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Problem: This study investigates the effect of the French Automated Speed Enforcement Program (ASEP) on
casualties involving different types of road users. Method: Interrupted time-series analyses were conducted to
estimate the effect of the ASEP. Results: Overall, the ASEP was associated with a decrease of 19.7% in traffic
fatalities and crashes with injuries. Significant diminutions were observed for passenger vehicles/light SUVs
(−25.4%), motorcyclists (−39.0%), and trucks (−15.7%). Adding red light cameras and devices taking pictures
of both ends of the vehicle produced, in some cases, additional gains among specific categories of road users.
Conclusion: Traffic fatalities, crashes with injuries and the severity of crashes significantly declined following
the introduction of the ASEP in November 2003. Practical applications: ASEPs are an effective strategy to prevent
traffic casualties. Innovations such as red light cameras and devices taking pictures of both ends of the vehicle can
improve an ASEP.

© 2015 National Safety Council and Elsevier Ltd. All rights reserved.
1. Introduction

In 2001, France had a traffic fatality rate of 13.8 per 100,000 popula-
tion and was performing poorly in comparison to other OECD countries.
According to the Observatoire National Interministériel de la Sécurité
Routière (ONISR), over 60%of all recorded speeds exceeded the prescribed
speed limits: 40% by more than 10 km/h and 5% by more than 30 km/h
(ONISR (Observatoire National Interministériel de Sécurité Routière),
2006). Speed limit violations became a major concern for French au-
thorities, as is the case in many other countries (U.S. Department of
Transportation, 2004; World Health Organization, 2004).

The lack of effective enforcement was targeted as one of the main
problems exacerbating speed limit violations. In fact, a survey published
in 2006 revealed that the probability of being intercepted for speeding
was relatively low. One could exceed the speed limit by 10 km/h for
more than 2000 h before being arrested (ONISR (Observatoire National
Interministériel de Sécurité Routière), 2006). Speed limit infringements
were largely tolerated by police officers and a significant proportion of
fines were unpaid (Carnis, 2011).
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In July 2002, President Chirac stated publicly that traffic safety was
among the main priorities of his next term. In September 2002, three
distinct traffic safety measures were announced: (a) the implementation
of an automated speed enforcement program (ASEP), (b) increased pen-
alties for traffic violations, and (c) the creation of new traffic offenses.
Prior to the introduction of the ASEP, print and visual media provided
wide and positive coverage of the new policy (Carnis, 2011).

The first photo radar devices were installed in November 2003, fol-
lowing a trial period between March and November 2003. About 500
devices have since been installed each year. According to the latest
data, approximately 4097 were in operation by the end of 2013. Speed
cameras are in operation on the whole road network, which means
that drivers are exposed to the program at different stages of their itin-
erary. Fixed cameras are generally installed on sites experiencing high
levels of either crashes or speed limit violations (Carnis, 2011). Accord-
ing to the latest report of the ONISR (2015), 15% of all fixed speed
cameras are installed on highways while 15%, 27%, and 4% are
respectively installed on national, country, and urban roads. Mobile
speed cameras are installed on rural and urban roads and are
managed by police officers. Mobile devices are used in different
enforcement contexts depending on the police officers' experience
and knowledge.

Recently, new types of devices aswell as newenforcement strategies
were introduced. These new features can be conceptualized as
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innovations aimed at improving the effectiveness of the ASEP. New
types of devices were introduced to capture a picture of the rear and
front ends of the vehicle (January 2007) and to discriminate trucks
from other vehicles (March 2011).2 These modifications are important
features of the ASEP, as motorcycles and scooters do not have a front
plate and could avoid detection and punishment. Speed detection was
also set at different thresholds, with lower speed limits imposed for
trucks. InMarch of 2013, patrol carswere equippedwithmobile devices
to improve detection and allow for random supervision while in
motion.

The introduction of the ASEP led to a radical increase in the number
of citations issued for speed limit violations. Citations per month went
from 110,000 before the program to 502,000 after (Carnis, 2008).
Assessments also show that the introduction of the ASEP led to signifi-
cant decreases in average speeds and speed limit violations. The average
speed decreased from 89.5 to 79.3 km/h between 2002 and 2012 for
passenger vehicles, from 100.8 to 86.1 km/h for motorcycles, and from
78.8 to 71.7 km/h for trucks. The rate of infringements for exceeding
the speed limit by more than 10 km/h diminished by 50% while a re-
duction of about 70% was observed for the overall speed limit in-
fringement rate (ONISR (Observatoire National Interministériel de
Sécurité Routière), 2013).

Although their estimates vary, several studies also establish that the
ASEP had a preventive effect on traffic injuries (Roux & Zamora, 2013;
Carnis & Blais, 2013; ONISR (Observatoire National Interministériel de
Sécurité Routière), 2006). For instance, using interrupted time-series
analyses, Carnis and Blais (2013) estimated that the introduction of
the ASEP was associated with respective decreases of 7.3% and 20.7%
in themonthly rate of non-fatal and fatal traffic injuries per 100,000 ve-
hicles. These studies also reveal that effects on traffic injuries were
greater on the short term. Firstly, the law of diminishing marginal
returns characterizes the effect of the ASEP on traffic fatalities. Between
2003 and 2010, adding radar devices maintained the effect of the ASEP
on fatalities but benefits were not proportional to the number of speed
cameras in place. Secondly, a decay function was observed for the non-
fatal injury series, as the effect of the ASEP on non-fatal traffic injuries
dwindled through time (Blais & Carnis, 2013).

By integrating, among other things, driver characteristics, a better
understanding of the ASEP in operation can be obtained. Some studies
conducted in the United States demonstrate that receptivity to the
threat of punishment is inversely related to the ability to avoid punish-
ment (Piquero & Pogarsky, 2002; Piquero & Paternoster, 1998). Short-
term effects reported in numerous studies (Carnis & Blais, 2013; Roux
& Zamora, 2013; Jones, Sauerzapf, & Haynes, 2008) could be explained
by the fact that drivers receptive to the threat of punishment havemod-
ified their behaviors and that drivers involved in crashes were not de-
terred by punishment.

Internationally, a few studies have investigated the effects of ASEPs
on collisions involving different categories of road users (Wilson,
Willis, Hendrikz, & Bellamy, 2011), but some assessments show varia-
tions in collisions and compliance rates. In France, the first speed cam-
eras were only taking pictures of the front end of the vehicle and, as a
result, motorcycles and scooters were not identified (Carnis, 2011), a
fact that might explain the lower compliance rate among motorcycle
drivers (ONISR (Observatoire National Interministériel de Sécurité
Routière), 2006). In their assessment of the demonstration program in
Scottsdale, Arizona, Retting, Kyrychenko, and McCartt (2008) show
that the odds of drivers exceeding the speed limit decreased by 88%
since the introduction of speed cameras on Loop 101 of the freeway. In-
teraction effects between types of road users and the program indicate
that cameras were less effective at reducing the proportion of passenger
vehicles exceeding 75 mph (equivalent of 135 km/h) than they were for
large trucks. An evaluation of the speed camera program introduced in
2 http://www.securite-routiere.gouv.fr/connaitre-les-regles/les-radars (last access June
26th 2014)
2002 in Flanders, Belgium, reports that greater decreases in casualties
were observed formotorcyclists and pedestrians than for other categories
of users (De Pauw, Daniels, Brijs, Hermans, &Wets, 2014). These studies,
however, were not specifically designed to identify factors likely to ex-
plain variations in the behavior of different categories of road users.

The objectives of this study echo recommendations found in the
Cochrane review on speed cameras, namely, to conduct long-term eval-
uations of ASEP programs and to assess their effects on different catego-
ries of road users (Wilson et al., 2011). The French experience permits
one to estimate simultaneously the long-term effect of the ASEP (No-
vember 2003 to December 2011) and to pinpoint effects specific to cat-
egories of road users. As mentioned earlier, innovations were recently
added to the ASEP. These included (a) increased identification of two-
wheeler vehicles through the imaging of both ends of the vehicle in
January 2007, (b) increased safety to vulnerable road users through
the installation of red light cameras in July 2009, (c) introduction of
discriminatory speed control devices able to identify vehicles cate-
gories that are subject to different speed limits (March 2011), and
(d) equipment of patrol cars with detection devices for use in motion
inMarch 2013.3 During this period, speed-lock devices becamemandato-
ry for trucks (February 2005). Analyses conducted in the present study in-
vestigate the capacity of such innovations to improve the capacity of the
ASEP to prevent traffic casualties and to reverse the decay function by
punishing violators (e.g., motorcyclists and moped riders) that were pre-
viously more likely to avoid punishment.

2. Method

2.1. Data source

Data on traffic crashes were extracted fromONISR annual reports on
traffic crashes and injuries. Data found in these reports come from the
Fichier National des Accidents Corporels de la Circulation, a national data-
base managed by the ONISR. A crash refers to an event in which
damages are caused by a moving vehicle. The database contains the es-
sential information gathered at the crash scene by police officers during
the 2000–2011 period. Data on the population are collected and pub-
lished by the INSEE (Institut National de la Statistique et des Études
Économiques). The researchers, to identify traffic safetymeasures intro-
duced for the period under study, used catalogues published by the
ONISR. Data were then aggregated on a monthly basis (n = 144).
Since the ASEP covers the whole French road network, the country
(France) was used as the unit for spatial aggregation, rather than the
speed camera sites. Such a strategy allows one to estimate the overall ef-
fect of the ASEP on the whole road network (Carnis & Blais, 2013).

2.2. Variables under analysis

2.2.1. Dependent variables
In the present study, the effect of the ASEP is estimated on three

maindependent variables that are then decomposed intofive categories
of road users (Table 1). The first dependent variable is the rate of fatal
traffic injuries per 100,000 population. Traffic fatalities are defined as
deaths occurring within 30 days of a crash. The second dependent var-
iable is the rate of crasheswith injuries per 100,000population. This cat-
egory includes crashes that took place either on a public or a private
road open to circulation, involved at least one motor vehicle, and led
to the hospitalization or treatment by a health professional of at least
one occupant. The last dependent variable is a severity index: traffic fa-
talities per 100 crashes with injuries.

Averages and standard deviations for all users and for specific cate-
gories are summarized in Table 1. Table 1 also provides counts for traffic
fatalities and crashes with injuries. One should note that summing rates
3 This latest measure is not assessed in this article, since data on crashes were not yet
available for 2013 when analyses were conducted.
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Table 1
Descriptive statistics.

Fatal injuries (counts) Fatal injuries per 100,000 population

Mean Std. dev. Range Total (2000–2011) Mean Std. dev. Range

All categories of users 465.53 142.22 254–808 67,036 0.75 0.24 0.39–1.33

Specific categories of road users
Moped riders 28.78 10.52 10–58 4145 0.46 0.17 0.15–0.95
Motorcyclists 72.47 29.37 16–141 10,435 0.12 0.05 0.02–0.23
Vulnerable road users1 68.05 20.24 36; 136 9799 0.11 0.03 0.06–0.22
Truck 7.72 3.75 0–19 1111 0.12 0.06 0.00–0.31
Passenger and sport utility vehicle users 282.49 105.52 152–571 40,679 0.45 0.18 0.24–0.94

Crashes with injuries (counts) Crashes with injuries per 100,000
population

Mean Std. dev. Range Total (2000–2011) Mean Std. dev. Range

All categories of users 7251.86 1629.43 4299–11,093 1,044,268 11.59 2.86 6.62–18.33

Specific categories of road users
Moped riders 1235.42 284.80 597–1997 177,900 1.97 0.49 0.92–3.30
Motorcyclists 1439.73 335.44 594–2094 207,321 2.29 0.55 0.92–3.43
Vulnerable road users1 1596.69 293.72 986–2369 229,924 2.55 0.51 1.50–3.92
Truck 370.22 92.49 222–609 53,312 0.59 0.16 0.35–1.01
Passenger and sport utility vehicle users 6433.93 1542.55 3908–10,168 926,486 10.28 2.70 5.97–16.80

Severity index

Mean Std. dev. Range Total (2000–2011) Mean Std. dev. Range

All categories of users 6.35 0.83 4.63–8.80 – – – –

Specific categories of road users
Moped riders 2.30 0.57 0.92–4.32 – – – –
Motorcyclists 4.88 1.31 1.98–8.24 – – – –
Vulnerable road users1 4.26 0.96 2.37–7.46 – – – –
Truck 2.06 0.79 0–4.26 – – – –
Passenger and sport utility vehicle users 4.30 0.76 2.80–6.60 – – – –

1 This category includes pedestrians and cyclists.
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of crashes with injuries for all five categories is greater than for the cat-
egory including all users. The category including all users is based on the
event (with one crash counting as one event). Specific categories count
parties that were involved in the crash. A crash involving a passenger
vehicle and amotorcycle appears in both themotorcycle and passenger
vehicle categories.

2.2.2. Independent variables of interest
Four intervention variables were used to estimate the effect of the

ASEP and its innovations on crashes and casualties (Table 2). The effect
of each interventionwas estimatedwith twoparameters. The first one is
a dichotomous variable (0,1) and discerns the before-and-after inter-
vention periods. This parameter is used to assess changes in the level
of the series.
Table 2
Description of control and intervention periods for traffic safety measures.

Name of the intervention

Introduction of the ASEP and innovations introduced to the ASEP
Introduction of the ASEP
Devices photograph front and rear ends of the vehicle (ASEP2)
Red light cameras (REDLIGHT)
Pictures discriminate trucks from passenger cars (TRUCK1)

Public communication campaigns
Chirac's announcement (CHIRAC)

Other traffic safety measures
Seatbelt/cellphone/helmet
Alcohol
Speed1
Truck2
Speed2
The second parameter “Trend*intervention” is an interaction be-
tween the intervention and the Trend (see section 2.2.3) variables and
counts the time after the intervention. This parameter evaluates the
change in the slope of the series. Since speed cameras and innovations
were progressively introduced, six different functions were tested for
the “Trend*intervention” variable.

1. Linear (Y = b0 + b1 *t)

2. Logarithmic (Y = b0 + b1*ln(t))
3. Inverse (Y = b0 + (b1/t))
4. Quadratic (Y = b0 + b1*t + b2*t2)
5. Power (Y = b0 *tb1)
6. Exponential (Y = b0 * eb1⁎t)
Control period (0) Intervention period (1)

Jan. 2000 to Oct. 2003 Nov. 2003 to Dec. 2011
Jan. 2000 to Dec. 2006 Jan. 2007 to Dec. 2011
Jan. 2000 to June 2009 Jul. 2009 to Dec. 2011
Jan. 2000 to Feb. 2011 Mar. 2011 to Dec. 2011

Jan. 2000 to June 2002 Jul. 2002 to Dec. 2011

Jan. 2000 to Feb. 2003 Mar. 2003 to Dec. 2011
Jan. 2000 to June 2003 Jul. 2003 to Dec. 2011
Jan 2000 to Nov. 2004 Dec. 2004 to Dec. 2011
Jan. 2000 to Jan. 2005 Feb. 2005 to Dec. 2011
Jan. 2000 to Dec. 2005 Jan. 2006 to Dec. 2011



4 For crashes with injuries per 100,000 population for all road users (Table 4), we also
attempted models where the “Trend*ASEP” variable was replaced by a “Chirac's
announcement*TREND” variable. Results are similar and suggest that the decay started im-
mediately after the public announcement.
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Where b0 is the constant of the equation, bn represents a regression
coefficient, t is the “Trend” variable and “ln” stands for the natural
logarithm transformation. Investigating the functional form of the rela-
tionship between the ASEP and traffic casualties is useful to give guid-
ance about the optimal allocation of resources to speed enforcement
and modifications needed to maintain assets or to achieve further im-
provements (Tay, 2005; Elvik, 2011).

A last variable (CHIRAC) captured President Chirac's declaration
made in July 2002. Traffic safety became a national priority and the in-
troduction of the ASEP on the French road network was announced.
Values prior to July were coded 0 and the following ones were coded 1.

2.2.3. Control variables
Two sets of control variableswere operationalized to account for the

general trend of the series and monthly variations in traffic crashes.
“Trend” is a continuous variable and indicates the time in months at
time t from the start of the observation period (January 2000 toDecember
2011). Monthly fluctuations are accounted for by 11 dummy variables
(k-1; reference category = December).

In addition to speed cameras, five other groups of measures were
introduced between 2000 and 2011: (a) Seatbelt/helmet/cellphone—
increased sanctions for not fastening the seat belt, the prohibition
of using hand-held cellphone devices while driving and the ob-
ligation to wear a helmet for two-wheeler users in March 2003;
(b) Alcohol—increased sanctions for driving while impaired by alco-
hol in July 2003; (c) Speed1—increased sanctions for speed limit
violations over 50 km/h (and reduced sanctions for speed limit violations
under 20 km/h) in December 2004; (d) Truck2—mandatory speed-lock
devices for trucks in February 2005; and (e) Speed2—increased sanctions
for speed limit violations over 50 km/hwith the possibility of confiscating
the vehicle in January 2006. All thesemeasures are expressed by dichoto-
mous variables: units in the pre-intervention period were coded 0 and
those in the intervention period were coded 1 (Table 2).

2.2.4. Analytical strategy
In the first place, descriptive analyses were conducted to portrait

trends of the series and compare series averages for periods before
and after the ASEP. In the second place, interrupted time-series were
performed using the autoregressive, integrated, moving average
(ARIMA) intervention time-series models (Box, Jenkins, & Reinsel,
2008). Interrupted time-series have been used in several studies to
determine whether the introduction of a traffic safety measure
leads to changes in the behavior of the series (Beaudoin & Blais,
2010; Nagata, Setoguchi, Hemenway, & Perry, 2008; Keall, Povey,
& Frith, 2002).

Since each series has a unique structure, ARIMA models were
developed using a three-stage iterative process: (a) identification,
(b) estimation, and (c) diagnostic (Box et al., 2008; Yaffee &
McGee, 2000). Autocorrelation and partial autocorrelation matrices
were inspected during the identification stage to identify both
sources of non-stationarity in the series (deterministic or stochas-
tic) and autoregressive and moving average parameters. The predic-
tive validity of these parameters was then assessed in the estimation
stage. Since series exhibited seasonality, the identification and esti-
mation stages were realized in two steps. First, seasonal parameters
(lag 12) were identified and their errors were re-inspected to detect
other lags with significant Q-statistics. Second—in the diagnostic
stage—error terms were examined to make sure that they follow a
white noise process. With one exception, error terms of all models
have a white noise process. Error terms are normally distributed
and the homoscedasticity assumption is respected.

Independent variables were then introduced in the models in two
distinct steps to estimate the effect of the ASEP and its innovations. In
the first step, a series of models were built to estimate the effect of
Chirac's announcement, the introduction of theASEP, and the other con-
trol variables. Intervention and control variables were selected using a
backward elimination procedure in order to avoid multicolinearity and
over-specification problems. For instance, increased sanctions for driving
while impaired by alcohol (Alcohol) were highly correlated with the in-
troduction of the ASEP. Both variables could not be integrated in the
same model and the variable with the greatest predictive power was
kept. In the second step, variables measuring innovations to the ASEP
were added to the set of variables selected in the first step. To be included
in a model, innovations had to target the category of road users (for in-
stance, devices [Radar2] taking a picture of both ends of the vehicle
were only included in models where moped riders and motorcyclists
are involved). Since two parameters were used to estimate the effect of
the ASEP and its innovations on the dependent variables, at each step,
models with the highest stationary r-squared and lowest MAPE (Maxi-
mum Absolute Percentage Error) were deemed the most robust (Yaffee
& McGee, 2000).

3. Results

As shown in Fig. 1, the fatality series is characterized by a downward
trend and a structural break. The dwindling trend and the break occur
around Chirac's announcement. Crashes with injuries per 100,000 pop-
ulation are also characterized by a downward trend that seems to start
with Chirac's announcement (Fig. 2). The structural break in the series is
not as evident and is difficult to discern frommonthly fluctuations. The
severity index displays a sinusoidal shape: the series peaks in the early
2002 and starts a downward trend up to the mid-2008. Afterwards, a
progressive rise characterizes the last segment of the series. Crossing
both series of Fig. 2 shows that months with the lowest rate of crashes
with injuries are those with the highest values on the severity index.

Table 3 compares averages in traffic casualties for periods before and
after the introduction of the ASEP. On average, the fatality rate fell by
41.35% since the introduction of the ASEP, while crashes with injuries
and the severity index dropped by 32.82% and 14.29%, respectively.
The general picture is, however, influenced by the passenger vehicles
and SUV category. Except for trucks, lower decreases are observed
for other categories of road users. The lowest reductions in fatalities
and crashes with injuries are observed for motorcyclists (−21.43%
and −13.10%, respectively). The smallest decline between the two
periods in the severity index is observed for moped riders (−6.64%).

Traffic casualties sharply declined over the 2000–2011 period. Yet,
descriptive statistics are not immune to biases related to seasonality,
maturation, and omitted confounding factors (Shadish, Cook, &
Campbell, 2002). ARIMA intervention time-series models overcome
these limitations and provide estimations about the effect of the ASEP
on all series. Table 4 contains estimations for 18 models. For each road
user category, three series of results are provided: (a) one for fatalities
per 100,000 population, (b) one for crashes with injuries per 100,000
population, and (c) one for the severity index. Models selected were
those with the best goodness-of-fit coefficients. Since different func-
tionswere attempted for the Trend*ASEP parameters, Table 4 also spec-
ifies the function that was retained for the final model. The absence of
coefficient for a traffic safety intervention is represented by “—” and it
indicates that the variable was removed from the model as a result of
the backward elimination procedure.

When all users are considered, results show that Chirac's announce-
ment (β = −.17; p b .01) and the introduction of the ASEP (β = −.13;
p b .01) are associated with significant declines in traffic fatalities.
Speed2 is also inversely associated with fatalities (β = −.06; p b .05).
Chirac's announcement (β = −1.66; p b .01) is related to a significant
decrease in crashes with injuries. For crashes with injuries, coefficients
for the ASEP and other traffic safety measures are not significant. The



Fig. 1. Trend for traffic fatalities per 100,000 population for the 2000–2011 period.
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positive coefficient for the “Trend*ASEP” (β= .05; p b .01) variable indi-
cates that the effect of the announcement on crashes with injuries decays
with time.4 Results suggest that the severity of crashes progressively di-
minishes through time. Chirac's announcement (β=−.67; p = .01) and
the ASEP (β = −.62; p.01) are associated with significant decreases in
the level of the severity index and the negative coefficient for the
“Trend*ASEP” (β=−.02; p b .01) signals an incremental effect through-
out the intervention period.

As displayed in Table 4, the passenger vehicles/light SUVs category
largely influences estimations observed when all users are considered.
With few exceptions, results are the same. One noteworthy result is
the preventive effects of other traffic safetymeasures introduced during
the same period. Increased sanctions for speed limit violations over
Fig. 2. Trends for crashes with injuries per 100,000 popula
50 km/h with the possibility of confiscating the vehicle (Speed2) and
measures targeting seatbelt use, mandatory helmet for two-wheeler
users and cellphone use while driving prove to be effective.

Different patterns of results are observed for categories found in
Tables 5 and 6. All three series involving motorcyclists display a signifi-
cant diminution in their level following Chirac's announcement (Table 5).
The effect of theASEP gradually increases as expressed by significant coef-
ficients for the “Trend*ASEP” for fatalities (β=−.009; p b .05) and the se-
verity index (β=−.05; p b .01). In this singlemodel, Alcohol (β=−.70;
p b .05) and Speed1 (β=−.60; p b .05) are related to a diminution in the
severity index for motorcyclists. Fatalities, crashes with injuries, and the
severity index involvingmoped riders are neither affected by Chirac's an-
nouncement nor the ASEP.
tion and the severity index for the 2000–2011 period.

Image of &INS id=
Image of Fig. 2


Table 3
Monthly averages in fatalities, crashes with injuries, and the severity index before and after the introduction of the ASEP.

Period 1: January 2000–October 2003 Period 2: November 2003–December
2011

Percentage change

Fatalities
Crashes with
injuries

Severity
index

Fatalities
Crashes with
injuries

Severity
index

Fatalities
Crashes with
injuries

Severity
index

All users 1.04 14.93 7.00 0.61 10.03 6.04 −41.35 −32.82 −14.29
Moped riders 0.06 2.42 2.41 0.04 1.76 2.25 −33.33 −27.27 −6.64
Motorcyclists 0.14 2.52 5.34 0.11 2.19 4.67 −21.43 −13.10 −11.32
Vulnerable road users 0.14 3.04 4.67 0.09 2.31 4.07 −34.71 −24.01 −12.85
Trucks 0.02 0.76 2.37 0.01 0.51 1.91 −50.00 −32.89 −17.39
Passenger vehicles and light SUVs 0.68 13.53 5.02 0.35 8.76 3.96 −48.53 −35.25 −21.12
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According to results displayed in Table 6, traffic safety measures did
not have any effect on fatalities and crashes with injuries involving
vulnerable road users. A decline in the severity index following the intro-
duction of the ASEP (β = −.41; p b .05), however, suggests that speed
cameras have yielded a beneficial effect on the severity of injuries in the
event of a crash. The absence of impact is also observed for moped riders.

Chirac's announcement (β = −.24; p b .05) and the introduction of
the ASEP (β = −.17; p b .05) both led to decreases in fatalities among
truck drivers. The negative coefficient for the “Trend*ASEP” term (β =
−.008; p b .10) indicates that the effect increases through the interven-
tion period. The public announcement (β = −.10; p b .01) is the sole
measure associated with a decline in crashes with injuries involving
trucks while the “Trend*ASEP” (β = −.02; p b .10) is negatively associ-
ated with the severity index, suggesting a gradual effect through time.

Tables 7–9 report results regarding the effects of innovations added
to the ASEP on traffic casualties. Since the present analyses seek to
assess the added value related to innovations, variables previously iden-
tified as being relevant predictors were kept in the models (see
Tables 4–6). Variables previously discarded were not reconsidered.
Since innovations target very specific categories of road users, they are
introduced in themodel when relevant. The “Red light cameras” variable
is present in all models because it targets all road users. Because innova-
tions were gradually implemented on the road network, various func-
tions were tested. When non-significant, the interaction term between
Table 4
Effects of the ASEP on fatalities, crashes with injuries, and the severity index for all users and p

All categories of road users

Fatal injuries Crashes with
injuries

Seve

β S.E. β S.E. β

AR1 parameter .18⁎ .09 .46⁎⁎ .08 −.0
Constant 1.23⁎⁎ .03 18.38⁎⁎ .54 6.79
Trend −.002⁎⁎ .00 −.09⁎⁎ .02 0.03
Chirac's announcement −.17⁎⁎ .03 −1.66⁎⁎ .34 −.6
Introduction of the ASEP −.13⁎⁎ .03 – – −.6
Trend⁎ ASEP – – .05⁎⁎(3) .02 −.0

Other traffic safety measures
Speed1 – – – – −.3
Speed2 −.06⁎ .03 – – −.6
Alcohol – – – – –
Seatbelt/helmet/cellphone – – – – –
Relationship between ASEP and Trend None Inverse Line

Goodness-of-fit
Stationary R2 .944 .973 .782
MAPE 6.41 3.44 4.92

Test for autocorrelation
Q (Lag 1) .029; p = .86 0.00; p = .99 .001
Q (lag 12) 13.57; p = .32 11.39; p = .50 10.6

– Variable removed during the backward elimination process.
1: linear function; 2: logarithmic function; 3: inverse function; 4: quadratic function; 5: power

t p b .10.
⁎ p b .05.
⁎⁎ p b .01.
the trend and the innovation was withdrawn for the models. For in-
stance, fatal injuries for all road users were first identified as a function
of “Chirac's announcement,” the “Introduction of the ASEP,” and
“Speed2” (Table 4). “RED LIGHT” and “RED LIGHT*Trend” were then
added to thefirst set of variables. “RED LIGHT*Trend”was then removed
from the final statistical model since it was not significantly associated
with fatal injuries (Table 7). The same procedure was used to obtain
all estimates presented in Tables 7–9.

Results in Table 7 indicate that innovations did not translate into ad-
ditional benefits when all types of road users are considered. Red light
cameras have initiated a gradual decline on the traffic fatalities series
(β=−.09; p b .10) and the severity index (β=−1.04; p b .01) involv-
ing vehicles/light SUVs. Innovations have produced mixed results for
motorcyclists. Neither the Red Light nor ASEP2 affected fatalities. Crashes
with injuries involving motorcyclists are characterized by a significant
increase following the introduction of ASEP2 (β = 2.69; p b .05) and
also by a change in the slope of the series (β=−1.27; p b .05), suggest-
ing a preventive effect after the first 2 to 3 months. The logarithmic and
negative relationship between “Trend*REDLIGHT” and the severity index
indicates a gradual and preventive effect on the severity of crashes in-
volving motorcyclists. ASEP2 did not have any effect on moped riders.
On the other hand, a gradual effect is reported for red light cameras
on fatalities (β = −.09; p b .10) and crashes with injuries involving
moped riders (β = −.06; p b .05).
assenger vehicles/light SUVs.

Passenger vehicles and light SUVs

rity index Fatal injuries Crashes with
injuries

Severity index

S.E. β S.E. β S.E. β S.E.

8 .09 .12 .09 .41⁎⁎ .08 −.016 .090
⁎⁎ .25 .86⁎⁎ .02 2.85⁎⁎ .02 5.17⁎⁎ .23
⁎⁎ .01 −.002⁎⁎ .000 −.005 .001 .02⁎⁎ .01
7⁎⁎ .21 −.11⁎⁎ .02 −.112⁎⁎ .024 −.45⁎ .19
2⁎⁎ .16 −.08⁎⁎ .02 −.11⁎⁎ .04 −.49⁎ .16
2⁎⁎(1) .008 – – .033⁎(5) .016 −.02⁎(1) .01

3⁎ .16 – – – – −.30⁎ .14
6⁎⁎ .15 −.05⁎⁎ .02 – – −.54⁎ .13

– – – – – – –
– −.05t −.03 – – −.32t .19

ar None Power Linear

.945 .972 .815
7.536 3.224 6.260

; p = .98 .001; p = .98 .058; p = .810 .000; p = .992
3; p = .56 12.77; p = .39 13.50; p = .334 7.28; p = .839

function; 6: exponential function.



Table 5
Effects of the ASEP on fatalities, crashes with injuries the severity index for motorcyclist and moped riders.t

Motorcyclists Moped riders

Fatal injuriesa Crashes with
injuries

Severity index Fatal injuriesa Crashes with
injuries

Severity index

β S.E. β S.E. β S.E. β S.E. β S.E. β S.E.

AR1 parameter .12 .09 .12 .09 .077 .089 .015 .088 .56⁎⁎ .07 −.07 .09
Constant .70⁎⁎ .12 2.20⁎⁎ .07 2.54⁎⁎ .45 .556 .035 2.64⁎⁎ .81 2.17⁎⁎ .17
Trend .006⁎⁎ .004 −.006⁎⁎ .001 .048⁎⁎ .014 −.002⁎⁎ .000 −.012⁎⁎ .001 −.002⁎ .001
Chirac announcement −.40⁎⁎ .11 −.30⁎⁎ .06 −.88⁎ .38 – – – – – –
Introduction of the ASEP – – – – – – – – – – – –
Trend⁎ ASEP −.01⁎(1) .004 – – −.05⁎⁎(1) .01 – – – – – –

Other traffic safety measures
Speed1 – – .35⁎⁎ .07 −.60⁎ .25 – – – – – –
Speed2 – – – – – – – – .31⁎⁎ .87 – –
Alcohol – – – – −.70⁎ .30 – – – – – –
Seatbelt/helmet/cellphone – – – – – – – – – – – –

Goodness-of-fit
Stationary R2 .870 .905 .782 .679 .94 .308
MAPE 13.514 6.702 10.764 19.83 5.13 17.76

Test for autocorrelation
Q (Lag 1) .013; p = .91 .003; p = .959 .013; p = .91 .000; p = .99 .23; p = .632 .009; p = .93
Q (lag 12) 7.68; p = .81 10.203; p = .598 4.71; p = .97 9.52; p = .66 10.98; p = .530 16.11; p = .19

– Variable removed during the backward elimination process.
1: linear function; 2: logarithmic function; 3: inverse function; 4: quadratic function; 5: power function; 6: exponential function.

t p b .10.
⁎ p b .05.
⁎⁎ p b .01.
a Expressed per 1,000,000 population to facilitate the presentation of results.
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Although red light cameras were installed among other purposes to
protect pedestrians at intersections, this innovation is not significantly
associated with the decline in traffic casualties involving vulnerable
road users. As for trucks, the discriminating pictures and themandatory
speed-lock device did not produce the expected effect. Red light cam-
eras are associated with a decrease in crashes with injuries involving
trucks (β = −.05; p b .10) but the positive term for the “Red
Table 6
Effects of the ASEP on fatalities, crashes with injuries, and the severity index for vulnerable roa

Vulnerable road users

Fatal injuriesa Crashes with
injuries

Severity

β S.E. β S.E. β

AR1 parameter .10 .09 .055 .088 .02
Constant 1.96⁎⁎ 0.06 3.91⁎⁎ .07 5.82⁎⁎

Trend −.003⁎⁎ .001 −.02⁎⁎ .001 .002
Chirac announcement – – – – –
Introduction of the ASEP – – – – −.41⁎

Trend⁎ ASEP – – .02⁎⁎(1) .002 –

Other traffic safety measures
Speed1 – – – – –
Speed2 – – – – −.50⁎

Alcohol – – – – –
Seatbelt/helmet/cellphone – – – – –

Goodness-of-fit
Stationary R2 .805 .921 .618
MAPE 12.073 4.466 11.176

Test for autocorrelation
Q (Lag 1) .005; p = .945 .000; P = .988 .000; p
Q (lag 12) 7.79; p = .801 7.71; P = .807 6.35; p

– Variable removed during the backward elimination process.
1: linear function; 2: logarithmic function; 3: inverse function; 4: quadratic function; 5: power

t p b .10.
⁎ p b .05.
⁎⁎ p b .01.
a Expressed per 1,000,000 population to facilitate the presentation of results.
Light*Trend” (β = .05; p b .01) indicates the presence of a decaying
effect.

Estimates found in Tables 7–9 were used to compute fatalities as
well as crashes with injuries prevented per month and for the whole
intervention period (Table 10). Based on estimates obtained from
models including all road users, our results suggest that more than
20,000 lives have been saved by Chirac's announcement and the ASEP.
d users and trucks.

Trucks

index Fatal injuriesa Crashes with
injuries

Severity index

S.E. β S.E. β S.E. β S.E.

.09 .058 .089 .24⁎⁎ .09 .055 .623

.24 .86⁎⁎ .14 .91⁎⁎ .02 1.58⁎⁎ .41

.003 .005 .004 −.004⁎⁎ .000 .02⁎ .01
– −.244⁎ .118 −.10⁎⁎ .02 – –
.20 −.17⁎ .08 – – – –
– −.008t(3) .004 – – −.02t(1) .01

– – – .06⁎⁎ .02 – –
.22 – – .07⁎⁎ .02 −.49t .28
– – – – – −.91⁎⁎ .31
– – – – – – –

.498 .922 .241
24.365 6.505 34.276

= .988 .000; p = .990 .000; p = .993 .001; p = .972
= 897 9.564; p = .654 8.896; p = .712 13.40; p = .340

function; 6: exponential function.



Table 7
Effects of innovations on fatalities, crashes with injuries, and fatalities per 100 crash with injuries on all categories of road users and on passenger vehicles/light SUVs.

All categories of road users Passenger vehicles and light SUVs

Fatal injuriesa Crashes with
injuries

Severity index Fatal injuries Crashes with
injuries

Severity index

β S.E. β S.E. β S.E. β S.E. β S.E β S.E.

AR1 parameter .18⁎ .08 .44⁎⁎ .08 −.08 .09 .12 .09 .37⁎⁎ .09 −.04 .09
Constant 1.25⁎⁎ .02 17.00⁎⁎ .24 6.78⁎⁎ .25 .87⁎⁎ .02 17.12⁎⁎ .40 5.15⁎⁎ .22
Trend −.002⁎⁎ .001 −.040⁎⁎ .004 .03⁎⁎ .01 −.002⁎⁎ .000 −.08⁎⁎ .01 .02⁎⁎ .01
Chirac announcement −.17⁎⁎ .03 −2.81⁎⁎ .32 −.67⁎⁎ .21 −.10⁎⁎ .02 −1.05⁎⁎ .35 −.46⁎ .19
Introduction of the ASEP −.12⁎⁎ .03 – – −.62⁎⁎ .16 −.07⁎⁎ .02 −.55t .28 −.41⁎⁎ .15
Trend⁎ ASEP – – 2.10⁎⁎(3) .61 −.02⁎(1) .01 – – .05⁎⁎(5) .01 −.03⁎⁎(1) .01

Innovations introduced to the ASEP and other user specific measures
RED LIGHT −.002 .028 −.09 .28 .07 .18 .03 .02 −.20 .28 .57 .17
RED LIGHT ⁎ Trend – – – – – – −.09t(3) .05 – – −1.04⁎⁎(2) .35

Other traffic safety measures
Speed1 – – – – −.31t .16 – – – – – –
Speed2 −.06⁎ .03 – – −.63⁎⁎ .17 −.04t .02 – – −.37⁎ .15
Alcohol – – – – – – – – – – – –
Seatbelt/cellphone/helmet – – – – – – −.05t .03 – – −.33t .18

Goodness-of-fit
Stationary R2 .951 .974 .783 .946 .976 .827
MAPE 6.384 3.464 4.890 7.452 3.351 5.871

Test for autocorrelation
Q (Lag 1) .027; p = .869 .022; p = .883 .001; p = .982 .001; p = .977 .054; p = .816 .000; p = .989
Q (lag 12) 9.23; p = .683 12.171; p = .432 10.703; p = .555 30.466; p = .002 11.328; p = .501 11.169; p = .514

– Variable removed during the backward elimination process.
1: linear function; 2: logarithmic function; 3: inverse function; 4: quadratic function; 5: power function; 6: exponential function.

t p b .10.
⁎ p b .05.
⁎⁎ p b .01.
a Expressed per 1,000,000 population to facilitate the presentation of results.

Table 8
Effects of innovations on fatalities, crashes with injuries, and fatalities per 100 crashes with injuries involving motorcyclists and moped riders.

Motorcyclists Moped riders

Fatal injuriesa Crashes with injuries Severity index Fatal injuriesa Crashes with
injuries

Severity index

β S.E. β S.E. β S.E. β S.E. β S.E. β S.E.

AR1 parameter .11 .09 .18⁎ .09 .05 .09 −.05 .09 .42⁎⁎ .08 −.08 .09
Constant .71⁎⁎ .12 20.14⁎⁎ .83 2.54⁎⁎ .44 −2.95⁎⁎ .09 3.31⁎⁎ .04 2.09⁎⁎ .19
Trend .006 .004 .01 .02 .05⁎⁎ .01 −.006⁎⁎ .001 −.006⁎⁎ .001 −.001 .002
Chirac announcement −.40⁎⁎ .11 −4.50⁎⁎ .88 −.87⁎ .37 – – – – – –
Introduction of the ASEP – – – – – – – – – – – –
Trend⁎ ASEP −.009⁎(1) .004 – – −.04⁎(1) .02 – – – – – –

Innovations introduced to the ASEP and other user specific measures
ASEP2 .07 .08 2.69⁎ 1.28 −.20 .30 .11 .07 .14⁎⁎ .04 −.16 .15
ASEP2⁎Trend – – −1.27⁎(2) .50 – – – – – – – –
RED LIGHT −.04 .08 −1.20 .88 −.61t .32 .14 .14 .07 .06 .01 .13
RED LIGHT⁎Trend – – – – – – −.09t(5) .05 −.06⁎(5) .02 – –

Other traffic safety measures
Speed1 – – – – −.89⁎⁎ .28 – – – – – –
Speed2 – – – – – – – – .10⁎ .04 – –
Alcohol – – – – −.77⁎⁎ .29 – – – – – –
Seatbelt/cellphone/helmet – – – – – – – – – – – –

Goodness-of-fit
Stationary R2 .871 .900 .788 .705 .939 .314
MAPE 13.241 6.553 10.532 18.569 4.734 17.831

Test for autocorrelation
Q (Lag 1) .016; p = .900 .015; p = .904 .002; p = .968 .006; p = .941 .22; p = .639 .01; p = .906
Q (lag 12) 6.856; p = .867 6.532; p = .887 8.424; p = .751 19.44; p = .078 11.86; p = 457 18.05; p = .114

– Variable removed during the backward elimination process.
1: linear function; 2: logarithmic function; 3: inverse function; 4: quadratic function; 5: power function; 6: exponential function.

t p b .10.
⁎ p b .05.
⁎⁎ p b .01.
a Expressed per 1,000,000 population to facilitate the presentation of results.
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Table 9
Effects of innovations on fatalities, crashes with injuries, and fatalities per 100 crashes with injuries on vulnerable road users and trucks.

Vulnerable road users Trucks

Fatal injuriesa Crashes with
injuries

Severity index Fatal injuriesa Crashes with
injuries

Severity index

β S.E. β S.E. β S.E. β S.E. β S.E. β S.E.

AR1 parameter .28⁎⁎ .09 .04 .09 .019 .090 .06 .09 .11 .09 .055 .623
Constant 2.01⁎⁎ .07 3.92⁎⁎ .07 5.82⁎⁎ .27 .14⁎⁎ .14 .95⁎⁎ .02 1.58⁎⁎ .41
Trend −.007⁎⁎ .001 −.022 .001 .002 .005 .001 .001 −.005⁎⁎ .000 .02⁎ .01
Chirac announcement – – – – – – −.05⁎ .12 −.07⁎⁎ .02 – –
Introduction of the ASEP – – – – −.42t .23 −.04⁎ .09 – – – –
Trend⁎ASEP – – .018⁎⁎(1) .002 – – −.002t(3) .005 – – −.02t(1) .01

Innovations introduced to the ASEP and other user specific measures
TRUCK1 (discriminate) – – – – – – – – – – – –
TRUCK2 (speed lock) – – – – – – – – – – – –
RED LIGHT .16⁎ .07 – – −.01 .23 .002 .02 −.05t .03 – –
RED LIGHT*Trend – – – – – – – – .05⁎⁎(2) .01 – –

Other traffic safety measures
Speed1 – – – – – – – – .09⁎⁎ .02 – –
Speed2 – – – – −.50⁎ .23 – – .10⁎⁎ .02 −.49t .28
Alcohol – – – – – – – – – – −.91⁎⁎ .31
Seatbelt/cellphone/helmet – – – – – – – – – – – –

Goodness-of-fit
Stationary R2 .871 .900 .788 .502 .931 .241
MAPE 13.241 6.553 10.532 24.285 5.814 34.276

Test for autocorrelation
Q (Lag 1) .016; p = .900 .015; p = .904 .002; p = .968 .000; p = .991 .028; p = .867 .001; p = .972
Q (lag 12) 6.856; p = .867 6.532; p = .887 8.424; p = .751 11.521; p = .34 8.903; p = .711 13.40; p = .340

– Variable removed during the backward elimination process.
1: linear function; 2: logarithmic function; 3: inverse function; 4: quadratic function; 5: power function; 6: exponential function.

t p b .10.
⁎ p b .05.
⁎⁎ p b .01.
a Expressed per 1,000,000 population to facilitate the presentation of results.
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Estimates are lowerwhen users are broken down by categories. This sit-
uation could be explained by the fact that a single model could not be
developed for fatalities involving public transport because few cases
were available. Similarly, the lives of somemoped riders and vulnerable
road users were probably saved by the ASEP when all users are consid-
ered in a single model (even if coefficients are not significant in models
specific formoped riders and vulnerable road users). Innovations added
to the ASEP as well as other preventive measures permitted the saving
of 2800 more lives. Passenger vehicles/light SUV users are those who
benefited the most from the ASEP and other traffic safety measures
with more than 16,000 lives saved.

Estimating the number of crashes with injuries prevented by
Chirac's announcement and the ASEP for specific categories of users is
more tedious, as parties involved in a crash are counted instead of the
event. When all users are considered, Chirac's announcement is associ-
ated with a 19.71% decline in the rate of crashes with injuries. The pos-
itive coefficient for the “Trend*Intervention” indicates that the changes
in the level of the series weremore limited at the outset of the interven-
tion. The fulfillment of the initially advertised traffic safety measures
and enforcement activities probably gave greater impact to Chirac's
announcement (Carnis, 2013).

Chirac's announcement and the ASEP also include the “trend*ASEP”
term when statistically significant in the model. “Other measures” refer
tomeasures that are included inmodels presented in Tables 7–9 (innova-
tions aswell as other traffic safetymeasures). Changes in relative percent-
age were computed by using the average of all differences in Yt with and
without the intervention.

4. Discussion

The objectives of this article were twofold: First, interrupted time
series analyses were conducted to estimate the effect of the French
ASEP on various categories of road users; second, additional analyses
were performed to determinewhether adding features targeting specif-
ic categories of road users—specifically users that were likely to avoid
punishment—improve the effect of the ASEP.

Supporting results from reviews on speed camera programs (Blais &
Dupont, 2005; Pilkington & Kinra, 2005; Thomas, Srinivasan, Decina, &
Staplin, 2008; Wilson et al., 2011), the present analyses show that the
introduction of the ASEP—alongside Chirac's announcement—was asso-
ciatedwith significant decreases in fatalities and collisionswith injuries.
While the effect of the ASEP is stable through the whole intervention pe-
riod for the fatality rate, a decaying effect is observed for crashes with in-
juries. Themultiplication of speed cameras over the road network helped
in maintaining a significant effect on fatalities, but the preventive effect
nonetheless wears off for crashes with injuries. Our results concur with
estimations and conclusions found in Carnis and Blais (2013). Results
also indicate that since Chirac's announcement and the introduction of
the speed camera program, crashes are less likely to result in fatal injuries.
Overall, the present results provide further evidence that ASEPs are an ef-
fective strategy to prevent traffic casualties.

When rates were broken down according to road user categories,
the ASEP and Chirac's announcement produced differential effects. The
most noteworthy decreases in relative percentage are observed for fa-
talities involving passenger vehicles/light SUVs (36.60%), motorcycles
(37.78%), and trucks (15.69%). In terms of lives saved, passenger vehi-
cles/light SUVs is the category of drivers who benefited most from the
ASEP. In contrast to what is observed for the passenger vehicles/light
SUVs, the introduction of the ASEP did not amplify the preventive effect
initiated by the public announcement on crashes with injuries for mo-
torcyclists and trucks. Since the introduction of the ASEP, declines in
the severity index are observed for trucks, motorcycles, and passenger
vehicles/light SUVs. Fatalities and crashes involving moped riders and
vulnerable road users were not affected by the ASEP and its



Table 10
Lives saved by Chirac's announcement, the introduction of the ASEP, and other measures/innovations.

Category of users Values predicted based on variables included in the models

Average fatalities per 100,000
population avoided per month by
Chirac's announcement and the
ASEP (change in relative
percentage)

Average fatalities per 100,000
population avoided per month by
Chirac announcement, the ASEP and
other measures (change in relative
percentage)

Lives saved on average per
month by Chirac's
announcement and the ASEP
(total lives saved: July
2002–December 2011)

Lives saved per month by Chirac's
announcement, the ASEP and
other measures (total lives saved:
July 2002–December 2011)

All users 0.28 (27.27%) 0.31 (31.07%) 175.79 (20,040) 200.54 (22,862)
Passenger vehicles/light
SUVs

0.16 (25.37%) 0.23 (36.60%) 100.49 (11,456) 145.18 (16,550)

Motorcycles 0.08 (39.02%) 0.08 (37.78%) 52.73 (6011) 52.73 (6011)
Moped riders 0 (0%) 0.0024 (5.26%) 0 1.56 (47)
Vulnerable road users 0 (0%) +0.016 (+15.32%) 0 +10.41 (+124)
Trucks 0.02 (15.69%) 0.02 (15.69%) 12.62 (1438) 12.62 (1438)

Formula used to compute the number of saved lives.
Yt(withintervention) = ω + β*Trendt + θ*Dummy_montht + γ*Chiract + α*ASEPt + δ*Others_innovationsit
Yt(without the intervention) = ω + β*Trendt + θ*Dummy_montht
ΔYt = Yt(withouth the intervention) – Yt(with the intervention)

ΔYt (in relative percentage) = (ΔYt/Yt(without the intervention))*100
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announcement. A slight decrease in the severity index is observed
among moped riders following the introduction of the ASEP. Lastly,
our results show that the functional form of the relationship between
the “ASEP*Trend” term and traffic casualties is contingent upon catego-
ries of road users. For instance, the ASEP did not affect the slope of the
fatality series involving passenger vehicles/light SUVs. A downward
and linear trendwas, however, initiated by the ASEP on fatalities involv-
ing motorcyclists. Combined together, these results call for developing
accident modification function for each category of road user (Elvik,
2011).

Several innovationswere progressively introduced andmodified the
original ASEP. As previouslymentioned, these additional features can be
conceptualized as measures designed to reduce punishment avoidance
among particular categories of road users. Results are mixed on the im-
pact of such innovations. These innovations provided relatively minor
gains in comparison to the ASEP, although they permitted the targeting
of specific road users. While slight preventive effects are observed for
truckswith the introduction of red light cameras, moped riders, passen-
ger vehicles/light SUVs, and casualties involving vulnerable road users
were not influenced by this measure. Globally, red light cameras are
not associated with large reductions in traffic injuries and fatalities.
Truck casualties did not decrease following the introduction of manda-
tory peed-lock devices and radars discriminating trucks fromother road
users. While the gradual implementation of speed cameras taking pic-
tures of both ends of the vehicle was associated with a significant de-
crease in crashes with injuries involving motorcycles, no effect was
recorded for fatalities.

Controlling for other traffic safety measures addressed criticisms
against existing assessments of speed camera programs. Some claim
that studies overestimate the effect of the ASEP, as potential
confounding factors and/or other traffic safety measures are not
accounted for (Roux & Zamora, 2013; Wilson et al., 2011). Our re-
sults show that decreases in traffic casualties in France are a func-
tion of Chirac's announcement, the introduction of the ASEP (and
probably the strong and positive media coverage), other traffic safe-
ty measures included in our models and additional factors (such as
safer vehicles, demographic and economic changes) that could
have initiated the downward trend (the trend variable displays a
negative coefficient in several models).

Trends in infringements suggest that the effectiveness of recent leg-
islative reforms highly depends upon their strict enforcement. Infringe-
ments for speed limit violations have been multiplied by more than
eight times between 1999 and 2011 (from 1.2 to 10.7 millions). In-
fringements for crossing priorities and running the red light have been
multiplied by a factor of nine (0.12 million to 1.1 million) and since
2003 about 500,000 infringements have been reported for cellphone
usewhile driving (Carnis, 2013). In sum, messages transmitted through
Chirac's announcement and new provisions in the Road Codewere sup-
ported by in intensive enforcement activities.

Our results differ frommost studies that have investigated the effect
of ASEPs on different categories of roadusers. Retting et al. (2008) found
that speed camerasweremore effective for large trucks than for passen-
ger vehicles. In our studies, the greatest preventive effects are observed
for motorcyclists and passenger vehicles/light SUVs with respective de-
creases of about 39% and 25% in fatalities per 100,000 population. These
two categories of users account for about 87% of all saved lives with the
ASEP and almost all lives saved by other traffic safety measures. The as-
sessment of the Belgium ASEP observes the highest decreases in severe
injuries and fatalities for pedestrians and motorcyclists (about 37%; De
Pauw et al., 2014). Such differences remain difficult to appraise and fu-
ture studies should provide a detailed description of the program under
study andmajor traffic safety problems (Thomas et al., 2008). Addition-
al insights could also be acquired by elaborating user-specific Nilsson's
power models. A recent study shows that Nilsson's formula was not
directly applicable to traffic speed change on urban arterial roads
(Cameron & Elvik, 2010). Equivalent changes in average speeds could
produce differential effects depending on the road user vulnerability.

Variations in effects produced by features added to the ASEP also call
for future studies. More investigations are needed to pinpoint factors
that could explain the lack of effect of red light cameras on vulnerable
road users. Additional studies are also needed to investigate contexts
in which vulnerable users and other road users converge in contentious
situations. Studying contexts in which crashes occur could also provide
useful information to understand different effects produced on moped
riders and motorcyclists. Lastly, the mandatory speed-lock device for
trucks suggests that other strategies than automated enforcement pro-
grams are available for competent authorities. Prevention strategies
targeting vehicles, such as speed-lock devices and alcohol ignition inter-
lock, remove the opportunity for at-risk behaviors and could thus pro-
duce significant benefits if installed in all vehicles (Sergerie, 2005;
Blais, Sergerie, & Maurice, 2013).

Despite the optimistic results produced by the ASEP on traffic fatali-
ties and injuries, this study highlights some limitations. First, it was not
possible to estimate the effect of the ASEP on casualties for all categories
of road users. Crashes involving public transportation were too uncom-
mon to be included in the analyses. As well, pedestrians and cyclist had
to be merged in a single category, as were passenger vehicles and light
SUVs. Second, one must note that several measures were introduced
during a short lapse of time. Some measures—especially the introduc-
tion of increased sanctions for impaired driving in July 2003 and the
ASEP in November 2003—were highly correlated. Although the ASEP
variable was kept in practically all models for its superior predictive
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power, onemust keep in mind that a fraction of the preventive effect of
the ASEP is accountable to increased sanctions for drunk driving. Lastly,
ourmodels did not account for potential interactions between increased
sanctions for speed limit violations and the introduction of the ASEP.
Such analyses could shed light on the potential effect of increasing the
severity of sanctionswhen the ASEP already guarantees a swift and cer-
tain punishment.

5. Conclusion

Results from this study show that Chirac's public announcement and
the introduction of the ASEP were associated with a decrease of about
27% in fatalities per 100,000 population or a total of 20,040 lives saved
for the 2002–2010 period. This figure is consistent with estimates pro-
posed in a previous study (Carnis & Blais, 2013). Preventive effects
were mainly observed for passenger vehicles/light SUVs, motorcyclists,
and truck drivers. Except for vulnerable road users, red light cameras
improved the effectiveness of the ASEP—as shown by significant de-
creases in at least one series for each category of road users. The intro-
duction of devices taking pictures of both ends of the vehicle proved
to be effective in decreasing crashes with injuries among motorcyclists.
Overall, adding punishment avoidance features marginally improved
the initial ASEP. Finally, results prove that ASEPs are effective for enforcing
traffic safety regulations, but further refinements and strategies are need-
ed to prevent casualties among all categories of road users.

Conflict of interest

None.

Acknowledgements

Both authors would like to thank Katherine Pendakis-Heys for
editing the article. Part of this research was supported by a grant from
the Social Sciences and Humanities Research Council of Canada.

References

Beaudoin, I., & Blais, E. (2010). Constats d'infraction, accidents de la route et certitude
relative de la peine: une évaluation quasi-expérimentale des effets contextuels et
structurels de la dissuasion policière. Canadian Journal of Criminology and Criminal
Justice, 52, 471–496.

Blais, E., & Dupont, B. (2005). Assessing the capability of intensive police programmes to
prevent severe road accidents. British Journal of Criminology, 45, 914–937.

Blais, E., Sergerie, D., & Maurice, P. (2013). The effect of ignition interlock programs on
drinking-and-driving: A systematic review. In Proceedings of the 23rd Canadian
Multidisciplinary Road Safety Conference. Montréal, QC. 26–29 mai.

Box, G. E., Jenkins, G. M., & Reinsel, G. C. (2008). Time Series Analysis: Forecasting and
Control (Wiley Series in Probability and Statistics). New Jersey, NW: Wiley and Sons.

Cameron, M. H., & Elvik, R. (2010). Nilsson's power model connecting speed and road
trauma: Applicability by road type and alternative models for urban roads. Accident
Analysis and Prevention, 42, 1908–1915.

Carnis, L. (2008). Le contrôle automatisé de la vitesse en Australie: quelques enseignements
pour mener une politique de dissuasion efficace. Criminologie, 41, 269–290.

Carnis, L. (2011). Automated speed enforcement : What the French experience can teach
us. Journal of Transportation Safety and Security, 3, 15–26.

Carnis, L. (2013). Quels enseignements peut-on tirer des statistiques des infractions au
code de la route sur la politique publique de sécurité routière. Recherche, Transport
et Sécurité, 29, 87–104.

Carnis, L., & Blais, E. (2013). An assessment of the safety effects of the French speed
camera program. Accident Analysis and Prevention, 51, 301–309.
Elvik, R. (2011). Developing an accident modification function for speed enforcement.
Safety Science, 49, 920–925.

Jones, A. P., Sauerzapf, V., & Haynes, R. (2008). The effects of mobile speed cameras intro-
duction on road safety crashes and casualties in rural county of England. Journal of
Safety Research, 39, 101–110.

Keall, M. D., Povey, L. J., & Frith, W. J. (2002). Further results from a trial comparing a
hidden speed camera programme with visible camera operation. Accident Analysis
and Prevention, 34, 773–777.

Nagata, T., Setoguchi, S., Hemenway, D., & Perry, M. J. (2008). Effectiveness of a law to
reduce alcohol-impaired driving in Japan. Injury Prevention, 14, 19–23.

ONISR (Observatoire National Interministériel de Sécurité Routière) (2006). Impact du
contrôle sanction automatisé sur la sécurité routière (2003–2005). Évaluation. Collection
les Rapports. Paris.

ONISR (Observatoire National Interministériel de Sécurité Routière) (2013). La sécurité
routière en France, Bilan de l'année 2012. La Documentation Française.

ONISR (Observatoire National Interministériel de Sécurité Routière) (2015). La sécurité
routière en France, Bilan de l'année 2014. La Documentation: Française.

De Pauw, E., Daniels, S., Brijs, T., Hermans, E., & Wets, G. (2014). An evaluation of the traf-
fic safety effect of fixed speed cameras. Safety Science, 62, 168–174.

Pilkington, P., & Kinra, S. (2005). Effectiveness of speed cameras in preventing road traffic
collisions and related casualties: Systematic review. British Medical Journal, 330,
331–334.

Piquero, A., & Paternoster, R. (1998). An application of Stafford and Warr's reconceptual-
ization of deterrence to drinking and driving. Journal of Research in Crime and
Delinquency, 35, 3–39.

Piquero, A. L., & Pogarsky, G. (2002). Beyond Stafford and Warr's reconceptualization of
deterrence: Personal and vicarious experiences, impulsivity, and offending behavior.
Journal of Research in Crime and Delinquency, 39, 153–186.

Retting, R. A., Kyrychenko, S. Y., & McCartt, A. T. (2008). Evaluation of automated speed
enforcement on Loop 101 freeway in Scottsdale, Arizona. Accident Analysis and
Prevention, 40, 1506–1512.

Roux, S., & Zamora, P. (2013). L'impact local des radars fixes sur les accidents de la route.
Un effet important après l'installation, mais plus réduit à long terme. Économie et
Statistique, 460-461, 37–67.

Sergerie, D. (2005). Road Speed: Health impact and counteractive measures. Quebec QC:
Quebec National Institue of Public Health.

Shadish, W. R., Cook, T. D., & Campbell, D. T. (2002). Experimental and quasi-experimental
designs for generalized causal inference. Boston, MA: Houghton Mifflin Company.

Tay, R. (2005). General and specific deterrent effects of traffic enforcement: Do we have
to catch offenders to reduce crashes? Journal of Transport Economics and Policy, 39,
209–223.

Thomas, L. J., Srinivasan, R., Decina, L. E., & Staplin, L. (2008). Safety effects of automated
speed enforcement programs : Critical review of international literature.
Transportation Research Record : Journal of the Transportation Research Board, 2078,
117–126.

U.S. Department of Transportation (2004). Traffic safety facts, 2004. Data: Speeding (DOT HS
809915). Naitonal Center for Statistics and Analysis. Washington DC: National Highway
Traffic Safety Administration (NTHSA).

Wilson, C., Willis, C., Hendrikz, J. K., & Bellamy, N. (2011). Speed enforcement detection
devices for preventing road traffic injuries. The Cochrane Collaboration: Wiley (Review).

World Health Organization (2004). World report on traffic injury prevention. Geneva:
WHO.

Yaffee, R., & McGee, J. (2000). Introduction to time series analysis and forecasting with
applications of SAS and SPSS. Boston, MA: Academic Press Inc.

Etienne Blais holds a PhD in criminology. He is a professor at the School of Criminology at
the Université de Montréal and the director of the Laboratory on Transportation Safety at
the CIRRELT (Interuniversity Research Centre on Enterprise Networks, Logistics and
Transportation). His research interests include traffic safety policies, driver behaviors
and situational crime prevention. He is actually conducting studies on the prevention of
traffic collisions involving young drivers and traffic safety experiences among police
officers.

Laurent Carnis holds a PhD in economy and is a researcher at the IFSTTAR ((French
Institute of Science and Technology for Transport, Development and Networks). His fields
of research include the economics of traffic safety and the analysis of road safety policy. He
is actually conducting studies on: (1) the comparison of automated speed enforcement
systems, (2) the socio-economic consequences of road accidents and (3) countermeasures
against wrong-way driving.

http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0005
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0005
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0005
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0005
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0010
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0010
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0015
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0015
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0020
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0020
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0020
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0025
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0025
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0030
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0030
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0035
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0035
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0035
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0040
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0040
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0045
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0045
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0050
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0050
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0050
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0055
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0055
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0055
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0060
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0060
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0065
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0065
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0065
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0070
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0070
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0075
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0075
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf7000
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf7000
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0080
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0080
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0080
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0085
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0085
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0085
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0090
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0090
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0090
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0095
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0095
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0095
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0100
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0100
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0100
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0105
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0105
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0110
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0110
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0115
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0115
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0115
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf9000
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf9000
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf9000
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf9000
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0120
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0120
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0120
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0125
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0125
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0130
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0130
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0135
http://refhub.elsevier.com/S0022-4375(15)00076-6/rf0135

	Improving the safety effect of speed camera programs through innovations: Evidence from the French experience
	1. Introduction
	2. Method
	2.1. Data source
	2.2. Variables under analysis
	2.2.1. Dependent variables
	2.2.2. Independent variables of interest
	2.2.3. Control variables
	2.2.4. Analytical strategy


	3. Results
	4. Discussion
	5. Conclusion
	Conflict of interest
	Acknowledgements
	References


