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A B S T R A C T

Using a dynamic transfer function model-based methodology, this study analyzes the joint influence of legis-
lation changes, enforcement and compliance with driving regulations in terms of road fatalities in Spain during
the 2005–2015 time period. Three robust econometric models demonstrate that two of the road safety law
reforms recently implemented in Spain, the points-based driver's license and the toughening of the Penal Code,
have had positive impacts, albeit with varying durations. Their impacts are also seen to have been reinforced by
the application of a range of monitoring instruments to track compliance. The most effective of these include
radar speed measuring devices, the mere presence of which has the desired deterrent effect irrespective of the
positive proof that they might detect. However, lack of compliance with maximum alcohol limits seems to
increase road fatalities, which suggests that a more complex preventive strategy needs to be developed through a
combination of programmed actions. Lastly, the irreplaceable deterrence role of traffic police who enforce
compliance with driving laws stands out, with the number of officers deployed being decisive.

1. Introduction

Traffic accidents cause over a million deaths per year worldwide,
produce substantial economic costs for society, and generate a major
public health problem (WHO, 2017). A great number of policies have
therefore been developed by different levels of government and inter-
national organizations to reduce the accident rate. These policies stress
each of the dimensions that affect driving and the likelihood of a crash
(the road, the vehicle, the user) before, during, and after the accident
(Haddon, 1980). Many are specifically directed at preventing, enfor-
cing, and correcting individual driver behavior since, as is well known,
most traffic accidents are caused by human error due to widespread
noncompliance with traffic laws (Elvik et al., 2009).

Framed in this line, the purpose of this study is to examine the in-
fluence of changes to legislation, enforcement, and compliance with
traffic regulations in terms of the number of road fatalities in Spain. The
period chosen for the study is recent—2005-2015—and marked by the
end of the economic growth cycle and the economic recession, which
was especially hard-felt in Spain (Regidor et al., 2014). 2005 was spe-
cifically taken as the starting point as it marks a turning point in

Spanish road safety. The coming into effect of the Directorate-General
of Traffic's Strategic Plan for 2005–2008 (DGT, 2006) made road safety
a political priority (Novoa et al., 2009; Pérez, 2009). This Plan
strengthened existing legislative measures by making major changes to
traffic laws, including the introduction of the points-based driver's li-
cense and the reform of the Penal Code. Measures to enforce com-
pliance were also strengthened (Novoa et al., 2011b). To achieve our
objective we use a robust econometric methodology based on dynamic
transfer function models for the advanced treatment of time series.

This article is structured in the following way: after the introduc-
tion, Section 2 includes a review of both the international and Spanish
literature on the topic. Next, the dataset and methodology are explained
in Section 3. Section 4 sets out the results, which are subsequently
discussed in Section 5. Section 6 addresses the main conclusions that
derive from the research. Finally, a list of references is provided.

2. Literature review

One of the most-widespread strategies to raise compliance with
traffic laws in developed countries is based on a combination of
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legislation (with differing degrees of severity) (see e.g., Castillo-
Manzano et al., 2011, 2015), police monitoring-controls (see Tay,
2005), and punitive correction (see e.g., Basili et al., 2015; Bjørnskau
and Elvik, 1992). Evidence indicates that these three road safety policy
tools should be inseparable (Wegman, 1992) as the existence of traffic
legislation does not per se ensure a reduction in risk behaviors (ETSC,
2011). Traffic laws should also be enforced by an effective traffic
monitoring and control system (Mäkinen et al., 2003).

Coercive road safety measures have traditionally been based on the
principles of the General Deterrence Theory (Bates et al., 2012) with the
aim of increasing individual-social education, perceptions and aware-
ness of the consequences of Unsafe Driving Actions (UDAs) (Allen et al.,
2017; Fleiter et al., 2013; Watling and Leal, 2012). According to the
General Deterrence Theory, individuals will be motivated to abstain
from rule breaking if they perceive any subsequent sanction or pun-
ishment to be severe, unavoidable, and immediate. Therefore, to ef-
fectively encourage compliance with the law, sanctions need to be
perceived by the public as unavoidable, severe, and swift (Homel, 1994,
2012). Nonetheless, it must be borne in mind that people's personalities
influence their moral acceptance of coercive policies, which might re-
duce the effectiveness of these road safety efforts (Guttman, 2015).

The literature has broadly addressed the relationship between the
application of law enforcement and compliance with road safety law
(Davey and Freeman, 2011). In practice, the most widely implemented
Traffic Law Enforcement (TLE) strategies to achieve deterrence and
compliance with laws include, inter alia, police surveillance (Tay,
2005) and the application of formal penalty mechanisms (e.g., fines and
jail sentences; see Blair and Knight, 2013; Goodwin et al., 2006). Sur-
veillance is frequently used for recurrent UDAs, such as speeding
(Castillo-Manzano et al., 2019; ETSC, 2016; Veisten et al., 2013) and
driving while under the influence of alcohol (DUI) (Blais et al., 2015;
Sanem et al., 2015).

There is a logical consensus that the key outcome used to evaluate
TLE effectiveness is deterrence. The police prevent road users from
committing violations by causing a fear of being detected and fined or
receiving some other form of punishment. For this they use two pro-
cesses which, despite being directed at different populations, are based
on similar mechanisms (see, for example, Fleiter et al., 2013 for a
broader analysis): specific deterrence (i.e., anyone detected breaking
the law and punished is deterred from reoffending) and general deter-
rence (i.e., people, in general, are deterred from committing a violation
without being detected). Compliance with the law through deterrence is
complemented (and, ideally, replaced in the long term) by voluntary
compliance based on moral adherence to the law, whether because the
law is considered to be morally justified or because it is considered to be
morally correct to comply with authority even when the law is con-
troversial (Goldenbeld et al., 2013).

The model underlying this process is synthesized in Fig. 1, which
shows all the corresponding phases, from legislation to the final ob-
jective of compliance, based on the deterrence mechanism introduced
by TLE.

As can be observed in Fig. 1 and following Sanem et al. (2015),
there are various elements, from legislation to compliance, that need to
be coordinated to successfully raise awareness and induce a perception
of being caught and sanctioned if laws are violated (Mäkinen et al.,
2003; SWOV, 2016).

Legislation is seen as the reference framework for traffic planning
and management and can influence users (basically drivers) in three
ways (ETSC, 2011):

First, the legislation enforced by means of police monitoring, sur-
veillance, and control activities (TLE) creates an objective risk (i.e., a
real likelihood of being caught caused by the level of surveillance ac-
tivities). This has an impact on drivers' perceptions of the possibility of
traffic violations being detected depending to the intensity of TLE (i.e.,
a subjective perception). Second, the application of complementary
support measures (e.g., publicity campaigns, see Castillo-Manzano

et al., 2012; or the existence of an efficient judicial-punitive system, see
Factor, 2014; Redelmeier et al., 2003) can increase or reduce the sub-
jective risk of detection and, to a great extent, determine the size of the
effect that deterrence has on behavior (Mehmood, 2010; Stanojevĭ;c
et al., 2013). Third, the effects of legislation can directly influence the
behavior of some road users due to their moral attitude toward the
legislation (Zaidel, 2002); essentially, they are aware of the need for
laws and some kind of vehicle code to exist, and so comply voluntarily
when they see other users abiding by the law (Zaal, 1994).

The legislation-TLE combination can have a significant effect on
compliance with traffic rules, although it is also clear that non-
compliance will probably continue to exist (see Zaidel, 2002). Legisla-
tion is the most evaluated intervention with the best outcomes, al-
though, as Bendak (2005) and Castillo-Manzano et al. (2011) found,
this positive effect seems to be limited in time. Two outcomes can be
analyzed to assess the impact of TLE when considering the enforcement
mechanism: change in road user behavior and attitudes (traffic viola-
tions) and effect on traffic accidents.

The impact of TLE on the number of traffic accidents has been in-
vestigated by different studies, although, as Stanojević et al. (2013)
state, there is mixed evidence as to its efficacy for reducing accidents.
Some of these studies (e.g., Hakkert et al., 2001; Makowsky and
Stratmann, 2011) found that TLE activities and/or fines had some po-
sitive effects on road accident reduction, while others (Fell et al., 2014;
Tarko, 2008) did not find any statistical significance for enforcement
measures. This difference in findings has led authors such as Elvik
(2001) to argue that all relevant costs and benefits should be taken into
account when evaluating TLE effectiveness.

Considering TLE effects on different traffic law violations, a very
recent exhaustive meta-analytic review by Theofilatos et al. (2017),
developed in the framework of the SafetyCube European Commission
supported Horizon 2020 project, addresses the effectiveness of TLE by
referring to the most studied research topics. For example, with respect
to speeding, a recent systematic literature review by Botteghi et al.
(2017) concludes a positive impact of speed control measures in gen-
eral, as they reduce accident frequency and the proportion of drivers
exceeding speed limits. In addition, several meta-analyses such as De
Ceunynck (2017) and Høye (2014) show that the presence of, or an
increase in, specific speed control measures such as section control and
fixed speed cameras leads to compliance with speed limit laws.

Regarding enforcement of restrictions on alcohol consumption
while driving, meta-analyses by Erke et al. (2009) and Macaluso et al.
(2017) evaluate the effectiveness of well-known control measures, such
as BAC (Blood Alcohol Content) limits laws, applied in combination
with enforcement measures, such as DUI checkpoints and random or
selective breath tests. Both found that there is a broad deterrence effect
on drivers who commit these kinds of offences that leads to a statisti-
cally significant reduction in fatal accidents in general and in alcohol-
related accidents in particular. Notwithstanding, other meta-analyses
such as Elvik et al. (2009) reported more limited results, with a non-
significant deterrence effect on young drivers and even an increase in
fatal accidents. Furthermore, the decrease in mean BAC observed by
Živković et al. (2013) for the case of Serbia was not statistically sig-
nificant. Theofilatos et al. (2017) believe that these discrepancies could
be explained by the difficulty of isolating the effect of alcohol-related
laws from time trends and other confounding variables, and the fact
that DUI control procedures may vary among countries (and, therefore,
among the analyzed studies).

With respect to enforcement to diminish seatbelt violations, the
systematic review by Alfonsi et al. (2017) observes that seatbelt legis-
lation and related enforcement activities are effective for improving the
behavior of road users, with a 21% increase in seatbelt usage during the
enforcement period and 15% subsequently. More specifically, Dinh-
Zarr et al. (2001) and Nichols et al. (2014), show that increasing the
number of police officers on patrol and increasing fine levels, respec-
tively, result in higher rates of seatbelt use.
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Regarding enforcement activities in relation to recurrent distrac-
tions such as, for example, cell phone use while driving, evidence to
date seems to show that implementing laws and increasing enforcement
have had no clear effect. The meta-analysis by Theofilatos (2017)
showed a mixed impact on drivers' intention toward cell phone use and
on observed cell phone use, as there are positive effects in absolute
numbers—but with no statistical evaluation—and nonsignificant and
even negative effects. This author therefore concludes that the topic
needs further investigation.

Notwithstanding, there would seem to be a degree of consensus that
legislation needs to be accompanied by adequate TLE and other com-
plementary measures if it is to be effective over time (Åberg, 1998;
Castillo-Manzano et al., 2011; ETSC, 2016) and prevent a perverse
compensatory behavior, namely the “Peltzman effect”1 (Benedettini and
Nicita, 2012; Peltzman, 1975).

The academic literature has also analyzed the three previously
mentioned cornerstones of road safety in the Spanish case: legislation,
TLE, and compliance with the law. With regard to legislation, a number
of different road safety laws have been passed in Spain in recent years
(Albalate et al., 2013; López-Ruiz et al., 2014), with the main measures
being the 2007 reform of the Penal Code to impose tougher penalties
for traffic violations (Castillo-Manzano et al., 2011; Novoa et al.,
2011a) and, especially, the highly scrutinized implementation of the
points-based driver's license in 2006 (Aparicio Izquierdo et al., 2011;
Castillo-Manzano et al., 2010; Novoa et al., 2010; Pulido et al., 2010).
However, as previously explained, the real effectiveness of legislative
measures to reduce traffic accidents is clearly influenced by the sub-
sequent degree of police control and surveillance, and individual
compliance.

With regard to behavior and detected violations, Ayuso et al. (2010)
studied reckless behavior and driver distraction in both administrative
and speeding-related traffic violations in Spain and analyzed their

influence on accident likelihood by crash severity. More specifically,
they found that combinations of traffic violations in a crash lead to
higher estimated average costs and are associated with a greater like-
lihood of a fatal accident occurrence compared to cases in which there
are no traffic violations. Consequently, penalizations imposed for traffic
violations do not necessarily address the total economic cost of acci-
dents.

Lastly, other studies such as Aparicio Izquierdo et al. (2013) and
Dadashova et al. (2016) have related several of the above-mentioned
cornerstones of road safety for the 1990–2004 and 2000–2011 periods,
respectively, analyzing some of the previously indicated relevant leg-
islative changes in combination with surveillance measures. In net
terms, Aparicio Izquierdo et al. (2013) find evidence for a significant
reduction in traffic accidents because effective police surveillance and
improvements to both vehicles and roads can counterbalance the in-
fluence of factors such as risk exposure, speed, and aging vehicle stock.
Dadashova et al. (2016) show that increased rates of driver behavior
surveillance (such as alcohol controls, speed checks, suspended driver
licenses) have generally led to improved road safety indicators and a
decrease in the number of fatal accidents.

The current paper addresses the impact of traffic regulation mea-
sures, TLE, and violations on traffic fatalities for the case study of Spain
during a more recent period and uses a methodological focus based on
dynamic transfer function models. In addition, a comprehensive bib-
liographical review has enabled our results to be corroborated by pre-
vious studies. The objective has been to conduct the fullest study pos-
sible and jointly test Legislation, TLE, and Compliance to obtain robust
coefficients for the measurement of the net effects of the fundamental
processes included in Fig. 1.

3. Data and methodology

The endogenous variable is the number of fatalities recorded
monthly during the 2005–2015 period on intercity roads in all Spanish
national territory excepting the Basque Country and Catalonia, as the
Civil Guard's traffic task force is responsible for TLE data in all regions
except these two.

Following Fig. 1, the explanatory or exogenous variables can be
classified into three groups: legislation, TLE, and compliance.

a) Road safety legislation-related variables during the period under

Fig. 1. Mechanisms for traffic law compliance through introduced by TLE. Source: Prepared by authors based on Mäkinen et al. (2003).

1 The effect frequently referred to as the “Peltzman effect” was first described
by the economist S. Peltzman in 1975 as a risk compensation-related phe-
nomenon that explains the unintended consequences of health care interven-
tions in general and road safety regulations in particular. The hypothesis is that
individuals react to safety laws by increasing other risky driving behaviors such
as, for example, a driver who wears his seatbelt but has a sense of security that
leads him/her to believe that speeding is not dangerous.
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study: the implementation of the points-based driver's license
(Aparicio Izquierdo et al., 2011; Castillo-Manzano et al., 2010;
Novoa et al., 2010) and Penal Code reform (Aparicio Izquierdo
et al., 2011; Castillo-Manzano et al., 2011).

b) TLE-related variables: speed controls (Aparicio Izquierdo et al.,
2013), breath tests (Dadashova et al., 2016), number of traffic police
deployed (Aparicio Izquierdo et al., 2013) and their productivity.

c) Variables for the degree of driver compliance with traffic laws. The
monitored violations for which noncompliance is analyzed in this
paper are alcohol- and speed-related as, according to the European
Commission (2008), estimates for 2004 attribute 30% of road deaths
in the EU to speed, both too low and too high, while 25% are at-
tributed to driving under the effects of alcohol. In addition, ac-
cording to Lardelli-Claret et al. (2003), speeding and alcohol con-
sumption before driving are the main driver-dependent risk factors
for causing a vehicle collision in Spain.

Two other exogenous variables have also been included to capture
the evolution of economic activity. These are, specifically, Fuel
Consumption (Dadashova et al., 2016), used as a proxy of the economic
cycle (also an indication of the country's level of motorization) and
Workdays (Castillo-Manzano et al., 2011), used to measure the ratio
between the number of workdays and weekend days per month.

Table 1 gives the full list of the variables considered, their defini-
tions and their descriptive statistics. All variables are monthly.

According to Lavrenz et al. (2018), little use has been made of time
series models in traffic safety research due to a combination of pro-
blems with data collection and researchers' and practitioners' limited
knowledge of appropriate methods. As a novelty, transfer function
models (Box et al., 2016; García-Ferrer et al., 2007; Castillo-Manzano
et al., 2010, 2011) have been used. Their use is still limited in this field,
as is demonstrated by the fact that they are not included in the thor-
ough survey conducted by Lavrenz et al. (2018). However, they have
been chosen due to the main advantages of dynamic transfer function
models over other methodologies, namely, they provide parametrically
efficient fully dynamic specifications of input-output relationships,
allow for autocorrelated noises, and enable automatic identification
procedures based on information criteria (see below; Young, 2011).

Transfer function models can actually be understood as fully dy-
namic extensions of linear regression models. The general formula for
dynamic transfer models can be written as (1), below:
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number of parameters to include only the parameters that cause a
significant improvement to the objective function.

The identification process yields the following model (2):
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The model can be said to only contain a seasonal difference. The
transfer functions with continuous variables are in reality linear re-
gression terms and the noise model is an MA(1) with monthly seasons.

The dummy variable effects in (2) require further explanation.
When xit is taken as a dummy variable with a value of 1 at time t and 0
elsewhere, the first order transfer functions affecting the dummy vari-
ables in (2) may behave in several ways, depending on the value of ai:

• Additive ( =a 0i ): Depending on the sign of bi, there is a sudden
positive or negative effect at time t .

• Transitory change ( < <a1 0i ): There is a sudden effect at time t
that tends gradually toward zero. The effect may be positive or
negative depending on the sign of bi.

• Permanent step ( =a 1i ): There is a sudden effect at time t that
subsequently remains at the new level. The effect may be positive or
negative depending on the sign of bi.

When the general specification for dummy variables was estimated
with the data, the introduction of the points license came out naturally
as a transitory effect, while changes in penal code resulted in a per-
manent step (see results section).

It is well known that there may potentially be multi-collinearity
problems with multiple input models like (2). Variance Inflation Factor
(VIF) is a widely used measure for testing for this problem (Gareth
et al., 2017) and provides an idea of how much the variance of a
coefficient is increased due to collinearity with the rest of inputs. These
values are functions of the coefficients of determination (R-squared)
calculated by estimating regressions for each of the input variables on
all the other input variables. Severe problems of collinearity are found
when VIF is above 10, while values above five indicate mild problems.

4. Results

The obtained results are given in Table 2. An interannual difference
was applied to all the variables to stabilize the time series mean. Log
transformation was also applied to the continuous exogenous and

endogenous variables, allowing the estimated coefficients to be directly
interpreted as elasticities, i.e., estimated coefficients can be interpreted
as the annual percentage variation of fatalities when the annual var-
iation of the corresponding exogenous variable is 1%. The correct in-
terpretation of the dummy variable coefficients is that a one-unit var-
iation implies an exp(coefficient)-1 percent percentage variation of the
endogenous variable.

Three models have been developed to analyze the transition from
legislation to compliance depending on each of the cornerstones of road
safety. The models are the result of a complex process to find useful
models with sensible interpretations that are at the same time correct
from a statistical point-of-view.

The first model examines whether surveillance and enforcement of
traffic violations, using either specific (radar speed controls and breath
tests) or generic (no. of Civil Guard officers deployed for TLE purposes)
measures, have any effect on reducing the number of traffic fatalities
bearing in mind the implemented legislative changes.

In addition to the legislation applied and the TLE activities in the
previous model (taking only the no. of officers deployed as an in-
dicator), the second model includes the influence of compliance with
traffic laws on alcohol and speed limits on the number of traffic fatal-
ities. Noncompliance is measured as the percentage of detected viola-
tions over all controls and tests.

Finally, the third model is a variant of the preceding model with TLE
measured by the productivity of the officers deployed.

The absence of residual autocorrelation, Gaussianity, and homo-
scedasticity of residuals in the diagnostic tests reported in Table 2
proves the models' correctness from the statistical point-of-view. One
final but important test in this context is for the absence of any relevant
collinearity problems among the input variables. Table 3 shows the VIF
coefficients of all the continuous inputs considered in this paper
(second column) and the specific VIF coefficients for each model re-
ported in Table 2.2 The second column (VIF Overall) shows collinearity
for all of the variables with the sole exception of fuel consumption (as
all VIF coefficients are above 10). However, these problems virtually
disappear in the three models considered, although Model 3 presents a
minor problem with one coefficient, which is approaching five. This is
due to these collinearity problems being explicitly considered in the
specification process.

Table 2
Results of transfer function estimations.

Independent Variables Model I
Legislation and TLE

Model II
Legislation, TLE and Compliance

Model III
Legislation, TLE Productivity and Compliance

Legislation Points license (numerator, bi) −0.166** (0.076) −0.199** (0.091) −0.189** (0.085)
Points license (denominator, ai) −0.802*** (0.129) −0.851*** (0.082) −0.854*** (0.073)
Penal Code reform ( =b a, 1i i ) −0.118** (0.043) −0.148*** (0.051) −0.205*** (0.054)

TLE No. police officers deployed −0.191** (0.090) −0.372*** (0.113)
Breath tests −0.066* (0.038)
Speed controls −0.201** (0.091)
Productivity of police officers −0.121* (0.066)

Compliance Alcohol violations (%) 0.161** (0.075) 0.128** (0.061)
Speeding violations (%) −0.087 (0.162) −0.042 (0.182)

Economic Activity Fuel 0.513*** (0.201) 0.699*** (0.255) 0.701*** (0.263)
Workdays −0.009*** (0.002) −0.006* (0.003) −0.009** (0.004)

MA(12) 0.473*** (0.094) 0.473*** (0.097) 0.414*** (0.101)
Constant −0.089*** (0.018) −0.089*** (0.019) −0.075*** (0.016)
Q(4) 5.081 5.392 2.611
Q(12) 7.716 9.054 10.092
Q(24) 25.091 30.443 26.759
Jarque-Bera 3.135 (0.208) 3.682 (0.158) 2.915 (0.233)
KSL 0.069 (0.226) 0.057 (0.432) 0.061 (0.366)
H 0.702 (0.203) 0.725 (0.385) 0.704 (0.378)

Note: One, two, and three asterisks indicate parameter significance at 10%, 5%, and 1%, respectively.

2 Dummy variables are not tested for collinearity as there is no point in cal-
culating VIF coefficients for dummies.
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5. Discussion

The following can be deduced from the results in Table 2:
First, changes to legislation play an important role in road safety in

all three models. In other words, the implementation of the previously
mentioned road safety legal reforms (introduction of the points-based
driver's license in 2006 and reform of the Penal Code in 2007) have had
positive and statistically significant effects on fatalities on intercity
roads. Other studies in the same line, conducted on both the interna-
tional scale (Dionne et al., 2011; Zambon et al., 2007) and for the
specific case of Spain (see Aparicio Izquierdo et al., 2011; Dadashova
et al., 2016; Novoa et al., 2010) agree on the positive effects of the
implementation of the points-based driver's license. The changes to the
Penal Code can also be seen to have had a favorable and significant
impact, thus corroborating the prior literature (Aparicio Izquierdo
et al., 2011; Castillo-Manzano et al., 2011). Notwithstanding, in the
case of the points-based driver's license our results show that the effects
of the reform were not permanent but only lasted for a limited amount
of time, disappearing completely after either 17 months (according to
Model I) or 22 months (according to Models II and III). Other authors
found similar evidence for this, including Castillo-Manzano et al.
(2010) for Spain, and Castillo-Manzano and Castro-Nuño (2012) and
Farchi et al. (2007), among others, on the international scale.

Second, with respect to TLE, all the enforcement instruments,
whether specific, such as speed controls and breath tests, or general,
measured by the number of police officers deployed, were significantly
associated with reductions in road fatalities (Models I and II). This
would suggest that there is a deterrence effect.

As can be seen in Model I, the significance of the speed controls
variable indicates that these are a TLE measure that improves road
safety. The values of the coefficients in Table 2 (interpreted as elasti-
cities) also seem to suggest that the number of vehicles checked is more
strongly related to a reduction in fatalities than the number of breath
tests (as Dadashova et al., 2016 also indicate for Spain) and that it has
almost the same effect as the number of police officers deployed.
However, other studies find the opposite: that breath tests are more
effective than speed controls (Tay, 2005).

Moreover, it should be highlighted that the number of police officers
deployed results in a greater reduction in the number of road deaths
than the number of checks and controls conducted by these police of-
ficers (see models II and III). This is an indication of the greater im-
portance that police officers themselves have than the specific controls
that each of these can perform. This clearly confirms the deterrence
effect that Civil Guard officers have, as stated in the prior literature in
reference to the effectiveness of visible enforcement by police officers
(Redelmeier et al., 2003; Tay, 2005). Furthermore, the fact that the
reform of the Penal Code has a more enduring effect than the points-
based driver's license (see above) also shows that legislation to increase
sanctions reinforces TLE without the need to deploy any extra re-
sources, as there is a sum of the two effects.

Our finding that productivity is associated with a reduction in
fatalities provides a strong argument for productivity being further
pursued and developed, and made a high priority policy option in new
national road safety programs. However, the variable's lesser

significance (at 10%) in Model III, compared to No. Police Officers
Deployed in Models I (5%) and II (1%) demonstrates that the human
factor is irreplaceable. In other words, the goal has to be the maximum
productivity of the human resources deployed but, once this has been
achieved, the number of officers cannot be reduced, as this would un-
dermine said greater productivity.

Third, the compliance variables (Models II and III) show that non-
compliance with laws on alcohol limits increases the number of traffic
fatalities (while speeding violations do not have any effect on road
safety). This clearly justifies both campaigns to prevent violations of
this type and the associated fines, despite the recurring debate about
whether raising money is the primary consideration when levying fines
(see Tay, 2010). This idea may be supported by earlier findings by
Castillo-Manzano et al. (2017) that point to high socio-cultural alcohol
tolerance in European countries such as Spain in conjunction with the
traditional higher drinking patterns.

Noncompliance with speed limits has no statistically significant ef-
fect on road traffic accidents (Models II and III), contrary to what is
stated for the Spanish case in Aparicio Izquierdo et al. (2013). With
respect to the number of traffic fatalities, our result contrasts with the
above-commented efficacy of speed limits, which probably reflects the
fact that just conducting speed checks is effective, without any need to
take into account the number of positive detections.

Lastly, in all three models, economic activity and greater numbers of
vehicles on the road measured by fuel consumption increase the
number of traffic fatalities. This result is widely confirmed by the prior
literature (Ahmad and Greene, 2005; Grabowski and Morrisey, 2006),
which demonstrates the coherence of the methodology used. An in-
crease in fatalities is also generally observed on weekends. In other
words, the effect of workdays is negative for fatalities, which would
indicate that there are greater numbers of traffic accidents on weekends
due to UDAs (see Kanaan et al., 2009). This can undoubtedly be at-
tributed to certain risk groups, such as young drivers, making a greater
use of cars for their trips and journeys on nonworkdays.

6. Conclusions

This paper analyzes the different effects that the widest set of
variables studied to date has on road safety in Spain. The three di-
mensions examined are the impact of legislation, Traffic Law
Enforcement, and lastly, compliance with road safety laws. First, a
broad review was conducted of analyses of these three dimensions in
the prior literature. This justifies the complementary nature of the three
dimensions (see Mäkinen et al., 2003) and, therefore, the need for them
to be studied jointly in order to obtain the best possible net impacts of
their cross effects.

Three full econometric advanced time series models have been used
to test these three strategies for a broad period that takes in both the
economic crisis that began in Spain toward the end of 2007 and sig-
nificantly affected TLE funding and the beginning of the subsequent
recovery. In short, a period of abrupt economic changes which, ac-
cording to our results (see results for the Fuel variable in Table 2), had a
significant effect on road safety.

In all three models, the two road safety legal reforms implemented

Table 3
VIF coefficients.

Variables VIF Overall VIF Model 1 VIF Model 2 VIF Model 3

No. of police officers 13.957 1.171 1.354
Breath tests 11.022 1.305
Speed controls 68.508 2.488
Police officer productivity 105.153 4.934
Alcohol violations (%) 14.453 1.208 1.714
Speeding violations (%) 35.947 2.518 4.266
Fuel 2.823 2.291 2.481 2.165
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during the period under study, the points-based driver's license and the
toughening of the Penal Code were all significantly related to a re-
duction in fatalities on intercity roads, which suggests that safer road
behavior may have been achieved through deterrence. However,
whereas the effects of the first change to the law were observed to be
transitory and to last under two years, the effects of the second, the
reform of the Penal Code, persisted over time.

Surveillance of violations, through breath tests and speed detection
radars, and the number of police officers deployed, have a deterrence
effect and reduce road traffic fatalities. In addition, in line with other
studies that have highlighted the effectiveness of speed enforcement for
improving road safety (Botteghi et al., 2017; De Waard and Rooijers,
1994; Soole et al., 2013), our results show that speed controls by radar
appear to be the most effective of all the different types of surveillance
methods for road fatalities. This is good news for countries with tight
budgets—as was the case in Spain during the analyzed period—given
their lower per-unit cost compared to breath tests.

However, the statistical significance of the coefficient that measures
the influence of speed controls by radar contrasts with the lack of sig-
nificance of the coefficient associated with noncompliance with speed
limits. This, perhaps, reflects the fact that the mere existence of radars
might the desired effect, irrespective of the number of violations de-
tected. This would also provide an empirical basis for initiating a dis-
cussion in Spain about, for example, a prudent relaxation of maximum
speed limits from 120 to 130 km per hour (approx. 75 to 80 mph) on
certain more advanced sections of highways and freeways when traffic
and weather conditions allow (through the implementation of Variable
or Dynamic Speed Limits). This is actively being called for by some
sectors (according to RACE, The Royal Automobile Club of Spain, 80%
of drivers would support a measure of this type: https://www.race.es/
notas-de-prensa/el-80-de-los-conductores-espanoles-estan-a-favor-de-
subir-los-limites-de-velocidad). In this context, the results of our paper
would also indicate that raising the speed limits should be accompanied
by the installing of radars to monitor speed along any such sections.

On the other hand, noncompliance with traffic laws governing al-
cohol consumption seems to increase the number of traffic fatalities.
This should come as no surprise in a country like Spain, where there is a
greater social tolerance of alcohol consumption (see Castillo-Manzano
et al., 2017, 2018). However, other cases should also be considered,
such as some Scandinavian countries where drunk-driving is also as-
sociated with a large share of road fatalities but there is a lower tol-
erance of drinking and driving (see e.g., Gustafsson and Forsman, 2013
for Sweden, and Legrand et al., 2014 for Finland). Therefore, compared
to speed violations, where the effort can be put into strengthening de-
terrence measures, the strategy for reducing violations for exceeding
the alcohol limit must be more substantial and complex. In this regard,
the solution might be to put the stress on prevention (with, e.g., edu-
cational publicity campaigns targeted at specific risk groups such as
novice drivers), and reinforcing control policies and surveillance ac-
tivities.

Lastly, our results underscore the irreplaceable role of human re-
sources in reducing the number of traffic fatalities. Human resources
are an indispensable component that enables the implemented strate-
gies to achieve their full effectiveness through legislation. In addition,
the value (and significance) of the coefficient for police officers over
that for their productivity, measured by numbers of reported violations,
highlight the work done by law enforcement, not only with respect to
punishment but also deterrence and raising intercity road users'
awareness by their mere presence.

To summarize, all these conclusions jointly demonstrate that, if the
aim is to optimize road safety results, there must be a joined-up ap-
proach based on these three dimensions: Traffic Legislation + Traffic
Law Enforcement + Compliance. Therefore, it is essential for invest-
ments to be made in these strategies to combat road accidents. Hill et al.
(2017), Wagenaar et al. (2005) and Aparicio Izquierdo et al. (2013) all
arrived at the same conclusion and, in the case of the last of these

studies, specifically for the number of police officers deployed and
breath test variables for the Spanish case, although for a period prior to
the legislative reforms considered in the present study. Furthermore, as
stated, the present study takes in the years of severe economic crisis
that affected the Spanish economy from the end of 2007 on, when these
instruments were subjected to cutbacks, which, as the statistics for re-
cent years would seem to suggest, may have exacerbated the accident
rate (Castro-Nuño et al., 2018; DGT, 2018).
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