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ABSTRACT

Extensive research has highlighted the positive and exponential relationship between vehicle speed and crash risk
and severity. Speed enforcement policies and practices throughout the world have developed dramatically as new
technology becomes available, however speeding remains a pervasive problem internationally that significantly
contributes to road trauma. This paper adopted a three-pronged approach to review speed enforcement policies and
practices by: (i) describing and comparing policies and practices adopted in a cross-section of international
jurisdictions; (ii) reviewing the available empirical evidence evaluating the effectiveness of various approaches; and,
(iii) providing recommendations for the optimisation speed enforcement. The review shows the enforcement
strategies adopted in various countries differ both in terms of the approaches used and how they are specifically
applied. The literature review suggests strong and consistent evidence that police speed enforcement, in particular
speed cameras, can be an effective tool for reducing vehicle speeds and subsequent traffic crashes. Drawing from
this evidence, recommendations for best practice are proposed, including the specific instances in which various
speed enforcement approaches typically produce the greatest road safety benefits, and perhaps most importantly,
that speed enforcement programs must utilise a variety of strategies tailored to specific situations, rather than a one-
size-fits-all approach.
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INTRODUCTION

Trauma resulting from traffic crashes is a significant problem worldwide and is associated with substantial economic
and social costs. Each year more than a million people are killed, and an additional 50 million are seriously injured
on roads throughout the world (Peden et al., 2004; Richter, Berman, Friedman, & Ben-David, 2006). It has been
estimated that traffic crashes cost nations throughout the world approximately $518 billion each year (Richter, et al.,
2006). Speed is regularly cited as being a major contributing factor in traffic crashes and there is extensive evidence
highlighting the positive and exponential relationship between increased vehicle speeds and increased crash risk and
severity (Aarts & van Schagen, 2006; Kloeden, McLean, & Glonek, 2002; Lynam & Hummel, 2002). Despite the
abundant literature highlighting the negative health and safety impacts of increased vehicle speeds, there remains,
arguably, a general ‘social acceptance’ of speeding behaviour (Fleiter & Watson, 2006). Thus, speeding remains a
pervasive road safety problem internationally.

As a result, a number of speed reduction countermeasures have been developed and evaluated in terms of their
ability to reduce speed-related fatalities and injuries. These countermeasures include speed enforcement (including
the use of various types of speed cameras), road engineering and speed calming devices, lower speed limits and
intelligent transportation systems (Richter, et al., 2006). Speed enforcement, and in particular speed cameras, have
received considerable attention, both in terms of implementation and evaluation. This paper seeks to review the
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empirical evidence regarding the effectiveness of various approaches to speed enforcement. Drawing from this
evidence, a number of recommendations for best practice speed enforcement are proposed.

METHODOLOGY

This paper adopted a three-pronged approach to review speed enforcement policies and practices adopted by various
motorised countries throughout the world. Specifically, the objectives of the research were to: (i) describe and
compare the speed enforcement policies and practices used in a cross-section of jurisdictions; (ii) review the
available empirical evidence evaluating the effectiveness of various approaches to speed enforcement; and, (iii)
provide recommendations for the optimisation of speed enforcement policy and practice.

In the first phase of the research, attempts were made to collate information regarding the speed enforcement
practices and policies from large highly-motorised or rapidly motorising countries from a variety of continents. This
information was obtained through stakeholder consultations (via email) with key transport authorities, police
agencies and road safety research and/or government/community organisations in each country as well as from
information available in published papers. Given that the primary objective of this paper was to develop best-
practice principles for speed enforcement efforts, there was a focus on countries with more impressive road safety
records, however attempts were also made to contact stakeholders in low and middle income countries and countries
with poorer road safety records. Perhaps not surprisingly, responses were much more difficult to obtain from these
latter countries. The final sample included in the review consisted of 12 countries from four regions of the world
(Australasia; Europe; North America; Asia). Specifically, the countries included in the review were: (1) Australia;
(2) New Zealand; (3) United Kingdom; (4) Austria; (5) Finland; (6) France; (7) Italy; (8) Netherlands; (9)
Switzerland; (10) the United States of America; (11) Canada; and (12) China.

In the second phase of the research, the empirical evidence evaluating the effectiveness of a range of speed
enforcement approaches was reviewed. The specific enforcement approaches of interest included: (1) average speed
cameras (also commonly referred to as section control, trajectory control, point-to-point, or time-over-distance); (2)
automatic fixed speed cameras; (3) overtly operated mobile speed cameras (e.g., stationary marked speed camera
vehicles); (4) covertly operated mobile speed cameras (e.g., stationary unmarked/hidden speed camera vehicles); (5)
hand-held speed radars/lasers; (6) moving-mode radars/lasers (e.g., attached to moving police vehicles); and (7)
routine traffic patrol. The literature review was conducted using key road safety and public health search databases,
internet searches, consultation with key stakeholders for identifying grey literature, and cross-referencing. An
iterative search process using key words such as “speed camera” and “speed enforcement” was employed. Drawing
from the results of the second phase of the research, a number of best practice principles for effective speed
enforcement were developed. This represented the third and final phase of the current research project.

RESULTS

Use of speed enforcement approaches

Speed enforcement has become a key component in road safety strategies throughout the world. Traditionally, police
traffic patrols were largely responsible for this function. However with advances in technology came a new era of
speed enforcement. Not surprisingly, the speed enforcement methods employed differ substantially from country to
country, and indeed even between jurisdictions within a single country. These differences exist in terms of the types
of enforcement conducted, the intensity in which various approaches are used, and the specific policies and
operational procedures that dictate how enforcement is conducted, such as levels of visibility and signage,
enforcement tolerances and site selection criteria. Table 1 provides a general overview of the type and degree of
speed enforcement approaches used in a cross-section of 12 countries from four regions of the world. The following
sections discuss speed enforcement operations in these countries in more detail. Unless otherwise stated, information
presented was sourced from personal communication with key stakeholders from each country, as per the
consultation phase of the research outlined in the methodology.

Australasia
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In Australia and New Zealand, there has been an increasing tendency to rely largely on automated approaches to
speed enforcement. Mobile speed cameras are arguably the most common method of enforcing speed limits. They
were first introduced in Australia in 1985 in Victoria and were being used in all jurisdictions by 1997. Fixed
cameras are also becoming increasingly popular and are also used in all jurisdictions. A number of jurisdictions are
beginning to trial or implement average speed cameras, including Victoria, Queensland, New South Wales (heavy
vehicles only), the Australian Capital Territory, South Australia and New Zealand (trial only). However, more
traditional methods of speed enforcement such as routine patrols and held-held and moving-mode radar use still
remain an integral part of the speed management program of each jurisdiction. There is substantial between-
jurisdiction variation in the level of visibility of enforcement efforts, ranging from the highly overt operations
typical in Queensland and New South Wales to the more covert approaches adopted in Victoria, although this trend
is now beginning to change as other jurisdictions incorporate covert operations into their speed management
strategies. Enforcement tolerances differ from jurisdiction to jurisdiction; however

Table 1. Overview of speed enforcement approaches used in a cross-section of countries.

Average Fixed speed | Overt mobile Covert Hand-held Moving- Routine
Country speed cameras speed mobile speed devices mode devices traffic patrol
cameras cameras cameras
Australasia
Australia v vvv Vv vvy vvvy vvv vvv
New Zealand + vvv vvvy vvvy vvvy vvvy vvvy
Europe
United Kingdom vvv vvv Vv v vvvy vvv vvv
Austria vvvy vvv vvYy X vvvy vvvy vvv
Finland + vvvyo X vvy vvvy vvvy vvvy
France vvvy vvvy vvvy X vvv vvvy vvvy
Italy vvvy vvvy v X v v vvvy
Netherlands vvv vvv vvvy vv vvvy vvvy vvvy
Switzerland vvvy vvvy vvvy vvv vvv vvvy vvvy
North America
United States X v v v 244 244 vvy
Canada X v 4 v vv 4 vvvy
Asia
China 4 Y v X vvy vv Vv

Key: ¥ Used in a small number of jurisdictions within the country; ¥'v" Used in most jurisdictions within the country; v'v'v" Used in all
jurisdictions across the country; X Not used within the country; + Trialled only.

they exist in all Australian jurisdictions in an unpublicised manner. However, the enforcement tolerance, which was
recently reduced from 10% to 4% over the summer holidays period, is publicised in New Zealand. Intentionally not
publicising the threshold level aims to negate the creation of a de facto speed limit, whereby motorists drive faster
than the posted speed limit, to a speed that they perceive to be within the tolerance (Elliott, 2001). However, studies
suggest that many drivers do tend to drive at speeds consistent with the perceived enforcement tolerance threshold
(Fleiter & Watson, 2006; Soole, 2012). Enforcement site selection is typically based on traffic crash data and speed
profiles, and some jurisdictions randomly schedule enforcement activities within predetermined locations based on
risk. Some states also operate combination red-light/speed cameras.

Europe

In the United Kingdom, a wide range of enforcement approaches are used across the entire road network. Average
speed cameras have been in use across the country for approximately 16 years. While a number of systems are
predominately employed to support safety in work zones, other systems have been installed for more general road
safety purposes. In addition, the use of fixed speed cameras has been widespread since 2003, with almost 4,000
currently used throughout the country, and many being upgraded from wet film to digital technology. Overt mobile
speed camera use has also been widespread since 2003, while covert cameras are used less frequently and only in
support of visible enforcement efforts. Over recent decades, more traditional approaches to enforcement have been
reduced as safety camera partnerships have become stronger; however the supporting use of these approaches is still
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widespread across the country. An enforcement tolerance of 10% plus an additional 2mph is employed, while site
selection typically is based on crash data and speed profiles.

In Austria, a wide range of enforcement approaches are used across the entire road network. Average speed
enforcement has been employed since 2003, while fixed and mobile speed cameras have been in use since as early
as 1992 and more traditional approaches have been used for significantly longer periods. Enforcement tolerances are
publicised and differ depending on the device being used and speed limit of the road in question, ranging between 3-
10km/h for roads with speed limits up to 100km/h and between 3-10% for roads with speed limits greater than
100km/h. Site selection criteria are typically based on crash data and speed profiles, but also consider public
complaints and information from road safety expert analyses. Covert speed enforcement is not typically conducted
in Austria.

In Finland, fixed speed cameras were first introduced in 1993 and are used primarily on rural main roads (e.g., not
on motorways), with a number of cameras also used in urban areas. Interestingly, mobile speed cameras are
typically operated in a covert manner only, with 15 vehicles currently equipped with enforcement technology and
the program set to expand in the coming years. The use of hand-held and moving-mode speed detection devices and
speed management as part of routine traffic patrol is also commonplace throughout the country. While average
speed cameras were tested for a short period in 2010, they have not yet been implemented in a full enforcement
capacity. The enforcement tolerance in Finland represents a technical margin (e.g., tolerance for device
inaccuracies), and is 3km/h for all speed enforcement approaches, with speeding by 3-7km/h over the speed limit
earning drivers a written warning, offences within 8-20km/h attracting a fixed penalty, and offences of over 20km/h
attracting a fine, the amount of which is determined according to the net income of the motorist. The recent
reduction in enforcement tolerances in Finland (accompanied by a media awareness campaign) produced substantial
reduction in vehicle speeds (Luoma, Rajaméki, & Malmivuo, 2012).

In France, a wide range of enforcement approaches are used across the entire road network. Specifically, average
speed cameras have been used since 2012 and fixed speed cameras since 2003, while overtly operated mobile speed
cameras, hand-held devices and routine patrols have been used for over a decade. Moving-mode devices have only
recent been employed, while covert operation of mobile speed cameras is not used. The enforcement tolerance
represents a technical margin, and is 5km/h on roads with a speed limit less than 100km/h or 5% for roads with
speed limits greater than 100km/h. Site selection criteria are primarily based on crash data, speed profiles and the
need to balance pedestrian safety with vehicle movement.

In Italy, a wide range of enforcement approaches are used across the entire road network. Average speed cameras
were first introduced in 2004 and are currently used on a large proportion of the major highways and motorways
throughout the country. In addition, fixed speed cameras were first introduced in 1990 and are currently used on
both rural roads and in urban areas, while overt mobile speed cameras (introduced in 2000) and hand-held and
moving-mode speed detection devices (introduced in 1998 and 2012, respectively) are typically used less frequently
and restricted to rural roads. Average speed cameras are operated by national traffic police, while all other
approaches are the responsibility of local traffic police. Covert speed enforcement is not allowed under Italian
legislation. Enforcement tolerances are publicised and differ depending on the speed limit in question, with a 5km/h
tolerance on roads with a speed limit up to 100km/h, and 5% for roads with a speed limit greater than 100km/h.
Enforcement sites are selected primarily based on crash data.

In the Netherlands, four main speed surveillance methods are used across the entire road network, of which three
result in the sanctioning of offending drivers. These methods are: 1) average speed cameras (which were the first of
their kind introduced in 1997), 2) fixed and mobile speed cameras in which offenders are penalised, 3) the use of
more traditional speed enforcement measures (e.g., hand-held and moving-mode devices and traffic patrols), and 4)
the use of automatic speed checks using fixed or mobile speed cameras where offenders are warned but not
sanctioned. Traffic enforcement is part of the basic police task. Enforcement tolerances are publicised and are based
on the speed limit of the road in question and represent both a technical margin and enforcement tolerance.
Specifically, enforcement tolerances are set at 7km/h for roads with a speed limit up to 100km/h (including a 3km/h
technical margin) and 8km/h for roads with a speed limit greater than 100km/h (including a 4km/h technical
margin). Enforcement sites are typically selected based on crash data and speed profiles, and where there is a clear
and plausible link between crashes and speed, after accounting for traffic volume. Public complaints are also
considered when determining enforcement site selection.
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In Switzerland, a wide range of enforcement approaches are used across the entire road network. This includes
average speed cameras (introduced in 2012), fixed and mobile speed cameras (introduced in 1977 and 1971,
respectively), hand-held and moving-mode speed detection devices and speed measurement with tachographs.
Tachographs are special traffic monitoring systems installed in police vehicles which can target drivers who are
speeding and/or tailgating. These more traditional approaches have been in use for decades. Enforcement tolerances
are publicised and differ depending on the device being used and the speed limit of the road in question, and range
between 3-15km/h.

North America

In the United States and Canada, there has been a greater tendency to rely on more traditional forms of speed
enforcement, such as routine traffic patrol and the use of hand-held and moving-mode speed detection devices.
However, more automated approaches are increasingly being adopted throughout both countries at differing levels,
primarily at the discretion of the appropriate transport and/or police authorities within the jurisdiction in question
(e.g., State, Province), which are responsible for their own activities. Hand-held speed detection devices, and to a
lesser extent moving-mode devices, are the most common speed enforcement methods employed within the United
States, and have been used in all states since as early as the 1960s. Speed management as part of routine patrol
activities is also commonplace in all states. Automated fixed speed camera programs were first introduced over a
decade ago and currently exist in a total of 134 communities in 15 states (Alabama, Arizona, Colorado, District of
Columbia, Illinois, Iowa, Louisiana, Maryland, Missouri, New Mexico, New York, Ohio, Oregon, Tennessee and
Washington), including state-wide applications in work zones in Illinois, Maryland and Washington. Overt
operation of mobile speed camera vans are also commonplace in communities with fixed speed cameras, however
some jurisdictions limit their use to work zones only. Covert operation of mobile speed cameras is far less common.
Typically, enforcement efforts are targeted at locations determined as having elevated crash risks, where speed has
been a contributing factor, as well as high traffic volumes.

Similarly in Canada, hand-held and moving-mode devices, as well as routine traffic patrol represent the most
common approaches to speed enforcement and have been used in the country for decades. That said, speed cameras
have been used since the mid-1990s in a number of jurisdictions, although the recent political climate has seen the
popularity of speed cameras diminish, with the exception of speeds at intersections and in work zones and areas
populated with children. Enforcement tolerances and site selection criteria are adopted and are developed at the
discretion of the police service undertaking the enforcement. Site selection criteria are typically influenced by public
complaints, crash data and location characteristics. Average speed cameras are not currently used anywhere in North
America, however a number of jurisdictions in both the United States and Canada have implemented combination
red-light/speed cameras.

Asia

In China, authorities for each of the 34 provinces within the country are responsible for conducting enforcement
activities under a number of national laws and local regulations. While speed enforcement activities are conducted in
all provinces, there is limited information about the precise approaches being used (He, King, Watson,
Rakotonirainy, & Fleiter, 2013). Bhalla and colleagues (2013) have noted that in 2012 an average speed
enforcement system incorporating 19 cameras was tested and implemented for the purposes of enforcement on an
urban, elevated highway with a speed limit of 60 km/hr. A number of provinces also had extensive automatic speed
camera programs (including both fixed speed cameras, mobile speed cameras and red-light/speed cameras), while in
other provinces automated cameras are used but to a lesser extent (Bhalla, et al., 2013; He, et al., 2013). More
traditional approaches to speed enforcement, such as hand-held and moving-mode devices and routine patrol are
also used in China, however limited information exists regarding the extent of their use. Covert speed enforcement
activities are not currently permitted in China. With regard to enforcement tolerances, legislation states that drivers
who exceed the speed limit by more than 50% will be fined, however speeding drivers can also be fined lesser
amounts for driving at speeds that are less than 50% over the posted limit. It is likely that, in practice, enforcement
tolerances differ substantially across different parts of the country (Fleiter, Watson, Lennon, King, & Shi, 2009) and
that speed enforcement approaches will continue to develop throughout China as the level of motorisation continues
to rise.

A review of the empirical literature of the effectiveness of speed enforcement approaches
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The empirical literature suggests strong and consistent evidence that police speed enforcement, in particular speed
cameras, can be effective in reducing vehicle speeds and subsequent traffic crashes. The following sections highlight
key research studies which have evaluated a range of speed enforcement approaches. Given the scope of the existing
body of research, a comprehensive systematic review is not possible in the context of this paper; however the reader
is directed to a number of research projects conducted by the authors which have more comprehensively reviewed
the existing research (Soole, 2012; Soole, Watson, & Fleiter, 2013).

Average speed cameras

There is consistent evidence suggesting the positive impact of average speed enforcement on vehicle speeds, crash
rates and a number of other key road safety and public health outcomes. A comprehensive review of these findings
was recently published in a paper by the authors (Soole, et al., 2013). While the existing research should be
considered in light of the poor standard of methodological quality evidenced in the majority of studies, the
consistency of the evidence is nonetheless promising.

Specifically, there is considerable evidence of an influence of average speed enforcement on reducing vehicle
speeds. These findings have included large reductions in mean speeds, 85th percentile speeds, the proportion of
speeding vehicles in the traffic flow and speed variability (A77 Safety Group, 2008; Autostrade per 1'Italia, 2009;
Bhalla, et al., 2013; Collins & McConnell, 2008; Gains et al., 2005; Galata, 2007; Malenstein, 1997; Schwab, 2006;
Speed Check Services, 2009; Stefan, 2005, 2006; Stephens, 2007; Transport Scotland, 2009). The approach has also
been found to be particularly effective in reducing excessive speeding behaviour. As will be discussed later,
reductions in speed variability associated with average speed camera systems have been found to significantly
improve the homogenisation of traffic flows through reduced vehicle headway.

Moreover, average speed enforcement has been found to have a positive impact on crash rates. Specifically,
reductions in fatal and serious injury crashes between 33% and 85% have been reported, while other injury crashes
have been reduced by 15% to 60% (A77 Safety Group, 2008; Autostrade per 1'Italia, 2009; Collins, 2010; Galata,
2007; Highways Agency & Consultants, 2009; Keenan, 2002; Kuratorium fur Verkehrssicherheit, 2007;
Rijkswaterstaat Directie-Zuid-Holland, 2003; Speed Check Services, 2009; Stefan, 2006).

Finally, average speed enforcement has been shown to serve a number of ancillary benefits. These include
improvements to traffic flow (associated with reductions in speed variability and reduced headway between
vehicles) and reductions in traffic noise and vehicle emissions (Cascetta & Punzo, 2011; Collins, 2007; Collins &
McConnell, 2008; Malenstein, 1997; Schwab, 2006; Stephens, 2007; Stoelhorst, 2008; Thornton, 2010). Evaluations
of the approach have also shown reductions in journey travel times, particularly during peak periods (Cascetta,
Punzo, & Montanino, 2011; Collins & McConnell, 2008). In addition, average speed cameras have typically been
found to be associated with high levels of public acceptance (Malenstein, 1997; Stefan, 2005).

Fixed and mobile speed cameras

Despite the widespread global use of speed cameras as a police law enforcement tool for speed management, there is
still much debate regarding the perceived effectiveness of such methods. According to Willis (2006; p.6), the logic
behind speed cameras as an effective tool for reducing crash rates is simple: “if illegal speeds increase the risk of
crashing and crash severity and if speed cameras reduce illegal speeds ... then, all other things being equal, speed
cameras should reduce speeding-related crashes and crash severity”. Typically, studies review enforcement efforts at
a macro level. Thus, the ability to precisely quantify the effects of speed cameras is problematic, given that it is
inherently difficult to partial out the impact of confounding factors, such as other enforcement operations and
initiatives, changes to the road environment and general shifts in driver behaviour and attitudes. Nonetheless, a
number of systematic reviews of the available literature have demonstrated that speed cameras are an effective tool
for reducing vehicle speeds in close proximity to camera locations and reducing road crash fatalities and casualties,
particularly those that are speed-related.

In a Cochrane Collaboration review, 26 studies evaluating the effectiveness of speed enforcement detection devices
on speed and crash outcomes were reviewed (Wilson, Willis, Hendrikz, Le Brocque, & Bellamy, 2010). Twenty-two
of the reviewed studies employed controlled before-after studies, while four used interrupted time-series designs.
Thirteen studies evaluated fixed cameras, eleven evaluated mobile cameras and two evaluated a combination of
both. All but one study reported a reduction in mean vehicle speeds associated with speed cameras. Reductions
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ranged from 1-15% for all vehicles and 14-65% for excessive speeders (greater than 15km/h over the speed limit),
when compared to control locations. Those studies with crash outcomes all reported reductions associated with
enforcement. Injury crashes were reduced by 8-46%, fatal crashes by 40-50%, and all crashes by 14-72%. Diffusion
of benefits across the entire road network were also noted.

In a recent review of the extensive speed camera partnerships that operate throughout the United Kingdom, Allsop
(2010) reported primarily from the research of Gains et al. (2005), who evaluated 502 fixed and 1,448 mobile speed
camera sites during the period 2000 to 2004. The analysis revealed significant reductions in both vehicle speeds and
crash rates associated with both types of cameras, however larger effects were observed in relation to fixed cameras.
Specifically, results showed an overall 6% reduction (2.2mph) in average vehicle speeds at camera sites (15% at
fixed sites and 3% at mobile sites); a 7% reduction in 85th percentile speeds (18% at fixed sites and 3% at mobile
sites); a 31% reduction in the number of vehicles exceeding the speed limit (70% at fixed sites and 18% at mobile
sites); and, a 51% reduction in the proportion of vehicles travelling more than 15mph over the speed limit (91% at
fixed sites and 36% at mobile sites). Overall, there was a reduction of 42.1% in the number of fatality and serious
injury crashes at camera sites (49.5% at fixed sites and 34.6% at mobile sites); 22.3% for other injury crashes
(23.6% at fixed sites and 20.9% at mobile sites); and 32% for fatalities (29% at fixed sites and 35% at mobile sites).
The authors argue that these effects, while undoubtedly influenced by regression-to-the-mean, remain substantial
even when accounting for this bias. Furthermore, reductions in both vehicle speeds and crash rates appeared to be
sustained over time. Finally, the use of speed cameras was found to be cost-effective, with a cost-benefit ratio of
2.7:1. The findings are consistent with previous reviews highlighting the localised effects of speed cameras.

Similar findings were also reported in an international review of fixed and mobile speed camera effectiveness. The
review included 13 studies assessing the impact of speed cameras (four fixed, eight mobile and one mixed) on traffic
crashes and vehicle speeds (Decina, Thomas, Srinivasan, & Staplin, 2007; Thomas, Srinivasan, Decina, & Staplin,
2008). For fixed cameras, estimated reductions in injury crashes in the order of 20% to 25% were reported. For
mobile speed enforcement, studies revealed crash reductions of 16% for covert approaches, while overt approaches
were reported to reduce all crashes by 9% to 18% and injury crashes by 21% to 51%. Diffusion effects were
observed in two studies, with reduced crash rates in non-enforcement sites also reported. However, the authors noted
the lack of control for regression-to-the-mean and other confounds in many studies, and highlighted that those
studies that did account for these factors showed evidence of the impact of such factors on crash rates and the
importance of controlling for these confounding factors.

In an earlier review, Pilkington and Kinra (2005) systematically reviewed 14 observational studies, of which most
employed before-after methodology. Of these, six analysed the impact of fixed cameras, four the impact of mobile
cameras and four the impact of a combination of both. The outcome variables of interest were road traffic collisions,
deaths and injuries. All the reviewed studies suggested positive effects for speed cameras, however to varying
degrees. Results revealed reductions in collisions between 5 and 69%, reductions in injuries between 12 and 65%
and reductions in fatalities (in close proximity to camera sites) between 17 to 71%. In addition, reductions in
fatalities over the entire road network were also reported in a number of studies. The authors, however, note the
relatively poor methodological quality of a lot of the literature.

Harrison (2001) also reviewed the evidence and made a number of interesting conclusions. Firstly, he highlighted
that speed cameras are typically associated with site-specific effects, particularly at fixed speed camera locations,
and that time (less than 3 days) and distance (less than 5km downstream) halo effects are not uncommon.
Specifically, halo effects occur when the impact of a speed camera on vehicle speeds extends beyond the site of the
camera (distance halo effect) or speeds are impacted at the site even after removal of the camera (temporal halo
effect). This finding is consistent with other research (Champness, Sheehan, & Folkman, 2005; Keenan, 2004; Li,
Graham, & Majumdar, 2013). Secondly, a number of operational characteristics were argued to increase the
effectiveness of speed camera programs including ensuring the program is highly intensive and operated in a
random fashion, such that the locations and timing of enforcement operations are unpredictable. Finally, covert
speed camera operations were argued to have few immediate impacts on vehicle speeds, however are associated
with long-term reductions. A number of studies have highlighted the effectiveness of covert speed camera
operations, particularly when used to support overt operations (Diamantopoulou & Cameron, 2002; Dowling &
Holloman, 2008; Keall, Povey, & Frith, 2001, 2002).

Numerous other studies have also been conducted in various countries showing the effectiveness of both fixed and
mobile speed cameras in reducing vehicle speeds and/or subsequent traffic crashes. Indeed, positive evaluations
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have been conducted in: Australia (D'Elia, Newstead, & Cameron, 2007; Diamantopoulou & Corben, 2001; New
South Wales Centre for Road Safety, 2013; Newstead & Cameron, 2013); the United Kingdom (Christie, Lyons,
Dunstan, & Jones, 2003; Hess & Polak, 2004; Jones, Sauerzapf, & Haynes, 2008; Keenan, 2004; Mountain, Hirst, &
Mabher, 2004); the Netherlands (Goldenbeld & van Schagen, 2005; SWOV Institute for Road Safety Research,
2011); France (Carnis & Blais, 2013); Sweden (Swedish Road Administration, 2009); Norway (Vaa, 1997);
Belgium (De Pauw, Daniels, Brijs, Hermans, & Wets, 2014); Spain (Perez, Mari-Dell’Olmo, Tobias, & Borrell,
2007); the United States (Retting, Kyrychenko, & McCartt, 2008; Shin, Washington, & van Schalkwyk, 2009); and
Canada (Chen, Meckle, & Wilson, 2002; Chen, Wilson, Meckle, & Cooper, 2000). For a comprehensive review, see
Soole (2012).

In summary, there is growing evidence of the effectiveness of fixed and mobile speed cameras to reduce vehicle
speeds and subsequent speed-related traffic crashes; however effects tend to be highly localised to the camera site.
Nonetheless, fixed and mobile speed cameras located at crash black-spots and locations with speed-related problems
have the potential to provide significant road safety benefits. Recent evidence has suggested that increasing the
covert nature with which operations are conducted can produce additional benefits, particularly in support of overt
operations (Cameron, 2008). In addition, operations that are intensive and scheduled to random locations across the
road network, so to increase unpredictability, have also been found to be more effective. That said, the
methodological quality of the majority of the research is typically poor and there is a fundamental need for more
rigorously designed studies to bolster the evidence regarding the impact of speed cameras.

Traffic patrol and radar/laser use

Few studies have been conducted specifically to evaluate the impact of traffic patrols on speed-related outcomes. In
addition, there is little research evaluating less automated technologies such as hand-held and moving-mode radars.
However, a number of Australian studies have produced positive results. In Victoria, an evaluation of hand-held
radar operation was found to produce reductions in crash frequency, but not severity, on urban roads, as well as
localised impacts on vehicle speeds (Diamantopoulou, Cameron, & Shtifelman, 1998). In addition, the use of
moving-mode radar devices were found to be effective in reducing casualty crashes on open roads in rural areas;
however their effect in more metropolitan areas was reported to be negligible.

In Queensland, the Random Road Watch Program, developed from an American model of police patrols, was
evaluated (Newstead, Cameron, & Leggett, 1999). The program involved the deployment of highly visible police
patrols according to a random schedule. While not solely restricted to speed enforcement (e.g., targeted other risky
driving behaviours also), the program produced a number of positive effects on crash outcomes, including
reductions in fatal crashes (33%), injury crashes (25%) and non-injury crashes (22%). It was suggested that
widespread use of such a program at low to medium intensity, compared to more intense efforts in fewer areas
would increase the positive crash effects of the program. Similarly, the Queensland Road Safety Initiatives Package,
which involved intensified road safety enforcement of high-risk behaviours and a public education campaign, has
also been evaluated (Newstead, Bobevski, Hosking, & Cameron, 2004). Results suggested significant reductions in
fatal and hospital admission crashes (13.1%), crashes requiring medical treatment (14.2%) and overall crashes
(8.8%). Both programs produced significant reductions in road trauma and were reported to be highly cost-effective.

Limitations

Numerous methodological shortcomings have been highlighted in the study of the impact of speed cameras and
other approaches to speed enforcement. One of the most important factors regularly cited as reducing the reliability
of speed camera evaluations is regression-to-the-mean (Willis, 2006). This factor is particularly pertinent to speed
cameras, which are routinely implemented at sites with increased crash histories. In addition, confounding variables
such as differences in the penalties and sanctions applied to speed offenders, as well as the influence of other
concurrent road safety interventions, media campaigns and overall changes in driver attitudes are difficult to control
(Watson, Siskind, Fleiter, & Watson, 2010). Thus, quantifying the precise contribution of speed enforcement efforts
to observed changes in outcome variables is inherently problematic. While researchers acknowledge a number of
significant methodological shortcomings present in many evaluative studies, the consistent positive findings suggest
that any methodological errors are unlikely to negate the direction of the observed effects.

CONCLUSIONS
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Overall, there are a number of critical challenges to reduce vehicle speeds and related crashes. Specifically, speeding
is, by its very nature, a transient, frequent and evasive behaviour. As a result, many enforcement approaches are
likely to detect only a small proportion of all speeding offenders. Prior experiences of avoiding detection or penalty
while speeding may reinforce the behaviour, thereby increasing the likelihood of speeding in future (a concept
known as ‘punishment avoidance’ as described by Stafford & Warr, 1993). Therefore, police must increase
perceptions about the risk of detection and reduce the ability for offenders to adopt strategies to avoid detection
(Fleiter, Watson, & Lennon, 2013). Non-automated approaches, such as police patrol and radar operation, are
typically associated with low rates of detection however produce other benefits by also targeting a range of other
illegal behaviours. In many jurisdictions there is a tendency to rely heavily on automated approaches, such as speed
cameras, which are able to detect a larger proportion of offending drivers. Automated approaches also tend to be
more cost-effective, given the relative costs associated with both implementing operations, and in regards to the
revenue raised by subsequent fines.

Recommendations for best practice in speed enforcement

From the available research, a number of best practice principles for the implementation of speed enforcement
operations, and particularly speed cameras, are evident.

Speed enforcement programs need to utilise a variety of enforcement strategies which are tailored to specific
situations

There is growing evidence to suggest that a mixture of covert and overt, as well as automated and more traditional
operations produces the greatest road safety benefits; however the precise optimal combination of approaches is
difficult to ascertain from the available research. Indeed, as identified in the work of Cameron (2008), a one-size-
fits-all approach is unlikely to be as effective as one which incorporates a range of enforcement methods and is
tailored to the variety of roads and situations across the road network. Typically, automated methods are most
effective in crash black-spots, given the limited distance and time halo effects commonly associated with such
approaches and the fact that observed effects are generally localised to the camera site only. On the contrary, more
traditional approaches are most beneficial in instances where more network-wide approaches are desired, however
such approaches are burdened by lower detection rates and relative costliness. Increased use of average speed
cameras may provide a solution to this problem; however is a costly approach to implement.

Overt operations serve a primarily general deterrent effect and clearly create an enforcement presence, however are
commonly associated with halo effects. In contrast, covert operations appear to increase the unpredictability of
enforcement operations and minimise the impact of punishment avoidance strategies and halo effects. Such
approaches are ideally implemented in conjunction with intensive publicity campaigns. Indeed, it has been shown
that well constructed publicity of covert operations can lead to perceptions of high levels of police enforcement
activity, even when actual enforcement levels are relatively moderate (Cameron, Delaney et al., 2003). Covert
enforcement methods are also likely to represent an effective approach to the detection and apprehension of more
deviant offenders and thus serve an important specific deterrence purpose.

Fixed speed cameras are most effective at locations with localised speed-related problems and where other speed
enforcement approaches are not practical or safe

Fixed speed cameras are likely to produce the greatest benefits at crash black spots or at locations with high
speeding offence rates. While the automated, stationary nature of fixed cameras often results in localised effects of
vehicle speeds and crash rates, this still represents an effective approach when speed-related problems are also
localised. In addition, fixed cameras also provide an appropriate enforcement method at locations where other speed
enforcement approaches are not safe or practical, such as on limited access roads, freeways and in tunnels. Finally,
fixed cameras provide the optimal approach at locations requiring consistent enforcement.

Operations should be sufficiently intensive so as to produce an “atmosphere” of enforcement presence and be
randomly scheduled to increase unpredictability of enforcement activities

Obviously, a perceived enforcement presence is critical to the success of any speed enforcement approach.
Operations must be implemented with a sufficient level of intensity such that the driving population perceives their
likelihood of exposure to enforcement activities as being high, thus increasing the risk and reducing the benefits
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associated with exceeding the speed limit. In addition, there is evidence to suggest that optimal levels of
effectiveness are achieved when enforcement operations are randomly scheduled, such that unpredictability of
enforcement activity is increased (Leggett, 1997). Random scheduling can involve directing available resources
across a number of pre-selected sites, such as mobile speed camera sites chosen on the basis of speed-related
criteria, or across the entire road network, in the case of more traditional approaches, such as routine patrol.

More wide-spread implementation of innovative approaches, particularly average speed cameras, will likely
produce more network-wide effects on vehicle speed and crashes

Average speed cameras have been found to be extremely effective in reducing vehicles speeds and increasing
compliance with speed limits. More widespread use of this approach would likely result in more network-wide
impacts (reductions) on both vehicle speeds and crash rates. In addition, the evidence that such an approach is
perceived as being more fair and legitimate by drivers, as well as the ancillary benefits such as reduced traffic
congestion, suggests that this speed enforcement approach has the potential to result in substantial changes to
underlying attitudes regarding speed choices if drivers are able to regularly associate driving at the posted speed
limit with smoother traffic flows and reduced congestion. However, the relatively high cost of the approach calls for
careful consideration in regard to locations where such systems are used.

Policy and practice regarding the operation of speed cameras should be highly transparent and public education of
the role of speed cameras to improve road safety must be clearly conveyed

Accompanying speed enforcement operations with publicity campaigns has been shown to bolster the effectiveness
of operations. Moreover, publicity campaigns present a unique channel of communication between traffic
authorities, the police and the general driving public. As such, the communication of messages to debunk
stereotypes and misconceptions regarding speed enforcement policy and practices may increase the perceived
legitimacy and transparency of enforcement efforts, and in turn encourage greater levels of voluntary compliance,
rather than simply reactive compliance (Fleiter & Watson, 2012).

The feasibility of reducing and not publicising enforcement tolerance levels should be examined

Enforcement tolerance levels should be set at the lowest possible level to increase the perceived certainty of
detection and subsequent punishment associated with speeding behaviour, after taking into account necessary
technical margins (which are likely to differ by approach and specific technology employed) and the capabilities of
back-office processing of infringements. That is, drivers must be encouraged, through threat of punishment, to drive
at or below the posted speed limit rather than at a de facto speed limit based on their perception of what the
enforcement tolerance might be. One way to increase the perception of certainty of punishment, in this instance, is to
not publish the tolerance level. By maintaining uncertainty about the actual tolerance level, motorists will be
unaware at what speed they will be infringed, thereby promoting compliance with posted speed limits, rather than a
perception that particular levels of exceeding the speed limit are tolerated and thus acceptable to drive too (a de facto
speed limit).

The aim of any speed management program should be to deter, rather than catch, speeding drivers

The fundamental principle of any speed management program must be the promotion of safe travelling speeds. That
is, operations must be geared such that they are designed to deter drivers from exceeding the speed limit, rather than
identifying the most effective way to apprehend speeding drivers. However, that is not to suggest that the
apprehension of speeding drivers should not be an aim of speed enforcement; simply that it should be secondary to
deterrence. Ideally, enforcement activities that are intensive, randomly scheduled and involve a mixture of
approaches should create an atmosphere such that the general public is deterred from exceeding the speed limit. This
will largely be achieved through increased perceptions of enforcement presence, unpredictability of operations and
perceived risk of detection, apprehension and punishment.

Speed management programs must be multifaceted

Speed enforcement represents one element of an effective speed management program. Speed management must
involve a multifaceted approach incorporating enforcement as well as community initiatives, public education,
media campaigns, offender rehabilitation programs and traffic engineering initiatives (e.g., reviewing speed limits).
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In addition, innovative approaches such as Intelligent Speed Adaptation (ISA) offer promising new approaches to
managing speed. Finding the optimal mix of various components while balancing issues such as driver acceptability
and perceived legitimacy and transparency of policies and practices, is an arduous task. Future empirical research
should seek to rectify the methodological shortcomings of prior evaluations and identify the unique contribution of
various approaches to road safety.
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