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Abstract 

The aim of this paper is to analyse the changes in exposure 
characteristics and in accident involvement, by comparing the data 
from the last two transport surveys carried out in 1881-82 and 1993-
94 and police accident data for the same periods. The findings show a 
larger proportion of women and elderly people in the driver 
population. Comparison with accident data reveals a general decrease 
in the risk per kilometre travelled. A high level of risk is always 
observed for young male drivers, while the excess risk previously 
observed among elderly drivers has decreased substantially. 
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INTRODUCTION 

The quantitative analysis of road safety issues is based on study of the distribution of accidents 
and victims. But in order to target prevention efforts more accurately in this field, one has to 
identify the high-risk groups. This means comparing accident data with reference populations, 
i.e. with risk exposure data. Risk exposure may be represented by different indicators, such as 
inhabitants, cars, driving licences, kilometres travelled, journey times, etc. Reference indicators 
are generally selected with a specific objective in view, and the choice naturally affects the 
results of risk assessment, particularly the hierarchy of high-risk groups. 

Data for injury accidents are taken from official statistics drawn up on the basis of Police 
reports. Exposure data are generally more difficult to obtain, hence the usefulness of transport 
surveys such as the French National Personal Transportation Survey. Through trip notebook 
attributed to each vehicle, it provides substantial information about vehicles and their drivers, 
distances travelled, time spent driving and trip purpose. 

The aim of this paper is to present an analysis of these notebooks and to evaluate the changes i n 
exposure characteristics and in accident involvement by comparing the data from the last two 
transport surveys carried out in 1881-82 and 1993-94 and police accident data for the same 
periods. 

MATERIALS AND METHODS 

Data source and population studied 

The purpose of the French National Personal Transportation Survey is to produce a picture of 
the driving habits of households in France (Saglio et al, 1993). The results obtained may serve 
to measure structural changes insofar as this type of survey is conducted approximately once 
every decade (in 1959, 1966-67, 1973-74, 1981-82 and 1993-94). 

The data collected from May 1993 to April 1994 concerned a sample population of 20 000 
households. Each household was interviewed on two occasions, and between the two visits a 
car trip notebook was attributed at random to one vehicle in the household, to be completed by 
the driver(s) of the vehicle concerned over a 7-day period between the two visits. The driver had 
to note the characteristics of the trip at each stop, including the number of kilometres travelled 
and the time of day of the journey. All stops had to be mentioned, including those made to drop 
off or pick up passengers, but excluding stops at traffic lights, level crossings, etc. 

The vehicles concerned by the notebook included private cars, small vehicles requiring no 
driving licence, camping cars or light utility vehicles (vans). For the purposes of our analysis 
we concentrate on private cars only. 

Allowing for households which were not main places of residence and consequently were not 
included in the survey, and for non-responses, 9 515 log books were properly completed and 
described 197 003 journeys (Armoogum and Madre, 1995). 8 783 of these notebooks were for 
private cars and described 183 450 journeys. To make sure the sample was representative, 
corrections were made in two stages (Armoogum, 1996) : correction of non-responses by post-
stratification and correction of sampling errors by marginal adjustment. Weightings were 
calculated at different levels : household, person, log book. A comparison of the results 
produced by the car notebooks with other sources of information, including daily journey 
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descriptions, shows that the weekly notebook method can be used to observe 83 % of annual 
mileage (Madre, 1996). 

In the previous French National Personal Transportation Survey, conducted from March 1981 
to February 1982, a sample of 2 677 exploitable car notebooks describing 55 334 journeys was 
available (Fontaine and Saint-Saens, 1988). 

Accident data used for the risk evaluation were drawn from the Road Traffic Injury Accident 
Analysis Bulletins (BAAC) compiled by the French police for each injury accident. We took 
accident data from the BAACs corresponding to the two transport survey periods when cars 
where involved, i.e. 259 656 cars in 1981 and 167 854 cars in 1993-1994. 

Methods 

Accident risk may be evaluated using various indicators which correspond to different 
objectives. The following are the most commonly used (exposure indicators based on non at 
fault drivers are not mentioned here). 

- The number of accidents or victims per year represents the risk to the community. 

- The number of accidents or victims related to the number of inhabitants is often used in 
international comparisons of road safety, since it is the most readily available criterion. It is also 
used to analyse the risk associated with different types of accident, such as domestic accidents, 
aggressions, suicides, disease, etc. It is mainly a public health criterion. But strictly in the road 
safety field, it does not reveal any differences in the mobility patterns of the different 
populations concerned. 

- The number of accidents or victims related to the number of vehicles gives a clearer idea of the 
mobility pattern, and also allows for the degree of motorisation in international comparisons, 
but it does not allow for the different types of vehicle use. It is often used, nevertheless, in 
particular by insurance companies, to calculate their premiums. 

- The number of accidents or victims related to fuel consumption takes mobility into account, 
but does not provide desaggregated results. 

- The number of accidents or victims related to distance travelled, or time spent driving are 
indicators currently used in road safety. The time factor introduces the notion of mean journey 
speed. The relative risk obtained using this indicator amplifies the gaps between groups who 
drive at very different speeds : "fast" drivers represent a greater relative risk per unit of time than 
per unit of distance. 

Our aim was on the one hand to analyse the change in risk exposure as revealed by the vehicle 
note books from the last two transport surveys, and on the other to assess the change in the road 
accident risk by comparing these data with the accident data for the corresponding periods. We 
used an aggregated approach, comparing different driver groups defined according to their 
socio-demographic characteristics. The journeys were analysed according to distance travelled, 
time taken and mean journey speed. The mean speed includes stops at red lights, road junctions, 
level crossings, etc. It corresponds to the mean speed for all the kilometres travelled by the 
group concerned. While less informative than spot speed, which is a particularly important 
criterion in accidentology, but difficult to measure in the event of a collision, mean journey 
speed does reflect the behaviour of different groups of drivers. It must be remembered, however, 
that it is closely linked to the type of road network used. This geographical criterion was not 
revealed by the vehicle log books, since previous tests had demonstrated that the quality of this 
data collected over a one-week period was unsatisfactory. 
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RESULTS 

Exposure characteristics and changes 

General results 

The average number of car journeys in the course of a week increased little between the two 
surveys (20.7 journeys per week in 1981-82 vs. 20.9 in 1993-94), i.e. three journeys per day. 
The average journey distance rose from 10.1 km to 11.8 km. Mean journey time also rose, but to a 
lesser degree, from 16.5 minutes in 1981-82 to 17.7 minutes in 1993-94. The distances travelled 
were côvered at a higher speed, mean journey speed increasing by almost 10%, from 36.7 km/h 
to 40.1 km/h. While the proportion of short journeys was smaller in 1993-94 (figure 1), it was 
still high, with 52% of all car journeys no longer than 5 km, compared with 58% in 1981-82. 
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Figure 1 - Car journeys and mean speed according to distance travelled 
Sources : Transport surveys 1981-1982 and 1993-1994 

Average journey speed increases with the distance travelled. The reason for this is that the 
longer the journey, the smaller the part spent on urban roads, where the speed limit is lower. 
Note that for the same distance, the average speed increased between the two surveys. The 
greater increase in speed over longer journeys may be due to the development of the motorway 
network, particularly in areas around major conurbation's. This stagnation in the number of 
journeys, accompanied by an increase in the distances travelled and in speed, is found in the 
analysis of all types of transport (Orfeuil, 1996). 

Exposure characteristics according to sex and age of driver 

Female drivers accounted for 33.6% of the kilometres travelled in 1993-94 compared with 
25.8% in 1981-82 (table 1). The share of journeys made by female drivers rose from 35% in 
1981-82 to 44% in 1993-94. Women made up 43% of regular or occasional drivers in 1993-94, 
up from 38% in 1981-82. The distances they travel are shorter than those travelled by men 
(9 km on average, compared with 13.8 km for men in 1993-94), and the average speed slower 
(35.8 km/h for women and 42.5 km/h for men). This reflects the higher proportion of urban 
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driving done by women. This is borne out by the SOFRES panel survey on car driving 
(Fontaine and Gourlet, 1996), which showed that in 1994, 37% of the distance driven by female 
drivers was on urban roads and 17% on motorways, compared with 30% and 22% respectively 
for men. 

Table 1 Exposure characteristics according to sex and age 

kilometres travelled 	mean journey distance 
cyo 	 km 

of driver 

mean journey 
time mit 

mean journey 
speed km/h 

Year 81-82 93-94 81-82 93-94 81-82 93-94 81-82 93-94 
Sex 
' men 74.2 66.4 11.6 13.8 18.0 19.5 38.6 42.5 
women 25.8 33.6 7.3 9.0 13.6 15.2 32.4 35.8 

Age 
<20 1.9 1.4 10.9 12.1 16.8 19.2 39.1 37.7 
20 à 24 11.4 8.6 10.3 12.5 16.4 17.7 37.5 42.3 
25 à 34 31.5 25.8 9.5 11.3 15.5 16.7 36.7 40.6 
35 à 49 33.0 37.9 10.1 11.5 16.5 17.2 36.7 40.1 
50à64 18.1 18.8 10.9 12.7 17.9 19.2 36.5 39.6 
>_65 4.0 7.6 10.9 11.6 18.2 18.9 36.2 36.8 

All 100 100 10.1 11.8 16.5 17.7 36.7 40.1 
Sources : Transport surveys 1981-1982 and 1993-1994 

The ageing of the population and the fact that the number of years during which people drive 
has increased, enabling them to participate more in social life (Chich, 1991), have contributed 
to the larger share of elderly people in the driving population. The share of kilometres driven by 
drivers age 65 or over increases from 4% in 1981-82 to 7.6% in 1993-94. Mean journey length 
varies little with driver age, but the highest mean speeds arè observed in the under-20 age 
group in 1981-82 and in the 20-24 age group in 1993-94. The lowest speeds are observed in 
the 65-and-over age group in 1993-94. This is also the age group for whom the percentage of 
urban mileage is lowest, probably because at this age there are no daily journeys to and from 
work (which often involve more urban driving) and because elderly people more often live in 
rural area. The lower mean journey speeds may therefore indicate a more "careful" style of 
driving among senior citizens. 

The analysis also reveals a decrease in the share of mileage travelled by young drivers and an 
increase in that of drivers in the 35-49 age group. This may correspond to the time of life when 
many households buy themselves a home and move out of the city into the suburbs and also to 
the demographic changes. 

Trip purposes 

As in the previous survey, work-related travel (driving to work and back, and professional 
journeys) represents 30% of kilometres travelled (Fontaine and Saint-Saens, 1988). Distance 
travelled and mean journey speed are higher than average for leisure trips. The smallest trips are 
for accompanying children (table 2). 

Tableau 2 - Exposure characteristics en 1993-94 according to trip purpose 

trip purpose trips kilometres mean journey mean journey mean journey 
% travelled % distance km time mit speed km/h 

for work 28% 30% 12.7 19.1 39.9 
shopping 27% 17% 7.4 14.1 31.5 
leisure 23% 36% 18.4 23.5 47.2 
accomp. child 10% 4% 5.2 10.2 30.9 
accomp. adult 5% 4% 10.8 15.9 41.0 
other private 8% 9% 13.6 19.4 42.0 

Together 100% 100% 11.8 17.7 40.1 
Source : Transport surveys 1993-1994 

Reasons for journeys made differ according to age and sex of driver. The breakdown of trip 
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purpose according to driver age (figure 2) reflects the different stage of the life. Work related 
trips are less frequent for young drivers and also for those over 65. This corresponds to students 
and retired people. In the same way, leisure trips are more frequent for these age group. 
Accompanying children is more frequent between 25 and 40 years old, when people have young 
children. Shopping represents nearly half of the trips made by the elderly age group. 

We had already noticed in the 1981-82 survey that the type of vehicle use differed considerably 
with the sex of the driver : women generally used their vehicles for shopping or for driving 
people back and forth (Fontaine, 1988). This still applied in 1993-94 : 15% of the journeys 
made by women were made to take a child somewhere, compared with only 5% of journeys made 
by men for the same reason (figure 3). The mean distance travelled by a woman accompanying a 
child is 4.8 km, compared with 6.4 km for a male driver accompanying a child. Work-related 
travel vary little in frequency between male and female drivers, but men drive longer distances 
on average than women (12.8 km and 9.2 km respectively to travel to a fixed place of work in 
1993-94). 

Taking all types of journey together, men are less frequently alone in their cars than women 
(61% of men and 64% of women make journeys alone in their cars). The difference is greater for 
shopping (58% of men alone vs. 64% of women alone) and for journeys for leisure (42% of men 
alone vs. 51% of women alone). This may be the consequence of a traditional attitude : when a 
couple go somewhere by car, it is usually the man who drives. The journeys most often made 
alone in the car are journeys to and from work (90% of women alone and 88% of men alone). 
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Figure 2 - Breakdown of trips made in 1993-94 according to driver age 
Source: Transport surveys 1993-94 
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Figure 3 - Breakdown of trips made in 1993-94 according to sex of driver 
Source : Transport surveys 1993-94 

Risk evaluation and changes 

We privileged the distance travelled as the exposure risk indicator since it is one of the most 
commonly used in road safety, but some results are also given for time spent driving as exposure. 

General results 

Between the periods analysed, mobility increased by 51%, with more cars on the road and 
drivers covering larger distances. At the same time, the number of injury accidents decreased. 
Consequently, the accident risk in terms of the number of accidents per kilometre travelled 
decreased. For the car driver population the risk decreased by 61%, from 1.5 injury accidents per 
million km travelled in 1981-82 to 0.6 injury accidents per million km travelled in 1993-94. 

This decrease in risk, observed in numerous countries, confirms the classical hypothesis of a 
process of "collective learning" in motor vehicle driving (Brenac, 1989). Improvements to the 
inter-city motorway network may also have played a role in reducing the accident risk, insofar 
as motorways are among the safest roads, with a high traffic capacity. This could explain the 
increase in mobility in terms both of mean journey speed and of the number of vehicle-
kilometres. 

Risk by age and sex 

The shape of the injury accident risk curve per km is the same in 1981-82 and in 1993-94 (figure 
4). The highest risk is observed among very young drivers, and is explained partly by their 
inexperience ; the risk then decreases to reach its lowest levels in the 35-64 age group, before 
increasing again for drivers age 65 and over, although this increase is more marked in 1981-82 
than in 1993-94. The largest relative decrease in risk exposure between the two surveys is 
observed in the elderly driver group (66% decrease in the accident rate of drivers age 65 and 
over), and the smallest relative decrease is that of young drivers (49% decrease between the two 
surveys). 
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Taking all age groups together, the injury accident risk related to distance travelled in 1993-94 
was 1.2 times higher for men than for women. And the risk of a fatal accident was 1.9 times 
higher for men than for women. These ratios are comparable to those recorded in the earlier 
survey. 

The analysis of the SOFRES survey on vehicle use (Fontaine and Gourlet, 1996) reveals that 
taking non-injury and injury accidents together, women have a higher accident rate per million 
kilometres (19.5) than men (14.8). This higher involvement in non-injury accidents (with 
material damage only) may be explained by the relatively greater share of urban driving. The 
APSAD (1994) also noted that although the frequency of (non-injury and injury) accidents was 
higher among female drivers, the average cost was lower. 

driver age groups 

Figure 4 - Injury accidents per million km according to driver age 
Source : Transport surveys 1981-82 and 1993-94, BAAC 1981 and 1993-94 

When driver sex and age are taken into account, the traditional results appear again (table 3), 
but the differences are much less marked in the case of women. Young men are at much greater 
risk than young women. This excess risk exposure of young men is a finding commonly 
observed in road safety studies. Women age 65 and over, on the other hand, are at greater risk of 
injury accident involvement than men of the same age, probably because they are less 
accustomed to driving. 

Table 3 - Injury accidents per million kilometres in 1993-94 according to driver age and sex 

driver age men women 
<20 2.4 1.5 
20-24 1.7 0.9 
25-34 0.8 0.5 
35-49 0.5 0.4 
50-64 0.4 0.5 
>_65 0.5 0.6 
Sources : Transport surveys 1993-94, BAAC 1993-94 

For some authors (Chipman et ai, 1993) the accident risk related to journey time is more 
pertinent than the risk related to distance travelled, insofar as the time drivers take to cover a 
given distance is the reflection of their perception of risk. When comparing the two criteria, 
however, the environment criterion must be checked so as not to confuse congested urban traffic 
situations and difficult driving conditions on small country roads. 
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Table 4 - Accident rate per million driver-hours 
driver age men women 
<20 90.9 54.0 
20-24 74.1 35.7 
25-34 33.3 18.8 
35-49 21.8 15.3 
50-64 17.7 16.7 
>_65 20.8 18.6 
Sources : Transport surveys 1993-94, BAAC 1993-94 

When time spent driving is considered as exposure measure (table 4), the highest risk groups 
are also drivers under 25 years old, particularly men. But whereas women age 65 and over are at 
greater risk over a given distance than men of their generation, when journey time is taken into 
account, women are at less risk than men for a given driving time whatever the age group. 
Similar results are found in Ontario (Chipman et al, 1993).This corresponds to their different 
journey speeds. The mean journey speed for women age 65 and over is 31.2 km/h, compared with 
38.3 km/h for men in the same age group. This may be explained by the more urban nature of the 
journeys made by women, but also by the difference in their driving experience, elderly women 
often having started to drive later in life. This difference in the age at which men and women start 
to drive is tending to disappear : we observe (figure 5) that in 1993-94 women got the level of 
men in 1981-82 and that the difference between sex is diminishing. So it is possible to assume 
that the excess accident risk per km driven to elderly women compared with elderly men will 
decrease further. 

The high-risk groups are the same in both cases : male drivers under 25 years of age. The 
behaviour of young men at the wheel is often blamed for the excess risk. It is also suggested that 
they drive in more difficult conditions (Massie and Campbell, 1993). Young drivers, 
particularly young men, drive more frequently at night : 19% of their mileage is done between 8 
p.m. and 5 a.m., whereas all drivers together travel 10% of their mileage during the same period 
of time (Fontaine et al, 1997). For the same distance driven at night, they are more likely to be 
involved in accidents than any other driver category. Note that other factors, such as drinking, 
type of road and vehicle, number of vehicle occupants and type of journey, with peers or family, 
very certainly play a part. 

18 20 22 24 26 28 30 32 34 36 38 40 42 44 

age when acquiring driving licence 

Figure 5 - Cumulated percentage according to the age when acquiring driving licence for the 
age group of 46 to 55 years old 
Sources : Transport surveys 1981-82, 1993-94 
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CONCLUSION 

This analysis of two transport surveys from the risk exposure standpoint show a larger 
proportion of women and elderly people in the driver population. Comparison with accident 
data reveals a general decrease in the risk per kilometre travelled, tending to confirm the 
hypothesis of a general improvement in driving standards. A high level of risk is always 
observed for young male drivers, while the excess risk previously observed among elderly 
drivers has decreased substantially. 

The results show that male drivers under 25 years of age represent the highest risk group per 
distance driven and per time spent driving. But whereas women age 65 and over are at greater 
risk over a given distance than men of their generation, when time spent driving is taken into 
account, women are at less risk than men for a given driving time whatever the age group. This 
may be explained by the nature of the journeys made by women, but also by the difference i n 
their driving experience, elderly women often having started to drive later in life. A comparison 
with the results of a previous travel survey carried out in 1981-82 shows that the difference in 
the age at which men and women start to drive is tending to disappear, as is the difference i n 
distance travelled. Looking to the future, one can expect an increase in the proportion of elderly 
drivers on the roads, particularly women, accompanied by a decrease in the accident risk to 
these drivers. As a result, the relative risk to young drivers will appear higher. 
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