typically
a supplement to the simulator study in the sense that it concerns measurements of actual driving behaviour on
a real motorway. The results are  however limited in the sense that it is confined to contraflow workzones as
coincidentally offered in the period of the project. In practice the contraflow workzone consisted of a 3-1
workzone with lanes of 2.50m (left lane) and 3.00m (right lane) including 15cm yellow road marking and a
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4-0 workzone with simular lane widths. The maximum length of the workzone, the 3-1 type, was 7 kilometres.

4.1 Subjects
In total 29 subjects voluntarily participated (16 male, 13 female), of which 16 drove the 3-1 workzone and only
13 drove the 4-0 workzone. Subjects were recruited via local newspapers in the neighbourhood of the
workplace. Mean age was 42 years (range 23 – 63), possessing a driving license on average for 21 years (range
5 – 36), driving experience more than 22.000 km/year (range 5.000 – 130.000).

4.2 Task
All subjects were hosted in a local hotelroom, where they received instructions, completed some general
questionnaires, and got heart rate electrodes fixed to enable measurement of mental workload (De Waard, 1996,
Brookhuis & De Waard, 2000). All subjects drove the complete test track twice, once during rush hours and
once in quiet hours. The test track consisted of a normal, control part and the contraflow workzone. After each
part of the test track, specific questionnaires were completed concerning appraisal and subjective mental
workload. For safety reasons dual controls were present and the subjects were instucted to drive as they would
normally do, leaving choice of speed and traffic lane free.

4.3 Dependent variables
The behavioural consequence of driving within a contraflow workzone is operationalised in terms of both
longitudinal and lateral position changes. Average and variance (standard deviation) of speed and lateral
position were calculated across control and workzone tracks. Naturally, the traffic lanes differed between
different conditions, reason why a relative lateral position was calculated:

absolute lateral position
relative lateral position  = __________________   * 100 %

           lane width

Changes in discomfort and mental workload were measured in two ways, by objective measures derived from
heart rate and subjective measures (BSMI) (see Brookhuis, 1993; De Waard, 1996; Zijlstra & Meijman, 1989).

4.4 Results

Lateral position
No difference was found in lateral position data between rush hours and normal hours. The impression was,
however, that traffic density did not differ very much between hours of daytime at the time of experimentation.
Relative lateral position on the longest track, the 3-1 contraflow workzone, was significantly more to the right
in the narrow workzones than on the control tracks (F(1,13) = 80.1, p<0.001). The standard deviation in lateral
position was significantly lower on the narrow lanes than on the normal control lanes (F(1,13) = 13.1, p<0.004).

Figure 4 shows the effects on relative lateral position on all double-lane tracks.
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Figure 4: Mean relative lateral position on left- and right traffic lane in control- and workzone conditions.

Speed
For the speed also no difference was found between rush hours and normal hours. Naturally, speed was much
lower on the workzone traffic lanes (F(1,13) = 589.9, p<0.001] and F(1,5) = 749.1, p<0.001 respectively the
3-1 and the 4-0 system). In the control lanes mean speed was 120 km/h, while in the actual workzones mean
speed was 80 km/h, whereas at the point of passing the sign indicating that the speed limit is 70 km/h, the
actual speed was still between 90 and 100 km/h. No differences between traffic lanes were found.

Heart rate
Again no difference was found between rush hours and normal hours. In the approach of the workzones, clearly
and far in advance indicated, heart rate increased considerably, after some time decreasing to a level that was
even lower than in the control conditions (F(1,13) = 12.9, p<0.003 and F(1,5) = 14.5, p<0.002 respectively),
see figure 5. The anticipatory effects at around the 70 km/h sign (Dutch: “bord 70”) are clearly visible too.

0
5

10
15
20
25
30
35

Control
3_1

Work
3_1

Control
4_0

Work
4_0

Left
Right



10

Figure 5: Mean heart rate (in beats per minute, bpm) in the control condition (controle), at the approach of the
workzone (bord 70), and in the workzone (ww).

Subjective workload and appraisal
Driving in the contraflow workzones was judged significantly more effortful than in the control tracks in all
cases [F(1,27) = 47.0, p<0.001], no differences were found between rush hours and normal hours.
Both the 3-1 and the 4-0 system were judged by subjects as useful, with a slight preference for the 3-1 system
(F(1,27) = 4.9, p<0.039). Subjects rated the comfort on workzones neutral, , which allows the conclusion that
the systems arouse no irritation.

4.5 Conclusions instrumented vehicle study

As expected, there were large differences between driving on the control parts of the test track and in the
contraflow workzones. Subjects drove much slower (although still too fast in the workzones), more to the right
and with less weaving. They judged this type of road works useful (3-1 more so than 4-0) and not
uncomfortable, indicated to exert more effort but were not under higher mental pressure, probably due to the
lower speed which lowers strain. An advice was given to position an extra speed limit sign (90 km/h) at ample
distance before the 70 km/h speed limit sign.

The following general conclusions can be drawn up:
1. Drivers adapt to the contraflow system
2. They do so by driving more carefully
3. This brings no unacceptable strain
4. A 3-1 contraflow system of 7-kilometre length is not strenuous in this sense
5. The differences found in this study between a 3-1 system and a 4-0 system do not give rise to strong

preferences.
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1.  INTRODUCTION 
 
The long-term development of the accident rate has shown the vehement increase of accident and 
their consequences after 1987 in the Czech Republic. The accident increase especially within last 
six years has been enormous. As is shown on Fig. 1,  number of accidents expanded more than 
three times, number of seriously injured is over 73 percent higher. The estimation of total losses 
for society (according methodology of CDV) e.g. per 1993 was 537.9 million ECU (referring to 
GDP - Gross Domestics Product - it means 1.8%) and per 1998 it was already 1026 million EURO 
(referring to GDP it means 2,2 %). 
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 Figure1   

 
The development of road safety also reflects very clearly all economical, social and political 
changes in our society in the Czech Republic. These changes lead to the changes in the social 
atmosphere and in the changes of road users behaviour. This factor is based on the feeling on the 
achieved freedom and it is resulting in the lower legal responsibility of road users. It is also 
connected with bad position of police enforcement. In result of these relations it comes to vigorous 
pressure to better orientation in traffic flow and its controlling and to executing to the traffic 
measures in quantitative higher level.  
 
The problems of work zone designing and ensuring were substantially underestimated for twenty 
years period and so far there existed only one technical publication dealing with the problems, 
which did not in addition include (and not even to this scope could include) the entire extensity of 
the problems for all this period. 
 
 
 
2.  CONTENT OF THE REGULATION „THE PRINCIPLES FOR TEMPORARY 

TRAFFIC SIGNING ON ROADS 
 
On the base of depth analyse of analogous regulations and guidelines of European countries and 
using the Czech Highway Code as well as appropriate technical standards and regulations was 
elaborated the first version of new Czech regulation in the end of 1994. This regulation was 
examined in practice and in the end 1996 was issued final version. The regulation is drawn up as 
the practical handbook with safety principles and a lot of examples of traffic system plans for rural 
roads, urban roads and motorways, too.  
 

Accident development in the Czech Republic (1986 - 1999)
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The speed limits have been changed
 since 1.10.1997 as follows:

a) In urban areas from 60 km/h to 50 km/h
   b) On motorways from 110 km/h to 130 km/h
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The biggest pressure on ensuring work zones was primary on motorways. This need also issues 
from the fact, that rate-off accidents on motorway work zones is about 56% of all accidents on 
work zones of the rest roads, and at the same time length our motorways is only 0,37 percent from 
length of whole road network. Level of ensuring of motorway work zones must be obviously the 
highest. 
 
 
The Figure No. 2 shows an example of one of selected traffic system plan with long term duration 
for motorways. It is concerned the event of works in the median with two auxiliary traffic lanes 
along. The whole work zone area was divided into these parts: 
 
• Advance warning area 
 
The traffic signs, possibly traffic devices installed in this area warn and prepare the drivers to new 
following driving situation. In this area it is primarily necessary to reduce vehicle�s speed and 
sufficiently inform drivers about the direction changes and other certain changes which will  
immediately come after in next work zone area - narrowing area. 
 
• Narrowing area 
 
In this area there is the traffic line diverted and the line width is reduced. These measures are 
realised by using transverse closure composed from guiding beacons fulfilled with warning traffic 
lights (on left site with high intensity, on right side with lower intensity). The auxiliary traffic 
lanes are delimited by road studs or by foil for better driver guidance in this area.  
  
• Work area 
 
In this area the traffic is running along the construction place. It is important to keep sufficient safe 
distance between traffic line and the working area where are the workers moving. This measure 
can be for instance realised by placing longitudinal closure. The closure consists of guiding 
beacons and every second beacon is supplemented by warning light with lower luminous intensity 
and road studs. 
 
• Termination area 
 
The traffic lines are diverted back to the previous direction and width in this area. The diversion is 
again realised by using transverse closure without warning lights and traffic lines are determined 
by road studs. 
 
• Run-off area 
 
All restrictions are off and normal traffic conditions are resumed. 
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Figure 2 
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General safety principles for work zone applied to traffic system plans:  
 
-  visibility of work zone (WZ) for road users, 

- uniformity of WZ form,  

-  optimal sequence of measures (traffic signs and devices) on WZ, 

-  comprehensibility of WZ for road users. 

 
 
Safety principles for the design of work zone: 
 
- the work zone traffic signing should be provided by the same way in similar situations, 
 
- traffic guidance in work zone area has to unambiguously, clearly and easily cognizable for road 

users. All traffic signs and devices have to be easy visible and understood, 
  
- to lay stress on driver�s directional guidance through the work zone (by means of guiding 

equipment, road studs, sheeting, suitable and uniform angle of standing of transverse closures, 
...), 

 
- to establish buffer zone especially in the case of work zone on roads with more than three lanes, 
 
- in the case of requirement to close lane on motorway or dual carriage way, it is necessary to close 

lane(s) from the left side /�quick lane(s)�/ and conduct traffic through the right line(s), 
 
- it is important to look at the ensuring of cyclists, pedestrians and workers, too (e.g. its division 

from traffic), 
 
- traffic signs and traffic devices should be used (valid) only for necessary long term (only during 

works on road, if it is possible),  
 
- used traffic sign and  traffic devices have to be updated according to the stage of works in work 
zone. 
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3.  ACCIDENT DEVELOPMENT IN THE WORK ZONES IN THE CZECH REPUBLIC 
 
 
The development of road accidents in the work zones is shown on Figure 3. The development of 
number of accidents in the work zones follows the increase of accident on all roads. Since 1997 
the new regulation has been valid and used in practice. After 1997 we can see decreasing tendency 
of number of slightly and seriously injured persons. The decrease of number of slightly and 
seriously injured persons in the work zones is more distinct than the one on all roads. 

 
       

  Figure 3 
 
 
The effectiveness of the proposed measures in work zones can be also demonstrated by the 
analysis of selected types of work zone accidents. For example since 1997 we have recorded every 
year about 20% decrease of accident numbers in the work zones caused by inappropriate driver�s 
speed. On motorways these numbers are constant. Since 1997 we have not recorded any traffic 
accident caused by entering to the opposite direction.  
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4.  CONCLUSION  
 
 
If we take into account this unsafe situation on our roads we can state, that during a short time 
period (about three years of experiences) and statistically small numbers, we succeeded the 
decrease of number of slightly and seriously injured in our work zones areas.  
 
I hope that consistent application of the safety principles described the new regulations helps to 
improve current  state in these areas and it can contribute to solve the problem of traffic unsafety 
in the frame work of the �System program of road safety increasing�.  
 
As next step we plan to test the usage fluorescent retroreflective sheeting on traffic signs because 
of  increasing of number accidents and rear-end collisions especially in advanced warning area of 
the work zone. The idea is to build up something as a work zone gate with the aim to increase 
driver�s attention. Actual research shows quite significant increase of drivers attention in case of  
application of fluorescent retroreflective material on sheeting especially on rural areas.  
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ABSTRACT   

Work zones tend to cause hazardous conditions for vehicle drivers and construction 

workers since these  work zones generate  conflicts between construction activities and the 

traffic, and therefore aggravate the existing traffic conditions. Every effort should therefore be 

made to minimize the negative impacts of work zones. A clear understanding of the 

characteristics of work zone crashes will enhance the selection of the appropriate measures that 

can minimize the negative impacts of work zones.  

This study investigated the characteristics of work zone crashes in Virginia that occurred 

between 1996 and 1999. The information on each crash was obtained from the police crash 

records. Each crash was located in one of five areas of the work zone; (i) Advance Warning 

Area, (ii) Transition Area, (iii) Longitudinal buffer Area, (iv) Activity Area, and (v) Termination 

Area. An analysis of the percentage distributions was then carried out, with respect to the 

locations of the crashes, the severity, collision types and different types of highways. The 

proportionality test was used to determine significant differences at the 5% significance level. 

The results indicate that the Activity Area (Area 4) is the predominant location for work zone 

crashes regardless of the highway type, and that rear-end crashes are the predominant type of 

crashes. However, the results also indicated that the proportion of the sideswipe in same 

direction (SS) crashes in the Transition Area (area 2) is significantly higher than that in the 

Advance Warning Area (Area 1). 
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INTRODUCTION    

With the completion of the interstate highway system in the United States, the roadwork has 

shifted from new construction to maintenance and rehabilitation. The transportation Equity Act 

for the 21st Century (TEA 21) provided a significant increase in the funding for highway 

construction and maintenance. Thus, it is expected that rehabilitation work will increase 

significantly during the next few years. In addition, it is expected that traffic volumes on the 

Nations’ highways will continue to increase. Since it is not feasible to close long stretches of 

highways while rehabilitation work is being undertaken, it will be necessary to provide for the 

flow of the increased volumes of traffic while rehabilitation work is in progress. This in turn will 

result in a significant increase in the number of work zones, which will require an increased 

effort in improving safety at work zones. However, a clear understanding of the characteristics of 

work zone crashes will enhance the selection of  effective counter measures that can be used to 

minimize the negative effects of work zones. This study is a thorough examination of the 

characteristics of work zone crashes in Virginia by road type and time of day. 

   

LITERATURE RIEW 

Although several studies (1,2,3,4,5,6,7,8) have investigated the characteristics of work 

zone crashes, the results of these studies have not been wholly consistent. A brief summary of 

the results of some of these studies is given under the following sub-headings: 

• Crash Rates 

• Crash Severity 

• Crash Location 



Garber and Zhao   4

Crash Rates  

Hall (6) indicated that crash experience during construction increased by 26% compared 

with the same period in the previous year when there was no construction. Rouphail (9) showed 

that the crash rates during construction increased by 88% compared to the before period at long-

term work zones, while the crash rates at short-term work zones were not affected by the 

roadwork. Two studies (2,10) revealed that the crash rates at work zones were higher than at 

non-work zone, while  Nemeth (8) showed that the accident rates at work zones were lower than 

on those control sites without work zones. However, Nemeth stated that the difference was not 

believed to be very significant.  

Crash Severity 

Two studies (11,12) showed work zone crashes were more severe than other crashes, 

while two other studies (2,6) concluded the severity of work zone crashes was not significantly 

different from all crashes. Five studies (5,7,8,9,13) stated that work zone crashes were (slightly) 

less severe than all crashes.  

Crash Location  

Four studies  (2,7,8,13) addressed the specific locations of crashes in work zones. 

Hargroves (7) found that most crashes occurred at the work area (combining the longitudinal 

buffer area and the activity area).  Nemeth (8) concluded that 39.1% and 16.6% accidents 

occurred in longitudinal buffer area and activity area respectively. In another study (13), Nemeth 

used another set of location categories and showed that most crashes occurred at single Lane 

zones, crossover or bi-directional zones (Two Lane Two Way Operation). Goddin (3) indicated 

that 69% of the crashes occurred in the activity area. 
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Other Crash Characteristics 

The results of several studies (2,3,5,6,7,8,9,11,13) indicated that Rear-end crashes were 

the predominant collision type at work zones. Three studies (2,6,12) indicated that multi-vehicle 

crashes were over-represented at work zones while three studies (6,7,11) indicated that heavy 

vehicles were over-represented in work zone crashes. 

Summary 

The literature review revealed inconsistent results for many of the studies with respect to 

several characteristics. This discrepancy among the studies may be due to several factors, 

including the number of crashes considered, the time period during which the crashes occurred 

and the types of highways considered and whether the crashes considered were all work zone 

related. This study has therefore taken these factors into consideration in building up the data 

used for the analysis. 

 

METHODOLOGY 

Data Processing 

Information on each work zone crash that occurred from 1996 through 1999 in Virginia 

was obtained from the police crash report. A review of each report was first undertaken to 

ascertain that each crash selected for the study was work zone related. A total of 1484 crashes 

out of the 1939 obtained from the database were then selected for the study. The location of each 

crash was then identified and noted as one of the five areas of a work zone. These areas are:  

(1) Advance Warning Area 

(2) Transition Area 

(3) Longitudinal Buffer Area 
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(4) Activity Area 

(5) Termination Area. 

 

Figure 1  The Five Defined Areas of the Common Work Zone 
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These locations are shown in figure 1. In addition, information was obtained on the 

severity (Fatal, Injury, or Property Damage Only), the collision type (rear end, angle, sideswipe, 

fixed object), type of highway and time of day. Percentage distributions were then determined 

for the location of the crashes, the severity and the collision type. Each of these distributions was 

then determined for each road type, and time of day. Proportionality tests were then conducted to 

determine the significance of the distributions of these characteristics. A 5% significance level 

was used for all the hypotheses tested. The following null hypotheses were tested: 

(1)  The proportion of crashes at each location is not significantly different from 

the proportion at the other locations 

(2) The proportion of each severity level is not different from the others 

(3) The proportion of crashes by severity is the same for all locations 

(4) The proportion of each collision type is not different from the other collision 

types 

The above null hypotheses were then repeated for each road type and by time of day. 

 

RESULTS 

Location Distribution 

The location distribution for all the 1484 work zone accidents is shown in figure 2. This 

figure shows that the activity area (area 4) is the predominant crash location in a work zone, 

followed by the transition area (area 2), the advance warning area (area 1), the longitudinal 

buffer area (area 3) and the termination area (area 5) respectively. The results of the 

proportionality test show that the proportion of crashes occurring at the Activity Area (Area 4) is 
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significantly higher than that at each of the other locations. The results also indicate that the 

proportions of crashes in the five areas are significantly different from each other. 

 

 

 

 

 

 

 

 

Area 1 (Advance Warning Area) Area 2 (Transition Area)  Area 3 (Longitudinal Buffer Area) 

Area 4 (Activity Area) Area 5 (Termination Area) 

   Figure 2  Location Distribution for All Work Zone Crashes 

 

 

 

 

 

 

 

 

 

Figure 3  Road Type Distribution for All Work Zone Crashes 
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In order to study the effect of highway type on these distributions, the highways were 

first classified as Interstate, Primary and Secondary, and then each road was further classified as 

urban or rural. In classifying the urban and rural roads, the Northern Virginia urban secondary 

roads were separated from the rest of the urban secondary roads as some urban secondary roads 

in Northern Virginia carry volumes that are as high as those on primary roads. Figure 3 shows 

the distribution of work zone crashes by road type. It should be noted, however, that it couldn’t 

be concluded that the urban interstate highways are more susceptible to work zone crashes as 

these crashes were not normalized for traffic volumes or the number of work zones on each type 

of road. 

Table 1 shows the proportion of crashes by road type and location at the work zones. The 

results of the proportionality tests shown in table 2, indicate that the proportion of the crashes 

occurring in area 4 for interstate, primary or secondary roads is not significantly different from 

the proportion of the crashes in area 4 for all crashes combined. This indicates that area 4 is more 

susceptible to crashes regardless of the type of highways. It should be noted that only 24 crashes 

out of the 1484 occurred in the termination area (area 5). This indicates that the termination area 

is the safest area in a work zone. 

 

 

 

 

 

 

Area 1 (Advance Warning Area) Area 2 (Transition Area)  Area 3 (Longitudinal Buffer Area) 

Area 4 (Activity Area) Area 5 (Termination Area) 

Table 1  Percentage Distribution of Crashes by Work Zone Location and Road Type 

Road Number of Work Zone Location
Type Crashes Area 1 Area 2 Area 3 Area 4 Area 5

Urban Interstate 544 7% 17% 6% 69% 1%
Rural Interstate 159 14% 14% 7% 65% 0%
Urban Primary 339 7% 10% 4% 76% 3%
Rural Primary 206 18% 16% 5% 58% 3%

NOVA Urban Secondary 94 10% 5% 8% 72% 5%
NOVA Rural Secondary 2 0% 0% 50% 50% 0%

Other Secondary 140 14% 10% 1% 74% 1%
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Table 2  Proportionality Test Results between Crashes in Area 4 for Each Road Type and Crashes in 

Area 4 for All Crashes Combined (Area 4: Activity Area) 

 Severity Distribution  

Severity distributions were obtained for all crashes at different locations and for different road 

types. Table 3 shows the severity distribution by location and road type. Figure 4 shows the 

severity distribution for all crashes. The results of proportionality tests indicate  that the most 

prevalent severity type is Property Damage Only (PDO) for all road types except for “rural 

primary” and “other secondary” roads, where  the proportions for injury and PDO accidents are 

not significantly different from each other. 

 

 

 

 

 

 

Area 1 (Advance Warning Area) Area 2 (Transition Area)  Area 3 (Longitudinal Buffer Area) 

Area 4 (Activity Area) Area 5 (Termination Area) 

  Table 3  Percentage Distribution of Crashes by Severity, Location and Road Type 

 

 

Crashes Total Percentage of Proportionality
in Area 4 Crashes Crashes in Area 4 Test

All Crashes 1030 1484 69%
Interstate 480 703 68% Accept Ho
Primary 377 545 69% Accept Ho

secondary 173 236 73% Accept Ho

Number Work Zone Location
Road Type of Area 1 Area 2 Area 3 Area 4 Area 5

Crashes Fatal Injury PDO Fatal Injury PDO Fatal Injury PDO Fatal Injury PDO Fatal Injury PDO
Urban Interstate 544 0% 3% 5% 0% 6% 11% 0% 2% 4% 1% 26% 42% 0% 0% 0%
Rural Interstate 159 0% 5% 9% 0% 4% 10% 1% 3% 4% 2% 22% 40% 0% 0% 0%
Urban Primary 339 0% 3% 3% 0% 2% 8% 0% 2% 3% 1% 26% 50% 0% 1% 1%
Rural Primary 206 0% 8% 9% 0% 9% 7% 0% 3% 3% 1% 27% 30% 0% 1% 2%

NOVA Urban Secondary 94 0% 2% 8% 0% 1% 4% 0% 3% 4% 1% 28% 44% 0% 0% 5%
NOVA Rural Secondary 2 0% 0% 0% 0% 0% 0% 0% 0% 50% 0% 0% 50% 0% 0% 0%

Other Secondary 140 0% 4% 9% 0% 5% 5% 0% 1% 0% 1% 38% 36% 0% 0% 1%
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Figure 4  Severity Distribution for All Work Zone Crashes 

The results of proportionality tests also indicate that the proportion of fatal crashes at 

each work zone area is  not significantly different from the proportion of the fatal crashes in all 

crashes combined. Similarly the proportionality test results indicated that the proportion of fatal 

crashes on interstate, primary or secondary roads is not significantly different from the 

proportion of fatal crashes in all crashes combined.  

Collision Type Distribution 

Table 4 shows the distribution of crashes by collision type, location and highway type 

and figure 5 shows the distribution of all crashes by collision type. The collision types with 

percentages of 5% or less were combined together and categorized as “others”. The results of 

Proportionality tests indicated that RE (rear end) was the predominant collision type and FI 

(fixed object in road) was the least prevalent collision type among the five collision types 

examined. The results of the proportionality tests also indicated that the proportion of AN (angle) 

crashes is significantly higher than the proportion of SS (sideswipe in same direction) crashes. 

Severity Distribution for All Crashes
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However, the proportion of FO (fixed object off road) crashes is not significantly different from 

the proportion of SS (sideswipe in same direction) and AN (angle) crashes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Area 1 (Advance Warning Area) Area 2 (Transition Area)  Area 3 (Longitudinal Buffer Area) 

Area 4 (Activity Area) Area 5 (Termination Area) 

Table 4  Percentage Distribution of Crashes by Collision Type, Location and Road Type 

 

 

 

 

Number Work Zone Location
Road Type of Area 1 Area 2

Crashes AN FI FO RE SS Other AN FI FO RE SS Other
Urban Interstate 544 1% 0% 0% 6% 0% 0% 1% 1% 1% 8% 6% 0%
Rural Interstate 159 1% 0% 1% 12% 0% 0% 0% 2% 1% 7% 4% 0%
Urban Primary 339 1% 0% 0% 5% 1% 0% 0% 1% 0% 6% 3% 0%
Rural Primary 206 0% 0% 1% 16% 0% 1% 0% 0% 1% 12% 2% 1%

NOVA Urban Secondary 94 0% 0% 1% 9% 0% 0% 0% 1% 0% 3% 0% 1%
NOVA Rural Secondary 2 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Other Secondary 140 0% 0% 2% 10% 0% 1% 1% 0% 1% 5% 1% 2%
Number 

Road Type of Area 3 Area 4
Crashes AN FI FO RE SS Other AN FI FO RE SS Other

Urban Interstate 544 0% 1% 1% 3% 1% 1% 3% 3% 12% 40% 8% 3%
Rural Interstate 159 0% 1% 2% 3% 1% 0% 6% 3% 12% 29% 6% 9%
Urban Primary 339 0% 0% 0% 3% 1% 0% 18% 2% 6% 40% 6% 6%
Rural Primary 206 1% 1% 1% 3% 0% 1% 18% 2% 10% 17% 1% 9%

NOVA Urban Secondary 94 1% 0% 0% 4% 1% 1% 19% 6% 8% 19% 9% 12%
NOVA Rural Secondary 2 50% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 50%

Other Secondary 140 1% 0% 0% 0% 0% 0% 18% 2% 9% 21% 4% 20%
Number 

Road Type of Area 5
Crashes AN FI FO RE SS Other

Urban Interstate 544 0% 0% 0% 0% 0% 0%
Rural Interstate 159 0% 0% 0% 0% 0% 0%
Urban Primary 339 1% 0% 0% 0% 0% 0%
Rural Primary 206 2% 0% 0% 0% 0% 0%

NOVA Urban Secondary 94 4% 0% 1% 0% 0% 0%
NOVA Rural Secondary 2 0% 0% 0% 0% 0% 0%

Other Secondary 140 2% 0% 0% 0% 0% 0%
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AN (Angle) FI (Fixed object In road) FO (Fixed object Off road) 

RE (Rear End) SS (Sideswipe in Same direction) 

Figure 5  Collision Type Distribution for All Work Zone Crashes 

Collision type distributions for areas 1 and 2 are shown in figures 6 and 7 respectively. 

RE (rear end) crash is the predominant crash type in area 1. The high percentage of RE (rear end) 

crashes in area 1 may be due to increased speed variance in this area, caused by some drivers 

observing the speed reduction signs and reducing their speeds, while others do not.  Although RE 

(rear end) crash is the predominant crash type in area 2, the percentage (26%) of the SS 

(sideswipe in same direction) crashes has increased to a level much higher that that for area 1. 

This increase in SS (sideswipe in same direction) crashes may be due to the increase in merging 

maneuvers necessitated by the reduction of the number of through lanes. 
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AN (Angle) FI (Fixed object In road) FO (Fixed object Off road) 

RE (Rear End) SS (Sideswipe in Same direction) 

Figure 6  Collision Type Distribution for Work Zone Crashes Occurring in Area 1 (Advance Warning Area) 

 

 

 

 

 

 

 

 

AN (Angle) FI (Fixed object In road) FO (Fixed object Off road) 

RE (Rear End) SS (Sideswipe in Same direction) 

Figure 7  Collision Type Distribution for Work Zone Crashes Occurring in Area 2 (Transition Area) 
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Collision type distributions for areas 3 and 4 are shown in figures 8 and 9 respectively. 

The results of proportionality tests show that the percentage distribution of crashes by collision 

types is not significantly different for area 3 and 4. It is therefore reasonable to combine these 

two locations in carrying out crash analysis at work zones. As one moves from the transition area 

(area 2) to work area (combing areas 3 and 4), the proportions of RE (rear end) and SS 

(sideswipe in same direction) crashes decrease and the proportion of FO (fixed object off road) 

and AN (angle) crashes increase. This may be due to the increase of conflicts between traffic and 

the construction activities. 

 

 

 

 

 

 

 

AN (Angle) FI (Fixed object In road) FO (Fixed object Off road) 

RE (Rear End) SS (Sideswipe in Same direction) 

Figure 8  Collision Type Distribution for Work Zone Crashes Occurring in Area 3 (Longitudinal Buffer 

Area) 
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AN (Angle) FI (Fixed object In road) FO (Fixed object Off road) 

RE (Rear End) SS (Sideswipe in Same direction) 

Figure 9  Collision Type Distribution for Work Zone Crashes Occurring in Area 4 (Activity Area) 

Collision type distributions for interstate, primary and secondary roads are shown in 

figures 10 through12 respectively. The results of proportional tests indicated that RE (rear end) is 

the predominant collision type for interstate highways, followed by SS (sideswipe in same 

direction), FO (fixed object off road), AN (angle) and FI (fixed object in road). However, the 

proportion of SS (sideswipe in same direction) crashes is not significantly different from the 

proportion of FO (fixed object off road) crashes. Similarly the proportion of AN (angle) crashes 

is not significantly different from the proportion of  FI (fixed object in road) crashes. For primary 

roads, RE (rear end) is also the predominant collision type, followed by AN (angle), FO (fixed 

object off road) and SS (sideswipe in same direction). However, the proportion of FO (fixed 

object off road) crashes is not significantly different from the proportion of SS (sideswipe in 

same direction) crashes. For secondary roads, RE (rear end) is also the predominant collision 

type, followed by AN (angle), FO (fixed object off road) then SS (sideswipe in same direction), 

BI (backed into) and PE (collision with pedestrian). In this case the proportions of FO (fixed 

object off road), SS (sideswipe in same direction), BI (backed into), and PE (collision with 
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pedestrian) crashes are not significantly different from each other except that the proportion of 

FO (fixed object off road) is significantly larger than the proportion of PE (collision with 

pedestrian). RE (rear end) crash is also the predominant type of crashes at theses areas. 

  

 

   

 

 

 

 

AN (Angle)     BI (Backed Into) FI (Fixed object In road)     FO (Fixed object Off road) 

PE (collision with PEdestrian) RE (Rear End) SS (Sideswipe in Same direction) 

Figure 10  Collision Type Distribution for Work Zone Crashes Occurring on Interstate 

 

 

 

 

 

 

 

 

AN (Angle)     BI (Backed Into) FI (Fixed object In road)     FO (Fixed object Off road) 

PE (collision with PEdestrian) RE (Rear End) SS (Sideswipe in Same direction) 

Figure 11  Collision Type Distribution for Work Zone Crashes Occurring on Primary Roads 
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AN (Angle)     BI (Backed Into) FI (Fixed object In road)     FO (Fixed object Off road) 

PE (collision with PEdestrian) RE (Rear End) SS (Sideswipe in Same direction) 

Figure 12  Collision Type Distribution for Work Zone Crashes Occurring on Secondary Roads 

In order to test whether the proportion of a collision type is influenced by the type of 

highway, the proportionality test was conducted on the distributions by collision type for the 

different types of highways. The following results were obtained: 

(1) The proportions of RE (rear end) crashes on interstate and primary highways are 

significantly higher than the proportion of  RE (rear end) crashes on secondary roads. 

(2)  The proportions of AN (angle) crashes on primary and secondary roads are 

significantly larger than  the proportion of AN (angle) crashes on interstates.  

(3)  The proportion of SS (sideswipe in same direction) crashes for interstates is 

significantly higher than the proportions of SS (sideswipe in same direction) crashes 

on primary and secondary roads. 

(4) The proportion of BI (backed into) crashes on secondary roads is significantly higher 

than the proportion of  BI (backed into) crashes on interstates.  
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(5) The proportion of FO (fixed object off road) crashes on interstates is significantly 

higher than the proportion of FO (fixed object off road) crashes on primary roads. 

(6)The proportions of FI (fixed object in road) crashes on  primary and secondary roads 

are not significantly different from each other. 

 In comparing urban with rural roads, the results of the proportionality tests indicated the 

following: 

(1) The proportion of each collision type for urban interstates is not significantly different 

from that for the rural interstates.  

(2) The proportions of AN (Angle), FI (fixed object in road), PE (collision with 

pedestrian) and RE (rear end) crashes for urban primary roads are not significantly 

different from those for rural primary roads, while the proportions of BI (backed 

into), FO (fixed object off road) and SS (sideswipe in same direction) crashes for 

urban primary roads are significantly different from those for rural primary roads. 

Severity and Collision Type Distribution by Time 

 In order to determine the effect of time of day on the crash characteristics at work zones, the 

crashes were classified into six groups based on the time of day that the crash occurred. The 

following time periods were used;  6:00-10:00, 10:00-13:00, 13:00-16:00, 16:00-19:00, 19:00-

22:00, and 22:00-6:00. The time ranges were selected to allow the evaluation of the effect of the 

peak volume periods. Figure 13 shows the distribution of the crashes by collision type for the 

22:00-6:00 time period. This distribution is similar to those of the other time groups, in that RE 

crashes were the predominant crashes for all time zones. Also it was found out that most of the 

crashes occurred in area 4 for all time periods.   

 The results of proportionality tests also show: 
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(1) The proportion of AN (angle) crashes occurring during 22:00-6:00 in area 4 is 

significantly lower than the proportion for the other time intervals.  

(2) The proportion of FI (fixed object in road) accidents occurring during 22:00-6:00 in 

area 4 is significantly higher than the proportion for the time interval of 10:00-19:00, 

but is not significantly different from those for other time intervals.  

(3) The proportion of FO (fixed object off road) accidents occurring during 19:00-6:00 in 

area 4 is significantly higher than the proportion for other time intervals.  

(4) The proportion of RE (rear end) accidents during 19:00-6:00 is significantly lower 

than the proportion for other time intervals.  

(5) The proportion of SS (sideswipe in same direction) accidents is not significantly 

different between different time intervals. 

 

  

 

 

 

 

 

 

AN (Angle) FI (Fixed object In road) FO (Fixed object Off road) 

RE (Rear End) SS (Sideswipe in Same direction) 

Figure 13  Collision Type Distribution for Work Zone Crashes Occurring in Area 4 (Activity Area) from 

22:00 to 6:00 
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SUMMARY OF RESULTS 

• Activity area (Area 4) is the most prevalent accident location in a work zone, and termination 

area (area 5) is the safest area in a work zone. 

• For all the crashes studied, PDO is the predominant severity type, followed by injury and 

fatal. Fatal accidents comprise the smallest fraction of crashes. 

• RE is the predominant collision type. The vast majority (83%) of the crashes occurring in 

advance warning area (area 1) is RE (rear end). The proportion of SS crashes increase when 

the traffic moves from advance warning area to transition area (area 2) and SS (sideswipe in 

same direction) crashes become the second largest proportion of crashes in the transition 

area. As one moves from the transition area (area 2) to work area (combing areas 3 and 4), 

the proportions of RE (rear end) and SS (sideswipe in same direction) crashes decrease and 

the proportion of FO (fixed object off road) and AN (angle) crashes increase. 

• The crashes occurring in activity area (area 4) during peak hours are less severe than those 

occurring during non-peak hours. There are more FO (fixed object off road) and less RE (rear 

end) accidents during nighttime (19:00-6:00) than during daytime (6:00-19:00). And there 

are less AN (angle) accidents during 22:00-6:00 than the other time. 

 

CONCLUSIONS 

 The results of the study clearly show that the most dangerous area within a work zone is 

the Activity (Area 4). Therefore any countermeasure that will significantly reduce the crashes in 

area 4 will have a significant impact on safety in the work zone. 

 The predominance of rear end crashes in work zones, strongly indicate that a major 

causal factor for work zone crashes is speed related. Rear End crashes are mainly caused by 
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vehicles driving at different speeds, resulting in high speed variance.  The implementation of a 

countermeasure that reduces speed variance or that causes drivers to drive at approximately the 

same speeds throughout the work zones, will therefore increase safety at work zones 

significantly. It should be noted that this does not necessarily mean lowering speed limit at the 

work zone, as a lower speed limit does not necessarily result in a lower speed variance.  
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Incident Management Programs in the United States 
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ABSTRACT: Traffic congestion has a daily impact on millions of motorists – 
both in terms of congestion and in terms of safety. To study congestion and develop 
countermeasures, the two general types of congestion must be addressed separately: 
recurring congestion, which occurs routinely at predictable times and locations, and non-
recurring congestion, which occurs at random times and locations.  This non-recurring 
congestion is typically caused by incidents (e.g., vehicle accidents, and breakdowns). It 
has been estimated that more than 60% of all urban traffic congestion in the United States 
is a result of traffic incidents and 20% of incidents are resulting from previous incidents. 
Consequently, the development of Incident Management programs has become an 
important component of traffic safety and operations management in the United States. 

Incident Management is a systematic and coordinated program to detect and 
remove incidents and restore capacity as safely and as quickly as possible. The goal of 
Incident Management programs is to minimize the impact of incidents on traffic flow and 
thus reduce congestion and improve safety. 

There are many Incident Management programs throughout the United States 
and they vary dramatically in scope, complexity, and cost.  The purpose of this paper is 
review the characteristics of the various Incident Management programs that have been 
implemented in the U.S. and report on lessons learned from our experiences 

 

THE PROBLEM: TRAFFIC CONGESTION 

In the United States highway congestion is a daily occurrence in all large metropolitan areas.  
It is a constant source of frustration and agitation for millions of commuters and travelers.  Road 
Rage and Aggressive Drivers are new terms that have been added to our language in an attempt to 
describe this driver dissatisfaction.  These terms are now used regularly by our media, politicians, 
and highway agency personnel to describe the behavior of drivers reacting to the congestion 
levels being found on our roadways. On almost a daily basis we hear a report of some aggressive 
driving accident or a road rage altercation. 

Increasingly, highway congestion is becoming a burden on the U.S. economy, productivity, 
and quality of life.  Congestion has grown throughout the 1980s and 1990s, leading to a reduction 
in overall highway performance.  Once an urban problem -- congestion now affects all areas of 
the country.  In 1981, 25 % of urban highways were classified as congested.  By the mid-90s that 
proportion had risen to over 45%.  

As environmental concerns, land use, and budget constraints make building new roads more 
difficult, we are not likely to build ourselves out of the situation. In the U.S., since the mid-60s, 
urban Interstate vehicle-miles traveled has increased three times as fast as the construction of 
highway miles.  In addition, the following trends will continue perpetuate this imbalance between 
demand and capacity: 
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• The advent of the two-worker households where both spouses are now employed has 
introduced new work-trips for the spouse and other non-work trips to day-care, food 
stores, restaurants, etc. 

• The continued movement of population and employment from central cities to 
suburbs and exurbs has made congestion not just a downtown problem, but a 
metropolitan and regional problem. 

• There has been a large increase in personal travel which when coupled with the wider 
dispersion of jobs within a region has spread congestion impacts from the peak-hour 
to the peak-period that could last several hours each day. 

• The introduction of "just-in-time" distribution goods and materials to a geographic 
dispersion of recipients, and the advent of e-commerce and the resultant delivery of 
purchases as turned our highways into rolling warehouses and retail stores. 

• There is a shift in economic growth towards the so-called "sun-belt" which will 
spread congestion into smaller cities that were only minimally congested before. 

Thus we must learn to more efficiently and effectively manage the roadway capacity that we 
have -- and incident management is one of the traffic management tools that the United States is 
actively deploying. 

Traffic incidents are a big contributor to congestion.  The Texas Transportation Institute 
estimates that currently, incident related delay accounts for between 50 and 60 percent of total 
congestion delay in our urban areas -- and it is expected to worsen to 70 percent or greater by the 
year 2005 -- costing the U.S. public in excess of $75 billion in lost productivity and 8.4 gallons of 
wasted fuel annually.1 

TWO TYPES OF CONGESTION -- RECURRING AND NON-RECURRING 

Congestion is the result of a situation where the demand exceeds the roadway capacity.  There 
are two types of congestion: 

Recurring congestion is the predictable delay caused by the high volume of vehicles using the 
highways.  Contributors to this recurring congestion includes, excess traffic demand to capacity; 
heavy entering, or exiting ramp volumes; and poor roadway geometrics. 

The other type of congestion is the non-recurring congestion or incident congestion, which is 
the unpredictable delay caused by highway incidents. 

WHAT IS AN INCIDENT? 

An incident refers to any random event that reduces safety and slows traffic.  It can be a crash, 
a vehicle breakdown, a spilled load, adverse weather conditions, debris on the roadway, or any 
other unusual event that reduces the effective capacity of the roadway and impedes the normal 
flow of traffic. It is estimated that this congestion annually costs the U.S. more than $70 billion in 
lost productivity and eight billion gallons of wasted fuel. 

Incidents create bottlenecks, which restricts vehicle flow.  The amount of congestion caused 
by the incident depends on the duration of the incident, the number of lanes closed, and the 
volume of traffic at the time of the incident. 

                                                           
1 Incident Management Successful Practices, A Cross--Cutting Study, U.S. Department of Transportation, 
Washington DC, April 2000. 
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Incident Characteristics 

As mentioned, an incident is a random event that is unpredictable in relation to its time and 
location.  Studies of incident types and duration suggests that about 80-85 percent of incidents are 
disabled vehicles; five to 10 percent are accidents; and 10-15 percent are related to emergency 
maintenance work, debris on roadway, and other similar events. 

Table 1 shows a summary of all types of incidents occurring on a section of Highway 401 in 
Toronto, Canada.2 

Table 1 -- Incident Type Distribution - Toronto, Canada 

Incident Type Percent 
Mechanical 32 
Flat Tire 18 
Accident 15 
Overheat 8 
Out of Gas 7 
Abandon 4 
Other 16 

 
 
Table 2 provides a comparison of the differences in characteristics between Minor and Major 

incidents. 

Table 2 - Comparison of Minor and Major Incident Characteristics 

Minor Incidents Major Incidents 

80% of Incidents 20% of Incidents 
Local Impact Area/Corridor-wide Impact 
One Agency Multiple Agencies - A 

Response Plan is Activated 
 
 

Incident Impacts 

Safety 

One of the biggest impacts of incidents is on safety. Approximately 20% of all incidents are 
caused by previous incidents. Of these secondary crashes, approximately four percent of 
motorway fatalities resulted from “Hitting a Vehicle on Shoulder.”  Thus, an important element in 
an incident management program is the quick clearance and, where necessary, the diversion of 
traffic. 

                                                           
2 Freeway Incident Management Handbook, U.S. Department of Transportation, Washington, DC, July, 
1991. 



Incident Management Programs in the United States 

Page 4 

Traffic Congestion 

Another incident impact is traffic congestion resulting from incidents.  As was mention earlier, 
more than 60% of delay on urban freeways is caused by incidents.  The California Department of 
Transportation estimated that for every minute of incident duration -- 4 to 5 minutes of recovery 
time is required.3 

Table 2 is a summary of the capacity reductions associated with the most common types of 
incidents.  This table illustrates the dramatic effects even one stalled vehicle can have on roadway 
capacity.  These capacity reductions result in congestion, delay, and secondary accidents. 

Table 2 - Typical Capacity Reductions by Incident Type4 

Incident Type Capacity Reduction 
(percent) 

Normal Flow - 3 lanes -- 
Stall - 1 lane blocked 48 

Non-injury accident - 1 lane 
blocked 

50 

Accident  - 2 lanes blocked 79 
Accident on shoulder 26 

 

WHAT IS INCIDENT MANAGEMENT? 

Incident management is a planned and coordinated process to detect and remove highway 
traffic disruptions and restore capacity as safely and as quickly as possible.  In many locations, it 
is also multi-agency and multi-jurisdictional. Efficient and coordinated management of incidents 
reduces their adverse impact on public safety, traffic conditions, and the local economy. 

An incident management program represents a coordinated and planned approach to defining 
the necessary resources and required procedures to facilitate an efficient response to the 
occurrence of a incident and restoring the traffic to normal operation as quickly and as safely as 
possible.  Incident management consists of six components: 

1. Detection 
2. Verification 
3. Response 
4. Site Management  
5. Traffic Management and Motorist Information 
6. Clearance and Recovery 

 
The effectiveness of an incident management program depends on how well these six stages 

are managed. 

Incident Detection 

Incident detection is the determination that an incident has occurred. In the U.S. most 
incidents are detected within 5-15 minutes of occurring. Incident detection methods include 
routine police patrols or service patrols; call boxes located along highways, citizen band radios, 
                                                           
3 Roper, David H., Freeway Incident Management, National Cooperative Research Program, NCHRP 20-5, 
Washington, DC. 
4Freeway Incident Management Handbook, U.S. Department of Transportation, Washington, DC, July, 
1991. 
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automated incident detection based on traffic surveillance, CCTV cameras, aerial surveillance, 
and increasingly cellular phone calls from motorists. 

Table 3 summarizes the Los Angeles, California experience on the various detection methods 
that were used to identify that an incident has occurred.5 

Table 3 - Incident Detection Methods - Los Angeles, California 

Detection Method Percent 
Cell Phones 54 
Call Boxes 36 

Service Patrols 3 
Police 3 
Other 4 

 

Incident Verification 

Incident verification is the determination of the precise location and nature of the incident.  
Verification is a necessary step to prevent the deployment of equipment and personnel to false or 
inaccurate reports.  With accurate information about an incident, appropriate personnel and 
resources can be dispatched to the scene.  Verification methods include at-site verification by 
dispatched personnel such as service patrols or police patrols; compilation and synthesis of 
information from multiple cellular telephone calls; aerial surveillance by airplane or helicopter, 
and the use of CCTV cameras in those areas that have video surveillance capabilities. 

Incident Response 

Incident Response is the initiation of a planned strategy for the deployment of the personnel 
and resources to the verified incident scene.  Agencies have found that it is important to develop a 
standard set of interagency response plans tailored to the various types of incidents that may 
occur.  This leads to improved response times with optimum equipment and personnel dispatched 
to the incident scene.  Over-responding to incidents (dispatching more resources than is 
necessary) or under-responding (not sending enough resources) results in poor response 
effectiveness and increased costs.  

Almost all urban areas have emergency response plans for catastrophic incidents, especially 
those involving hazardous materials. 

Incident Site Management 

Site management is the management of the equipment and personnel to quickly remove the 
incident and minimize the impact on traffic flow.   

For major incidents, site management generally necessitates the coordination of activities by 
various personnel and equipment from different responding agencies (transportation, police, fire, 
emergency medical services, towing, etc.).  In such cases, agencies have found it important to 
establish an "incident command system" to ensure a coordinated and decisive reaction to the 
incident clearance.  The incident command system is a set of predefined hierarchy of roles and 
responsibilities for each agency for incident management command, operations, and 
communications. 

                                                           
5 Incident Management Successful Practices, A Cross--Cutting Study, U.S. Department of Transportation, 
Washington DC, April 2000. 
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Traffic Management and Motorist Information 

Traffic control at an incident scene is an important element in ensuring the safe and efficient 
incident clearance.  This component involves the traffic control at the scene including: lane 
closures and openings, establishing and operating alternate routes; traffic diversion when 
necessary to reduce traffic volumes through the incident scene; parking of emergency vehicles 
and ensuring the safety of incident victims, motorists, and emergency personnel. 

Motorist information is the deployment of various mechanisms for communicating incident 
site traffic conditions to motorists.  If drivers are kept informed they will have a greater tolerance 
for the delays and they can plan for their added travel time.  Thus, it is important to provide 
methods of communicating real-time information to motorist for either pre-trip planning or en-
route traffic updates. Typically this includes: Changeable message signs; portable signing; 
highway advisory radio; and communication with "traffic report" information sources (radio and 
television stations, Internet, etc.) to warn drivers in advance of their arrival at the scene. 

Incident Clearance and Recovery 

Incident clearance and recovery is the safe, efficient, and timely removal of any broken-down 
vehicle, wreckage, debris, or spilled material from the roadway and its shoulders and then the 
restoration of the roadway to its full capacity.  Incident clearance is typically the most time-
consuming step in the incident management process -- taking generally at least twice as long in 
duration as all the other steps combined. 

Incident Management Is Multi-Agency, Multi-Disciplinary 
Incident management is an important operations function of state, regional, and local 

transportation agencies; law enforcement agencies; fire and rescue agencies; tow operators; 
hazardous material cleanup services; traveler information providers; and a series of other agencies 
that support these primary agencies.  For a major incident, the personnel and equipment from 
these agencies must be mobilized, leveraged, and managed collectively within a very short period 
of time.  In addition, at the incident site, the priorities of the road agencies, police, fire, and rescue 
personnel are frequently conflicting.  Thus, it is important to proactively seek and maintain multi-
agency planning and coordination to ensure the full cooperation and support of all agencies for 
the incident management programs and activities.   

Traffic Management Teams 

To ensure that all agencies cooperate effectively, interagency relationships must be developed 
prior to a major incident.  To facilitate this cooperation, many areas in the United States have 
developed "traffic management teams" with membership from all agencies having an incident 
management responsibility.  Traffic management teams are normally permanent groups which 
meet regularly to plan, coordinate, evaluate, and improve incident response and address other 
traffic problems as well.  Thus, when an incident does occur, they have a plan -- and they execute 
it with the full cooperation among all of the organizations involved. 

Agencies having an interest and involvement in incident management include: 

State, Regional, and Local Transportation Agencies 

This includes the departments of transportation and highway agencies that operate and 
maintain the road network in the region.  Transportation agencies typically focus their response 
priorities on the restoration of normal traffic flow and minimization of delays -- which frequently 
is at cross-purposes with other responding agencies. 
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State, Regional, and Local Enforcement Agencies 

This includes the various police agencies having responsibilities for public safety and 
enforcement in the region. Their first priority is the safety of motorists, other responders, and the 
public.  Typically, their secondary emphasis is on restoring the traffic flow. 

Fire and Rescue Agencies 

This includes fire, emergency medical services, and support response agencies -- be they 
public, volunteer, or private.  Like the enforcement agencies, their first priority is the safety of 
motorists, victims, and other persons.  Restoring the flow of traffic is of secondary importance.   

Hazardous Material Cleanup Services 

This includes public agency HAZMAT containment groups and private companies that 
provide cleanup services for HAZMAT incidents. 

Quick and timely response to a HAZMAT incident can significantly reduce environmental 
damage and save many hours of motorist delay.  Therefore, many agencies are training their 
incident response personnel to accurately identify the presence and nature of the hazardous 
material involved and providing equipment and material to contain minor spillage and protect the 
incident scene. 

Since working in and around hazardous materials at HAZMAT incidents requires expert 
knowledge and experience, specialized HAZMAT contractors are used by all major urban areas 
in the U.S. 

Towing and Recovery Operators 

Towing and recovery operators clear the roadway of disabled vehicles and assist in the 
restoration of full capacity to the roadway.  In the U.S., most public agencies do not provide 
towing and recovery services, but contract with private providers to perform this function. 

Public and Private Traveler Information Providers 

This includes public agencies and private companies that collect, process, and disseminate 
traffic information using television, radio, Internet, highway advisory radio, and changeable 
message signs. 

COST-EFFECTIVENESS OF INCIDENT MANAGEMENT 

Incident management programs in various forms are currently in place in over 50 locations 
throughout the United States.  Experience from these programs has shown that by improving the 
management of incidents -- significant benefits to motorists can be obtained from the reduced 
vehicle delays and enhanced safety.  Also, these delay savings and the resultant increased travel 
speeds can considerably reduce vehicle emissions.  An analysis of a comprehensive incident 
management effort, complete with service patrols and major incident response teams, can yield 
benefit/cost ratios as high as 17 to 1.6   

This cost-effectiveness of incident management programs has justified the continuation of 
existing programs and the initiation of new programs. 

                                                           
6 Incident Management Challenges, Strategies, and Solutions for Advancing Safety and Roadway 
Efficiency, American Trucking Associations Foundation, Inc. and Cambridge Systematics, Inc. 
Washington, DC, January, 1997. 
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For example7:  

• The Houston, Texas TranStar System has attributed annual delay savings of over 
570,000 vehicle-hours with economic value of $8.4 million and reduction of 
hydrocarbon emissions by 91kg/day.   

• The I-95 Traffic and Incident Management System in Philadelphia, Pennsylvania, has 
reduced freeway incidents by 40% and cut freeway closure time by 55%. 

• San Francisco, California Freeway Service Patrol is assisting approximately 16,000 
drivers/year. 

TYPES OF INCIDENT MANAGEMENT PROGRAMS IN THE UNITED STATES 

Each of the incident management programs in the United States have a unique combination of 
features that have been tailored to meet the needs of their particular situation.  However, one fact 
is seems common to all -- the more successful programs have a "champion" that has pushed the 
incident management concept to develop support within their and other agencies. 

In general, most agencies begin with low cost initiatives and build upon their successes to 
evolve over a number of years into larger, multi-agency, multi-technology programs.   

Today, incident management programs in the United States range in scope from low-cost 
efforts like push-bumpers on police cars to high-cost systems with traffic management centers, 
video-surveillance, etc. 

Low-Cost Incident Management Programs 
Incident management programs can be accomplished with very little cost and still obtain 

significant results and high positive public perception.  Examples of these low-cost programs 
include: 

Incident Management Trailers 

An important first step that can be taken with very little funding is to assemble a trailer 
containing detour signs, cones, flares, etc. which can be quickly transported to an incident scene 
and provide equipment for traffic control during the duration of the incident. 

Route Diversion Plans 

The deployment of alternate route plans are a valuable traffic management strategy for 
minimizing the effect of a major incident on traffic flow by reducing the demand at the incident 
site through the diversion of traffic from the main route. 

Most agencies in the U.S. have developed some form or route diversion plans.  They range in 
scope from detours at specific spots to development of system-wide diversion plans.  They are 
developed to address a wide range of incidents, including, severe crashes; acts of nature 
(flooding, hurricanes, earthquakes, etc.); nuclear disasters; and special events (non-recurring 
sporting events and music concerts, etc.). 

Some agencies have permanently mounted route diversion signing using color codes or similar 
techniques.  For example, the City of Dayton, Ohio has installed permanent detour signs for 
Interstate-75 closure and diversion plans.  The signs are normal traffic control signs (Speed Limit, 
Hospital, School Area, etc.) that are horizontally hinged at the middle and contain the detour 

                                                           
7 Incident Management Successful Practices, A Cross--Cutting Study, U.S. Department of Transportation, 
Washington DC, April 2000. 
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signing information on the backside.  When a diversion route is put into effect, the signs are 
flipped down and the detour route guidance is displayed. 

Push Bumpers 

Some agencies have installed push bumpers on the front of their police or service patrol 
vehicles for removing disabled vehicles quickly from the traveled lanes.  This requires minimal 
funding and has a very high positive public perception. 

Accident Investigation Sites 

Accident Investigation Sites are special designated and signed areas off the freeway where 
drivers involved in non-injury related accidents can exchange information and the police can 
complete the necessary accident report forms.  These areas are located so that the vehicles 
involved in the accident and the police and towing vehicles are out of the site of the freeway 
traffic.  This eliminates what we call "rubber necking" which is a major cause of freeway 
congestion at accident scenes.  Experience with accident investigation sites in Houston, Texas as 
shown a benefit cost ration of 28 to 1 or higher.8 

"Move It" Programs  

To help remove the perception that drivers must not move their vehicles from the roadway 
after a crash until the police have arrived -- some states have developed "Move It" public 
information programs.  These programs stress the need to move vehicles quickly from the 
traveled lanes either to the shoulder or to accident investigation sites.  This helps to quickly 
restore the traveled lanes to normal traffic flow and reduce secondary accidents. 

Freeway Service Patrols 

The freeway service patrol's function to satisfy the incident detection, verification, response, 
and removal components of incident management in the event of a minor incident.  

U.S. experience is that in areas without service patrols, police vehicles on normal patrol duties 
spend a significant amount of their time assisting with clearing disabled vehicles from the 
roadway.  In areas with service patrols, the patrol vehicles are staffed with non-police personnel -
- which frees up uniformed officers for other essential police functions. 

Studies have shown that freeway service patrols (also called courtesy patrols, highway helper 
patrols, etc.) are cost-effective for mitigating the effects of minor incidents such as vehicle 
breakdowns.  Their primary objectives are to minimize the duration of incidents by fast removal -
- thus reducing the risks to motorists and response personnel.  Estimates from various agencies 
with these programs indicated that 70 to 90 percent of all incidents are handled in 30 minutes or 
less. 

Typically service patrols operate as a mobile watch on the freeways searching for accidents or 
vehicle breakdowns.  They will assist by pushing or towing the vehicles from the roadway.  For 
stranded motorists they will help in either fixing the problem (adding petrol or water, helping 
replace a tire, minor repairs if possible, etc.) or calling for a tow-truck.   

Some agencies station a service patrol vehicle at critical locations (bridges, tunnels, etc.) 
during the peak hours to ensure the rapid removal of a broken down vehicle and quick restoration 
of normal traffic flow. 

                                                           
8 Freeway Incident Management Handbook, U.S. Department of Transportation, Washington, DC, July, 
1991. 
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Technology Improvements in Accident Data Collection 

To more quickly investigate accidents and restore normal traffic flow, many agencies are 
turning to technology improvements to more quickly collect the crash data for accident reporting.  
This includes using surveyors "total station" transits to more rapidly obtain measurements at fatal 
accident scenes; in-vehicle and hand-held computers for collecting driver and vehicle 
information; and digital cameras for recording the accident scene. 

Medium-Cost Incident Management Programs 

As agencies gain experience and political and public support grows, agencies begin to initiate 
more costly programs.  Examples of these medium-cost programs include: 

Major Incident Response Teams 

An expansion from the service patrols is major incident response teams (MIRT).  An MIRT is 
the combination of law enforcement, traffic engineering, maintenance, and other relevant 
personnel, which collectively manages a major incident.  The team is responsible for assessing 
the situation at each incident and using pre-developed response plans and members knowledge 
and experience in making decisions on how best to handle the incident. 

A major incident is defined differently by agencies -- but it general it is when an incident is 
blocking two or more freeway lanes and it expected to last for two hours or longer. 

The role of the MIRT is to decide:  

• Does the incident require an specialized handling or vehicles (HAZMAT or oversize 
tow-trucks, etc.);  

• Is a detour required and where traffic will be detoured;  

• How and when will the wreckage will be cleared;  

• How and when will repairs to the roadway will be made; 

• When can roadways be partially or fully re-opened. 
Generally an on-site command post is established at the accident scene.  Each responding 

agency will assign a person to the command post to ensure a coordinated incident response. 
Many agencies have developed specialized response vehicles for deployment to the accident 

scene.  These vehicles are equipped with lights; traffic control devices; multiple communication 
devices (multi-band radios, cell-phones, walkie-talkies, etc.) to communicate with the various 
responding agencies; absorbent material for liquid spills; pumps for emptying fuel from vehicles; 
inflation devices or hooks and winches for righting overturned vehicles; etc. 

Another aspect of MIRT is the assignment of specific personnel to the response teams. 
Because of the specialized nature of response techniques for major incidents, agencies assign 
specific personnel to the response teams.  These team members are on-call 24 hours a day and go 
into action when an incident requires major response.  In some agencies, teams operate similarly 
to a volunteer fire department as some members take vehicles and equipment home with them for 
more rapid deployment when an incident occurs.  

Because of the specialized knowledge that is required for a response to a major incident, 
specialized training for response team members is needed.  This would include training on 
identification of hazardous materials and appropriate handling; operation of equipment; 
specialized traffic control at incidents; advanced first aid; CPR; fire fighting; basic auto 
extraction; radio communications; heavy equipment use; etc.  
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Cellular Telephone Incident Reporting Number (E-11) 

The growing number of cellular mobile telephones has created the opportunity to greatly 
decrease the time it takes for traffic incidents and other emergencies to be reported to police and 
emergency response agencies.  To organize this reporting mechanism and to maximize the 
opportunity to reduce total response time by correctly connecting the reporting caller directly to 
the appropriate agency, some areas have developed a dedicated E-11 telephone number for 
reporting.  To inform the motoring public of the availability of this reporting mechanism, public 
education brochures are distributed to the public (frequently by the cellular telephone company to 
their subscribers).  In addition, large motorist information signs are installed at various locations 
along the highway with the E-11 telephone number listed for reporting accidents and incidents. 

There have been a number of recent developments in the United States related to the use of 
cellular telephones for incident reporting: 

1) A nation-wide E-11 telephone number was approved this past summer for reporting 
highway-related information.  This number is still in its infancy and deployment will begin soon. 

2) The U.S. Federal Communication Commission (FCC) has announced that they will soon 
require that all emergency reporting calls originating from a cellular telephone be automatically 
locatable within a close proximity to the point of origin.  This is reduce the number of inaccurate 
reports that are being received because many persons reporting an emergency by cellular 
telephone do not know their exact location or are highly stressed and provide inaccurate 
information.  A number of different technologies (handset or infrastructure based) are being 
evaluated to meet this requirement and some operational testing is being conducted by some 
agencies.  

3) There is a growing public sentiment that cellular telephone operation showed be prohibited 
in moving vehicles.  As a result, a number of politicians in the U.S. have introduced legislation to 
that effect. 

Telephone Call Boxes 

Many agencies have installed telephone call boxes along the roadside, which connect directly 
to the responding agency.  These call boxes are very popular with the public, especially in rural 
areas where cellular telephone coverage may be limited or non-existent.  One advantage of the 
call-boxes is that the receiving agency knows exactly where the call has originated for rapid 
deployment. 

High-Cost Incident Management Programs 
At the far-end of incident management programs are the high-cost initiatives.   These 

generally have surveillance over a wide-area and are "system" based in that they combine 
elements of command and control centers, detection and surveillance technology, and motorists 
information technology  

Traffic Operations Centers 

A traffic operations center (TOC) serves as a central information processing and command 
and control site.  The TOC collects and analyzes information, manages communications amongst 
response agencies during an incident, and controls traffic through the information provided to the 
public regarding incident location, extent, and detour routes when appropriate.  

TOCs generally take a large commitment in terms of funding and organizational support.  
However, once established, they help to sustain and expand the incident management program 
within a region. 



Incident Management Programs in the United States 

Page 12 

Staff located at a TOC can be from a single agency or multiple agencies.  When multiple 
agencies are in residence, the TOC helps build institutional relationships to ensure a cooperative 
response to major incidents. 

Typically, TOC systems are custom designed for a particular location and often include: 

• Dynamic wall-map displays, projection-type graphics, or video-walls of monitors, 

• Extensive surveillance techniques and traffic information provided by the system 
detectors, 

• Detailed status reporting on various measurements of effectiveness, 

• Multiple communication techniques, 

• Ramp metering controls, 

• Controls for real-time motorist information that is to be displayed on changeable 
message signs, 

• Full-time staffing or monitoring by personnel. 

Incident Detection and Verification Techniques 

There are many different technologies available for incident detection and verification.  In the 
United States, each agency selects those that are appropriate for their region.  Some of the 
technologies have already been discussed in this paper.  Others include: 

Automatic Surveillance Techniques 

In addition to the cellular or call-box reporting, these high-end systems employ advanced 
detection technology which can automatically identify that an incident has occurred by changes in 
the traffic stream.   

Electronic surveillance: Requires the use of sensors placed along or adjacent to the 
roadway to detect the presence of vehicles and automatic processing of this data to 
analyze traffic flow data for identifying congestion.  The sensor types include 
induction loops, magnetometers, microwave, infrared, sonic, etc. which can 
continuously monitor the roadway section and provide rapid detection of incidents. 

Closed-circuit television (CCTV): Use of television type cameras placed along the 
roadway for video surveillance.  The CCTV serves as an effective verification 
technique allowing rapid determination and nature of the incident. 

Automatic Vehicle Identification (AVI): This is the use of transponder equipped 
vehicles acting as probes in the vehicle stream to measure travel time and speed 
between monitoring stations.  AVI does not require detectors in the pavement but 
does require a sufficient number of probe vehicles to get accurate segment and 
system-wide performance measures.  A potential side benefit to the FCC 
requirement that all cellular telephones be locatable is that some of the 
infrastructure based locating technology would have offer as a side benefit the 
ability to use an operating cellular telephones as a probe by monitoring the change 
in its location. 

Other Surveillance Techniques 

Non-technology based surveillance techniques include: 

Fixed observers: Use of observers positioned on towers or buildings along the 
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highway to observe incidents.  This technique may be useful for interim measures 
or as a starting point for a detection system. 

Aerial Surveillance: Use of helicopters and small planes to report incidents.  This 
technique is useful for wide-area detection, incident verification, and evaluation of 
the effectiveness of the implemented traffic control plan as there is the capability to 
see far down the roadway.  The aerial surveillance can be used as a regular 
surveillance vehicle or as a response vehicle to aid incident scene management. 
However, this technique is costly in terms of capital and operating expenses. 

  

Advance Motorist Information Techniques 

Motorists need to receive information on traffic conditions and suggested detours in a timely 
manner.  When provided with timely and accurate information motorists will also have a greater 
tolerance for the delays and they can plan for their added travel time.  However, for the 
information to be effective, it is very important that the information be credible, in terms of both 
accuracy and timeliness. 

As discussed earlier, motorist information is the deployment of various mechanisms for 
communicating incident site traffic conditions to motorists for either pre-trip planning or en-route 
traffic updates.  Advanced techniques typically includes: Changeable message signs; highway 
advisory radio; and communication with "traffic report" information sources (radio and television 
stations, cable TV stations, information kiosks in public areas, Internet, etc.) to warn drivers in 
advance of their arrival at the scene. 

Other information techniques include: 

Some agencies have a traffic reporter on-site in their TOC during peak-periods or 
during major incidents to supply traffic reports to local radio and television 
stations.  

Some agencies feed their video-surveillance pictures to television stations, cable TV 
stations, and Internet sites for motorists access for pre-trip planning. 

Private subscription services are broadcasting information to subscribers via alpha-
numeric pagers  

Some cellular telephone companies provide a number for motorists to call to obtain 
traffic information 

In the not too distant future, in-vehicle route guidance will electronically link traffic 
data with dynamic trip routing via map displays mounted on automobile 
dashboards.  A two-way communication link will transmit vehicle trip destinations 
and will in turn receive data on congestion due to incidents or other causes along 
the route. 

SUMMARY AND CONCLUSIONS 

The terms "recurrent and non-recurrent are commonly used to categorize traffic congestion on 
the highway system.  Recurrent congestion occurs routinely at times and locations that are fairly 
predictable and relatively constant. The non-recurrent congestion is generally the result of a 
temporary reduction in the roadway capacity due to an accident, maintenance activities, etc.  In 
the United States, analysis indicates that the non-recurrent congestion is and will continue to be 
the bigger problem facing urban areas -- accounting for over 70% of the congestion by 2005. 
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The management of non-recurrent traffic congestion is difficult because neither the location, 
the time, the severity, or the cause of the congestion is known in advance of the occurrence.  Thus 
incident management programs are essential for dealing with this unexpected congestion. 

Incident management is a planned and coordinated process to detect and remove highway 
traffic disruptions and restore capacity as safely and as quickly as possible. 

Incident management programs consist of six components: 

• Detection 

• Verification 

• Response 

• Site Management  

• Traffic Management and Motorist Information 

• Clearance and Recovery 
Incident management is an important operations function of state, regional, and local 

transportation agencies; law enforcement agencies; fire and rescue agencies; tow operators; 
hazardous material cleanup services; traveler information providers; and a series of other agencies 
that support these primary agencies.  For a major incident, the personnel and equipment from 
these agencies must be mobilized, leveraged, and managed collectively within a very short period 
of time. 

Incident management programs in various forms are currently in place in over 50 locations 
throughout the United States.  Experience from these programs has shown that by improving the 
incident response and clearance times -- significant benefits to motorists can be obtained from the 
reduced vehicle delays and enhanced safety.  Also, these delay savings and the resultant increased 
travel speeds can considerably reduce vehicle emissions.  An analysis of a comprehensive 
incident management effort, complete with service patrols and major incident response teams -- 
can yield benefit/cost ratios as high as 17 to 1. 

Lessons Learned 
Important lessons can be learned form the U.S. experience.  In this paper, a number of 

different deployment strategies that have been used for incident management programs have been 
identified.  However, the following are important lessons learned from the many successful 
systems. 

Assign A Full-Time Person 

Incident management does take resources to be successful.  An essential resource is the 
availability of a full-time person specifically assigned to incident management.  This person will 
be the "champion" for incident management and will be responsible for developing and 
maintaining incident response plans; traffic control and detour route plans; coordination amongst 
agencies; etc. 

Communicate With Partner Agencies 

Incident management is multidisciplinary involving many agencies with different goals and 
objectives at an incident site.  Almost every problem can be resolved with established lines of 
communication between agencies. 
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Walk Before You Run 

Experience has shown that it is very difficult to jump right into the high-cost, high-technology 
programs.  Start small and build upon a record of success and transition into additional levels of 
activities as resources and support allow.  

Anything Will Be An Improvement 

If you do not currently have an incident management program -- anything you do should 
improve the situation.  Without an incident management program in place, all remedial steps 
taken to respond to the incident are being done sequentially.  That is, the police agency is called; 
they investigate and call a tow-truck and or an ambulance; the highway department is then called 
too clean-up the scene and so on. 

With an incident management program almost everything will be accomplished in parallel and 
each agency will perform their jobs concurrently -- thus reducing the response and recovery 
period resulting in an improvement in safety through the reduction of secondary accidents and a 
more timely restoration of the highway to normal traffic flows. 
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Summary 
 
This study deals with an analysis of the tram accident occurence in Dresden in 1995 and 

1996. The total length of the tram network is about 129 km. More than 70% are road-level 

tracks, almost 20% are separate tracks and nearly 10% are independent tracks. More than 

1000 tram accidents happened in each examined year. About 25% were accidents with 

personal injury. More than 90% were not caused by tram drivers but by drivers of other 

vehicles involved. About 80% of the accidents happened on road-level tracks. Within the tram 

network more than 70 accident black spots were found. For each of them at least five 

accidents in tram traffic per year are recorded. An evaluation of these accident black spots has 

shown different typical track-road combinations with increased risk of accidents. Different 

measures to improve safety in tram traffic are recommended. 

 
 

Introduction 
 
Public transport is an important aspect of urban traffic in German cities. Trams and light-rail 

rapid transits are passenger transport modes with high capacity, comfort and safety. 

Reliability and punctuality of public transport means are well known. However, the specific 

accident occurence as well as the related costs for public transport companies and for the 

public in general are often not taken into account. This fact gave rise to investigations into the 

accident occurence in public transport at the exampel of tram traffic in the city of Dresden. 

 
The public transport company in Dresden is the Dresdner Verkehrsbetriebe AG (DVB AG). 

The accident statistics of the DVB AG contain different groups of accidents in tram traffic 

(1). Nearly all of the accidents belong to the groups collision and person accident. If a tram 

and another vehicle hit each other, it is indicated as a collision. If passengers in the tram or 
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pedestrians out of it are injured, it is indicated as a person accident. However, reality shows 

that person accidents are accidents with passengers in trams nearly exclusively. Both kinds of 

accidents may involve either property damage or personal injury. This paper focusses on 

collisions in tram traffic. 

 
 
 

The Tram Network in Dresden 
 
While the Dresden town area had nearly 467.000 inhabitants in 1996, the catchment area of 

the DVB AG amounts to over 566.000 inhabitants (7). The tram network in Dresden has a 

total length of nearly 129 km (5). The share of single track sections is about 17 km (less than 

14%). The share of double track sections is about 112 km (more than 86%). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 
Tram network in Dresden 
 

 
 
Different sorts of tracks are given in the tram network of Dresden. Road-level tracks (used by 

trams and other vehicles as a mixed mode street) make up the by far largest share (92,1 km or 

71% in 1996). Separate tracks (used only by trams, located next to roads) (24,7 km or 19%) 

have a share twice that of independent tracks (used only by trams, located away from roads) 

(12,4 km or 10%). Figure 1 shows the development of the proportion of road-level tracks on 

the one hand and separate and independent tracks on the other hand (4). The future of track 

design will bring about a shift towards separate and independent tracks. 
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Accident Occurence in Tram Traffic 
 
While figure 2 shows the total number of accidents in road traffic in Dresden (4), table 1 gives 

an overview over the accident occurence in tram traffic. More than 80% of accidents belong 

to the accident group collisions. More than 90% of the collisions in turn are accidents 

involving property damage. 

 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 2 
Total number of road 
accidents in Dresden 
 

 
 
It becomes immediately obvious, that track sections with road-level tracks show destinctly 

more accidents than other track types. However, it is important to mention in this context that 

the share of road-level tracks of the total length is above 70%. The accident density (accident 

to stretch ratio) of separate tracks is not much lower than that of road-level tracks. According 

to accidents with personal injury, the accident density of separate tracks is about three times 

higher than that of road-level tracks. This shows that a high proportion of road-level tracks in 

a tram network is not inevitably related to a frequent accident occurence in tram traffic. 

 
The accident statistics of Dresden Police Headquarters (6) show right off that less than a third 

of tram accidents were reported to the police (bottom of table 1). Many accidents are 

relatively harmless (trivial damages), about which the police is not informed. Calling the 

police would possibly delay clearing the accident location and impede the transport operations 

of trams and vehicles longer than necessary. In this case, an accident report is often made by 

the tram driver. 
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   1995   1996  
accident category track type A A AD A A AD 

  [1] [%] [1/km] [1] [%] [1/km] 
person accidents all 225 18,0 --- 215 18,9 --- 
collisions all 1022 82,0 --- 922 81,1 --- 
total all 1247 100,0 --- 1137 100,0 --- 
collisions (PD) all 926 90,6 --- 850 92,2 --- 
collisions (PI) all 96 9,4 --- 72 7,8 --- 
total all 1022 100,0 --- 922 100,0 --- 
collisions road-level 821 82,2 8,91 667 77,0 7,24 
collisions separate 156 15,6 6,31 178 20,6 7,20 
collisions independent 22 2,2 1,77 21 2,4 1,69 
total all 999 100,0 7,91 866 100,0 7,13 
collisions (PD) road-level 767 85,1 8,33 635 79,8 6,89 
collisions (PD) separate 118 13,1 4,78 146 18,3 5,91 
collisions (PD) independent 16 1,8 1,29 15 1,9 1,21 
total all 901 100,0 7,16 796 100,0 6,58 
collisions (PI) road-level 53 55,2 0,58 32 45,7 0,35 
collisions (PI) separate 37 38,5 1,50 32 45,7 1,30 
collisions (PI) independent 6 6,3 0,48 6 8,6 0,48 
total all 96 100,0 0,74 70 100,0 0,56 
A(DPH) all 318 100,0 --- 304 100,0 --- 
A(DPH) (PD) all 237 74,5 --- 228 75,0 --- 
A(DPH) (PI) all 81 25,5 --- 76 25,0 --- 
Abbrevitations: 
A  accidents 
AD  accident density in accidents per km 
PD  property damage 
PI  personal injury 
A(DPH) accidents reported to Dresden Police Headquarters 
 

Table 1 
Data of accident occurence in tram traffic in Dresden 

 
 
A catalogue for sorting the accident causes is used in the accident data base of the DVB AG, 

which distinguishes 22 accident causes (1). The distribution of the main accident causes is 

shown in table 2. This table includes only those causes that significantly influence the 

accident occurence. Not keeping the sidewards distance is a dominant cause for accidents 

which are caused by tram drivers. The cause rear end collision has also a relatively large 

share. In accidents that are caused by drivers of other vehicles involved the cause right of way 

is predominant. It is followed by the cause sidewards distance. In comparison to that, figure 3 

shows the distribution of the main causes of general accidents in road traffic in Dresden (4). 
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accident caused by tram other vehicle 
year 1995 1996 1995 1996 

total number (= 100%) 102 110 960 844 
right of way --- --- 24% 24% 
overtaking / passing --- --- 9% 7% 
rear end collision 18% 15% --- --- 
turning --- --- 15% 12% 
lane changing --- --- 14% 16% 
opposing collision 4% 2% 5% 5% 
sidewards distance 62% 77% 14% 18% 
other causes 16% 6% 19% 18% 

 
Table 2 

Main causes of tram accidents in Dresden 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 
Main causes of road accidents in Dresden 
(Statistical basis are road accidents with 
personal injury, serious property damage 
and under the influence of alcohol) 
 
 

 
 
Concerning the temporal distribution of tram accidents it can be pointed out that most of the 

accidents occur in autumn or winter, on weekdays in the afternoon between 4 and 6 o‘clock 

(Figures 4 to 6). The influence of school holidays in summer is recognizable during the year. 

Fewer accidents happen on weekends. Another time that fewer accidents happen is when the 

traffic operation is reduced during nights between 3 am and 5 am. The statistical basis for the 

temporal distribution of general accidents in road traffic in figures 4 and 5 are accidents with 

personal injury, accidents with serious property damage and accidents under the influence of 

alcohol. 
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Figure 4 
Tram and road accidents during the year 

Figure 5 
Tram and road accidents during the week 

Figure 6 
Tram accidents during the day 
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To complete the overview over the accident occurence, table 3 gives a comparison of absolute 

figures and other characteristics in accident occurence between Dresden and other German 

cities (5). Looking at the absolute figures, the accident occurence in Dresden seems to be 

highly serious, whereas the other characteristics of Dresden's accident occurence in tram 

traffic are close to average. 

 
 

city Berlin Chemnitz Leipzig München Nürnberg Zwickau Dresden 
company BVG CVAG LVB SWM VAG N SVZ DVB AG 

year 1995 1995 1995 1995 1995 1995 1995 
P 1128 98 1) 942 ca. 500 229 78 1022
C 190 2 22 ca. 300 2) 208 3) 21 225
P + C 1318 100 964 ca. 800 437 99 1247
AD 9,9 4,2 6,2 12,4 11,1 7,9 9,5
AL(IN) 1,13 0,38 1,62 0,60 0,87 0,83 2,49
AL(PA) 5,81 4,17 10,51 10,96 13,91 5,70 8,95
AR(Pkm) 1,14 0,83 2,10 3,93 5,73 0,95 1,99
AR(Vkm) 21,21 17,16 34,43 74,54 70,54 62,94 41,43
Abbrevitations: 
P  person accidents 
C  collisions 
AD  accident density in accidents per km 
AL(IN) accident load in accidents per 1 000 inhabitants 
AL(PA) accident load in accidents per 1 000 000 passengers 
AR(Pkm) accident rate in accidents per 1 000 000 person km 
AR(Vkm) accident rate in accidents per 1 000 000 vehicle km 
Notes: 
1) collisions and other 
2) accidents 
3) pedestrian accidents and other 
 

Table 3 
Characteristics of tram accidents in different cities in Germany 

 
 
 

Track-Road Combinations with Increased Risk of Accidents 
 
Within the Dresden tram network more than 70 accident black spots could be found (3). In 

this context intersections with at least five accidents are indicated as accident black spots (2). 

Up to 20 accidents were counted at a single intersection. Many intersections have been 

identified as accident black spots in subsequent years. 
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For some chosen accident black spots of the year 1995 sketches of accident circumstances 

have been worked out in (5). A thorough examination of these sketches has shown several 

driveway relationships between trams and vehicles, which very often contribute to the 

establishment of accident black spots. Figure 7 shows these typical track-road combinations. 

 
• Case A often happens at separate tracks beside roads. Vehicles cross these tracks on 

priority junctions. Left-turning vehicles must wait for an adequate time gap in the priority 

stream. Therefore, the drivers focus their attention mainly on the vehicle traffic. 

• Separate tracks beside roads play a major part in case B, too. However, in this case the 

separate track turns into a road-level track in the middle of the road, which vehicle drivers 

do not expect. 

• Case C shows a road-level track in the middle of the road, which must be crossed by 

vehicles turning left. Vehicle drivers in the minor stream must pay attention not only to 

through trams but also on time gaps in priority streams. 

• Cases D and E are characteristic for very wide cross sections, where trams go on separate 

tracks in the middle. The difference between cases D and E is the queueing space for at 

least one or two vehicles between the tram lines in case D. 

• Cases F, G and H are likewise principally similar, while case F is possible everywhere 

along road-level tracks and cases G and H are only possible at fixed points in the street 

environment. These cases have in common that vehicle drivers are trying to move aside to 

the left. Because of this they get into the vehicle clearance envelope of trams that go on 

road-level tracks in the middle. According to the German road traffic laws, vehicles are 

not allowed to pass through tram stop areas at a high speed when passengers get on and 

off the tram. 

• In case I only one lane is available to freely flowing vehicles between junctions. Queueing 

space for left-turning vehicles is separated from the through lane at the junction approach. 

However, getting in lane to the left in front of through trams is often a source of danger. 

 
To sum this paragraph up it may be stated that an increased risk of accidents is caused by the 

transitions between separate or independent tracks to road-level tracks. On principle, the 

accident severity is expected to be especially high in cases A to E. At these track-road-

combinations tram stream and vehicle stream hit one another at a relatively obtuse angle. 
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Figure 7 

Track-road combinations with increased risk of accidents 
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Measures to Improve Safety in Tram Traffic 
 
Suggestions to increase active and passive safety in tram traffic can be assigned to the fields 

of traffic engineering, passenger transportation and public relations. Measures in the field of 

traffic engineering refer at first to the traffic control in the roadside environment. It should be 

examined if turning prohibitions could reduce accident tolls significantly at priority junctions 

with high risk of accidents. As a result vehicle manoeuvres involving especially unfavourable 

visibility between tram and motor vehicle can be avoided. It is necessary to mark the vehicle 

clearance envelope of trams always clearly. This can be achieved through road markings or 

obvious changes in the pavement material. Incalculable crossing points of tracks with 

common conflict areas between tram and vehicle streams are to be equipped with traffic 

lights, if necessary. If tram stops are set in the middle of the road without separate tracks or 

tram stop islands, passengers cross the lanes of freely flowing vehicle streams. In this case, 

time islands signalized by traffic lights are recommended. This brings about a clear traffic 

control for both vehicle drivers and transferring passengers. 

 
Measures in connection with passenger transportation first of all increase the passive safety 

of passengers in trams. As long as seats are vacant, as many passengers as possible should 

occupy them. This is especially true for elderly passengers and children. On the one hand, 

many passengers reject to take a seat on short trips. On the other hand, some passengers 

occupy two seats, although only one seat would be sufficient. Next to the doors especially 

marked seats should be reserved for handicapped passengers. Even if the tram is late, the tram 

drivers should bear in mind the necessity of safety for boarding and deboarding passengers. 

They should ensure moderate longitudinal and transverse acceleration (standing passengers). 

 
In the field of public relations, the mutual consideration between vehicle drivers and tram 

traffic can be influenced. Short and informative announcements in local newspapers can be 

used to make vehicle drivers aware of the problems concerning tram traffic (5). For example, 

these announcements can be of the following or a similar wording: 

 
Your safety is important to us! 

Please pay attention to the tram traffic 
at the junction Station Square. 
This is an accident black spot. 

We wish you a nice trip! 
Your public transport company. 
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ABSTRACT 
Modern roundabouts are designed to control traffic flow at intersections without the use of stop signs or traffic 

signals.  U.S. experience with modern roundabouts is rather limited to date, but in recent years there has been 

growing interest in their potential benefits and a relatively large increase in roundabout construction.  The present 

study evaluated changes in motor vehicle crashes following conversion of 24 intersections from stop sign and traffic 

signal control to modern roundabouts.  The settings, located in 8 states, were a mix of urban, suburban, and rural 

environments.  A before-after study was conducted using the empirical Bayes approach, which accounts for 

regression to the mean.  Overall, the empirical Bayes procedure estimated highly significant reductions of 38 percent 

for all crash severities combined and 76 percent for all injury crashes.  Reductions in the numbers of fatal and 

incapacitating injury crashes were estimated to be about 90 percent.  Overall, results are consistent with numerous 

international studies and suggest that roundabout installation should be strongly promoted as an effective safety 

treatment for intersections in the U.S. 



 

 

INTRODUCTION 
The modern roundabout is a form of intersection traffic control that has become increasingly common around the 

world but is seldom used in the United States.  Circular intersections are not a new idea and, in fact, predate the 

advent of the automobile.  The first one-way rotary system for motor vehicle traffic in the United States was put into 

operation in 1905 at Columbus Circle in New York City (1). 

The main difference between modern roundabouts and older circles/rotaries is the design speed.  Older 

rotaries typically were built according to 1940s-era design standards or even older guidelines, which generally were 

intended for vehicle speeds of 25 mph or more.  Drivers typically enter older traffic circles at speeds of 35 mph or 

more.  In contrast, modern roundabouts are designed for very low traffic speeds, about 15 mph.  The low design 

speed is accomplished through two primary design features: drivers must enter the roundabout facing a central 

island rather than tangentially (this feature is known as deflection), and the approaches to the roundabout are curved 

to promote low entry speeds.  Common characteristics that define a modern roundabout and provide safety features 

are: drivers entering a roundabout must yield to vehicles within the circulatory roadway, keeping weaving to a 

minimum; roundabout entrances and exits are curved to promote low traffic speeds; traffic circulates 

counterclockwise, passing to the right of a central island; raised “splitter” islands dividing the roadway at entrances 

and exits provide refuge for pedestrians, ensure drivers travel in the intended path, and separate opposing traffic 

(Figure 1).  In addition, pedestrian activities are prohibited on the central island, pedestrians are not intended to cross 

the circulatory roadway, and when pedestrian crossings are provided for approach roads they are placed 

approximately one car length back from the entry point. 

Numerous studies, mostly in the international literature, indicate that modern roundabouts are safer than 

other methods of intersection traffic control, and that converting intersections from stop signs or traffic signals to 

roundabouts is associated with substantial reductions in motor vehicle crashes and injuries.  For example, Schoon 

and van Minnen (2) studied 181 Dutch intersections converted from conventional controls (traffic signals or stop 

signs) to modern roundabouts and reported that crashes and injuries were reduced by 47 and 71 percent, 

respectively; the more severe injury crashes (resulting in hospital admissions) were reduced by 81 percent.  

Troutbeck (3) reported a 74 percent reduction in the rate of injury crashes following conversion of 73 roundabouts in 

Victoria, Australia.  These and similar studies may overestimate the magnitude of crash reductions associated with 

conversion of intersections to roundabouts by failing to control for regression-to-the-mean effects — a major 

problem affecting the validity of many road safety improvement studies.  A thorough review of the literature was 

conducted by Elvik et al. (4), who concluded that converting from yield, two-way stop, or traffic signal control to a 

roundabout reduces the total number of injury crashes by 30-40 percent.  Reductions in the number of pedestrian 

crashes were in the same range.  Bicycle crashes were reduced by approximately 10-20 percent.  It should be noted 

that the Elvik et al. study was a meta-analysis that included some circular intersections not meeting the typical 

definition of modern roundabouts.  Regression to the mean was not controlled for. 

U.S. experience with modern roundabouts is rather limited to date, but there has been growing interest in 

their potential benefits and, recently, a relatively large increase in roundabout construction.  Garder (5) conducted an 

extensive review of existing and planned U.S. installations and reported strong activity in several states including 

Colorado, Florida, Maine, Maryland, Michigan, Nevada, Vermont, and Washington.  A recent, but limited before-

after crash study was conducted by Flannery and Elefteriadou (6) based on 8 roundabouts, 3 in Florida and 5 in 

Maryland.  Results were promising, suggesting consistent reductions in crashes and injuries, but the analyses were 

limited in scope. 



 

 

FIGURE 1  Views of roundabout  in Cecil County, MD. 
 

 
 
 

 

 

The present before-after study was designed to better estimate the nature and magnitude of crash reductions 

following installation of modern roundabouts in the United States.  It included a greater number of intersections and 

employed more powerful statistical analysis tools than the simple before-after comparisons used in prior studies. 

 

METHOD 
The empirical Bayes approach was employed to properly account for regression to the mean while 

normalizing for differences in traffic volume between the before and after periods.  The change in safety at a 

converted intersection for a given crash type is given by: 

 B−A,  (1) 



 

 

where B is the expected number of crashes that would have occurred in the after period without the conversion and 

A is the number of reported crashes in the after period. 

To eliminate regression-to-the-mean effects and to reduce uncertainty in the results, B was, in general, 

estimated using an empirical Bayes procedure (7) described more fully in the appendix.  In essence, a regression 

model is used to first estimate the annual number of crashes (P) that would be expected at intersections with traffic 

volumes and other characteristics similar to the one being analyzed.  The regression estimate is then combined with 

the count of crashes (x) in the n years before conversion to obtain an estimate of the expected annual number of 

crashes (m) at the intersection before conversion.  This estimate of m is: 

 m = w1(x) + w2(P), (2) 

where the weights w1 and w2 are estimated from the mean and variance of the regression estimate as: 

 w1 = P/(k + nP)  (3) 

 w2 = k/(k + nP),  (4) 

where 

 k = P2/Var(P) (5) 

is a constant for a given model and is estimated from the regression calibration process. 

Factors then are applied to account for the length of the after period and differences in traffic volumes 

between the before and after periods.  The result is an estimate of B.  The procedure also produces an estimate of the 

variance of B.  The significance of the difference (B−A) is established from this estimate of the variance of B and 

assuming, based on a Poisson distribution of counts, that: 

 Var(A) = A. (6) 

Uncertainty in the estimates of safety effects also can be described with the use of likelihood functions, which have 

been presented in the full project report (8). 

 

ASSEMBLY OF DATA AND REGRESSION MODELS 
Data for Converted Intersections 
The analyses were confined to 8 states — California, Colorado, Florida, Kansas, Maine, Maryland, South Carolina, 

and Vermont — where a total of 24 intersections were converted to modern roundabouts between 1992 and 1997.  

There are a few modern roundabouts in the United States that are not included in the present analysis because data 

were not available or the roundabouts were too new. Of the 24 intersections studied, 20 were previously controlled 

by stop signs, and 4 were controlled by traffic signals.   

Fifteen of the roundabouts were single-lane circulation designs, and 9, all in Colorado, were multilane.  

Summary data for the study intersections are given in Table 1.  For each intersection, crash data were obtained for 

periods before and after conversion.  The construction period, as well as the first month after completion, were 

excluded from analysis.  The lengths of the before and after periods varied in accordance with available crash data.  

In no case was a period shorter than 15 months.  Data were extracted from printed police crash reports and, where 

not available, from report summaries.  Information regarding injuries also was derived from police crash reports.  

Police reports convey the detection and apparent severity of injuries, either through the so-called KABCO scale 

(Killed, A injury, B injury, C injury, Only property damage) or by separating injuries into three categories: possible 

injury, non-incapacitating injury, and the more severe incapacitating injuries.  In this study, “possible” injuries were 

not counted as injuries.  Injury data based on police reports have known limitations, especially in regard to injury  



 

 

a1 = four-legged, one street stopped; 2 = three-legged, one street stopped; 3 = all-way stop; 4 = other unsignalized; 6 = signal 
 

severity.  During the study period, there were no known changes in reporting practices that would cause a change in 

the number of reported crashes. 

 

Regression Models 
From data about intersections not converted and a consideration of existing models, the regression models required 

for the empirical Bayes estimates of safety effect (Equations 2-5) were assembled.  New models were calibrated for 

stop controlled urban intersections, whereas other models were adopted from Lord (9) for signalized intersections 

and Bonneson and McCoy (10) for rural stop controlled intersections.  For urban stop controlled intersections, two 

levels of models were calibrated: 

 level 1:  crashes/year = (α) (total entering AADT)β (7) 

 level 2:  crashes/year = (α) (total entering AADT)β1 (minor road proportion of AADT)β2 (8) 

Two levels of models were required because in a few instances, estimates of annual average daily traffic 

(AADT) were available only for the intersection as a whole.  In most cases, entering AADTs were available for each 

approach, and level 2 models, which produce better estimates, could be applied.  The data set used for the calibration 

was from a sample of urban intersections in Florida, Maryland, and Toronto, Ontario.  These data confirmed the 

stability of crash reporting over the time period of the conversion data in two states that accounted for 9 of the 24 

intersections.  The models adopted from previous research were of the same forms as Equations 7-8. 

TABLE 1  Details of the Sample of Roundabout Conversions
        Crash Count 
 Year Control Single or AADT  Months  Before  After 
Jurisdiction Opened Beforea Multilane Before After  Before After  All Injury  All Injury 

Anne Arundel County, MD 1995 1 Single 15,345 17,220  56 38  34 9 14 2 
Avon, CO 1997 2 Multilane 18,942 30,418  22 19  12 0 3 0 
Avon, CO 1997 2 Multilane 13,272 26,691  22 19  11 0 17 1 
Avon, CO 1997 6 Multilane 22,030 31,525  22 19  44 4 44 1 
Avon, CO 1997 6 Multilane 18,475 27,525  22 19  25 2 13 0 
Avon, CO 1997 6 Multilane 18,795 31,476  22 19  48 4 18 0 
Bradenton Beach, FL 1992 1 Single 17,000 17,000  36 63  5 0 1 0 
Carroll County, MD 1996 1 Single 12,627 15,990  56 28  30 8 4 1 
Cecil County, MD 1995 1 Single 7,654 9,293  56 40  20 12 10 1 
Fort Walton Beach, FL 1994 2 Single 15,153 17,825  21 24  14 2 4 0 
Gainesville, FL 1993 6 Single 5,322 5,322  48 60  4 1 11 3 
Gorham, ME 1997 1 Single 11,934 12,205  40 15  20 2 4 0 
Hilton Head, SC 1996 1 Single 13,300 16,900  36 46  48 15 9 0 
Howard County, MD 1993 1 Single 7,650 8,500  56 68  40 10 14 1 
Manchester, VT 1997 1 Single 13,972 15,500  66 31  2 0 1 1 
Manhattan, KS 1997 1 Single 4,600 4,600  36 26  9 4 0 0 
Montpelier, VT 1995 2 Single 12,627 11,010  29 40  3 1 1 1 
Santa Barbara, CA 1992 3 Single 15,600 18,450  55 79  11 0 17 2 
Vail, CO 1995 1 Multilane 15,300 17,000  36 47  16 n/a 14 2 
Vail, CO 1995 4 Multilane 27,000 30,000  36 47  42 n/a 61 0 
Vail, CO 1997 4 Multilane 18,000 20,000  36 21  18 n/a 8 0 
Vail, CO 1997 4 Multilane 15,300 17,000  36 21  23 n/a 15 0 
Washington County, MD 1996 1 Single 7,185 9,840  56 35  18 6 2 0 
West Boca Raton, FL 1994 1 Single 13,469 13,469  31 49  4 1 7 0 



 

 

Following recent works by Persaud et al. (11) and Bonneson and McCoy (10), the Generalized Linear 

Interactive Modelling (GLIM) software package (12) was used for estimating the parameters α (actually ln(α) since 

a linear model is fitted) and the βs for Equations 7-8 for all crashes combined and for injury crashes only.  GLIM 

allows the specification of a negative binomial distribution, which now is regarded as being more appropriate to 

describe the count of crashes in a population of entities than the Poisson or normal distributions assumed in 

conventional regression modelling.  In specifying a negative binomial error structure, the parameter k (Equation 5), 

which relates the mean and variance, had to be iteratively estimated from the model and the data as part of the 

calibration process. 

Typical model calibration results are illustrated in Table 2, which shows the level 2 coefficient estimates 

for four-legged, one-street stopped intersections.  Models were also estimated for three-legged stop controlled 

intersections.  Full details of both the new and existing models are given in the project report (8). 

 
RESULTS 
Table 3 summarizes the estimated crash reductions and provides two measures of safety effects.  The first is “index 

of safety effectiveness” (θ), which is approximately equal to the ratio of the number of crashes occurring after 

conversion to the number expected had conversion not taken place.  The second is the more conventional percent 

reduction in crashes, which is equal to 100(1−θ).  Overall, the empirical Bayes procedure estimated a highly 

significant 38 percent reduction for all crash severities combined for the 24 converted intersections.  Because injury 

data were not available for the period before construction of the 4 roundabouts in Vail, overall estimates for changes 

in injury crashes are based on the other 20 intersections.  The empirical Bayes procedure estimated a highly 

significant 76 percent reduction for injury crashes for these 20 converted intersections.  These estimates are slightly 

lower than those that were obtained using a simple before and after comparison instead of the empirical Bayes 

procedure. 

Because of major operational differences between various roundabout designs and settings, results were 

analyzed and reported for several groups of conversions for which there were sufficient crash data to provide 

meaningful results.  These include 9 urban single-lane roundabouts that prior to construction were stop controlled, 5 

rural single-lane roundabouts that prior to construction were stop controlled, 7 urban multilane roundabouts that 

prior to construction were stop controlled, and 3 urban intersections converted to roundabouts from traffic signal 

control.  For the group of 9 urban single-lane roundabouts converted from stop control, the empirical Bayes 

procedure estimated a highly significant 61 percent reduction for all crash severities combined and a 77 percent 

reduction for injury crashes.  For the group of 5 rural single-lane roundabouts converted from stop control, similar 

effects were estimated — a 58 percent reduction for all crash severities combined and an 82 percent for injury  

TABLE 2  Level 2 Reference Population Models for One Street Stopped, Four-Legged Urban Intersections Considering Distribution of 
AADT Between Major and Minor Road, crashes/year = (α) (total entering AADT)β1 (minor road proportion of AADT)β2 

Crash Severity Jurisdiction 
ln(α) 
(Standard Error) 

β1 
(Standard Error) 

β2  
(Standard Error) k 

All combined Maryland −9.900 (2.04) 
 Florida −9.868 (2.07) } 1.198 (0.210) 0.370 (0.125) 3.10 

 Combined −9.886 (2.01)  1.202 (0.213) 0.376 (0.107) 3.10 
       
Injury Maryland −8.271 (2.33) 
 Florida −8.015 (2.37) } 0.861 (0.249) 0.173 (0.127) 3.34 



 

 

— Data not available 
 

crashes.  For the group of 6 urban multilane roundabouts, however, the estimated effect on all crash severities 

combined was smaller — a 5 percent reduction.  Because injury data were not available for the period before 

construction of 4 of these roundabouts, overall estimates for changes in injury crashes were not computed for this 

group of intersections.  For the 4 roundabouts converted from traffic signal control, estimated reductions were 35 

percent for all crash severities combined and 74 percent for injury crashes.  Three of these roundabouts had 

multilane circulation designs. 

For completeness, partial results also are given for individual conversions in a group.  Readers are 

cautioned about drawing conclusions from these results because there is a significant likelihood that the change in 

safety for individual conversions is due to chance.  In some cases, however, there may be logical explanations for an 

apparent deterioration in safety following roundabout conversion.  At the Gainesville site, for example, 

transportation officials were unable to secure adequate right of way to construct a roundabout to design 

specifications that would accomplish the desired deflection and speed reduction.  This may explain the apparent 

absence of crash reduction at this site.  Another example is the Santa Barbara site, which was the only one that was 

all-way stopped controlled before conversion.  In the light of evidence that all-way stop control is already a safety 

TABLE 3  Estimates of Safety Effect for Groups of Conversions 

Group Characteristic Before  

Count of 
Crashes 
During 
Period After 
Conversion  

Crashes Expected 
During After Period 
Without Conversion 
(Standard Deviation)  

Index of  
Effectiveness 
(Standard Deviation)  

Percent  
Reduction in 
Crashes 

Conversion/Jurisdiction All Injury  All Injury  All Injury  All  Injury 
Single Lane, Urban, Stop Controlled          

Bradenton Beach, FL 1 0  9.9   (3.6) 0    (0)       
Fort Walton Beach, FL 4 0  16.9   (3.9) 2.7 (1.1)       
Gorham, ME 4 0  6.8   (1.4) 0.9 (0.4)       
Hilton Head, SC 9 0  42.8   (6.0) 8.2 (1.9)       
Manchester, VT 1 1  1.7   (0.7) 0    (0)       
Manhattan, KS 0 0  4.2   (1.2) 1.2 (0.5)       
Montpelier, VT 1 1  4.3   (1.8) 1.1 (0.6)       
Santa Barbara, CA 17 2  17.97 (4.9) 0    (0)       
West Boca Raton, FL 7 0  8.1   (3.0) 2.6 (1.3)       

Entire group (9) 44 4  112.6 (10.2) 16.6 (2.6)  0.39 (0.07) 0.23 (0.12)  61 77 
            
Single Lane, Rural, Stop Controlled          

Anne Arundel County, MD 14 2  24.6 (4.0) 6.2 (1.7)       
Carroll County, MD 4 1  15.2 (2.6) 3.2 (0.9)       
Cecil County, MD 10 1  14.3 (2.9) 5.6 (1.4)       
Howard County, MD 14 1  36.7 (5.5) 7.7 (2.1)       
Washington County, MD 2 0  14.4 (3.1) 4.2 (1.3)       

Entire group (5) 44 5  105.2 (8.4) 26.9 (3.4)  0.42 (0.07) 0.18 (0.09)  58 82 
            
Multilane, Urban, Stop Controlled          

Avon, CO 3 0  19.9   (4.9) 0    (0)       
Avon, CO 17 1  12.2   (3.1) 0    (0)       
Vail, CO 14 —  19.1   (4.4) —       
Vail, CO 61 —  50.9   (7.6) —       
Vail, CO 8 —  9.8   (2.1) —       
Vail, CO 15 —  11.8   (2.3) —       

Entire group (6) 118   123.7 (11.0) n/a  0.95 (0.10) n/a  5 n/a 
            
Urban, Signalized            

Avon, CO 44 1  49.8   (7.0) 5.4 (1.7)   
Avon, CO 13 0  30.1   (5.7) 2.3 (1.0)   
Avon, CO 18 0  52.1   (7.0) 5.3 (1.7)   
Gainesville, FL 11 3 4.8   (1.5) 1.3 (0.5)  

  

 

  

Entire group (4) 86 4  131.7 (10.9) 15.0 (2.7)  0.65 (0.09) 0.26 (0.14)  35 74 
            
All conversions (24) 292 14  472.6 (20.4) 58.5 (5.1)  0.62 (0.04) 0.24 (0.07)  38 76 



 

 

improvement over one-street stopped control, it should not be surprising that there would be little or no marginal 

safety benefit of further conversion to a roundabout. 

Effects on fatal crashes and those causing incapacitating injuries are more difficult to measure due to the 

small samples, but indications are that such crashes were substantially reduced.  For the 20 converted intersections 

with injury data, there were 3 fatal crashes during the before period and none during the after period.  The fatal 

crashes may have contributed to the fact that the roundabouts were constructed and may therefore contribute to the 

regression-to-the-mean phenomenon.  There were 27 incapacitating injury crashes during the before period and only 

3 during the after period.  Taking into account the durations of the before and after periods and increases in traffic 

volume, and adjusting for regression to the mean (estimated to be roughly 22 percent), the observed value of 3 

incapacitating or fatal injury crashes during the after period is substantially and significantly less than the 26.6 

expected.  The estimated reduction in fatal and incapacitating injury crashes is 89 percent (p<0.001). 

There were 4 reported pedestrian crashes during the before period and 1 (with minimal injuries) during the 

after period.  Four bicyclists were injured during the before period and 3 during the after period.  However, these 

samples are too small to give conclusive evidence on the safety of these road-user groups at roundabouts. 

 

DISCUSSION 
Results of this study indicate that converting conventional intersections from stop sign or traffic signal 

control to modern roundabouts can produce substantial reductions in motor vehicle crashes.  Of particular note are 

the large reductions found in the number of injury crashes, especially those involving incapacitating and fatal 

injuries.  These findings generally are consistent with results of numerous international studies.  The accumulated 

knowledge suggests that roundabout construction should be strongly promoted as an effective safety treatment for 

intersections.  Given the large numbers of injury (700,000) and property damage (1.3 million) crashes that occur 

each year at traffic signals and stop signs in the United States (13), widespread construction of roundabouts can 

produce substantial reductions in injuries and property damage losses associated with motor vehicle use on public 

roads. 

It is possible that the smaller safety effect observed for the group of urban intersections that previously 

were multilane and stop controlled may be due to differences in safety performance of single-versus multilane 

roundabout designs.  However, a firm conclusion cannot be made because of other important differences between 

conversions in Colorado and those in other states.  For example, the 2 Avon roundabouts that previously were 

multilane and stop controlled are part of freeway interchanges that also include nearby intersections that were 

previously four-way stop controlled.  The multilane roundabouts do seem to be effective in eliminating most 

incapacitating injury crashes. 

Crash reductions resulting from conversion of conventional intersections to modern roundabouts can be 

attributed primarily to two factors: reduced traffic speeds and elimination of specific types of motor vehicle conflicts 

that frequently occur at angular intersections.  These conflicts include left turns against opposing/oncoming traffic, 

front-to-rear conflicts (often involving the lead vehicle stopping or preparing to stop for a traffic signal or stop sign), 

and right-angle conflicts at traffic signals and stop signs.  Retting et al. (14) reported that crashes associated with 

these three intersection traffic conflicts account for two-thirds of police-reported crashes on urban arterials.  Red 

light running crashes, which involve side impacts at relatively high speeds, are especially injury producing (15); 

such impacts are virtually non-existent at roundabouts. 



 

 

Although the sample was too small to estimate effects on pedestrian crashes, Scandinavian evaluations of 

roundabouts conclude that single-lane roundabouts are very safe for pedestrians (16).  Data from this study give no 

reason to doubt that those experiences can be translated to North America.  And none of the multilane roundabouts 

have had a single pedestrian crash so far, even though there were two crashes during the before period at these sites.  

Likewise, Scandinavian experience shows that single-lane roundabouts with one-lane entries are very safe for 

bicyclists. 

Some have expressed concern that older drivers may have difficulties adjusting to roundabouts.  However, 

in this study, the average age of crash-involved drivers did not increase following the installation of roundabouts, 

suggesting that roundabouts do not pose a problem for older drivers. 

In addition to reducing the risk of motor vehicle crashes and injuries, conversion to roundabouts can 

produce other important societal benefits including reductions in vehicle emissions, noise, fuel consumption, and 

traffic delays (17,18).  Roundabouts also can improve the aesthetic appearance of intersections by providing 

opportunities for landscaping and architectural treatments.  Roundabouts in place of traffic signals can provide cost 

savings for local governments by avoiding the expense of new traffic signal construction and maintenance. 

Roundabouts are not feasible, nor appropriate, at all intersections.  Sufficient right of way must be available 

for construction of the circular intersection.  Typically, a modern roundabout has an outer diameter of approximately 

100 feet (30 m).  This allows for large enough deflections to reduce speeds to an appropriate level.  However, land 

can be saved compared with signalization because approach roads can be kept narrower.  Capacity constraints and 

limited rights of way eliminate from consideration many busy urban intersections, especially those located in central 

business districts.  Also, intersections with high volumes of both bicycle and motor vehicle traffic may not be good 

candidates for roundabouts.  There remains a need to develop a procedure for estimating the likely safety 

consequences of a contemplated installation.  In the meantime, it is suggested that future installations be patterned 

after the ones found in this study to have had a very positive safety experience. 
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APPENDIX — EMPIRICAL BAYES ESTIMATION 
 
The theory is covered in detail elsewhere (Hauer, 1997), so what is presented here is merely an illustration.  
Consider the Anne Arundel County, Maryland, intersection converted in 1994 for which the crash counts and 
AADTs on the approaches were as follows. 
 

 Before 
Converstion 

After 
Converstion

Months (years) of crash data 56 (4.67) 38 (3.17) 
Count of total crashes 34 14 
Major approaches AADT 10,654 11,956 
Minor approaches AADT 4,691 5,264 

 
 
Estimating B: The Crashes That Would Have Occurred in the After Period without the Conversion 
 
First, using the model from Bonneson and McCoy (1993), the regression estimate (Y) of the number of total 
crashes/year during the before period is: 

P (crashes/year) = 0.000379 × (major road AADT)0.256 × (minor road AADT)0.831 
= 0.000379 × (10,654)0.256 × (4,691)0.831 = 4.58. 

Then, the expected annual number of crashes during the before period is estimated as: 
mb = (k + xb) / (k/P + yb), 

where xb is the count of crashes during the before period of length yb years and k = 4.0 is a parameter estimated in 
the regression model.  Thus, the expected annual number of crashes during the before period is: 

mb = (4.0 + 34) / [(4/4.58) + 4.67] = 6.860. 
To estimate B, the length of the after period and differences in the AADTs between the before and after 

period must be considered.  This is accomplished by first multiplying the expected annual number of crashes in the 
before period by R, the ratio of the annual regression predictions for the after and before periods.  In the after period: 

crashes/year = 0.000379 × (11,956)0.256 × (5,264)0.831 = 5.19. 
The ratio R of the after period to the before period regression predictions is: 

R = 5.19/4.58 = 1.133, 
which gives: 

ma = R × mb = 1.133 × 6.860 = 7.772 crashes/year. 
Finally, to the estimate of B, the number of crashes that would have occurred in the after period had the 

conversion not taken place, ma is multiplied by ya, the length of the after period in years.  Thus: 
B = 7.772 × 3.17 = 24.61. 

Recall that 14 crashes actually occurred.  The variance of B is given by: 
Var(B) = B × R × ya / (p + yb) = 24.61 × 1.133 × 3.17 / (0.873 + 4.333) = 16.93 

 
Estimation of Safety Effect 
 
In the estimation of changes in crashes, the estimate of B is summed over all intersections in the converted group 
and compared with the count of crashes during the after period in that group (Hauer 1997).  For the 5 conversions in 
Maryland, the table below gives the estimates of B, variance of these estimates, and the count of crashes in the after 
period. 
 

After Period 
Count (A) 

Empirical Bayes 
Estimate (B) Var(B) 

14 
14 

2 
10 
  4 

36.71 
24.62 
14.38 
14.33 

  15.16 

30.63 
15.95 

9.40 
8.55 

  6.76 
Sum = λ = 44 Sum = π =105.19 Sum = 71.29 

 
The variance of B is summed over all conversions.  The variance of the after period counts, A, assuming 

that these are Poisson distributed, is equal to the sum of the counts.  There are two ways to estimate safety effect as 
shown below.  For each, the estimation of the variance is illustrated. 
 



 

 

Method 1:  Reduction in Expected Number of Crashes (δδδδ) 
 
This is the difference between the sums of the Bs and As over all sites in a conversion group.  Let:  

π = Σ B 
λ = Σ A; 

thus: 
δ = π − λ. 

For the Maryland conversion data in the table above: 
δ = 105.19 − 44 = 61.19. 

The variance of δ is given by: 
Var(δ) = Σ Var(B) + Σ Var(A). 

For the Maryland conversion data in the table above: 
Var(δ) = 71.29 + 44 = 115.29. 

 
Method 2:  Index of Effectiveness (θθθθ) 
 
A biased estimate of θ is given by: 

θ = λ / π. 
The percent change in crashes is in fact 100(1−θ); thus a value of θ = 0.7 indicates a 30 percent reduction in crashes.  
From Hauer (1997), an approximate unbiased estimate of θ is given by: 

θ = (λ/π) / {1 + [Var(π)/π2]}. 
For the Maryland conversion data in the table above: 

θ = (44/105.19) / [1 + (71.29/105.192)] = 0.416. 
The variance of θ is given by: 

Var(θ) = θ2{[Var(λ)/λ2] + [Var(π)/π2]} / [1 + Var(π)/π2]2. 
For the Maryland conversion data in the table above: 

Var(θ) = 0.4162 [(44/442) + (71.29/105.192)] / [1 + (71.29/105.192)]2 = 0.0050. 
 
 



 

 
 
Safety risks at Traffic light installations 
 
 
Author: Dr.-Ing. M. F. Brenner/ Dr. BRENNER + MÜNNICH Deutschland 
  Dr.-Ing. U. Frost/ Dr. BRENNER + MÜNNICH Deutschland 
 
 
Complex of Problems 
 

As a consequence of the growing density of traffic in urban areas time- and/ or vehicle-

actuated traffic controls are more and more often used. In the case of the vehicle-

actuated control it is necessary to distinguish between semi-vehicle-actuated controls, 

fully vehicle-actuated controls and “All-Signals-Red-At-Once-Green” controls. Within the 

research project in commission of the Bundesministerium für Verkehr (Federal Minstery 

of Transportation), flexible traffic light controls were examined for possible safety 

deficits. It was necessary to prove the following theory: 

 

- It is suspected in the case of microscopic light control programs with flexible green 

periods that there is a higher safety risk, in comparison to fixed-time control for 

drivers who have local road knowledge during the change of signals (from yellow to 

red). 

 

An unexpected red-light, or a denied green at an “All-Signals-Red-At-Once-Green”-light 

could lead to unexpected reactions of the road user. Possible conflict situations are 

emergency braking, rear-end collisions and running the red light. To compare flexible 

controlled and fixed-time controlled intersections, the afore mentioned types of conflict 

should been analysed. 

 

The investigation contains a selection of traffic light controlled intersections in several 

German cities (e. g. Stuttgart, Würzburg and Aalen): two intersections with fixed-time 

control, 10 intersections with traffic-actuated control and 3 intersections with “All-

Signals-Red-At-Once-Green” control. In a second measuring series at 2 intersections in 

Bremen, different control methods were tested under identical local conditions: fixed-

time control, semi-vehicle-actuated control and fully traffic-actuated control. 

 



 

Method of measuring 
 

Safety deficits as a consequence of unexpected changes of traffic lights (Yellow-to-

Red) are shown through single cars braking and the move-up time gap of the following 

cars. Through out the deceleration, critical situations for individual cars can be 

identified. In the following manner the critical distance with insufficient time or way gap 

is dependent on the driving behaviour, the reaction time, the braking power, the starting 

speed and the local conditions. In order to achieve an objective description of the 

interaction between two or more cars, video was used to collect and describe the data 

of the time-distance curves. The recording grid was 25 pictures per second. A distance 

of about 50 Meters was observed in front of the stop line, cp. picture 1. 

 

For a stopping time of about 4 seconds, roughly 200 individual pictures for analysing 

the time-distance curves are taken. The time-distance-data was registered on screen 

and further digitally processed. Considering the optical distortion, the preciseness was ± 

1 Meter. In order to have equal surrounding conditions, only the measuring results at 

day-time and dry weather were taken. 

 

An example of the time-distance curves registered in steps of 1/25 seconds are shown 

in picture 2. 

 

The distances of following cars were taken over the whole measuring period and used 

to develop a matrix as shown in picture 3. The derivation of different safety levels is 

shown in the comparisons in picture 4. 

 

Characteristic time-distance curves were analysed in the following number of cases: 

- fixed- time controlled intersections, 55 cases of following cars 

- fixed-time controlled intersections with adapted programs, 224 cases of following 

cars 

- fully vehicle-actuated controlled intersections, 25 cases of following cars 

- “All-Signals-Red-At-Once-Green” controlled intersections, 95 stopping individual 

cars 

 



 

It was possible to obtain a sufficient number of measuring points with the video 

technique for the different controls in order to analyse the following behaviour during 

deceleration and acceleration as well as for yellow or red light runners. Through 

comparing this data, different levels of safety were recognised. In addition, the number 

of accidents, as collected by the police, were analysed for the intersections of focus. 

 

Results 
 

Comparison of the cities 

During the change of signals there were partial differences in the distances in the 

compared cities but the course of the average distances were found to be independent 

of the measuring location although significantly influenced by the control method. This 

is why the results of the different cities could be aggregated and analysed according to 

the control method and if necessary, to the varied green periods. 

 

Control programs 

The comparison of the distribution of distances showed a clear dependence between 

the control method and the average distance for velocities over approximately 15 km/h. 

 

The smallest average distances were measured at intersections with co-ordinated, 

fixed-time control because in this situation, an unexpected light change is especially 

surprising for car drivers, picture 4. 

 

Traffic-actuated controls with longer green periods resulted in longer distances between 

cars in the case of flexible controls during the change of signals more than for fixed 

green periods. 

 

Shortened green periods (usually due to giving priority to public transport) lead to 

shorter distances. Nevertheless, the risk for accidents in this case is smaller then with a 

fixed-time control. Unexpected changes of lights have to be checked for their effects on 

safety. The advantages of the traffic-actuated control to less flexible controls 

consequently becomes clear, cp. Picture 6.5. 

 



 

The above mentioned results are also shown in the analyse of the rear-end accidents 

but cannot be confirmed due to the limited number of cases. 

 

Deceleration 

For a comparing safety assessment of all intersections, the deceleration of vehicles 

was analysed. It should be taken into account that the inclusion of the “All-Signals-Red-

At-Once-Green” lights as traffic controls are usually used only as single lights for a 

small traffic volume and are not equally comparable with the control methods of the 

other intersections. The comparison criterion “deceleration” shows the highest values at 

intersections with fixed-time control and the lowest with “All-Signals-Red-At-Once-

Green” control, compare picture 6. 

 

The analyse of accidents with the lowest rate of rear-end accidents for “All-Signals-Red-

At-Once-Green” controls (in combination with the small traffic volume at these 

intersections) confirms the findings. 

 

From the results of the analyse, the following findings can be made: 

 

• The traffic-actuated interruption of the time-distance co-ordination with an 

“unexpected red” traffic light is safer the more flexible the control method is. 

• The use of fully traffic-actuated controls with no co-ordination of the neighbouring 

intersections alternate with a co-ordinated control leads to reduced vehicle distances 

and subsequently to a higher risk of accidents, if the traffic volume is higher and the 

traffic streams are directed. 

• For a small volume of traffic and not co-ordinated single intersections, the “All-

Signals-Red-At-Once-Green” control is suitable. This does not however apply for 

stretches with directed longitudinal traffic streams. 

 

Further differentiating of the measured data, e. g. in respect to the traffic volume or the 

length of the green time, is not feasible due to the limited number of data. 

 

To sum up, it can be said that a measuring and analyse method was developed which 

makes it possible to design and assess time-distances curves in the approaching zone 

of intersections. 



 

 

The result of the research is, that (with respect to the adjustment to a new light control 

method) traffic safety will be improved the more traffic-actuated and flexible control 

method is. The selection of a control method is not exclusively limited on this criterion 

but e. g. has also to include the question of capacity and needs of co-ordinated traffic 

control. The result of the research demonstrates empirically that traffic-actuated 

controls can be, after a period of adjustment, less critical than fixed-time controls. 
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 Fig.5: Traffic actuated controls with varified green periods 
 
 

 
Fig.6: Deceleration vs. distance to stop line 
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 ABSTRACT 
 
 Assuring Safe Roadsides in Urban and Suburban Areas 
 
 by 
 Kenneth S. Opiela, P.E. Ph.D. 
 Transportation Consultant 
 Springfield, Virginia 
 
 As many as one million highway crashes occur on the roadside in the United States 
every year.  One third of all highway fatalities are associated with roadside crashes with societal 
costs exceeding $60 billion a year.  Despite dedicated efforts over the past three decades, the 
roadside safety problem remains a major source of injury, death, and economic loss.  The ever-
changing characteristics of the vehicle fleet, driver population, traffic conditions, and highway 
environment make improving roadside safety a difficult task.  In urban areas, the increased levels 
of traffic, the more frequent conflict points, existence of other modes of traffic, and varying land 
uses along the highway complicate the roadside safety problem.  To date, little attention has been 
focused on the urban/suburban roadside. 
 
 A considerable amount of effort has been focused on roadside safety, but urban 
and suburban streets and highways have received only limited attention.  NCHRP Project 17-13 
"Strategies for Improving Roadside Safety" provided a comprehensive summary of means to 
improve roadside safety which where organized under five missions.  These five missions were: 
 
 o  Increase the awareness of roadside safety and support for it. 
 o  Build and maintain the information resources and analysis procedures. 
 o  Keep vehicles from leaving the roadway. 
 o  Keep vehicles from overturning or striking objects on the roadside when they do leave 

the roadway. 
 o  Minimize injuries and fatalities when overturns occur or objects are struck in the 

roadside. 
 
This paper will use the goals, objectives, and actions that were identified in the plan to highlight 
tactics and strategies for improving roadside safety in the urban and suburban context.   
 
 The need exists to make the urban traffic engineer aware of potential roadside 
hazards and possible means to address them.  Some of the aspects that will be covered include: 
 
 o  Coordinating roadside safety efforts between municipal agencies. 
 o  Building awareness of a safe urban roadside (e.g., minimizing roadside furniture, the 

hazards of poles) 
 o  Considering the secondary consequences of roadside furniture on traffic movements 

and visibility. 
 o  Information needs to monitor roadside problems. 
 o  Processes for identifying urban/suburban roadside hazards   
 o  The importance of clear sight lines. 
 o  Role of maintenance in roadside safety. 
 o  Opportunities for improved highway design and channelization. 
 o  Users and uses of the urban roadside. 
 o  Actions in education and enforcement that can improve roadside safety. 



 

 

 o  Appropriate applications of roadside safety hardware. 
 
The paper will focus on design, operations, and maintenance aspects for different types of urban 
and suburban highways.  It will make recommendations for improved practices and offer insights 
to those involve in the safety management of urban/suburban streets. 
 
Source:  NCHRP Project 17-13 developed a strategic plan that provided a long list of goals, 
objectives, and actions associated with improving roadside safety.  This paper will be based upon 
independent efforts by the author to extend the plan to a specific context and to identify specific 
tactics 
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«Youngsters on Motorized 
Wheels» 

• A campaign running for ten years, ending 
in 2007  

• Target group: 16 to 19 year olds 

• The 3 elements of «Youngsters on 
Motorized Wheels»: 

a.) Accompanied driver training  

b.) «Speak out!» in the schools 

c.) «Speak out!» on the road 
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Aim:  
 

To reduce the number of serious / 
fatal road accidents for the age 

group 16 to 19  
 
 
 
 

The result in Telemark: 
• So far unknown. But 

!!!!    In another county, Sogn and Fjordane:  

 The number of serious road accidents (with 
serious or fatal injury as result) among 
passengers  went down by 30 % over a period of 
5 years after «Speak out!» was launched. This 
was an effect of «Speak out!».  

 (Source: TØI - The Norwegian Institute for Transport Economy, report 
no. 425/1999, Oslo, 1999).  
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 Telemark poorer? Unlikely! 
!  «Youngsters on Motorized Wheels» in Telemark is run in close 

collaboration with Sogn and Fjordane. 

! «Speak out!» is roughly two thirds of «Youngsters on Motorized 
Wheels». The last third is Accompanied Driver Training.  

! On this background, we can hardly see any reasons inclining  
that the results in Telemark should become poorer.  

! We will evaluate «Youngsters on Motorized Wheels», probably 
before 2003. 
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Accompanied driver training: The seminar
• All 16-year-olds get a personal letter, i.e. with their own name on it.  

• The letter invites them to come to one of our evening seminars - 
together with parent or other driver companion. 

• The subject of the seminar is Accompanied Driver Training. Agenda: 
· Rules and regulations 
· How to start 
· Where to begin 
· Safety precautions 
· Distribution of a booklet, a 

mirror, and an «L»  
· Etc. 
· Duration of the seminar: ca. 

2,5 hours 
· The letter also emphasizes that 

we, as seminar leaders, want 

questions and dialogue: BYO 
questions! 

· This «customizes» the seminar, 
and is an active contribution to 
maximizing the learning output 

· In the middle of the session: 
Sandwiches, lemonade, tea or 
coffee. («social lubrication») 

• Sparsely populated areas: Application by post, e-mail, or phone 

• Densely populated areas: Application in person 

• Cities: The population of 16-year-olds are split alphabetically after 
family names, to form groups of a practical size  

• Practical size will depend upon the assembly room, but to have a good 
dialogue, a number of roughly 100 persons (Norwegians) is a 
maximum. 

• What would be «a practical group» of Americans? 
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The seminar: Practical philosophy 
• We believe in positive reinforcement; i.e 

! We want to make people feel that they mean a lot to us, and 
it is important to us that they come to the seminar - which is 
actually true 

! We invite by name, i.e. personally, and with a hand-written 
signature  

! We keep the invitation letter in an informal language 

! Seminar leaders are experienced personnel, naturally 
equipped with well developed social antennas 

! We customize the meeting (BYO questions)  

! During the seminar, we frequently ask if there are «any 
questions, please?».  

! Each question is dealt with in a serious way, with a positive 
smile 

! We want to signal that we are really grateful for that 
particular question, and for the active attitude behind it 

! Before the interval, we encourage the participants to discuss, 
and to form questions and give them to us, either in the 
interval, or after it  

! «These questions will, without doubt, be of general interest, 
so we are very happy to get them …» etc.
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! In the interval, the participants and the seminar leaders mix, 
unformal groups are formed, and people discuss, or talk 
about whatever they want, relax, and have a good time 

! After the interval, most of the «social ice» normally have 
melted, and the participants are more active 

! We want people to feel that: 

1. I can contribute a lot to reduce the risks of novice drivers 
by doing as much Accompanied Driver Training as 
possible before the driving-test! 

2. Accompanied Driver Training is important to me and my 
family, and to the society! 

3. Accompanied Driver Training is fun, and we can have 
«quality time» together while training! 

4. I want to do this! 

! At the end of the seminar, we distribute 

· A booklet about Accompanied Driver Training  

· An extra rear mirror 

· A magnetic / electrostatic «L»-sticker to put on the rear 
of the car while training 

! All is free of charge - the seminar, food and the goods 
! We end the seminar with: «Good luck with the training 

sessions!»
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«Speak out!» on the road 
1. Informative control 

2. Selective control
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Information control point 
• Post 1: Cars driven by young / novice drivers, or inhabited by the 

target group (16 to 19 year olds) are picked out.  
(Uniformed personnel from the police or The Norwegian Public 
Roads Administration, the traffic section) 

• Post 2: Document / technical:  

· The driver's documents  - drivers’ license, car registration 
documents - are checked.  

· Simple technical inspection: Does the lights light when they are 
supposed to? Do the tyres look all right? (Uniformed personnel) 

· «The impeccables» are urged to go on to post 3.  

· The rest are treated in accordance with  normal procedures, by 
the police and Norwegian Public Roads Administration.  

· Whether they are asked to go on to post 3 or not will often be a 
matter of judgement - the main objective of this control is to give 
information. Just remember: Never kick first and give candy 
afterwards - that will puzzle anybody 

• Post 3: Civilians (in the campaign T-shirt) are in informal 
dialogue with the target group. The video film is running all the 
time, giving background for the talking. Exhortations are never 
given. 
At the end of the conversation, T-shirts are handed out.  

• Personnel: People from the Norwegian Public Roads 
Administration, the police, the schools, the insurance company, 
the organizations etc. - good mixers 



 
 
 

Page 9 / 14 

Traffic safety advisor Per Harald Hermansen  Road Safety on Three Continents - Pretoria 000921 
Postal address 3709 SKIEN E-mail Telephone Telefax 
 NORWAY per.hermansen@vegvesen.no +47 35 58 1783 / +47 35 58 16 00 +47 35 58 16 90 

X 

 

Norwegian Public  
Roads Administration 
Telemark County Roads Office 

 

Selective control  
• Specific traffic controls = hoeing in the garden.  

· The reckless drivers, whom every policeman 
knows by name in his own district, are picked 
out, and dealt with / punished in accordance 
with the law (lose licence, fines, prison, their 
car is taken by the authorities, etc.). These 
controls are for the bad guys - the 10 - 15 % that 
do not listen or obey the rules. 

• This is ordinary police traffic work. 

• The traffic section staff of NPRA can assist, if 
desirable  
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«Speak out!» in the schools 
• Is concentrated on senior high school (students 16 to 

19 - i.e. the target group) 

• All second-year-students shall have a «Speak out!» - 
session of 45 minutes - and in Telemark, they have 

• Counselor:  

· A person from Norwegian Public Roads 
Administration, from the Police, the school 
system, or from one of the other partners  

· Dressed in ordinary clothes (i.e. no uniform).  

· Must be a person who can listen and talk with the 
students in a way that gives mutual confidence and 
respect.  

• The «Speak out!» - coordinator at the school 
organizes practical details; makes appointments with 
the schools’ administration and the colleagues; 
arranges rooms, technical equipment (video and 
overhead), etc.  

• At least one teacher should be present during the 
session, in a passive role. This is important, because: 
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· He or she shall get to know what the 
«Youngsters on Motorized Wheels» is all about  

· He or she will learn about the basic philosophy 
of the campaign 

· He or she will be enabled to support and 
encourage the students in taking on response for 
their own way of meeting social challenges and 
pressure; and to make the decisions that they 
find right 

· He or she can, if convenient, use the same 
techniques when dealing with other subjects, 
like drugs, alcohol, harassing, etc. 

• Dialogue, confidence and feeling of security are 
success factors 

• Only in exceptional cases combine groups. If the 
students don’t feel safe and comfortable in the actual 
group they're in, they won’t talk - and there will be 
no dialogue 

• Never gather the whole school, and run a «show»  
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«Speak out!» - rules: 
• listen to the young 

• respect their opinions 

• let them themselves reason and formulate their own 
thoughts - don't push your «right answers» on them 

• desired response = gratification. Any verbal 
response shall give positive signals in return 

• let them discuss freely in the class - but let there be 
no insulting 

• let the positive social pressure work 

• only give the young the necessary support 

• dare to be provocative to the group - but 

• but be aware of and show respect to the limits each 
individual have 

• be a «safe» adult - give them reason to trust you 

• be honest, open-minded and interested 

• dare to show honest commitment 

• don’t try to act young and cool - anybody can see 
what you really are
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• never moralize  

• do not make «Speak out!» into a school subject 

• natural, warm humour is always welcomed - but 
never be spiteful 

• be aware that we work with  trendsetting, and that 
we want to form the opinion - on a broadspectered, 
long view 

• consent to that this is a kind of work that is very 
exciting, challenging, involving, meaningful - or the 
opposite: 

• what made you euphoric in one class, can make you 
hit the floor in another - because two groups never 
act similarly to the same responses 
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What is «Speak out!»? 
• Based upon governmental plans for transport policy  

• A campaign that try to change behaviour - not 
attitudes 

• Systematical 

• Aimed at a specific goal 

• Long-ranged 

• Clear in its message / philosphy 

• Planned on a broad range of effects, use of media, 
etc. 

• A cross-over project, where the Norwegian Public 
Roads Administration, the police, the schools / the 
teachers / professors, the organizations, and 
insurance work together - professors are on the road, 
the police are in the classroom, etc. 

• Based on modern marketing and research 

• In development. Conferences with assessment on 
recent work are run 1 - 2 times a year 



 

 

«Youngsters on Motorized Wheels»  

A specific road safety campaign directed on teenagers aged 16 to 19, with the aim of 
reducing the number of killed or seriously injured, run by the Norwegian Public Roads 
Administration, Telemark. 
The campaign «Youngsters on Motorized Wheels» 
consists of three parts, of which two have the same 
name and philosophy behind them, but are carried 
out on different arenas: 
1. «Guided Practice»; i.e. driving practice with 

parents or other authorized person, before 
having taken the driver’s license 

2. «Speak Out!» in the schools 
3. «Speak Out!» on the road 

Background 
Telemark, or Norway, is unfortunately no 
exception when it comes to the pattern of serious or 
fatal road accidents: Teenagers aged 16 to 19 run a 
very high risk in the traffic, both as drivers and as 
passengers, on mopeds, motorbikes, or in cars - on 
«motorized wheels». 
Inspired by international research, and by the 
«Speak Out!»-campaign in the county Sogn og 
Fjordane in West-Norway, the Norwegian Public 
Roads Administration of  Telemark County in 1997 
decided to try to change this, and in 1998 launched 
the «Youngsters on Motorized Wheels»-campaign. 
The campaign involves Norwegian Public Roads 
Administration, Telemark, The Police, The 
Highway Police, the major Norwegian Motorists’ 
organization and traffic safety organization, an 
MC-organization, and The County of Telemark 
Traffic Safety Board, and, last but not least, a 
major insurance company. The partners have seats 
in the campaign board, and Norwegian Public 
Roads Administration, Telemark have the secretary 
functions. 
 
How is it run? 
«Youngsters on Motorized Wheels» has been run 
for 2 years now, and the results so far seem quite 
promising, as far as the practical work now starts to 
run smoothly.  
1.  From a very slow start, we had approximately 

25 % of Telemark’s 16 year-olds with one or 
two parents on our «Guided Practice-briefings» 
in 1999. We believe that we will have more than 
30 % this year.  

2.  In 1999, we visited all the 107 classes in 
Telemark with 17 year-olds, i.e close o all 17-
years olds in the county.  During our visit, 
which lasts 45 minutes, we have an active 
dialogue with them, inspired by a short video. 
Both the students and the campaign’s contact-
teachers give us the feedback that they like the 
campaign and the way it is carried out. The 
contacts want to go on working with the 
campaign, and show enthusiasm. 

3.  In 1999, we tried a method on the road that 
didn’t work out very well, and we are now 
collaborating with the Police to change it to the 
better for 2000. We this year want to split the 
traffic control work on the roads in two: 

a)  Information traffic controls (can be 
advertised, no secrets, everybody knows 
about them, and it is nice to get into 
one). These controls are for the good 
guys, the more than 80 % that do listen 
and behave. 

 Post 1 (Police or Norwegian Public 
Roads Administration staff, in uniforms) 
picks out  cars with young drivers. Post 2 
(Police or Norwegian Public Roads 
Administration staff, in uniforms) checks 
your document and your vehicle (lights 
and tyres). If everything is OK with you, 
your documents and your vehicle, you 
are asked to go on to post 3, where the 
information people are - without any 
other uniform than the campaign T-shirt 
with logo). Here, you will get a nice 
chat, a smart T-shirt with a small logo on 
it, etc.).  

 On these controls, we had teachers on 
the information post. This turned out 
very positively: The teachers liked to 
meet the young people under other 
circumstances, and they could see that 
the campaign was more than what they 
had seen in their school; they met the 
police and others, and felt they were part 
of a team. The police, on their side, 
appreciated the teachers’ presence, much 
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for the same reasons; but in particular 
because they felt lack in their own 
competence in talking to / informing the 
teenagers. 

b)  Specific traffic controls. These can be 
compared with hoeing in a garden. The 
reckless drivers, whom every policeman 
knows by name in his own district, are 
picked out, and punished in accordance 
with the law (lose licence, fines, prison, 
their car is taken by the authorities, etc.). 
These controls are for the bad guys - the 
10 - 15 % that do not listen or obey the 
rules. 

The basis of the «Speak Out!» is that we actually 
know that roughly 80 % or more of the teenager 
population already do have all the needed 
knowledge and «socially correct attitudes» - what 
we want to do something about, is their behaviour. 
We believe that what people actually do in certain 
situations is what counts; not what they know they 
should have done, if not …. . We talk to the 
passenger group, and to the trendsetters among the 
youngsters, not to the comparatively small group of 
more or less reckless drivers. If the latter group 
doesn’t listen to «the moral majority», they will 
have to face the possible consequences: No friends 
want to ride with them, they lose popularity, and 
they risk to lose their licence, and / or to be 
punished with fines, etc. 
Also, it is essential that we in the «Speak Out!»-
campaign never moralize. We want the dialogue 
with the teenagers, they must themselves find out 
what they want, take the responsibility for 
themselves and others, and then actually take the 
social control.  
 
In the campaign, we try to think like the marketing 
people in the big companies. What makes people 
remember? It’s the reminders, the use of verbal and 
visual logos, linked up to some particular meaning, 
like «Levis’», «Coca Cola», etc. We therefore also 
run our films on television and cinema, and try to 
get the slogan «Speak Out!» repeated as often as 
possible in the media, etc. 

The «Speak Out!»-campaign has been run with 
good results in Sogn og Fjordane for some years 
now. Also another county in Norway, Hedmark, 
run this campaign, alongside with Telemark.  
A network-group for «Speak Out!» has just been 
formed by the Norwegian Public Roads 
Administration on a national level, and we are a 
member here. 
Last autumn, the Norwegian army decided that they 
want to use «Speak Out!», to get down the number 
of accidents where soldiers, on duty or on leave, 
are involved. Norwegian Public Roads 
Administration, Telemark is now 4 times a year at 
the Royal Norwegian Air Force School of 
Transport to run the video and talk with the guys, 
and the Royal Norwegian Army’s Transport 
Officer now works on a concept for the rest of the 
army, aware, however, of the fact that one should 
absolutely not start a campaign like «Youngsters on 
Motorized Wheels», or the part they want to use, 
«Speak Out!», without having the enthusiasm and 
material and human resources to keep it up. That is 
one of the main criteria for an effective campaign. 
 
What we want to talk about, is the philosophy, the 
ideas of human interaction, and the practical and 
organizational sides of the campaign. With its 
simplicity, we think that the whole campaign 
«Youngsters on Motorized Wheels», or just the 
«Speak Out!»-part of it, can be of interest to road 
safety workers of several countries as methods of 
meeting the challenges of teenager-accidents in the 
traffic, or other challenges (drugs, sex abuse, etc.). 
 
We would also like to draw your attention to the 
short summary of  the «Speak Out!»-evaluation 
report of The Norwegian Institute of Transport 
Economics, which shows that, as a result of the 
«Speak Out!»-campaign in Sogn og Fjordane, the 
number of killed or injured car passengers reduced 
by about 30 %. Also, a very interesting cost-benefit 
analysis has been made for the campaign in this 
county.  (Amundsen, Elvik, Fridstrøm: Effects of 
the «Speak Out!» road safety campaign on the 
number of killed or injured road users in Sogn og 



 

P e r  H a r a l d  H e r m a n s e n  !  N - 3 8 3 0  U l e f o s s ( h o m e )  N O R W A Y  
W o r k :   
T h e  N o r w e g i a n  P u b l i c  R o a d s  A d m i n i s t r a t i o n ,  T e l e m a r k ,    N - 3 7 0 9  S k i e n ,    N O R W A Y  

"""" (+47) 3594 4001 (phome # (+47) 3558 1783 (work) $ per.hermansen@c2i.net (home) 

%(+47) 941 53 953 & (+47) 3558 1693 (work) per.hermansen@vegvesen.no (work) 
 

Fjordane county, Norway, Institute of Transport 
Economics, Oslo 1999.) 
 

For more information, do not hesitate, but please 
contact me on one of the numbers / addresses 
below.
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(Road Safety on Three Continents.  Pretoria, September 20th to 22nd, 2000)  
 

Reaching for Driver Competencies rather Driver Skills 
 

A crucial part in setting up a system for driver examination is to decide on or to recognise the 
aims of driver education. What are the intentions with education and what do we hope to gain 
from such system. Is it maybe to produce 

• a safe driver that never will make dangerous mistakes 

or is it 

• a competent driver that will be able to avoid as many mistakes as possible 

or is it 

• a skilled driver that will be able to handle the car on a high level of excellence, even when 
serious situations show up.  

 

What is the difference? What can education possibly provide? How is driving tests affected?  
 
The three concepts are intimately related to each other, but are still reflecting different aspects 
of the driving task. 
 
A safe (or unsafe) driver will defined by his/hers actions later on in life, after getting the 
licence. (Which will not be possible to assess in advance). If a driver is going to be involved in 
dangerous situations or not is of course related to competence (achieved while a learner driver 
and later on by experience). But there are also to a lot of other factors that will have a crucial 
impact on the driver’s behaviour from time to time.  
 
A competent driver is defined by his/hers abilities: abilities necessary, but not sufficient, to 
perform safely in future driving. Competence is by that reason seemed to be a more 
appropriate concept to describe the aims of education, at least if we talk about what is 
appropriate to assess in a driving test. 
 
A skilled driver is defined by his/hers proficiency in handling the car or in performing 
specific tasks, carefully acquired by practice. This is often also referred to as manoeuvring 
skills or driving technique, and was from the start seen as the main purpose of driver training. 
To make and keep the car running and to keep it on road was by that definition what a good 
driver should be able to accomplish. Manoeuvring skills or driving technique can easily be 
assessed in specific manoeuvring tests or while driving in traffic. 
 
Competence though is a very comprehensive concept, where driving skills just represents a 
small proportion of the important abilities needed for good and safe driving. Competence also 
includes a lot of other aspects, for example understanding of traffic, wise decisions, insightful 
judgements, foresight, and a good sense of responsibility.  
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To much concentration on just the skills, may be risky by at least two reasons: 
 

• The learner driver may learn to rely too much on his/her own capability to 
manage situations that may occur. (over-confidence). 

• The efforts to develop, for instance, communicative and cognitive abilities 
may be neglected. 

 
The choice of viewpoint will make a tremendous difference in how to present the educational 
objectives in the curriculum, the way to achieve them and of course how you act in the control 
of the competencies reached and to what level they are developed.  

 
The learning objectives can be described in different ways, as long lists of desirable and 
specific skills and behaviour in declared situations (as some models prescribed in the late 
sixties or the seventies) or more generally as comprehensive competencies necessary to 
become a safe driver in the future. 
 
If we take the driving test as an example, it makes a great difference in how to arrange the test 
and also for the examiners decisions in how to act and what to judge.   

- Will he look for proof of competence? 
- Will he watch out for incompetence, lack of skills or the number of mistakes?  
- Will he just tick of certain behaviours stated and listed on the test protocol? 

 
The content and the procedures in assessment are known to have a great impact on the 
learning process, which makes it serious business for the examiners. The teachers, the 
supervisors and the student must understand and respect the demands for competence and 
proficiency that are expressed by the judgements made by examiners.  Those judgements 
strongly affect education, both for good and bad.  
 
Two things happened about simultaneously, a couple of years ago, in Sweden. A research 
project was started in order to find a simple model, easy to understand and communicate, to 
use for defining educational objectives and to remodel the practical driving test in accordance 
to that. The drivers licensing organisation was at the same time trying different models to get a 
more informative, valid and reliable way of conducting the driving tests. The model chosen for 
the test did show great similarities with the one presented by the research institute. They both 

Curriculum
Educational
objectives

Education
Learning
process

Examination
Assessment

 of Educational
outcome

Driving Standards & Licensing Division
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emphasised the benefits of thinking in terms of a few general, but important, competencies 
needed to be able to develop an effective, safe and cautious driving style.  
 
By using a model based on general competencies for the test, the idea was that this would 
influence the education in the same direction. This is, in other words, something quite 
different from the models for education that is referred to as “competency based training”. 
Those models are often based on quite detailed descriptions of skills and sub-skills that are 
trained and assessed one by one until an appropriate standard is reached for each and every 
one of them. In our case we are talking about gaining the general competencies creating the 
ability to handle quite demanding and complex situations.  
 

I will use the model presented by the research project to describe the main ideas before we go 
on to look at the driving test as it turned out to be.  
 
This is the quintessence of the opinions of a number of well-reputed driving-school teachers, 
examiners and researchers in the field of education and educational measurement. They all 
agreed on that this was a quite simple way of describing important competencies for good 
drivers and that they were comprehensive enough to cover most of what is crucial for safe 
driving. 
 
Traffic is a very complex system, where a lot of situations have their unique features. It is 
therefor necessary for a learner driver to get experience from different kinds of settings and to 
learn the specifics for each of them while still practising. Because of the strong relationship 
between what is tested and what is learnt, it is important that the driving test is carried out in a 
variety of conditions. By adding the categories of situations and circumstances that are used in 
the Swedish test to the model for competencies it is quite easy to illustrate both the difference 
and the connections between the two dimensions (see next page). 
 
Looking on competencies and situations as a two dimensional spreadsheet, it is obvious that 
the same kind of competence is of used in all kinds of situations, even if the features and the 
importance of one kind of competence might vary depending on circumstances. 

Körkortsavdelningen

Hierarchical grouping of 
driver competencies 

 

9709

*Knowledge about
the vehicle.
*Manoeuvering

*Applying the
traffic rules in
practice

*Perception/aware-
ness

*Communication
*Adaptation to situations

*Realistic view of
own
capacity and others

SAFE DRIVER
BEHAVIOUR

(from project report:  Department of Educational Measurement,University of Umeå))
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CONTENT

Situations/Circumstances
to master

Knowledge 
about the 
vehicle

Manouev-
ring

Applying 
rules in 
practice

Perception 
and 

awareness

Communi-
cation

Adap-
tation to 
situations

Realistic 
view of 
capacity

1. Handling the vehicle

2. Driving in urban (built-up) areas

3. Driving in rural (non-built-up) areas

4. Driving in any kind of environment

5. Driving under special conditions

COMPETENCIES TO DEVELOP

Design for an Advanced Driving test

 
We will look a bit closer on those situations and circumstances before we go on to Swedish 
driving test as it is used in practice. 

 
 
The new driving test did use five categories of competencies instead of seven. Even if the 
concepts are not the same, they still quite good do represent the same properties of ability. The 
five competencies are serving as essential prerequisites to risk awareness (including 
perception) and in how to manage hazards showing up. Risk awareness and risk handling is 
therefor to be the all-embracing aspect for the assessment of all competencies. That is 
particularly stressed in the instructions to the examiners and in the information given to the 
candidates. 
 
The five general competencies chosen for the test so far are: 
− Speed, adapted to the situation 
− Manoeuvring, physiological motor ability 
− Placement on the road, assertive actions obvious to others 
− Traffic behaviour like obedience of rules and planning in advance for the actions to take  
− Attentiveness, related especially to treacherous situations 
 
The assessment form used is shown in appendix (layout slightly changed since that translation 
was made). 
 
 
The test is conducted according to the following in principles: 
 
• Testing time, approximately 45 minutes 

• Introduction and feedback shall be given  

This figure is just showing the main groups of content. Each of those groups contains 
a number of situations and circumstances that might be included in a test. 
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• Examiner is setting up each test (no fixed routes) 

• Content 

- Parts 1-4 always represented in a single test 
- More than 50% of the time shall be spent on rural roads 
- Least time is to be spent on the handling of the vehicle 
- Compulsory items (due to EC-directives; safety check, manoeuvres) 
- Part 5 shall be included when possible 
- In 4 tests in a row, each of the points 1-45 (24 in total) shall be tested at least once, 

if possible due to the location 
 
• A holistic judgement shall be made, referring to the 5 competencies defined 
• Each point of content assessed must be noted on the assessment sheet, only if meeting the 

criteria 
• When failing a test, the grounds for failing shall be noted, referring to the 5 competencies 

defined, as well as to the situations in which lack of proficiency was proven 
• Copy of assessment sheet shall be given to the candidate (and the teacher) 
 
 
The Main Features of the Swedish “Standardised Driving Test” – in summary 
 

• Competency based assessment, which means looking for proof of competence rather than 
counting mistakes 

• Competency is assessed mainly by the candidates behaviour in real traffic 

• Competencies assessed are general in the sense that they are needed to some extent in 
every situation while driving 

• The competencies are mainly assessed related to their expected power in risk awareness 
and risk handling 

• Standardised mainly by equivalence in objectives to assess, less by uniformity in 
administrative routines during the test 

• Dependence of (highly) qualified examiners 

• High demands on national consensus about criteria 

• Gives opportunities to evaluate 

–Content covered in the tests 

–Variety in test content for individual examiners 

–Differences between examiners due to content and pass rates 

–Quality of education due to main reasons for failing 

–Potential for different test locations 

–The need of in-service training or further education of staff 
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Appendix

DRIVING TEST REPORT PRACTICAL TEST

Licence Category
Terms and Conditions

Temporary Driving Licence Permit
Valid only in combination with identification papers

Period of validity (see overleaf)
Official Examiner´s Signature

___________________________________________________

PER PEDAL

COMPETENCY ASSESSED

Test no. Risk Awareness

Points 10 - 52:T = tested F = failed

T
CONTENTS OF TEST

Part 1: Handling the vehicle
10   ____________________________________
11 Safety check/Functional description
12 Parking
13 Driving in reverse
14 Starting on an incline
15 Using controls (blinkers, lights, wipers, etc.)
16 Efficient braking/Special braking test for motorcycles

20   ____________________________________
21 Driving in residential areas
22 Pedestrian/cycle crossings
23 Changing lanes
24 Street intersections
25 Intersections regulated by traffic lights
26 Roundabouts

Part 2: Built-up Areas

27 Passing stationary vehicles

30   ____________________________________
31 Driving on narrow, winding roads
32 Accessing and driving on wide roads
33 Left turns
34 Right turns
35 Overtaking
36 Accessing, exiting and driving on motorways

Part 3: Non-Built-up Areas

40   ____________________________________
41 Changing directions of travel
42 Railway and light rail crossings
43 Pedestrians and cyclists (vulnerable road users)
44 Driving to a specific destination
45 Driving at road works sites

Part 4:Built-up Areas/Non-Built-up Areas

50   ____________________________________
Part 5: Special conditions

51 Driving in darkness
52 Driving on slippery roads

F

123456-7890              1997-09-251

Theory 970918

Speed
-adapted to the situation

Manoeuvring
- physiological motor ability

Placement
- assertive

Traffic Behaviour
- planning
- obeying rules

Attentiveness
- treacherous situations

B
01.06

Test Location Test Date

Notes

_____________________________________________________

______________________________________________________

______________________________________________________

______________________________________________________

5200  ÖRBRO 891231

123456-7890 4444
TESTSSON. TESTIS
BAKGATAN 99
123 45  SMÅSTAD            999

Passed
YES NO

Test for

Automatic drive
Passed driving test
Failed safety check/
functional description

Incompleted test Examiner´s intervention Failed specific manoeuvre test

Official Examiner Initials

Reg (plate) No Miscellaneous

Proof of 
identity papers

CERTIFICATE OF NON-POSSESSION OF OTHER EES COUNTRY DRIVING LICENCE
I solemnly declare that I do not possess any driving licence issued in any other EES country.

_______________________________________________________________
(Signature)

Test hindrance according to                 (see overleaf)

point A

This report should be presented in the event of a new driving test.

B

PER PEDAL



 

 

ABSTRACT 
”Road Safety on Three Continents” 
(Pretoria, South Africa, 20th – 22nd of  September 2000). 
 

An Inquiry into a new Graduated Driver Education in Sweden 
- Hans Mattsson, Swedish National Road Administration (SNRA) 
 
In October 1997, the Swedish Parliament adopted a Bill called Vision Zero and the Safe 
Roads Society. The ultimate goal for the work on road traffic safety, stated by that Bill, is that 
no one should be killed or seriously injured as a result of an accident within the road 
transportation system 
 
One implication is that all those designing different parts of the traffic system have their own 
responsibility to make their tribute to traffic safety. That also includes educators, examiners, 
authorities, supervisors of the systems, policy makers and others who form the conditions for 
those trying to qualify for a driver’s licence. 
 
As a consequence of this The Driving Standards & Licensing Division of SNRA has been 
working with an inquiry into a new graduated driver education system in Sweden during 1998 
and 1999.  
 
The work with the inquiry has been based upon some basic principles concerning driver 
training: 

-  a broader view of driver training 
-  development based on research findings 
-  educational process founded on a fundamental pedagogical idea 
-  safe and well-structured conditions during the  learning process  
-  balance between private instruction and training with a professional instructor 
-  individual course layout possibility 
-  course length a crucial factor in learning 
-  same demands on learner drivers, regardless of age 
-  focus on safety 
-  more focus on reward than on punishment 
-  administrative and statutory support that makes the system clear and predictable 
-  social acceptance 
-  evaluation  

 
The final proposals were presented to the Government in December 1999. Some of the 
characteristics of the proposed graduated driver education system are: 

- Preparation before driver training starts (student and private supervisor) 
- Educational period in three consecutive stages 
- Progress checkpoints between each stage 
- Minimum time in educational period (1 year recommended) 
- Safety measures adapted to demands and capability in each stage 
- At least one compulsory module in each stage (main roads, risk handling and first aid) 
- Opportunity to practice alone during third stage. 
- Final test (theory test and driving test) at SNRA 
- Minimum age for practice driving is 16 years. 
- Follow-up period (2 years), with measures targeted at drivers guilty of traffic offences. 
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Why is a new driver education system  
necessary? 
 
The Swedish Ministry of Transport and 
Communication proclaimed 1996 as the 
year of road safety. Several official inquir-
ies focusing on road safety were conducted 
that year. One of these studied the very 
high accident risk to which newly licensed 
drivers are exposed. Hundreds of people 
are seriously injured or killed in accidents 
involving novice drivers. The question was 
whether it would be possible to reduce this 
risk through better driver education. 
 
One conclusion of that inquiry was that 
minor adjustments to the present driver 
education system would not make any 
greater contribution to improving the pre-
vailing accident and injury situation for 
new car drivers. Radical changes were 
needed. A relatively new approach to 
driver education is that it should extend 
over a longer period of time and be more 
systematically arranged (graduated) than 
the present system. This has been shown to 
have positive effects in several other coun-
tries. New Zealand, some territories and 
provinces in Australia and Canada as well 
as certain states in the USA educate new 
car drivers in this way, with good results. 
Although limited attempts at dividing the 
driver education programme into stages 
have been made in Europe as well, the 
whole concept of graduated education has 
not been tested on a full-scale level.  
 
The results from the various inquiries were 
compiled by the Ministry of Transport and 
Communication in a memorandum (Ds 
1997:13 ”Towards the safe roads society”), 
which was referred for comment to a num-
ber of review bodies. Both the memoran-
dum and the comments received were posi-
tive to the recommendation that a new 
graduated driver education system be 
elaborated.  
 

The comments submitted in reference to 
the memorandum as a whole, combined 
with political considerations, formed the 
basis for the road safety bill presented at 
the end of May 1997 (Bill 1996/97:137 
”Vision Zero and the safe roads society”). 
Parliament passed the bill in October 1997. 
On 18 December 1997, the Government 
decided, based on a decision of Parliament, 
to commission the Swedish National Road 
Administration (SNRA) to conduct an in-
quiry into how a Swedish graduated driver 
education system could be designed and 
introduced. The aim was to substantially 
reduce the injury risk and accident statis-
tics for novice drivers. 
 
The road safety bill proposed a new aim 
and direction for the work on road safety, 
based on Vision Zero. Vision Zero is an 
approach to road safety endeavours 
founded on the premise that no one should 
have to be killed or seriously injured as a 
result of an accident within the road trans-
port system. Driver education was one of 
several key areas that was pointed out as 
essential in achieving a safe roads society. 
Hence, the inquiry was an element in the 
work focusing on the long-range road 
safety goal. 
 
The relatively high risk of novice drivers 
injuring themselves or others in traffic was 
given as the most important reason for 
conducting the inquiry (see Figure1). Even 
though this risk does decrease the older the 
driver is when making his or her debut in 
traffic, it is nevertheless several times 
higher than for experienced drivers. Much 
further up in age, the risk increases again. 
The figure also shows that, on the whole, 
younger drivers are involved in a greater 
number of accidents than their older coun-
terparts, perhaps because considerably 
older drivers tend to drive less and take 
shorter trips. 



 

Figure 1: Number of drivers in accidents involving injury and the relative risk 
(accidents / distance travelled) at different ages. Results from two different 
studies compiled into one diagram to facilitate comparison (STEFUS, 1999)
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The social lifestyle of young newly li-
censed drivers makes them particularly 
vulnerable. Accidents involving young 
drivers often occur at night on weekends. 
These are often single vehicle accidents 
with high speed as a contributory factor. 
Several passengers are commonly found in 
the car. The drivers are often young men, 
and the cars are usually of an older model. 
The injuries in accidents where young 
people are involved are often more serious 
due to the fact that many neglect to use 
their seat belts and the cars are often older 
with fewer built-in safety features. While 
driving under the influence of alcohol does 
not appear to be common, those young 
drivers who actually have consumed alco-
hol are subjected to a considerably greater 
risk than impaired drivers in other ages 
(Gregersen, N P, 1996). 

Fatal accidents in connection with overtak-
ing or where pedestrians are involved are 
also common amongst drivers who have 
only had their licence for a very short time.  
 
Two-thirds of those accidents causing in-
jury that happen during practice driving 
occur on roads where the speed limit is 70 
km/h or more. The most common kinds of 
accident are either rear-end collisions or 
those that occur at intersections. Nearly all 
accidents causing death that happen while 
practice driving have been on county, na-
tional or European highways where the 
speed limit is 70 km/h or higher. Single 
vehicle accidents and head-on collisions 
are the most common type here (Swedish 
National Road Administration, 1998-99). 

 
 

Present-day driver education  
 
The purpose of driver education is to pro-
mote road safety. In light of the fact that 
the risk levels are so much higher for nov-
ice drivers, it can hardly be considered that 
driver education up until the present has 

been sufficiently effective. In the past, 
driver education has focused on technical 
driving skills and mechanical knowledge 
about vehicles. For a long time, this was 
viewed as the most successful way to 
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achieve safe traffic behaviour. It took sev-
eral decades before the driver’s role and 
the psychological aspects of driving were 
incorporated into driver education (Franke 
et al, 1995). With time, research has shown 
more and more clearly that a safe style of 
driving is characterised more by drivers 
thinking ahead and avoiding risky situa-
tions. 
 
In 1993 new regulations permitted practice 
driving from the age of 16. An evaluation 
of this reform clearly indicated that the risk 
of being involved in an accident causing 
injury during the first years of driving is 
much less (about 25%) for those who had 
accumulated more experience as learner 
drivers (Gregersen, N P et al., 1998). For 
somewhat similar reasons the so-called 
”graduated driver education systems” have 
been shown to significantly enhance road 
safety. This way of running driver educa-
tion, in stages over a longer period of time, 

has been successful in those countries 
where it has been put into practice. These 
are some of the reasons for emphasising 
the importance of graduated driver educa-
tion as an element in the work aiming at 
Vision Zero.  
 
If a reform of the driver education system 
is to contribute to the attainment of the 
road safety goals, it must lead to fewer 
deaths and serious injuries in traffic, par-
ticularly where newly licensed drivers are 
concerned. This in turn means that better 
education must result in lower risks for this 
category of driver. Changes in the driver 
education system and/or other factors can 
entail novice drivers driving more, both as 
learners and immediately after having 
passed the driving test. It is therefore im-
portant that the risk is reduced enough to 
fully compensate for the increase in traffic 
casualties that otherwise can be expected 
as a result of more driving. 

 
 
The SNRA’s assignment 
 
The SNRA was commissioned to conduct 
an inquiry and propose how a graduated 
driver education system could be designed 
and implemented. This was to be done in 
co-operation with other public authorities 
and organisations concerned. The aim of 
the new educational system was that nov-
ice drivers would make their debut in traf-
fic at a considerably lower level of risk 
than is currently the case. The work was to 
be based on an overall, long-term perspec-
tive. The SNRA was given the task of 
evaluating what had been experienced after 
the reform allowing practice driving from 
the age of 16 and incorporate this into the 
design of the new educational system. 
 
In its inquiry, the SNRA was to  

• review the requirements that 
should be placed on instructors and 
learner drivers in connection with 
private practice driving 

• review the regulations concerning 
the driver education courses run by 

traffic schools, upper secondary 
schools, the adult education pro-
gramme and the National Defence 
Force  

• investigate the possibility of intro-
ducing stages and the need for new 
compulsory modules in driver edu-
cation  

• investigate whether first aid 
courses should be included as a 
compulsory module in driver edu-
cation 

• analyse the need to change the 
driving test, e.g. as to how it is 
conducted, test sites and technical 
equipment. Consideration was also 
to be given to whether driver edu-
cation courses and driving tests 
could be run through the schools 
and by the National Defence Force 
according to the proposed regula-
tions. 

• examine whether and how a 
graduated driver education system 
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could be integrated into the admin-
istrative routines for driving li-
cences. 

 

The assignment also meant taking into 
consideration European Union directives 
as far as Sweden is concerned and assess-
ing the impact if the recommendations are 
implemented.  

 
How was the inquiry conducted? 
 
The work was based on an overall ap-
proach to what is needed to ensure the effi-
cient functioning of a new driver education 
system and for it to produce good results. 
Several important aspects for building up 
the system and many different factors that 
affect it were dealt with at the same time to 
enable the individual parts to work to-
gether in the best possible way.  
 
The basic inquiry was conducted through a 
central head project, supported by ten dif-
ferent satellite task groups working on the 
following specific issues:  

• Scientific support for different 
analyses and recommendations 

• Scientific evaluation of a new 
driver education system 

• External relations, - information 
from and to the general public, 
stakeholders, the mass media and 
politicians 

• Cost and financing, both for private 
persons and society 

• Regulation of professional driver 
education operations at driving 
schools, upper secondary schools 
and within National Defence 

• Driver education with non-
professional instructors, prerequi-
sites and requirements  

• Safety measures during different 
stages of driver education 

• Organisation of driving tests in a 
new driver education system 

• First aid courses as an element in 
driver education  

• Management / Administration in a 
new driver education system 

 
A reference group closely followed the 
work of the Inquiry and made possible ex-
tensive discussions on the various matters 
investigated. This group consisted of 17 
people representing different associations 
and interest groups that will be affected if 
the Committee’s recommendations are im-
plemented. A steering group, comprising 
persons in positions of responsibility at the 
SNRA and the chairman of the reference 
group, issued the guiding principles for the 
work conducted in the inquiry. An interim 
report was submitted to the Government in 
December 1998 (STEFUS, 1998). The 
Committee of Inquiry’s draft final report 
was circulated for comment during the au-
tumn of 1999. The SNRA submitted its fi-
nal report to the Government on 21 De-
cember 1999. 

 
 

Characteristics of a graduated driver edu-
cation system 
 
The graduated programme is founded on a 
basic concept within teaching that says that 
an individual’s learning must be built up 
gradually in stages, where such factors as 
personal experience, reflection and under-

standing are cornerstones. Indirectly this 
means that the educational process, seen in 
time and quantity, is of key significance 
for good results. Another important factor 
is safety. The pupil should not have to be 
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exposed to dangerous situations which 
he/she is not yet ready to handle. The most 
important characteristics of a graduated 
driver education system can be summa-
rised as follows: 
 
• Focus on safety and gaining experi-

ence 
Creating a well-structured course of 
education gives learners the opportu-
nity to gain as much experience as 
possible before becoming an inde-
pendent driver. The objective is to re-
duce the risk for newly licensed driv-
ers.  
 

• Greater emphasis on reward than 
punishment 

 
The basic idea is that reward is a more 
successful method than punishment 
for stimulating a person to complete a 
course of study consisting of several 
stages. This means that the system re-
quires some kind of inherent incen-
tives. 

 
• Increased risk exposure in line with 

greater competence and more ex-
perience 

 
The basic premise here is that the pro-
spective driver should not be exposed 
to greater risks than what he/she can 
handle depending on his/her level of 
maturity, competence and experience. 
This means that some kind of assess-
ment must be made of the pupil’s de-
velopment before being allowed to 
progress further. 
 

• Practice driving shall be encouraged, 
but under safe conditions 

 
In order to be able to acquire as much 
experience as possible, the learner 
driver must be encouraged to drive. 

However, this is not to occur under 
conditions that could increase the risk 
of injury to him/herself or others in 
traffic. Hence, there are often different 
types of safety measures incorporated 
into the system. This principle is 
closely related to the one on increased 
risk exposure in line with greater 
competence (see above). 

 
• Focus on both the individual and 

his/her environment 
 
This principle is based on two differ-
ent conditions: 

- that it is the individual and his/her 
learning, level of maturity and ex-
perience that are the centre of fo-
cus,  

- that the pupil’s social and physical 
environment is a decisive factor in 
how to conduct the driver education 
programme and in the results 
achieved.  

 
• Supported by a well-developed 

professional driver education 
programme, parental involve-
ment and other  factors of posi-
tive influence in the community   
 
The professional educational features 
that exist within the framework of the 
system, e.g., driving school courses or 
other compulsory elements, must be 
designed in the best way possible, both 
as regards content and pedagogy. Pa-
rental involvement, such as through 
driving practice instruction, is seen as 
another reinforcing factor. An articu-
lated interest in road safety and an un-
derstanding of the value of good driver 
education in society is also expected to 
increase the potential of a graduated 
driver education system to achieve 
improvement. 
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Preliminary proposal by the Committee of 
Inquiry 
 
In September 1999 the Committee of In-
quiry referred a preliminary proposal for 
comment to some 40 bodies. The com-
ments received and the general debate in 
society during the referral period were to 
be a guiding factor for making any adjust-
ments or changes in the proposal prior to 
the SNRA submitting its final report to the 
Government.  
 
The following describes the content of the 
preliminary proposal in general terms. Fur-
ther details are given in context in the 
SNRA’s final recommendations.  
 
Starting from a number of principles, the 
graduated driver education system is de-
scribed as a systematic process that should 
be characterised by  

- improved safety 
- an extended assessment 

responsibility  
- higher requirement levels 
- social acceptance.  

 
Various components in the system are de-
scribed in more detail in the preliminary 
proposal, e.g., 

- preparatory courses for pupils and 
their instructors 

- the different stages in the driver 
education programme 

- the compulsory course modules  

- safety measures, (both technical as 
well as regulations on where and 
how practice driving may be con-
ducted) 

- progress checkpoints 
- driving test 
- follow-up period 

 
Various prerequisites that are important 
when building up the system, and neces-
sary for its proper and smooth functioning, 
are also discussed in the proposal: 

- a new course content, (a necessary 
adaptation to the changes in traffic 
conditions and current knowledge 
about education and road safety) 

- administrative and legal conditions 
- organisation of driving tests and 

test environments 
- need to monitor how the system 

rules and regulations are followed 
- certification of teachers and exam-

iners 
- placement possibilities for pupils 

with previous driving experience  
 
In conclusion, a description is given of the 
potential consequences in the event of the 
proposal being implemented, in addition to 
how the implementation could be carried 
out and how the results of such a reform 
could be evaluated. 

 
 

Analysis of the referral and debate  
 
The preliminary report was debated intensively in the mass media, and the SNRA followed 
these discussions closely. Particular attention was focused on the following issues: 
 
• Increased cost for learner drivers, which could lead to greater social inequality in the fu-

ture. 
 
• Compulsory dual brake control – questioned as regards its merit from a road safety per-

spective as well as whether the benefit could balance the cost. 
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• Minimum of 12 months – criticism against not being able to complete the programme in a 
shorter period of time, e.g. if a driving licence should suddenly prove to be a requirement 
for obtaining a certain job. 

 
 
Changes in the proposal based on the comments received and the 
media debate  
 
The viewpoints that were presented in the 
comments covered more of the proposal 
than what had been discussed in the media. 
All in all, both the general way of thinking 
as well as most of the recommendations in 
the Committee’s proposal were given sup-
port, even if certain points did meet with 
some misgiving or alternatives were sug-
gested.   
 
After having taken into consideration the 
comments and the views voiced in the me-
dia, the preliminary proposal was adjusted 
as follows: 
 
• New form of preparatory course  
 
There was nothing either in the public de-
bate or in the comments received that 
spoke against the recommended compul-
sory preparatory course for pupils and pri-
vate driving instructors, culminated by a 
theory test for the former group. However, 
the form of this course was changed to 
keep down the increase in cost. As far as 
pupils were concerned, more extensive 
traffic education in schools was proposed, 
the idea being that this would serve as a 
preparatory course. In the case of instruc-
tors, it was recommended that information 
manuals be developed for them instead. 
 
• Length of the educational period still 

open 
 
The recommended educational period of 
12 months was not stipulated in the pro-
posal. This matter was referred to the Gov-
ernment for review. 
 
However, the SNRA still maintains that the 
length of the driver education programme 

is a highly significant road safety factor for 
novice drivers. 
 
• Dual brake control to be investigated 

in greater depth 
 
The Committee of Inquiry recommended 
that research projects be initiated aimed at 
learning more about the effect of dual 
brake control on road safety prior to pro-
posing its compulsory use during private 
practice driving. 
 
In this respect, comparisons can be made 
to the use of child safety seats, which even-
tually resulted in a law on protective de-
vices for children in cars.  
 
• Reduced costs 
 
As a result of the changes in the prepara-
tory course, more simplified progress 
checkpoints in the driver education pro-
gramme and the elimination of compulsory 
dual brake control, etc, the estimated in-
crease in cost was reduced from approxi-
mately SEK 4 000 to about 2 000 for the 
average learner driver. 
 
Further, the SNRA recommends that an in-
quiry be made into whether it could be 
possible to allow a VAT exemption in 
connection with the expense involved for 
the compulsory course modules and pro-
gress checkpoints. 
 
• Driving test 
 
The driver education programme is con-
cluded by a driving test. According to the 
preliminary proposal, this test was to be 
administered by SNRA staff. According to 
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Educational period

Preparatory
course for pupils
and instructors Stage 1 Stage 2 Stage 3 Follow-up

period

the final proposal, this could also be con-
ducted by persons employed within the 
National Defence Force or the school sys-

tem, on the condition that they have been 
authorised to do so by the SNRA. 

 
 

The SNRA’s final recommendations to the 
Government 
 
On the whole, the recommendations pre-
sented in the Committee report that had 
been referred for comment still remain. 
The main points are described here. For 
more detail, reference is made to the vari-
ous reports listed at the end of this report. 
 
The SNRA’s standpoint in its final pro-
posal submitted to the Government is that 
driver education shall be seen as part of 

long-term traffic education that starts early 
and continues throughout life. The SNRA 
has also ascertained that a radical change is 
needed if driver education is going to con-
tribute to enhancing road safety in a more 
substantial way that what is the case today. 
This means that there must be a change in 
both the structure and content of driver 
education. This will also affect those par-
ties involved in driver education.  

 
In light of the foregoing, the SNRA recommends that the graduated driver education system 
shall be designed as follows: 
 
! Preparatory course of training for pupils. This course should be one of the require-

ments for permitting the pupil to start actual driver education. This could be a general 
course on traffic education beginning in nursery school and continuing as a subject on the 
curriculum throughout the entire school period. This would mean that the prospective 
driver would already have acquired the fundamental set of values and basic knowledge 
needed to participate in road traffic prior to starting his or her driver education. 

 
! A higher level of relevant knowledge on the part of private driving instructors will be 

demanded. The SNRA is not suggesting a compulsory instructor’s course at this point in 
time. Instead, information manuals should be produced and distributed to all private driv-
ing instructors upon their being approved in this capacity. 

 
! The driver education programme will comprise three stages with progress check-

points in-between  
 

 
  
Figure 2: Simplified chart of a graduated driver education system 
 



This shall be characterised as follows:    
 

- This entire process shall not cover 
too short a time. It is considered 
that at least 10-12 months is a suit-
able length of time for the entire 
educational period, regardless of 
the pupil’s age. A minimum length 
of time should also be stipulated for 
each stage. The SNRA leaves it to 
the Government to set the mini-
mum length of time for the entire 
educational period.  

- The length of the various stages 
should not be set until a new sylla-
bus is ready. 

- Each stage shall have suitable 
safety precautions. These shall be 
adapted to the level of proficiency 
that the pupil is expected to have 
attained in the different stages. 

 
The following is recommended for the dif-
ferent stages of the educational pro-
gramme: 

 

STAGE 1: Practice driving permitted with a private instructor or  
 professional driving teacher 

# on roads with a maximum speed limit of 70 km/h 
# in less complicated traffic environments 
# without passengers 
# with an extra rear-view mirror and a sign indicating learner driver at 

stage 1  
Practice driving NOT allowed under severe icy conditions  
 

STAGE 2:Practice driving permitted with a private instructor  or   
  professional driving teacher 

# on roads with a maximum speed limit of 90 km/h  
# without passengers 
# with an extra rear-view mirror and a sign indicating learner driver at  
# stage 2 

  Practice driving NOT allowed under severe icy conditions 

STAGE 3: Practice driving permitted with a private instructor or 
  professional driving teacher  

# in all types of traffic environment 
# with an extra rear-view mirror and a sign indicating learner driver at  

 stage 3 
Practice driving alone permitted (without a professional driving 
teacher or private instructor in the car)  

# if the pupil has passed all the progress checkpoints 
# if the pupil has passed an accredited theory test (valid 1 year) conducted 

either by the SNRA or a test official authorised by the SNRA  
# on roads with a maximum speed limit of 90 km/h  
# if the pupil is at least 17 and a half years of age  
# without passengers 
# with a sign indicating learner driver at stage 3 

 
 Practice driving alone (without a professional driving teacher or pri-

vate instructor in the car) is NOT permitted  
# from 8 p.m. Friday and Saturday until 6 a.m. Saturday and Sunday as 

well as between these same hours on the night of a public holiday 
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There can be certain exceptions from these safety precautions in connection with pro-
fessional driver education, e.g., with respect to having passengers in the car. 
 
Practice driving alone is intended to provide a greater opportunity to acquire experi-
ence and develop more independence in driving. It shall also be seen as a means of en-
couragement at the end of the driver education programme, providing the learner 
driver with greater mobility at the same time. 

 
- Each stage shall contain a compul-

sory course module. The following 
are proposed: 

  
(stage 1) demanding driving 

situations on rural roads  
(stage 2) courses on high risk 

situations (including driv-
ing in darkness as well as 
on icy surfaces)  

(stage 3) first aid training 
 

The first two should be placed at 
the end of stages 1 and 2 and be a 
requirement for being permitted to 
progress to the next stage. These 
two elements should be seen as an 
introduction before being permitted 
to drive in more demanding traffic 
environments in the next stage. The 
third module can be completed at 
any time whatsoever during stage 3.  
 

- Progress checks should be con-
ducted between each stage by 
qualified educators (people in com-
panies or organisations who have 
been approved by the SNRA) 

 
- The educational period is con-

cluded with a driving test con-
ducted by a test official employed 
within the SNRA, the National De-
fence Force or the school system 
and who has been authorised by the 
SNRA. 

 
! There is to be a two-year follow-up 

period after completion of the driver 
education programme. This is in-
tended for newly licensed drivers who 
are guilty of an offence resulting in an 
formal warning or even in their driving 

licence being revoked. The follow-up 
will offer a more customised package 
of measures than what exists today. 
These measures will be adapted to suit 
the traffic offence committed by the 
new driver.  

 
In order for it to be possible to build up the 
new system and have it work as envi-
sioned, certain important conditions must 
first be fulfilled: 
 
! The course content shall be revised.  

This is a key requirement in a new 
driver education system. A new course 
syllabus must be based on the changes 
in the role of the driver that has oc-
curred in recent years as well as on 
modern theories concerning learning 
models and teaching methods.  

 
! The organisation of the driving test 

must be changed to suit the new edu-
cation system. This shall include:  
- progress checkpoints carried out by 

a qualified educator between the 
different stages in the educational 
programme 

- a driving test, a requirement for is-
suing a driving licence (theory and 
practical test) conducted by em-
ployees authorised by the SNRA. 

  
Guidelines for the test content and the 
progress checks, and for how they are 
to be conducted, will be drawn up by 
the SNRA. This also applies to ap-
proval requirements. Practical checks 
and tests will be conducted in traffic 
environments that provide good condi-
tions for being able to judge the driving 
skills that are to be assessed. This 
means that it is impossible to set up 
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common, simple rules for all checks 
and tests. The progress checks at the 
beginning of the programme can, for 
example, be conducted in relatively 
uncomplicated traffic environments, 
which will not suffice for the assess-
ments that have to be made later on, or 
in connection with the driving test. Cri-
teria on traffic environments that are to 
apply for different checks and tests will 
be elaborated by the SNRA. 

 
! There must be a procedure of au-

thorisation for those: 
- responsible for the educational con-

tent in the compulsory modules  
- conducting the compulsory pro-

gress checks between the stages in 
the course 

- conducting the final driving test 
(theory and practical), where this is 
not done by the SNRA’s own em-
ployees. 

 
! There shall be a placement model for 

those with previous driving experience. 
It should be possible to place them in 
the graduated system at a level corre-
sponding to their previous knowledge 
and level of experience. 

 
! The education of professional driv-

ing school teachers should be lifted 
from its current placement in the upper 
secondary school programme for adults 
to the college level in order to expand 
teacher qualifications to suit a new 

educational system. This action is re-
garded as highly important, in part be-
cause the teacher is the intermediary 
link between the pupil and the goals in 
the educational programme. Such a 
course would also facilitate setting up 
different kinds of traffic education 
courses in the public school curriculum 
through more qualified teachers, some-
thing not available in today’s system.  

 
! Current legislation concerning the 

revocation of a driving licence shall 
be applied or adapted to the system 
proposed where necessary. This applies 
first and foremost to the responsibility 
on the part of pupils, instructors and 
professional teachers as well as with 
respect to the recommendation on vol-
untary practice driving alone. In order 
for these rules and regulations to func-
tion as intended, it is important to in-
troduce a smooth and efficient means 
of control to check adherence, and that 
legal action is taken against any viola-
tion in a serious manner. 

 
! Current driving licence administra-

tive routines shall still be applied or 
be adapted to the proposed system 
where needed. The necessary supple-
ments to the present system chiefly 
concern how the progress checkpoints, 
the compulsory modules and the pro-
gression to the next stage in the educa-
tional programme will be documented 
and registered.  

 

What are the implications if the proposal is 
implemented? 
 
The SNRA has ascertained in its impact 
analysis that the system is thought to have 
a positive impact on road safety both dur-
ing and after the driver education period. 
The number of hours of driving practice 
and the effect of the safety measures have 
been decisive factors in drawing these con-
clusions. The assessment has been based 
on such things as current accident statistics 

and the lower risk for newly licensed driv-
ers that practice driving from the age of 16 
has entailed. It has been assessed that there 
will be between 5 and 10 fewer traffic fa-
talities per year once the system has been 
developed. Different kinds of financial in-
centives would also strengthen the desire 
of newly licensed drivers to assume greater 
responsibility for road safety. This could 
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be worth studying in more depth, as re-
gards car insurance for instance, in order to 
be able to link responsibility and benefits 
more to the driver than to the vehicle, as is 
the case today. The driver’s role and re-
sponsibility would then be much more 
clear. 
 
The financial impact analysis shows that 
the proposed system could be socio-
economically beneficial. However, it 
would be about SEK 2 000 more expensive 
for the individual. The ultimate cost de-
pends on the pupil’s strategy in planning 
his or her driver education, and how car 
costs in connection with private practice 
driving are calculated.  
 
The SNRA has proposed that an inquiry be 
conducted into whether the progress 
checks and compulsory course modules 
can be considered to lie within its area of 
responsibility, regardless of who conducts 
them. The cost could then be charged to 
the learner driver as a fee payable to the 
SNRA, which could thereby be exempted 
from VAT. This would limit the cost in-
crease by a few additional hundred Swed-
ish crowns. In its analysis, the SNRA has 
ascertained that in most cases there is suf-
ficient private means to be able to finance 
driver education for young adults. Thus, it 
cannot be assumed that the graduated sys-
tem would inhibit their being able to take 
part in driver education to any greater ex-
tent. It is important to note that driver edu-
cation in Sweden is not more expensive 
than in other Nordic countries or Germany, 
and actually ranks amongst the least ex-
pensive.  
 
The SNRA has also ascertained that having 
access to a driving licence is an important 
social consideration. Possession of a driv-
ing licence is commonly required for gain-
ful employment. Hence, driver education 
should perhaps be seen as part of preparing 
pupils for the working world. The SNRA 
therefore recommends that an inquiry be 
conducted into the possibility of financing 
driver education through the student aid 

system. This could soften the economic 
burden that the expense nonetheless entails 
for certain people in society even today.  
 
Better adaptation to the needs of different 
groups and individuals is considered im-
portant, particularly as regards the teach-
ing. This can, for instance, apply to dyslex-
ics or those with other learning problems.  
However, the SNRA maintains that the re-
quirement levels must nevertheless be the 
same for everyone, even if special treat-
ment can prove necessary in certain cases, 
e.g. in connection with tests and progress 
checks. This should be dealt with further 
on, once the system has been put into ap-
plication and the problems have become 
more evident.  
 
The length of time given as a minimum for 
the educational programme, about a year, 
can seem long at first. According to the 
SNRA’s way of thinking, it is important to 
try to change the outlook on driver educa-
tion. On the one hand, the value in the edu-
cation must be viewed from a life-long 
perspective. It must also be remembered 
that drivers are being educated for a highly 
demanding and complicated task in which 
the demands, and not least of all the level 
of risk, are many times higher than in most 
professions that require three years of edu-
cation or more. Compared to the time that 
driver education takes today, the time pe-
riod suggested appears quite reasonable. 
Of those who took their driving licence in 
1998, fewer than 10% chose to complete 
their driver education in less than 6 
months. Fewer than 25% had finished their 
education in less than a year (Vägverket 
1999). It is also known that the group of 
people who decide to take a longer time for 
their driver education also run a distinctly 
lower risk of being involved in serious ac-
cidents. It is then not at all difficult to ar-
gue that the small group of beginner driv-
ers who try to complete their driver educa-
tion in the shortest possible time should 
also be given a reasonable chance to ac-
quire the experience and understanding 
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that is needed to successfully cope with the 
initial hazardous years as a novice driver. 
 
The educational consequences mostly con-
cerns the further education of those en-
gaged in the educational programme. A 
partially new course content will demand 
changes in the qualifications of teachers 
and examiners. Added to this is a new 
structure for the educational programme 
and the need for greater adaptation to the 
specific individual. Hence, the SNRA 
would particularly like to point out the 
need for a driving teacher’s course at the 
college level, which, due to the recom-
mendations of the Committee of Inquiry, is 
even more evident. Accreditation require-
ments, extended control functions, new 
course modules, etc all demand a  broader 
level of proficiency.  
 
The amount of practice driving, which 
ought to increase if the proposal is 
adopted, will be one of the primary envi-
ronmental effects. On the other hand, the 
negative aspects involved in this can be 
counteracted by using a new course con-
tent as an instrument to increase the level 
of knowledge concerning environmentally-
sound ways of driving and greater envi-
ronmental awareness when choosing be-
tween various modes of transport.  
 
The administrative and legal consequences 
are mostly a result of the need for transi-
tional rules, the change in the conditions 
for private driving instruction, how to han-
dle practice driving alone as recommended 
and the consequences involved in a follow-
up period instead of a probationary period. 
These all require different degrees of statu-
tory amendment, primarily to the Driving 
Licence Act and Driving Licence Ordi-
nance. 
 
The SNRA has ascertained that the pro-
posal complies with the EC directive on 
driving licences (91/439/EEC) and that the 
placement model recommended can sim-
plify matters for holders of foreign driving 
licences, or for anyone who has otherwise 

already acquired extensive driving experi-
ence, to be able to enter the programme at 
the right level within the graduated driver 
education system. 
 
An analysis has also been made of the con-
sequences for the National Defence Force 
and the school system. As regards the for-
mer, the system proposed is considered to 
enhance their being able to determine how 
far the prospective soldier has progressed 
in his/her driver education already at en-
listment. The graduated structure of the 
system makes it easier to foresee how 
many will have a driving licence when re-
porting for active service or how far they 
have progressed in their driver education 
when it is time to do their compulsory 
military service.  
 
It should be relatively easy to adapt the 
driver education course given in the ”Ve-
hicle Mechanics” programme in Swedish 
upper secondary schools to the graduated 
system without having to interfere with the 
course model that is applied there today. 
The SNRA recommendation that all em-
ployees involved in the test for a Category 
B driving licence should be appointed by 
the SNRA does not affect these persons to 
any greater extent. This procedure is al-
ready being introduced. It is more a case of 
emphasising the need for common quality 
enhancement from the situation today. The 
SNRA is of the opinion that there are great 
advantages to be had. This also complies 
well with the EC directive on driving li-
cences, which states that a national body 
shall be responsible for ensuring that the 
driving tests in the country, as far as possi-
ble, shall meet high demands on uniformity 
and objectivity. According to the SNRA, 
the recommendation on test officials being 
appointed by the SNRA increases the 
chances that driving tests will maintain the 
same standard all over the country. Having 
the same further education programme and 
systematic monitoring of test operations 
increases the chance of this. 
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The role of the police will probably not be 
very different. It is not anticipated that the 
need to supervise traffic will increase in 
connection to the recommended rules for 
practice driving in the different stages of 
the driver education programme. The key 
issue is more working the new rules into 
the traffic supervision activities that the 
police conduct anyway in a manner that is 
taken seriously by the general public. 
 
In conclusion, a plan is presented for how 
the system could be introduced and how 
the effects could be evaluated. The SNRA 
considers it important to implement a 
change in driver education gradually, with 

well-adapted transitional regulations in or-
der to tone down that which could initially 
appear to be dramatic and revolutionary. 
This would also increase the chances of the 
proposal being accepted from the very be-
ginning by most people in society. A well-
planned implementation is also a prerequi-
site for being able to perform a carefully 
thought-out and objectively-based evalua-
tion of the effects that the change in system 
would actually entail. Finally, the SNRA is 
of the opinion that any other trial activity 
than the one already mentioned, concern-
ing dual brake control, need not be con-
ducted. 

 
 

Further information 
 
A fuller, more detailed description of the 
recommendations is contained in the in-
terim reports submitted to the Government 
in both 1998 and 1999. The appendices to 
the final report contain the Committee of 
Inquiry’s referral edition (Appendix 1), the 

comments received (Appendix 2) as well 
as the analysis of the comments including 
the SNRA’s deliberations, judgements and 
more detailed recommendations (Appendix 
3).  
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INTRODUCTION 

Traffic safety involves a delicate balance between the protection of individual 

rights, and ensuring the public's health and safety.  Ideally, traffic laws should help reduce 

deaths, injuries, and economic costs associated with avoidable traffic crashes, without 

compromising the independence of others.  

The average American driver is becoming older. From 1979 to 1989, the 

proportion of drivers 70 years of age and older increased by roughly 50%, whereas the 

number of drivers 19 years of age and under decreased by almost 20% 1.  By the year 

2020, the number of elderly drivers in the United States is expected to increase by almost 

50%2.  Similarly, current demographic projections suggest a worldwide expansion in the 

proportion of elderly individuals during this millennium.  

As a group, persons over sixty years of age have higher rates of vision 

impairment, and therefore may be at increased risk for vision-related crashes3-12. In the 

U.S., some states require vision testing for driver license renewal, whereas others do 

not13. Further, among those states requiring vision testing, the frequency and types of 

vision tests performed vary considerably.  In light of this variability, it is possible that 

current U.S. vision screening policies may be ineffective in identifying at visually risk 

drivers.  

It is also possible that current American driver vision testing criteria may 

discriminate against individuals with vision impairments. Since the elderly have higher 

rates of vision impairment, they are more likely to be denied driver licenses as a result of 

failing the vision screening examination14-18. Although vision impairments diminish 

driving performance, impaired drivers may change their driving behaviors and effectively 

compensate for these changes19. 

A 1998 study of vision testing policies and traffic safety determined that states 

with vision testing had significantly lower older driver traffic fatality rates than states 

without vision testing requirements20.  According to this study, if mandatory vision 

testing had been required in 8 of the 10 states not requiring them, 222 lives could have 

been saved. The results of this study were consistent with other regional and national 

studies of this type21, 22. Although the results of this study suggest that vision related 
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relicensing policies fulfill their intended purpose of enhancing traffic safety, it is unclear 

whether there was a concomitant reduction in the number of elderly drivers in states with 

vision testing requirements. 

The present research is an extension of the 1998 study.  It investigates whether the 

proportions of older licensed drivers in states with vision testing policies were lower than 

in states without such policies.  

METHODS  

Multivariate statistical analyses of 1989-1991 traffic fatality and driver licensing 

data were performed. This statistical technique allows an assessment of the importance of 

vision-related driver license renewal policies while controlling for other factors 

associated with traffic fatalities among older U.S. drivers. State-level percentages of older 

licensed drivers (≥65 years) in vision testing and non-vision testing jurisdictions were 

compared, while controlling for factors associated with non-commercial driver license 

renewals. All 51 U.S. driver-licensing jurisdictions were included. 

The goal of the analytical procedures was to derive a robust yet parsimonious 

model with which to assess the effect of vision testing policies on older driver 

relicensure. Prior to analysis, graphical diagnostic and formal statistical tests were 

conducted on all study variables to evaluate the study data (i.e., data errors, outliers, etc.).  

Remedial measures were used as necessary (e.g., transformation) prior to analytical 

modeling.  An a priori alpha level (one-tailed) of .05 was established prior to data 

analysis. 

Data for these analyses were derived from the 1990 U.S. Census, the Fatal 

Accident Reporting System, the National Highway Traffic and Safety Administration, the 

Federal Highway Administration, and the American Association of Motor Vehicle 

Administrators.   

RESULTS 

Multivariate linear regression modeling with forward stepwise and interactive 

stepwise regression selection procedures was used to control for reported and theoretical 

factors associated with state variations in licensed older drivers.  A final model was 

derived and is presented in Table 1.  Importantly, this model accounts for 74% of study 

variance.   
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Table 1:  Multiple Regression Model for Prediction of the Percentage of Older Drivers (≥65 years) 
by licensing jurisdiction characteristics (one-tailed test).  
 

Dependent Variable = Percentage Drivers ≥65 years (Y) N = 51 R = 0.861 R2 = 0.741 Std Error = 0.013  
Predictor Independent Variable Coeff Std Error Tolerance t-test p-value  

Intercept Constant -0.168 0.068 - -2.474 .008 ** 

Vision Policy (V) None vs. ≥1 vision test 0.004 0.005 0.952 0.839 .203 ns 

Older Population (A) % Population ≥65 yrs 0.010 0.001 0.855 10.39
6 

<.001 *** 

Gender (G) % Female Drivers 0.004 0.001 0.912 2.730 .004 ** 

Population Density (P) log Population/mile2 -0.006 0.003 0.852 -2.133 .019 * 

F(4,46) = 32.902;  p < .001;  R2 = .741 

ns = non-significant 
* p <0.05 
** p <0.01 
*** p <0.001 

 

As depicted in Table 1, vision related driver license renewal policies were not 

significant predictors of the proportion of older drivers for a given state.  As expected, the 

proportion of alder drivers in a state was positively associated with the percentage of 

older individuals.  Also, consistent with the literature and theoretical considerations; the 

percentage of older drivers decreased as the population density increased, increasing 

proportions of female licensed drivers were associated with increasing percentages of 

licensed drivers, and per capita income was non-significant and therefore not included in 

the final regression model. No significant interactions between or among the independent 

variables were observed and therefore were not include in the final regression model.   

In summary, the analysis of the proportion of elderly drivers (of all licensed 

drivers), in states with and without vision testing requirements revealed that mandatory 

vision testing requirements for relicensure, were not associated with lower percentages of 

older drivers. This implies that the mobility and independence of older individuals was 

not affected by state-level relicensure policies designed to identify, remediate, or restrict 

persons with vision impairments. 
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DISCUSSION 

In the U. S., a driver�s license is intrinsic to mobility and independence. It is 

estimated that roughly 88% of older Americans rely on private automobiles for their 

transportation23. This is not surprising since many states do not have the capacity to 

provide alternative means of transportation to private automobiles.  Even in states with 

alternative means of transportation, many older Americans live in low-density 

communities where alternative transportation to the privately owned automobile is rare.  

Purportedly, a substantial proportion of older drivers continue driving until their ninth 

decade of life24.  

An inappropriate loss of driving privileges could have significant implications for 

older individuals, their families, and society at large. There is a clear need for 

nondiscriminatory, objective standards to guide those involved in legislating, regulating, 

and enforcing policies protecting the interest of both the individual and the public. 

Governments have the right and responsibility to protect public safety, however, 

when shaping public policy, lawmakers, and regulators must carefully balance societal 

needs and individual rights. At issue in the case of driver relicensing policies, is whether 

contemporary vision screening protects the public safety to a greater extent than they 

reduce the quality of life of older Americans.  The results of the present study suggest that 

current vision related license renewal policies do not unduly compromised older 

American drivers. 
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1 Introduction 

Traffic calming especially on major roads is under increasing discussion in Germany. The 

discussion is pushed by the Federal Department of the Environment and the German Board 

of Cities for environmental aspects and the increasing numbers of children fatalities. In 

Germany the effects of 30 kph-zones on traffic safety and the environment were researched 

directly by accompanying investigations. In several model areas an improvement of traffic 

safety was found out. But either the researches focused only the traffic calmed area itself or 

the traffic safety of the traffic calmed area and the surrounding major roads were only taken 

into consideration without any differentiation. A direct comparison was not carried out and 

only some contradictory and not very clear results can be drawn from these studies. The 

former investigations shows that the speed in 30 kph-zones – e.g. the speed V85- will be 

reduced in the range of minus 9 to minus 22 percent. 

But these researches does not deal with the speed on the surrounding major roads and the 

development of the accident there. Figure 1 shows the results of the speed and accident 

evaluation of former investigations. The contradictory results except for the data of Mainz are 

distinct. Although the areas in the other towns have a better V85-acceptance their number of 

fatalities and casualties increases. Especially this results have motivated to investigate the 

surrounding major roads and their relationship to 30 kph-zones in more detail. 
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Figure 1 

V85-Acceptance  and Alteration of Fatalities and Casualities
on the Surrounding Major Roads
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2 Method 

In the beginning of the research three working hypotheses were drawn up to get a clear 

procedure and to deduct the necessary evaluation criteria. The hypotheses are: 1. The higher 

proportion of exceeding of the low speed limit in 30 kph-zones causes a worsening of the 

traffic behaviour at the surrounding major roads with a high exceeding of the speed limit; 2. 

The speed limit of 30 kph in the zones is supported usually by structural measures. The 

motorists feel to be dictated and get more aggressively on the 30 kph-zones roads as well as 

on the surrounding major roads. This effect causes higher number of accidents and accident 

severity; 3. The safety of the cyclists and pedestrians decreases on the major roads by the 

changed traffic behaviour of the motorist. The gain of traffic safety in the 30 kph-zones have 

to be compared with the loss of safety on the major roads. 

The hypotheses show which evaluation criteria have to be used. The accident occurrence 

was analysed for an area-wide and objective assessment of traffic safety. Moreover the 

speed was taken into account, because it represents an additional marker for traffic safety. 

Exceeding the speed is one of most frequent accident causes. The evaluation bases on a 

simple before and after study for the domain of accidents and speed. It is very important for 

the assessment that other effects that might influence the traffic safety are constant or that 
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the effect can be estimated and such be taken into account of the analysis. Only on this basis 

the observed effects can be related to the 30 kph-zone. A before-and-after analysis with a 

control group or area was not possible, because it would have been necessary to have 

comparable situations in the 30 kph-zone as well on the surrounding major roads. Such 

situations were not found. To compare the accident occurrence the accident density and 

especially the accident cost density was taken as relative evaluation criteria. The density 

criteria are more appropriate for the evaluation of the both categories – the zone and the 

major roads - as the quite common used accident rate. The research area was abstracted by 

seven net elements (see Figure 2): the section of a major road and of a zone, the zone 

intersection, the intersection without any link and three types of intersections with link, the 

three or four leg intersection in the running of a major road and the edge intersection with 

link. It seems to be a five leg intersection but in reality the approach is located in a distance 

of about 20 m from the stop line, so this intersection was defined as a one with link. 

Especially these three intersections influence the relationship between major roads and the 

zone. 

Figure 2 
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It is necessary for the analysis of the relationship to have a clear classification to a major 

road or to the zone, especially at the intersections with a link. The classification was carried 

out by the principle of the main accident responsibility.  

 

3 Researched Areas 

The research bases on two residential areas in the City of Darmstadt. Area 1 is situated 

directly near at the inner city. It is characterised by block buildings from the turn of last 

century. The area is very high compacted with insufficient parking space. The street net is 

grown without any masterplan. Area 2 is situated at the outskirts of Darmstadt. It shows a 

complete other structure and is characterised by family houses. The streets are designed 

regularly in contrast to area 1. The two areas have nearly the same number of net elements 

(see Figure 3).  

As often in the case of statistical accident evaluation the sample size is not to much for a 

statistic with a confidence level of 95 %. So the samples of the two areas were put together 

to get a covered statistic. 

Figure 3 

Overview of the Number of Net Elements 

      

 Intersections Sections Intersections 
with Link 

Sections Intersections 

Area 1 3 17 16 62 29 

Area 2 1 12 17 69 35 

Total 4 29 33 131 64 

 

 



 

- 5 - 

4 Results 

The basis of the evaluation is a sample of 1160 accidents with about 2300 involved road-

users. The number of accidents gives a first impression of the accident occurrence (see 

Figure 4). For all road categories except for the category 30 kph-zone intersection with link 

the number of accidents decreases between 13 % and in the best case of -31 % for the 

major road section. For the 30 kph-zone intersection with link the number increases by 

105%. It means that for this category the main responsibility for an accident is situated in the 

secondary street – here the 30 kph-zone. 

 

Figure 4 
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The relative alteration of the frequency distribution gives some more detailed information 

(see Figure 5). The increase for the category 30 kph-zone intersection with link is confirmed 

with a plus of 5%. But moreover it is obvious that a negative development occurs as well at 

the intersections in the 30 kph-zone itself. The increase is 2%. 

The accident type distribution can help to clarify the reasons for the accident development 

(see Figure 6). The most remarkable alterations were made out for the accident types 2, 3, 

5 and 6. There seems to be a connection between type 2 and 3 for the major roads and the 

intersections with link and a connection between type 5 and 6 for the 30 kph-zone itself. 

After implementation of the zone the proportion for type 5 in contrary to the proportion of 
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type 6 decreases. Restricting the cross-section reduces the speed but this measure evokes 

conflicts with parking vehicles. A general shift of accident type 2 to the type 3 was evident. 

Implementation of the zone might causes an increase of the turning off manoeuvre in favour 

to the turning in manoeuvre. 

Figure 5 

Alteration of Number of Accidents between Before and After-Period 
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Figure 6 

Alteration of Accident Types between Before and After-Period 
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The accidents were analysed by the accident severity on one hand for fatalities and 

casualties (AFC) and on the other hand for accidents only with damage (AD) to get further 

information about the effects of the applied measures (see Figure 7). A distinct decrease in 

the major roads of 34% (AFC) and 13% (AD) and in the 30 kph-zone of 15% for the 

accidents only with damage were evaluated. These results had been expected. But an 

eccentric result was observed for the group AFC in the 30 kph-zone, an increase of the AFC-

number of 35% appeared for the real target group. 

Figure 7 

Number of Accidents for the Categories AD and AFC
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A view on the accident costs shows more clearly the development (see Figure 8). It has to 

be realised that the gain of costs for the group AFC in the major roads is totally 

compensated by the loss of costs in the 30 kph-zone. The gain for the AFC is about 0.55 

million DEM and the loss is nearly the same with 0.56 Million DEM. Nevertheless an clear 

improvement of the overall accident costs by a considerable reduction of the accidents with 

damage in the major roads was noticed, in total the reduction is about 13 %. 

The view on the accident cost density is necessary to compare this results with those of 

former researches (see Figure 9). The density for the major roads as well as for the zone is 

on a plausible level. The figure shows clearly the even more positive effect of accident 

improvement on the major roads when considering the higher density level in the zone. An 

improvement on the major roads is very effective because of its high density level. 
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Figure 8 

Accident Costs
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Figure 9 

Accident Cost Density
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In traffic safety analysis an isolated evaluation of 30 kph-zone is clearly not sufficient, so the 

traffic safety development in the whole was taken into account. Figure 10 shows the relative 

alteration concerning the before- and after-period of the accidents costs. It is differentiated 
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between the total alteration in the City of Darmstadt, the surrounding major roads and the 

30 kph-zone. This comparison can be made because the proportion of the evaluated 

accidents of the research is a range of 4 to 6% of accidents in Darmstadt. The influence can 

be neglected considering the complete development in Darmstadt. The general development 

for the accidents with fatalities and casualties is much better in the whole city of Darmstadt 

than in the research zone and their surrounding major roads. On this basis the traffic safety 

have to be appraised as poor. If the zone alteration of the AFC is referred to Darmstadt 

development, the increase is about 60 %. In contrast to this the improvement of AD is much 

better in the researched area than for the total Darmstadt. 

Figure 10 

Accidents Costs in Comparison with the General Development
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The observed speeds may give an explanation for the strange development in the 

researched areas. The evaluation of several observation points for the V85-speed indicates 

no change of the speeds for zone as well as for the surrounding major roads, the decreases 

can be neglected. The same speed-level in the after-period could be an explanation for the 

poor traffic safety development in the 30 kph-zone. The 30 kph-zone may give an impression 

of a good safety for all road users but the speed level does not fit to it. 
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Figure 11 
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5 Conclusions 

The conclusions have to be refer to the starting question and the working hypotheses. First 

of all the three working hypotheses are falsified totally. The speed level is in the before and 

after period nearly the same. The accident density and the severity on the surrounding major 

roads changed more positively than in the 30 kph-zone and especially for the category 

accident with fatalities and casualties. The positive development in the surrounding major 

roads was totally compensated by the negative effects in the 30 kph-zone. The following 

conclusions can be drawn: Intersections with link have to be designed carefully, especially 

the exit of the 30 kph-zone. Decreasing of the speed-level in the 30 kph-zone and 

enforcement of low speeds are of a high priority, though structural changes give an 

impression that all necessary measures have been carried out. The implementation of 

30 kph-zone can give an dangerous feeling that everything for traffic safety was realised. 

Traffic safety of the surrounding major roads and their improvement have to be regarded 

despite the focus on the 30 kph-zone. 

The future for a still increasing traffic safety can be described e.g. as following. In one of the 

researched areas a roundabout was built in the 30 kph-zone to minimise the conflict points 

and to improve the traffic flow. The roundabout has reduced effectively the speed in the 

approaches of the intersection. One of surrounding major roads was reconstructed in  
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connection with a speed limit of 30 kph to get a better traffic flow of all road users. Separated 

bicycle paths and crossing islands were built. This measure is very effective, has a good 

acceptance and fits very well to the environment. 
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“TRAFFIC OF LIFE” – THE HUMAN FACTOR IN TRAFFIC SAFETY PROGRAMMES 
 

 P.R. VENTER 
 

Transportek, CSIR, P.O. Box 395, Pretoria, 0001, South Africa 

 

INTRODUCTION 
 

Traffic safety authorities are well aware of the complexity of the persuasion task, 

which they face. Getting people to do what the authorities want them to do, i.e. adopt 

and maintain road behaviour that will contribute to their safety, is no easy task. 

 

Unlike marketing campaigns for consumer products such as soap, which take people 

as they are and offer them what they desire, marketing campaigns for traffic safety 

are aimed at changing people. Marketers of consumer products rarely have to create 

non-existent needs. They study ongoing action and design a proposition which 

chosen targets will find attractive. The persuasive message is: “Carry on, but choose 

our proposition.” 

 

Traffic safety authorities usually have a different persuasion task. Instead of giving 

people what they want, the persuasive message is more likely to be: “Do not 

continue what you are doing because you like it, but please change because it is 

good for you and others – even if you don’t like it”. 

 

The road users are furthermore liable to be punished if they do not change their road 

traffic habits, while the consumers of other marketed products are rewarded for their 

choice. 

 

Traffic safety campaigns can only succeed if the developers keep in mind that 

marketing products and services are different to persuading people not to do 

something they like doing, e.g. speeding.  To ignore this difference will result in an 

ineffective campaign. 
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THE TRAFFIC SAFETY CAMPAIGN AS A FORM OF INFORMAL EDUCATION 
 

The influencing of traffic behaviour is an important prerequisite for the promotion of 

traffic safety. Measures taken to change road users’ behaviour in traffic can either be 

direct or indirect. Indirectly the road user’s behaviour can be influenced by the 

technological improvement of vehicles or the road environment.  Examples are 

seatbelts, air bags and sophisticated braking systems of vehicles and rumble strips 

and speed limits on roads. 

 

Measures aimed directly at the road user include formal and non-formal education 

and training programmes, informal education programmes (such as campaigns) as 

well as law enforcement. 

 

The traffic safety campaign must be seen as an educational medium through which 

traffic behaviour can be influenced positively as long as the enhancement of the road 

user’s knowledge, skill and cognition is included in the primary objectives. 

 

ATTITUDE AND BEHAVIOURAL CHANGE 
 

The term attitude refers to certain regularities of an individual’s feelings, thoughts, 

and predispositions to act toward some aspect of his environment.  Feelings are 

often referred to as the affective component, thoughts as the cognitive component, 

and predispositions to act as the behavioural component. 

 

There is a distinction of some importance between attitude and value systems.  

Attitudes are thought of as pertaining to a single object, even though that object may 

be an abstract one.  Value systems, on the other hand, are orientations toward whole 

classes of objects.  Individual attitudes are frequently organized into a value system.  

In a broader sense, an individual’s entire personality structure and hence his 

behaviour may be thought of as organized around a central value system comprised 

of many related attitudes. 
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An individual’s value system will have a specific characteristic if his/her attitudes are 

consistent with each other, and if he/she behaves in accordance with his/her 

attitudes.  It is accepted, though that a person does not necessarily behave in 

accordance with his/her verbally expressed attitudes.  This inconsistency inevitably 

leads to dissonance.  One of the commonest forms of choice made in everyday 

situations is commitment to one or two or more alternative actions, where 

commitment to one path requires giving alternative actions.  Another form of 

commitment that creates dissonance requires a person to behave in a manner 

opposite to his attitudes.  This type of situation is termed a forced-compliance 

situation, or the behaviour is referred to as attitude-discrepant behaviour.  A person 

may be forced to comply in a manner that is in contrast with his/her attitude through 

reward threat or punishment. 

 

The mass media campaign is an example of a method applied to influence a person 

to behave in a specific manner that is in accordance with his/her attitude or to 

change the attidude to comply with the required behaviour. 
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BEHAVIOURAL CHANGE THROUGH CAMPAIGNS 
 

Behavioural change through persuasive communication takes place through a 12-

step process (dependent variables). For an educational campaign to be effective, the 

people whom it is aimed at must go through the following steps: 

 

ο exposure to the message;  

ο pay attention to the message; 

ο be interested in the message; 

ο understand the contents of the message; 

ο have the necessary skill to perform the required behaviour; 

ο change attitude in accordance with the message; 

ο memorise the message; 

ο recall information from memory; 

ο decide to behave according to the recalled information; 

ο behave according to decision; 

ο confirmation of appropriate behaviour; 

ο consolidation of behaviour. 

 

A further five variables, which may have an influence on the process of behavioural 

change by increasing the persuasiveness of the message, are of importance: 

 

ο the source of the message; 

ο the message itself; 

ο the medium used to convey the message; 

ο the receiver of the message; 

ο the objective of the message. 

 

A major pre-requisite for behavioural change through educational campaigns is that 

the target person pays attention to the message. 
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In principle mass media must have the greatest effect, but people tend to be 

selective and it must not be taken for granted that they are interested in the message 

or that they will pay attention to it. 

 

The message must furthermore be clear and understandable. The receiver must be 

in no doubt about the essence of the message carried by the campaign. 

 

All of the aforementioned concentrate on the message, which emphasizes the fact 

that in considering persuasion through communication, one’s attention is often 

focused on the communication itself.  It is natural to think of the communication as 

the primary force for change.  If the communication is effective, one thinks, the 

desired influence or persuasion will take place. 

 

One problem that needs closer investigation though, concerns the relative merits of 

“emotional” versus “rational” appeals.  Unfortunately the identification of a 

communication as having a rational or an emotional appeal is not always clear-cut.  

A rational appeal may arouse certain emotions; an emotional appeal may make a 

person think. 

 

One type of emotional appeal is the “fear appeal”.  In essence, all fear appeals 

“threaten” the individual with unfortunate consequences unless he/she follows the 

advice of the communicator.  Thus, the terms threat appeal or fear appeal are 

commonly used to refer to them. 

 

Research has shown that messages with a strong fear appeal produced a great 

amount of worry and little or no change, while messages with minimum fear appeal 

brought about major increase in conformity to accepted practices and no anxiety.  

There is also a suggestion that the strong fear appeal arouses strong emotion, but 

the individual reduces his/her anxiety by a denial mechanism.  An alternative 

interpretation, however, is that the high-pressure tactics of the fear appeal are 

offensive and arouse resistance. 
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A MODEL FOR BEHAVIOURAL CHANGE  
 

Kok (1985 as quoted by Rooijens, 1985: 61) designed a model that focuses on the 

individual process of behavioural change.  His model contains the following important 

steps: 

 

ATTENTION  SELECTIVITY 

INSIGHT  COMPREHENSION 

CHANGE OF ATTITUDE  

 

ADVANTAGES AND 

DISADVANTAGES 

CHANGE OF 

ATTENTION

 SOCIAL NORMS 

BEHAVIOURAL CHANGE  IM/POSSIBILITY 

CONSOLIDATION OF 

BEHAVIOUR

 FEEDBACK, HABITS 

 

According to Rooijers (1985: 62) an important link in the process of behavioural 

change is the comparison of advantages and disadvantages of the recommended 

new behaviour. The biggest problem traffic safety educators are confronted with is 

the fact that to most road users negative consequences of unsafe traffic behaviour 

seem to be a very unlikely probability, whilst positive consequences are often 

experienced directly. 

 

THE EFFECTIVENESS OF MASS COMMUNICATION 
  

There seems little doubt that the mass media, through providing repeated exposure 

to a commercial product, can acquaint large numbers of people with it.  Whether or 

not such exposure to a product leads to acceptance of it depends upon the person’s 

attitude towards the use of the product, the degree to which his/her habits are 

already established, and the number of competing communications. 
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Where communications run counter to important attitudes, however, quite a different 

result may be expected.  Mass communications that attempt to bring about marked 

changes in attitude are unlikely to succeed.  But communications that capitalize on 

attitudes and motives already existing in the population, and that produce facts 

leading to an easily available course of action serving these attitudes and motives, 

may be quite effective. 

 

One may conclude that intensive exposure is usually effective in acquainting a 

person with some topic or product, but whether or not he/she takes any action on it 

depends upon several factors: 

• the strength of his/her attitudes pertaining to the issue 

• whether his/her attitudes are conducive to or opposed to the action, and 

• whether action is clearly outlined in the communication. 

 

FACTORS CONTRIBUTING TOWARDS A SUCCESSFUL EDUCATION 
CAMPAIGN 
 

According to Rooijers (1986: 65) the following factors should receive attention in the 

designing and implementation of an education campaign: 

 

ο A reward system can contribute to the effectiveness of an education campaign. A 

punishment system’s contribution will be less effective than that of a reward 

strategy. A reward aimed at future behaviour has a greater effect than an 

unexpected reward for past behaviour. 

 

ο A national campaign will be the most effective when it is divided into smaller 

campaigns, which are aimed more directly at the local population. 

 

ο In an education campaign a combination of mass media must be implemented. 

 

ο Each education campaign must be preceded by an investigation to determine the 

cognizance, convictions and values of the target group. 
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ο A variety of “messengers” must be used to convey the uniform educational 

message. Especially, during campaigns running over a long period a variety of 

messengers will prevent the target group from becoming too used to and bored 

with the message. 

 

ο An education campaign is most effective when it conveys the message that the 

majority of the target group has already conformed. 

 

CONCEPT OF THE LIFE CYCLE 
 

Every individual has a lifeline, beginning with conception and ending with death.  On 

this lifeline, certain ages are noted for special age-related events in our society.  

Obviously, the end points are set by biological and physiological variables: and 

biological growth plays an initially central but decreasingly important role as we scan 

the lifeline from conception to birth, from birth through puberty, and from puberty 

through middle age, and so on.  But what variables determine the significance of 

events on the lifeline that are biological?  What do these milestones represent? 

 

One useful analogy is to think of the lifeline as a representation of a journey with a 

number of interesting places and crucial junctions along the way.  Some years ago 

when travel was slower, roads were commonly marked with milestones or mileposts 

to mark off each mile traveled.  These milestones were important because the 

traveler was progressing toward a goal through time, and progress was measured by 

the number of miles traveled in a unit of time.  Humans tend to mark off their 

progress through their life cycle in a very similar way.  The notion of milestones in 

human development is an appropriate concept, because when we think of the life 

cycle we mark it off with developmental milestones and, in fact, often celebrate these 

milestones (such as graduation, marriage, or retirement). 
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THE “TRAFFIC OF LIFE” TRAFFIC SAFETY PROGRAMME 
 

The CSIR Transportek and NALEDI adopted the life cycle concept to form the basis 

of the “Traffic of Life” traffic safety education programme.  Ass a mass media project 

the campaign is designed on the requirements for effective mass media 

communication identified by Rooijers. 

 

The main objective of the project is to design and facilitate a comprehensive, 

integrated safety programme aimed at different stages of development in one’s life – 

imbued with customized messages for each target group.  The focus of the 

programme is on the projection of an image of “a journey through life”. 

 

In the Traffic of Life programme traffic safety problems are approached from a 

positive influencing point of view by reinforcing the positive nature of the journey 

through life.  The idea is therefore to celebrate the value of life. 

 

The aims of the alternative integrated and comprehensive package is to: 

 

• Foster greater regard for life 

• Engender a culture of responsible road usage within South Africa 

• Increase community and public awareness on issues such as using seatbelts, 

visibility, pedestrian safety, alcohol and drug abuse, and the dangers and 

consequences of speed 

• Make use of our rich cultural heritage for purposes of promoting traffic safety. 

 

The Traffic of Life project is based on the concept of a South African family and their 

journey through life.  Throughout their lives the different family members reach 

specific “milestones” which are celebrated in ways typical of their beliefs and culture.  

The importance of the value of one’s own and others’ lives and the importance of 

safe behaviour in traffic is emphasized throughout. 

 

 



 

 

10

THE TRAFFIC OF LIFE LIFECYCLE 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

During each of the stages of the life cycle a variety of safety aspects can be 
emphasized, e.g.: 
 
• pedestrian safety, 
• speeding 
• alcohol and drug abuse 
• visibility 
• road worthiness 
• cyclist safety 
• child restraints 
• seatbelts, etc. 
 
The value of life and the joy of celebrating the various milestones can be central 
to each of the themes. 

 
 CONCLUSION 

 

 It has been stated previously that mass media communications are more likely to 

have an effect on an individual when the message conveyed capitalize on 

 
    TRAFFIC 
         OF 
       LIFE 

PREGNANCY 

BABY 

TODDLER 

YOUNG CHILD 

TEENAGER 

YOUNG 
ADULT 

ADULT 

AGED 



 

 

11

attitudes and motives already existing in the population and produce facts leading 

to an easily available course of action serving these attitudes and motives.  

Cognitive consistency paves the way for accepting demands on changes in 

attitudes because there is no tension between two or more inconsistent thoughts. 

In general the road users in the country are people who value their own and other 

people’s lives.  People want to grow old and celebrate the various life stages and 

achievements.  Positive traffic safety messages focusing on the value of life 

should therefore keep the communicators’ viewpoints and the road users’ 

understanding of the value of life in agreement with each other. 

 

 The “Traffic of Life” project wants to capitalize on this attitude which already exists 

by bringing messages which will enhance an attitude in such a way that road 

users, parents, teachers, politicians, etc. will become part of a group of people 

who can serve as an agent of change. 

 

 This project with its positive messages can make a contribution towards changing 

attitudes if it can succeed in making road users feel that by committing 

themselves to a change and by making a decision to change they will bring about 

effective attitude shifts.  
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Road Safety Programme in Tanzania 
 
Co-operation between Ministry of Works (MoW), Tanzania and the Norwegian Public 
Roads Administration (NPRA), Norway  
 
Author:  Chief Engineer B. K. Steinset, Norwegian Public Roads Administration. 
Co-authors:  Senior Engineer C.W. Chiduo, Road Safety Unit, MOW, Tanzania  
 
1.1.1.1 Background 
 
The Norwegian agency for development co-operation, NORAD, has been engaged in road 
projects in Tanzania for more than thirty years. Previously the aid largely has been in the form 
of Norwegian Experts working on specific projects usually for a period of two to four years. 
In the beginning of the 1990’s there was a change in the official policy of NORAD. The new 
NORAD policy involves transferring of more responsibility for the projects to the developing 
countries. As a part of this policy NORAD involved NPRA in institutional co-operation with 
sister institutions in developing countries as Tanzania, Botswana and Zambia 
 
1.1.1.2 Some information about roads and traffic in Tanzania  
 
Tanzania covers an area of 945 000 km2 and is the largest country in East Africa with a 
population of about 33 mill. The roads are playing a crucial role in the economic activity and 
development of Tanzania. More than 70 percent of the freight movement in Tanzania is by 
roads. Roads transport over 75 % of all agricultural products. 75 % of the population live in 
rural areas where it is accessible only by roads. The total length of the road network is about 
88 000 km. Only one third of trunk roads and 5 percent of regional roads are paved. 
 
Average Daily Traffic (ADT) on the roads in Tanzania is relatively light. On paved roads it is 
generally from 200 to 500 vehicles per day except for some few roads near Dar es Salaam and 
Arusha that carry about 1,000-1,500 vehicles per day. On regional roads it is usually below 50 
vehicles per day. 
 
For Tanzania the estimates of the vehicle fleet are about 250 000 vehicles. Pickups and four-
wheel drive vehicles comprises about 30-50 %, commercial vehicles about 30-40 % and 
private cars less than 10 of the traffic volume. 
 
The magnitude and nature of the road safety problem in Tanzania is very alarming. In 1997, 1 
625 were killed in road traffic accidents in Tanzania. This gives a rate of killed per 10 000 
vehicle of 60 in Tanzania. This means that the risk of been killed per vehicle is 40 times 
higher in Tanzania than for instance in Norway. It is estimated that in 1997 Tanzania lost at 
least 20 billion Tanzanian shillings (US $ 25 million) through road accidents. 
 
1.1.1.3 The mode of co-operation 
 
A formal agreement on institutional co-operation within Road Safety and Axle Load Control 
was signed between Ministry of Works (MoW) and NPRA in 1993. The advisory support 
from NPRA has been concentrated on: 
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• Establishing of a Road Safety Unit (RSU) within MoW and strengthening of the unit 
• A National Road Safety Programme Document 
• Accident Recording and Analysing System (MAAP-five) 
• Traffic Engineering and Road Design 
• Vehicle Safety 
• Axle Load Control 
 
The programme has also included some financial support and minor NPRA-advisory within 
the fields of Drivers Training and Licensing, Road Safety Education for Primary and 
secondary Schools and Information. NORAD funds the co-operation. 
 
Four advisors from NPRA, one external consultant from Norway and one from Great Britain 
(TRL) have been involved in the co-operation. The co-operation has been based on 1-2 visits 
of 3-4 weeks per year from the NPRA-Advisors to Tanzania, support from Norway and visits 
from MoW to Norway. A total of about 5,5 man-years has been spent on the co-operation 
from NPRA in the period 1993-99 (7 years). This also include co-ordination, programme 
preparation, administration etc. at International Division within NPRA. About a third of the 
support has been used for the Axle Load Control component. NPRA has also made a video 
about the co-operation. 
 
For the whole 4-year period 1998-2001 the approved contribution from NORAD is 5 mill. 
NOK (0,625 mill US$). About 50 % covers the NPRA activities and 50 % is contribution to 
local activities and local consultants.  
 
Achievement 
 
Establishing and strengthening of a Road Safety Unit (RSU) within 

MoW 
 
The Road Safety Unit (RSU) was established in 1992 and is headed by a Chief Engineer 
reporting to the Permanent Secretary of MoW. 
 
The RSU is a small unit staffed by 6 engineers and 1 technician in addition to the Chief 
Engineer. The unit working with:  
• Traffic Engineering and Accident Recording and Analysing (one engineer) 
• Vehicle Safety (one engineer) 
• Drivers Training and Licensing, Road Safety Education and Information (one engineer) 
• Planning and Programming, Road Safety Education and Information (one engineer) 
• Axle Load Control (two engineers and one technician) 
 
NPRA has supported the unit with training and advise on how to organise and carry out the 
different issues within Road Safety and Axle Load Control, programming, budgeting and co-
ordination of the Road Safety work in Tanzania. Study trips have been carried out both to 
Norway and neighbouring countries in the SADC & EAC region. NPRA has also supported 
the unit on arranging, participation and preparing of papers for conferences etc. 
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1.1.2 National Road Safety Programme Document 
 
In 1995-96 a comprehensive proposal for a National Road Safety Programme Document was 
worked out. The programme addresses the most important issues pertaining to road safety.  
The overall objectives of the National Road Safety Programme are the following: 
• To establish a road safety organisation capable of managing a multi-sectorial integrated 

approach to the road safety problem. 
• To improve the quality of life in Tanzania by reducing the frequency of road accidents and 

minimising their consequences. 
• To prevent undue damage to road pavements through stringent vehicle and axle load 

control 
 
Among the proposals in the Programme are: 
• transfer of the secretariat of the National Road Safety Council from the Traffic Police to 

the MoW and a National Road Safety Agency to be established under MoW. 
• transfer of the responsibility for drivers training and testing from the Traffic Police to the 

MoW 
• MoW to be responsible for the mandatory vehicle inspection on regular basis 
 
Status of Implementation 
 
A Cabinet paper on the proposed National Road Safety Programme was submitted to the 
Cabinet Secretariat for consideration in March 1998. 
 
The Traffic Police and the Ministry of Home Affairs seem not to agree on these proposals, 
particularly the proposal for MoW to have the responsibility for the mandatory vehicle 
inspection on regular basis. The Cabinet Secretariat has therefore requested MoW to iron out 
the disagreement and obtain consensus. It seems to be difficult to obtain consensus on these 
issues. This situation is not unknown also in Norway. 
 
However, we consider the document to be a good basis for future work. The document has 
also formed the basis for the Road Safety activities in the institutional co-operation between 
NPRA and MoW in the Road Sector Programme for FY 1997/98 - 2000/01. NORAD 
approved this programme in February 1998. 
 
Accident Recording and Analysing System (MAAP-five) 
 
To provide reliable data for accident analysis, an efficient accident recording and analysis 
system is required. 
 
Status of implementation 
 
In 1994 a new accident recording form was agreed upon. The form had to be tailor-made for 
Tanzania conditions and suitable for developed Micocomputer Accident Analysis Package 
version 5 (MAAP-five) develoed by the Overseas Unit at the Transport Ressearch Laboratory 
(TRL) in England. Short courses on how to use the forms were held for Traffic Police staff. 
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Computers for accident recording and analysis have been supplied to RSU, Traffic Police HQ 
and the 8 regions of Dar Es Salaam, Coast, Morogoro, Mbeya, Tanga, Iringa, Arusha and 
Dodoma. Training has been conducted both in basic computer knowledge and Microcomputer 
Accident recording and Analysis Package (MAAP-five). A total of about 100 officials mainly 
from the Traffic Police and MoW have been trained. 
 
All road accidents in Dar es Salaam after 1 January 1995 have been registered on new forms 
and entered in the MAAP-five system. Accident recording into computers is also progressing 
well in Mbeya, Tanga, Coast and Morogoro regions.  
 
For Arusha, Iringa and Dodoma the recording of data has just started by filling the accident 
recording forms. The computers have been procured and installed and some training has been 
conducted. 
 
Traffic Engineering and Road Design 
 
Activities under this sub-component is analysing blackspots; planning and implementation of 
countermeasures; develop Traffic Management and Engineering Manual; participate in 
developing a Road Design Manual including road safety measures; develop and implement a 
system for Road Safety Audit; and develop guidelines for traffic management / road safety 
teams in city, municipal and town councils. 
 
Traffic planning, engineering and management especially in urban centres should be done 
with emphasis on road safety consideration. Training in this aspect is recommended for MoW 
and City/Municipal engineers. Traffic Management Sections should be created in Municipal 
Engineering Departments and be equipped to address safety issues. 
 
Status of Implementations 
 
Accident Analysis have been carried out and countermeasures proposed for the worst black-
spot in Dar es Salaam and some of the other cities/towns. Accident Analysis and Road Safety 
Audit have also been carried out for some short sections of the road-network and 
countermeasures proposed and implemented i.e. speed devices on the TanZam Highway 
through Mikumi National Park. 
 
However, this component is still at an initial phase and has to more focused in the future. 
Proposals on a road safety audit system for Tanzania have been prepared and auditing carried 
out for some selected roads and projects.  
 
For FY 1999/2000 it is planned to engage a local consultant to prepare a more comprehensive 
Road Safety Audit System for Tanzania. A term of Reference for this consultancy has been 
worked out. This work has reached the tendering stage where the firms concerned have been 
asked to submit their bids. 
 
Vehicle Licensing and Inspection 
 
Faulty vehicles are the second largest contributing factor to the accident occurrence in 
Tanzania. 
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Today, Tanzania has no valid technical standards for vehicles. The vehicle inspection is  only 
carried out for commercial vehicles when they are licensed. This vehicle inspection is carried 
out on the basis of the manufacture’s specifications manual.  
 
All vehicles driving on the roads should be tested for roadworthiness. It is proposed that two 
types of inspection shall be carried out: 
• Mandatory vehicle inspection by MoW on a regular basis 
• Road side vehicle inspection by the Traffic Police 
 
Status of Implementation 
 
A Vehicle Safety Programme was prepared by RSU in 1998. Drafts on Vehicle Inspection 
Regulations and Vehicle Inspection Standards/Manual have been worked out. 
 
Training on Vehicle Inspection tutors in Zimbabwe has been given for Traffic Police and the 
National Institute of Transport (NIT). Short courses in Vehicle Inspection have been arranged 
at NIT for the Traffic Police Vehicle Inspectors. 
 
NPRA have give some training to in training the Vehicle Inspectors at the Traffic Police on 
roadside control. A roadside control of 43 heavy-duty vehicles, 20 light duty vehicles and 22 
busses in April this year showed: 
• 65 % of the vehicles had fault brakes 
• 50 % had lighting faults 
• 50 % had poor tyres 
• 60 % had faults in their suspensions 
• 50 % had faults on the steering system (60 % of the busses) 
• 60 % of the vehicles did not carry a warning triangle 
• 30 % of the drives did not carry a drivers licence 
 
From October 1999 a report for development of a Motor Vehicle Inspection system have been 
prepared by Bureau For Industrial Co-operation at the University of Dar es Salaam. This 
report include: 

I. Motor Vehicle Inspection Act 
• Motor Vehicle Regulations 
• Vehicle Test station 
• Vehicle Inspector’s Handbook 

 
National Institute of Transport (NIT) has also prepared a draft Vehicle Inspectors Training 
Manual. 
 
The vehicle inspection is proposed to be carried out by specialised depots or stations 
classified into two categories/grades (one for testing all classes of vehicles and one for light 
vehicles only). These stations may be owned by private companies or by public institutions. 
In both cases, the stations shall be licensed and gazetted. The appointment of stations is 
proposed to be based on tender system. The stations shall be annually evaluated. Qualified 
vehicle inspectors who will have to be assessed and licensed shall carry out the vehicle 
inspection. 
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All vehicles are proposed to have a valid certificate of fitness before being allowed to ply on 
any roads in Tanzania.  
 
NPRA has also assisted RSU in preparing Terms of Reference for establishment of a 
Computerised Central Motor Vehicle Database in Tanzania. This project is funded by SIDA. 
 
Axle Load Control 
 
The percentage of overloaded trucks on trunk roads is expected to be less than 10 % after 
implementation of the Axle Load Control Programme. 
 
Status of Implementations 
 
All weighbridges have been visited and training on how to carry out the controls has been 
conducted.  
 
Standard specifications both for mobile and fixed weighbridges have been worked out.  
 
Nine mobile weighbridges have been procured and distributed to the RE’s (Shinyanga, 
Arusha, Kilimanjaro, Tanga, Mara, Morogoro, Iringa, Mbeya and Dar es Salaam).  
 
A comprehensive draft Manual for Weighbridge Operators has been worked out. The 
intention of the manual is to provide the weighbridge staff (weighbridge-operators and the 
police) with an explanation in simple terms of the rules and regulations regarding the use of 
haulage vehicles on public roads in Tanzania. Furthermore it intended to assist in the 
understanding of the weighbridge organisation in Tanzania and the technical features showing 
supervision and maintenance procedures for the various types of weighbridges. The manual 
will also be useful for hauliers and automobile dealers in Tanzania. 
 
A draft Amendment to the Road Traffic Act and Regulations regarding vehicle axle load 
control was finalised and submitted to the Minister for Home Affairs in October 1999. The 
Amendments have been approved and will soon be gazetted. The Manual for Weighbridge 
Operators will then be finalised.  
 
An axle load control programme has been worked out including the following components: 
• Review legislation and give statutory power to the staff 
• Give professional training to the staff, 
• Fighting corruption practices, 
• Establishment of a national database on overload control, 
• Improvement of the weighbridge utility (capital investment) 
• Review of weighbridge locations for increased utilisation and efficiency 
• Transfer of responsibility after establishment of a National Roads Agency 
• Study of a parastatal or private sector operation. 
  
In 1998/99 the Central Materials Laboratory assisted by RSU carried out a comprehensive 
axle load survey. In general 20-30 % of the axles of the buses and goods vehicles are loaded 
above the legal limit of 10 tons and about 3 % above 14 tons.    
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Driver Training and Licensing 
 
A new driver training system at registered driving schools which will require classroom 
instruction and the passing of a written standard examination before issuance of a learner 
licence is proposed. 
 
Status of Implementation 
 
The National Institute of Transport (NIT) has produced for RSU: 
• a draft Learner Driver Manual 
• a draft Tanzanian Highway Code. The draft is based on the SATCC-standards. 
 
Some small preparations have also been carried out for a Tanzanian Drivers Instructor 
Manual, development of standards for driving schools and standards for driver 
testing/examination and licensing. 
 
1.1.3 Enforcement 
 
The Traffic Police is dealing with all enforcement issues. Financial support from the road 
safety programme for development of a Traffic Police Handbook (field book) has been 
indicated.  
 
1.1.4 Education 
 
It was planned to prepare a curriculum and to establish education in road safety in Primary 
Schools, Secondary Schools and Teacher Training Colleges. 
 
Status of Implementation 
 
In 1999 the Tanzanian Institute of Education has produced (both in Swahili and English) road 
safety education syllabus for primary and secondary schools, for diploma in education course 
(teacher training course) and modules for primary and secondary schools. 
 
These documents have formed the basis for a pilot project on road safety education in primary 
and secondary schools in the Easter zone comprising of Dar es Salaam, Coast and Morogoro 
regions. The project started in January 2000 and evaluation of progress will be done in August 
2000. 
 
1.1.5 Information 
 
The National Road Safety Week 
 
The National Road Safety Week organised by the National Road Safety Council (NRSC), has 
been arrange for many years, normally in September. Places for the arrangement has shifted 
around the country. During the week, competition is held within singing, rhymes and 
drawing/painting are arranged involving primary school children.  
 
In 1998 NRSC also organised the First National Road Safety Seminar whereby different  
papers on road safety were presented. 
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Weekly radio programme 
 
A weekly radio programme of 15 minutes on road safety has been aired for some years. The 
RSU is planning the programme together with Radio Tanzania staff. Some of the contents of 
the programme are also published in newspaper articles. It is planned to start TV programmes 
from September 2000. 
 
1.1.6 Some other constrains during the co-operation 
 
From 1994 to 1998 no funds from NORAD for local activities where released due to lack of 
audit reports from MoW. Since many of the activities within the Road Safety and Axle Load 
Programme were based on local activities this has caused serious delays in the 
implementation of the planned activities. Also funds from IDA for equipment and civil works 
had been suspended. Work-plan and budgets had to be revised several times. For a period, all 
activities from NPRA were stopped. 
 
During the period of co-operation the heads of the RSU (chief engineers) have been replaced 
four times (in 1993, 1996, 1997 and 1999/2000). Also among the RSU engineers there have 
been many changes. This has caused delay in the programme implementation. 
 
1.1.6.1 Programme Review 
 
The Norwegian Institute of Transport Economics (TØI) reviewed the whole programme in 
January/February 2000. They recommend the support to continue. They advice the Road 
Safety and Axle Load Control to be regarded as two separate field of activity. Axle Load 
Control is a road maintenance activity. Most of the efforts within Road Safety have been 
preparatory work. A clearer priority between activities are recommended. They recommend 
first priority within Road Safety  should be given to: 
a) Implementation of Road Accident Countermeasures 
b) Programmes and Legislative Amendments 
 
Their main recommendations for the road safety activity are:  
Effective road safety measures such as traffic engineering and enforcement combined with 
information campaigns should be implemented as pilot projects. The result of these projects 
should be communicated effectively to the public at large and to decision-makers. 
 
1.1.7 Accidents in Tanzania 
 
In 1999, 1612 persons were killed in Traffic accidents on the Tanzania mainland. The 
frequency of road accidents increased rapidly up to 1997 – but seems to have been quite 
stable for the last two years. The increase of accidents was particularly rapid after 1990. Up to 
1990 the number of accidents has roughly increased in proportion to the increase of vehicles 
on the road, but seems since to grow more strongly than the number of vehicles, i.e. the risk 
factor has increased. The risk of being killed in a traffic accident in Tanzania compared to the 
number of vehicles on the road is 30 - 40 times higher than USA and many countries of 
Europe. 
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Road accidents constitute a serious health problem in Tanzania. About 5 percent of deaths 
occurring in hospitals are reportedly caused by road accidents. Although it is difficult or 
unacceptable to give a monetary value to human life, an estimation of the loss due to road 
accidents has been quantified. The cost of a traffic accident can be treated as a sum of all 
resource costs (i.e., vehicle and property damage, medical, administration and legal costs) and 
the discounted value of deceased and disabled victims' future output. 
 
The estimated costs of all road traffic accidents in Tanzania amounted to at least 11 billion 
shillings for the year 1994 or 1.25% of the GDP.  The actual costs are thus likely to be in the 
range 15 - 20 000 million TAS (25-30 million US $). In this calculation no value was added to 
reflect "grief, pain and suffering" of the victim and those who care for him or her. 
 
Passengers and pedestrians together constitute 81 percent of traffic accident casualties for the 
whole period 1992-99. Forty-one percent of those killed were passengers, most of them in 
buses but also a lot on pick-ups and lorries carrying passengers. There are indications that the 
privately owned Dala-Dalas (mini-buses) are over-represented in road accidents. Thirty-seven 
percent of the killed were pedestrians, 13 percent were cyclist and 6 percent drivers. 
 
The dominating age group in accidents in Tanzania is 25 to 40 years. Three out of four of 
those killed are male.    
 
In the period 1990-94, private cars were involved in 45 percent of the accidents, heavy-duty 
vehicles in 17 percent, buses in 12 percent and pickups in 10 percent. According to police 
reports in the period 1992-99, reckless or dangerous driving was a contributory cause in more 
then 50 percent of accidents and vehicle defects in 15-20 percent. 
 
About 35 % of all accidents and 15-20 % of all killed accidents occur in Dar es Salaam 
region. Sixty-five percent of the fatalities in Dar es Salaam were pedestrians and 22 percent 
passengers. 
 
Enclosed find some accident figures for Tanzania. 



 

Paper for the conference ”Traffic Safety on three Continents”. Pretoria – South Africa. September 2000 
Author: B.K. Steinset, Norwegian Public Roads Administration  

 

10

 

Injured and killed in Road Traffic Accidents 
Tanzania 1980-1999
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Injured by Traffic Groups in Tanzania. 1992-99 
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Accident causes considerd by the Traffic Police
Tanzania 1993-98
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Vehicle type involved in accidents. 
Dar es Salaam 1998
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Accidents by Collision type. Dar es Salaam 1998
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All Casualty by Age
Dar es Salaam 1998
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Fatal by Age
Dar es Salaam 1998
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Accidents by month. Dar es Salaam 1998
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All Casualities by Day 
Dar es Salaam 1998
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All Casualties Monday-Friday by Time 
Dar es Salaam 1998
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ROAD SAFETY ON THREE CONTINENTS 
20 – 22 SEPTEMBER 2000, PRETORIA, ZOUTH AFRICA. 
 
"An approach to create support for speed reduction",  
Drs. Jeroen Kempen, Project Manager of  
the Dutch Traffic Safety Association – 3VO. 
 
 
Introduction 
One of the most important causes of traffic danger is speeding. It is for this 
reason that speed reduction continues to receive a lot of attention in traffic 
safety policy. Speed limits are imposed, regular speed limit checks are carried 
out by the police, there are billboards along the roadways and TV commercials 
are made, all in an attempt to convince road users to moderate their speed. 
Despite these measures it appears that driving too fast in the traffic is a 
phenomenon, which is very difficult to influence. We believe that the problem 
cannot be tackled by solving the symptoms. We need a preventive approach. 
That is why we introduced in The Netherlands the concept of sustainable 
safety. A concept, which is comparable with the Swedish “Vision Zero” approach. 
 
Start-up programme on sustainable safety 
In December 1997 central, provincial and local governments and water boards 
signed an agreement. It was agreed to collectively draw up an action plan for the 
longer term and to start in the coming 4 years with what is achievable in the 
short term (1998-2001). 
One of the agreements of the covenant is to realise an important expansion of 
30 km per hour zones. It has been agreed in the covenant to realise a major 
expansion of 30 km per hour zones within a period of 4 years. 50% of the roads 
designated for this purpose (12,000 km) are to become 30 km zones by 2001. 
 
The importance of expansion of 30 km zones 
A rigorous expansion of 30 km per hour zones greatly benefits the traffic 
safety and mobility of vulnerable road users. The safety for pedestrians, 
cyclists, children and the elderly needs to be the main priority in the majority 
of streets in built-up and this calls for low speed limits. The functions of playing 
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and walking in residential areas cannot be combined with speeds higher than 30 
km per hour. If you do, you take the risk that accidents will happen. 
This is why many local municipalities have had to make submissions to the central 
government for subsidies. 
 
Subsidy arrangements for Sustainable Safety  
In order to stimulate the countermeasures outlined in the start-up programme, 
central government has established a subsidy arrangement. 
The total implementation costs for this were estimated at around 400 million 
Dutch guilders (= 182 million EURO). Central government provides half of the 
funding and the remaining partners contribute the other 200 million Dutch 
guilders (= 91 million EURO).   
To be eligible for subsidy, local road authorities have had to submit overall plans 
by December 1998 and to further elaborate these plans during the course of 
1999. To actually receive the subsidy, the 30 km zone projects must be realised 
before 2002.  
 
Societal support for speed reduction 
The process of making submissions by the local municipalities could be 
stimulated by allowing residents to actively participate by applying at their local 
councils for more 30 km zones in their neighbourhood. An important part of this 
is that councils develop the plans in dialogue with residents. This also helps raise 
the public’s acceptance of speed controlling measures. 
It is precisely these two aspects of public participation (mobilisation and 
activation, as well as the creation of a basis of support and acceptance) which 
have enabled The Dutch Traffic Safety Association – 3VO to develop concrete 
plans. 
These plans are two - fold. On the one hand we have the public campaign “30 
maakt je buurt weer prettig” ("30 km zones in front of your own home”) and on 
the other hand, a methodology for interactive policy forming. In the framework 
of this presentation I shall now elaborate on the public campaign. 
 
 
Public campaign "30 km zones in front of your own home” 
This campaign is associated with the start-up programme Sustainable Safety. It 
was a follow up to the anti-speeding campaign "Minder snel – dank u wel" (“Please 
slow down -Thank you”). 
The aim of the "30 km zone" campaign was three - fold. 
1. The expansion of the number of 30 km zones, supported by a communicative 
approach. 
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2. The stimulation of residents to take action themselves by asking local councils 
for 30 km zones. 
3. To create a supportive basis among residents and the public for the 
increasing amount of speed reducing measures that are being introduced for the 
improvement of safety and the quality of life in the neighbourhood. 
 
Phase 1 (May 1998) 
The campaign consisted of a TV-spot, a radio-spot, an internet site (www.3vo.nl), 
articles (advertisements) in house to house papers and posters. The posters are 
placed along the road-sides as well as in schools and community centres. In the 
commercials and house to house papers etc. residents have been called upon to 
make contact with their own local councils if they want to participate in the 
setting up of 30 km zones in their neighbourhood. 
All of the relevant local council authorities were informed in writing beforehand 
about our campaign. At the same time, we also provided them with suggestions 
about how best to react to the telephone enquiries of residents. Despite these 
measures, many local councils have felt overwhelmed by the thousands of 
telephone enquiries they have received from the public. 
The central government and in particular, the Ministry of Transport has been 
exceptionally happy with our campaign, particularly the bottom-up approach. 
 
Phase 2 (October 1998) 
In this phase, a help desk/information line was established so that people could 
call in for more information. 
This help desk can provide the caller with the following services: 
1. General information about the Sustainable Safety start-up programme. 
2. Information in the form of a brochure which can be sent to the caller 
containing instructions about how to achieve the realisation of a 30 km zone in 
their own neighbourhood. 
3. The caller can be connected to a telephonic consulting service from traffic 
and procedural support specialists. 
 
The number of callers on a yearly basis: approximately 13,000 
During 1999 approximately 1000 people made contact with the traffic 
specialists consulting service for further advice and support. A great number of 
people visited the internet site and requested the brochure. 
The TV-commercial "30 km zones in front of your own home” was broadcast 633 
times during 1999. In other words, 52 times per month and 12 times per week. 
The broadcasting was free of charge. This means that we generated  over 1.2 
million Dutch guilders (545,000 EURO) of free-publicity. 
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Phase 3 (December 1998) 
Within the framework of the start-up program, local councils were able to 
submit their subsidy applications for an expansion of the number of 30 km zones 
to central government until the end of December 1998. Because these 
applications came in rather slowly, a "marathon" was organised in the middle of 
December in order to symbolically and playfully stimulate local councils to get 
their applications in on time. The final result of this was that 99% of the local 
councils applied for subsidies to the Ministry of Transport. 
 
Phase 4 (May 1999) 
In 1999 the local councils elaborated their plans further. It became apparent 
that for the realisation of all of the plans, an amount of 400 million Dutch 
guilders was necessary (= 182 million EURO) while there was only 135 million 
Dutch guilders (= 61 million EURO) available within the framework of the subsidy 
arrangement. 
As a result, local councils could well receive less subsidy per project than they 
have accounted for. This in turn could lead to a delay in the realisation of the 30 
km zone expansions. We have tackled this problem by requesting the Ministry of 
Transport to make more funds available. When it appeared that the minister in 
question was not prepared to do this, we began a political lobby directed at 
parliament. This has led to some serious and animated discussions between the 
parliament and the minister but has not yet led to any extra funding. 
 
Phase 5 (May 2000) 
In this phase, the support framework for the residents needs to be elaborated 
further. Specific information per situation in the form of information leaflets 
can be supplied. 
An instruction book "Duurzaam Veilig bij 30 km/uur" (“Sustainable Safety at 30 
km/h”) has been made. With the use of this, residents are able to think along 
with local councils and exert their influence on planning. We are also busy 
renewing and improving the website and further elaborating the "30 is prettig – 
straatfeesten" (“30 km zones are good for street parties”) idea. 
Finally, in light of the financial problems I have just outlined for you, we would 
like to spread information about effective and cheaper measures. It is possible 
to bring safety into the streets by using inexpensive measures and we have 
made a beginning on this by drawing up an inventory of cheaper options. The 
first report has been completed and this information shall also be placed onto 
the website. The results of this phase are still hidden in the future. 
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Finally 
Sustainable road safety is a concept that we can allow ourselves to have high 
expectations for in The Netherlands. The expansion of 30 km-zones in 
particular, leads to more safety and freedom of movement for vulnerable 
members of the community. This is why we, the Dutch Traffic Safety 
Association – 3VO, have put a great deal of energy into it. 
The start-up programme demands a major effort, especially on the part of the 
local authorities for roads. This effort can lead to good results if the 
government and the public are able to put their shoulders to the wheel together. 
The Dutch Traffic Safety Association – 3VO can contribute expertise, 
knowledge and influence to this process. 
If you look to the different phases of the campaign, you can see there are 
different clients in each phase. We started with the “Please slow down – Thank 
you” campaign. At that time it were the car drivers who were our main clients. 
In the “30 km zone” campaign our customers in phases 1, 2 and 3 were the local 
citizens and central government and in phase 4 local authorities and parliament. 
In the current phase 5 our clients are again the local citizens and the different 
authorities.   
A co-operatively felt responsibility combined with a positive effort from all 
"stake-holders" is the best guarantee for more safety in the future.  
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Substainable Safety

•Start-up programme

•Subsidy arrangements

•Expansion of 30 km zones



Residents participation

•Mobilisation and activation

•Support and acceptance 

Public Campaign “30 km zones”

Aims:

1. Expansion of 30 km zones

2. Stimulation of residents

3. Creation of support



Public Campaign “30 km zones”

Phase 1  (May 1998)

Phase 2  (October 1998)

Phase 3  (December 1998)

Phase 4  (May 1999)

Phase 5  (May 2000) 

Public Campaign “30 km zones”

Phase 1  (May 1998)

•TV-spot, internetsite, posters, etc.

Message: Residents make contact with local 
authority.

Results: Many people had contact. 



Public Campaign “30 km zones”

Phase 2  ( October 1998)

•Helpdesk/ information line

•Brochure

•Consulting service

•Message: more information and services for residents .
Results: TV-spot: 650x in 1999                                                           

1000 people contacted consulting service in 1999

Public Campaign “30 km zones”

Phase 3  (December 1998)

•Marathon

Message: Playfully stimulate local councils to get 
their application in on time.

Result: 99% of the local councils applied for 
subsidy



Public Campaign “30 km zones”

Phase 4  ( May 1999)

•More plans than money available

•Delay in realisation of 30 km-zones

Message: Political lobby directed at parliament

Result: Serious discussion between parliament and

minister.

Phase 5 (May 2000)

•Instruction book

•Streetparties

•Renewing website

Message: In light of financial problem using

effective and inexpensive measures

Result: Future challenge

Public Campaign “30 km zones”
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Who are the cliënts?

•Roadusers

•Residents

•Ministery of Transport

•Local authorities

•Parliament 
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Abstract

Risk homeostasis theory (RHT) is a behavioural theory of risk taking in
road traÆc. So far, most of the published papers concerning RHT and long
time series are based on econometric methods which are not very well suited
for this purpose. We propose here to address the issue using instead of the
econometric concept of stationarity. We then test the RHT with German traf-
�c accident data and speci�cally analyze compulsory traÆc safety measures
(the penalty for not using seat belts) which are ine�ective according to RHT.
Our results, found by using several risk measures, show only weak evidence
for RHT. We �nd that, due to these safety regulations, accident risk was dis-
placed from more to less severe accidents, as the number of severe accidents
with fatalities and injuries decreased, as did the average severity of accidents
with (bodily) personal damages. Contrary to RHT, we can show that com-
pulsory safety measures combined with penalties had a strict positive e�ect
on the road traÆc accident risk.

Key words: Road accidents, fatalities, injuries, severity, risk homeostasis,
time series, stationarity

�This paper was supported by DFG (Deutsche Forschungsgemeinschaft), Faculty of Economics
and Business Management, Dresden University of Technology, and CRT (Centre de Recherche sur
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1 Introduction

Risk homeostasis theory (RHT) is a behavioral theory of risk taking in road traÆc.1

The theory is based on the assumption of a constant target risk accepted by road
users. Individual driving behavior is chosen so that perceived risk is equal to target
risk.

So far all of the published papers supporting or disproving the risk homeostasis
thesis refer to �eld or lab experiments.2 Following Wilde's risk homeostasis theory
is an instrument explaining almost all human behavior in road traÆc. Two basic
shortcomings concerning RHT can be derived from Wilde's papers and the ad-
ditional literature.3 First there is a theoretical problem. The theory is valid for
a single individual as well as for a group of individuals.4 Both meanings are not
compatible as McKenna (1985) points out.5 Second Wilde's analysis concerning
RHT and long time series are based on econometric methods which are not suited
very well for that topic. Particularly a more or less visual analysis of the graphs is
not a proper method to conclude long term stable equilibria. A consequent analysis
of long time series as performed in this paper was not carried through as yet. The
stationarity concept in econometrics is an applicable tool for such an analysis. That
concept explains long term equilibria as described in RHT.

The following analysis has to solve two problems. First, we analyze risk measures6

for stable trend or drift components. These components a�ect the validity of RHT
substantially. Contrary to trend or dift components RHT postulates a stable risk
level in the long-run. Second we have to test whether we have stationary risk
measures or not. Stationarity means that the risk measures follow an equilibrium
path. In the other case we may have stationarity with one ore more structural
breaks.

In so far the analysis extends the paper of Blum and Gaudry (1999). They analyze
determinants of traÆc accidents and accident severity. Their paper considers the
three level model SNUS7 based on a traÆc demand function in the �rst level.

1Wilde (1982, 1984, 1988, 1989, 1994).

2Robertson (1976), ONeill (1977), Conybeare (1980), Watson et al. (1980), Veling (1984),
Shannon (1986).

3McKenna (1985) and Shannon (1986).

4A group of individuals can be the society (constant target risk level of the society) as well as
e.g. the group of car drivers only.

5McKenna (1985) shows that RHT does not hold if groups of individuals are considered. Also
the results of Conybeare (1980) do not support RHT. The positive risk e�ects for the group of
car users over-compensate the negative e�ects for the group of non-users (bicylists, pedestrians).
Shannon (1986) analyses British data and �nd weak support only for RHT in the meaning of
Wilde. The rise in the number of killed people in traÆc accidents from 1949 until the middle of
the sixties and the following drop until 1983 to the 1949 level can not be explained by homeostatic
behavior. Adaptation over such a long period is not very realistic for individual behavior described
by RHT.

6Wilde (1994) considers the risk measure killed people in traÆc accidents per population only.
In addition we analyse the risk measures severe as well as light injured people per traÆc accident.

7SNUS { Stra�enverkehrsnachfrage, Unf�alle und deren Schwere; Road Demand, Accidents and
their Severity.
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Accident risk is analyzed in two levels: accident frequency and accident severity.8

Furthermore we test the validity of RHT with respect to the traÆc accident situation
in Germany. In particular we analyze the impact of compulsory safety measures
(penalty for not using seat belts). The analysis is based on Wilde's de�nitions
of risk measures with the population as a reference point. That means that we
cannot explain the impact of road demand on driving behavior. But in addition
we analyze risk measures describing the average accident severity. These measures
are independent from population and road demand. They can explain very well the
impact of the safety measure considered in the paper.

The analysis goes as follows. In the next section we give a short summary of RHT.
In section three we describe the used econometric methods. Section four speci�es
and analyzes the risk measures. The paper ends with an interpretation of the results
with respect to RHT.

2 Risk Homeostasis Theory

The individual target risk accepted by a road user is the reference point in RHT.9

Accepted target risk depends on its costs and bene�ts. Individual behavior max-
imizes the di�erence between costs and bene�ts.10 The contrary of target risk is
the individual perceived risk. It depends on the present (environmental) situation
perceived by the road user.11 Hence perceived risk is the result of the evaluation of
the present environmental situation.

Road users compare their target risk with the perceived risk (cf. �gure 1). The
comparison leads to a decision about the adaptation of their individual (driving)
behavior. This adaptation depends on the amount of discrepancies between target
and perceived risk. The behavior can be adapted in short terms or in long terms
depending on the reason of the discrepancies.12 Compulsory safety measures drop
the perceived risk. That leads to positive reactions in the risk measures considered.
Following RHT this positive reaction will be set o� by adaptation of individual
behavior. That means in the long run that the accident risk is the same as before
the safety measure. A rapid behavior adaptation after such a safety measure (e.g.
installation of an airbag) is not expected because the change in driving risk will not
be realized immediately (lagged feedback).

8A similar procedure is used by Chirinko and Harper (1993). Blum and Gaudry (1999) as well
as Chirinko and Harper (1993) consider two risk levels: the risk to su�er an accident and the risk
to be injured or to be killed in case of an accident. The last risk level is based on the number
of all accidents or the number of accidents with bodily damages. Chirinko and Harper (1993)
analyze the O�setting Behavior Hypothesis (OHB) a concept similar to RHT. They show that
people adapt their behavior after installation of new safety measures.

9RHT is based on the theory of risk compensation by Wilde (1978). Wilde (1994) gives a
complete description of RHT.

10Costs can be the accident risk or the accident severity. Bene�ts can be e.g. safed time costs.

11Typical environmental parameters inuencing perceived risk are heavy traÆc and road or
weather conditions. In addition the environmental situation is a�ected by safety measures (e.g.
airbag, ABS).

12Very rapid adaptation takes place after a sudden change in weather conditions (e.g. icy road).
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Figure 1: Control loop of RHT, cf. Wilde (1994), p.33

Following RHT we have a change only in the perceived risk after implementation of
a new safety measure. Hence target risk is the unique external control variable. It
is independent of the feedback process. Only a change in target risk can lead to a
change in driving behavior and accident risks. In the long-run safety measures are
irrelevant to a change in accident risks.

3 Stationarity and Econometric Methods

To analyze the traÆc accident situation in Germany we use the econometric concept
of stationarity. In this section we give a short introduction to this method. The
concept of stationarity is used to explain long term equilibrium paths. Mostly the
general case of stationarity with a time trend is applied. Thus the equilibrium path
has an additional positive or negative (linear) trend. Contrary to this concept we
have the concept of non-stationarity with integrated processes. That means that the
process considered has no stable equilibrium path. Below we discuss these concepts
and present methods to di�er between both.

3.1 Trend Stationary Processes vs. Integrated Processes

In terms of econometrics a trend stationary process is de�ned as

yt = �+ t+ ut (1)

This model consists of an intercept �, a time-dependent growth path t and the
residual ut (ut � N(0; �2)). A stationary process follows an equilibrium path and
it is independent of time index t. A stationary process has a �nite and constant
mean � and a �nite and constant variance �2 for all observations t. Furthermore
there must be a constant covariance for yt and yt+k for all t depending on k only.
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After detrending the process (1) ful�lls the properties of a stationary process.13

Innovations have permanent e�ect if there is no stable equilibrium path. In this
case we may have a random walk process or a random walk process with drift.14

yt = �+ t+
tX

i=1

ut�i + ut (2)

In this case we also have an intercept � and a time trend t but detrending does not
lead to a weak stationary process. The residual ut is N(0; �2) distributed. Contrary
to the stationary model with time trend we call the time dependent component of an
integrated process drift. A random walk process has an in�nite variance in contrast
to a stationary process. These processes are called integrated processes because the
�rst di�erence of such a process is conform to stationarity.

�yt =  + ut (3)

3.2 Stationary Models and Structural Breaks

In the past empirical economic analysis handled time series as nonstationary or
integrated processes if standard unit root tests failed.15 Perron (1989) propose a
trendstationary model with structural break so that many of the former nonstation-
ary processes ful�ll properties of stationarity. A structural break can occur in the
intercept, in the time trend or in both terms. Perron (1989) explains the structural
breaks by exogenous occasions. Zivot and Andrews (1992) and Nunes et al. (1997)
propose a method to estimate the breaks endogenous.

If we have a structural break then standard unit root tests fail. There are three
di�erent models with structural break to consider

yt = �1 + t+ (�2 � �1)D� + ut (4)

yt = �+ 1t+ (1 � 2)D + ut (5)

yt = �1 + 1t+ (�2 � �1)D� + (1 � 2)D + ut (6)

First we have a break in intercept (4) that means dummy D� = 1 if t > TB. TB is
the break point. Second we have a break in time trend (5). D = t� TB if t > TB .
Finally we have a break in intercept as well as in time trend (6).

3.3 Unit Root Test

There are several unit root test procedures available. The most common is the
augmented Dickey-Fuller test (ADF test). The ADF test is based on the DF test
by Fuller (1976), Dickey and Fuller (1979, 1981) and Said and Dickey (1984). We

13Hansen (1993), p.136

14The name random walk derives from the in�nite e�ect of stochastic innovations. A complete
description of equilibrium models and the econometric implications is given by Engle and Granger
(1991).

15Granger and Newbold (1974), Nelson and Plosser (1982).

5



have a random walk process if the observation yt in t is fully determined by yt�1.
A unit root test shows whether � in

yt = �yt�1 + "t (7)

is equal to one. If so, we have a nonstationary model with a unit root.16

Usally we have a complex structure in the lags "t. That means, (7) is not suited
well to describe the real context. Generally we have

yt =

pX
i=1

�iyt�i +

qX
j=1

�j"t�j + "t (8)

"t isN(0; �2). (8) is a general ARMA(p,q)model. It can be formulated as ARMA(p,d,q)
if there are one ore more unit roots. That means the dth di�erence of that process
is a stationary ARMA(p,q) process. A proper formulation of (8) requires p the order
of the autoregressive model and q th order of the moving average model. In most
cases these values are not given. Simple unit root tests based on the assumption
that p and q are given or that q = 0. In the ADF test the complex ARMA(p,q)
model is approximated by a simpler AR(p') model. As bigger p0 is chosen as better
is the approximation. The basic ADF test has the form

�yt = �+ t+ �yt�1 +

p0X
i=1

Æi�yt�i + "t (9)

It is a test of the null hypothesis that yt is nonstationary against the alternative
hypothesis that yt is stationary. Nonstationarity means that � in (9) is nonsigni�-
cantly di�erent from zero. The signi�cance of the estimator cannot be testet by a
standard t-test. The used critical values of the ADF test are suggested by MacK-
innon (1991).

There are three parameters to set: � the intercept, t the time-dependent compo-
nent and p0 to describe the lag structure. With t we can di�er between a trend
stationary model and a random walk process with drift. Most diÆcult is the deter-
mination of p0. Said and Dickey (1984) propose a procedure to determine p0

p0 = k
4
p
T (10)

The parameter k is not explicitly given.17 Schwert (1987) gives a rule of thumb
more or less

p0 = int

 
12

4

r
T

100

!
(11)

int computes the integer of the value in parenthesis. The factor 12 is used if we
have monthly observations. Finally there is procedure to determine p0 based on the

16(Nonstationary) random walk processes have one or more unit roots. Step by step substraction
of the innovations of such a process leads to y0 in t = 0. y0 is called root or unit root of the process.

17Pagan and Wickens (1989).
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Akaike information criterion (AIC)18

AIC = ln�2
b" +

2

T
p0 (12)

Perron (1989) used the following method to specify p0. He increased p0 step by step
until the t-statistic of the additional lag is less than 1.60. This lag is removed and
the former case is accepted. The procedure makes sure that the lag structure is
properly speci�ed.

The number of lags the test increases by an increasing number of observations.
Rather than a less complex lag stucture leads a more complex structure in (9) to
the assumption � = 1. That means vice versa that an inadequate lag structure
leads to the wrong presumption of a stationary process. Thus, the value p0 should
be bigger to prevent the wrong classi�cation of a random walk process as a trend
stationary.19

The unit root test in models with structural break is based on the ADF procedure.
But there is an additional step to specify the residuals analyzed by ADF test. We
use (4), (5) and (6) to get the residuals. The test equation is based on a modi�ed
DF procedure

ut = �ut�1 + "t (13)

Perron (1989) computes critical values for the t-statistic of �. These critical values
depend on the character of the break (intercept, time trend or both terms) and the
relative breaking point � whereas � = T=TB. Perron (1989) gives a procedure close
to that of Phillips and Perron (1988) as well as a procedure close to that of Said
and Dickey (1984).

4 Data Analysis

4.1 Risk Measures

The analysis includes several aggregated time series for West Germany from Jan-
uary 1968 to December 1990. That seems to be a fairly long time ago. But in 1990
the German reuni�cation was �nished. Subsequently there started a lot of polit-
ical and social adaptation processes in East Germany. In particular the di�erent
reference points concerning infrastructure and traÆc safety standards in East and
West Germany a�ected the traÆc accident situation and thus the risk measures
considered here. That means in terms of econometrics that the German reuni�ca-
tion leads to several breaks in the risk measures which can not be modeled with
the precision required. A proper analysis needs a suÆcient database and a longer
observation period for East and West Germany.

In addition to the risk measure (killed people in traÆc accidents per population)
used by Wilde (1994) we formulate some more measures to give a more detailed
description of traÆc accident risks. Some authors do not use the population as the

18Hartung (1989), p.687.

19Gerdtham and L�othgren (1999)
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reference point by the traÆc demand.20 Here we use the population as the reference
point to make the results comparable to RHT by Wilde (1994).

In the following analysis we use the concept of stationarity as the econometric
pendant of RHT. If RHT is valid we have to reject the null hypothesis of a unit
root as well as a stable positive or negative time trend. Instead we have to adopt
the alternative hypothesis of a stationary process with no time trend. The following
risk measures will be analyzed:

1. killed people in traÆc accidents per population (TODPB)

2. severe injured people per accident with bodily damages (SVERPUPS)

3. light injured people per accident with bodily damages (LVERPUPS)

The �rst measure is the same as used by Wilde (1994). The number of killed
and injured people contains car inmates as well as pedestrians and bicyclists. The
processes are seasonal adjusted and the natural logarithm is computed.

4.2 Results { Part 1

The �rst risk measure TODPB is analyzed by simple ADF test. We include an
intercept as well as a time trend in the test. That means we test the null of an
integrated model with drift against the alternative of a trend stationary model.
First we compute p0 in (9) using the procedure by Schwert (1987). Thus we have
276 observations and so p0 = 15.

Perform the ADF test in this way the time trend or the time trend and the intercept
might be insigni�cant. If so then we remove these components and specify a new
test. In the next steps we adjust p0 using the procedure proposed by Perron (1989) as
well as the AIC. Both procedures will be modi�ed as follows. We adopt p0max = 20
that makes sure a proper modeling of any autocorrelation. Then we decrease p0

stepwise. Perron's procedure is �nished as soon as the last included lag has a t-
statistic less than 1.60. This lag will be removed and the former case is adopted.
The AIC procedure is �nished when AIC become minimal. Time trend and intercept
will be included if they are not removed in a former step.

In case of TODPB we cannot reject the null (non stationarity) at the 5% level. But
we have a signi�cant time trend as well as a signi�cant intercept. Using the Perron
procedure and the AIC criterion we get p0 = 18 and p0 = 15 respectively. That
means the results using the Schwert procedure are the same as the results using
AIC. The rejection of a unit root for TODPB is independent of the used procedure
to compute p0. Furthermore we can show a signi�cant negativ trend for that risk
measure. That means the number of killed people in traÆc accidents per population
decreases signi�cantly in the long run.

20Shannon (1986), Chirinko and Harper (1993)

8



Table 1: Unit root test for TODPB

Schwert Perron AIC

TODPB

� �0:286 �0:332 �0:286
t-Statistik �3:743 �3:975 �3:743
krit. Wert (5%) �3:428 �3:429 �3:428
� 0:967 1:125 0:967
t-Statistik 3:750 3:979 3:750
 �0:001 �0:001 �0:001
t-Statistik �3:936 �4:132 �3:936
p 15 18 15

4.3 Results { Part 2

In this part we have to analyze the number of severe injured and the number of
light injured people per accident with bodily damages. As we can see in the graphs
there are breaks in both at the same time in August 1984. Simple ADF tests lead
to the expected result of an unit root in both processes. Therefore we applicate a
model with structural break. At that time in August 1984 there was a modi�cation
in legislation. A penalty of 40 DM was implemented for not using seat belts.

The type of the structural break is not predetermined. It might be a break in
intercept (�), in time trend () or in both terms (�). That leads to the following
regressions

yt;� = f(�; ;D�) (14)

yt; = f(�; ;D) (15)

yt;� = f(�; ;D�; D) (16)

� and  are the overall intercept and the overall time trend respectively. D� and
D describe the break in intercept and the break in time trend respectively. The
results of the three estimations are represented in table 2.

In case of SVERPUPS we can adopt a model with structural break in intercept as
well as in time trend. The dummy D� is insigni�cant in the model with break
in intercept and time trend for LVERPUPS. But the dummy D� is signi�cant in
the model with break in intercept only for LVERPUPS as well as D in the model
with break in time trend only for LVERPUPS. If there is in fact a trend stationary
model with break for LVERPUPS we have to reject one of the simple models with
break in intercept only or with break in time trend only. Both cannot be valid
simultaneously as the result of the integrated model (break in intercept and trend)
shows. We reject the simple model with break in intercept only for LVERPUPS
because this break is insigni�cant in the integrated model. That means we adopt
a model with break in time trend and intercept for SVERPUPS and a model with
break in time trend only for LVERPUPS.

In the next step we have to analyze whether the residuals of the estimations com-
puted follow a stable equilibrium path. That means we have to compute ADF tests
for that residuals. The procedure equals that for TODPB in principle i.e. in some
steps we adjust the lag structure with several methods. First we use the procedure
by Schwert (1987). p0max in case of the procedure by Perron (1989) and in case of
AIC is 20. The test regressions are speci�ed with no intercept and no trend. These
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Table 2: Regression results of the models with break in intercept, break in
time trend and break in both terms (SVERPUPS and LVERPUPS)

intercpt. time trend intercpt./trend

SVERPUPS

� 6:107 6:104 6:099
t-stat. 1573:28 1926:30 2030:32
 �0:0009 �0:0009 �0:0008
t-stat. �27:06 �35:62 �31:38
D� �0:092 �0:042
t-stat. �15:45 �7:33
D �0:0021 �0:0016
t-stat. �21:77 �14:26

LVERPUPS

� 6:861 6:868 6:869
t-stat. 1992:74 2804:38 2722:40
 �0:0002 �0:0002 �0:0002
t-stat. �5:27 �11:18 �10:89
D� 0:057 0:0093
t-stat. 10:73 1:937
D 0:0016 0:0015
t-stat. 21:75 16:06

components are already considered in the estimations (14), (15) and (16). Table 3
contains the results of the ADF tests.

Table 3: ADF tests for the residuals of the estimations in table 2)

Schwert Perron AIC

SVERPUPS

� �0:630 �0:630 �0:630
t-Statistik �4:730 �4:730 �4:730
krit. Wert (5%) �4:18 �4:18 �4:18
p 15 15 15

LVERPUPS

� �0:503 �0:503 �0:503
t-Statistik �3:877 �3:877 �3:877
krit. Wert (5%) �3:85 �3:85 �3:85
p 15 15 15

We can reject the null of a unit root for both risk measures. Thus we can adopt the
alternative of stationary model with structural break in intercept and time trend
for SVERPUPS (�gure 2) and structural break in time trend only for LVERPUPS
(�gure 3). In addition both measures have a signi�cant overall time trend which is
negative for both until the break in August 1984. The negative trend enforces for
SVERPUPS and it turns to a positive trend for LVERPUPS. That means contrary
to the severe injured people per accident with bodily damages the number of light
injured rise after implementation of the penalty in August 1984. The number of
severe injured drops immediately at a signi�cant amount (break in intercept).
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Figure 2: SVERPUPS, equilibrium path and residuals in the model with
structural break

5 Summary

A veri�cation of RHT requires stationary time series with no time trend. Station-
arity means that the measure follows a long run equilibrium path. More relevant
for validity of RHT might be that the risk measures do not have any signi�cant
positive or negative time trend. But these properties cannot be observed for the
risk measures considered.

Contrary to RHT we can show that the number of killed people in traÆc accidents
per population (TODPB, the risk measure used by Wilde (1994)) drops in the
observed period. In addition we can show that a compulsory safety measure (penalty
for not using seat belts) leads to the usally expected results. These are in contrast to
the predictions of RHT postulating no e�ects of such safety measures. First we have
an overall negative trend in both measures until the implementation of the penalty.
Second there is an enforcement in that negative trend for the severe injured per
accident (SVERPUPS). That means we have signi�cantly less severe injured people
after that safety measure. Finally we can observe a move to light injuries expressed
in the rise of the light injured people per accident (LVERPUPS).

We �nd little evidence only for RHT. After implementation of a new safety measure
we can not observe any adaptation of human behavior in road traÆc that shifts back
the accident risk to the former level. In fact we have positive e�ects in the overall
traÆc accident risk due to such safety measures. Mandatory safety measures seems
to be useful in that cases where road users do not realize the possible utility of a
change in their (driving) behavior (e.g. voluntary use of a seat belt).
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Figure 3: LVERPUPS, equilibrium path and residuals in the model with
structural break
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In December 1987, 80 people died in road crashes in the Australian State of Victoria.  It was the highest 
monthly total of road deaths since 1979 and in 1979 the annual road deaths in the State had been 847, way 
above the annual level of about 670 to 680 deaths that had been occurring on the roads in the early 1980s.  
The police were worried.  After years of traffic safety measures, including the mandatory wearing of seat 
belts and the introduction of random breath testing, the numbers of road deaths had been reduced from the 
peak of 1061 in 1970.  Now they were rising again and they rose further over the next two years. 

 1986  669 
1987 705 
1988 701 
1989 776 

In January 1987, the newly formed government agency, Transport Accident Commission (TAC), had 
taken over from the State Insurance Office as the monopoly provider of personal injury insurance for road 
crash victims in Victoria.  The previous scheme of personal injury compensation was operating at a loss 
and, in 1987, the TAC had inherited a negative solvency ratio of – 49.1%.  The prospect of significant 
increases in road deaths had substantial political and financial costs. 

In 1989, three government agencies cooperated to form a new road safety strategy that later became 
known as the Victorian model.  In part driven by activist Ministers, Victorian Police and VicRoads 
implemented the strategy and the TAC provided extra funding and a tough commercial discipline. 

 

Set out in the following table are the key programs, component elements and supports of the Victoria 
model of road safety. The model identified two high risk behaviours that were critical offences and 
amenable to new ways of using technology to implement high volume enforcement action by Victoria 
Police: a high volume, speed camera program, supplemented by patrol car intercepts, and a program of 
mobile breath testing stations, the ‘booze buses’, which were highly visible enforcement of the blood 
alcohol limit (0.05) when driving.   

Government funds are always short.  There are always competing priorities.  To create a qualitative 
improvement in road safety, there first has to be a perceived crisis.  The good news is that road safety 
can be a “Win, Win, Win” government sponsored program. 

! Traffic law enforcement
! Crash Investigation
! Crash reporting &

prosecution

!
!

! State road authority
! Licensing & registration

Manage road network
Coordinate road safety

! Third party insurer
! Public awareness &

advertising
! Investor in road safety

programs

 

Victoria’s Road Safety Agencies
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The Victoria model itself extends well beyond a focus on enforcement and certainly well beyond speed 
management by traffic cameras.  However, that technology supported by public awareness campaigns 
does constitute about 50 percent of the infringement transactions in one of the two offences identified as 
most critical, ie excessive speed. 

The Victoria Model of Road Safety 
Key Programs Characteristics  
• Public awareness campaigns High intensity use of mass media, using television as the locomotive 

medium because of its emotive, visual pulling power; focused messages on 
critical offences at full commercial standard; other media/sites back up the 
“Don’t do it” message with consistent images 

• Enforcement High profile, high volume enforcement activity against critical offences 
demonstrates the serious intent to change high risk behaviour on the roads 

• Engineering Road safety is one of the core programs of the roads agency and includes 
targeting of high risk locations: the elimination of ‘black spots’ 

• Education Production and distribution of high quality road safety materials for use by 
teachers in primary and secondary schools, plus the ‘police in schools’ 
program 

Key Elements   

• All programs based on 
research 

• Focus group testing of advertising messages, plus market research after 
every new campaign 

• Enforcement counter-measures assessed by independent research centre, 
plus independent assessment of enforcement technology 

• Road safety audits to assess high risk locations  
• Consultants for development of road safety education materials 

• Cooperation between agencies • Agreed focus on identified critical offences and coordination of targeted 
counter-measures to reinforce effectiveness 

• Production of the road safety calendar showing the coordinated programs 
for the next 12 months, plus suggestions for actions by local authorities  

• Investment in road safety The TAC invested about $300 million in partnerships with Victoria Police 
and VicRoads over the 10 years 1988/89 to 1997/98 and saved itself an 
estimated $960 million in claims payments.  Its investments covered: 
• Commercial marketing of road safety, particularly on TV 
• Supply of high technology for the speed enforcement program and 

random breath testing on large scales 
• Road safety programs in schools coordinated by VicRoads 
• Research and evaluation of road safety initiatives by Monash University 

and market research companies 
• Black spot engineering works organised by VicRoads ($75 million over 

the two years 1993 and 1994) 

Key Supports    

• Legislation supports high 
volume enforcement 

• Responsibility on car owner for speed camera offences 
• Breath testing accepted as evidence of blood alcohol measurement 
• Substantial penalties for offending and recidivism 
• Administrative adjudication of fixed penalty infringement notices 

• Court system supports high 
volume enforcement 

• Computerised processing of fixed penalty infringement notices 
• Offenders must choose to have their offence heard by a court 
• Active follow-up of all sanctions 

• Community and stakeholders 
support high volume 
enforcement 

• Active marketing to stakeholder organisations, including the automobile 
association and medical and legal professional associations  

• Active monitoring and follow-up using talk back radio relating to the 
enforcement program   
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The Results 

The best results in recent years for the Victoria model in terms of the annual rate of improvement were in 
the early 1990s.  After that, the lower numbers of road deaths more or less held at that level: 

• In 1990, a 29% reduction in road deaths and a saving of 229 lives compared to 1989  

• 1n 1992, a further large reduction of 21% in road deaths, a saving of 103 lives over 1991. 

• From January 1990 to January 1993, a 34% reduction in injuries 

• At 396 road deaths in 1992, there had been a reduction of 49% in the road toll in the three years 
between December 1989 and December 1992.  The 1992 level of 396 deaths was the lowest absolute 
level by far in the previous 40 years; the previous lowest was 480 killed in 1953 at a time when there 
were far fewer vehicles on the road  

• Monash University Accident Research Centre has estimated that the campaigns against excessive 
speed (both the public awareness advertising and the enforcement activity, particularly the high 
volume speed camera program) contributed about 30% to this result  

• Clearly there was a change in the behaviour of the driving public as shown in the Victoria Police 
scatter diagrams that graphically demonstrate year on year the cumulative effect of scanning the 
speed of 2 million vehicles per month; ie in a statistical sense, scanning the speed of every vehicle in 
Victoria every six and a half weeks  

• The message was getting out: “if you speed, you will be caught, fined and the fine will be enforced”  

• The high volume speed camera program helped to push down the rate of deaths per 10,000 registered 
vehicles to very low levels by international standards: below the level of the Sweden and the UK as 
well as below the level of the United States – whereas, for 30 years Victoria had been above or a long 
way above the levels of those countries. 
Fel! Ogiltig länk. 

 

 

 

What Worked Well in Victoria  

1. The rapid reduction in the number of deaths from road crashes and, albeit a lesser, reduction in 
injuries won community support for the road safety program and assured that politicians would 
continue allocating resources to it (also helped by the efficient collection of fines which made the 
speed camera component of the program revenue positive). 

2. The development of a comprehensive road safety strategy in which the speed camera program was a 
part, an important part 

• The combination of high intensity public awareness campaigns and high volume enforcement and 
the coordinated scheduling of these counter-measures at particular periods: times of day, days of 
week, weeks of the year 

• The coordination between agencies to produce the road safety calendar of activities which 
showed who is doing what and when over six and twelve month periods.  

3. The presence of a commercially focused government agency as an investor in road safety 

• Victoria’s TAC had a commercially vested interest to reduce road trauma by investing in counter-
measures and the specific initial interest to recover from a negative solvency position by 
increasing its own internal efficiency 

• The TAC insisted on the commercial discipline of an adequate return on all of its investments in 
road safety 

Source: Data compiled by Victoria Police 
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• The TAC insisted on pre- and post evaluations, ie a business case for the proposal and an 
evaluation of the effectiveness of the investment after implementation. 

4. Implementation of high volume enforcement 

• The independence of analysis and certification: such as the initial research on the counter-
measures by the university research centre and the independent technical testing and quality 
assurance (Victoria Police have lost less than 10 cases in over five million speed camera tickets 
issued since 1989) 

• Establishment of operational procedures that genuinely identified road safety as the primary 
objective (ie not revenue raising); eg determining the appropriate volume of ‘camera site hours’ 
per month and the use of geographic information systems to map and locate enforcement sites for 
speed cameras against the historical data on crash rates 

• Wining public support for the program even though the fines were substantial (more so initially 
than 10 years later) 

• The improved productivity under the outsourced arrangements where, starting in November 1998, 
the contractor provides all of the technical equipment, including the camera cars, provides the 
camera operators and runs the operation.  Prosecutability has increased from about 65% in 1996 
to about 85% currently (back in 1992, the year of the highest volume of speed camera 
infringement notices issued, over 523,000, the prosecutability rate was only 37%). 

5. Court system support 

• The establishment of a system of administrative adjudication that enabled efficient processing of 
large volumes of fixed penalty infringement notices 

• The development of performance measures to assess and track the clearance of infringement 
notices and the smooth change to outsourcing the administrative systems and support of the 
judicial function. 

 

 

 

What Did Not Work Well  
1. The early and massive rates of reductions in road deaths could not be sustained, nor even was there a 

steady small reduction relentlessly achieved year after year  

• After 1992, there was a virtual, if slightly lumpy, plateau in the numbers of deaths from road 
crashes each year: 1992: 396 killed; 1993: 436; 1994: 378; 1995: 418; 1996: 417; 1997: 377; 
1998: 390; 1999: 383.  

• There has not been the redevelopment of the enforcement strategy to achieve some reductions in 
deaths year on year 

2.  Performance measurement of road safety, at least in the public presentation of it, remains too limited 
to “deaths from road crashes” 

• From the perspective of the investor and of the community at large, the economic costs of injuries 
from road trauma are much greater than the deaths because the numbers are much larger 

• Whether a crash causes a death or just an injury is highly a matter of chance 

• It’s not clear how many of the single vehicle crashes in rural areas might be intentional, ie suicide 

3. Prior to outsourcing the administrative support for fines collection from traffic infringement notices, 
there were inadequate and fragmented systems for tracking the enforcement of the penalties 
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• Although only a small proportion of the total fines imposed remained uncollected, over the years 
these fines amounted to hundreds of millions of dollars and became a political issue  

Lessons Learned: Critical Success Factors in High Volume Enforcement 
 Political Pre-conditions Political: Post Conditions 
1. Need for a champion with the determination to change high 

risk behaviour at each of three key levels: ministerial; heads 
of relevant agencies; key operational manager in each 
agency 

Effective marketing of the message; ie 
working with public opinion to change high 
risk behaviour 

2. Existence of an appropriate institutional framework of 
legislation and regulations (or the political support to 
establish it): eg responsibility on the registered owner of the 
vehicle 

Government and the responsible agencies 
committed to develop a strategy and plans that 
are measured against performance indicators 

3. Commitment of sufficient funding by a self-interested 
agency 

Government and the responsible agencies 
committed to improvement of performance 
and set targets 

4. Extent of the crisis: if not enough people are being killed or 
injured, resources will not be allocated and there will be no 
change 

 

 Operational Pre-conditions Operational: Post Conditions 
5. Scale and scope of enforcement effort matter: ie operations 

which are too small or too fragmented impose significant 
difficulties 

Accountability of agencies delivering road 
safety actions 

6. Research-based counter-measures appropriate to the specific 
environment 

Permanent vigilance regarding performance of 
the road safety strategy: ie auditing both the 
component elements and the whole strategy 

7. Capacity to develop, and the implementation of  effective 
policies, plans and procedures for high volume enforcement 
(there is the chance it could go massively wrong) 

Effective costing of service provision and the 
establishment of performance indicators of 
service delivery 

8. Commitment to win and maintain public support for the 
program (the depth of intervention necessary to change high 
risk behaviour can make this challenging in cultures with 
high value on personal freedom) 
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 Support Services Pre-conditions Support Services: Post Conditions 

9. Legislative framework includes the responsibility on the 
registered owner of the vehicle; a structure of fixed penalty 
offences and deterrence of recidivism (eg demerit points; and 
an administrative adjudication system 

Willingness to review legislative provisions 
and regulations from time to time 

10. The justice system imposes effective sanctions, including 
financial penalties and there is an effective administrative 
system to ensure the sanctions are carried out 

Effective administrative, organisational and 
information technology systems for tracking 
and ensuring the enforcement of sanctions; 
and the monitoring and minimisation of bad 
debt 

11. Stakeholder groups, particularly those with mass 
membership or directly relevant professional experience are 
brought into the process of strategy development, policy 
review and broad planning 

Maintenance of an active program to ensure 
continuing support from each of the key 
stakeholder groups, including within the 
enforcement agency, and also from the 
general public 

 

Looking Back on the Speed Camera Program:  Views of an Interested Outsider 

Speed cameras are used in many places.  What was unusual at the end of the 1980s was the determination 
to use that technology at a high volume as an essential negative incentive to change drivers’ perception of 
risk and to couple that with the administrative means of enforcing the sanctions and all of this in 
conjunction with a high intensity advertising campaign highlighting the high risk behaviours.  The highest 
monthly total of speed camera notices issued was over 70,000 in July 1991, but Victoria’s Traffic Camera 
Office had the capacity to issue and process10,000 notices per day, every day if the three million drivers 
in the State failed to get the message. 

The program evolved over time and what was impressive was the thoroughness of the concept, albeit not 
always implemented in every respect.  Examples of the thoroughness on the enforcement side were the 
awareness within Victoria Police of the heavy burden of responsibility in the accuracy of procedures 
where the burden of proof was effectively reversed once the speed camera infringement notice was issued 
and the design of matching the location of camera sites to those places at the times of day and days of the 
week that the crash history of that area showed were the highest risk times. 

Likewise with the advertisements; these started out as a means of road safety education, seen initially as 
probably temporary.  But they won unprecedented success and the methodology of producing the 
advertisements, using focus groups, pre-and post production testing and market research after every new 
campaign was run, meant that the TAC rewrote the book on how to market road safety using the mass 
media – heavily focusing on the themes of “Speed Kills” and “If You Drink and Drive, You’re a Bloody 
Idiot”. 

• TAC’s road safety advertising from the agency Grey Advertising won the Golden Lion at Cannes 
International Advertising Film Festival as early as 1991 and Gold Medals in New York in 1990 and 
1991 and TAC campaigns won a Gold Lion at Cannes in 1997, the Best of Show Award at New York 
One and the Gold Clio Award in New York in 1997, the Grand Prix Loerie Award in South Africa in 
1998, a Silver Award in Ireland in 1998, Mobius Advertising Award in the USA in 1998 and a Gold 
Award at the New York One in 1999. 

• As well as winning Australian advertising awards, including Australian Commercial of the Year in 
1998, the TAC road safety advertisements have consistently achieved unprecedented levels of recall 
across the community year after year. 

The saving of lives and the avoidance of injuries are priceless, but many societies do put values on the 
costs of road trauma and the biggest economic returns are not the collection of cash fines from offenders, 
nor even the avoidance of hospital and medical costs for those who would have been injured, but for the 
changed behaviour of road users because of the program.  The biggest returns are at the level of the whole 
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society and come from the avoidance of the loss of production when people are prematurely withdrawn, 
permanently or temporarily, from the work force. 

And, beyond all of the economic calculations, any program which lowers the risk of being out on the 
shared public space of the roads makes the society a better place.  
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ABSTRACT 

Incident Management in Rural Areas 
 
Incident management is most often disaggregated into five non-distinct function areas – 
detection and verification, motorist information, response, site management, and clearance.  
Incident management, which started in response to large urban area issues such as traffic 
congestion (efforts to improve the management of incidents have been taking place for nearly 
three decades in Chicago, Illinois) is now producing benefits in smaller municipalities and 
their respective rural areas.  Benefits from a more managed response include improved safety 
for both motorists and responders, improved agency efficiency, improved public image, and 
reduced motorist delay. 
 
As Intelligent Transportation Systems (ITS) continue to develop, the application of computer 
and communications technologies to improve incident management will become increasingly 
important.  Existing technologies as well as emerging technologies show great promise for 
application in rural areas.  Some, such as mayday systems, that combine automatic collision 
notification and vehicle location technologies, would almost uniquely benefit rural areas. 
 
The successful transfer of incident management-related ITS concepts and technologies to 
smaller municipalities could be jeopardized if differences between urban and rural 
environments are not recognized early on.  These differences arise not only in the motivation 
for improving incident management but also in how incident management operations are 
performed and what resources are available. 
 
When “selling” options that improve incident management to rural travelers and stakeholders, 
it is important to understand the different motivations in urban and rural environments.  
Traffic congestion and consequent political pressures drive urban stakeholders.  In smaller 
municipalities and rural areas, concerns over safety and limited resources prompt 
improvements (although, at times, congestion can be a motivator in rural areas).  More 
specifically, rural responders are faced with resources that are stretched further and potentially 
limited expertise due to limited training opportunities.  These issues respectively may lead to 
feelings of resentment toward urban area “deep pockets” and a limited understanding of the 
benefits of incident management. 
 
A clear understanding of the challenges faced by smaller municipalities and their respective 
rural areas will help to ensure a successful application of incident management-related ITS 
technologies and concepts for everyone’s benefit.  This paper describes incident management 
challenges unique to or affecting smaller municipalities and rural areas and discusses potential 
ITS technologies suitable for application.  More specifically, this paper assumes a 
problem/solution type approach when discussing each of the five functional areas in incident 
management. 
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1 Aim and Scope of the Study 

There is not one single factor that determines the development of road accidents. 
Contrary, there exists a certain “pattern” that helps us to explain and understand how and 
why road accidents occur.  
 
The traffic environment is changing all the time and humans adapt to new or altered 
circumstances. This study aims at capturing some of these determining factors and to 
explain the development of road accidents in a broader perspective. This DRAG-3 model 
for the city of Stockholm does not give all the answers. But, hopefully, it contributes to 
an enhanced understanding of ”why” and ”how much” road accidents occur.  
 
In the DRAG-3 Stockholm Study, police-reported road accidents have been analysed 
from January 1970 to December 1998, i.e. a time series period of 348 months. A 
database of some hundred possible explanatory variables has been collected, of which 
some 40 variables are included in the forecasting model developed within this project.  
 
This project was commissioned by the City of Stockholm Street Office with Mrs Ann 
Storkitt as the client co-ordinator and has been carried out by Ms Therese Gustafsson and 
Mr Janne Heningsson with Mr. Göran Tegnér, all at Transek Consultants. 

2 Conclusions 

Road traffic accidents increases again after many years of reductions 
During the last four years 1996-1999, the number of killed in road accidents has 
increased from 11 to 17 persons (+55 %) and the number of severely injured from 97 to 
171 persons (+76 %).  
 
Increased mobility contributes to more road traffic accidents 
Many human outdoor activities involves traffic movement either motorised or as 
pedestrians or cyclists – and thus accidents.  
! The number of road accident fatalities in the city of Stockholm is almost 

proportional to the increase in total employment in the Stockholm region.  
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Some identified important traffic accident relationships: 
! Higher gasoline prices contribute to fewer road accidents through less traffic 

and lower speeds.  
! Lower average speed within the city is an important traffic safety factor.  
! New road and city highway is a powerful traffic safety measure. 
! Darkness kills. Improved road and streetlights reduces the severe accidents. 
! Improved road winter maintenance is another safety measure in Nordic 

 countries like Sweden.  
! More bicycle trips at today’s level-of-service, induces more killed and more 

 severely injured persons.   
! The use of bicycle helmets is a cheap and efficient traffic safety measure.  
! The increased use of city jeeps and other heavy passenger cars leads to more 

 accidents and also to an increase in the severity of injuries.  
 
A traffic accident forecast for the year 2015 for the city of Stockholm 
The population in the county of Stockholm is estimated to grow by over 300,000  
(+17%) from 1,78 million to 2,09 million inhabitants in 2015. Employment is calculated 
to grow even faster (or by 30 % or by more than 260,000 persons).  
! A growing Stockholm region leads to 3 more road traffic fatalities annually. 
! New city highways would reduce the severe injuries by 30 persons annually. 
! Enhanced safer bicycle traffic demands powerful counter measures in the 

 existing street network.  
! A gradual reduction in the average speed by the car traffic by 1 % annually up 

 to the year 2015 might cause 6 fewer fatalities and 17 fewer severe injuries, 
 compared  to constant speeds. 

! A successive 1 % improved road and street illumination is forecasted to 
 reduce the number of killed by 21 % or by 5 persons.  
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3 The Evolution of Road Traffic Accidents in 
Stockholm 1970 - 1998 

3.1 Accident rates in Stockholm – an international perspective 

In an attempt to compare road safety on the international scene, we have chosen accident 
frequency in terms of the number of injured or killed per 1,000 vehicles among a 
selection of 28 countries. This accident rate is compared to the motorization rate in the 
figure below: 
 

Source: the world Bank (http://www.worldbank.org/data/wdi2000/pdfs/tab3_12.pdf 
 
The figure (N.B. in logarithmic scale) reveals the tremendous variety in road traffic 
safety levels – from 5 injured/killed persons per 1,000 vehicles, represented by Namibia 
and Sweden, up to Botswana and Armenia, with 94 and 347 injured/killed persons 
according to the World Bank statistics. The other striking impression is the total lack of 
correspondence between safety level and motorization level. Some countries show low 
accident rates in spite of a rather high motorization rate, mostly Western countries but 
also Israel and Korean Republic. Other countries suffer from rather high accident rates 
and a rather low motorization rate, such as Bangladesh, Botswana and Armenia. Sweden 
has 5 injured/killed persons per 1,000 vehicles and 468 cars per 1,000 inhabitant. 

Accident frequency and Motorization Rate in 1998
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3.2 The Evolution of road Accidents in the City of Stockholm 

The evolution in road traffic accidents during the last 28 years can be characterised by a 
substantial decrease in the fatal accidents and in the number of accidents with severely 
injured victims. In the figure below, the number of victims (fatal, severely and lightly 
injured persons) is illustrated in a logarithmic scale: 
 

 
A positive record of a substantial reduction in the number of fatal (-76 %) and severely 
injured victims (-60 %) can be registered for the entire period 1970 – 1998. On the other 
hand the lightly injured – and thus also the total number of victims - has been almost 
constant over the last three decades. 
 
However, there is a strong tendency towards a new increase in the number of fatalities 
and in the severely injured victims during the last three years. 

Fatal and severe victims in the Stockholm road traffic 1970 - 1998
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The distribution of road traffic victims by mode category in 1999 is shown below: 

 
Around two-third of all road traffic victims are car drivers or passengers, while 
pedestrians make up 13 % and bicyclists 17 % of all victims. 
 
The total number of road accidents could be seen as a product of the accident risk (here 
defined as the number of bodily damages per million vehicle-kilometres) and the 
exposure (the total number of vehicle kilometres) as can be viewed below: 

 
Distribution of road traffic victims in the city of Stockholm   

by  mode category 
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The accident risk has fallen dramatically from around 0,5 accidents with bodily damages 
per million vehicle-kilometres in 1970 to 0,227 in 1992.  
 
However, since 1992 the accident risk is increasing again and it was recorded to be 0,256 
in 1998. At the same time (1970 – 1998), the total exposure in terms of total vehicle 
production (AADT among gasoline and diesel vehicles) in the County of Stockholm 
increased rapidly or by 76 %. 
 
This is the real challenge for traffic safety policy – to compensate with traffic safety 
measures for a gradual increase in urban (and national - international) mobility. 
 
In the next section we define the structure of the DRAG-3 Stockholm Model. 

4 The Structure of the DRAG Model for Stockholm 

The DRAG-philosophy aims at creating an enhanced understanding of two aspects of 
mobility: the demand for road usage, and the complex interactions affecting road 
accidents. The notion is based on a three-step approach, risk exposure, accident rate and 
its severity. A data base has been created for the City an the County of Stockholm with a 
broad spectrum of explanatory variables, such as socio-economic factors, laws and 
regulations, road and public transport data, vehicle fleet data, climate data and other 
related information aiming at explaining the development of road traffic and road 

Accident risk (bodily damages per million veh.km) and vehicle 
traffic production (AADT) - Stockholm County 1970 - 1998
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accidents ex post. A special statistical programme package, called TRIO1 has been used 
in the analysis. 
 
The demand model is estimated on aggregate time series data for the whole area (in this 
case Stockholm County). The idea is to explain both traffic volumes (vehicle kilometres, 
vkms) and road accidents by a wide spectrum of explanatory variables by exploiting the 
vast variation in the monthly data set. This technique is called DRAG and stands for: 
”Demand for Road use, Accidents and their Gravity”, and is developed by professor 
Marc Gaudry at the Transport research Centre at the University of Montreal in Canada. 
 

 

1 TRIO is a statistical programme package for multiple regression model estimation of  dependent 
variables of the types: level, share and probability. TRIO has been developed by Prof. Marc Gaudry at 
the Centre de Recherche sur les Transports (C.R.T.) at University of  Montreal in Canada. 
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4.1 The Functional Form 

In TRIO a demand model function is specified as follows:  
 

y x ut

y
k

kt

k
t

y kλ λ

λ
β β

λ
− = + − +∑1 1

0 ( )  
where  
yt = the dependent variable for  month t 
β0  =  the constant term 
βk  = the estimated regression coefficient 
xkt  = the independent variable xk:s value for month t  
λ λk yresp  =  the so-called lambda-parameters for the independent variable xk and for the 

 dependent y-variable, i.e. a scale factor also estimated on the data set and 
 which transforms the model or to a certain mathematical form. As a special 
 case, when lambda is = 1, you get a linear model, and if lambda is = 0, you 
 get a logarithmic model. This transformation is called ”Box-Cox” transfor-
 mation. 
and  
 

u v f Zt t t= ( ) ,½       
   

v vt l t l tt

r= +−=∑ ρ ω
1

, 
 
where 
Zt = a vector of heteroskedastic variables  
ut = the error term (the residual vector) depending on the heteroskedasticity 
vt  = the error term (the residual vector) which is assumed to be dependent in 
  the auto-correlation of the model 
and finally  
ρl  = the so called  auto-regressive (time lag) parameters, which are also  
  estimated and carries information about the time lag in the model.  
ωt = the third stage vector of residuals 

4.2 The DRAG Model and the TRIO Programme 

 
In our application of the DRAG approach in the Stockholm City and region, the 
following time series models have been carried out on a monthly basis for the period 
1970 - 1998: 
• an EXPOSURE  model of total road mileage (vehicle kilometres) for gasoline and 

diesel passenger cars 
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• a FREQUENCY model of total number of road accidents with personal injuries and 
deaths 

• a SEVERITY model of the: 
- number of light injuries per road accident 
- number of severe injuries per road accident 
- number of fatal deaths per road accident. 

 
Analogous DRAG-models have been carried out in Quebec, Canada, Germany, France 
Norway and California, USA2. 

5 The Evolution of Explanatory Variables 

One of our most important conclusions is that the augmented activity levels in the 
society contribute to an increase in the number of accidents. In the figure below, the 
development of some of the major explanatory factors for the period 1970 – 1998 is 
presented: 
 

 
 

2  Source 1: ”Application of Econometric Model DRAG-2 to Road Travel Demand in Quebec” 
Proceedings of the Canadian Multidisciplinary Road Safety Conference VIII, June 14-16, 1993, 
Saskatoon, Saskatchewan. By M. Gaudry, C.R.T., Univ. of Montreal, Quebec, F.Fournier and R. 
Simard, Société de l’assurance automobile du Quebec; Source 2: ”Aggregate Time-Series Gasoline 
Demand Models: Review of the Literature and New Evidence for West Germany”, by Ulrich C. H. 
Blum, Gertraud Foos and Marc Gaudry, Transportation Research A. Vol.  22A, No 2, pp 75-88, 1988. 
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Employment and population in the County of Stockholm has increased by 16 % and 21 
5% respectively. Only the road length has increased that slowly. Most other background 
factors show a more swift development. The number of vehicle kilometres produced has 
increased by 77 % and the number of cars in use by 67 %. 
 
Congestion (measured as vehicle kilometres per kilometre of road) is now more than 50 
% higher than in 1970. The price of petrol is also more than 50 % higher. The share of 
diesel trucks is also much higher (+65 %).  
 
The share of highway kilometres has developed very fast (by 165 %), thus contributing 
to a reduction in the accident rate. Also the share of car-licence holders older than 65 
years has increased substantially from a very small level. 
 
Due to an improved economic welfare, the share of heavy passenger cars (“City Jeeps”) 
has fivefold during the last 28 years. 
 
Most of these factors have a decisive impact on accident rates and their severity. 

6 The DRAG-3 Stockholm Model Results  

6.1 The Exposure Model of vehicle-kilometres 

The first part of the composite model is the Exposure model. The model contains some 
20 variables and performs rather well. The rapid development of total vehicle production 
(AAMT) was most pronounced between 1970 and 1989. A sharp economic recession in 
Sweden in the first part of the 1990’s reduced the car traffic, but it has increased during 
the recent years. Apart from a few years, the predicted magnitude of vehicle-kilometres 
corresponds well with the actual records, gathered form gasoline and diesel sales 
statistics. 
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The most important explanatory variables and their average elasticities are summarised 
in the table below: 

Table 1: Impact on total road mileage from various factors. Elasticities 1998, Stockholm County 

Explanatory variable Elasticity t-statistics 
Employment activity 0,46 5,06 

Parking restrictions 0,43 8,72 

Cars in use per employed 0,42 5,46 

New road links (dummy) 0,38 6,01 

No. of workdays/month 0,38 3,60 

Retail sales per employed 0,32 8,44 

Rain and snowfall mm/month 0,004 0,50 

Temperature 0,002 6,36 

No. of non-working days/month 0,031 -0,56 

Vacation activity -0,003 -3,13 

Darkness (share of 18 hours/day) -0,21 -7,03 

No. of snowdays/month -0,014 -1,22 

Population per employed -0,22 -4,09 

Real gasoline price -0,24 -7,79 

   

No of observations 348  

Pseudo-R2 adjusted for d.f. 0,938  

Log likelihood -3466,54  
Elasticities in bold are significant at the 5 % level. 
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The model shows the 14 most influential factors affecting the total (gasoline and diesel) 
vehicle kilometre production. Employment, the size of the car park in use and the 
shopping activity have a rather strong impact on the vehicle-kilometres produced. 
Increased parking restrictions in the CBD area lead to an increase in the total mileage, 
due to more search traffic but probably also to a diversion of car traffic to peripheral 
shopping centres outside the CBD area. The non-employed part of the population is more 
inclined to use walk, bike and public transport modes; therefore they use the private car 
less.  
 
A 10 % increase in the gasoline price reduces the road traffic volumes by 2.4 %. 
Darkness and bad weather also reduces the car traffic. This model (in all with 22 
variables) “explain” about 94 % of the total monthly variation in the data set. 

6.2 The Accident Models of  Personal Injuries and Fatalities 

The accident risk and severity models estimated consists of four sub-models with the 
same set of explanatory variables.  
 
The first sub-model explains the total number of accidents with personal injuries or 
deaths in the city of Stockholm 1970 – 1998: 

As can be seen from the figure above the correspondence between estimated and 
observed number of accidents is high. 
Even for the sub-model of severe victims, the correspondence is quite well between 
observed and estimated number except for a few years (1973, 1977, 1984).  
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Notice the increase in the number of severely injured during the last three years. 

The number of fatalities is much lower and it has also been reduced substantially over 
time – from some 70 persons in 1970 to less than 20 persons in the late 1990’s: 

The rate of randomness in how many killed victims that would occur from traffic 
accidents is naturally higher, which leads to a higher discrepancy between the observed 
and estimated numbers. However, even for this smaller group of severity, the 
correspondence between the DRAG-model and the reality is striking. The peaks in the 
years 1984 and 1989 are well represented, as well as the periods of decline and 
augmentation. 

Estimated and observed number of severe victims - 1970 - 1998 in the city 
of Stockholm
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Exposure and economic activities 
The number of personal accidents seems not to be proportional to the exposure in terms 
of vehicle-kilometres driven. An elasticity on the number of road accidents with personal 
injuries of 0,3 due to the number of vehicle kms, is found. A corresponding vehicle-
kilometre elasticity on the number of killed victims amounts 0,60, i.e. a 10 % increase in 
road traffic yields 3 % more road accidents in Stockholm and 6 % more fatalities.  
 
In the urban environment, it seems as if the share of diesel vehicles (in terms of mileage) 
reduces the number of accidents and their severity. Maybe, it slows down the overall 
traffic speed and also indicates a larger proportion of experience drivers. 
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Employment and vacation activities increase the number of road accidents with personal 
injuries, and the number of fatalities from these accidents becomes more frequent, when 
employment activities increases. Shopping activities seem to reduce both the number of 
road accidents, as the fatalities, while the number of severely injured increases.  
 
The most striking results, however, stems from the observed number of bicyclists in the 
Stockholm City. A 10 % more frequent bicycle traffic, seem to lead to 2,4 % more road 
accidents, 3,0 % more severely injured and to 1,7 % more killed persons.  
 
Vehicle fleet quality 
Bad cars, i.e. cars with a higher proportion of remarks from the inspections, reduce the 
number of accidents (probably due to risk compensation behaviour), but increase the 
number of severely injured persons.  The frequency of brake defects seem to lead to a 
more cautious driver behaviour, and thus, to a reduction in both the severe injuries and 
the number of killed victims. However, there exists a lot more vehicle quality factors 
with an influence on accidents, but there is a lack of such data in this study. 
 
Road network data 
New road links slightly increase the number of accidents (probably due to higher 
speeds), but reduce severe injuries and fatal deaths substantially. New and better roads 
are thus safer than other roads. Also urban highways (motorways) contribute to a safer 
environment with fewer accidents and fewer severely injured persons. Speed limits on 
the primary road network with a reduction from 110 to 90 km/h  reduce the number of 
accidents and also severe injuries. A reduction of the urban car speed is clearly also a 
very important safety measure. Better street lighting is an important – and maybe 
underestimated – safety measure. It increased the number of accidents due to the “risk 
compensation” of the drivers, but reduces the number of killed persons dramatically. 
 
Weather data 
Weather conditions do have a certain impact on accidents. The number of severe 
accidents seem to increase as temperature is higher than normal (more people exposed), 
as rain and snow limits the sigh for the drivers and also as sunlight is reducing the 
concentration from driving. A decrease in the number of accidents could be noticed as 
the first snow makes drivers more cautious, while “darkness kills”. Darkness has a 
strong negative impact on the number of accidents and their severity, which could be 
counter-balanced by more and better road and streetlights. 
 
Intervention measures & driver characteristics 
An increased use of seat belts has a significant positive impact on road safety with a 
reduced number of fatalities. The use of bicycle helmets is found to have a decisive 
impact on road safety – fewer killed victims, but more severely injuries and more 
accidents, probably from “risk compensation”. With a bicycle helmet, cyclists drive less 
safely, but the helmets save lives. 
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The age composition of the drivers also seems to be important. A larger proportion of 
younger drivers (less than 20 years of age) might cause more accidents and more 
severely injuries but fewer killed persons, while the opposite tend to be the case among 
the elderly drivers. A larger proportion of elderly drivers (here indirectly measured 
through the number of licence holders) seems to reduce the number of accidents and 
their severity, but to a substantial increase in fatal deaths. One explanation to this might 
well be that, when elderly people become involved in a road accident, they tend to be 
more severely injured due to already existing health problems.  
 
Prices 
The impact of real gasoline prices on accidents is twofold. First, it influences through the 
exposure – higher gasoline prices reduce the number of vehicle-kilometres driven. 
Second, its has an impact on accidents through lower speeds. Fuel taxation might thus be 
an underestimated traffic safety measure. 
 
Intoxication & pregnancy 
The use of medicine might have an impact on accident rates, according to our findings. 
Measured as the sales of prescriptions at pharmacists, there is a tendency towards more 
accidents as prescriptions sales augment, but less severe injuries. The results are not 
conclusive, but the use of drugs and medicine should be examined in more detail as a 
traffic safety problem. 
 
We have also collected information about the amount of pregnant women between 18 
and 44 years during their first three months of pregnancy. Pregnancy might correlate 
with more accidents and more light injuries, and less severe injuries. In our previous 
study for the entire urban area of Stockholm County, we obtained more severe injuries 
together with a higher rate of pregnancy. There is a need for more detailed disaggregate 
surveys to follow up on this matter. 
  
In a special model variant we have tested the influence of alcohol consumption on 
accidents and their severity. As regards the number of accidents and the number of 
fatalities, we have obtained a J-shaped relationship. At low initial levels of alcohol 
consumption per vehicle-kilometre, accidents and fatalities fall as alcohol consumption 
increases (elasticity: -0,01 and –1,65, respectively). At higher initial levels of alcohol 
consumption per vehicle-kilometre, accidents and fatalities rises as alcohol consumption 
increases (elasticity: +0,005 and +0,61, respectively). These finding are well in line with 
the results of the famous Grand Rapids Study of 1964, in which a J-shaped relationship 
was discovered3. 

 

3  ”The role  of the drinking driver in traffic accidents”, Blutalkohol, Vol. 11 (supplement 1), 1974, av R.F: 
Borkenstein, R.P. Shumate, W.B. Ziel och R. Zylman, Indiana University, Bloomington, Indiana, USA 
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6.3 The Impacts from various Factors on Accidents and their 
Severity 

As indicated in section 4.2 above, the impacts are calculated in terms of: 
! The exposure (total vehicle kilometres for gasoline and diesel vehicles) (DR) 

or Demand for Road use 
! The frequency of accidents (total number of road accidents with personal 

injuries and deaths) (A) or Accident risk 
! The Gravity (G) or severity of accidents (number of light injuries, severe 

injuries and fatal deaths, respectively, all counted per road accident). 
 
Together this makes up the DRAG-model.  
 
A way to summarise the impacts of the 34 variables on the four sub-groups of accident 
frequency and severity, is to present a selection of the most interesting traffic safety 
measures in a table in terms of plus (+) and minus (-) composite effects, see below: 

Table 3: The composite impact on accidents and their severity from a selection of 15 explanatory 
variables; the City of Stockholm 

 Impact on: 
Factor No. of 

accidents 
No of  light injuries No of  severe injuries No of fatalities

Employment + + - ++ 
No. of cyclists + + + + 
Cars in use + + - + 
New roads + + -- 0 
Urban highways -- - -- - 
     
Traffic (veh.kms) + + - + 
Street lighting + + + - 
Safety belt use + - ++ - 
Bicycle helmet + + ++ - 
Gasoline price - - - -- 
     
Speed 50 km/h street -- - + ++ 
Darkness + + + + 
Temperature + + + + 
Younger drivers + + + -- 
Elderly drivers - 0 -- ++ 
Nota bene: A double sign means an elasticity greater than 1. 
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The number of cyclists increases all the four accident parameters. The car park as well as 
the amount of employed persons also contributes to more accidents (except for severity). 
New roads corresponds to more accidents and light accidents, while the number of 
severe victims drops sharply, as the new roads generally are constructed as safer roads 
than the older ones. When the share of urban highways (motorways) rises, then all four 
kinds of accident parameters drops. 
 
More road traffic leads to more accidents. A trade off from severe injuries to fatalities 
seems to be a consequence. Improved street lighting has an interesting impact. The first 
three accident parameters increase, probably due to a “risk compensating behaviour” 
among motorists. They compensate by driving faster compared to a situation with less 
illumination. However, the number of killed victims will be reduced almost proportional 
as the lighting is improved. 
 
The use of safety belts among drivers saves lives and transfers fatalities into severe 
injuries instead. The use of bicycle helmets has the same structure as streetlights – they 
save lives, but the risk compensating behaviour tends to rise all the other three 
components of accidents. The gasoline price is a strong traffic safety measure as it 
reduces all the four components. 
 
Darkness and higher temperature kills victims and the both have a devastating impact on 
all the four components of accidents. Urban speed increases in the vicinity of 50 km/h 
has an evident destructive impact on the severity of accidents. However, a higher speed 
reduces the number of accidents with personal light injuries, maybe due to a higher 
awareness of traffic conditions.  
 
The composition of the driving population seems to influence the accident pattern. The 
reader should be aware of the fact that this database only covers the urban road environ-
ment. It is well known that younger drivers are much more involved in accidents than 
medium aged people. But it might be different in the urban scene; maybe the denser 
traffic conditions slow down inexperienced drivers more than in the rural areas. Anyhow, 
they cause more accidents and more both light and severe injuries even in Stockholm. 
The elderly drivers seem to drive more carefully, and thus they are less involved in 
accidents. But as accidents occur, the risk to be killed in such an accident is much higher, 
maybe due to their more fragile physical condition.  
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The following factors augment the number of fatalities per road accident in the city of 
Stockholm (elasticities for the 1990s): 

 
The single factor, which dominates the influence on the increase of the number of 
fatalities, is the share of licence holders older than 65 years of age, with an elasticity of 
3.0. However, this is the very same factor that diminishes the total number of road 
accidents. This might be explained by the fact that elderly people tend to be more 
severely injured when they meet with road accidents due to health reasons. 
 
A 10 % increase of the average speed in city roads doubles the number of fatal accidents, 
and the same relationship is shown for darkness. 
 
Socio-economic factors such as increased employment, vacation activity and shopping 
activities increase indirectly the number of fatal accidents by their impact on the 
exposure (vehicle kms per month). Amongst these, the employment activity is pre-
dominant. The number of bicyclists also augments the risk of fatal accidents, 10 % more 
bicycles result in 1.7 % more fatal accidents.   
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The following factors diminish the number of fatalities per road accident in the city of 
Stockholm (elasticities for the 1990s): 

 
The real gasoline price is a powerful means for safer road traffic. An increase of the real 
gasoline price by 10 % results, according to the model, in 20 % fewer fatalities. This 
effect is partly explained to the fact that expensive petrol diminishes the number of 
vehicle kms.  
 
A greater share of young licence holders tends to reduce the number of fatal accidents. If 
the use of bicycle helmets is increased with 10 %, the number of fatalities is almost 
equally reduced. An improvement of the street illumination by 10 % or the share the 
total motorway length by 10 % diminishes the number of fatalities by 9 %.  

7 A forecast for Road Traffic Accidents 

As part of our project for the city of Stockholm, a set of forecasts of accidents and their 
severity has been carried out for the year 2015. An estimated population increase of more 
than 300,000 inhabitants from 1,78 to 2,09 million is one of the assumptions behind the 
forecasts. Employment is estimated to grow by 30 % and shopping activities by 37 %. 
The car park is assumed to grow by 18 % and the car traffic volume in the county of 
Stockholm by 26 % between 1998 and 2015. A lot of various scenarios have been 
analysed with the DRAG-3 Stockholm model.  
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A selection of the most important results is presented below: 

This first illustration concentrates on accident frequency and the number of lightly 
injured persons. Four of the six scenarios ‘produce’ more accidents with personal 
injuries. This is primarily due to the “risk compensation” mechanism and – for the two 
activity scenarios (“Employment” and “Bicycle traffic growth”, respectively) due to 
more mobility in the road and street environment. An “improved road network” (8 % 
more road capacity in 17 years) and “increased petrol prices” both yield fewer accidents. 
 
The high growth in the number of light injuries is offset by a substantial decrease in the 
number of severe injuries and fatalities, see the figure below: 
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The figure above is ranked according to the fatalities. Only the two first scenarios – 
“Population and employment activities” and “Bicycle growth” yield more fatalities. The 
other four scenarios ‘produce’ fewer fatalities. An improved road network, together with 
better street illumination, a speed decrease and more expensive petrol prices (higher fuel 
taxes) all work towards a much lower level of killed victims. 
 
The absolute magnitude of the forecasted reduction levels should not be interpreted as 
the exact truth, rather as an indication of small, medium or large impacts.  
 
One important conclusion from our study is that the universal trend towards growing 
urban environment in terms of population, employment and general activity and mobility 
increases tends to augment the number of accidents and their severity. Therefore, there 
is a strong need for efficient counter-balancing traffic safety measures to be introduced 
and implemented. The choice and selection of such safety measures ought to rely on a 
sound, broad and deep knowledge not only in the “direct impacts” on traffic safety, but 
also in the understanding of the behavioural responses among drivers and motorists.  
 
Time series models based on good empirical monthly data from both accident records 
and a broad spectrum of explanatory variables, is a useful tool to reveal such 
relationships as well as risk compensation behaviour. 
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9 Appendix 

Table 2: Many factors explain the evolution of personal road accident injuries in the City of Stockholm; 
Elasticities for 1998 

Model Road accidents 
with pers. Inju-
ries & deaths 

(TRIO model: 155) 

Light injuries 
per road 
accident 

(TRIO model: 156) 

Severe injuries 
per road 
accident 

(TRIO model: 157) 

Fatal deaths per 
road accident 

 

(TRIO model: 158) 

Explanatory factors Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Exposure & economic activities 

Vehicle kms per month 0,291 
(0,29) 

0,56 
(1,28) 

-0,96 
(-1,25) 

0,30 
(0,22) 

Vehicle kms2 per month 
 

0,11 
(0,28) 

-0,25 
(-1,26) 

- - 
 

Share of diesel vehicle kms -0,26 
(-2,28) 

-0,005 
(-0,09) 

0,19 
(0,60) 

-1,34 
(-2,22) 

Employment.act./veh.km 
LAM 1 

+0,25 
(1,04) 

+0,006 
(0,09) 

-0,09 
(-0,19) 

0,88 
(0,99) 

Real retail sales/ veh.km 
 

-0,12 
(-1,63) 

0,05 
(1,87) 

+0,28 
(1,92) 

-0,25 
(-0,99) 

Vacation activity/veh.km 
LAM 1 

0,06 
(1,17) 

0,01 
(-1,82) 

-0,13 
(-0,93) 

0,31 
(1,21) 

Vacation days ”per se”/ 
veh.km 

0,07 
(0,89) 

0,01 
(1,05) 

-0,23 
(-1,13) 

0,10 
(0,26) 

No of bicycles across CBD 
cordon                     LAM 1 

+0,24 
(7,72) 

-0,02 
(-1,58) 

0,06 
(0,59) 

-0,07 
(-0,35) 

Vehicle fleet quality 
Share of car remarks of 
all inspected            

-0,47 
(-2,51) 

+0,30 
(3,52) 

-1,27 
(-2,01) 

0,01 
(0,01) 

Brake defects/car at 
inspection      

0,28 
(1,69) 

-0,06 
(-0,77) 

-0,13 
(-0,22) 

-1,66 
(-1,56) 

Road network data 
New road links  opened 
(dummy variable)    LAM 1 

+ 0,57 
(2,81) 

0,05 
(0,42) 

-1,96 
(-3,36) 

-0,64 
(-0,49) 

New road link “per se” -0,16 
(-1,62) 

0,02 
(0,66) 

-0,15 
(-0,64) 

-0,12 
(-0,26) 

Share of motorway length -1,08 
(-2,79) 

+0,32 
(1,47) 

-2,10 
(-2,11) 

+0,19 
(0,10) 
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Table 2 continued 

Model Road accidents 
with personal 
injuries and 

deaths 

Light injuries 
per road 
accident 

Severe injuries 
per road 
accident 

Fatal deaths per 
road accident 

Explanatory factors Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Parking restrictions 
(dummy variable)     

- 0,10 
(0,58) 

-0,01 
(-0,11) 

+0,39 
 (0,74) 

-1,08 
(-1,00) 

Park. restrictions ”per se” 
(dummy variable) 

-0,05 
(-0,78) 

-0,05 
(1,30) 

+0,10 
(0,87) 

+0,38 
(1,44) 

Share of no of days with 
speed limit 110=>90 km/h 

0,01 
(0,22) 

+0,03 
(1,30) 

-0,19 
(-1,39) 

-0,16 
(-0,66) 

Speed in Stockholm city 
LAM 1 

-1,01 
(-1,92) 

0,40 
(1,15) 

1,73 
(1,09) 

3,16 
(0,93) 

Street light (in MWh) per 
street-km in Sthlm  LAM 1 

1,52 
(1,74) 

0,05 
(0,12) 

0,001 
(0,00) 

-2,43 
(-0,49) 

Weather data 

Average temperature/ 
month 

+ 0,00 
(0,01) 

-0,01 
(-0,89) 

+0,19 
(2,08) 

+0,03 
(0,20) 

Rain & snowfall/month  +0,03 
(1,92) 

-0,002 
(-0,21) 

+0,01 
(0,21) 

-0,02 
(-0,17) 

No of days with snow/ 
month 

-0,01 
(1,45) 

+0,01 
(1,80) 

-0,01 
(-0,41) 

-0,13 
(-2,29) 

Share of sunlight per 
daytime 

+0,11 
(3,08) 

-0,004 
(-0,22) 

-0,006 
(-0,06) 

-0,14 
(-0,70) 

Dummy for month with 1st 
autumn snowfall 

+0,01 
(0,51) 

+0,01 
(0,48) 

-0,003 
(-0,41) 

-0,01 
(0,46) 

Share of daytime (18 hrs) 
with darkness 

+0,33 
(5,18) 

-0,03 
(-1,13) 

+0,14 
(0,70) 

+0,40 
(1,00) 

Intervention measures & driver characteristics 

Use of seat belt/driver 
LAM 1 

+1,00 
(0,26) 

-0,18 
(-0,82) 

+2,86 
(2,82) 

-0,18 
(-0,09) 

Use of bicycle helmet +0,42 
(2,67) 

-0,10 
(-1,16) 

+1,52 
(3,46) 

-1,37 
(-1,65) 

Share of licence holders < 
20 years  (national data) 

0,41 
(1,95) 

-0,24 
(-2,34) 

0,22 
(0,36) 

-1,58 
(-1,23) 

Share of licence holders > 
65 years  (national data) 

-0,24 
(-0,59) 

+0,22 
(1,05) 

-2,50 
(-2,16) 

+3,25 
(1,44) 

Legal limit of intoxication  
LAM 1 

+0,11 
(2,68) 

+0,02 
(0,89) 

-0,18 
(-1,34) 

-0,07 
(-0,24) 
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Table 2 continued 
 

Model Road accidents 
with personal 
injuries and 

deaths 

Light injuries 
per road 
accident 

Severe injuries 
per road 
accident 

Fatal deaths per 
road accident 

Explanatory factors Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Calendar data     

No of workdays/month +0,49 
(1,63) 

-0,09 
(-0,81) 

-0,10 
(-0,13) 

-0,003 
(-0,00) 

No of other days/month +0,34 
(-2,59) 

-0,03 
(-0,71) 

-0,32 
(-1,08) 

+0,30 
(0,46) 

Prices 

Real gasoline price 
LAM 1 

-0,43 
(-2,41) 

0,15 
(1,81) 

-1,08 
(-2,11) 

-1,45 
(-1,56) 

Intoxication & pregnancies 

No of pregnant women 1st 
3 months 

0,06 
(0,41) 

0,29 
(3,70) 

-1,28 
(-2,55) 

-0,77 
(0,79) 

No of sold prescriptions 0,14 
(1,28) 

-0,01 
(-0,17) 

-0,07 
(-0,24) 

-0,59 
(-0,96) 

Lambda 1- value for  

variables marked with”LAM 1” t-

test 0;1 

0,660 
(4,41/-2,27) 

1,332 
(5,80/1,45) 

0,485 
(8,25/-8,75) 

0,520 
(6,18/-5,71) 

Explanatory power - R2 

Log-Likelihood 
0,656 

-1398,50 
0,695 
382,09 

0,825 
538,58 

0566 
1050,40 

Parameters estimate, no. 35 35 34 34 

No of observations 348 348 348 348 
 
Nota Bene: To achieve an elasticity for the amount of light injuries, severe injuries or fatal deaths,  sum the 
elasticity of the number of road accident (1st column with elasticities) with the elasticity for light, severe 
injury or fatal death, respectively (2nd, 3rd or 4th column, respectively); Example: Elasticity of the number 
of severe injuries with respect to new road links = 0,57  - 1,96 = -1,39. 
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1 Aim and Scope of the Study 

There is not one single factor that determines the development of road accidents. 
Contrary, there exists a certain “pattern” that helps us to explain and understand how and 
why road accidents occur.  
 
The traffic environment is changing all the time and humans adapt to new or altered 
circumstances. This study aims at capturing some of these determining factors and to 
explain the development of road accidents in a broader perspective. This DRAG-3 model 
for the city of Stockholm does not give all the answers. But, hopefully, it contributes to 
an enhanced understanding of ”why” and ”how much” road accidents occur.  
 
In the DRAG-3 Stockholm Study, police-reported road accidents have been analysed 
from January 1970 to December 1998, i.e. a time series period of 348 months. A 
database of some hundred possible explanatory variables has been collected, of which 
some 40 variables are included in the forecasting model developed within this project.  
 
This project was commissioned by the City of Stockholm Street Office with Mrs Ann 
Storkitt as the client co-ordinator and has been carried out by Ms Therese Gustafsson and 
Mr Janne Heningsson with Mr. Göran Tegnér, all at Transek Consultants. 

2 Conclusions 

Road traffic accidents increases again after many years of reductions 
During the last four years 1996-1999, the number of killed in road accidents has 
increased from 11 to 17 persons (+55 %) and the number of severely injured from 97 to 
171 persons (+76 %).  
 
Increased mobility contributes to more road traffic accidents 
Many human outdoor activities involves traffic movement either motorised or as 
pedestrians or cyclists – and thus accidents.  
! The number of road accident fatalities in the city of Stockholm is almost 

proportional to the increase in total employment in the Stockholm region.  
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Some identified important traffic accident relationships: 
! Higher gasoline prices contribute to fewer road accidents through less traffic 

and lower speeds.  
! Lower average speed within the city is an important traffic safety factor.  
! New road and city highway is a powerful traffic safety measure. 
! Darkness kills. Improved road and streetlights reduces the severe accidents. 
! Improved road winter maintenance is another safety measure in Nordic 

 countries like Sweden.  
! More bicycle trips at today’s level-of-service, induces more killed and more 

 severely injured persons.   
! The use of bicycle helmets is a cheap and efficient traffic safety measure.  
! The increased use of city jeeps and other heavy passenger cars leads to more 

 accidents and also to an increase in the severity of injuries.  
 
A traffic accident forecast for the year 2015 for the city of Stockholm 
The population in the county of Stockholm is estimated to grow by over 300,000  
(+17%) from 1,78 million to 2,09 million inhabitants in 2015. Employment is calculated 
to grow even faster (or by 30 % or by more than 260,000 persons).  
! A growing Stockholm region leads to 3 more road traffic fatalities annually. 
! New city highways would reduce the severe injuries by 30 persons annually. 
! Enhanced safer bicycle traffic demands powerful counter measures in the 

 existing street network.  
! A gradual reduction in the average speed by the car traffic by 1 % annually up 

 to the year 2015 might cause 6 fewer fatalities and 17 fewer severe injuries, 
 compared  to constant speeds. 

! A successive 1 % improved road and street illumination is forecasted to 
 reduce the number of killed by 21 % or by 5 persons.  
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3 The Evolution of Road Traffic Accidents in 
Stockholm 1970 - 1998 

3.1 Accident rates in Stockholm – an international perspective 

In an attempt to compare road safety on the international scene, we have chosen accident 
frequency in terms of the number of injured or killed per 1,000 vehicles among a 
selection of 28 countries. This accident rate is compared to the motorization rate in the 
figure below: 
 

Source: the world Bank (http://www.worldbank.org/data/wdi2000/pdfs/tab3_12.pdf 
 
The figure (N.B. in logarithmic scale) reveals the tremendous variety in road traffic 
safety levels – from 5 injured/killed persons per 1,000 vehicles, represented by Namibia 
and Sweden, up to Botswana and Armenia, with 94 and 347 injured/killed persons 
according to the World Bank statistics. The other striking impression is the total lack of 
correspondence between safety level and motorization level. Some countries show low 
accident rates in spite of a rather high motorization rate, mostly Western countries but 
also Israel and Korean Republic. Other countries suffer from rather high accident rates 
and a rather low motorization rate, such as Bangladesh, Botswana and Armenia. Sweden 
has 5 injured/killed persons per 1,000 vehicles and 468 cars per 1,000 inhabitant. 

Accident frequency and Motorization Rate in 1998
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3.2 The Evolution of road Accidents in the City of Stockholm 

The evolution in road traffic accidents during the last 28 years can be characterised by a 
substantial decrease in the fatal accidents and in the number of accidents with severely 
injured victims. In the figure below, the number of victims (fatal, severely and lightly 
injured persons) is illustrated in a logarithmic scale: 
 

 
A positive record of a substantial reduction in the number of fatal (-76 %) and severely 
injured victims (-60 %) can be registered for the entire period 1970 – 1998. On the other 
hand the lightly injured – and thus also the total number of victims - has been almost 
constant over the last three decades. 
 
However, there is a strong tendency towards a new increase in the number of fatalities 
and in the severely injured victims during the last three years. 
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The distribution of road traffic victims by mode category in 1999 is shown below: 

 
Around two-third of all road traffic victims are car drivers or passengers, while 
pedestrians make up 13 % and bicyclists 17 % of all victims. 
 
The total number of road accidents could be seen as a product of the accident risk (here 
defined as the number of bodily damages per million vehicle-kilometres) and the 
exposure (the total number of vehicle kilometres) as can be viewed below: 

 
Distribution of road traffic victims in the city of Stockholm   

by  mode category 
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The accident risk has fallen dramatically from around 0,5 accidents with bodily damages 
per million vehicle-kilometres in 1970 to 0,227 in 1992.  
 
However, since 1992 the accident risk is increasing again and it was recorded to be 0,256 
in 1998. At the same time (1970 – 1998), the total exposure in terms of total vehicle 
production (AADT among gasoline and diesel vehicles) in the County of Stockholm 
increased rapidly or by 76 %. 
 
This is the real challenge for traffic safety policy – to compensate with traffic safety 
measures for a gradual increase in urban (and national - international) mobility. 
 
In the next section we define the structure of the DRAG-3 Stockholm Model. 

4 The Structure of the DRAG Model for Stockholm 

The DRAG-philosophy aims at creating an enhanced understanding of two aspects of 
mobility: the demand for road usage, and the complex interactions affecting road 
accidents. The notion is based on a three-step approach, risk exposure, accident rate and 
its severity. A data base has been created for the City an the County of Stockholm with a 
broad spectrum of explanatory variables, such as socio-economic factors, laws and 
regulations, road and public transport data, vehicle fleet data, climate data and other 
related information aiming at explaining the development of road traffic and road 

Accident risk (bodily damages per million veh.km) and vehicle 
traffic production (AADT) - Stockholm County 1970 - 1998
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accidents ex post. A special statistical programme package, called TRIO1 has been used 
in the analysis. 
 
The demand model is estimated on aggregate time series data for the whole area (in this 
case Stockholm County). The idea is to explain both traffic volumes (vehicle kilometres, 
vkms) and road accidents by a wide spectrum of explanatory variables by exploiting the 
vast variation in the monthly data set. This technique is called DRAG and stands for: 
”Demand for Road use, Accidents and their Gravity”, and is developed by professor 
Marc Gaudry at the Transport research Centre at the University of Montreal in Canada. 
 

 

1 TRIO is a statistical programme package for multiple regression model estimation of  dependent 
variables of the types: level, share and probability. TRIO has been developed by Prof. Marc Gaudry at 
the Centre de Recherche sur les Transports (C.R.T.) at University of  Montreal in Canada. 
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4.1 The Functional Form 

In TRIO a demand model function is specified as follows:  
 

y x ut

y
k

kt

k
t

y kλ λ

λ
β β

λ
− = + − +∑1 1

0 ( )  
where  
yt = the dependent variable for  month t 
β0  =  the constant term 
βk  = the estimated regression coefficient 
xkt  = the independent variable xk:s value for month t  
λ λk yresp  =  the so-called lambda-parameters for the independent variable xk and for the 

 dependent y-variable, i.e. a scale factor also estimated on the data set and 
 which transforms the model or to a certain mathematical form. As a special 
 case, when lambda is = 1, you get a linear model, and if lambda is = 0, you 
 get a logarithmic model. This transformation is called ”Box-Cox” transfor-
 mation. 
and  
 

u v f Zt t t= ( ) ,½       
   

v vt l t l tt

r= +−=∑ ρ ω
1

, 
 
where 
Zt = a vector of heteroskedastic variables  
ut = the error term (the residual vector) depending on the heteroskedasticity 
vt  = the error term (the residual vector) which is assumed to be dependent in 
  the auto-correlation of the model 
and finally  
ρl  = the so called  auto-regressive (time lag) parameters, which are also  
  estimated and carries information about the time lag in the model.  
ωt = the third stage vector of residuals 

4.2 The DRAG Model and the TRIO Programme 

 
In our application of the DRAG approach in the Stockholm City and region, the 
following time series models have been carried out on a monthly basis for the period 
1970 - 1998: 
• an EXPOSURE  model of total road mileage (vehicle kilometres) for gasoline and 

diesel passenger cars 
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• a FREQUENCY model of total number of road accidents with personal injuries and 
deaths 

• a SEVERITY model of the: 
- number of light injuries per road accident 
- number of severe injuries per road accident 
- number of fatal deaths per road accident. 

 
Analogous DRAG-models have been carried out in Quebec, Canada, Germany, France 
Norway and California, USA2. 

5 The Evolution of Explanatory Variables 

One of our most important conclusions is that the augmented activity levels in the 
society contribute to an increase in the number of accidents. In the figure below, the 
development of some of the major explanatory factors for the period 1970 – 1998 is 
presented: 
 

 
 

2  Source 1: ”Application of Econometric Model DRAG-2 to Road Travel Demand in Quebec” 
Proceedings of the Canadian Multidisciplinary Road Safety Conference VIII, June 14-16, 1993, 
Saskatoon, Saskatchewan. By M. Gaudry, C.R.T., Univ. of Montreal, Quebec, F.Fournier and R. 
Simard, Société de l’assurance automobile du Quebec; Source 2: ”Aggregate Time-Series Gasoline 
Demand Models: Review of the Literature and New Evidence for West Germany”, by Ulrich C. H. 
Blum, Gertraud Foos and Marc Gaudry, Transportation Research A. Vol.  22A, No 2, pp 75-88, 1988. 
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Employment and population in the County of Stockholm has increased by 16 % and 21 
5% respectively. Only the road length has increased that slowly. Most other background 
factors show a more swift development. The number of vehicle kilometres produced has 
increased by 77 % and the number of cars in use by 67 %. 
 
Congestion (measured as vehicle kilometres per kilometre of road) is now more than 50 
% higher than in 1970. The price of petrol is also more than 50 % higher. The share of 
diesel trucks is also much higher (+65 %).  
 
The share of highway kilometres has developed very fast (by 165 %), thus contributing 
to a reduction in the accident rate. Also the share of car-licence holders older than 65 
years has increased substantially from a very small level. 
 
Due to an improved economic welfare, the share of heavy passenger cars (“City Jeeps”) 
has fivefold during the last 28 years. 
 
Most of these factors have a decisive impact on accident rates and their severity. 

6 The DRAG-3 Stockholm Model Results  

6.1 The Exposure Model of vehicle-kilometres 

The first part of the composite model is the Exposure model. The model contains some 
20 variables and performs rather well. The rapid development of total vehicle production 
(AAMT) was most pronounced between 1970 and 1989. A sharp economic recession in 
Sweden in the first part of the 1990’s reduced the car traffic, but it has increased during 
the recent years. Apart from a few years, the predicted magnitude of vehicle-kilometres 
corresponds well with the actual records, gathered form gasoline and diesel sales 
statistics. 
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The most important explanatory variables and their average elasticities are summarised 
in the table below: 

Table 1: Impact on total road mileage from various factors. Elasticities 1998, Stockholm County 

Explanatory variable Elasticity t-statistics 
Employment activity 0,46 5,06 

Parking restrictions 0,43 8,72 

Cars in use per employed 0,42 5,46 

New road links (dummy) 0,38 6,01 

No. of workdays/month 0,38 3,60 

Retail sales per employed 0,32 8,44 

Rain and snowfall mm/month 0,004 0,50 

Temperature 0,002 6,36 

No. of non-working days/month 0,031 -0,56 

Vacation activity -0,003 -3,13 

Darkness (share of 18 hours/day) -0,21 -7,03 

No. of snowdays/month -0,014 -1,22 

Population per employed -0,22 -4,09 

Real gasoline price -0,24 -7,79 

   

No of observations 348  

Pseudo-R2 adjusted for d.f. 0,938  

Log likelihood -3466,54  
Elasticities in bold are significant at the 5 % level. 
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The model shows the 14 most influential factors affecting the total (gasoline and diesel) 
vehicle kilometre production. Employment, the size of the car park in use and the 
shopping activity have a rather strong impact on the vehicle-kilometres produced. 
Increased parking restrictions in the CBD area lead to an increase in the total mileage, 
due to more search traffic but probably also to a diversion of car traffic to peripheral 
shopping centres outside the CBD area. The non-employed part of the population is more 
inclined to use walk, bike and public transport modes; therefore they use the private car 
less.  
 
A 10 % increase in the gasoline price reduces the road traffic volumes by 2.4 %. 
Darkness and bad weather also reduces the car traffic. This model (in all with 22 
variables) “explain” about 94 % of the total monthly variation in the data set. 

6.2 The Accident Models of  Personal Injuries and Fatalities 

The accident risk and severity models estimated consists of four sub-models with the 
same set of explanatory variables.  
 
The first sub-model explains the total number of accidents with personal injuries or 
deaths in the city of Stockholm 1970 – 1998: 

As can be seen from the figure above the correspondence between estimated and 
observed number of accidents is high. 
Even for the sub-model of severe victims, the correspondence is quite well between 
observed and estimated number except for a few years (1973, 1977, 1984).  
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Notice the increase in the number of severely injured during the last three years. 

The number of fatalities is much lower and it has also been reduced substantially over 
time – from some 70 persons in 1970 to less than 20 persons in the late 1990’s: 

The rate of randomness in how many killed victims that would occur from traffic 
accidents is naturally higher, which leads to a higher discrepancy between the observed 
and estimated numbers. However, even for this smaller group of severity, the 
correspondence between the DRAG-model and the reality is striking. The peaks in the 
years 1984 and 1989 are well represented, as well as the periods of decline and 
augmentation. 

Estimated and observed number of severe victims - 1970 - 1998 in the city 
of Stockholm
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Exposure and economic activities 
The number of personal accidents seems not to be proportional to the exposure in terms 
of vehicle-kilometres driven. An elasticity on the number of road accidents with personal 
injuries of 0,3 due to the number of vehicle kms, is found. A corresponding vehicle-
kilometre elasticity on the number of killed victims amounts 0,60, i.e. a 10 % increase in 
road traffic yields 3 % more road accidents in Stockholm and 6 % more fatalities.  
 
In the urban environment, it seems as if the share of diesel vehicles (in terms of mileage) 
reduces the number of accidents and their severity. Maybe, it slows down the overall 
traffic speed and also indicates a larger proportion of experience drivers. 
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Employment and vacation activities increase the number of road accidents with personal 
injuries, and the number of fatalities from these accidents becomes more frequent, when 
employment activities increases. Shopping activities seem to reduce both the number of 
road accidents, as the fatalities, while the number of severely injured increases.  
 
The most striking results, however, stems from the observed number of bicyclists in the 
Stockholm City. A 10 % more frequent bicycle traffic, seem to lead to 2,4 % more road 
accidents, 3,0 % more severely injured and to 1,7 % more killed persons.  
 
Vehicle fleet quality 
Bad cars, i.e. cars with a higher proportion of remarks from the inspections, reduce the 
number of accidents (probably due to risk compensation behaviour), but increase the 
number of severely injured persons.  The frequency of brake defects seem to lead to a 
more cautious driver behaviour, and thus, to a reduction in both the severe injuries and 
the number of killed victims. However, there exists a lot more vehicle quality factors 
with an influence on accidents, but there is a lack of such data in this study. 
 
Road network data 
New road links slightly increase the number of accidents (probably due to higher 
speeds), but reduce severe injuries and fatal deaths substantially. New and better roads 
are thus safer than other roads. Also urban highways (motorways) contribute to a safer 
environment with fewer accidents and fewer severely injured persons. Speed limits on 
the primary road network with a reduction from 110 to 90 km/h  reduce the number of 
accidents and also severe injuries. A reduction of the urban car speed is clearly also a 
very important safety measure. Better street lighting is an important – and maybe 
underestimated – safety measure. It increased the number of accidents due to the “risk 
compensation” of the drivers, but reduces the number of killed persons dramatically. 
 
Weather data 
Weather conditions do have a certain impact on accidents. The number of severe 
accidents seem to increase as temperature is higher than normal (more people exposed), 
as rain and snow limits the sigh for the drivers and also as sunlight is reducing the 
concentration from driving. A decrease in the number of accidents could be noticed as 
the first snow makes drivers more cautious, while “darkness kills”. Darkness has a 
strong negative impact on the number of accidents and their severity, which could be 
counter-balanced by more and better road and streetlights. 
 
Intervention measures & driver characteristics 
An increased use of seat belts has a significant positive impact on road safety with a 
reduced number of fatalities. The use of bicycle helmets is found to have a decisive 
impact on road safety – fewer killed victims, but more severely injuries and more 
accidents, probably from “risk compensation”. With a bicycle helmet, cyclists drive less 
safely, but the helmets save lives. 
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The age composition of the drivers also seems to be important. A larger proportion of 
younger drivers (less than 20 years of age) might cause more accidents and more 
severely injuries but fewer killed persons, while the opposite tend to be the case among 
the elderly drivers. A larger proportion of elderly drivers (here indirectly measured 
through the number of licence holders) seems to reduce the number of accidents and 
their severity, but to a substantial increase in fatal deaths. One explanation to this might 
well be that, when elderly people become involved in a road accident, they tend to be 
more severely injured due to already existing health problems.  
 
Prices 
The impact of real gasoline prices on accidents is twofold. First, it influences through the 
exposure – higher gasoline prices reduce the number of vehicle-kilometres driven. 
Second, its has an impact on accidents through lower speeds. Fuel taxation might thus be 
an underestimated traffic safety measure. 
 
Intoxication & pregnancy 
The use of medicine might have an impact on accident rates, according to our findings. 
Measured as the sales of prescriptions at pharmacists, there is a tendency towards more 
accidents as prescriptions sales augment, but less severe injuries. The results are not 
conclusive, but the use of drugs and medicine should be examined in more detail as a 
traffic safety problem. 
 
We have also collected information about the amount of pregnant women between 18 
and 44 years during their first three months of pregnancy. Pregnancy might correlate 
with more accidents and more light injuries, and less severe injuries. In our previous 
study for the entire urban area of Stockholm County, we obtained more severe injuries 
together with a higher rate of pregnancy. There is a need for more detailed disaggregate 
surveys to follow up on this matter. 
  
In a special model variant we have tested the influence of alcohol consumption on 
accidents and their severity. As regards the number of accidents and the number of 
fatalities, we have obtained a J-shaped relationship. At low initial levels of alcohol 
consumption per vehicle-kilometre, accidents and fatalities fall as alcohol consumption 
increases (elasticity: -0,01 and –1,65, respectively). At higher initial levels of alcohol 
consumption per vehicle-kilometre, accidents and fatalities rises as alcohol consumption 
increases (elasticity: +0,005 and +0,61, respectively). These finding are well in line with 
the results of the famous Grand Rapids Study of 1964, in which a J-shaped relationship 
was discovered3. 

 

3  ”The role  of the drinking driver in traffic accidents”, Blutalkohol, Vol. 11 (supplement 1), 1974, av R.F: 
Borkenstein, R.P. Shumate, W.B. Ziel och R. Zylman, Indiana University, Bloomington, Indiana, USA 
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6.3 The Impacts from various Factors on Accidents and their 
Severity 

As indicated in section 4.2 above, the impacts are calculated in terms of: 
! The exposure (total vehicle kilometres for gasoline and diesel vehicles) (DR) 

or Demand for Road use 
! The frequency of accidents (total number of road accidents with personal 

injuries and deaths) (A) or Accident risk 
! The Gravity (G) or severity of accidents (number of light injuries, severe 

injuries and fatal deaths, respectively, all counted per road accident). 
 
Together this makes up the DRAG-model.  
 
A way to summarise the impacts of the 34 variables on the four sub-groups of accident 
frequency and severity, is to present a selection of the most interesting traffic safety 
measures in a table in terms of plus (+) and minus (-) composite effects, see below: 

Table 3: The composite impact on accidents and their severity from a selection of 15 explanatory 
variables; the City of Stockholm 

 Impact on: 
Factor No. of 

accidents 
No of  light injuries No of  severe injuries No of fatalities

Employment + + - ++ 
No. of cyclists + + + + 
Cars in use + + - + 
New roads + + -- 0 
Urban highways -- - -- - 
     
Traffic (veh.kms) + + - + 
Street lighting + + + - 
Safety belt use + - ++ - 
Bicycle helmet + + ++ - 
Gasoline price - - - -- 
     
Speed 50 km/h street -- - + ++ 
Darkness + + + + 
Temperature + + + + 
Younger drivers + + + -- 
Elderly drivers - 0 -- ++ 
Nota bene: A double sign means an elasticity greater than 1. 



The DRAG-3 Stockholm Accident Model 2000-08-10 TRANSEK 
 

20 

The number of cyclists increases all the four accident parameters. The car park as well as 
the amount of employed persons also contributes to more accidents (except for severity). 
New roads corresponds to more accidents and light accidents, while the number of 
severe victims drops sharply, as the new roads generally are constructed as safer roads 
than the older ones. When the share of urban highways (motorways) rises, then all four 
kinds of accident parameters drops. 
 
More road traffic leads to more accidents. A trade off from severe injuries to fatalities 
seems to be a consequence. Improved street lighting has an interesting impact. The first 
three accident parameters increase, probably due to a “risk compensating behaviour” 
among motorists. They compensate by driving faster compared to a situation with less 
illumination. However, the number of killed victims will be reduced almost proportional 
as the lighting is improved. 
 
The use of safety belts among drivers saves lives and transfers fatalities into severe 
injuries instead. The use of bicycle helmets has the same structure as streetlights – they 
save lives, but the risk compensating behaviour tends to rise all the other three 
components of accidents. The gasoline price is a strong traffic safety measure as it 
reduces all the four components. 
 
Darkness and higher temperature kills victims and the both have a devastating impact on 
all the four components of accidents. Urban speed increases in the vicinity of 50 km/h 
has an evident destructive impact on the severity of accidents. However, a higher speed 
reduces the number of accidents with personal light injuries, maybe due to a higher 
awareness of traffic conditions.  
 
The composition of the driving population seems to influence the accident pattern. The 
reader should be aware of the fact that this database only covers the urban road environ-
ment. It is well known that younger drivers are much more involved in accidents than 
medium aged people. But it might be different in the urban scene; maybe the denser 
traffic conditions slow down inexperienced drivers more than in the rural areas. Anyhow, 
they cause more accidents and more both light and severe injuries even in Stockholm. 
The elderly drivers seem to drive more carefully, and thus they are less involved in 
accidents. But as accidents occur, the risk to be killed in such an accident is much higher, 
maybe due to their more fragile physical condition.  
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The following factors augment the number of fatalities per road accident in the city of 
Stockholm (elasticities for the 1990s): 

 
The single factor, which dominates the influence on the increase of the number of 
fatalities, is the share of licence holders older than 65 years of age, with an elasticity of 
3.0. However, this is the very same factor that diminishes the total number of road 
accidents. This might be explained by the fact that elderly people tend to be more 
severely injured when they meet with road accidents due to health reasons. 
 
A 10 % increase of the average speed in city roads doubles the number of fatal accidents, 
and the same relationship is shown for darkness. 
 
Socio-economic factors such as increased employment, vacation activity and shopping 
activities increase indirectly the number of fatal accidents by their impact on the 
exposure (vehicle kms per month). Amongst these, the employment activity is pre-
dominant. The number of bicyclists also augments the risk of fatal accidents, 10 % more 
bicycles result in 1.7 % more fatal accidents.   
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The following factors diminish the number of fatalities per road accident in the city of 
Stockholm (elasticities for the 1990s): 

 
The real gasoline price is a powerful means for safer road traffic. An increase of the real 
gasoline price by 10 % results, according to the model, in 20 % fewer fatalities. This 
effect is partly explained to the fact that expensive petrol diminishes the number of 
vehicle kms.  
 
A greater share of young licence holders tends to reduce the number of fatal accidents. If 
the use of bicycle helmets is increased with 10 %, the number of fatalities is almost 
equally reduced. An improvement of the street illumination by 10 % or the share the 
total motorway length by 10 % diminishes the number of fatalities by 9 %.  

7 A forecast for Road Traffic Accidents 

As part of our project for the city of Stockholm, a set of forecasts of accidents and their 
severity has been carried out for the year 2015. An estimated population increase of more 
than 300,000 inhabitants from 1,78 to 2,09 million is one of the assumptions behind the 
forecasts. Employment is estimated to grow by 30 % and shopping activities by 37 %. 
The car park is assumed to grow by 18 % and the car traffic volume in the county of 
Stockholm by 26 % between 1998 and 2015. A lot of various scenarios have been 
analysed with the DRAG-3 Stockholm model.  
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A selection of the most important results is presented below: 

This first illustration concentrates on accident frequency and the number of lightly 
injured persons. Four of the six scenarios ‘produce’ more accidents with personal 
injuries. This is primarily due to the “risk compensation” mechanism and – for the two 
activity scenarios (“Employment” and “Bicycle traffic growth”, respectively) due to 
more mobility in the road and street environment. An “improved road network” (8 % 
more road capacity in 17 years) and “increased petrol prices” both yield fewer accidents. 
 
The high growth in the number of light injuries is offset by a substantial decrease in the 
number of severe injuries and fatalities, see the figure below: 
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The figure above is ranked according to the fatalities. Only the two first scenarios – 
“Population and employment activities” and “Bicycle growth” yield more fatalities. The 
other four scenarios ‘produce’ fewer fatalities. An improved road network, together with 
better street illumination, a speed decrease and more expensive petrol prices (higher fuel 
taxes) all work towards a much lower level of killed victims. 
 
The absolute magnitude of the forecasted reduction levels should not be interpreted as 
the exact truth, rather as an indication of small, medium or large impacts.  
 
One important conclusion from our study is that the universal trend towards growing 
urban environment in terms of population, employment and general activity and mobility 
increases tends to augment the number of accidents and their severity. Therefore, there 
is a strong need for efficient counter-balancing traffic safety measures to be introduced 
and implemented. The choice and selection of such safety measures ought to rely on a 
sound, broad and deep knowledge not only in the “direct impacts” on traffic safety, but 
also in the understanding of the behavioural responses among drivers and motorists.  
 
Time series models based on good empirical monthly data from both accident records 
and a broad spectrum of explanatory variables, is a useful tool to reveal such 
relationships as well as risk compensation behaviour. 
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9 Appendix 

Table 2: Many factors explain the evolution of personal road accident injuries in the City of Stockholm; 
Elasticities for 1998 

Model Road accidents 
with pers. Inju-
ries & deaths 

(TRIO model: 155) 

Light injuries 
per road 
accident 

(TRIO model: 156) 

Severe injuries 
per road 
accident 

(TRIO model: 157) 

Fatal deaths per 
road accident 

 

(TRIO model: 158) 

Explanatory factors Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Exposure & economic activities 

Vehicle kms per month 0,291 
(0,29) 

0,56 
(1,28) 

-0,96 
(-1,25) 

0,30 
(0,22) 

Vehicle kms2 per month 
 

0,11 
(0,28) 

-0,25 
(-1,26) 

- - 
 

Share of diesel vehicle kms -0,26 
(-2,28) 

-0,005 
(-0,09) 

0,19 
(0,60) 

-1,34 
(-2,22) 

Employment.act./veh.km 
LAM 1 

+0,25 
(1,04) 

+0,006 
(0,09) 

-0,09 
(-0,19) 

0,88 
(0,99) 

Real retail sales/ veh.km 
 

-0,12 
(-1,63) 

0,05 
(1,87) 

+0,28 
(1,92) 

-0,25 
(-0,99) 

Vacation activity/veh.km 
LAM 1 

0,06 
(1,17) 

0,01 
(-1,82) 

-0,13 
(-0,93) 

0,31 
(1,21) 

Vacation days ”per se”/ 
veh.km 

0,07 
(0,89) 

0,01 
(1,05) 

-0,23 
(-1,13) 

0,10 
(0,26) 

No of bicycles across CBD 
cordon                     LAM 1 

+0,24 
(7,72) 

-0,02 
(-1,58) 

0,06 
(0,59) 

-0,07 
(-0,35) 

Vehicle fleet quality 
Share of car remarks of 
all inspected            

-0,47 
(-2,51) 

+0,30 
(3,52) 

-1,27 
(-2,01) 

0,01 
(0,01) 

Brake defects/car at 
inspection      

0,28 
(1,69) 

-0,06 
(-0,77) 

-0,13 
(-0,22) 

-1,66 
(-1,56) 

Road network data 
New road links  opened 
(dummy variable)    LAM 1 

+ 0,57 
(2,81) 

0,05 
(0,42) 

-1,96 
(-3,36) 

-0,64 
(-0,49) 

New road link “per se” -0,16 
(-1,62) 

0,02 
(0,66) 

-0,15 
(-0,64) 

-0,12 
(-0,26) 

Share of motorway length -1,08 
(-2,79) 

+0,32 
(1,47) 

-2,10 
(-2,11) 

+0,19 
(0,10) 

 



The DRAG-3 Stockholm Accident Model 2000-08-10 TRANSEK 
 

27 

Table 2 continued 

Model Road accidents 
with personal 
injuries and 

deaths 

Light injuries 
per road 
accident 

Severe injuries 
per road 
accident 

Fatal deaths per 
road accident 

Explanatory factors Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Parking restrictions 
(dummy variable)     

- 0,10 
(0,58) 

-0,01 
(-0,11) 

+0,39 
 (0,74) 

-1,08 
(-1,00) 

Park. restrictions ”per se” 
(dummy variable) 

-0,05 
(-0,78) 

-0,05 
(1,30) 

+0,10 
(0,87) 

+0,38 
(1,44) 

Share of no of days with 
speed limit 110=>90 km/h 

0,01 
(0,22) 

+0,03 
(1,30) 

-0,19 
(-1,39) 

-0,16 
(-0,66) 

Speed in Stockholm city 
LAM 1 

-1,01 
(-1,92) 

0,40 
(1,15) 

1,73 
(1,09) 

3,16 
(0,93) 

Street light (in MWh) per 
street-km in Sthlm  LAM 1 

1,52 
(1,74) 

0,05 
(0,12) 

0,001 
(0,00) 

-2,43 
(-0,49) 

Weather data 

Average temperature/ 
month 

+ 0,00 
(0,01) 

-0,01 
(-0,89) 

+0,19 
(2,08) 

+0,03 
(0,20) 

Rain & snowfall/month  +0,03 
(1,92) 

-0,002 
(-0,21) 

+0,01 
(0,21) 

-0,02 
(-0,17) 

No of days with snow/ 
month 

-0,01 
(1,45) 

+0,01 
(1,80) 

-0,01 
(-0,41) 

-0,13 
(-2,29) 

Share of sunlight per 
daytime 

+0,11 
(3,08) 

-0,004 
(-0,22) 

-0,006 
(-0,06) 

-0,14 
(-0,70) 

Dummy for month with 1st 
autumn snowfall 

+0,01 
(0,51) 

+0,01 
(0,48) 

-0,003 
(-0,41) 

-0,01 
(0,46) 

Share of daytime (18 hrs) 
with darkness 

+0,33 
(5,18) 

-0,03 
(-1,13) 

+0,14 
(0,70) 

+0,40 
(1,00) 

Intervention measures & driver characteristics 

Use of seat belt/driver 
LAM 1 

+1,00 
(0,26) 

-0,18 
(-0,82) 

+2,86 
(2,82) 

-0,18 
(-0,09) 

Use of bicycle helmet +0,42 
(2,67) 

-0,10 
(-1,16) 

+1,52 
(3,46) 

-1,37 
(-1,65) 

Share of licence holders < 
20 years  (national data) 

0,41 
(1,95) 

-0,24 
(-2,34) 

0,22 
(0,36) 

-1,58 
(-1,23) 

Share of licence holders > 
65 years  (national data) 

-0,24 
(-0,59) 

+0,22 
(1,05) 

-2,50 
(-2,16) 

+3,25 
(1,44) 

Legal limit of intoxication  
LAM 1 

+0,11 
(2,68) 

+0,02 
(0,89) 

-0,18 
(-1,34) 

-0,07 
(-0,24) 
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Table 2 continued 
 

Model Road accidents 
with personal 
injuries and 

deaths 

Light injuries 
per road 
accident 

Severe injuries 
per road 
accident 

Fatal deaths per 
road accident 

Explanatory factors Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Elasticity 
(t-value) 

Calendar data     

No of workdays/month +0,49 
(1,63) 

-0,09 
(-0,81) 

-0,10 
(-0,13) 

-0,003 
(-0,00) 

No of other days/month +0,34 
(-2,59) 

-0,03 
(-0,71) 

-0,32 
(-1,08) 

+0,30 
(0,46) 

Prices 

Real gasoline price 
LAM 1 

-0,43 
(-2,41) 

0,15 
(1,81) 

-1,08 
(-2,11) 

-1,45 
(-1,56) 

Intoxication & pregnancies 

No of pregnant women 1st 
3 months 

0,06 
(0,41) 

0,29 
(3,70) 

-1,28 
(-2,55) 

-0,77 
(0,79) 

No of sold prescriptions 0,14 
(1,28) 

-0,01 
(-0,17) 

-0,07 
(-0,24) 

-0,59 
(-0,96) 

Lambda 1- value for  

variables marked with”LAM 1” t-

test 0;1 

0,660 
(4,41/-2,27) 

1,332 
(5,80/1,45) 

0,485 
(8,25/-8,75) 

0,520 
(6,18/-5,71) 

Explanatory power - R2 

Log-Likelihood 
0,656 

-1398,50 
0,695 
382,09 

0,825 
538,58 

0566 
1050,40 

Parameters estimate, no. 35 35 34 34 

No of observations 348 348 348 348 
 
Nota Bene: To achieve an elasticity for the amount of light injuries, severe injuries or fatal deaths,  sum the 
elasticity of the number of road accident (1st column with elasticities) with the elasticity for light, severe 
injury or fatal death, respectively (2nd, 3rd or 4th column, respectively); Example: Elasticity of the number 
of severe injuries with respect to new road links = 0,57  - 1,96 = -1,39. 
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BACKGROUND

Traffic safety is a major problem in road traffic systems. Although the problems are serious it is
difficult to study them systematically due to the fact the number of actual collisions is very small
compared to the whole traffic flow and potential accident cases (conflicts). There is a growing
interest to use computer simulation in order to tackle the problem systematically. Microscopic
traffic simulation has been successfully used in evaluation of traffic efficiency and emissions,
but not yet widely in studies of traffic safety aspects. This paper will discuss the potential of
traffic safety simulation based on experiences from simulation studies in two research
laboratories that were using very different types of traffic simulators.  

TRANSIMS (Transportation Analysis and Simulation System) is a high-speed parallel micro
simulator that allows simulation of large metropolitan areas on microscopic level. TRANSIMS
was developed by the Los Alamos National Laboratory in New Mexico, USA. It utilizes
synthetic populations to create the traffic demand and cellular automata for high-speed parallel
simulation of traffic flows (Smith et al. 1995).

HUTSIM is a very different kind of microscopic simulator developed by the Helsinki University
of Technology, Finland. The object-oriented HUTSIM model is built for very high precision
simulation of interactions between vehicles, pedestrians, traffic environment and traffic control
(figure 1). Because the high fidelity of modeling requires lot of computing power, very large
networks cannot be simulated.  

A common feature of TRANSIMS and HUTSIM is that they both use rule-based vehicle
dynamics. In HUTSIM a set of few rules controls the selection of discrete speed levels and lanes
(Kosonen 1999).  In TRANSIMS also the space is discrete which leads to a very minimal and
hence fast rule sets for control of speed and lane changing (Simon Nagel 1998). 
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Figure 1. High-fidelity modeling of interactions with the object-oriented HUTSIM-simulator.

MODELING TRAFFIC SAFETY

Using simulation for traffic safety studies is a complicated matter. Since the simulated traffic is
usually collision free, the safety aspect is already built in to the model. In other words the
simulated driving dynamics is derived from safety requirements and without any exceptions no
accidents or even conflict situations will occur. 

Two types of solutions can be used to allow safety studies with initially collision free simulator.
One is to introduce some erroneous behavior to allow conflicts and accidents to take place. This
approach has been used with HUTSIM as explained later. The other approach is to take the
collision free driving dynamics as input to the safety model, which then assigns some probability
of accident to each potentially risky driving situation. This type of approach was tested with the
TRANSIMS system (Ree et al. 2000).

There are different levels of fidelity in modeling traffic systems. In macroscopic modeling no
individual cars are identified and traffic is considered as a continuous flow. Therefore
macroscopic simulation is not suitable for safety modeling and conflict studies between
individual cars. With low fidelity microscopic simulators (like TRANSIMS), it is possible to
model safety issues in rough level. The output of cellular automata must be postprocessed and
filtered in order to achieve more realistic car behavior. High-fidelity microscopic models (like
HUTSIM) offer plenty of possibilities for systematic examination of conflict situations between
individual vehicles. 
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The most suitable model for traffic safety simulation is a so called nanoscopic model. This
means very detailed modeling of driver perception, decision making and actions including
possible limitations and errors within them (figure 2). A nanoscopic model gets very
complicated, which requires a lot of computing power. This means that it is not possible to
simulate all metropolitan traffic using nanoscopic simulator, as it is possible with low-fidelity
models such as TRANSIMS. However, a nanoscopic model can also be used to feed driver
behavior data to a micro simulator that runs faster. 

Figure 2. Nanoscopic modeling of driver behavior including various types of errors.

There are numerous factors that affect the driving performance, like age, experience, attitude,
state of mind, alcohol/drugs etc. Various factors are discussed for example by Ledoux & Archer
(1999). It is very difficult to include all these factors into a simulation model. However, if we
assume a certain level and distribution of driver errors and reaction time, it is possible to
simulate the consequences, i.e. what kind of conflict situations arise. It is also possible to
examine how traffic flow, speed limit, traffic control, sight distances and complexity of the
traffic environment affect the traffic safety. It is also most interesting to study the effects of ITS
on traffic safety, especially when only part of the vehicles is equipped with certain devices while
others are not (i.e. the effect of penetration rate of ITS-devices).

It is essential that the simulation model includes sufficient variance in the driver behavior.  To
produce risk situations some of the drivers must occasionally be inattentive, sleepy or
disoriented. In micro simulation these things can be modeled as temporary lack of observation
(short blackouts) and hence increased reaction times. The calibration and validation of such a
simulation model is not an easy task, since many of the behavioral factors cannot be directly
measured. One must especially study the real conflict situations and try to produce similar
situations in the simulation model.



CONFLICT STUDIES USING HUTSIM

Recently a lot of interest has arised towards usage of micro simulation for traffic safety studies.
This has led to several projects that are exploring the potential of simulation in traffic safety
research. A research project called SINDI (Safety INDIcators) was started in Sweden by the
Royal Institute of Technology. The main objective is to produce reliable indicators of  traffic
safety especially for evaluation of the effects of ITS. A new simulator will be built based on
HUTSIM micro simulator developed by Helsinki University of Technology. Similar project is
also planned between Helsinki University of Technology and the Technical Research Centre of
Finland.

New features and concepts are needed in the HUTSIM model in order to make it suitable for
safety studies. Originally HUTSIM was developed for simulation of traffic in signalized
intersections. The traffic model was then very deterministic producing very homogenous driving
behavior. When HUTSIM was enhanced towards motorway simulation, more variation and
distributions were added into the driving behavior. These features are also needed in the safety
simulation since accidents and conflicts typically take place in exceptional situations i.e. in the
tails of the distributions. Typical distributions needed are the distributions of the desired speed
and reaction time as well as the minimum accepted gaps in car-following, lane changing and
yielding.

In the HUTSIM model the drivers are characterized as calm or aggressive drivers between 0-99.
The calm drivers tend to choose the low end of speed distributions and the high end of the gap
distributions, while aggressive drivers tend to choose the opposite i.e. high speeds and short
gaps. This arrangement gives sufficient variation in driving behavior while keeping consistency
between adjacent choices of individual drivers. 

Reaction time is an essential feature in traffic safety simulation. Typically in simulation models
the reaction time is a constant value obtained by updating the vehicles in a certain order. In
HUTSIM no updating order is presumed and the delay between an external event (like a
pedestrian suddenly in front) and driver reaction is obtained in an other way. A human driver can
react fast only if the emerging event is currently in his focus. However, usually the driver is
sharing his focus with other things by scanning the mirrors, car equipment, traffic environment
and traffic signs. The random delay caused by this scanning is modeled in HUTSIM by updating
the driver perception/decision more rarely than the rest of the simulation model. Since the whole
simulation model is typically updated every 0.1 second, any event that the driver should react to,
can take place every so often. However if the driver decision is updated say once per second,
then inherently a random reaction delay is generated between 0.0-1.0 seconds. In this models it
is assumed that immediately after the first reaction to the external event, the driver turns to a
attentive state where his perception and decisions are updated as often as the rest of the
simulation model. However, after a given time of no events, the driver returns back to the
“relaxed” mode where his reactions are delayed. To elaborate this model, the driver perception
frequency could depend on the driver type.

A successful safety and conflict simulation requires modeling of two-way interactions between
simulation agents like vehicle/drivers and pedestrians/cyclists. In the basic HUTSIM model
yielding in intersections is performed by yield signs that show stop-signal when the gap is too
small and go-signal when the gap is large enough. For each situation the critical accepted gap
can be obtained from a distribution. However, in this model the vehicle with right of way never



reacts to the yielding vehicle (they have always go-signal). A modification was made recently to
allow prioritized vehicles to react (decelerate) if the yielding vehicle is choosing a too small gap
and hence causing a conflict situation. These conflict situations are detected and saved into data
files for later analysis.

According to conflict analysis (Hydén 1987), the conflict situations can be divided into two
portions (serious/non-serious) by experimentally studying the situations where drivers want to be
and where not. Areas of serious/non-serious conflicts can be divided by a curved line in space of
time to collision and speed. Also in simulation the speed and time to collision (ttc) can be
registered at the first moment when the vehicle has to brake. This way a similar plot can be
created that was obtained by the field studies. Also the severity of the simulated conflicts can
then be classified based on experimental studies (curved line). Also the whole trajectory of
vehicle deceleration can be demonstrated in the same way (figure 3.). This kind of approach is
the first step towards systematic research of conflicts by using simulation model. If the number
of conflicts in a given intersection can be evaluated, then it is quite simple to calculate an
estimation of the number of accidents in the same intersection.  

Figure 3. Simulation of conlicts in a simple intersection (Y=Speed, X=TTC).

A modified HUTSIM simulation model has already been used for preliminary safety studies. In
the city of Helsinki the safety of pedestrian crossings has been studied by field measurements
and by simulations. The simulation results confirmed the conclusion that reducing the speed
limit in some critical intersections with high pedestrian volumes has very significant impact on
the amount and severity of pedestrian accidents that are usually caused by a free vehicle.
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HUTSIM has also been used for evaluation of some ITS-functions like ISA (Intelligent Speed
Adaptation) and AICC (Automatic Intelligent Cruise Control). The simulations were made using
a model from the ARENA-test site in Gothenburg, Sweden. The combination of ISA and AICC
significantly reduced the number of severe pedestrian accidents as shown in figure 4.  

These early trials demonstrate the potential of microscopic simulation in safety studies.
However, as stated earlier it is important to elaborate the driver model with features that take in
account errors in driver perception and reactions. The target is to combine HUTSIM with
detailed nanoscopic driver model.

Figure 4. Simulation of pedestrian accidents with various penetration rate of ISA-control.

ESTIMATING ACCIDENTS WITH TRANSIMS

In high speed simulation of large networks it is not possible to model the driver behavior in a
very detailed way. In that case, rather than modeling accurately the driving dynamics and conflict
situations, it is possible to use a low fidelity model and methods for estimating the accident
probabilities. A more detailed presentation of the method discussed here is written by Ree et al.,
(2000).

The TRANSIMS traffic model is based on cellular automata (CA). In this model vehicles jump
from one cell to another (7.5 meters long), hence the vehicle speed is always N*7.5 m/s. The
speed levels are controlled by a set of rules. Another set of CA-rules is used to control lane
changing and yielding in intersections (Nagel Schreckenberg 1992).



The CA-model produces rather rough speed trajectories, which have to be pre-processed for
safety analysis (figure 5). TRANSIMS provides one snapshot output for every update. Therefore
the speed and position of each vehicle can be obtained for every second. First the output file
must be sorted to identify the individual speed trajectories. Then the CA speed trajectories must
be low-pass filtered to produce more realistic driving behavior. 

Figure 5. Computing accident likelihood from TRANSIMS simulation output.

The next step is to find the deceleration events that can be potentially risky. For each
deceleration event the required braking power is calculated (required to avoid collision). Also
the time to collision can be calculated at the beginning of braking. It is assumed that these two
factors can be used to estimate the probability of accident of any given braking situation.  

The individual probabilities can be aggregated for each link over a given time interval like 15
minutes. These accident probabilities can be demonstrated with the TRANSIMS 3D visualizer.
In figure 6 the development of accident probabilities are shown in a test network. The height of
the bars indicates the accident probability while the colors are set according to the traffic
densities.

After estimating the accident probabilities in each link, one can perform a monte-carlo
simulation (roll the dice) to determine whether an accident really took place in any given link at
given time interval. Also the actaul accidents can be demonstrated by the 3D visualizer. Finally
after the accidents have been generated a new microsimulation can be started where accident are
actually generated. This way the effects of accidents to the city traffic can be studied.

Obviously external measurement data is needed to estimate the accident probability. Here a
cumulative distribution of deceleration power was used. In this distribution low and moderate
braking powers are most common. It is assumed that the rare events of high braking power are
closely related to the high risk of accidents. It seems to be plausible that the low probability of
braking power (rare events) correlates with high probability of accident. In accident simulation
we are interested only in the rare events i.e. the tail of the distribution. We can assume that with
low and moderate braking power the probability is close to zero. However, with high braking
power we assume that P =C(1-P , where P  is the probability of accident for a brakingcoll dec) coll



event, P  is cumulative probability of that braking power to take place and C is a constant valuedec

much less than one. 

The basic assumption has not yet been fully proved, but we believe that the method is already
consistent enough to provide reliable relative safety indicators. By tuning the parameters to
match with actual number of accidents, the model will probably also predict reliable absolute
number of accidents. So far the parameters are tuned to produce similar braking power
distribution than the measured one, which is a good start.

Figure 6.  Demonstating the simulated accident probabilities 
                 (height=probability, color=density).

CONCLUSIONS AND FURTHER RESEARCH 

Traffic safety simulation certainly seems to offer a lot of potential. However, after the first trials
it is still early to state if it is going to be a real breakthrough in traffic safety research. It can be
said for sure that microscopic simulation offers a good platform for systematic studies of conflict
and accident situations. It is also very likely that good relative safety indicators can be produced
to compare different traffic arrangements and environments. This includes also the assessment
ITS with various types of in-vehicle equipment and each type with various penetration rates.



Safety related types of  ITS that can be assessed with simulation include at least Intelligent
Speed Adaptation (ISA), Automatic Intelligent Cruise Control (AICC) and collision warning
systems.

Low-fidelity simulation combined with a separate accident estimation module seems to be
relatively simple and efficient method for computing safety indicators. However, this method is
likely to ignore many important factors that affect traffic safety, like driver perception and errors.

Nanoscopic modeling of driver behavior, perception and errors may offer an interesting research
platform for testing various hypotheses of driver behavior. However, due to the very complex
nature of the model it is unlikely that this type of model is going to be an everyday traffic
planning tool very soon.  It also depends on how fast the price of computing power is going
down, since nanoscopic modeling in larger scale requires much more computing power than the
present microscopic models.

A lot of further work is needed to enhance the HUTSIM simulation model for traffic safety
assessment. In principle the present model can already be used for basic conflict studies by
adding appropriate outputs for that purpose. Simulation of ITS from safety point of view requires
modeling of the driver together with the supporting equipment. A nanoscopic driver model can
be attached to the microsimulator as additional module that replaces the default vehicle control.
It is also important to do intensive research of driving behavior especially in conflict situations
to obtain realistic rules and distributions for the driver model.
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1 INTRODUCTION 

 
The risk modelling research using time series constructed on monthly data and over a long 
period, that we expose here, is designed to further the analysis of the development of road risk, 
by bringing together all the explanatory factors of risk and risk exposure that appear at an infra-
annual rate.  

 
The choice of monthly periodicity, which is the product of a compromise between the 
variability and availability of existing data and that of the determinants – weather and time-of-
year conditions, traffic flow or its substitutes (economic activity, prices, and network 
development), behavioural variables and road safety measures – position this approach mid-
way between the modelling of daily fluctuations and the modelling of long-term trends. After 
the focus of attention was shifted at the beginning of the 1990’s to monitoring short-term 
indicators in order to isolate a trend for local fluctuations, a need is now felt for an 
"explanatory" monitoring of risk indicators at a disaggregate level in relation to their principal 
determinants, for anticipation/prediction purposes. 

 
Taking the recommendations of the COST 329 group as a basis, which point out the need of 
disaggregate models, we sought to develop a model for road risk data that focused on a 
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breakdown by type of road throughout France. It complements the TAG model that was 
constructed on French data at national level (Jaeger, Lassarre, 1998) and then utilised for 
international comparison purposes. Nevertheless we limited the number of determinants to 
about 10 for reasons of robustness, so the model is both explanatory and predictive.  

 
We will present a version of the model limited to two types of network, main roads and toll 
motorways(*) and then also extended to the whole territory. We will first describe the structure 
of the model as a whole, and then go on to outline the main results: the outcome of tests of 
hypothesis related to econometric specification, the values for the indicators' elasticities to their 
determinants, showing their development over the period, and the simulations carried out in the 
short term. Lastly, we will discuss these findings and suggest avenues of enquiry for continuing 
this research. 

 
(*) In the first instance, we confined ourselves to the national road network (main roads and 
motorways), comprising 24,000 km of main roads and 7,000 km of motorways, which account 
for over one-third of France's entire road traffic. The rest of the French network is composed 
of departmental roads, on the one hand, where the degree of severity is the greatest, and urban 
roads, on the other, where the accident rate is high. We thus have four distinct fields covering 
the whole of France and which present very different risk profiles within the overall road safety 
picture. 

 
2. STRUCTURE OF THE MODEL 
 
2.1. General Outline 
 
Table 1: The structure of the model 
 
 Levels:  Risk exposure  Risk   Severity 
 
 Dependent Traffic   Number of accidents Number of victims 
 variables    (personal injury, (deaths, serious injuries, 
        fatal)    minor injuries) 
 
 Explanatory    Traffic   Traffic 
 variables       Number of accidents 
   Economic activity Economic activity Economic activity 
   Network length Network length Network length 
   Fuel prices  Fuel prices  Fuel prices 
   Weather conditions Weather conditions  Weather conditions 
   Calendar   Calendar  Calendar 
      Speed   Speed 
      Use of seatbelt  Use of seatbelt 
 
 
The approach adopted consists of constructing a model for the risk exposure-risk-severity 
triangle, taking account of explanatory factors and the search for an optimal functional form 
(Gaudry, 1984;  Gaudry, Fournier, Simard, 1997).  
 
The dependent variables of the three levels risk exposure/risk/severity are the traffic, the 
number of accidents and the number of deaths. We constructed a model for each of following 
networks: main roads, motorways and the whole territory as well. 
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2.2. The Data Base 
 
The data base, compiled from monthly data for the 1975-1998 period, was created as part of the 
activities of an interministerial working party comprising representatives from SES, SETRA 
and INRETS. It is particularly informative as regards the main road and motorway networks, 
for which monthly mileage travelled is available, recorded by metres installed at different 
measuring points along the national road network.  
 
It consists of: 
 - the numbers of personal injury accidents (fatal and non fatal) and victims (killed, seriously 
injured, slightly injured), broken down between four fields: main roads, motorways, 
departmental roads and urban roads, in built-up areas of aver 5,000 inhabitants 
 
- the data for kilometres travelled per month, on both main roads and toll motorways, 
 
- data for transport supply: the length of the road network, fuel prices and motorway tolls, 
 
- data for transport demand: gross domestic product, industrial production and household 
consumption;  
 
- climatic variables relating to temperature, the occurrence of frost and the height of rain, which 
measure the average meteorological effect, for the whole month and the whole country, 
 
- calendar variables 
 
- behavioural variables: speed and seatbelt use on the basis of surveys, broken down by 
network. 
 
Table 2: The data in 1998 

Main roads Toll motorways Pub lic  motorways National network Total network

Traffic (10 8 vehkm) 886,28 595,15 373,81 1855,24
month. mean 43,86 50 31,15 154,6

about 1/ 3

Accidents 11 807 2 426 3 484 17 717 124 387
month. mean 984 202 290 1476 10 366
% tota l netwotk 9,49% 1,95% 2,80% 14,24%

Deaths 1 928 341 130 2 399 8 437
month. mean 161 28 11 200 703
% tota l network 22,85% 4,04% 1,54% 28,43%

Network length (km) 24000 6646 2117 32763

Average speed (km/ 89 122 109

Speed excess (%) 50 40 53

seat belt use (%) 94 96 90
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Chart 1 : Traffic on main roads (in hundreds of millions of vehicle-km) 
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Chart 2 : Traffic on toll motorways (in hundreds of millions of vehicle-km) 
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Chart 3 : Traffic on public motorways (in hundreds of millions of vehicle-km) 
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Chart 4 : Accidents on main roads 
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Chart 5 : Accidents on toll motorways 
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Chart 6 :Accidents on public motorways 
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Chart 7 : Deaths on main roads 
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Chart 8 : Deaths on toll motorways 
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Chart 9 : Deaths on public motorways 
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Chart 10 : Total number of accidents  

 
 
 
 
 

400

600

800

1000

1200

1400

1600

ja
nv

-7
5

ja
nv

-7
6

ja
nv

-7
7

ja
nv

-7
8

ja
nv

-7
9

ja
nv

-8
0

ja
nv

-8
1

ja
nv

-8
2

ja
nv

-8
3

ja
nv

-8
4

ja
nv

-8
5

ja
nv

-8
6

ja
nv

-8
7

ja
nv

-8
8

ja
nv

-8
9

ja
nv

-9
0

ja
nv

-9
1

ja
nv

-9
2

ja
nv

-9
3

ja
nv

-9
4

ja
nv

-9
5

ja
nv

-9
6

ja
nv

-9
7

ja
nv

-9
8

 
Chart 11 : Total number of deaths  
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2.3. Economic Formulation 
 
All the explanatory determinants of traffic volume, accident risk and accident severity are taken 
into account, including weather/time-of-year effects and those of an economic and behavioural 
nature, whether their impact is immediate or delayed for a few months. The variables are 
retained in the definitive model if they are regarded as statistically significant on the basis of a 
Student test. 
 
We also formulate a strong hypothesis about the nature of the relationship that links each of 
these explanatory variables to the variable to be explained, and assume there is a multiplicative 
(Log-Log) relationship for the main explanatories (see chart 12), and a semi-multiplicative 
(Log-Lin) one for weather-related variables. 
 
We nevertheless asked ourselves whether there might be non-constant elasticities and whether 
there might be interactions between the endogenous demand variables on the different 
networks, especially on main roads and motorways, which would reflect an effect of 
competition or complementarily and would show up on the risk and severity variables. These 
two questions are at the root of the research described here. The econometric specification that 
we are now going to outline is thus decisive for trying to give an answer. 
 

 
 
Chart 12 : The number of accidents on toll motorways (log values) as a function of the number of 
the vehicle-km on toll motorways 
 
2.4. Econometric Specification 
 
2.4.1 Univariate specification 
 
The econometric formulation retained in the univariate approach is a multiple regression of a 
dependant variable Y on K explanatory variables Xk, with a functional form V and a 
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generalised structure of heteroskedasticity and autocorrelation of the residuals u, described as 
follows 
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The econometric formulation retained at the outset corresponds to the constraints λy = 0 and 
λXk = 0 for the primary explanatory variables. We also looked for a more general functional 
form, while maintaining the constraint on the variable to be explained and freeing those relating 
to the primary explanatories. The test we conducted (cf. 3.1) does not enable us to reject the 
nullity constraint of the λXk, from a strict statistical point of view. 
 
2.5. Algorithm 
 
The numerical results have all been obtained using the SAS software. We maximise the 
likelihood for a grid of λ values. This likelihood is calculated for each value using a regression 
of the endogenous variable on the exogenous ones with auto-regressive remainders whose 
coefficients for the AR part are obtained stepwise (the SAS autoreg procedure, option m1). The 
likelihood is calculated using the Kalman filter and is optimised using the Gauss-Newton 
method. 
 
 
3. THE RESULTS 
 
3.1. Tests of Functional Form 
 
Here we look for the optimal Box-Cox forms for a small number of exogenous variables, which 
are the primary explanatory variables. In the example of the model for the two networks, main 
roads and motorways, for which we have six equations, these exogenous variables are the two 
types of traffic on main roads and motorways for the equations of the two accident/severity 
levels and the determinants of traffic (final household consumption, fuel prices and the length 
of the motorway network) for the equations of the volume of traffic. 
 
The object is to test whether, for these variables, there was a statistically significant difference 
between the estimated value of the vector of parameters λ (λ1 , λ2 , ... , λκ ) – the vector thus 
has between one and three components, depending on the case – and the zero value λ=0 
initially retained (the logarithmic transformation retained in the RES), or the value λ=1 (the 
linear form is sometimes retained). The results obtained are detailed in Table 3: The univariate 
models in estimated functional form, 1975-1993. 
 
In any event, the test concluded that there was a statistically insignificant difference between 
the model obtained and the initial model. Conversely, the difference between the model 
obtained and a linear form model may be significant, and that is the case three times out of four 
for risk and severity equations. Hence, there is a risk of error if one accepts the linear form for 
the main exogenous variables in the risk and severity equations, but conversely one cannot 
reject the linear forms in equations for road demand. 
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At a statistical level, there is thus no significant difference between the model with Box-Cox 
transformations on the primary explanatory variables and the initial model. We can then turn to 
other criteria that might lead us to prefer one or other of the two cases in question. If the 
coefficients linked to the dynamics and impact of the exogenous variables do not vary much, 
there is a difference to be seen in the form of the endogenous variable's curve of elasticity to 
the exogenous variables, which is more general when a Box-Cox transformation is performed 
on the exogenous variables, and in the functional form itself that links the endogenous variable 
to the exogenous one.  
 
To give an example, if one takes a value close to –2 for the Box-Cox parameter associated with 
household consumption (an explanatory factor behind motorway traffic), then the elasticity of 
household income to traffic is assumed to decline over time, falling from 0.5 in 1975 to 0.2 in 
1992, whereas it is assumed to be constant and close to 0.4 if parameter λ is zero. As for the 
functional form linking traffic to household consumption, there is a long-term saturation effect 
in the first case that does not exist in the second. 
 
3.2. Measuring Elasticities  
 
The elasticities of explained variables are assumed to be constant in the initial model, whereas 
in the optimal model they are assumed to develop monotonously, growing or decreasing 
depending on whether the Box-Cox parameter has a positive or negative value, and as an 
example we detail the annual elasticity values obtained for 1975, 1984 and 1992 (see Table 3: 
The univariate models in estimated functional form, 1975-1993). 
 
The elasticity values are consistent with those found in the literature on the subject. On French 
data, Madre and Lambert (1989) have estimated the annual traffic elasticities values, on main 
roads and motorways; new estimations have been proposed recently, by Bergel and Nespoux 
(2000). 
 
The elasticities of traffic, the number of accidents and the number of fatalities to economic 
activity as measured by household consumption are positive and less than 1, the average being 
0.3 over the period , but it can be seen that the separation of the two effects of consumption and 
the extension of the network, using a model based on two strongly correlated variables, can 
over-estimate the effect of extending the network, which is seen to average 0.7 over the period. 
The elasticity of traffic to fuel prices is more important on motorways than it is on main roads 
(the average being -0.2 and -0.4). 
 
Fuel prices and the development of the motorway network appear to have an indirect effect on 
the numbers of accidents and fatalities through the intermediary of traffic. The elasticities of 
traffic to  
 
The elasticities of the numbers of accidents and fatalities with respect to traffic are positive and 
less than 1, with an average value on the period that vary from 0.4 to 0.8 depending on the 
dependant variable and on the network. 
 
Climatic variables generally have a lesser effect, except for the impact of temperature on the 
numbers of accidents and fatalities on the motorway network, which are twice as high in 
summer as in winter, the highest average value being 0.4 in the summer, for the number of 
deaths on motorways.  
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3.3. Short Term Approach 
 
We also developped a short term approach, the objective being to restitute the trend of each 
dependent variables one to two years ahead. The more performing models are the models with 
log-log specification on filtered data (see Table 4). These final models take into account an 
atypical meteorological effect, as well as a calendar effect. By doing this, the average monthly 
error decreased about 10%. 
 
As an example can be given by simulating the development of the total of accidents and the 
total of deaths for the two years 1998-1999 (see chart 13 and chart 14). 
For each indicator, the real values were higher than the predicted values for the whole year 
1998(+1,8% and +4,3% for the number of accidents and the number of deaths). This still was 
the case in 1999 (+1,8% and +0,7%) and particularly for the number of accidents. 
 

 
Chart 13 : The development of the total number of accidents for the period 1998-1999 

Chart 14 : The development of the total number of deaths for the period 1998-1999 
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4. CONCLUSION 
 
We will retain two types of conclusion. 
 
The first one is the result thrown up by tests on the Box-Cox transformation: the logarithmic 
form cannot be rejected (λ=0 is accepted for the six equations), but nor can the linear form be 
accepted, at least not for the two levels of risk and severity (λ=1 is rejected in three out of the 
four equations of risk and severity). Given comparable quality, the model with Box-Cox 
transformation differs from the model with the logarithmic form in terms of the shape of the 
elasticity curves of the endogenous variable with respect to the main exogenous variables and 
in terms of the functional form itself, which may reveal saturation effects. 
 
The second one is the need to use models with filtered data in order to restitute the trend in the 
short term. The log-log specification is also the best specification, considering the criterion of 
the mean average error. 
 
The focus of this research is now on finding an interpretation of the models' functional forms, 
and this would mean the model-builder could choose between the different values for the Box-
Cox parameters (λ=0, λ estimated, λ=1), when they do not differ at a statistical level alone. The 
time-of-year effect remains to be integrated as well, and work to that end is under way. Above 
all, the way the behavioural variables, relating to speed excess and to seatbelt wearing, can also 
be taken into account, needs to be appreciated.  
 
At the moment, the data base has been extended to the 1975-2000 period, and the model to the 
whole of the national road network, including the complete motorway network, and to all 
categories of accident (fatal/non fatal) and casualty (killed, seriously injured, slightly injured). 
It is being applied to the recent past so an analysis can be made of road safety performance in 
the beginning of 2000. 
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Table 3: Models with estimated functional form on the main exogenous variables for the period 
1975-1998 

Toll motorways Ma in roads Toll motorways Main roads Toll motorways Ma in roads

Dynamic s (*)
A(1) -0,265 -0,471 -0,344

*** *** ***
A(2) -0,518 -0,381 -0,209 -0,331

*** *** *** ***
A(12) -0,969 -0,976 -0,379 -0,552 -0,188 -0,403

*** *** *** *** *** ***
A(14) 0,503 0,369 0,242 0,237 0,102

*** *** *** *** **

Exogeneous variab les (*)
Tra ffic  on to ll motorways *** ***

-0,04 -0,364
0,44 /  0,42 /  0,40 0,59 /  0,45 /  0,36

*** ***
Tra ffic  on main roads -0,283 -1,333

0,61 /  0,59 /  0,56 0,96 /  0,81 /  0,62

Fina l household  c onsumption *** ***
-2,283 0,808

0,51 /  0,28 /  0,18 0,24 /  0,29 /  0,34
Fuel p ric e *** ***

-0,087 1,424
-0,24 0,11 /  -0,13 /  -0,08

Toll motorways' network leng t ***
-0,217

0,82 /  0,68 /  0,64
Ra in ** ** *** *** * ***

-0,01 -2000,05 /  0,06 /  0,06 0,04 /  0,05 /  0,05 0 0,05 /  0,06 /  0,06
Frost ** *** *** * ** **

-0,01 -0,01 0,06 0,01 0,06 0,03
Summer tempera ture *** *** *** * *** *

0,06 0,050,33 /  0,32 /  0,34 0,02 0,43 /  0,42 /  0,45 0,04
Winter tempera ture * *** *** ** *** ***

-0,01 0,02 0,16 0,03 0,23 /  0,24 /  0,23 0,06

Goodness of fit
Log likelihood 342,208 484,603 170,166 286,009 -65,111 170,851
SSE 0,661 0,182 2,935 1,053 23,544 2,917
R2 0,405 0,349 0,686 0,331 0,455 0,27

Tests on residua ls
Sampling ac c epted ac c ep ted rejec ted ac c ep ted ac c epted rejec ted
P-va lue 0,32 0,13 0,01 0,56 0,12 0,04
Norma lity ac c epted ac c ep ted ac c epted rejec ted ac c epted ac c epted

0,76 0,99 0,54 0,0038 0,92 0,34
White noise ac c epted ac c ep ted ac c epted ac c ep ted ac c epted ac c epted

0,13 0,56 0,61 0,14 0,64 0,1

Compara tive tests
Sample (1/ 75 - 12/ 93) 209 209 209 209 209 209
H0:lambda=0 LL0=340,468 LL0=484,233 LL0=170,118 LL0=285,942 LL0=-65,416 LL0=169,615
vs H1:lambda<>0 H0 ac c epted H0 ac c ep ted H0 ac c epted H0 ac c ep ted H0 ac c epted H0 ac c epted

H0:lambda=1 LL0=341,047 LL0=484,515 LL0=161,642 LL0=284,857 LL0=-69,242 LL0=167,475
 vs H1:lambda<>1 H0 ac c epted H0 ac c ep ted H0 rejec ted H0 ac c ep ted H0 rejec ted H0 rejec ted

(*) The suc c essive results a re: - for the dynamic s, the pa rameter and its signific anc e (*<1;**for >1 and  <2; *** for >2)
- for the exogeneous variab les: the signific anc e, the lambda va lue (in ita lic s) and the elastic ity va lue 
(annua l mean for 1975-84-92)

signific anc e: * if the student-ra tio<1, ** if it is < 2 and >1, *** if it is >2

TRAFFIC ACCIDENTS DEATHS
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Table 4 : Final model’s parameters, for the period 1975-1999 
 

motorw.
toll 

motorways
main 
roads Total motorw.

toll 
motorways main roads Total motorw.

toll 
motorways

main 
roads

Traffic

motorways 0,78669 1,84780
*** ***

toll motorways 0,91972 1,68779
*** ***

main roads 0,46594 0,48381
*** ***

Economy

network length 0,39067 0,50157 0,11520 0,10657
*** *** ** **

household consumption 0,13239 0,21405 0,10329 0,15001 0,41183
** *** ** ** ***

fuel price -0,11401 -0,14972 -0,06543 0,08220 -0,05209
** ** ** ** *

Average meteorology (diff)

Summer temperature 0,00017 0,00024 0,00029 0,00083 0,00212 0,00264 0,00027 0,00111 0,00138 -0,00044 0,00101
** ** *** *** *** *** * *** ** * **

Winter temperature 0,00011 0,00006 0,00021 0,00042 0,00120 0,00079 -0,00012 0,00101 -0,00250 -0,00149 0,00046
* * ** *** ** * * ** ** * *

Rain -0,00001 -0,00001 -0,00001 0,00002 0,00013 0,00011 0,00006 0,00002 0,00018 0,00005 0,00006
** * ** *** *** *** *** * *** * **

Frost 0,00047 0,00104 0,00046 -0,00195 0,00758 0,00947 -0,00106 0,00133 -0,00098 -0,01188 0,00445
* * * ** *** ** * * * * *

Atypical meteorology

Summer temperature (S) 0,00080 -0,00162 -0,00289 0,00024 -0,00568 -0,00265 0,00424 0,00814 0,00330 -0,06668 -0,00350
* * * * * ** * * * ** *

Winter temperature (I) -0,00348 -0,00321 -0,00522 -0,00914 0,00473 0,00197 -0,00199 -0,01228 -0,02954 -0,02164 -0,00566
** ** *** *** * * * *** *** ** *

Winter temperature (S) 0,00189 0,00224 0,00209 0,00102 0,00134 0,00572 -0,00058 0,00289 0,03577 0,04210 0,00335
** ** ** * * * * * *** *** *

Rain (S) 0,00040 -0,00046 -0,00017 0,00088 -0,00708 -0,00608 0,00051 0,00036 -0,03606 -0,01405 0,00436
* * * * ** ** * * *** * *

Frost (S) -0,00217 -0,00307 -0,00204 -0,00131 -0,00193 -0,00182 -0,00032 -0,00314 0,01126 0,02857 -0,00238
** ** *** ** * * * * * *** *

Calendar

S1 -0,00109 0,00312 -0,00264 0,00374 0,00914 0,00525 -0,00249 0,00763 -0,03346 -0,05329 -0,00768
* * ** ** ** * * *** *** *** **

S2 0,00295 0,00541 0,00159 -0,00425 0,00139 0,00764 0,00704 -0,00260 0,00434 0,00781 0,00148
*** *** *** *** * ** ** ** * * *

S3 0,00956 0,01591 0,00618 -0,00290 0,00385 0,00748 -0,00038 -0,00075 0,02980 0,01515 -0,00515
*** *** *** ** * ** * * ** * *

MAPRE_R 2,16% 2,85% 1,62% 3,04% 6,68% 8,05% 4,81% 4,74% 19,62% 25,84% 8,06%
R² 56,00% 58,00% 57,00% 70,00% 55,10% 47,80% 51,20% 64,10% 42,97% 40,24% 51,70%
AIC -1187,94 -1023,62 -1355,19 -1011,66 -571,18 -449,96 -780,70 -754,77 30,51 176,03 -546,95

TRAFFIC ACCIDENTS DEATHS

 
 
Nota : significance * if t-ratio is less than 1, ** if t-ratio is between 1 and 2, *** if t-ratio is greater than 2. 
Atypical meteorology: read I for inferior atypicity and S for superior atypicity 
Calendar variables: S1, S2, S3 have been constituted in order to have homogenous classes. 
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Introduction 
 
Traditionally traffic calming has been applied to residential (Class 5) roads to deal the need to 
eliminate extraneous traffic from a residential area and/or to reduce speeds of vehicles using 
residential streets, both for obvious safety reasons.  The traffic calming strategies involve the use 
of regulatory measures like stop signs, speed limit signs etc., and/or geometric features like 
speed humps, traffic circles, etc.  A comprehensive list of traffic calming devices/strategies is 
indicated in Table 1.  These traffic calming devices are needed to treat the symptoms of a poorly 
performing higher order road network, rather than deal with the cause.  Often by improving the 
performance of the higher order road network, traffic should return to these higher order routes, 
due to the reduced travel time and increased convenience, thereby removing the traffic from the 
residential streets and eliminating the need for traffic calming.  
 
Table 1: Traffic Calming Devices/Strategies Applicable to Class 5 Roads (Residential 
Streets) (Ref 1) 
 
 
Regulatory Measures 

 
Geometric Features 

 
Stop signs (2 or 4 way) 
Yield Signs 
Traffic Signals 
Speed limit signs & speed zoning 
Turn Prohibitions 
One way Street Design 
Access regulation 
Truck Restrictions 
Parking Controls 
Guide & warning controls eg. School zone 
signs, slow signs, road markings, crosswalk 
pavement markings, lane reduction & 
novelty signs 

 
Pavement undulations (Speed humps) 
Traffic circles 
Median barriers 
Semi diverters (half closures) 
Forced turn channelisation 
Chokers 
Diagonal Divertors 
Cul de sac at intersections 
Midblock cul de sacs 
Raised intersections 
Rumble strips 
Transversable barriers 
Road curvature & pavement irregularities 

 
Traffic Calming on Local Distributors (Class 4 Routes) 
 
Local distributor (Class 4) routes can be defined as through routes that distribute traffic within 
communities and link district distributors (Class 3) routes and residential streets (Ref 2).  These 
routes may accommodate the local bus/taxi routes, but should not carry extraneous traffic.  Often 
non residential land uses such as community facilities and commercial uses are found along 
these routes.  Local distributors therefore have both an access and a mobility function.  The 
mobility function of these routes has to be preserved or else traffic will divert to the residential 



 

 

streets, thereby resulting in a traffic calming problem.  Requests for traffic calming on Class 4 
roads lead to a tradeoff between mobility and safety.  Therefore, traffic calming measures that 
can retain the route mobility and increase the safety off all users are applicable for use on Class 
4 routes.  A summary of the relevant traffic calming devices/strategies for Class 4 routes is 
indicated in Table 2. 
 
Table 2: Traffic Calming Devices/Strategies Applicable to Class 4 Roads (Local 
Distributors) 
 
 
Regulatory Measures 

 
Geometric Features 

 
Stop signs (2 or 4 way) 
Yield Signs 
Traffic Signals 
Speed limit signs & speed zoning 
Turn Prohibitions 
One way Street Design 
Access regulation 
Truck Restrictions 
Parking Controls 
Guide & warning controls eg. School zone 
signs, slow signs, road markings, crosswalk 
pavement markings, lane reduction & 
novelty signs 

 
Traffic circles 
Median barriers 
Forced turn channelisation 
Raised intersections 
Rumble strips 
Transversable barriers 
Road curvature & pavement irregularities 

 
The major differences between Tables 1 & 2 are the reduced number of geometric features 
applicable to Class 4 routes.  Speed humps, semi diverters, chokers, diagonal divertors or any 
form of cul de sac would significantly impact on the capacity and mobility of the Class 4 route, 
and are hence inappropriate for Class 4 routes. 
 
Case Study  
 
Ottery Road in Wynberg (a suburb of Cape Town) is classified as a Class 4 route and extends 
from Prince George Drive (Class 3) in the south east, to the CBD of Wynberg in the north west 
(Refer to Figure 1).  The Wynberg public transport  interchange is located at the northwestern 
end of Ottery Road and hence Ottery Road carries high public transport flows.  Three schools 
are located along Ottery Road, as well as three churches.  A small commercial node has 
developed at one location along the route, while the remainder of the route is predominantly 
residential.  The route is approximately 1.2 km long and vehicles could travel uninterrupted by 
traffic control devices along the entire length of the route. The closest parallel (alternative) route 
to Ottery Road is Prince George Drive (Class 3) and Broad Road (Class 4).  The length of the 
alternative route is approximately 1.45 km.    
 
A firm of Traffic Engineers and Transport Planners was appointed to conduct this study, and an 
Urban Designer was subcontracted onto the professional team to provide an integrated 
approach to traffic calming.  A project management team, comprising representatives from the 
Local Ratepayers Associations and officials from the Local Authority, met with the professional 
team at key milestones in the project to discuss proposals. 
 
Numerous requests for traffic calming on Ottery Road had been received from local residents, 
hence prompting the study.  Of particular concern was the speeding of vehicles along the route 
during off peak hours, and the safety of school children crossing the route during peak periods.  



 

 

To a lesser extent, reckless driving, the risk of accidents and traffic volume were also of concern 
to the local community. 

 
 
Figure 1 Locality Sketch 
 
 
Other problems along Ottery Road, that were identified during the study were as follows: 
 
• Sections of the route were very wide (in excess of 4 metre lanes in each direction) and 

the route was very straight, i.e. long views along the route in both directions. 
• The lack of definition of the road edge i.e. no defined kerb edge over certain sections. 
• The existence of potentially dangerous tree stumps in close proximity to the travelled 

way. 
• Wide, underutilised and undefined parking areas resulting in irregular vehicle 

manoeuvres. 
• Lack of embayed parking. 
• Lack of bus stops near schools. 
• The general loss of quality in derelict roadside environments. 
 
Existing Traffic Situation 
 
Traffic data for the existing situation (1996) was collected in the form of intersection turning 
movement counts and travel time surveys.  These surveys were conducted during the  weekday 
morning and afternoon commuter peak periods and during an off peak period i.e a period during 
which the route operated under free flow conditions.  Accident data for the route was obtained 
from the Local Authority.   
 
The traffic flow data for the route is summarised in Table 3.  Peak hour two way link flows on 
Ottery Road were found to be high (1 100 to 1 450 vehicles per hour during the AM peak hour 
and 950 to 1 250 vehicles per hour during the PM peak hour).  Based on a typically two lane 
road capacity of between 1 600 to 1 800 vehicles per hour (two way flow), the route was in 
general operating at under capacity conditions during peak hours.  During the off peak, two way 
traffic flows were between 650 and 900 vehicles per hour. 
 



 

 

Table 3: Traffic Flow Data for Ottery Road (1996) 
 

 
Hourly Two Way Traffic Flow (Vehicles per hour) 

 
Section of the Route 

 
Weekday AM 

 
Weekday Off Peak 

 
Weekday PM 

 
Northern Section 

 
1 182 

 
649 

 
952 

 
Southern Section 

 
1 439 

 
919 

 
1 233 

 
Estimated AADT for 
the Entire Route 

 
12 015 vehicles per day 

 
Estimated Yearly Flow 
for the Entire Route 

 
4.1 million vehicles per year 

 
Although the route operates at under capacity conditions and below its environmental capacity (1 
500 vehicles per hour two way flow) (Ref 2), the flows are high considering the number of 
pedestrians (mostly children) who use the route and need to cross the route during peak and off 
peak periods. 
 
Public transport flows recorded on the route were high (two way flow of 490 taxis and 20 buses 
during the AM peak hour and 390 taxis and 23 buses during the PM peak hour). 
 
A summary of the recorded average and 85th percentile speeds for various sections of the route 
are indicated in Table 4. Contrary to expectations, the average recorded speeds (space mean 
speed) for the various sections of the route, were below the posted speed of 60km/h, for both the 
peak hour surveys and the off peak hour survey.  Isolated incidents of speeds in excess of the 
speed limit were recorded.  The highest speeds were recorded along the northern sections of the 
route where the route is characterised by wide lane widths and a straight alignment.  The highest 
pedestrian crossing activity occurs along this northern section. 
 
Table 4: Average and 85th Percentile Vehicular Speeds on Sections of the Route 
 

 
Space Mean Speeds (km/hr) 

 
Weekday AM 

Peak Hour 

 
Weekday Off 
Peak Hour 

 
Weekday PM 

Peak Hour 

 
Section 

 
Direc
tion 

 
Average 
Speed 

 
85th % 
Speed 

 
Average 
Speed 

 
85th % 
Speed 

 
Average 
Speed 

 
85th % 
Speed 

 
Between Tyrone Road & 
Essex Road   

 
NB 
SB 

 
35.87 
49.70 

 
49.10 
56.60 

 
50.44 
56.60 

 
59.93 
59.93 

 
52.79 
53.62 

 
56.60 
58.72 

 
Between Essex Road & 
Park Road 

 
NB 
SB 

 
49.96 
49.96 

 
55.58 
54.39 

 
56.64 
57.00 

 
59.28 
59.28 

 
52.62 
44.24 

 
55.58 
52.31 

 
Between Bath Road & 
Prince George Drive 

 
NB 
SB 

 
41.44 
43.20 

 
45.42 
46.15 

 
41.10 
48.11 

 
44.14 
50.76 

 
44.33 
42.48 

 
48.34 
55.17 

 
Entire Route: Byrnes Road 
to Prince George Drive 

 
NB 
SB 

 
42.31 
45.38 

 
49.24 
50.49 

 
49.60 
53.31 

 
54.57 
55.54 

 
48.76 
46.32 

 
51.13 
51.55 

 



 

 

Accident data that was obtained for the route is summarised in Table 5.  On average, 
approximately 108 accidents occurred each year resulting in 20 injuries, two of which were 
serious injuries.  No fatalities were recorded over this three-year period.  Also indicated in Table 
5 are the average accident rates per accident severity/type per 100 000 vehicles.  
 
Table 5: Summary of Annual Accident Statistics for the Route (1993 to 1995) 
 

 
Annual number of accidents by type 

 
Accident 

severity/type  
1993 

 
1994 

 
1995 

 
Average 
(1993 to 

1995) 

 
Average 
annual 

accident 
rate per  
100 000 
vehicles 

 
Fatal 

 
0 

 
0 

 
0 

 
0 

 
0 

 
Serious 

 
2 

 
2 

 
1 

 
2 

 
0.05 

 
Slight 

 
32 

 
9 

 
19 

 
20 

 
0.48 

 
All Accidents 

 
100 

 
116 

 
108 

 
108 

 
2.63 

 
 
Traffic Calming Strategy 
 
Based on the existing traffic situation assessment, the following strategies (Ref 1) were 
formulated to address the concerns of the local community: 
 
• To change the street space i.e. altering the appearance of the street, thereby changing 

driver behaviour.  This can be done by means of landscaping, kerbs, street surfaces  and 
textured pedestrian/cyclist crossing points. 

 
• To restrain long views, thereby forcing drivers to drive with more caution. 
 
• To meander the kerb line, thereby forcing drivers to manoeuvre through a more 

complicated street space. 
 
• To implement policies that introduce traffic management devices and street design 

changes compatible with the neighbourhood character and that are easy to maintain.  
Landscaping should be introduced to enhance the pedestrian environment. 

 
The proposals put forward by the professional team and implemented by the local authority 
included the following: 
 
• The narrowing of the roadway, particularly in the northern sections of the route.  The kerb 

edges were brought in to create a kerb to kerb (travelled way) road width of 
approximately 7.4 metres.  In certain areas, on street parking was embayed, thereby 
bringing the kerb line closer to the travelled way.  In other areas, off street parking was 
provided in landscaped areas to the side of the narrowed road. 

 
• The meandering of the roadway was achieved in the northern section, thereby restraining 

excessively long views. 
 
• The 300 metre section of Ottery Road, within the school zone (between Innis Road and 



 

 

Tarley Road), was raised and textured in order to contrast with the tarred road surface on 
the balance of the route (Refer to Figure 2).  The raised zone was constructed using 
interlocking paving blocks, which gave both an audible and a visual indication of the 
change in environment.  The raised zone was designed to have an elevation of 100 mm 
above the normal road surface.  The ramp length of between 1 and 1.5 metres was 
specified. Signage was provided to inform motorists of the raised zone. A signalised 
”push button” pedestrian crossing was located within this zone. 

 
• The dangerous tree stumps were removed.  New trees/shrubs were planted along the 

pedestrian paths/ sidewalk.  The trees were located bearing in mind the sight distance 
requirements from intersecting side streets. 

 
• Raised intersections were built at two other intersection locations (Refer to Figure 3).  

The raised intersections were also constructed using interlocking paving blocks. Signage 
was provided to inform motorists of the raised intersections. 

 
• Lighting was provided, where current illumination was insufficient. 
 
In addition to the above strategies and devices, a signalised intersection was introduced 
approximately halfway along the route, as signals were warranted at this location (Park Road). 
 
 
After Study 
 
Traffic data for the post implementation period was collected during July 2000, in the form of 
intersection turning movement counts and travel time surveys.  These surveys were conducted 
during the same peak and off peak periods.  Accident data for the route was again obtained from 
the Local Authority.  The traffic flow data for the route is summarised in Table 6.  Peak hour two 
way link flows on Otter Road were found to have decreased during all peak hours under 
consideration. 
 
Table 6: Traffic Flow Data for Otter Road: After Implementation  
 

 
Hourly Two Way Traffic Flow (Vehicles per hour) 

 
Weekday AM 

 
Weekday Off Peak 

 
Weekday PM 

 
Section of the Route 

 
Two Way 

Flow 
(veh/hr) 

 
% 

Decrease 

 
Two Way 

Flow 
(veh/hr) 

 
% 

Decrease 

 
Two Way 

Flow 
(veh/hr) 

 
% 

Decrease 

 
Northern Section 

 
937 

 
20.7% 

 
351 

 
45.9% 

 
738 

 
22.5% 

 
Southern Section 

 
1 172 

 
18.6% 

 
690 

 
24.9% 

 
1163 

 
5.6% 

 
Estimated AADT for 
the Entire Route 

 
10 025 vehicles per day 

 
Estimated Yearly Flow 
for the Entire Route 

 
3.45 million vehicles per year 

 
It was noted that while bus flows remained constant, the number of taxis using the route 
decreased substantially after the implementation of the traffic calming devices.  This may be 
attributed partially to the relocation of the off peak holding area for taxis to Prince George Drive, 
which would have resulted in fewer taxis needing to use Ottery Road.  



 

 

 
 
Figure 2: Raised Zone in Vicinity of Schools on Ottery Road (view along route) 
 

 
 
Figure 3: Raised Intersection on Ottery Road (view from side street) 
A summary of the recorded average and 85th percentile speeds for various sections of the route 
are indicated in Table 7. 



 

 

 
Table 7: Average and 85th Percentile Vehicular Speeds on Sections of the Route: After 
Implementation 
 

 
Space Mean Speeds (km/hr) 

 
Weekday AM 

Peak Hour 

 
Weekday Off 
Peak Hour 

 
Weekday PM 

Peak Hour 

 
Section 

 
Direc
tion 

 
Average 
Speed 

 
85th % 
Speed 

 
Average 
Speed 

 
85th % 
Speed 

 
Average 
Speed 

 
85th % 
Speed 

 
Between Tyrone Road & 
Essex Road   

 
NB 
SB 

 
29.88 
29.19 

 
37.25 
38.66 

 
33.96 
32.27 

 
44.30 
42.63 

 
37.73 
40.55 

 
44.01 
44.20 

 
Between Essex Road & 
Park Road 

 
NB 
SB 

 
28.59 
38.83 

 
30.30 
40.42 

 
30.07 
31.12 

 
31.76 
34.47 

 
36.48 
35.04 

 
42.24 
35.57 

 
Between Bath Road & 
Prince George Drive 

 
NB 
SB 

 
26.10 
27.74 

 
31.05 
28.72 

 
31.31 
29.73 

 
32.75 
32.85 

 
29.75 
27.81 

 
32.70 
30.72 

 
Entire Route: Byrnes Road 
to Prince George Drive 

 
NB 
SB 

 
26.85 
22.39 

 
30.51 
28.83 

 
28.89 
28.17 

 
30.62 
33.45 

 
34.13 
24.33 

 
37.85 
25.83 

 
A comparison of the before and after average speeds over the various sections of the route 
(where raised intersections were installed) and over the entire route, is summarised in Table 8. A 
statistical comparison of the significance of the recorded differences in the average travel 
speeds is summarised in Table 9.  A difference of two means test (t test) for small samples was 
used to determine the significance of recorded differences in the average speeds.  
 
Table 8: Comparison of Before and After Average Speeds 
 

 
Average Space Mean Speeds (km/hr) 

 
Weekday AM 

Peak Hour 

 
Weekday Off 
Peak Hour 

 
Weekday PM 

Peak Hour 

 
Section 

 
Direc
tion 

 
Before 

 
After 

 
Before 

 
After 

 
Before 

 
After 

 
Between Tyrone Road & 
Essex Road   

 
NB 
SB 

 
35.87 
49.70 

 
29.88 
29.19 

 
50.44 
56.60 

 
33.96 
32.27 

 
52.79 
53.62 

 
37.73 
40.55 

 
Between Essex Road & 
Park Road 

 
NB 
SB 

 
49.96 
49.96 

 
28.59 
38.83 

 
56.64 
57.00 

 
30.07 
31.12 

 
52.62 
44.24 

 
36.48 
35.04 

 
Between Bath Road & 
Prince George Drive 

 
NB 
SB 

 
41.44 
43.20 

 
26.10 
27.74 

 
41.10 
48.11 

 
31.31 
29.73 

 
44.33 
42.48 

 
29.75 
27.81 

 
Entire Route: Byrnes Road 
to Prince George Drive 

 
NB 
SB 

 
42.31 
45.38 

 
26.85 
22.39 

 
49.60 
53.31 

 
28.89 
28.17 

 
48.76 
46.32 

 
34.13 
24.33 

 



 

 

Table 9: Statistical Comparison of Before and After Average Speeds 
 

 
t Statistic 

 
Statistically Significant 

Difference at  
Confidence Level 

 
Section 

 
Direc
tion 

 
Weekday 
AM Peak 

Hour1 

 
Weekday 
Off Peak 

Hour2 

 
Weekday 
PM Peak 

Hour3 

 
Weekday 
AM Peak 

Hour 

 
Weekday 
Off Peak 

Hour 

 
Weekday 
PM Peak 

Hour 
 
Tyrone Road to 
Essex Road   

 
NB 
SB 

 
1.70 
5.24 

 
4.64 
8.60 

 
11.68 
17.00 

 
90% 
99% 

 
99% 
99% 

 
99% 
99% 

 
Essex Road to 
Park Road 

 
NB 
SB 

 
21.30 
16.58 

 
34.89 
23.01 

 
14.61 
4.47 

 
99% 
99% 

 
99% 
99% 

 
99% 
99% 

 
Bath Road to 
Prince George 
Drive 

 
NB 
SB 

 
6.84 

14.05 

 
9.63 
16.38 

 
9.27 
5.49 

 
99% 
99% 

 
99% 
99% 

 
99% 
99% 

 
Entire Route: 
Byrnes Road to 
Prince George Dr 

 
NB 
SB 

 
2.00 
1.58 

 
4.31 
3.29 

 

 
3.30 
3.85 

 

 
95% 
90% 

 
99% 
99% 

 
99% 
99% 

Notes: 1. 18 degrees of freedom (t95 =1.734, t99 = 2.552) 
2. 15 degrees of freedom (t95 =1.752, t99 = 2.602) 
3. 16 degrees of freedom (t95 =1.746, t99 = 2.583) 

 
Based on the above assessment, the reduction in speeds over the raised intersections and over 
the entire length of the route are in general, highly significant (greater than 95 % confidence 
level).  Exceptions to this may be explained by high variances in the particular data set. 
 
Before and after accident data that was obtained for the route is summarised in Table 10.  Also 
indicated in Table10 are the average accident rates per accident severity/type per 100 000 
vehicles, for both before and after the implementation of the traffic calming strategies.  
 
Table 10: Summary of Annual Accident Statistics for the Route (1998 to 1999) and 
Comparison of Before and After Accident rates 
 

 
Annual number of accidents by 

type 

 
Average annual accident 
rate per  100 000 vehicles 

 
Accident 

severity/type 
 
Before 

Average 
(1993 to 

1995) 

 
1998 

 
1999 

 
After 

Average 
(1998 to 

1999) 

 
Before 

 
After 

 
% 

Reduction 
in annual 
accident 

rate/  
100 000 
vehicles 

 
Fatal 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
Serious 

 
2 

 
0 

 
0 

 
0 

 
0.05 

 
0 

 
Eliminated 

 
Slight 

 
20 

 
4 

 
5 

 
4.5 

 
0.48 

 
0.13 

 
72% 

 
All Accidents 

 
108 

 
13 

 
20 

 
16.5 

 
2.63 

 
0.5 

 
81% 

 



 

 

Summary of Findings & Conclusions 
 
The combined installation of traffic calming devices/strategies and the introduction of a 
signalised intersection along Ottery Road has resulted in the following impacts on the operational 
characteristics of the route: 
 
• The treated sections of the route have experienced significant reductions in average 

vehicular speeds during commuter peak hours and during off peak hours.   
 
• The 85th percentile speeds along the route have reduced to values well below the posted 

60 km/hr speed limit. 
 
• Vehicular flows have reduced, thereby indicating that the reduced speeds on the route 

have resulted in a diversion of some traffic to parallel routes, in particular Prince George 
Drive and Broad Road. 

 
• Taxi flows have decreased substantially.  This can partially be attributed to the stricter 

control on the number of licenced taxis on the route, the possible rerouting of taxis to a 
new holding area off Prince George Drive or some taxis have diverted due to the lower 
operating speeds. 

 
• The frequency of accidents has been reduced by approximately 80%, while the 

frequency of slight injury accidents has reduced by approximately 70%.  Over the past 
two years, the occurrence of serious injury accidents appears to have been  eliminated. 

 
The integrated urban design and traffic engineering approach to this project has resulted in a  
route which is appropriately designed for all users.  The landscaped areas and raised 
intersections offer a visual quality to the route which communicates to drivers the type of 
environment they are in and the need within certain environment to be aware of the safety of 
other users. 
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