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A more detailed report about this field study can be find at: 

Goldenbeld, C. and I.N.L.G van Schagen (2005). The effects of speed enforcement with 
mobile radar on speed and accidents. An evaluation study on rural roads in the Dutch 
province Friesland. Accident Analysis and prevention, 37, 1135-1144. 

1. INTRODUCTION 

The current paper describes the evaluation of one of the first region-wide enforcement 
projects, a pilot-project in the province of Friesland which started in 1998 and which 
preceded the large scale national programme which was to follow. The evaluation study 
covered a five year period of intensified speed enforcement along 28 above-average 
dangerous road stretches of the rural network with mainly unobtrusive mobile radar 
equipment. In co-operation with the Dutch Bureau of Traffic Enforcement, SWOV Institute 
for Road Safety Research carried out the present evaluation.  

Excess and inappropriate speed is an important factor in road safety (ETSC, 1995). First, 
based on scientific evidence (recently reviewed by Aarts, 2004), there is a direct relationship 
between driving speed (to be more precise speed at impact) and the severity of crashes. 
Secondly, driving speed is in various complex ways related to the risk of getting involved in a 
traffic crash. As a law of physics, higher speeds leave drivers less time to react to changes, 
cause them to have larger stopping distances and to have less manoeuvrability. Besides 
these constant factors, individual (age, sex, tiredness etc) or situation dependent factors 
(road type, presence other road users) also play a role in the speed-crash rate relationship.  

In many countries speeding is a frequent offence, committed daily by a substantial 
percentage of drivers (often between 20-50%). Road safety experts estimate that substantial 
reductions in road unsafety can be achieved by better conformance to speed limits. For 
example, Oei (2001) estimates that in the Netherlands traffic fatalities can be reduced by 
50% on motorways and by 25% on rural roads assuming that no more than 10% of the 
drivers would violate the speed limit on these roads.  

Also, in many countries in the world, including the Netherlands, a major focus of police 
traffic enforcement has been on speeding offences. In the year 2003 speed enforcement in 
the Netherlands (population 16 million; 6,5 million drivers) resulted in more than 7 million 
speed tickets. In the last three years, the enforcement of speeding annually resulted in over 
6 million speed tickets. 

From a theoretical point of view, enforcement is considered an important instrument to 
affect road user behaviour (Zaal,  1994; Oei, 1998; ETSC, 1999; ESCAPE, 2002). Police 
enforcement of traffic behaviour is a central link in any national traffic enforcement system 
starting with legislation, supervision and apprehension, prosecution, sentencing resulting in 
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various kinds of sanctions. It is generally accepted that traffic law enforcement influences 
driving behaviour through two processes: general deterrence and specific deterrence. 
General deterrence can be described as the impact of the threat of legal punishment on the 
public at large, while specific deterrence can be seen as the impact of actual legal 
punishment on those who have been apprehended. Thus, general deterrence results from a 
perception of the public that traffic laws are enforced and that a risk of detection and 
punishment exists when traffic laws are violated (Armour, 1984). Specific deterrence arises 
from actual experiences of convicted offenders with detection, prosecution and punishment  

In European countries, the effects of long term province-wide intensified speed enforcement 
on behaviour and accidents have rarely been assessed (one exception is the recent work by 
Gains et al. 2004). 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 the light of foregoing 
considerations, there remains a need for further independent, scientific evaluation of speed 
control methods. By studying the long term behaviour and  road safety effect of one 
particular method of speed control and by providing a description of the specific conditions 
under which enforcement, the present paper aims to contribute to the corpus of knowledge 
regarding speed enforcement. In the next two subsection (1.2 ) we will describe the context 
of intensified enforcement  in the Netherlands.  Then section 2 describes method and 
analysis with more detailed information about the evaluated project, section 3 presents the 
results and section 4 closes with a discussion. 

2. METHOD  

2.1. Comparison groups in the analyses 

In the current evaluation, we compared the development of speeding behaviour and road 
safety on special structurally enforced roads with that on other roads which were not 
selected for structural speed enforcement. In the analysis of speed behaviour, the 
experimental group consisted of twelve enforced 80 km/h-road segments for which complete 
speeding data were available and the control comparison group consisted of fifteen 80 km/h-
road segments for which also complete speeding data were available. Table 1 presents the 
conditions of the speed comparison. 

Comparison 
groups Description 

Number road 
segments 

Total road length 
(km) 

Experimental 
group 

Specially enforced 80 
km/h rural roads 

 12 80 

Reference group Non-enforced 80 km/h 
rural roads   

 15 50 

Table 1. Comparison groups in the study for speed evaluation 

In the analysis of road safety, the experimental group consisted of all twenty-eight 80 and 
100 km/hr roads chosen for structural intensified speed enforcement and the control group 
consisted of all other roads outside urban areas in the province of Friesland. Although 
incidentally some speed enforcement may have occurred on roads in the control group, in 
general this control group consists for the most part of roads on which no speed 
enforcement at all has been done. Table 2 presents the conditions of the road safety 
comparison. 
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  Number road 
segments 

Total road length 
(km) 

Experimental 
group 

23 80 km/h rural  
roads 

5 100 km/h highways 

 28 116 

Reference 
group 

 All other roads outside urban areas 
in Friesland 

Table 2. Experimental and reference group for accident evaluation 

In subsequent sections (2.2, 2.3, and 2.4) the dependent variables in these analyses, the 
periods used in the analysis, and the design of analysis, are further described. Specific 
attention to the conditions/context of enforcement and to data collection is  given in sections 
2.5 and 2.6.  

2.2. Dependent variables 

To study the development of speeding on enforced and non-enforced road segments, two 
analyses were done. In the first analysis the mean average speed was used as the 
dependent variable. In the second analysis, the percentage of offenders (operationally 
defined as those drivers who violated the limit with at least 7 km/h speed) was used as the 
dependent variable. 

Two analyses were done to compare the road safety development on enforced and non-
enforced road segments in Friesland. In the first analysis, the dependent variable was 
"serious traffic casualties (deaths or hospitalised) where motorised traffic were involved". In 
the second analysis, the dependent variable was "all injury accidents where motorised traffic 
was involved".  

2.3. Analysis periods 

To test changes in speeding over time, we compared the development of mean speed and 
percentage of offenders on enforced road and non-enforced road segments over the period 
1997-2002.  

The analyses of the road safety effects compared road safety in an eight-year spanning 
before period (1990-1997) with that of a five-year after period (1998-2002). In the "before" 
period structural speed enforcement on the selected roads in Friesland was not present. The 
"after" period captures the five years of intensified speed enforcement. 

2.4. Enforcement conditions  

The evaluation study was 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. 
Table 3 describes the national and provincial conditions under which the speed enforcement 
programme operated. 
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Context Element Description 

Minimum fine for 
speed offence 

 30 Euro 

 

Legislative context Speed offences below 50 km over the limit fall within 
administrative law framework and owner of speeding vehicle 
receives a speed ticket by post 2 or 3 weeks after being 
detected. 

Netherlands 

License revocation 
for speeding 

Only possible for speed offences at least 50 km/h in excess of 
the speed limit 

Area size  5741 km2 of which  3388 ground surface and 2353 water     

Population size 630.000 

Size of police force About 1200 officers 

Traffic health risk 
2000-2001 

314 seriously injured or fatal traffic accidents victims per 
100.000 inhabitants (vs. on average 249 per 100.000 
inhabitants in the Netherlands) 

Friesland 

Number of license 
holders 

Total of 305.000 motor vehicles of which 242.000 (or 384 cars 
per 1000 population) and 35000 small vans and 3270 trucks 

Table 3. National and provincial enforcement conditions 

As can be seen in table 3, in general speed enforcement in the Netherlands is not supported 
by a penalty points system, starts out with low fines (30 Euro for > 7 km/h over limit) and 
the amount of time between committing a speed offence and receiving a speed ticket is 
between two-three weeks. Legally, the owner of the car rather than the driver is held 
responsible for the speed offence.  
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The specific characteristics of the enforcement programme itself are described in table 4. 

Element Description 

Start of project  January 1998 

Method of speed control In the period 1998-2000 only speed enforcement with mobile radar 
from a concealed/hidden police car; in latter years more methods 
were being used but enforcement from hidden radar car remained 
the dominant method. 

Speed margin Speeds enforced at 87, respectively 107 km/h on 80 km/h, 
respectively 100 km/h roads. 

Types of road selected  

for enforcement: 

1-lane 80-km/h rural roads and 1-lane 100-km/h highways outside 
urban areas with above average absolute number of injury 
accidents in period 1992-1996 

Period of time between 
violation and receiving 
ticket 

On average 3 weeks 

Selection criterion road 
segments 

Rural road segments with above average number of injury 
accidents in period 1992-1996 

Number and length of 
road segments 

28 above average dangerous  road segments of which the 100 
km/h road segments spanned a length of 28 km and the 80 km/h 
segments a length of 88 km (respectively about 11% and 15% of 
the roads under supervision of  the provincial road authority 

Communication along 
roadside 

Car drivers were informed along the roadside by special signs that 
they were driving on a segment of road where intensified speed 
enforcement could be expected 

General publicity Project had own name, logo, and publicity officer. There were 
almost weekly reports of the results of checks in the regional 
newspapers. Special attention to the project was given a few times 
per year on local television, radio, magazines etc. 

Costs of the intensified 
enforcement 

The total material and salary costs of the project in the period 188-
2002 have been estimated at nearly five million Euro, of which 
133.00 Euro were spent on publicity for the project in the fit years 

Table 4. Characteristics of the enforcement project 

As can be seen in Table 4, the road segments chosen for speed enforcement were selected 
on the basis of the total number of all injury accidents in a five-year period (1992-1996). The 
method of speed control under investigation concerned weekly mostly one to two hour speed 
checks with hidden radar cars on 2-5 km wide road segments which were indicated by signs 
to be part of the selected roads for camera enforcement and which were publicized in local 
newspapers. In the fourth year of the project, the speed enforcement was further 
intensified. The project had its own name and logo and a special publicity officer worked for 
the project, ensuring that results of the project appeared almost weekly in regional 
newspapers. Incidentally, local radio and television broadcasts also paid attention to the 
project.  
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Table 5 provides additional information on the actual speed enforcement activities over the 
years 1998-2001. 

Speed check 

Method 
Output-indicator 

Year 

 

  1998 1999 2000 2001* 

number checked vehicles 1.641.531 1.249.469 1.152.107 2.852.600 

number hours speed check 5.486 4.066 3.092 8.029 
Radar checks 
from partly 
hidden police car 

number offenders 95.428 72.153 58.713 83.838 

number checked vehicles - - 237.994 1.056.069 

number hours speed check - - 547 2.400 

Radar checks 
from hidden 
tripod outside 
police car number offenders - - 18.340 60.787 

number checked vehicles - - 17.795 38.823 

number hours speed check - - 564 3.326 
Lasergun (with 
stopping of 
offender) 

number offenders - - 813 2.119 

number checked vehicles - - 5.375 82.838 

number hours speed check - - 163 684 

Other 
(surveillance, 
videocar, 
lasercam) number offenders - - 614 4.543 

number checked vehicles 1.641.531 1.249.469 1.410.106 3.999.553 

number hours speed check 5.486 4.066 4.366  14.439 Total 

number offenders 95.428 72.153 77.954 148.064 

Table 5. Indicators of the output of enforcement operations 

As can be seen in Table 5, in the first three years of the project between 4000-5500 
operational hours of speed checks with radar cars were conducted. This was done on 28 
road segments comprising about 120 km road length, or one fourth of the total network of 
provincial roads under supervision by the provincial authority. In 2001, the enforcement 
levels of the project were further intensified with over 14.000 hours of operational speed 
checks – a trebling of operational enforcement hours compared to  levels in the three 
previous years 1998-2000. Besides speed checks from unobtrusive patrol cars, other 
methods of speed checks were additionally used such as speed checks with the use of 
tripod, laser gun, and video-car. Regrettably, no figures were available for 2002, but 
according to authorities the level of enforcement has remained stable in 2002 compared to 
2001.  

2.6. Data collection  

To be able to apply different enforcement tactics and strategies effectively, the enforcement 
activities and speeding levels on enforced roads were systematically monitored. Each five/six 
weeks, the project team consisting of members of police, road authority and justice 
department, held a special progress meeting in which strategic or tactic decisions about the 
project were made on the basis of the monitoring results. For example, if the level of 
offenders on certain enforced roads decreased below ten percent, this enabled part of the 
planned supervision time on these roads to be transferred to other roads with less 
favourable results. The actual times, roads and results of the speed control activities were 
registered by police officers on the spot and faxed or e-mailed to a central administrative 
unit which processed these figures into a central database. 
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Part of every regional plan was the installation of speed measurement induction loops at all 
road stretches that were selected for intensified enforcement (30 to 40 in each region). Most 
of these were rural (provincial) roads with 80 km/h and 100 km/h speed limits. Speed and 
length class of every passing vehicle was registered per hour in 5 km speed categories and a 
limit plus tolerance category (e.g. 87 km). Every month, electronic data was collected at the 
roadside, sent to the BVOM coordinator, checked on minimal quality criteria, and forwarded 
to SWOV.  

3. RESULTS  

3.1. Effects of speed offending levels 

Figures 1 and 2 show the development of average speed and percentage of speed offenders 
over time for enforced and non-enforced 80 km/h rural roads. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Development of mean speed on enforced and non-enforced 80 km/h 
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Figure 2. Development of percentage of speed violators (>7 km/h above 80 km/h limit) 

It can be seen that on non-enforced rural roads both mean speed and percentage of 
offenders only decreased slightly during the 1997-2003 period (less than 2 km/h decrease 
average speed and reduction of offenders with 5%). On enforced rural roads, mean speeds 
decreased more sharply with 4 km/h, and likewise percentage of offenders decreases from 
with twelve percentage points from 27 to 15%. Repeated measures analysis showed that the 
general decrease in average speed and percentage of offenders was significant. However, 
the difference in decline  between enforced and non-enforced roads was not significant for 
either average speed or for percentage of speed offenders.  

3.2. Effects on road safety 
 

For the odds ratio analysis the accidents and casualties in the periods 1990-1997 and 1998-
2002 were summed to make up the total numbers in before period, respectively after period.  
Table 6 shows the odds ratio comparison between enforced and non-enforced road 
segments using two road safety indicators:  

1. all injury accidents as a result of crashes with motorised traffic;  

2. and serious casualties (death/hospitalised) as a result of crashes with motorised traffic.  

 

Road safety indicator Comparison Before period

1990-1997 

After period 

1998-2002 

Odds ratio 
and interval 

Experimental 
group 

398 204 All injury accidents 
with motorised traffic 

Control group 3424 2213 

0,79 

 

0,66-0,95 

Experimental 
group 

281 122 0,79 

 

Serious traffic 
casualties 
(death/hospitalised) 
with motorised traffic Control group 1995 1101 0,63-0,99 
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Table 6. Outcomes of odds ratio comparison 

Based on odds ratio analysis, the extra safety effect on enforced road segments has been 
estimated for both injury accidents and serious casualties to be a reduction by 21 percent. 
Expressed in absolute numbers, it has been estimated that 50 injury accidents with 
motorised traffic and 35 serious casualties with motorised traffic have been prevented on 
enforced roads in the period 1998-2002 compared with the development of these statistics 
on reference roads in the same period. Due to the number of observations, the confidence 
intervals around these estimates are large.  

The present study does not rule out a number  of other developments which may have 
influenced road safety, e.g. the application of road infrastructure, traffic flow. The available 
speed data allowed us to compare the development of averaged daily traffic intensities on 
both enforced and non-enforced roads in the period 1998-2001. Figure 3 shows the linear fit 
of the indexed development of the 24-hour traffic intensities on the experimental and control 
road segments     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Mean indexed (thirdquarter 1997=100) 24-hour intensity and linear fit on   

80 kmhour-road segements with and without enforcement  per quarter in the  

period 1997-2002  (Source: province Fryslân) 

Both on enforced and non-enforced 80 km/h-road segments there is increasing trend in daily 
mobility over time. Furthermore, this increase was slightly steeper for non-enforced roads 
(direction coefficient=0,97) than for enforced roads (direction coefficient=0,88). The data 
presented in figure 1  suggest that the difference in mobility trends was very small for 
enforced and non-enforced 80 km/h roads. It is unlikely that these minor differences can 
account for differences in the development of accidents. 
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4. CONCLUSION 

The present study estimated the effects of a five-year speed enforcement programme on 28 
above average dangerous road segments outside urban areas in the Dutch province of 
Friesland. In the first three years of the project an annual average of about 4500 effective 
control hours was sufficient to bring down substantially the level of speed offenders on the 
checked road segments.  

Statistical analysis could not detect a significant differences between decrease in speeding on 
enforced and non-enforced 80 km/h roads. Despite this lack of hard evidence, there are 
indications that suggest that enforcement indeed has made a difference. First, the 
decreasing trend in speeding in absolute numbers was larger on 80 km/h than on non-
enforced 80 km/h roads. The fact that there was also a decreasing trend on non-enforced 
roads may have to do with a spill-over of enforcement. Since both on enforced and non-
enforced roads the decreasing trend started in 1998, the first year of the enforcement 
programme, such an spill-over effects seems likely. Second, the general decreasing trend in 
speeding which started in 1998 cannot likely be explained by any other factor than 
enforcement. In the year 1998 there was not a large scale provincial road safety programme 
focused on roads outside urban areas, and there was not a drastic changes in mobility in. 
What we know from the psychology of drivers is that they do not "spontaneously" turn into 
safe drivers without any change in the road environment. If police enforcement did not play 
a substantial role in reducing speeds on the roads in Friesland, we are at a loss to suggest 
an alternative explanation.   

Based on the available data, the best possible estimate of the 5-year traffic safety effect of 
the enforcement programme has been a 21% reduction of serious casualties and a 21% 
reduction of injury accidents as a result of crashes with motorised traffic.  

The estimated 21% reduction of serious casualties and injury accidents translates into the 
extra saving of about 35 serious casualties and 50 injury accidents. Due to the limited 
number of fatalities we did not perform any separate analysis on reduction of fatalities. 
However, with an estimated reduction of 35 serious casualties, it seems highly likely that 
between 3-5 fatalities have been saved.  
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