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A B S T R A C T   

Reduced speeds and increased speed compliance are crucial for achieving increased road traffic safety, cutting 
across most Safe System interventions. Speed cameras have been shown to be effective in increasing speed 
compliance and reducing the number of fatalities and seriously injured. The speed cameras system in Sweden is 
different compared to many other countries, spot speed cameras are almost always placed in series along a road 
stretch. The aim of this study is to investigate the effects of this system on mean speeds, speed compliance, and on 
the number of fatalities and seriously injured. Including 20 years of data, the study applies before-after analysis 
to 361 speed measurement spots, and Empirical Bayes before-after analysis with control to crash outcomes on 
202 road sections. 

The results show a mean speed decrease of 3.5 km/h for all vehicles and road sections, 7.9 km/h at cameras 
and 3.0 km/h between cameras. Furthermore, follow-up measurements showed that the effects were maintained 
long-term. Speed compliance increased 16 %-units, 42 %-units at cameras and 13 %-units between cameras. 
Though larger effects can be seen at cameras, there are still substantial effects on the enforced road sections 
between cameras. The cameras had an average effect of 38.6 % on decreasing fatalities and may also suggest a 
decrease for seriously injured, though not statistically significant. This study also shows that for roads that 
received both a decreased speed limit from 90 to 80 km/h and speed cameras, the mean speeds were reduced by 
additionally 3.6 km/h compared to roads with unchanged limits of 90 km/h. The combined effect on fatalities 
and seriously injured was a reduction by 61.6 % and 33.4 %. 

In conclusion, the Swedish strategy with spot speed cameras in a series led to an increased speed compliance 
and a comprehensive reduction in mean speeds and of the number of fatalities.   

1. Introduction 

Speed management is at the core of a Safe System approach for road 
traffic, cutting across most Safe System interventions. A Safe System 
employs three main strategies to eliminate fatalities and serious injuries 
due to road crashes: reduced risk exposure, reduced risk levels, and 
increased protection from harmful impact forces in the event of a crash. 
Reducing the speed of traffic increases the reaction distance so that you 
have greater opportunities to avoid a crash, and lowers the impact force 
in the event of a crash, which makes the injuries less severe. Even small 
changes in driving speeds can have a substantial effect on road safety. As 
a rough estimate, a 10 % decrease in mean speed leads to 20 % decrease 
in injury crashes and a 40 % decrease in fatal crashes (OECD/ITF, 2018, 
based on Elvik, 2013). Therefore, managing and controlling speed is at 
the center of developing a Safe System. In addition to protecting road 
users from death or serious injury, the objective of managing speed is to 
create a sustainable society with livable cities and increased health, 

security, and equity. 
In advance of the Third Ministerial Conference on Global Road Safety 

2020, an Academic Expert Group on road safety developed nine rec
ommendations to advise on priority directions following the first Decade 
of Action (The Swedish Transport Administration, 2020). These rec
ommendations are based on the introduction of Agenda 2030 and the 
Sustainable Development Goals (SDGs). One of the group’s recommen
dations addresses speed compliance (#7): Zero Speeding. This highlights 
that excessive speeds is a major problem in most countries and therefore 
a main challenge for all governments. In Sweden, it has been estimated 
that if all drivers complied with the speed limits, the number of fatalities 
would be reduced by 20–25 % (Vadeby, 2023). To increase speed 
compliance and reduce mean speeds, increased enforcement is a com
mon measure and many countries have now implemented automated 
enforcement of speed limits. These camera-based enforcement systems 
are either spot speed cameras where the speed compliance is enforced at 
a specific spot or section control where a speed limit is enforced 
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automatically in terms of average speed travelled over a section of road. 
Earlier studies have investigated the effects of spot cameras as well as 

section control and found that both spot speed cameras and section 
control is effective in reducing mean speeds, P85 and speed variations 
between vehicles, Soole et al. (2013). In many of the studies referred to 
in Soole et al. (2013), the decrease in P85 was greater than the decrease 
in mean speed which suggests a change in the shape of the speed dis
tribution. In Vadeby and Forsman (2017), the speed distribution before 
and after the installation of speed cameras in Sweden was investigated. 
Comparing the change in the speed distributions at and between cam
eras, the change was more pronounced at camera sites and for high 
speeds, meaning that there was a larger displacement of the speed dis
tribution towards lower speeds at cameras than between cameras. 
However, both at and between cameras a more upright shape of the 
speed distribution was shown after speed cameras were installed. 

Gains et al. (2005) studied the effects on vehicle speed following the 
introduction of spot speed cameras in the UK and found that the mean 
speed decreased by 3.7 km/h (6 %) and P85 by 5.0 km/h (7 %). 
Moreover, the number of speeding offences decreased by 30 % and the 
proportion of serious offences (more than 24 km/h over the speed limit) 
decreased by 43 %. Shin et al. (2009) studied the effects of spot speed 
cameras on a freeway (SR 101) in Arizona and found that mean speed 
decreased by 14.5 km/h (11.9 %), while P75 decreased by 17.7 km/h 
(14.7 %) and P25 by 10.1 km/h (9 %), illustrating a change in the shape 
of the speed distribution. Montella et al. (2015) analysed the effects of 
section control on the Italian motorway (A56) and reported that the 
mean speed decreased by 8 km/h (10 %), P85 by 14 %, the proportion of 
speeding offences by 45 percentage points, and the standard deviation 
by 26 %. 

Previous studies have also measured the effects of spot speed cam
eras and section control on the number of accidents as well as the 
number of fatal and non-fatal injuries. Carnis and Blais (2013) reported 
that fatality rates decreased by 21 % on the whole road network in 
France following the deployment of the French spot speed camera pro
gram. However, it remains unclear how much other traffic safety im
provements (e.g., safer vehicles) contributed to this reduction. Li et al. 
(2013, 2016) evaluated 771 spot speed camera sites in England over 
nine years. Comparing Empirical Bayes (EB) and Propensity Score 
Matching (PSM) methods, they recorded reductions in personal injury 
collisions per kilometer of 23.3 % and 25.9 %, respectively. Further
more, they found larger reductions close to the cameras (largest within 
200 m, but only slightly lower within 200–500 m), as well as no evi
dence of accident migration. Høye (2014) performed a meta-analysis of 
15 spot speed camera studies and four section control studies. Spot speed 
cameras were found to reduce the number of fatal crashes by 51 %, 
though this result may be affected by regression-to-the-mean effects. The 
total number of crashes was reduced by about 20 %, with the effect 
declining with the distance to the camera. Section control was found to 
reduce killed or seriously injured (KSI) crashes by 56 % and the total 
number of crashes by 30 %. The analysis also showed that kangaroo 
driving (excessive braking and acceleration) does occur but does not 
appear to adversely affect the speed or number of crashes. 

Thus, the literature provides strong evidence for the effectiveness of 
both spot speed cameras and section control in reducing mean speeds 
and injuries, as well as increasing speed compliance (see e.g., Li et al., 
2020, for a more comprehensive literature review). In Sweden, there is a 
national goal that the number of fatalities should be reduced by 50 % 
and the number of seriously injured by 25 % during the period 
2020–2030. Increased speed compliance has been identified as one of 
the most important areas to achieve these traffic safety goals. Previous 
studies have shown that speed compliance on the Swedish national road 
network is low – only about 50 percent of drivers adhere to the speed 
limit (Greijer and Nyfjäll, 2020). Therefore, there is a large potential in 
increasing speed compliance. Since 2006, the Swedish Transport 
Administration and the Police have been installing a system of fixed 
digital speed cameras to monitor speed compliance. 

The speed cameras system in Sweden is different compared to many 
other countries. In Sweden, spot speed cameras are almost always placed 
in series along a road stretch. This means that when effects of speed 
cameras are studied, we refer both to effects close to individual cameras 
and effects between cameras, as well as effects on the whole road sec
tion. On average, the distance between speed cameras is about 5 km. All 
cameras are placed visibly, and the speed limit is well signposted before 
the cameras so that everyone can drive legally. The cameras measure the 
speed of the vehicle using radar and only takes pictures when someone 
drives faster than the speed limit. In December 2022 about 2 400 speed 
cameras were installed on the Swedish state road network covering 
about 6 000 km of roads. Many of the cameras are installed on rural 
roads with speed limits of 70, 80, or 90 km/h, though other speed limits 
(50 km/h in particular) can also be quite common. A prevalent strategy 
in Sweden for roads with speed limit 90 km/h has been to lower the limit 
to 80 km/h following the introduction of speed cameras. 

1.1. Aim 

The aim of this study is to investigate the effects of spot speed 
cameras set in a series on mean speeds, speed compliance, and on the 
number of fatalities and seriously injured. Furthermore, three sub-aims 
are to; (1) compare speed effects at and between cameras, (2) investigate 
if short-term mean speed decreases are maintained long-term, and (3) 
evaluate the combined effect of introducing cameras and lowering the 
speed limit to 80 km/h on roads with speed limit 90 km/h. 

2. Methods 

2.1. Speed definitions 

Effects of speed cameras are studied both close to individual cam
eras, between cameras and for the whole road section. The measure
ment’s locations are defined as: 

• At camera – within 250 m before or after the camera in your di
rection of travel.  

• Between cameras – more than 250 m after the previous and before 
the next camera, but within 10 km, in your direction of travel. 

Considering that the average length between two cameras in one 
direction is 5 km, a total effect for a road section is calculated by 
weighting the effect at camera with 10 % (500 m of 5 km, ± 250 m) and 
the effect between cameras by 90 %. This weighting is motivated by 
results from earlier studies which confirms that the effects decline with 
increasing distance from the cameras and that a distance of ± 250 m is 
reasonable to represent the effect at cameras (Swedish Road Adminis
tration, 2009; Vadeby and Howard, 2022). 

2.2. Speed data 

Speed data from two applications of speed measurements were used 
in the study. The data are briefly described below. For a more detailed 
description see Vadeby and Howard (2022).  

1. Data from national speed measurements. These data were 
collected during 2002–2017 and during the summer semester 
(April–September). The same spots are measured every 4th year and 
only spots where a measurement was done both before and after a 
speed camera was installed are included in the analysis. At each spot 
and year, data were collected during 2–4 days. This dataset includes 
roads with speed limits of 50, 70 and 90 km/h as well as roads where 
the speed limit changed from 90 to 80 km/h. The data considered are 
hourly mean speeds and hourly traffic volumes for each vehicle type.  

2. Targeted speed measurements. These data were collected on roads 
that received speed cameras during 2019–2021. Speed 
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measurements were done during the summer semester. At each site 
and on each measurement occasion, the speeds of passing vehicles 
were recorded for one week, both before and after a speed camera 
was installed. In general, speeds were measured about one month 
before the speed camera was installed and one year after. This 
dataset includes roads with speed limits of 70, 80 and 90 km/h. The 
data considered are speeds from individual vehicles, allowing for 
calculation of both mean speeds and speed compliance. 

Speeds of all vehicles were considered in the analyses and results are 
reported separately for personal cars, trucks with trailers and all vehi
cles. In general, the speed measurements are conducted on straight road 
stretches with a visibility distance above 300 m. Speed data were 
collected using pneumatic tubes stretched across the road. For both data 
sets, speed data from all vehicles were studied. However, the roads in 
question have no congestion, with mostly free speed conditions, and the 
differences between all vehicles and free speed vehicles are small. The 
geographical distribution of measurement locations is shown in Fig. 1 
and the number of measurement locations per speed limit and at and 
between cameras for the national and targeted data sets are shown in 
Table 1. For the road sections with an unchanged speed limit of 50, 70, 
80 or 90 km/h, 44 of the 310 measurement locations are located at the 

Fig. 1. Speed measurement points and cameras.  

Table 1 
The number of measurement locations per speed limit for the two data sets: 
national and targeted.  

Speed limit (km/h) 
and location 

National speed 
measurements 

Targeted speed 
measurements 

Total 

50, at cameras 3 – 3 
50, between cameras 15 – 15 
70, at cameras 7 5 12 
70, between cameras 41 7 48 
80, at cameras – 5 5 
80, between cameras – 23 23 
90, at cameras 11 13 24 
90, between cameras 137 43 180 
Total unchanged 

speed limit 
214 96 310 

90–80, at cameras 4 – 4 
90–80, between 

cameras 
47 – 47 

Total changed speed 
limit 

51 – 51 

Total 265 96 361  
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camera sites and 266 between camera sites. 

2.3. Speed analyses 

The parameters considered are mean speed and speed compliance. 
Separate estimates are calculated for three categories of vehicles: all 
vehicle types, personal cars, and trucks with trailers. The data from the 
national measurements are based on hourly mean speeds and the data 
from the targeted measurements are speed data from individual vehi
cles. Therefore, speed compliance was only studied based on data from 
the targeted measurements. The estimates are first calculated separately 
for the two data sets since the data originally were collected and ana
lysed at separate years. 

For the targeted speed measurements, the mean speed, vi, is estimated 
for each measurement spot, i = 1, …, mtarget, as: 

v̂i =

∑
jvij

∑
ini

(1)  

where 
vij = speed of vehicle j at measurement spot i. 
ni = number of vehicles at measurement spot i. 
For the national speed measurements, where only hourly mean 

speeds are available, the mean speed, vi, is estimated for each mea
surement spot i = 1, …, mnational as: 

v̂i =

∑
knikμik∑

knik
(2)  

where 
µik = mean speed for hour k at measurement spot i. 
nik = number of vehicles for hour k at measurement spot i. 
For both data sets, the mean speed, Vk, for each speed limit, k = 50, 

70, 80, 90 and 90–80 km/h, is calculated as: 

V̂ k =

∑mk
i=1wi v̂i

∑mk
i=1wi

(3)  

where 
mk = the number of measurement spots at each speed limit k. 
wi = the number of vehicles per time unit at measurement spot i. 
Speed compliance is defined as the proportion of vehicle mileage at 

or below the speed limit, and is calculated as: 

x = Q0/Q, (4)  

where Q0 is the total vehicle mileage of vehicles travelling at or below 
the speed limit and Q is the total vehicle mileage. These calculations 
need data from individual vehicles and, therefore, data from the tar
geted speed measurements are used to calculate speed compliance. 

Because the same points are studied in the before- and after-period, 
pairwise differences are used to study changes in the mean speed and 
speed compliance per speed limit, which reduces the statistical uncer
tainty. To calculate an average change in the mean speed for the various 
speed limits, these pairwise differences are weighted by the average 
hourly traffic flow at each point. Confidence intervals with an approx
imate confidence level of 0.95 have been calculated based on the normal 
distribution assumption and the central limit value theorem, see Casella 
and Berger (1990). 

To achieve a general estimate based on the two data sets, data from 
the different studies are combined, where each study is assumed to carry 
equal weight. The results from the two data sets are combined in the 
following way:  

1. A common estimate per speed limit, at camera and between 
cameras. The results per speed limit are calculated as:  
• 50 km/h – only based on the national speed measurements  
• 70 km/h – mean of national and targeted measurements  

• 80 km/h – only based on the targeted measurements  
• 90 km/h – mean of national and targeted measurements.  

2. An estimate per speed limit is calculated by weighting the effect at 
camera with 10 % (500 m of 5 km) and the effect between cameras by 
90 %, i.e., 

Total effect = 0.1*(effect at camera) + 0.9*(effect between cameras).
(5)    

3. An estimate for all roads and speed limits is calculated by 
weighting together the estimates per speed limit based on traffic 
volumes (Table 2). 

2.4. Long-term effects on speed 

To follow up long-term effects, the mean speed at all measurement 
sites that have had repeated follow-up measurements are studied. This 
limits the data to the national speed measurements since the targeted 
measurements only have one after-measurement. Only sites with an 
unchanged speed limit of 50, 70 or 90 km/h and with three follow-up 
measurements are included. In total, data from 85 measurement sites 
meet the above criteria and are used to study long-term effects. On 
average, there are 3–4 years between the measurements at each site and 
the average measurement year for the before-period is 2005 and for the 
three after-measurements 2008, 2012 and 2016. 

2.5. Crash data and road section selection 

To analyze the effects speed cameras had on the number of fatalities 
and seriously injured, Police recorded crash data for 2003–2018 were 
obtained from the Swedish national crash database Strada (Swedish 
Traffic Accident Data Acquisition). The police are required to record all 
road traffic accidents involving personal injury occurring on the Swed
ish road network. The information recorded includes any fatalities or 
seriously injured, and the GPS-coordinates of where the crash occurred. 
Who is seriously injured is determined by the police at the scene ac
cording to the definition: “…a person who has sustained a fracture, 
crush, tear, serious cut, concussion or internal injury”. Furthermore, the 
definition extends to persons with other injuries if they are expected to 
be admitted to hospital. 

To determine if a crash occurred on a road section with speed cam
eras, data for 2003–2018 were obtained from the Swedish national road 
database NVDB. This data includes road speed limits and Annual 
Average Daily Traffic (AADT, measured in axel pairs), as well as camera 
positions, installation and (possible) deinstallation dates. Speed cameras 
in Sweden are almost always placed in a series and through the NVDB 
data it was possible to identify 275 road sections where speed cameras 
were installed during a specific year in the time-period 2003–2018. To 
further identify speed camera road sections suitable for before-after 
analysis based on yearly observations, the following inclusion criteria 
were applied:  

• No major changes to the road section (e.g., change of speed limit or 
rebuilding) at least one year before and one year after camera 

Table 2 
Proportion of vehicles in 2021 on roads with speed cameras per speed 
limit. Source: Swedish Transport Administration.  

Speed limit (km/h) Proportion traffic volume 

50* 17 % 
70 30 % 
80 44 % 
90** 8 % 

* representing roads with 40, 50 and 60 km/h. ** representing roads with 
90 and 100 km/h. 
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installation. That is, at least one before observation and one after 
observation for the road section.  

• One predominant speed limit on the entire road section (shorter 
stretches on the road section where the speed limit varied were 
allowed).  

• No previous camera system on the road section (road sections which 
had an older camera system that was upgraded to the current system 
were excluded). 

Of the initial 275 road sections, 167 matched the criteria above. 
These 167 road sections, where the speed limit remained unchanged for 
one or more years both before and after camera installation form the 
basis for the study. In addition, 35 road sections where the speed was 
lowered from 90 to 80 km/h when the cameras were installed are 
studied separately. 

To control for other changes during 2003–2018 that might affect 
fatality and injury outcomes (e.g., safer vehicles), 1 540 road sections 
with speed limits 50, 70 or 90 km/h that did not receive cameras were 
selected. These were chosen to match the camera road sections as closely 
as possible on average in terms of road width (average of 8.8 m for both 
datasets) and AADT (average of 4 493 vehicles for the camera sections 
and 6 128 vehicles for the control sections). These two parameters are 
important because they largely govern how the rural road sections in 
Sweden are designed. Thus, rural road sections with similar width and 
AADT share similar features. Though the camera sections have a slightly 
lower AADT on average, the average vehicle type proportions are almost 
identical – about 87 % cars/light vehicles and 13 % trucks/heavy ve
hicles for both datasets. 

The speed limits 50, 70, 90 km/h were specifically chosen for the 
control because they represent most of the camera road sections and 
have a high likelihood of remaining unchanged during the studied time 
period. Because the before- and after periods vary for the different speed 
camera road sections, these were averaged to determine a before- and 
after period for the control road sections of 2003–2008 and 2010–2018, 
respectively. Further details on road section selection are available in 
Vadeby and Howard (2022). 

Data for all included road sections are summarized in Table 3. The 
road sections are illustrated in Fig. 2. 

2.6. Empirical Bayes analysis of fatalities and seriously injured 

The before-after analysis of fatalities and seriously injured is based 
on the Empirical Bayes method for estimating safety (e.g., Hauer et al., 
2002) with a control dataset to account for trend. The basis for the 
method is that, to account for regression effects, the recorded number of 
occurrences (fatalities/seriously injured) are weighted together with the 
expected number of occurrences. In this study, the method is adapted to 
the data available in Sweden and modified to calculate one overall effect 
by weighting together the results from each individual road section. 
Traffic volumes are used as weights to address that the camera instal
lation years and lengths of the before/after periods differ between the 

road sections. This, combined with only including unchanged road 
sections and controlling for general trend (see below), should mitigate 
possible heterogeneities of effects caused by the study’s long time span. 

The adjusted (weighted) number of fatalities or seriously injured per 
road section before camera installation is calculated as: 

XAdj = vXExp +(1 − v)XObs (6)  

where, XExp, is the number of occurrences one would normally expect for 
a road section of its type and, XObs, is the actual number of occurrences 
recorded. The weighting factor, v, is calculated through the expected 
number of occurrences and the dispersion parameter, φ, as 

v =
1

1 + XExp
/

φ
. (7)  

The expected number of fatalities and seriously injured in this study are 
partly based on empirical data from the evaluation of new speed limits 
(Vadeby and Björketun, 2015), and partly on compilations previously 
made based on accident statistics from Strada, see Vadeby and Howard 
(2022) for a detailed description. These apply approximately to the time 
periods being studied. The dispersion parameter was estimated from the 
1 540 control road sections (moment estimation assuming a negative 
binomial distribution). 

The camera effect is determined by calculating the fatality/seriously 
injured ratios before and after. For road section i let. 

xi = the observed (or adjusted) number of fatalities/seriously injured 
in the before period. 

yi = the observed number of fatalities/seriously injured in the after 
period. 

ci = traffic volume in the before period (AADT*road section 
length*365*number of years). 

di = traffic volume in the after period (AADT*road section 
length*365*number of years). 

The fatality/seriously injured ratios before and after, QB and QA, are 
calculated as 

QB =

∑
ixi

∑
ici

(8)  

and 

QA =

∑
iyi

∑
idi
. (9)  

The percentage change after camera installation is then given by 

QA

QB
− 1 =

∑
ici

∑
idi

*
∑

iyi
∑

ixi
− 1. (10)  

When xi are adjusted for regression effects the corresponding ratio is 
denoted by Q̃B. Calculating the before- and after ratio (denoted by KB 
and KA) for the control road sections analogously, the overall effect is 

Table 3 
Summarized data for all road sections included in the before-after analysis.  

Speed limit (km/ 
h) 

N Total length 
(km) 

Mean length 
(km) 

Total traffic volume before (miljon axel-pair- 
km) 

Total traffic volume after (miljon axel-pair- 
km) 

50 13 12  0.9 91 141 
60 2 1  0.6 6 6 
70 31 163  5.3 1 694 3 630 
80 27 159  5.9 909 1 095 
90 91 1 149  12.6 8 826 19 356 
100 1 16  15.7 112 153 
110 2 46  23.0 229 151 
All above 167 1 546  9.3 11 866 24 532 
90–80 35 264  7.5 2 801 4 092 
Control 1 540 1 179  0.8 11 112 17 753  
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given by 

Effect = 1 −
QA

/

Q̃B

KA/KB
. (11)  

Note that the effect is formulated as the expected relative decrease in 
fatalities/seriously injured and, therefore, a larger value means a larger 
reduction. 

The confidence interval for the effect is approximated by assuming a 
normal distribution, where the mean and variance are calculated 
through Taylor expansion. That is, if the sums X =

∑
ixi and Y =

∑
iyi 

are Poisson distributed, independent, and the traffic volume is constant, 
the mean and variance of the effect can be approximated by applying the 
formulas below (e.g., Stuart and Ord, 1994) 

E
(

Y
X

)

=
E(Y)
E(X)

+
V(X)E(Y)

E(X)3  

V
(

Y
X

)

=
V(Y)
E(X)2 +

E(Y)2V(X)
E(X)4 . (12)  

2.7. Speed and crashes – Exponential model 

As a comparison to the analyses based on crash statistics from Strada 
an estimate of changes in crash risk is calculated via the Exponential 
model. The aim is to estimate how a change in mean speed affects the 
outcome of the number of fatalities and seriously injured. The Expo
nential model describes the relationship between a speed change and 
accidents using an exponential function: 

yA

yB
= eβ(vA − vB) (13)  

where yB and yA are the number of fatalities or seriously injured before 
and after the speed change, vB and vA are the mean speed before and 
after the speed change, and β is a coefficient estimated for seriously 
injured in Elvik (2014) and for fatalities in Elvik et al. (2019). The co
efficients used in this study are β = 0.08 (SE = 0.003) for fatalities and β 
= 0.06 (SE = 0.004) for seriously injured. 

3. Results 

The effects of spot speed cameras in a series on speed as well as on 
fatalities and seriously injured are presented below. Additionally, based 

Fig. 2. Speed camera road sections.  
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on the estimated speed changes, the change in fatalities and seriously 
injured is estimated using the Exponential model. 

3.1. Mean speeds 

Table 4 shows mean speeds before and after speed cameras were 
installed as well as the change for all speed limits combined, i.e., the 
total effect on the entire road network with speed cameras in Sweden. 
Considering all vehicles on the whole road section (total effect), the 
mean speed was reduced by 3.5 km/h. At cameras the reduction was 7.9 
km/h and between cameras it was 3.0 km/h. Results for passenger cars 
and trucks with trailers are provided in Annex 1. 

In Table 5, mean speeds before and after speed cameras were 
installed as well as the change per speed limit are shown. On roads with 
speed limit 50, 70, 80, and 90 km/h, the mean speed decreased by 2.6, 
3.5, 3.9 and 3.0 km/h, respectively. Mean speed changes for cars and 
trucks with trailers are provided in Annex 1. The changes in mean speed 
are smaller for trucks with trailers, that in Sweden have a maximum 
speed limit of 80 km/h. For roads that received both a decreased speed 
limit from 90 to 80 km/h and speed cameras, the mean speeds decreased 
additionally by 3.6 km/h compared to roads where the speed limit 
remained unchanged at 90 km/h during the study period. The change 
for these roads was − 7.1 km/h. 

3.2. Speed compliance 

Table 6 shows speed compliance before and after speed cameras 
were installed as well as the change for all speed limits (70, 80 and 90 

km/h) combined. These calculations need data from individual vehicles 
and, therefore, only data from the targeted speed measurements are 
used for these calculations. Considering all vehicles on the whole road 
section (total effect), speed compliance increased almost 16 %-units. At 
cameras the increase was 41.6 %-units and between cameras it was 13.1 
%-units. Results for passenger cars and trucks with trailers are provided 
in Annex 1. 

In Table 7, speed compliance before and after speed cameras were 
installed as well as the change per speed limit is shown. On roads with 
speed limits of 70, 80 and 90 km/h, speed compliance increased by 11.8, 
19.5 and 11.7 %-units, respectively. Changes for cars and trucks with 
trailers are provided in Annex 1. 

3.3. Long-term effects on speed 

The results regarding long-term effects on speed are shown in 
Table 8. At cameras, the mean speed decreased by 6.1 km/h when the 
cameras were installed (after 1) and remained basically unchanged 
(− 0.2, − 0.1, not significant) between the three consecutive after- 
measurements. Between cameras, the decrease was 3.2 km/h between 
the before and the first after-measurement and essentially unchanged 
(− 0.3, not significant) between the three after-measurements. The re
sults show that the lower mean speed on roads with traffic safety cam
eras was maintained during the studied period. 

It can be noted that the mean speed before the introduction of speed 
camera is higher between cameras than at cameras. This is because the 
speed limit is higher between cameras at the studied measurement sites. 

3.4. Fatalities and seriously injured 

The observed, expected and adjusted fatality ratios are presented in 
Table 9. Note that some of the speed limit categories contain very few 
road sections. Therefore, comparisons between speed limits should be 
made with caution. Table 10 presents the ratios for persons seriously 
injured. In general, the data suggest that there has been a larger 
reduction in fatalities compared to seriously injured. 

Incorporating the results from the control road sections, Table 11 
presents the camera effects for all speed limits combined and for 90–80 
separately. The data for all speed limits show that the cameras have had 
an average effect of 38.6 % on decreasing fatalities. The data may also 
suggest a decrease for seriously injured, though the recorded 15.2 % is 
not statistically significant. For 90–80, the effects are larger than for all 
speed limits and statistically significant for both fatalities and seriously 
injured, at 61.6 % and 33.4 % respectively. 

Table 4 
Mean speed (km/h) for all vehicles before and after speed cameras were 
installed, at cameras and between cameras. All speed limits (50, 70, 80 and 90 
km/h). 95 % confidence interval.  

Category No of 
sites 

Before 
(km/h) 

After 
(km/h) 

Change (95 % 
CI) 

All vehicles, at camera 44  75.6  67.7 − 7.9 ± 2.3 
All vehicles, between 

cameras 
266  75.6  72.6 − 3.0 ± 0.7 

All vehicles, total 
effect 

310  75.6  72.1 ¡3.5 ± 0.6  

Table 5 
Mean speed (km/h) for all vehicles before and after speed cameras were installed 
per speed limit (50, 70, 80 and 90 km/h) and on roads with changed speed limit 
90–80 km/h.  

Category No of 
sites 

Before (km/ 
h) 

After (km/ 
h) 

Change (95 % 
CI) 

All vehicles, 50 km/ 
h 

18  55.0  52.5 − 2.6 ± 1.7 

All vehicles, 70 km/ 
h 

60  73.7  70.2 − 3.5 ± 1.4 

All vehicles, 80 km/ 
h 

28  83.4  79.5 − 3.9 ± 0.9 

All vehicles, 90 km/ 
h 

204  90.1  87.1 − 3.0 ± 0.3 

All vehicles, 90–80 
km/h 

51  86.9  79.7 − 7.1 ± 1.3  

Table 6 
Speed compliance (%) for all vehicles before and after speed cameras were installed, at cameras and between cameras. Speed limits 70, 80 and 90 km/h. 95 % 
confidence interval.  

Category No of sites Before (%) After (%) Change (95 % CI) 

All vehicles, at camera 23  39.8  81.4 41.6 ± 3.1 
All vehicles, between cameras 73  40.7  53.7 13.1 ± 2.1 
All vehicles, total effect 96  40.6  56.5 15.9 ± 1.9  

Table 7 
Speed compliance (%) for all vehicles before and after speed cameras were 
installed per speed limit (70, 80 and 90 km/h).  

Category No of 
sites 

Before 
(%) 

After 
(%) 

Change (95 % 
CI) 

All vehicles, 70 km/ 
h 

12  34.9  46.7 11.8 ± 3.7 

All vehicles, 80 km/ 
h 

28  41.8  61.3 19.5 ± 2.6 

All vehicles, 90 km/ 
h 

56  55.3  67.1 11.7 ± 1.6  
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3.5. Empirical Bayes sensitivity analysis 

Two sources of uncertainty when applying the Empirical Bayes 
methodology are if the expected values for the number of fatalities or 
seriously injured (used to calculate QB and, in turn, Q̃B) and the 
dispersion parameter (φ) accurately capture the road network studied. 
To show how changes to these parameters influence the results, the 
camera effects are plotted for different percentage changes in Figs. 3 and 
4. The flat curves show that the method used in this study is robust to 
errors in these parameters. The largest effect changes are seen when 
changing the expected values for fatalities, all speed limits. However, 
even in this case, a − 25 % or 25 % value change still only results in a 
− 3.8 or 2.3 percentage point effect change. 

3.6. Speed and crashes - Exponential model 

By means of the Exponential model (Elvik, 2014, Elvik et al., 2019), 
an estimate of how many fatalities and seriously injured that can be 
saved are calculated. The exponential model uses the difference in mean 
speed between the after- and before-period to estimate effects on the 

number of killed and seriously injured. The mean speed change used in 
the model are presented in Table 4. The results show that according to 
the Exponential model and the average speed changes calculated in the 
present study, the number of fatalities is reduced by 24 % and severely 
injured by 19 %, see Table 12. 

4. Discussion 

This study sought to investigate the effects of spot speed cameras set 
in a series on mean speeds, speed compliance, and on the number of 
fatalities and seriously injured. The results show an increased speed 
compliance and a comprehensive reduction in mean speeds and in the 
number of fatalities. 

One advantage with the present study is the scope. Regarding speed 
measurements, speeds have been measured at 361 different spots on 
camera enforced roads distributed all over Sweden in two different 
studies together spanning 20 years. The same goes for the traffic safety 
effects regarding fatalities and seriously injured. Camera enforced road 
sections distributed across Sweden were included. In total, 167 road 
sections with unchanged speed limits and an additional 35 road sections 

Table 8 
Long-term mean speed effects of speed cameras. Measurements at camera, between cameras and total. N = 85.    

Mean speed (km/h) Difference (km/h) 

Camera location No of sites Before After 1 After 2 After 3 After 1 ¡ Before (SD) After 2 ¡ After 1 (SD) After 3 ¡ After 2 (SD) 

At 12  69.8  63.8  63.6  63.5 − 6.1 (1.3) − 0.2 (0.5) − 0.1 (0.9) 
Between 73  74.9  71.7  71.5  71.1 − 3.2(0.3) − 0.3 (0.4) − 0.3 (0.3) 
Total 85  74.1  70.4  70.2  69.9 ¡3.6 (0.4) ¡0.3 (0.3) ¡0.3 (0.3)  

Table 9 
Average number of fatalities per 100 million axel pair kilometers.  

Speed Limit (km/h) N Total km Observed QB Expected QB Adjusted Q̃B Observed QA QA/Q̃B-1 

50 13 12  2.20  0.40  1.44  0.00 − 100 % 
60 2 1  0.00  0.55  0.21  0.00 − 100 % 
70 31 163  1.06  0.80  0.99  0.36 − 64 % 
80 27 159  0.55  0.40  0.44  0.27 − 37 % 
90 91 1149  1.26  0.70  1.16  0.51 − 56 % 
100 1 16  0.00  0.50  0.13  0.65 392 % 
110 2 46  0.00  0.50  0.13  0.00 − 100 % 
All above 167 1546  1.15  0.68  1.05  0.47 ¡55 % 
90–80 35 264  1.21  0.70  1.13  0.32 − 72 %  

Table 10 
Average number of seriously injured per 100 million axel pair kilometers.  

Speed Limit (km/h) N Total km Observed QB Expected QB Adjusted Q̃B Observed QA QA/Q̃B-1 

50 13 12  15.37  5.50  13.86  9.95 − 28 % 
60 2 1  16.75  3.60  14.52  0.00 − 100 % 
70 31 163  9.21  5.00  8.69  4.77 − 45 % 
80 27 159  3.08  3.00  2.91  1.64 − 43 % 
90 91 1149  4.45  3.00  4.42  2.69 − 39 % 
100 1 16  0.90  3.00  1.07  1.31 22 % 
110 2 46  1.75  3.00  1.83  1.33 − 28 % 
All above 167 1546  5.03  3.31  4.91  2.97 ¡39 % 
90–80 35 264  4.39  3.00  4.37  2.08 − 52 %  

Table 11 
Effects on fatalities and seriously injured.  

Category N Total km QA/Q̃B KA/KB Effect1-
(

QA/Q̃B

)

/(KA/KB)
CI 95 % 

Fatalities, all speed limits 167 1546  0.45  0.73  38.6 % ± 25.2 % 
Seriously injured, all speed limits 167 1546  0.61  0.71  15.2 % ± 15.6 % 
Fatalities, 90–80 35 264  0.28  0.73  61.6 % ± 17.5 % 
Seriously injured, 90–80 35 264  0.48  0.71  33.4 % ± 13.7 % 

Note. Effects refer to speed camera effects for categories “all speed limits” and combined speed camera and speed limit reduction effects for categories “90–80”. 
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where the speed limit was lowered from 90 to 80 km/h are studied over 
16 years. To control for other changes that might affect fatality and 
injury outcomes during these 16 years a control data set consisting of 
1 540 road sections with speed limits 50, 70 or 90 km/h that did not 
receive cameras were also included in the study. 

The strategy used by Sweden with spot speed cameras in a series is 
different compared to strategies in most other countries where it is more 
common to use either spot speed cameras or section control. However, 
the results from this study seem to harmonise with previous studies. 
Regarding mean speed changes, a decrease of 3.5 km/h for all vehicles 
and all road sections was found, 7.9 km/h at cameras and 3.0 km/h 
between cameras. Mean speed reduction varied slightly depending on 
the speed limit where 80 km/h saw the largest reductions at 3.9 km/h. 

Speed compliance increased 16 %-units, 42 %-units at cameras and 13 
%-units between cameras. Again, the speed limit of 80 km/h saw the 
largest improvement with a 20 %-unit increase. Previous studies from 
the UK evaluating spot speed cameras found that the mean speed 
decreased by 3.7 km/h (Gains et al., 2005), on a freeway in Arizona 
mean speed decreased by 14.5 km/h (Shin et al., 2009) while Montella 
et al. (2015) analysed the effects of section control in Italy and reported 
that the mean speed decreased by 8 km/h. An earlier Swedish study 
where the effect of 700 speed cameras were evaluated showed that they 
decreased the mean speed by 3.6 km/h (Swedish Road Administration, 
2009). 

Though larger effects can be seen at cameras, there are still sub
stantial effects on the enforced road sections between cameras. This 
means that, between the cameras, the drivers do not compensate for the 
decreased speed at cameras. Earlier studies in Sweden, Vadeby and 
Forsman (2017), have shown that the change of the speed distribution 
was more pronounced at camera sites and for high speeds, but both at 
and between cameras the speed distribution was shifted towards lower 
speeds and a more upright shape of the speed distribution was shown 
after speed cameras were installed. 

The cameras have had an average effect of 38.6 % on decreasing 
fatalities and may also suggest a decrease for seriously injured, though 
not statistically significant. Comparing these results to previous studies, 

Fig. 3. Effect results for different changes in the expected value.  

Fig. 4. Effect results for different changes in the dispersion parameter.  

Table 12 
Estimated effects (relative reduction) of speed cameras on the number of fatal
ities and seriously injured according to the Exponential model (Elvik, 2014, 
Elvik et al., 2019).  

Category Effect (relative reduction) CI 95 % 

Fatalities 24 % ±4 % 
Seriously injured 19 % ±3 %  
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a meta-analysis of 15 spot speed camera studies and four section control 
studies showed that spot speed cameras were found to reduce the 
number of fatal crashes by 51 %, with the effect declining with the 
distance to the camera (Høye, 2014). Section control was found to 
reduce killed or seriously injured (KSI) crashes by 56 %. Note, however, 
that the former result may be influenced by regression-to-the-mean ef
fects and that comparisons between the number of persons and crashes is 
not one-to-one. 

A prevalent strategy in Sweden for roads with speed limit 90 km/h 
has been to lower the limit to 80 km/h following the introduction of 
speed cameras. This study shows that for roads that have received both a 
decreased speed limit from 90 to 80 km/h and speed cameras, the mean 
speeds were reduced by additionally 3.6 km/h compared to roads where 
the speed limit remained unchanged 90 km/h, with a total reduction of 
7.1 km/h. These results show the combined effect of the two measures 
and are in line with previous results from an evaluation of new speed 
limits where it was shown that the mean speed decreased by 3.3 km/h 
when the speed limit was lowered from 90 to 80 km/h (Vadeby and 
Forsman, 2014). The combined effect is also evident when fatalities and 
seriously injured are studied. This study shows that the combined effect 
on fatalities and seriously injured was a reduction by 61.6 % and 33.4 %, 
respectively, compared to 38.6 % and 15.2 % on roads where the speed 
limit remained unchanged. 

The estimated effects on fatalities and seriously injured based on the 
Empirical Bayes methodology was compared to estimates obtained by 
the Exponential model. The Exponential model uses the difference in 
mean speed between the after- and before-period to estimate effects on 
the number of killed and seriously injured. The results from the Expo
nential model showed somewhat lower effects on fatalities compared to 
the EB-study (a reduction of 24 % to 39 %), but the confidence intervals 
are wide and the differences are not statistically significant. 

Regarding limitations to the study, the speed data were collected 
from two different studies and for the national measurements it was not 
possible to control the placement of measuring spots. Furthermore, only 
hourly mean speed data were available from this dataset. Therefore, the 
proportion of speed violations cannot be estimated from these data. 
However, by using these data, a large national coverage of speed mea
surements is achieved and it seems reasonable to assume that the similar 
results on mean speed changes between the two studies carry over to 
speed violations as well. The general mean speed effect estimate based 
on combining the two data sets assumes that each study carries equal 
weight. A sensitivity analysis with different weights instead reflecting 
the number of measurements spots per speed limit and study was per
formed and showed only minor impacts on the results, changing the 
total estimate by 0.1 km/h. 

Both the national speed measurements as well as the EB–study of 
crashes span over many years, making the results susceptible to other 
changes to the road network than the ones studied. The main changes to 
the rural road network in Sweden are a change of speed limits (Vadeby 
and Forsman, 2014) and that some roads have been rebuilt into 2 + 1 
roads (Vadeby, 2016). This is positive for road safety but makes the 
evaluation more difficult and therefore extensive work based on infor
mation from the national road data base (NVDB) has been carried out in 
this study to ensure that the road sections included in the evaluation are 
unchanged in terms of both road type and speed limit. 

The Empirical-Bayes methodology assumes that the normal crash 
outcome and over-dispersion parameters for the sections in question are 
known. The estimates used in this study are relatively uncertain, but the 
sensitivity analysis shows that possible misestimations do not signifi
cantly affect the results. This is most likely due to the large number of 

road sections and long time period studied, which should reduce 
regression-to-the-mean effects and, in turn, make the adjustments less 
impactful. 

Finally, it is possible that using police reported injury data, which is 
less reliable than healthcare data, contributed to the inconclusive result 
regarding the effect on seriously injured. However, healthcare data 
suitable for Empirical Bayes before-after crash analysis was not available 
for this study. Nonetheless, Sweden does incorporate healthcare data in 
Strada and the number of hospitals with emergency care facilities 
reporting to Strada has gradually increased to reach nationwide 
coverage in 2016. This opens the possibility for future research to 
include more accurate injury data. 

5. Conclusions 

This study found that the Swedish strategy with spot speed cameras 
in a series led to an increased speed compliance and a comprehensive 
reduction in mean speeds and of the number of fatalities. 

Overall, mean speeds were reduced by 3.5 km/h. The effects were 
strongest at the camera where mean speeds decreased by 7.9 km/h 
compared to 3.0 km/h between cameras. Furthermore, follow-up mea
surements for a subset of points showed that effects were maintained 
long-term. 

The results also show that the speed cameras increased speed 
compliance – both at and between cameras. In total, speed compliance 
increased by 16 %-units, with a higher increase of 42 %-units close to the 
cameras compared to 13 %-units between cameras. 

Regarding the speed cameras’ effect on injury outcomes, the results 
show a 39 % decrease of the number of persons fatally injured and a 15 
% decrease of the number of persons seriously injured. However, the 
effect for seriously injured was not statistically significant. 

Finally, the combined effect of a reduced speed limit from 90 to 80 
km/h and speed cameras was notably larger on both the mean speed and 
the injury outcomes, where the total mean speed was reduced by 7.1 
km/h, and the fatalities and seriously injured were reduced by 62 % and 
33 %, respectively. 
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Table 13 
Mean speed before and after speed cameras were installed for cars and trucks with trailers, at cameras and between cameras. All speed limits (50, 70, 
80 and 90 km/h). 95 % confidence interval.  

Category No of sites Before After Change (95 % CI) 

Cars, at camera 44  75.8  67.6 − 8.2 ± 2.4 
Cars, between cameras 266  75.9  72.9 − 3.1 ± 0.7 
Cars, total effect 310  75.9  72.3 ¡3.6 ± 0.6 
Trucks with trailer, at camera 44  74.0  68.4 − 5.6 ± 1.6 
Trucks with trailer between camera 266  72.5  71.2 − 1.3 ± 0.7 
Trucks with trailer, total effect 310  72.6  70.9 − 1.7 ± 0.7   

Table 14 
Mean speed before and after speed cameras were installed for cars and trucks with trailers per speed limit (50, 70, 80 and 90 km/h) and for 
cars on roads with changed speed limit 90–80 km/h.  

Category No of sites Before After Change (95 % CI) 

Cars, 50 km/h 18  55.1  52.6 − 2.6 ± 1.7 
Trucks with trailer, 50 km/h 18  52.0  50.0 − 2.0 ± 1.5 
Cars, 70 km/h 60  74.0  70.4 − 3.6 ± 1.4 
Trucks with trailer, 70 km/h 60  71.0  69.4 − 1.6 ± 1.5 
Cars, 80 km/h 28  83.7  79.6 − 4.1 ± 0.8 
Trucks with trailer, 80 km/h 28  81.1  79.3 − 1.8 ± 0.9 
Cars, 90 km/h 204  91.2  88.0 − 3.3 ± 0.3 
Trucks with trailer, 90 km/h 204  82.3  81.4 − 1.0 ± 0.3 
Cars, 90–80 km/h 51  87.5  79.9 − 7.6 ± 1.3   

Table 15 
Speed compliance (%) before and after speed cameras were installed for cars and trucks with trailers, at cameras and between cameras. Speed limits 70, 80 
and 90 km/h. 95 % confidence interval.  

Category No of sites Before (%) After (%) Change (95 % CI) 

Cars, at camera 23  39.0  82.1 43.1 ± 3.1 
Cars, between camera 73  39.4  52.9 13.4 ± 2.2 
Cars, total effect 96  39.4  55.8 16.4 ± 2.0 
Trucks with trailer, at camera 23  31.4  60.3 28.9 ± 3.3 
Trucks with trailer between camera 73  37.2  45.5 8.3 ± 2.1 
Trucks with trailer, total effect 96  36.6  47.0 10.4 ± 1.9   

Table 16 
Speed compliance (%) before and after speed cameras were installed for cars and trucks with trailers per speed limit (70, 80 and 90 km/h).  

Category No of sites Before (%) After (%) Change (95 % CI) 

Cars, 70 km/h 12  34.5  46.2 11.7 ± 3.7 
Trucks with trailer, 70 km/h 12  34.9  42.9 8.0 ± 3.3 
Cars, 80 km/h 28  41.1  61.1 20.1 ± 2.6 
Trucks with trailer, 80 km/h 28  39.0  52.3 13.3 ± 2.8 
Cars, 90 km/h 56  48.7  62.4 13.7 ± 1,7 
Trucks with trailer, 90 km/h 56  29.7  32.8 3.1 ± 1.8  
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