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Abstract: The occurrence of a large number of road fatal-
ities necessitates making improvements in road safety
conditions. Governments and experts of European coun-
tries have been involved in this activity by investing efforts
to increase security as well as achieve the goals of the
European Commission (EC) to reduce fatalities by 50% by
2030.They aim to achieve road traffic without any fatali-
ties occurring by 2050. Including a series of innovations
for safety in the auto industry, deploying ITS technology,
enforcing stringent legal regulations, emphasising on
higher education of all traffic participants and undertak-
ing other such important actions help achieve the set goals.
Furthermore, adequate road maintenance with the use of
modern models will definitely contribute to improving
road safety. Moreover, it is necessary to regularly monitor
road safety indicators and react accordingly on time. This
paper presents a current state safety analysis from the per-
spective of road fatalities and road maintenance invest-
ments (RMIs) in the European Union (EU) and in European
Free Trade Association (EFTA) countries. The main objec-
tives of this paper are to analyse road safety aspects and
emphasise on the relation existing between road fatali-
ties and RMI. Concurrently, the objective of this paper is
to verify the possible influence of the performance-based
maintenance (PBM) model on improving road safety in the
European Union. As part of the research, 27 EU member
states and 3 EFTA members were analysed in the period
2010-2021. The results indicate a connection between road
fatalities and RMI. Thus, this particular one is almost linear
at the average EU level and that PBM models can directly
contribute to improving traffic safety and indirectly by
savings in maintenance costs.
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1 Introduction

For many years, increasing the safety on roads has been a
matter of great interest to a large number of European and
other governments across the world. It has remained as
one of the main focus areas of academic and professional
communities from that domain. Despite the large number
of security solutions implemented in modern vehicles,
safer roads, better driver education and some other
factors, traffic accidents are still a significant problem
for European roads on which unfortunately many partic-
ipants end fatally. There have been recorded significant
positive changes during the COVID-19 pandemic with
respect to the fatality’s trends. There was a decrease of
17% in road fatalities in the period 2019-2020 due to a
sharp drop in traffic activities. However, these trends are
returning to pre-pandemic levels and unfortunately again
turning to a less desirable direction (EC 2023a). Accord-
ing to the latest data, in 2022, a total of 20,640 people lost
their lives in accidents in the European Union (EU), which
unfortunately represents an increase compared to 2021
(EC 2023b). Simultaneously, the average mortality rate
(the number of people killed in road accidents per million
inhabitants) in 2022 at the European level was 46 fatali-
ties, while the safest roads in Sweden had an average rate
of 21 fatalities and Denmark had 26 fatalities, much differ-
ing from the countries with the least safe roads (Romania
with 86 and Bulgaria with 78 fatalities per million inhab-
itants; EC 2023a).

We find a similar trend at the world level among the
34 members of the International Traffic Safety Data and
Analysis Group (IRTAD), where a slight increase of 0.1%
fatalities was registered in 2021 compared to the average
between 2017 and 2019. By comparison, the risk rate of
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dying in a traffic accident in Colombia is 22 times higher
than in Norway. Europe is from that aspect the safest area
in the world with the least number of deaths per 100,000
inhabitants, far ahead of the worst areas in Africa and
Southeast Asia, which implies that the world road safety
situation is significantly worse than in the Europe and far
from ideal (WHO 2018; ITF 2022). Everything mentioned
in this paper is supported by the fact that annually 1.28
million people worldwide still die in accidents according
to the available data from 2019. All negative figures of the
total fatalities and serious injuries are not only due to
road safety, but are also due to general health problems.
Meanwhile, accidents are the 12th leading death cause in
the world among people of all ages straight after cardio-
vascular and respiratory diseases, and the 1st death cause
among children and youth aged 5-29 years (WHO 2023).
Along with the suffering and pain experienced by the
families of the dead, society loses members who are the
basis of social and economic events. Health systems are
also under pressure due to the high financial treatment
and rehabilitation costs, as well as the requirement for a
number of professionals (PACE 2016). In addition to the
fact that human lives are the greatest and priceless loss,
accidents are at the same time economically unsustaina-
ble, and their costs are estimated by studies at 3% of devel-
oped countries gross domestic product (GDP; Elvik 2000;
Wijnen and Stipdonk 2016). The European Commission
(EC) calculates the cost based on sum of four components:
human cost, loss of productive economic capacities cost,
medical and administrative costs, and they concluded
that accidents create a cost of 3,298,909 euros for every
life lost. With the latest data of 20,640 fatalities in 2022,
the total EU fatalities cost in 2022 is estimated to over 68
billion euros (EC 2019; EC 2023b). For comparison, the
total maintenance financial fund invested in road network
of all EU members in 2021 amounts to 27 billion euros, 2.5
times less than the total fatalities cost in 2022 (ITF 2023).
Numerous road safety researches have studied a
number of different macro and micro factors that directly
and indirectly affect road safety. Thus, we have a number
of recent studies on the impact of different technical,
economic, social and demographic factors on the road
safety increase (Kopits and Cropper 2005; Hakkert and
Gitelman 2014; Michalaki et al. 2016; Nikolaou and
Dimitriou 2018; Nikolaou et al. 2021; Brands et al. 2022;
Quistberg et al. 2022; Georgakopoulos et al. 2023; Kanavos
and Vandoros 2023; Ngoc et al. 2023). There is ongoing
research on (1) the impact of traffic laws, policies and
agencies on road safety(Nazif-Munoz et al. 2023), (2) Euro-
pean traffic laws and regulations and their impact on
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reducing fatalities and increasing general road safety in
EU members (Castillo-Manzano et al. 2014), (3) impact of
GDP on increasing road safety (Yannis et al. 2014; Antoniou
et al. 2016) and (4) even the impacts of economic reces-
sion, financial trends (Wegman et al. 2017; Fry and Farrell
2022) and the COVID-19 pandemic on road security (Barnes
et al. 2020; Gupta et al. 2021; Shaik and Ahmed 2022).

An interesting study investigates the trend of
accidents, more closely road construction or maintenance
investments’ impact on the road safety increase, i.e. the
reduction of fatalities by different categories (Yannis
et al. 2008; Nguyen-Hoang and Yeung 2014; Albalate and
Bel-Pinana 2019; Kehagia and Giannaki 2022; Pulido and
Raffo 2022; Navarro-Moreno et al. 2023a, 2023b). In his
recent research, Valila (2023) gives a brief overview of
how investments impact the research on increasing road
safety in the period from the 1980s to today. The author
highlights how everyone is having a common assumption
that investments contribute to increased security, but
also states that their results had not reached a mutual
conclusion.

The fact that the results obtained on the impact of
investments on safety vary (significantly from positive to
neutral to negative) is surprising and confuses political
decision-makers, as well as road managers. Similar results
were obtained from recently conducted research in Spain
that put forth the positive effects of maintenance invest-
ments and the slightly negative impacts of construction
investments on the fatalities reduction (Calvo-Poyo et al.
2020).

All previous research works presenting different
results are related to the road maintenance investment
(RMI) impact on the road fatalities reduction, thus fact
that there are no studies, that provide a common over-
view of RMI trends and increasing road safety at the
whole EU level, with clear guidelines for its improve-
ment and fulfilment of EU goals by 2030 and 2050, is
sufficient motivation to achieve this paper’s objectives.
The main objectives are to collect and analyse the avail-
able data and provide a clear overview of the trends and
the mutual relation between RMI and fatalities reductions
at the EU level, considering the latest data in the period
20102021, i.e. to investigate whether the substantial
impact is positive, negative or neutral. Additionally, if
the effects of the investments on the fatalities reduction
are positive, then the purpose of this paper is to calculate
the necessary investment growth for achieving the goals
of the EC by 2030 or 2050 and additionally consider how
the performance-based maintenance (PBM) models can
impact their realisation.
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2 Road safety state analysis in EU
countries

Road safety levels increased in the last 10 years due to
modern safety solutions introduced in new vehicles and
better quality and safer roads and other safety solutions
deployed in the traffic road system. Despite the indicators
that favour increased security levels such as a decrease
of accidents by 15%, decrease of fatalities by 33% and a
simultaneous decrease of fatalities of all traffic road user
categories in the period 2010-2021, the last available data
for 2022 speak of 20,640 fatalities in the European Union,
which represents a growth of 4% compared to 2021 (EC
2023b, 2023c). Although fatalities in 2022 represent a
decrease of 11% compared to the average of period 2017-
2019, this number is still very high.

Additionally, the EC plan on increasing the road safety
level as defined in 2010, with the aim of reducing fatalities
and number of the seriously injured by 50% by 2020 at the
EU level unfortunately has not been achieved, except par-
tially in Norway, Greece and Switzerland, which managed
to get close to the 50% reduction target (ITF 2022). Simul-
taneously, despite decreasing fatality trends in the past
3years, they are not significant enough to achieve the new
EC goals and the joint Stockholm Declaration on the addi-
tional reduction of fatalities and injuries by 50% in the
period 2020-2030 (EC 2020, EC 2023c). The Declaration
also defines the ultimately accepted EC goal on achiev-
ing ‘Vision Zero’ with zero fatalities or seriously injured
in road traffic by 2050, which emphasises the current EU
road safety problem challenging the professional and aca-
demic community for its realisation.

From the given fatality data in Table 1, it can be con-
cluded that the road safety level in EU members is unsat-
isfactory and the negative trend in the past 2 years would
not support achievement of the EU’s road safety goals, i.e.
reducing the fatalities for 50% by 2030 and the realisa-
tion of ‘Vision Zero’ by 2050, and it is necessary to turn
the trends to a positive direction. One of the possible
measures to achieve the above-said goals is increasing
the RMI, which contributes to reducing the fatalities and
the severely injured, i.e. a general road safety increase.
A similar view not only on the current road safety situa-
tion, but also on the trend in relation to the set EU goals
until 2030 and 2050 was presented in reports from 2023,
made by two institutes for road safety research located in
Belgium and the Netherlands (EC 2023b, 2023c).

By calculating the fatalities decrease in the period
2010-2019 at the EU level, we can observe an average drop
of 762 fatalities annually. Furthermore, if we take this rate
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of 762 fatalities annually, we will reach the figure of 11,976
fatalities in 2030, measured from the level of 18,834 fatali-
ties in 2020, which represents a decrease of 36%, far from
the planned 50% in accordance with the Stockholm Decla-
ration. To fulfil the declaration requirements and achieve
the planned goals, it is necessary to lessen the number of
fatalities for 1046 each year, i.e. to achieve all predisposi-
tions that will further reduce the fatalities by 284 people
more each year. Additionally, if we consider the current
data of 20,640 fatalities in 2022, i.e. their growth by 4%
compared to 2021, we conclude that the road fatalities
trend is not going in the desired direction and it is nec-
essary to further improve the required annual decrease.
Herein arises the question of what measures, methods,
technologies and policies have to be implemented in the
further period to achieve all the EC’s set goals until 2030
and 20507

Many studies speak in favour of the importance of
road maintenance for achieving the required road safety
level, and inadequate and irregular road maintenance
is one of the most important factors in the occurrence
of traffic accidents (Verma and Singh 2015). There are a
few road elements that must be adequately maintained
to ensure adequate safety level, and the pavement stands
out among them. It has a role in the direct contact between
vehicle wheels and the road and on its parameters such as
roughness, grip, geometry, absence of holes and ruts, ade-
quate surface drainage and others, which largely depend
on the safety of vehicle movement and traffic flow (Chan
et al. 2010; Labi 2011; Li et al. 2013; Gao et al. 2014; Lee
etal. 2015; Pembuain et al. 2018). Moreover, improved road
surface conditions can reduce accidents between 1.5%
and 40%, improved road surface geometry and drainage
can reduce them by 20%-90% and adequate traffic equip-
ment can reduce additionally by 20%-50% (Verma and
Singh 2015). Concurrently, a lot of studies indicate a sig-
nificant connection between the accidents and pavement
skid resistance; thus, the probability of occurrence of
accidents is up to 300 times higher on a pavement with a
friction coefficient (SFC) <0.30 than on the pavement with
a coefficient of 0.60 or higher, which significantly proves
the importance of pavement quality and maintenance
for road safety (Lee et al. 2015; Pembuain et al. 2018; EC
2023d). To fulfil all the mentioned road safety conditions,
it is necessary to build roads in accordance with the latest
safety standards, and even more important, it is pivotal
to adequately maintain them, so that all the prescribed
safety standards shall be continuously met.

Additionally, there are numerous studies that have
confirmed the significant relation existing between road
construction and maintenance investments, and also
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Tab. 1: Overview of the fatalities in the 27 EU and 3 EFTA members for the period 2017-2022.

Total road Total road Total road Total road Total road Total road

Country State mark fatalities in fatalities in fatalities in fatalitiesin  fatalitiesin  fatalities in

2017 2018 2019 2020 2021 2022
Austria — AT 414 409 416 344 362 370
Belgium [ N | BE 609 604 644 499 516 540
Bulgaria BG 682 611 628 463 561 531
Cyprus » cy 53 49 52 48 45 *
Czechia - z 577 656 618 518 532 528
Denmark iE DK 175 171 199 163 130 *
Estonia — EE 48 67 52 60 55 47
Finland B Fl 238 239 211 223 225 196
France il FR 3448 3248 3244 2541 2944 3267
Greece = EL 731 700 688 584 624 640
Ireland nn IR 155 136 140 147 136 155
Italy il IT 3378 3325 3173 2395 2875 3159
Iceland = IS 16 18 6 8 9 9
Latvia —— Lv 136 151 135 141 146 112
Lithuania = LT 191 173 186 176 147 120
Luxembourg === LU 35 36 22 26 24 *
Malta [ | MT 19 18 16 12 9 *
Hungary = HU 625 633 602 460 544 537
Netherland = NL 613 678 661 610 582 745
Germany ] DE 3180 3275 3046 2719 2562 2788
Poland — PL 2831 2862 2909 2491 2245 1896
Portugal [ ® | PT 602 704 689 536 561 *
Romania [ )| RO 1951 1867 1864 * * *
Slovakia e SK 276 260 270 247 247 266
Slovenia - Sl 104 91 102 80 114 85
Spain = ES 1830 1806 1755 1370 1533 *
Sweden H SE 252 324 221 201 210 241
Switzerland [l CH 230 233 187 227 200 241
Norway = NO 106 108 108 93 80 116
Croatia = HR 331 317 297 237 292 275
EU [EE EU 23,392 23,331 22,756 18,834 19,900 20,640

Source: ERSO, European Road Safety Observatory (2023); Annual Accident Report 2022, European Commission, OECD Statistics (2023),

Transport, Performance indicators, Safety, Road fatalities (30 days).
EFTA, European Free Trade Association; EU, European Union.

the reduction of accidents and fatalities (Fridstrom and
Ingebrigtsen 1991; Albalate et al. 2013; Nguyen-Hoang
and Yeung 2014; Gonzalez et al. 2018). Although some
of the latest research show even minimal negative road
investments effect on the fatalities increase by 0.0013594
persons for each thousand euros invested, it appeared

that RMI have a positive effect on fatalities reduction by
a factor of two greater than road construction investment,
whereby for every thousand euros invested in mainte-
nance reduces fatalities by 0.00246654 people (Calvo-Poyo
et al. 2020). That is sufficient reason for further research
on RMI trends throughout the European Union.
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3 Methodology

The purpose of this research is to contribute to reducing
the number of traffic fatalities in the European Union.
Some guidelines are given on how to do this. The main goal
is to research whether and what kind of relationship exists
between RMI and the total number of traffic fatalities at
the level of the entire EU, as well as each of the observed
countries individually, so that based on the above rela-
tionship, we could give guidelines for reducing traffic
accidents. Additionally, the goal of this research paper
is to calculate how much the RMI needs to be increased
in order to achieve the EC safety goals by 2030 or 2050.
Then, to verify the PBM model influence possibility on the
road-safety improvement (reducing fatalities). Upon com-
pletion of the collection and synthesis of all data from the
countries involved, mathematical analysis was conducted
and is graphically presented in Graphs 1 and 2.

The PBM model, created by research carried out as part
of the doctoral dissertation and presented in this paper
as one of the possible solutions for reducing the number
of traffic fatalities and enabling the growth of RMI, is a
performance-based road maintenance model, intended
for regular maintenance of state roads and highways in
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Europe, and for which respondents had to choose up to
18 maintenance parameters distributed in five groups of
maintenance parameters (traffic safety, quality of trans-
port infrastructure, mobility, environmental protection
and efficiency of the road management agency).

To complete the research, we implemented the steps
shown in Figure 1 and simultaneously used data search
and synthesis and mathematical analysis methods at the
end. In the first step of the research, we selected two rele-
vant sources, by searching Google Scholar for data on total
fatalities and total RMI at the level of a particular country,
Eurostat and OECDstat, which contain official statistical
data for each year. For research purposes, we selected 31
European countries: 27 EU members and 4 European Free
Trade Association (EFTA) members.

In the second step, we have chosen countries with
available data from at least one of the two mentioned
sources (OECDstat or Eurostat). To obtain data on the
total fatalities, we examined the period 20102022, and
for RMI data, the period 2010-2021 (latest available
data). Based on the two categories, in the third step,
we included 24 countries (21 EU members and 3 EFTA
members), along with available data regarding the RMI
for the period 2010-2021, and 30 countries (27 EU and

Netherlands A B 5%
Finland 1 I -17%
Slovenia 1 I -17%
Sweden 1 I -21%
Romania RS e e -25%,
Hungary 1 I -26%
France - I -279%
Bulgaria - TR e S e | -75%
Germany 4 [ R -30%
Italy 1 SRR IE ] -30%
Estonia [ e e -30%)
Croatia 1 (DR R . SRRl | -31%
Latvia 4 -33%
European Union 1 -33%
Slovakia - -33%
Czechia 1 -34%
Austria 1 -34%
Ireland - -35%
Spain - 38%
Switzerland - -39%
Belgium - -39%
Portugal 4 -41%
Poland - -43%
Denmark 1 -49%
Lithuania 4 51%
Greece 1 52%
Norway - - -62%
-60 =40 =20 0

Graph 1: Long-term road fatalities change in the 27 EU and 3 EFTA countries (2010-2021). EFTA, European Free Trade Association;

EU, European Union.
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Graph 2: Long-term investment change in road infrastructure maintenance in the 20 EU and 3 EFTA countries (2010-2021)
Source: OECD Statistics (2023), Transport infrastructure investment and maintenance, Road infrastructure maintenance. EFTA, European

Free Trade Association; EU, European Union.

3 EFTA members) with data of the total fatalities, avail-
able for the period 2010-2022. In the fourth step of the
research, we have overlapped the available data of the
countries that have the data simultaneously from both
categories in the observed period (fatalities and the RMI).
Thus, the spectrum of observed countries is reduced to a
total of 24 countries (21 EU and 3 EFTA members). Excep-
tionally in the case of Denmark, we observed th data in
the period 2013-2021. For the remaining six EU members
(Greece, Romania, Spain, Germany, Malta) and one EFTA
member (Cyprus), data were not available for both catego-
ries in the observed period and are excluded. For further
research, a shorter observed period was selected (2010—
2021), because the periods of available data for both cate-
gories do not match fully.

Based on the data of the 24 selected countries, the
average RMI growth value was calculated as well as the
average fatalities declining value in the observed period
at the EU level and for the selected countries with values
above and below the EU average. Based on the obtained
values, the average RMI growth and fatalities decline
value, the calculation of the necessary total RMI growth
to achieve the set EC goals until 2030 and 2050 is given.
Additionally, the research results are presented after con-
ducting surveys using questionnaires as part of the doc-
toral dissertation, where 71 respondents participated. The
task was to create the PBM model by selecting the offered
maintenance parameters and then responding to a series
of questions, including the questions about the particular

model impact on increasing road safety and reducing
maintenance costs.

4 Results and Discussion

Upon completion of the collection and synthesis of all
data in the observed countries, mathematical analysis was
conducted and graphically presented in Graphs 1 and 2.

By analysing and processing the collected data, we
arrive at the calculation of the average RMI growth at the
EU level in the period 20102021 by 29.45%. This data was
obtained by calculation of the average value of the per-
centage growth of investments in the maintenance of road
infrastructure. At the same time, the fatalities decreased
amounted to 33% (EC 2023c). Thus, it follows that for 1%
of the RMI growth, a 1.12% decrease in fatalities at the EU
level is achieved.

Additionally, by comparing the RMI growth of individ-
ual countries with the EU average, we ranked the coun-
tries above and below the EU average (Graph 2) and com-
pared the data with the data from Graph 1. We determined
9 of 11 EU and EFTA members that have higher investment
growth than the EU average and have fatalities decrease
higher than the EU average (Graph 3). Reciprocally, 9 of
the 13 EU members have investment growth lower than
the average EU and have fatalities decline smaller than
the average of the EU (Graph 4) or, in the worst case, they
have fatalities increasing. The only observed exceptions
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Search string 1 Search string 2

Search string 3
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Search string 4

Data on total investments in
road infrastructure
maintenance 2010-2021 Data
source: EUROStat

Data on total investments in
road infrastructure

maintenance 2010-2021 Data
source: OECDStat

Data on total road traffic
fatalities 2010-2022
Data source: OECDStat

Data on total road traffic
fatalities 2010-2022 Data
source: EUROStat
Step 1 Selection of data source and

researched countries

Observed countries
27 EU + 4 EFTA

Observed countries
27 EU + 4 EFTA

Observed countries
27 EU +4 EFTA

Observed countries
27 EU + 4 EFTA

Countries with available data
11 EU + 0 EFTA

Countries with available data
21 EU + 3 EFTA

Countries with available data
25 EU + 3 EFTA

Step 2 Selection of available data
countries within category

Countries with available data
27 EU + 3EFTA

cross section of countries with data for period 2010-2021
21 EU + 3 EFTA

cross section of countries with data for period 2010 -2022

Step 3 Selection of available data
countries within both category and

27EU + 3 EFTA selected period 2010 - 2021

21EU+3EFTA

Selected countries with both data category in period 2010-2021

6 EU + 1 EFTA no available data for both category in period 2010-2021

Step 4 Detailed data analysis of
selected countries and the total number
of countries discussed in this research

Figure 1: Research methodology. EFTA, European Free Trade Association; EU, European Union.

are Bulgaria and Sweden, which despite the RMI growth
being higher than the average EU, registered fatalities
decrease lower than the EU average, as well as Iceland,
the only one observed EFTA member that registers fatal-
ities increase by one person more in observed period,
despite RMI growth.

If we consider that RMI growth at the EU level of 1%
produces a 1.12% fatalities decrease and meets the EC
goals until 2030 or 2050, we arrive at the subsequent cal-
culation and the consequent conclusion.

Furthermore, to achieve the original EC goal until
2030 by 50%, we must increase investment by almost
45%, which is evident from the calculation below.

Total fatalities in 2020 in EU: 18,835 people

Total RMI in 2021 in EU: 17.976 billion €

P (Planned fatalities decrease at EU level by 2030):

decrease by 50%

Maximum planned fatalities at EU level in 2030: 9418

people

N...Total required RMI growth

P...Required decrease of fatalities

V...Required RMI in 2030

N=P/112

N=50%/1.12 = 44.64%

V' =17976,000,000.00 x 1.4464

V =€26,00 billion

According to the previous calculations, to achieve
the EC’s goal of reducing the fatalities and the seriously

injured until 2030 by 50%, it is necessary to raise the RMI
to the level of €26 billion annually, almost 45%, compared
to 2021 and €17,976 billion invested at the EU level, which
implies that with average linear growth suggested invest-
ments must be increased by €1.15 billion euros every year.
Simultaneously, to revive ‘Vision Zero’ by 2050, it is neces-
sary to raise investments to the minimum level of €34.027
billion, according to the calculation.

Planned fatalities at EU level in 2050: O fatalities

Fatalities in 2021 at EU level: 19,917 people

P (Required fatalities decrease at EU level until 2050):

decrease by 100%

Total RMI in EU 2021: €17.976 billion

N... Total required investment growth

P... Required fatalities decrease

V... Required RMI in 2050

Necessary RMI growth until 2050:

N=P/1,12

N =100%/1.12 = 89.29%

V = 17,976 billion x 1.8929

V = €34.027 billion

According to the previous calculations, it is necessary
to raise the RMI by 2050 to the level of €34.027 billion
annually, compared to the last available data from 2021,
which shall along with average linear growth imply that
it is necessary to continuously increase investments for
EUR 944.2 million every year at the EU level. All calcula-
tions are based on the latest available fatalities data and
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Graph 3: Overview of the fatalities decline in countries with investment growth regarding traffic road infrastructure maintenance higher

than the EU average (2010-2021). EU, European Union.
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Graph 4: Overview of the fatalities decline in countries with investment growth regarding traffic road infrastructure maintenance lower than

the EU average (2010-2021). EU, European Union.

RMI from 2021, and as the relevant year for the calculation
2023 is marked.

V2...Required RMI in 2050 = €34.027 billion

V...RMI in 2021 = €17,976 billion

P...Period of continuous

2050 = 17 years

S... Required annual RMI increase until 2050

S=(V2-V1)/P

S = 944.2 million €

It is clear that the EU, along with other improvements,
must significantly increase its RMI to achieve the planned
goals by 2030 or 2050. Considering the data on real

RMI increase until

maintenance investments growth in the observed period
20102021, as well as the fact that these investments in
reality significantly vary over the years depending on
factors affecting the government’s financial ability, it is
realistic to expect that the planned investment’s growth
would not be realised. Therefore, it is necessary to take
other possible measures to achieve the planned EC goals.
Along with the previously mentioned solutions that will
contribute to reducing accidents and fatalities, it is neces-
sary to consider other possibilities that will contribute to
raising road safety. The significant one is the application of
the PBM models.
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The application of PBM models implies several
advantages, and the most interesting fact is that it brings
total maintenance costs savings. Numerous conducted
researches reached the conclusion that the application
of the PBM compared to traditional models can achieve
savings of 10% and even up to 50%, depending on a
number of parameters, along with simultaneous raising
of the provided level of services (Liautaud 2004; Zietlow
2004; McCullouch et al. 2009; Anastasopoulos et al. 2010).
Simultaneously, potential cost savings can reach up to
60% in cases where the road agency is moving from house
to the external maintenance services with the simulta-
neous application of PBM models (ADB 2018). Some EU
members use the PBM models for maintenance of their
roads (Finland, Estonia, the Netherlands and a few others)
and they achieved substantial savings. Finland achieved
18%, Estonia 20%-40% and Netherlands 30%-40%
savings compared to when they used the previously used
traditional maintenance models (Pakkala et al. 2007). By
applying the relevant models in all EU member countries,
we can achieve significant long-term savings in the total
maintenance costs, which may replace the need for the
increase in the maintenance investments necessary to
achieve the planned EC goals. Concurrently, to achieve all
the aforementioned aspects, it is necessary to provide a
lot of conditions in advance, such as a stable long-term
funding, political support in terms of legislation, a suffi-
cient number of potential contractors that are able to fulfil
all contractual obligations, healthy and positive market
competition and many other conditions; otherwise,
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the potential savings in maintenance costs may not be
achieved (EBRD 2016; ADB 2018).

In addition to the aforesaid, there is another advan-
tage of the PBM models: an increase of traffic safety level,
which directly contributes to reducing the number of acci-
dents and fatalities (Gericke et al. 2014; Susanti et al. 2019).

The application of the PBM models by all EU members
can greatly contribute to solving the problem of insuffi-
cient financial resources intended for road infrastructure
maintenance and easily provide better road safety, thus
achieving the EC set goals. If we consider the previous
calculations, it is necessary to increase the urgent RMI by
almost 45% to achieve EC goals by 2030.

Concurrently, numerous studies of the PBM models
state the realisation of possible savings by applying them
up to 50%, which might under ideal conditions, within
one road maintenance cycle, accumulate necessary finan-
cial resources sufficient for additional RMI, ultimately
ensure the realisation of the EU plan by 2030. Using the
same calculations under ideal conditions with the appli-
cation of PBM models, sufficient financial savings might
be achieved sooner and ‘Vision Zero’ may be realised
earlier than in the planned 2050.

All that is supported by the results of the research
conducted as a part of the doctoral dissertation, where
71 respondents took part in the questionnaire, profession
according to Graph 5. In all, 66 of them responded positively
that by applying the observed PBM model, traffic safety
shall improve, and simultaneously 60 of them responded
that road maintenance cost savings might be achieved.

The respondent's field of competency in the road sector

B CONTRACTORS

DESIGN AND
SUPERVISOR
ENGINEERS

m ROAD AGENCY
MANAGERS

Graph 5: Percentage share of the survey respondents according to roles in traffic road transport systems.
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Do you think that by applying the PBM model traffic safety
might increase?

B YES
NO
Graph 6: Percentage share of respondents who believe that safety might be increased by applying the PBM model. PBM,
performance-based maintenance.
Do you think that by applying the PBM model savings in
maintenance costs might be achieved?
W YES
NO

Graph 7: Percentage share of respondents who believe that savings might be achieved by applying the PBM model. PBM, perfor-
mance-based maintenance.

5 Conclusion availability of data in the observed period 2010-2021, 24
countries were analysed.
This paper presents the road safety condition analysis The main goal of the research paper was to determine

of the EU and EFTA members in terms of annual fatal- if there is a connection between RMI and the number of
ities. In the research study, all 27 EU members and 3 traffic fatalities not only at the EU level, but also in indi-
EFTA members have been included, but considering the vidual member states.
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Concurrently, the objective of this research was to
verify whether the PBM model influences increasing road
safety and reducing maintenance costs. The conducted
road safety and fatalities analysis affirms that despite the
decrease in fatalities by 33% at the EU level in the period
2010-2021, the latest data on the increase in fatalities by
4% compared to 2021 and the total number of fatalities
being 20,640 in 2022 do not predict positive expectations
in the coming period.

Considering the results achieved thus far in reducing
fatalities as well as their trend in the last 2 years, we
conclude that the current state of road safety is not
satisfactory, and it is necessary to urgently take measures
that will improve the current fatalities trend with the final
objective to achieve the EC set goals until 2030 or 2050. By
studying the available literature, it has been determined
that one of the possible measures is RMI growth, but it is
not necessary for the aforesaid to have a positive impact
on the decrease of fatalities.

Therefore, we conducted a mathematical data
analysis and determined that at the EU level, there is
a positive impact of RMI on the decrease in fatalities.
Analysis during the period 2010—2021can help determine
the correlation between the RMI growth at 29.45% and
decrease of fatalities by 33%, i.e. 1% of the RMI increase
implies a 1.12% decrease of fatalities at the entire EU level.

Concurrently, it was determined that 9 of the 11
observed countries have investment growth higher than
the EU average and have a decrease in fatalities larger
than the EU average, and reciprocally 9 of the 13 countries
have lower investment growth than the EU average and
have lower number of fatalities than the EU average or, in
the worst case, they have an increase in fatalities. From all
the above-mentioned data and their mutual correlation,
we can conclude with certainty that there is a strong
connection between the positive impact of the RMI growth
on the decrease of fatalities in road traffic, which is almost
linear at the EU level.

Also, the goals of this research were achieved and the
relationship between RMI and number of fatalities has
been determined; it is an almost linear connection. Also, it
was calculated that it is necessary to increase the existing
RMI to the level of €26.00 billion per year, to achieve the
EC goal by 2030, or to the level of €34.027 billion per year
to achieve the EC goal until 2050.

Moreover, based on browsing through the available
literature on the PBM models and their advantages, as
well as analysing the obtained results of the conducted
research via survey questionnaires, which is part of the
doctoral dissertation, we can confirm that with the appli-
cation of the created PBM model, the road safety level
might be increased and maintenance costs reduced.
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The available literature suggests the cost savings of road
infrastructure maintenance of up to 50% by applying the
relevant models, or even up to 60%. Furthermore, from
the calculations for achieving the EC goals in this paper,
we can conclude that the introduction of PBM in all EU
members might significantly increase the prospects for
achieving the planned EC goals until 2030 or 2050. Simul-
taneously for achieving the goals with the support of the
PBM model, it is necessary to ensure that the several pre-
requisites stated in the paper are met.

The limitations of the research lie in the fact that the
latest necessary data on investments and the road fatal-
ities for all observed countries in the given period were
not available. Hence, the obtained averages at the EU
level are based on the data obtained only from 24 coun-
tries. Correspondingly, the other limitation of the research
is the anomaly in the data obtained during the COVID-19
pandemic. The pandemic caused significantly lower fatal-
ities than in the usual scenario, considering a significant
decline in all economic and social activities and the result-
ing reduction of the people and vehicle movement, and
thus, the decreased number of accidents (Gong et al. 2023).

Furthermore, another limitation of the study is that
the road-maintenance investment effect in the vast major-
ity of cases is achieved only in the following year from
for the reason that most maintenance-intended funds are
spent in the second half or at the end of the year. Thus,
the results will be visible only in the following year, which
have also been confirmed by Calvo-Poyo et al. (2020)
using the results of their research in Spain.

Future research should investigate the relationship
existing between the RMI and the road fatalities for each EU
member separately, and include the latest data from 2024.
Furthermore, the results should be obtained individually
and later combined to finally possess an even more accu-
rate cross-section of the RMI trend and its relation to the
total fatalities at the EU level. The data may provide us with
a more accurate and precise assessment of the required
maintenance investment with the objective of achieving
the EC goals. Moreover, future research shall investigate
the reasons why in certain cases stated in the paper, coun-
tries achieved a smaller decrease of fatalities than the
EU average or, in the worst case, an increase of fatalities
despite the RMI growth larger than the EU average.

Also, future research should investigate the impact
of RMI on reducing the total number of accidents, or the
number of accidents by vehicle category for each state and
at the level of the whole of EU. Also, it would be desirable
to investigate the impact of the total investments in traffic
infrastructure on the reduction of the number of fatali-
ties and to see the proportion of the impact of RMI on the
reduction of the number of fatalities.
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Likewise, it is necessary to investigate the influence
of the remaining possible measures for reducing the road
fatalities, such as by the introduction of stricter legislation
and regulations, education of participants in road traffic
from an early age, wide implementation of ITS technology,
and introducing modern vehicles with innovation.
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