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Abstract

Effective road safety legislation plays a fundamental role in reducing road collisions and in reducing the
number of road deaths. The Italian experience, from the adoption of the “New Traffic Code” in 1992 to the
very recent reform adopted by Law 177/2024 through historical data analysis confirms this fundamental
role. The Traffic Code must be considered as a “living legislation”, to be constantly update and able to
allow the improvement of effective and efficient road rules. However, the positive effect of regulatory
changes tends to constantly decrease because of the time factor and requires constant substantial updating
action. Traffic Law Enforcement (TLE) on the road by the Road Police Forces is also necessary through
constant and targeted activity. The analysis of the first-year results of the application of Law 177/2024
demonstrates a substantial positive effectiveness and an optimal forecast.
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1. Introduction

In Italy the current Traffic Code (“Nuovo Codice della Strada”) was approved with
Legislative Decree 285 of 30 April 1992, and came into force on 1% January 1993. During
over 30 years, numerous amendments and additions have followed, through a constant
evolution of the regulations and their adaptation to changing times.
The latest intervention in chronological order is Law 177 of 25 November 2024,
"Revision of the Traffic Code", concerning "Interventions in the field of road safety and
delegation to the Government for the revision of the Traffic Code, pursuant to Legislative
Decree 285 of 30 April 1992".
The regulatory change has provided for several new features including the following:
a) zero tolerance for driving under the influence of alcohol and/or drugs (DUI), with
longer suspensions of the license and the mandatory installation of a device to detect
the blood alcohol level and subsequent engine block (alcolock) on vehicles driven by
people sentenced for DUI,

b) specific limitations for new drivers in the first three years;
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c) more onerous sanctions and "short withdrawal™ of the driving license for using a
mobile phone while driving;

d) the possibility of "short withdrawal™ of the driving license for particular violations and
in other particular circumstances;

e) new rules for contesting speed limit violations with speed camera devices;

f) greater regulation for electric scooters in the context of micro-mobility;

g) greater protection for cyclists.

Some specific aspects will have to be further defined by ministerial implementing
decrees.

Within this development context of the legislation, the present study has the preliminary
objective to analyse the effectiveness and impact, also in terms of foreseeable duration,
of the change in legislation related to the reduction in the number of deaths caused by
road collisions.

The period examined by the study starts from 1% January 1993 and the data are analysed
empirically through a methodology based on dynamic functions in compliance with the
individual consequences of the regulatory change(s) detected in each year.

The article is structured as per Figure 1.

Figure 1. Article structure
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2. Chronological analysis of the regulatory changes applied to the Traffic Code
over the years

Over the years in Italy the rules of the Traffic Code, but more generally the regulations
on road safety, have been the subject of repeated modifications and changes.

With Law 85 of 22 March 2001, the Italian Government was delegated to issue a
Legislative Decree to integrate, coordinate and harmonize the Traffic Code and all the
rules introduced in previous years.

On 30 June 2002, Legislative Decree 9, dated 15 January, came into force, modifying
the Traffic Code by intervening:

a) on the speed limit on motorways and highways (art. 142);
b) on the regulation of the driving licence, providing for a points-based licence, with the
attribution of 20 points, scalable depending on the infringements (art. 126-bis);
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c) on the criteria for the circulation and registration of mopeds, which were made more
rigid (art. 97).

Furthermore,

d) adriving certificate was introduced for fourteen-year-olds who drive mopeds (art. 116)
and

e) new rules on the control activity by Police Officers contrasting driving under the
influence of alcohol and/or drugs (arts. 186 and 187).

The driving licence points system effectively entered into force only on 1% July 2003
(due to the provisions of Decree 236 of 25 October 2002, and under Law 284 of 27
December 2002).

The revision process received a further boost from Legislative Decree 151 of 27 June
2003, which introduced changes and modifications especially in matters of prevention
and safety of road traffic.

The legislator intervened in particular to:

a) modify traffic regulations in residential areas;

b) replace the table for deducting points from driving licences;

c) introduce sanctioning rules in matters of unauthorized motor competitions;

d) support the road police with other police forces to carry out road safety services;
e) increase sanctions and penalties for violating certain rules of conduct;

f) modify the rules on administrative offences;

g) introduce new rules on DUI.

Further changes were made by Legislative Decree 3 August 2007, nr. 117, in order to
increase road safety levels and administrative fines.

The most significant amendments were:

a) the introduction of obligations and prohibitions in relation to the sale and serving of
alcoholic and spirit drinks, to combat DUI;
b) the biennial update of administrative fines.

After a few months, the so-called “Pacchetto Sicurezza” (Legislative Decree 92 of 23
May 2008and Law 94 of 15 July 2009) added specific sanctions for the following:

a) the provision of new bans related to the use of psychotropic and/or narcotic
substances;

b) impediment of issuing of driving licenses to those who do not have the necessary
moral requirements;

c) the provision of new cases of administrative confiscation of the vehicle;

d) the increase in sanctions to combat and prevent night-time collisions:

e) the increase in sanctions in case of DUI,

f) the provision of new methods for the suspension, withdrawal and revocation of a
driving licence.

A little more than a year after the issuance of these provisions, the legislator again dealt
with traffic rules, especially having regard to safety, with Law 120 of 29 July 2010,
consisting of 61 articles, which was defined as the “new reform of the Traffic Code”.

The extensive provision was divided into 4 chapters which reported, respectively:

a) amendments to the Traffic Code (chapter I);

b) other general provisions on road safety (chapter Il);

c) new social rules and administrative simplification provisions (chapter I11);
d) provisions on the correct assessment of violations (chapter 1V).

The implementation of EU Directive 2006/126/EC on driving licenses, subsequently
amended by EU Directive 2009/113/EC, made it necessary to issue Legislative Decree
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59 of 18 April 2011, amended by the Legislative Decree of 12 February 2013
“Modifications to the Traffic Code”, also issued to implement Directive 2011/94/EU.

The new decree intervened on the provisions of the Traffic Code concerning the

following:

a) the classification of vehicles;

b) the requirements for driving and those for leading animals;

c) the discipline for driving license tests;

d) the rules of validity, duration and revision of driving licenses, and circulation with
driving licenses issued by foreign Countries;

e) the conversion of driving licenses issued by European Union Countries;

f) vehicle registration documents;

g) the regime of suspension and revocation of driving licenses and certificates of fitness
to drive.

Another modification and implementation of the Traffic Code was made by the Law
115 of 29 July 2015,, introducing the amendments imposed by “European Law 2014
(15G00129), modifying articles 115, 116, 118 bis and 170, on driving licence discipline
and transport of people and goods.

Subsequently, Law 41 of 23 march 2016 introduced into the criminal code the crime of
“road homicide” (art. 589-bis, criminal code), an absolute novelty in the Italian legal and
justice system, while contemplates aggravating circumstances where the act was
committed while drunk or under the influence of narcotics or psychotropic substances or
in the event that the driver did not provide assistance to anyone injured.

Severe penalties were also established for “personal injuries caused while driving a
vehicle” (art. 590-bis, criminal code) and with the same aggravating circumstances as
those provided for in the case of “road homicide”.

There was also action on the rationalization of the processes for managing circulation
and ownership data (of motor vehicles, motorcycles and trailers), to allow the issuing of
a single document that would consolidate them with Legislative Decree 29 May 2017, nr.
98.

A new amendment was provided by the testing of Smart Roads, connected and
sustainable mobility and automatic driving solutions, regulated by a Ministerial Decree
based on the Law 11 January 2018, nr. 2, and on the Law 145 of 30 December 2018art.
1, para. 102. A more detailed regulation was subsequently introduced for electric scooters
with art. 1, paragraphs 75 to 75-septies, of Law 160 of 27 December 2019.

Finally, welcoming the requests from the Municipalities, the legislator used Legislative
Decree 76 of 16 July 2020 (so-called “Simplification Decree”) to dictate several
provisions to amend road regulations, in the broader framework of measures aimed at
simplifying procedures and digital innovation.

The result was a mini-reform whose contents had an impact on various areas of road
traffic, with new rules also on cycling, prevention and detection of violations, vehicle
registration, and renewal of driving licenses.

Furthermore, procedural simplification measures were introduced on the safety of road
infrastructure by the Law Decree 121 of 10 September 2021, “urgent provisions on
investments and safety of infrastructure, transport and traffic” converted into Law 156
of 9 November 2021, and by the Law Decree 68 of 16 June 2022, on “urgent provisions
for the safety and development of infrastructure, transport and sustainable mobility, as
well as for major events and for the functionality of the Ministry of Infrastructure and
Sustainable Mobility”, converted into Law 108 of 5 August 2022.
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3. Explanation of the methodology and reference dataset

The present study intends to use a methodology based on a dynamic transfer function
model, capable of analysing the impact of legislative changes on road safety implemented
in Italy during the period 1993-2024, in terms of incidence on the overall number of
victims.

The modelling strategy adopted in this study should not be interpreted as a purely
deterministic or mechanistic representation of road safety dynamics. Rather, it constitutes
a structural approximation framework aimed at isolating the aggregate and time-
dependent effects of legislative interventions within a complex socio-technical system.
The model does not claim strong causality, but relies on plausible causal inference,
consistent with established approaches in road safety research and regulatory impact
assessment, and the model is designed to capture these interactions at macro-analytical
level.

Historically, econometric models are able to demonstrate or refute whether reforms of
road safety legislation can have positive impacts, and with what average duration, with
or without the enforcement action guaranteed by the work of the road police forces.

However, it is necessary to apply a uniform set of monitoring tools to assess their
compliance and effectiveness. The analysis is based on the possible impact that legislative
reforms have on the behaviour of road users and, consequently, on the possible decrease
of the overall number of road deaths.

Starting from the assumption (Jazayeri, 2021; Cestra, 2020) that 92% of road deaths
are caused by drivers' failure to comply with the rules and that over 70% of these are
attributable to distraction, while the remaining deaths are caused by speeding and DUI,
the study aims to confirm or gainsay the usefulness of the legislation changes, also
evaluating their effects on duration.

To this end, moreover, in point 2 of the research the objects of the regulatory changes
were highlighted, with particular regard to the introduction of the point-based driving
license, the increase in penalties for speeding, the provisions relating to DUI and the
introduction of the specific crimes of road homicide and road injuries, with a
simultaneous modification of the criminal code.

In this context, reference was made to the theory of general deterrence, as recognized
by many scholars, which relates the effect of legislative changes on drivers, the
effectiveness of police controls and the resulting sanctioning actions with perceived
effectiveness of punishment (Hassan et al., 2024; Ehsani, 2023; Ochenasek, 2022).

This framework is coherent with the Safe System Approach, with general and specific
deterrence theories, and with regulatory impact assessment models commonly applied in
safety economics. Within this perspective, the road traffic system is explicitly treated as
a complex adaptive system, in which users’ behaviour, enforcement capacity and legal
norms interact in a non-linear and dynamic manner.

A quick review of the literature, however, highlights that legislation is seen as the
framework for road safety planning and management and can influence users (mainly
drivers)

The effects of legislation can directly influence the behaviour of some road users due
to their moral attitude towards legislation (Fisa et al., 2022; Notrica et al., 2020).

The impact of legislation on the number of road collisions has been examined by several
studies, although, as Stanojevi¢ et al. (2013) state, there is conflicting evidence on its
effectiveness in reducing collisions (Perez et al., 2025).
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Moreover, over the years further studies (e.g. Dyreborg et al., 2022), moreover, have
found that legislative changes have had some positive effects on reducing road collisions,
while others (Castillo-Manzano et al., 2019; Fell et al., 2014) have not found any
statistical significance for the implementation of new measures.

A further comprehensive meta-analytic review study by Theofilatos et al. (2017),
addresses the effectiveness of Traffic Law Enforcement by referring to the most studied
research topics (Castillo-Manzano et al., 2024).

Regarding the main causes of fatal collisions, again, specific studies have been
conducted over the last decade and can be attributed, in general, to the following
conclusions:

a) Speeding. A recent systematic review of the literature by Botteghi et al. (2017)
concludes that speed enforcement measures have a positive impact overall, as they
reduce the frequency of crashes and the percentage of drivers exceeding the speed limit
(Fondzenyuy et al., 2024).

b) DUI. Meta-analyses by Hosseinichimeh et al. (2022) and Macaluso et al. (2017)
evaluating the effectiveness of well-known enforcement measures, such as blood
alcohol content (BAC) laws, applied in combination with enforcement measures, The
meta-analyses conducted by Hosseinichimeh et al. (2022) and Macaluso et al. (2017)
show that blood alcohol content (BAC) laws, when combined with systematic
enforcement, exert a strong deterrent effect. Their findings indicate a statistically
significant reduction in both fatal injuries and alcohol-related crashes.

c) Misuse of seatbelts and CRS (Child Restraint System). A systematic review by Alfonsi
et al. (2017) finds that seat belt legislation and related enforcement activities are
effective in improving road user behaviour, with a 21% increase in seat belt use during
the enforcement period and a 15% increase thereafter. Similar results are provided in
other studies (Farooq, Ahmed et Saeed, 2021)

d) Distraction. Regarding control activities in relation to recurrent distractions such as
mobile phone use while driving, the evidence so far seems to show that law
enforcement and increased control have had no clear effects. Theofilatos' (2017) meta-
analysis showed a mixed impact on drivers' reaction times (Aberg, 1998; Castillo-
Manzano et al., 2011; ETSC, 2016) and prevention of perverse compensatory
behaviour, (Bassani et al., 2023; Kandeel et al., 2021).

The legislative changes made to the Italian Traffic Code over the years have been able
to cover all the areas of intervention indicated above and appear, to date, all-
encompassing.

They are analysed with a numerical indicator for each year, from 1993 to 2023.

Year 1993 is related to the entry in force of Legislative Decree 30 April 1992, no. 285
“New Traffic Code" and year 2024 is related to the adoption of Law 177 of 25 November
2024 "Revision of the Traffic Code", concerning "Interventions in the field of road safety
and delegation to the Government for the revision of the Traffic Code, pursuant to
Legislative Decree 285 of 30 April 1992".

During the analysed period a total of 181 legislation variations (Mi) occurred as will
now be indicated (Table 1 and Figure 2)
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Table 1. Regulatory interventions during the period 1993-2024

Year Legislation Year Legislation
changes changes

1993 6 2004 5 2015 4
1994 3 2005 8 2016 3
1995 7 2006 9 2017 9
1996 4 2007 5 2018 10
1997 4 2008 11 2019 4
1998 3 2009 3 2020 8
1999 2 2010 4 2021 8
2000 4 2011 7 2022 7
2001 4 2012 10 2023 3
2002 8 2013 4 2024 2
2003 7 2014 5

Source: Protospataro, G., Mazziotta F., Serino, R., Biagetti, E, Goffredo, F. et Franco G. (2025)

Figure 2. Changes in legislation during the period 1993-2024
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In adopting the evaluation formula, the exogenous variable constituted by the
regulatory interventions for each year Mi(t) is taken into consideration, with annual
numbering from Mio to Mi31, and the total indicated as Mi=181

The research, therefore, is based on a series of data with an endogenous variable,

attributable to the total number of deaths on Italian roads per year as recorded by ISTAT
(Italian Institute of Statistics) in the period 1993-2023, indicated by I(t) (Table 2 and

Figure 3).
Table 2. Total number of deceased people 1993-2024
Year Deceased Year Deceased Year Deceased
people people people
1993 6.645 2004 6.122 2015 3.428
1994 6.578 2005 5.818 2016 3.283
1995 6.512 2006 5.669 2017 3.378
1996 6.193 2007 5.131 2018 3.334
1997 6.226 2008 4,725 2019 3.173
1998 5.857 2009 4.237 2020 2.390*
1999 6.688 2010 4.114 2021 2.875**
2000 7.061 2011 3.860 2022 3.159
2001 7.096 2012 3.753 2023 3.094
2002 6.980 2013 3.401 2024 3.030
2003 6.536 2014 3.381 *and ** Covid 19 pandemic period

Source: ETSC 19" Annual Road Safety Performance Index (PIN Report) June 24, 2025
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Figure 3. Trend of fatalities in the years 1993-2024
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The total number of fatalities because of road collisions in the year 1993 is indicated in
the formula as lo and so on for each year until 2024, indicated with | 33

I(t) (s-e) is the decrease of the total number of fatalities during the entire period 1993-
2024, indicated as positive if decreasing or as negative if increasing (Figure 4). The
weighting was obtained empirically through the sum of the differences for each year
referred to the immediately following one.

Figure 4. I(t) (s-e) value
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Legislative change influences road safety outcomes through the interaction of three
interconnected mechanisms: normative deterrence, enforcement capacity and behavioural
adaptation. Deterrence operates through the perceived certainty, severity and timeliness
of sanctions, while enforcement capacity acts as a multiplicative factor amplifying or
weakening the regulatory signal. Behavioural adaptation mediates these effects over time,
contributing to the progressive attenuation of the initial regulatory impact as road users
adjust their behaviour to perceived enforcement levels and risk.

4. Analysis and explanation of results and evidences

Using the historical series of data, it is possible to formulate a working hypothesis on
the basis of which a correlation is highlighted between the regulatory interventions carried
out on the Italian Traffic Code in the years between 1993 and 2024, and the overall
number of deaths caused by road collisions.
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To model the decline in road collisions as a function of regulatory changes over time, we
can use a dynamic equation that takes into account several factors:

I(f) =Iy-e® Jo N(r)dr

where 1(t) is the number of road collisions at time t;

lo is the number of collisions at the initial time t=0; « is a sensitivity coefficient that
measures the impact of regulations on collision reduction; and N(z) represents the

f(]{ N(7)dr

effectiveness of regulations introduced over time (it can be a function of the number,
severity and application of the regulations) represents the cumulative effect of regulations
over time.

m

N(t) = Z B; M;(t)

We can model N(t) as a weighted sum of different regulations:

Mi(t) is a regulatory change introduced at a certain time (e.g. new speed laws, seat belts,
and fines).

B is the weight of the effectiveness of regulation i.

The weighting parameters (B;) associated with individual legislative measures are
assumed to be homogeneous by design. This conservative assumption reflects the
cumulative and interdependent nature of regulatory reforms and prevents attribution bias
to individual provisions that are implemented concurrently or synergistically

m is the number of regulations introduced up to t.

If no new regulations are introduced (N(t)=0), the number of collisions remains
constant.

If effective regulations are introduced (N(t)>0), the number of collisions decreases
exponentially over time.

The cumulative effect means that persistent and well-enforced regulations will have a
greater impact in the long run.

This formula can be further refined by including factors such as technological
improvement, public awareness and enforcement.

The parameters adopted in the model are not intended to capture micro-level
behavioural elasticities or individual decision-making processes. Rather, they represent
aggregate system-level effects calibrated on a long historical time series (1993-2024),
consistent with macro-analytical approaches commonly used in road safety policy
evaluation. This choice reflects the objective of ensuring internal coherence, longitudinal
stability and replicability of the results, while avoiding over-parameterisation and
attribution bias in a context characterised by cumulative and interdependent regulatory
interventions.

Within this perspective, the road traffic system is explicitly treated as a complex
adaptive system, in which users’ behaviour, enforcement practices and legal norms
interact in a non-linear and dynamic manner. Regulatory interventions do not operate in
isolation, but produce effects that emerge from their interaction with enforcement
intensity and behavioural responses, rather than from linear or monocausal mechanisms

The validation of the indicators adopted in this study follows a multi-layered approach
aimed at ensuring methodological robustness while acknowledging the intrinsic
constraints of macro-level road safety analysis. Internal validation is ensured through
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statistical coherence checks, stability of correlations across different temporal windows
and convergence between independent indicators describing regulatory intensity and
fatality trends. These elements collectively support the internal reliability of the
indicators.

External validation is addressed through consistency with consolidated European and
international evidence on the effects of legislative change, enforcement and deterrence
mechanisms. The observed patterns, including the time-dependent decay of regulatory
effectiveness, align with findings reported in systematic reviews, meta-analyses and
policy evaluations conducted in comparable regulatory contexts. The validation strategy
does not seek strict causal identification, but rather confirms the reliability and
interpretability of the indicators as policy-relevant measures within a complex adaptive
system.

To model the loss of effectiveness of regulatory interventions in the decline of road
collisions over time, we can use a function that takes into account the decreasing effect
of regulations:

I(t)=I-e“ Jy N(r)e X Tdr
I(t): number of road collisions at time t.
lo: initial number of collisions before the regulations.

a: coefficient of sensitivity to the effect of the regulations. The sensitivity parameter (o)
represents an aggregate system-level responsiveness of fatality trends to regulatory
interventions. It is calibrated empirically on the historical series (1993-2024) and does
not aim to capture individual behavioural elasticity. This choice avoids over-
parameterisation and ensures longitudinal stability and replicability.

N(7): effectiveness of the regulation introduced at time 7.

A: rate of decay of the effectiveness of the regulation over time (the greater A, the more
rapidly it loses effectiveness).

The decay coefficient (A) models the progressive reduction of regulatory effectiveness
over time due to behavioural adaptation, enforcement fatigue and reduced novelty effects.
Rather than being imposed arbitrarily, A is estimated through scenario-based calibration
grounded in the literature on deterrence erosion. The adopted range (0.277-0.460) reflects
best- and worst-case scenarios observed in comparable enforcement and legislative
contexts.

—Alt—r - ; ;
e ) - describing the decay of the effect of the regulation over time

Recent norms have more impact. If a norm was introduced recently (t=t), the factor
e—A(t—7) is close to 1, so its effect is maximum.
Old norms lose effectiveness. If a norm was introduced a long time ago (t<«t), then
e—A(t—) is close to 0, reducing its contribution.

Dependence on the decay rate A: if A is low, the effectiveness of the norms persists for
a long time; if A is large, the norms lose effectiveness quickly.

To create a formula that describes the reduction of road collisions over time, we can
adopt the following:
l0=6645 (fatalities year 1993)

133=3030 (fatalities year 2024)

T 0 years (from 0 to 33)

N=181 (number of regulatory interventions from 1993 to 2024) assume an exponential or
linear degrowth model.

10
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N
£

6645 — 3030
I(t) = 6645 — (”7)

181

Where each intervention reduces collisions by approximately
6645 — 3030
181

and the interventions are made consistently every year (N=kt), we can rewrite:
(t)=6645—19.97kt, where k represents the average number of regulatory
interventions per year:

181
k= — ~ 5.48

e

~ 19.97

so, the final formula becomes:
I(t) = 6645 — 19.97 x 5.48 x ¢t

I(t) = 6645 — 109.44

The formula defines the positivity of the effect of the regulatory changes, establishing a
hypothetical linear decrease in the number of deaths due to road collisions of 19.9 for
each single regulatory intervention.
The resulting formula
ORI (GICED)

B Mi(t)
makes it possible to evaluate the effectiveness of the set of regulatory interventions
carried out in Italy taking into account the results obtained by applying the endogenous
and exogenous variables with final determination of V in absolute positive or negative
terms as per 0 (no effect) or >0 (positive effect) or <0 (negative effect).

The data used for the analysis have a standard error of statistical uncertainty = 0.175
and can be considered valid and evaluable.

Furthermore, in the presence of an SD = 2.08 with standard correlation = 0.167 and a
contingency with Cramer's V = 1 and a variables contingency coefficient = 0.984, the
evaluation can be considered effective.

Pearson's r I[(t)(s — e)] correlation matrix I(t)/ Mi(t) = -0.167 which confirms the
hypothesis of inverse correspondence and consolidates it.

However, the latter loses significant effectiveness, year by year, in the face of variable
t>1 and Pearson's r * t = 0.460 with absolute correlation matrix r = 0.007

The correlation ratio time/regulatory interventions/reduction in the overall number of
deaths is confirmed to be effective but is shown to decrease related to the increase in the
time factor. (Figure 5)

Importantly, the validation strategy adopted does not seek to demonstrate strict causal
identification, but rather to establish the reliability and interpretability of the indicators as
policy-relevant measures. The indicators are thus validated in terms of their capacity to
capture structurally meaningful relationships within a complex adaptive system, rather
than to isolate single-factor causal effects.

11



European Transport \ Trasporti Europei (2026) Issue 107, Paper n° 5, ISSN 1825-3997

Figure 5. Changes in legislation rate
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For legislative interventions during the period 1993-2024, the resulting value is the

following:

V =0.411

V>0

confirms the impact of the regulatory interventions, singularly and overall.

Legislation is an element capable of influencing the progressive decrease in the overall
number of deaths caused by road collisions.

In the same historical series it is possible to verify a value V <0 in the years 1996, 1997,
1999, 2000 and 2001, on the basis of which the legislator determined with Law 85 of 22
March 2001 to operate the subsequent regulatory interventions established by Legislative
Decree 9 of 15 January 2002, in force from 30 June 2002, which introduced the points-
based driving licence (article 126 bis, in force from 1st July 2003) amended articles 97,
116,142, 186 and 187 of the Traffic Code.

However, the loss of effectiveness of the regulatory change related to the time factor t
must be considered (Figure 6).

The loss of effectiveness of a regulatory change over time depends on various factors,
such as road user adaptation, reduced enforcement, or changes in external conditions.

E(t] = E[p x E_m
where Eo is the initial effectiveness of the rule (100% at the time of introduction); k is
a decay coefficient to be estimated; and t is the time in years.

If we assume that after 5 years the effectiveness has been reduced to a fraction f of the
initial value, we can express k as:

In(f)

t
Using the exponential decay formula:
E(E!) = E{] 4 E_k-ﬁ

where E(5) is the effectiveness after 5 years, which can be 25% (0.25) or 10% (0.10), k
is the decay rate to be calculated, and t=5 years
B ].Il(E(ﬁ};rE”)

E—

k —
5
For the worst-case scenario (90% loss, 10% remaining efficacy):
In(0.10)

== 0.460

L
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For the best-case scenario (75% loss, 25% remaining efficacy):
In(0.25) 0.977

So, the decay rate varies between 0.277 and 0.460 per year. This means that each year,
the effectiveness decreases between 24% and 37% of what remains.

Figure 6. Loss of effectiveness related to the time factor
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Adapting the dynamic formula to evaluate the first effects of the innovation introduced
by Law 177 of 25 November 2024 "Revision of the Traffic Code", concerning
"Interventions in the field of road safety and delegation to the Government for the revision
of the Traffic Code, pursuant to Legislative Decree 285 of 30 April 1992, ", it is possible
to use only partial data.

The data actually collected are related to the fatal collisions registered by Polizia
Stradale and Carabinieri in the period from 14 December 2024 (entry into force of the
innovation) to 13 December 2025 (12 months). Statistically these data are annually 47.1%
of the total ISTAT data (Table 3 and Figure 7).

Table 3. Road collisions 14 December 2014 - 13 December 2025

14 December 2023 14 December 2024

13 December 2024 13 December 2025 Difference Difference %
Total Road Collisions 73,513 73,560 47 0.1
Fatal Collisions 1,238 1,149 -89 -7.2
Deceased People 1,362 1,241 -121 -8.9

Source: Italian Ministry of Interior — Ministry of Transport

Figure 7. Trend of road collisions 14 December 2024 - 14 December 2025
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If the authors assume that
10=1362 is the number of deceased people in the same period of the previous year.

Im=1241 is the current datum.

Al =121 is the absolute decrease in 12 months.

N2 = 2 are the legislative innovations during the year

then it is necessary to estimate the possible positive impact after 1 year (/12) with the
same effectiveness of the interventions.

We will use a proper exponential decay formula, which ensures that the reduction is
initially rapid but slows down over time, without falling below 10% of the initial value,
using the formula

Vi=Vix(1-r)" where:

Vfis the final value; V /is the initial value (which we set equal to 1 to obtain the reduction

factor); r is the reduction rate in decimal form (8,9%=0.089); and n is the number of

periods [in this case n=6 (periods of 2 months in a Vyear)]
Vi = (1-0,089)" =0,911° ~ 0,572

Vi=0.572 and Vf >0

Figure 6. Trend of reduction rate in road collisions
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After 1 year, the reduction, using exponential calculation, is approx. around 6.93%.

The first impact of the 2024 “Minister Salvini” Road Safety Reform is confirmed as
positive.

The result obtained, together with the confirmation of the positive impact of the most
important legislative changes adopted within the Italian Traffic Code, allows us to outline
a positive forecast regarding the reduction in the number of deaths due to road collisions
following the adoption and entry into force of Law 177 of 25 November 2024 "Revision
of the Traffic Code™, concerning "Interventions in the field of road safety and delegation
to the Government for the revision of the Traffic Code, pursuant to Legislative Decree
285 of 30 April 1992

The further data that emerges from the weighted analysis of the historical series
highlights that the positive effect of the regulatory changes tends to constantly decrease
and lose power yearly, with the passing of time, and the relative effectiveness is reduced,
after 5 years, to approximately 15%.
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In the literature, moreover, it is consistently highlighted that the effectiveness of the
regulatory change must be compared to two further data, identified in the application of
the rules (enforcement) and compliance by road users (compliance).

The relative deterrent effect, therefore, is determined by the effectiveness of the
controls carried out by the road police forces, which in turn depends on the numerical
variables connected to the number of services carried out and the personnel available and
employed.

The deterrence, again, is amplified by the effectiveness of the sanction and by its
novelty.

In essence, the regulatory change has a greater impact at the time of first application
and tends to decrease with the passage of time and with the decrease in road controls, and
also if there is non-immediate or postponed application of the sanction.

According to Castillo Manzano et al. (2019) “two outcomes can be analyzed to assess
traffic law enforcement when considering the enforcement mechanism: change in road
users’ behaviour and attitudes, and effect on road collisions.”

5. Research limitations

This research is limited in part by the partiality of the data referring to the period of
application of the regulatory changes introduced by Law 177 of 25 November 2024,
"Revision of the Traffic Code", concerning "Interventions in the field of road safety and
delegation to the Government for the revision of the Traffic Code, pursuant to Legislative
Decree 285 of 30 April 1992", taking into account only the data referring to the road
collisions detected exclusively by the Polizia Stradale and Carabinieri, statistically
equivalent to approximately 47.1% of the overall data.

For the year 2024 the data are used that ISTAT (National Institute of Statistics) released
on a provisional basis, which are not yet consolidated.

The authors acknowledge that short-term indicators referring to the 2024-2025 period
rely on provisional and partially consolidated data. Consequently, validation in this phase
is necessarily cautious and primarily oriented toward assessing directional consistency
rather than definitive magnitude. This limitation is explicitly recognised and does not
affect the robustness of the long-term historical analysis underpinning the model. .
approach reflects a deliberate methodological choice aimed at balancing analytical rigor
with transparency regarding data limitations.

6. Discussion

Using the historical data series and its analysis allows us to define a significantly
positive role for changes in Italian national legislation on road safety.

Implementation of the pre-existing legislation and adaptation to the needs of society
has significant effects in terms of decreasing the overall number of road collisions and
the consequent number of deaths.

The changes introduced with the points-based driving license and with the introduction
of new crimes such as “road homicide” and “road injuries” in the criminal code are
particularly valid.

The validity of the effectiveness of the regulatory change increases with the specific
incidence of the rules introduced and the sanctions for violation of them.

Alongside the regulatory change, the presence of a specific and effective sanction is
appropriate, capable of having its own effectiveness in terms of deterrence.
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A relationship is highlighted between the legislative changes, the enforcement action
done by road police forces and compliance with the rules, with a decrease in collisions
and a higher rate for the decrease in fatalities.

The application of new sanctions, with particular regard to DUI, speeding, failure to
use seat belts and CRS, has consistently allowed the overall number of collisions and
related deaths to decrease.

The effect of the regulatory change appears to be particularly effective during the first
months of application and maintains significant strength in the first year.

Over the years, the effectiveness of the regulatory change decreases exponentially and
levels out after a period of about 5 years, leaving a percentage between 10% and 15%.

The decrease in effectiveness proportionate to the time elapsed since the adoption of
the regulatory change can be motivated by a decrease in the deterrent effect, people
growing accustomed to the risk of checks and a negative change in the behaviour of
drivers.

To maintain the positive effect of the regulatory change constant over time, it must be
accompanied by a targeted counteraction and a possible increase in the available police
force.

Furthermore, examination of the historical series, while allowing the authors to reiterate
the positive role of legislation in reducing fatal collisions, suggests a correct synergic
action in introducing the changes themselves, avoiding excessive fragmentation as well
as duplication of rules and procedures, moving towards a harmonious review of the entire
regulatory construct.

With particular regard to Law 177 of 25 November 2024 "Revision of the Traffic Code",
concerning "Interventions in the field of road safety and delegation to the Government
for the revision of the Traffic Code, pursuant to Legislative Decree 285 of 30 April 1992",
the first results allow the authors to find a significant decrease in the number of deaths
caused by road collisions, with a value in line with those attributable to previous
regulatory interventions.

The forecast on an annual basis, moreover, makes it possible to estimate a decrease
with a very positive trend, corresponding to the rate of decrease required by the European
Union to achieve the 2030 objective. It is therefore possible to confirm that a correct
regulatory intervention plays a fundamental role in the decrease of road collisions and the
consequent number of deaths.

7. Main conclusions

This paper analyses and evaluates the relationship between the regulatory interventions
in the field of road safety that occurred in Italy from 1992 to 2024 and their impact on the
number of deaths caused by road collisions.

The analysis of the historical series of data, with the application of specific statistical
formulas parameterized to each possible variable, has allowed the authors to find a
specific positive relationship between the regulatory changes adopted and the result
obtained in the reduction of deaths.

The findings have highlighted how regulatory changes play a fundamental role and
must be aimed at making the behavioural prescription and any sanctions particularly
effective and deterrent.

The change must be clear and concern elements introduced by the new contingencies
and the variation of conditions relating to user’s behaviour.
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Particularly important were the changes introduced on DUI, speeding, failure to use
seat belts and CRS and distracted driving, especially the use of mobile phones while
driving.

Very important is the legislative change that introduced the points system for the
driving license and the creation of the new offences of "road homicide” and "road
injuries” in the criminal code.

It is however evident that the legislative change exhausts its effect of novelty and
deterrence with the passage of time in a proportional way. The greater the time passing,
the greater the decay of the deterrence effect.

To avoid this consequence it seems appropriate, therefore, that the legislative change
always be accompanied by major traffic law enforcement (TLE) through the constant
work of the road police forces in the field and adaptation to changes in the behaviour of
drivers.

The Traffic Code, therefore, must be considered as a “living legislation”, constantly
changing, capable of adapting to the needs of the moment and to the specific needs of the
road system, to be able to identify the problems for road safety and adopt the most
appropriate actions to combat it.

In such a context, the role of legislation in reducing road casualties is confirmed as
fundamental.
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