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INTRODUCTION
The major part of all traffic accidents is caused by human factors (Lewin, 1982; Evans,
1991). One of these human factors that is well known to be associated with increased
accident risk is the committing of various traffic law violations (Reason et al., 1990, Parker et
al. 1995). Probably the best studied and documented is the relationship between driving
under the influence of alcohol and accident risk. After consuming 1 to 2 glasses of alcoholic
beverages, accident risk starts to increase exponentially with every additional glass, resulting
in increased risk factors of 4, 6, and 17 for BAC levels of 1, 1.3, and 1.8‰ respectively
(Borkenstein et al., 1974; Hurst et al., 1994). Beside the increased accident risk alcohol
consumption negatively influences injury severity as well. Fatality rates for drivers involved in
a traffic accident with a BAC above 1.5‰ are reported to be up to 200 times higher
compared to those of sober drivers (Simpson  & Mayhew, 1991). Speeding is another traffic
violation with ample evidence of its relationship with accident risk and severity. Newtonian
physics imply that higher speeds increase crash risk due to reduction of available friction,
leading to risk of loss of control, reduction of time-to collision, and crash forces increasing
with the square of speed. On the basis of extensive research on the relationship between
speed, speed limits, and accidents, it is estimated that, depending on the road category, a 1
mile per hour reduction in mean speed of traffic could produce a 2 to 7 percentage reduction
in the number of injury accidents (Nilsson, 1990; Finch et al., 1994, Taylor et al., 2000).
Other researchers have pointed to the importance of speed variance: vehicles moving much
slower or faster than the mean traffic speed tend to be over-represented in accident statistics
(Solomon, 1964; Cirillo, 1968; Hauer, 1971). Due to the many different types of road users
crossing, road junctions can be considered as inherently unsafe. Traffic lights can increase
safety by organising and managing traffic flows. However, traffic lights themselves create
expectations about other road users’ behaviour, and therefore observance of their signs is
crucial. Installation of red light cameras on high-accident intersections have been reported to
have accident effect rates of between 30 and 60% (Ng et al., 1997; South et al., 1988), which
are likely the result of a change in violation behaviour (Chin, 1989; Walker, 1993; Retting et
al., 1999). Regarding accident severity, a study by Retting et al. (1995) suggests that within
built-up areas, the risk of injury is highest for accidents caused by a red light violation. Other
violations that are object of the present study, seat belt wearing and moped riders helmet use
are not directly linked with accident risk. However, it is estimated that wearing front seat belts
reduces the risk of getting severely injured in a car crash with 10 to 50% (Evans, 1986; Bos
& Wegman, 1990). Based on international studies, the safety effect of moped riders’ correct
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helmet use can be estimated at a 25% reduction of severely injured victims (Van Kampen,
1985).

Police enforcement is one of the possible measures to change undesired traffic behaviours
and hence reduce the number of traffic accidents. The effects of enforcement on different
traffic behaviours have been extensively studied and documented (see e.g. Homel, 1988;
Zaal, 1994, Oei, 1998, Goldenbeld et al., 1999). The results from these studies are fairly
consistent, indicating behavioural effects of enforcement that are limited in terms of time
(effects extinguish some time after the intensification has been stopped) and space (effects
only within a certain distance or radius from the enforcement location). However, most
evaluated European enforcement projects are themselves also limited in both duration and
area covered, implying that, in Europe, the behavioural effects of continuous, region-wide
intensified enforcement have rarely be assessed. To date, for most of the traffic behaviours it
is not clear what the curve of enforcement effects will look like over a longer period. In co-
operation with the Dutch Bureau of Traffic Enforcement, SWOV Institute for Road Safety
Research developed a research programme for the evaluation of a nation-wide 4 year police
enforcement intensification programme in the Netherlands. This paper summarises the
proposed methods for evaluating the effects of the intensification programme on the various
traffic behaviours and traffic safety. Strengths and limitations of the proposed research
method are identified in the light of preliminary results of a pilot study on the effects on
speeding behaviour in the province of Friesland.

THE ENFORCEMENT PROGRAMME
In recent years the development of traffic safety in the Netherlands has been falling short of
the long term national safety targets, a reduction of 40% and 50% in the year 2010 compared
to the year 1985 for traffic injuries and fatalities respectively. To catch up with the realisation
of these targets, in the summer of 1999, the Bureau of Traffic Enforcement (BVOM), which is
part of the Dutch Public Prosecutors’ Office, has launched a 4-year national programme for
intensified police traffic enforcement, starting in 8 of the 25 Dutch police regions. By the end
of 2001, all police regions should be participating in the programme. The intensification
programme focuses on 5 spearheads: speeding on trunk roads and urban through-roads
roads, drink-driving, red light running, seat belt use and helmet use of moped riders. The
enforcement programme has a region-wise approach. For every participating region, the
BVOM developed a tailor-made enforcement plan in consultation and co-operation with
authorities and local parties concerned, based on a problem analysis regarding the regions’
specific traffic safety situation. In every participating region, a project team of 25 policemen
who are employed to enforce targeted traffic behaviours only, is added to the general
constabulary. For all spearhead behaviours, national and provincial safety targets are
translated into annual regional ones, using a number of standard risk parameters (kilometres
of road network, number of kilometres driven, etc.). Targets are set in terms of both effort
indicators (i.e. number of hours spent and fines issued) that come on top of the regular
regional enforcement effort obligation as well as in terms of effect indicators (i.e. reduction in
accidents and percentage of violators). The programme is supported by publicity campaigns
and is to be financed by the BVOM mainly by means of the expected extra income from
fines. The definitive 4 year enforcement plan is put in a contract format and is to be signed by
the respective mayor, public prosecutor, and head of the police region. They are responsible
for the actual enforcement activities. Daily management of each region plan is in the hands
of a managing police officer and a co-ordinator from BVOM.

To be able to effectively apply different enforcement tactics and strategies, all enforcement
activities need to be systematically monitored and evaluated. Therefore, part of every
regional enforcement plan is a systematic evaluation of the effects. Moreover, the present
enforcement programme has several interesting, and for Europe rather unique aspects:

• Contract based enforcement efforts
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• Long term intensified enforcement

• Large scale, region-based approach

These preconditions offer the possibility to extensively and thoroughly study the effects of the
intensified enforcement programme on different driver behaviours and, ultimately, on traffic
safety. To evaluate these effects, SWOV, in consultation with the BVOM, has developed a 4
year monitoring and evaluation plan. Beside questions relating to (cost-) effectiveness of
police enforcement, a main objective of the study will be to gain better insight into the social
and cognitive processes underlying these effects, and to identify the conditions under which
traffic enforcement can have more sustainable effects on driver behaviour.

STUDY DESIGN
The ultimate objective of police traffic enforcement is to improve traffic safety, by reducing
the number and severity of traffic accidents. The one way this should be achieved is through
its influence on drivers’ behaviour, that is through reducing the percentage of drivers who
commit traffic law violations. However, since there are many factors other than law violation
contributing to traffic accident causation as well, the police can hardly alone be held
responsible for improvement in safety. Hence, it can be argued that traffic behaviour
indicators rather than traffic safety figures should be used as the criterion for police
enforcement effect evaluations.

In the present 4-year evaluation study, a step-wise approach will be chosen to establish the
causal enforcement – behaviour change – accident reduction relationship. First it will have to
be established whether the enforcement programme has resulted in a reduction in accident
frequency and severity. After this, it will be investigated if this improvement can be explained
by a change in behaviour. If traffic enforcement is to change driver behaviour, it implies that
the behaviour is at least partially the result of a deliberate decision making process, and
enforcement effects should also be reflected in a change in psychological factors underlying
the deviant traffic behaviour. Finally, other factors known to be contributing to the behaviour
and safety effects will have to be controlled for as much as possible. For every spearhead, 5
different types of data will be systematically collected at the lowest possible aggregation
level:

• Data on (additional) police efforts (including accompanying publicity)

• Data on traffic behaviour

• Data on traffic safety (accidents and victims)

• Data on underlying psychological factors (attitudes, motives, etc.)

• Data on external factors (demographics, road infrastructure changes, etc.)

During the whole research period, effort and behaviour data will be collected and checked on
minimal quality criteria by BVOM and sent to SWOV. SWOV is responsible for linking all
types of collected data in a relational database and for all further analysis. The enforcement
programme started in 8 police regions in the summer of 1999. From the start of the
programme, all  other police regions serve as reference regions. By the end of 2001, all
police regions are expected to be participating in the programme, so eventually all reference
conditions will be lost. However, it is expected that natural variance in police efforts within
and between participating regions will be providing sufficient reference data.

Police efforts data

Monitoring police traffic enforcement effort over a long period is very difficult, since time
registration within police forces is known to be notoriously poor. However, the systematic and
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accurate registration of all tickets issued as has been done in the Netherlands since the
introduction of administrative law in the early 1990’s does provide a useful indicator. All
tickets issued by the different police regions – steadily growing from 342,000 in the year
1991 to more than 6 million 1999 – are sent to and registered by the Central Bureau for
Penalty Collection (CJIB). During the 4 year project, every ticket that is issued within the
scope of the project, will be earmarked, allowing a differentiation between regular (baseline)
and intensified enforcement output. Beside registration of output, every project team is
required to register daily all their activities including camera operation data on a standard
detailed electronic form that is sent to the BVOM co-ordinator. Details include e.g. hours of
control, number of policemen involved, roadside signs used, number of vehicles checked,
etc. This data is checked for completeness and quality by the BVOM, and forwarded to
SWOV every month.

Traffic safety data

Traffic accident data are registered by the Transport Research Centre of the Dutch Ministry
of Transport. SWOV receives yearly the electronic datafile, containing three levels of
information:

• accident level (number, severity of accident)

• object level and  (characteristics of accidents, e.g. location)

• victim level (number and severity of injury)

The datafile is based on police records. To control for underregistration and other registration
biases, the data will be compared with other sources of information, such as the hospital
data.

Driver behavior data

Speeding

Part of every regional plan is the installation of speed measurement induction loops at all
road stretches that are selected for intensified enforcement (30 to 40 in each region). Most of
these are rural (provincial) roads with 80 km/h and 100 km/h speed limits. Speed and length
class of every passing vehicle is registered per hour in 5 km speed categories and a limit
plus tolerance category (e.g. 87 km). Every month, electronic data is collected at the
roadside, sent to the BVOM co-ordinator, checked on minimal quality criteria, and forwarded
to SWOV. In every region, intensified speed enforcement activities are initially carried out on
a restricted part of the selected road stretches only, allowing the other road stretches within
the region to serve as control condition. After behavioural targets have been achieved,
enforcement will be intensified on the initial control condition road stretches as well, and
reference conditions will eventually be lost.

Alcohol

The Netherlands have had a long tradition of research on drinking and driving. Under the
authority of the ministry since 1970, SWOV has conducted a yearly survey on drinking and
driving in close co-operation with the police. Every autumn, a random national sample of
drivers (almost 30,000 in 1999) are breathtested during weekend nights. Apart from the
percentage of drivers that is drink-driving, additional data such as BAC-distribution, gender,
age, and place of alcohol consumption are surveyed. For the present evaluation project, the
number of control sites and drivers tested will be increased to allow for analysis on police
region level. Beside the annual national survey, effort data from the project teams (% of
drivers DWI) will serve as behavioural indicators.
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Seat belt wearing

Since 1969, SWOV has regularly (about every other year) monitored seat belt wearing rates
on four different categories of roads in each of the 12 Dutch provinces. On four successive
week and weekend days in spring, observations of seat belt wearing are carried out on 48
(4*12) locations from 7.00 AM to 17.30 PM. For the present intensified enforcement
programme, the number of locations will be increased to allow for analysis on police region
level. During police enforcement of seat belt wearing, project members should count the
number of vehicles checked as well. However, the results of this can hardly be expected to
be very reliable.

Moped riders’ helmet use

In the past, there has been no systematic annual investigation of helmet use in the
Netherlands. In June 1999, a before-measurement of helmet use has been carried out in the
first 8 regions before the intensified enforcement programme started. On 5 successive
weekdays, helmet use of 4,145 moped riders and passengers was observed on 32 different
locations in 8 police regions. 1,205 of them were interviewed about relevant issues as well.
The method will be repeated in all participating regions every year (in June 2000, the first
after measurements in the first 8 regions and before-measurements in the other participating
regions (9) were carried out). During police enforcement of helmet use, project members
should count the number of moped riders checked as well. However, the results of this can
hardly be expected to be very reliable.

Red light running

Effects of red light camera installation is expected to have mainly effects that are restricted in
terms of space and will be evaluated using a pretest-posttest (non equivalent) control group
design. Before and after installation, the percentage of offenders will be assessed using
traffic light automatic counting techniques.

Spearhead Effort indicator
(incl. publicity)

Behaviour
Indicator

Measurement Safety indicator

Speeding Hrs. Enforcement
Drivers checked
Tickets issued
Camera boxes
Hrs. Cam.
Operation

5 km categories
different
parameters
% offenders
V90, M, SD,
skewness

Continuous Number of
accidents

Alcohol Hrs. Enforcement
Drivers tested
Tickets issued

% offenders
BAC distribution

Yearly survey
Surveillance data

Number of DWI
accidents

Seat belt wearing Hrs. Enforcement
Drivers checked
Tickets issued

% offenders Yearly survey
Surveillance data

Severity of
accidents and
injuries

Helmet use Hrs. Enforcement
Drivers checked
Tickets issued

% offenders Yearly survey
Surveillance data

Severity of
moped riders
accidents and
injuries

Red light running Camera pole Y/N
Cam. Operating
Y/N
Tickets issued

% offenders Before – after
camera
measurement

Number of red
light running
accidents

Table 1. Effect evaluation indicators
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Self reported survey data

Under authority of the Dutch ministry, a survey questionnaire about different traffic safety
issues (PROV) has been carried out every other year since 1990. The questionnaire is
completed by a sample of about 6,000 drivers throughout the country, stratified on a
provincial level. It assesses subjective risk of apprehension, attitudes and opinions towards
various traffic offences and their enforcement. Secondary analysis of the PROV data on a
police region level will be used as one of the methods to asses the factors underlying
behaviour changes. Beside PROV-data, a stratified sample of 300 drivers in each
participating region will be a surveyed by telephone about enforcement related issues.

FRISIAN DIKES PILOT PROJECT
All data that is collected in the project is linked in a relational database that is constructed
and managed by SWOV. In order to construct this database, test and refine the proposed
research methods, and reveal the weaknesses and bottlenecks in the long term evaluation
plan, a pilot project is carried out in the province of Friesland (5740 km², 612.016 inhabitants
in 31 communities, a police force of 1.200 people). In this province, region-based intensified
enforcement (mainly speed enforcement) was implemented one year earlier. Just to illustrate
what sort of information can be extracted from the database, figure 1 is included as an
illustration of the development of the percentage of speed limit offenders on one of the
Frisian Dikes pilot project road stretches during the measurement period, differentiated by
weekend and weekdays. Intensified enforcement started in February 1998.

METHODOLOGICAL ISSUES
The quality of the research as a whole will, to a large extent, depend on the possibility to fulfil
some elementary scientific requirements which in some cases can be against the interest of
other parties involved. For example, inclusion of reference conditions (systematic variation in
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intensity or no enforcement at all on high violation and high accident road stretches) would
be a logical requirement from a scientific point of view, however not from a public
prosecutors’ perspective. Moreover, according to the project planning, in two years, all police
regions will be participating, resulting in the disappearance of all reference conditions. Due to
the organisational structure and planning of the project, good baseline behaviour
measurements are sometimes hard to achieve. And even if reference sites and baseline
measurements are provided for, there will still be a strong selection effect (enforcement sites
are selected on the basis of their poor accident figures), that is likely to result in regression to
the mean effects. By considering the accident period on which selection is based on as an
effect period instead of as a baseline period, this confounding effect will be controlled for.
Another factor that should be controlled for is the problem of registration effects. For
instance, the number of reported alcohol accidents could well increase as a result of
intensified enforcement due to better registration alone. In general, accident registration rate
could increase as a result of intensified enforcement.

AVAILABILITY AND QUALITY OF DATA
Other points of attention in the research programme refer to the issue of expected availability
and quality of data. For budget reasons, systematic registration of enforcement publicity
information tends to be rather poor. However, since its dominant role in affecting subjective
probability of detection, publicity is known to be a major mediating factor in police
enforcement effectiveness. Quality of behavioural data will need to be accurately monitored
as well. Several partners participating in the research programme are not particularly
research oriented and do not have much experience in doing research. Most important in this
respect is the reliability of the study’s independent variable: the registration of intensified
police effort data. The elaborated drinking-driving, seat belt, and helmet use survey protocols
that SWOV has developed over years, should minimise loss of behaviour observation data
quality. From the Frisian Dikes pilot project, it was learned that even electronic data from
automatic speed induction loops tend to be far from error free. Therefore, throughout the
research period, all data will have to be checked by means of both automated control
routines and BVOM and SWOV data sifters as well.

CONCLUSIONS
Based on the preliminary results of the Frisian Dikes pilot project it can be concluded that
some important weaknesses and points of attention can be detected in the research
programme. However, the main asset of the present enforcement research is the structure of
high level cooperation and commitment of all partners involved in police traffic enforcement
activities resulting in a contract based, long term, and wide scale enforcement efforts plan.
Although probably not all wished for scientific preconditions will be met, the present
evaluation programme will generate interesting insights and new knowledge about the
relationships between enforcement, behaviour, and traffic safety.
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