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Resume

The main purpose of this study was to compare the frequency of road
fatalities in selected European countries, including Poland. Moreover, based
on statistical data, the determination index R2 was determined for both the
total number of road accidents and fatalities in road accidents in terms of
the number of registered vehicles and the length of motorways in selected
European countries. Results show the dependence of factors, such as road
infrastructure and the number of registered motor vehicles, influence on the

Article info

Received 8 September 2022
Accepted 22 November 2022
Online 13 December 2022

Keywords:
road accidents
collisions

level of road safety in selected European countries.

Available online: https://doi.org/10.26552/com.C.2023.012

road safety
passenger vehicle

ISSN 1335-4205 (print version)
ISSN 2585-7878 (online version)

1 Introduction

The behavior and driving style are individual for
each driver. Although the driving process is largely
supported by electronic safety systems (ADAS), the
attention and behavior of the driver have a decisive
impact on the road safety. While driving the vehicle, the
actions of driver also influence other road users. The
dynamically changing road situation forces the driver
to quickly assess events and make precise decisions.
The amount of information and signals reaching the
driver may cause them to misjudge the situation and to
react incorrectly, which may lead to a dangerous traffic
incident. When analyzing all the risks in road traffic,
three categories of accident causes can be listed [1-2]:
¢ man-made hazards, in all the situations and events,

which arise as a result of the driver or another

participant in an accident (pedestrian, cyclist)
behavior;

e threats caused by natural forces, such as fog,
blizzards;

e threats resulting from infrastructure defects, e.g.
defects in the road surface.

The human factor is one of the most common causes
of the road accidents and collisions. The former may

occur as a result of the psychophysical features of drivers,
non-compliance with the road traffic regulations, or the
lack of driving skills [3]. Advanced research on influence
of a person’s psychophysical predisposition on their
behavior in the road traffic was carried out in the 1980s
[4-7]. Since then, there have been numerous studies
and projects focused on determining the influence of the
personality, character and emotional state of the driver
as well as their skills and individual habits on their
driving behavior.

How a driver’s personality influences their driving
style is of interest to the transport psychology specialists
and road safety scientists. The results of the research
presented, among others, in the works [8-10], confirm
that the personality of the driver can influence the
behavior while driving. Certain personality traits may
more define a specific driver behavior on the road.
Likewise, individual driving skills and experience
contribute to it, as well. The research results presented
in the works [11-13] show that the age of the driver and
experience in driving have a significant impact on the
road safety. The authors showed that older drivers with
more driving experience have a higher awareness of
the risk of road incidents and are less likely to perform
dangerous maneuvers. The surprising research results
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presented, among others, in the works [14-16], show

that drivers characterized by a high level of perceptual

and motor skills show a riskier driving style. This is
evidenced by the number of accidents committed by
them and received fines.

The emotional state of the driver can also influence
the driving behavior. Emotions that accompany the
vehicle driver, e.g. fatigue, drowsiness, depression,
worry, nervousness or anger affect the manner of driving
and performing road maneuvers. The research results
included, inter alia, in works [17-20], show that when
a driver is tired, sleepy, sick or bored while driving, they
incline to a more careful driving style. Conversely, if
the driver is depressed, worried, nervous or angry, they
drive the vehicle more aggressively.

Due to the individual characteristics and skills
of the driver influencing driving behavior, the term
“driving style” has been developed. Driving style refers
to the way the driver habitually drives the vehicle.
It is based on a combination of the driver’s cognitive,
emotional, sensory and motor factors [21]. Driving style
is generally believed to determine the manner in which
the road maneuvers are performed. In the work [22],
two groups of factors influencing the driving style were
distinguished: subjective factors and objective factors.
The subjective factors are: psychological characteristics,
physiological characteristics (age, gender), social
characteristic (occupation, income). The objective factors
included: road conditions, road type, driving resistance
situation (air resistance coefficient, rolling resistance
coefficient, acceleration characteristics).

Although each driver has their own individual
driving style, there are behaviors that are common
to multiple drivers. Thanks to this, common driving
style categories were distinguished, characterized by
a specific behavior and attitude while driving. There are
many classifications in the literature, but the following
driving styles are mainly observed [23-26]:

* reckless and careless driving style, characterized
by a tendency to drive at high speed and to ill-
considered and risky maneuvers;

* anxious driving style, characterized by uncertainty
and indecision when maneuvering;

* aggressive driving style, which reflects hostile and
aggressive behavior towards other drivers, as well
as violent performance of the road maneuvers and
non-compliance with the road rules;

* patient and attentive driving style, which shows
a tendency to be polite towards other drivers and to
behave rationally on the road,

e dissociative driving style, which describes the
tendency to be distracted and inattentive while
driving and to make driving mistakes related to
a lack of concentration.

Much work and projects have been devoted to
development of algorithms which recognize and
determine the driver’s driving style for the purposes of
the ADAS systems. Based on selected parameters, e.g.

acceleration, engine speed, position of the accelerator
and brake pedals, the algorithm determines the driving
style of the driver. The driving style category information
is then used to determine how the assistance systems
are adjusted to the driver’s characteristics. This solution
increases the safety and comfort of driving - especially
if the driving style is defined as aggressive (dangerous).
Examples can be found, among others, in works [27-29].

The phenomenon of road accidents and fatalities in
road accidents has been an interesting issue for many
researchers around the world for years. Road accidents
in the works [30-33] are considered as an individual
case of the driver’s behavior. In the work [34-35] the
intensity of the road accidents is comparable to the
European Union countries. In the works [36-37], road
accidents are subject to statistical analysis in order to
divide the European Union countries in terms of the
road safety. In the works [38-39], the number of road
accidents and the number of fatalities in road accidents
is analyzed in the assumed period of time in order to
better understand their intensity. It should be noted
that in the works [40-42] the intensity of road accidents
in selected European Union countries is analyzed with
help of forecasts in order to show the problem of road
accidents.

As mentioned before, many factors can affect the
road safety. There are still a large number of accidents
and collisions on the roads, with a significant number
of casualties. The aim of this study was to present
the number of road accidents which involve fatalities,
in Poland and European Union countries. The study
analyzed the number of accident victims in terms of
a specific day of the week and time of day.

2 Methodology

Social and economic losses of road accidents in
Poland and in EU Member States indicate the need
to develop the road safety programs. Due to the long-
term activities of the adopted programs heading to the
improvement of road safety, it is necessary to develop
the low-cost projects to eliminate dangerous places of
occurrence of the road accidents occurrence. It is also
important to determine in statistical terms the impact
of parameters such as the number of vehicles, the age
of vehicles, the length of motorways and expressways,
the number of electric vehicles, or the age of the driver
affects the intensity of road accidents and the intensity
of fatal road accidents.

This study uses a methodology for analyzing the
historical data on road accidents in Poland and selected
European countries in order to analyze the impact of the
length of motorways, the number of vehicles registered
on the intensity of road accidents and the intensity of
fatal road accidents.

The coefficient of determination R? was used to
analyze the relationships between the previously
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mentioned variables. The coefficient of determination
takes values between 0 and 1. The coefficient of
determination R? in the article explains to what extent
the change in the length of motorways and the number
of registered vehicles affect the change in the number
of road accidents and the number of fatalities in road
accidents. The coefficient of determination was obtained
as, [43]:

5. (1)

The coefficient of determination R? in this
publication is treated as the first parameter determining
the impact of selected parameters on the number of road
accidents and the number of fatalities. Based on the R?
determination index and the use of multiple regression,
European countries can be classified in terms of the road
safety.

3 Road infrastructure

The total length of highways in the European
Union and the Schengen area is over 82,000 kilometers.
Nowadays, the system of interconnected motorways
allows free passage from the border of one state to the
border of another state without having to leave the
motorway routes even for a moment. Unfortunately, for
economic reasons, the motorway networks in individual
Member States of the European Union differ significantly
in terms of size and degree of advancement. The most
extensive network of express roads can be found in the

western countries of the European continent. Spain
has the longest motorway network, over 17,228km. In
2020, the total length of highways in Germany exceeded
13,190km. In Poland, the length of motorways in 2020
was over 1,712km. Figure 1 presents the characteristics
of the motorway length of the European countries in
2010 and 2020. Figure 2 presents the characteristics of
the percentage changes in the length of the motorway
in European countries. Comparing the condition of
motorways from 2020 to 2010, Romania recorded the
largest increase of 177 %. In Romania, in 2010, the total
length of motorways was 332km and in 2020, the total
length of motorways was 920. Poland is the second
largest European country in terms of motorway growth
in 2010-2020. In the period under consideration, Poland
doubled the number of motorways. In 2010, there were
857km of highways in Poland, while in 2020 there
were 1,712km. Bulgaria is in the third place with an
increase of 84% by motorway. Figure 3 presents the
characteristics of the length of motorways for selected
European Union countries. To compare the length of
motorways in 2010-2020, countries, such as France,
Germany, Poland, Spain, Slovakia and Romania, were
selected. It should be noted that despite the doubling
of the length of motorways in Poland in 2010-2020, the
length of motorways in Poland is still much shorter than
in France, Spain or Germany. It is similar with Slovakia
and Romania.

In Poland, in 2010, the total length of highways
was 857.4km and of expressways - only 674.7km.
Figure 4 shows the length of highways and expressways
in Poland in 2010-2020. In 2020, the total length of
highways in Poland was 1712.2km and express roads
2548.5km. In 2020, the length of motorways increased
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Figure 1 Characteristics of the motorway length in European countries in 2010 and 2020
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Figure 2 Characteristics of the increase in the length of highways in European countries in 2020 compared to 2010
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Figure 3 Comparison of the length of highways in selected EU countries in 2010-2020

by approximately 100% compared to 2010. The length
of expressways in 2020 increased by 297 % compared to
2010. Despite the fact that Poland differs significantly
in terms of the length of motorways from Spain or
Germany, it is pleasing that within 10 years the road
infrastructure is subject to continuous development and
extension of expressways [44-47].

The number of registered motor vehicles in Poland
in 2010-2020 has changed significantly. Figure 5 shows
the number of registered motor vehicles in Poland in

2010-2020. This number increased from 23 million (2010)
to 33 million (2020) [44-47]. On average, the number of
motor vehicles in Poland increases by 3% each year.
The number of vehicles registered in European
countries is increasing every year. Most motor vehicles
in 2020 were registered in Germany (53,651,934 units)
and Italy (44,980,390 units). Figure 6 presents the
characteristics of the change in the number of registered
vehicles in European countries in 2010 and 2020. Figure
7 shows the percentage change of registered vehicles in
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European countries in 2020 compared to 2010. It should
be noted that in the period under consideration, from
2010 to 2020, the highest increase in motor vehicles was
recorded in Romania and amounted to 68%. During
that period, the number of motor vehicles in Romania
increased from 5,058,500 to 8,518,166. In Germany,
during the period under consideration, the number of
motor vehicles increased by 16 % and in Italy by 8 %. In
Poland, the number of motor vehicles in the years 2010-
2020 increased by 44 %. In Poland, in 2010, the number
of registered motor vehicles was 20,458,100, while in
2020 it was 29,466,460.

Compared to 2010, in 2020 the number of registered
passenger cars in Poland increased by 29 %, motorcycles
by 36 % and trucks by 19% [44-47]. Figure 8 shows the

hicles in Poland in 2010-2020

growth characteristics of registered passenger cars in
Poland in 2010-2020, while Figure 9 shows the growth
characteristics of registered motorcycles and trucks in
Poland in 2010-2020.

4 Road accidents in Poland

The road traffic poses a risk of collisions and road
accidents. Unfortunately, those events still constitute
a serious social problem. Despite many measures taken
in Poland and in the EU, it was not possible to reduce
the number of fatalities by 50% compared to 2010.
The number of road accidents in Poland in 2010-2020
decreased from 38,832 to 23,540 (-39.4 %), while the
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Poland in 2010-2020

number of fatalities decreased from 3,907 to 2,491
(-36.3 %). Poland, like the EU member states, assumed
a 50% reduction in the number of fatalities in the
analyzed period. The assumed number of fatalities
in road accidents in Poland in 2020 should be 1954.
Unfortunately, the real number was higher by as
many as 538 fatalities [44-47]. Figure 10 presents
the characteristics of the number of road accidents
and Figure 11 shows the number of fatalities in road
accidents in 2010-2020.

In the analyzed period, the largest decrease in the
number of road accidents took place in 2020 compared
to 2019 and amounted to -22.3 %. Over the last 10 years,
only in 2011 and 2016 there was an increase in the
number of accidents compared to the previous year. The
number of fatalities in 2015 increased in fatalities by as
much as 22.9 % compared to 2014. In addition, there was
an increase in death toll in 2011, 2018 and 2019 [44-47].
Figure 12 shows the annual change in the number of

in Poland in 2010-2020

road accidents in Poland in 2010-2020. Figure 13 shows
the annual change in the number of road fatalities in
Poland in 2010-2020.

5 Road accidents and their consequences

The approach to improvement of the road safety is
primarily aimed at ensuring a safe transport system for
all the road users. The cornerstone of the road safety
improvement system is elimination of the fatal accidents
and reduction of serious injuries, as a result of the safe
roads and roadsides and the determination of a safe
speed for traveling on certain types of roads. At the
same time, safety systems in vehicles are under constant
development [3, 47]. Every year, road accidents generate
huge costs for society. The total number of road fatalities
per 1 million inhabitants in the EU decreased by 37 %
in 2020 compared to 2010. Unfortunately, the number

VOLUME 25

COMMUNICATIONS 1/2023



A8

FREJ, SZUMSKA

Romania
Latvia
Bulgaria
Poland
Lithuama
Croatia
Cyprus
Greece
Portugal
Czechia
Hungary
Slovakia
Estonia
Belgium
Luxembourg
E‘ EU-27
g Finland
8 Italy
France
Slovenia
Austria
Germany
Netherlands
Ireland
Spain
Denmark
Switzerland
Iceland
Malta
Norway
Sweden

)

20 40

60 80

o
e}
<

120 140

Fatalities per million inhabitants

m2020 =m2010

Figure 14 Number of road fatalities per million inhabitants in individual EU member states

of deaths per 1 million inhabitants has not decreased
in the last decade in all the EU Member States. Among
the European Union countries, the lowest number of
fatalities in road accidents is noted in Sweden (18 deaths
per million inhabitants), while the highest occurred
in Romania (85 deaths per million inhabitants). The
European Union fatality rate in 2020 was 42 deaths
per 1 million inhabitants; this result is almost 5 times
lower than the world average, which in 2020 was 180
deaths in road accidents per million inhabitants [44-47].
Figure 14 presents the characteristics of the number of
road fatalities per million inhabitants in individual EU
member states.

It should be noted that within a decade, Greece
and Norway achieved a 50% reduction in the number
of road fatalities. Countries such as Belgium, Bulgaria,
Spain, Croatia, Italy, Lithuania, Portugal and Slovakia
recorded a decline of more than 40 %. In Poland, in 2010,
the number of fatalities in road accidents per million
inhabitants was 103 people, while in 2020 it was 65
people, so there was a decrease by 37% [-44-47]. The
percentage change in the number of road fatalities per
million inhabitants in individual EU member states in
the period 2010-2020 is presented in Figure 15.

The annual change in the number of fatalities
in accidents on EU roads shows a downward trend in
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the period 2010-2019 (Figure 16). The largest annual
decrease took place in 2013 and amounted to 8.6%
compared to 2012. Only in 2015, the number of fatalities
on EU roads increased by 0.9% compared to 2014. The
annual downward trend in the number of fatalities in
the Member States varies significantly. In Germany,
in 2011, 2014, 2015 and 2018, there was an increase in
the number of fatalities compared to the previous year
(Figure 17). In France, the increase in the number of
fatalities occurred in 2014, 2015 and 2016 (Figure 19).
In contrast, in Spain, the annual rise in the number of
fatalities was recorded from 2014 to 2017 (Figure 18).
In Slovakia, the increase in the number of fatalities
occurred in 2012, 2014, 2015, 2017, 2019 (Figure 20); on
the other hand, in Romania in 2012, 2015, 2016, 2017

0
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-40

Percentage change in the number of
road fatalities, %

(Figure 21) [-44-47].

The number of road fatalities in the EU in 2019
is presented in Figure 22. The highest number of road
fatalities in the EU as a whole occurs during the holiday
period between June and August. In these months
in 2019, the total number of fatalities on EU roads
amounted to 6,653 people. The lowest number of road
fatalities in the EU in 2019 was recorded in February
and amounted to 1,560 people. It can be noted that in
Germany, France, Italy, Portugal, Spain, Poland, the
highest number of fatalities in road accidents during the
year is recorded in the period from July to September.
In Romania, on the other hand, the record number of
fatalities occurs from October to December (Figure 23)
[44-47].
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accidents on Slovakia roads 2010-2019

The number of road fatalities in the EU and selected
Member States on specific days of the week is presented
in Figure 24. When analyzing accidents in 2019 in the
EU, the lowest number of fatalities was recorded on
Tuesdays (2,906 victims), while the highest number
was recorded on Saturdays (3,782 victims). Similarly,
in Poland, in 2019 the most fatalities were noted
on Saturdays, 485 victims. In Germany, the highest
number of deaths in road accidents in 2019 was recorded
on Sundays (464 victims) and the lowest on Thursdays
(394 victims). In the case of France and Italy, the highest
number of road fatalities was observed on Saturdays
[44-47].

The number of fatalities in road accidents by time,
in the EU and selected Member States, is shown in

road accidents in Romania in 2010-2019

Figure 25. It should be noted that the most fatalities
in road accidents in the EU in 2019 occurred between 3
PM and 5 PM, while the lowest was at night. A similar
situation occurs in Poland, France and Germany. In
Italy, the highest number of road fatalities occurred
between 6 PM and 8 PM [44-47].

6 Statistical analysis

The number of road fatalities in the European
Union and in the Member States is getting smaller
every year. Some countries experience an increase in
the number of road fatalities in one year, but the overall
downward trend is maintained. The “Zero Accident
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Table 1 The coefficient of determination R? for data on the number of fatalities in selected EU countries

Country R? coefficient Country R2 coefficient
Poland 0.6705 Ireland 0.2279
Austria 0.1866 Ttaly 0.9614
Belgium 0.9131 Latvia 0.0941
Bulgaria 0.4676 Lithuania 0.6234
Croatia 0.9285 Luxembourg 0.0194
Czech Republic 0.0236 Malta 0.0013
Denmark 0.4769 Netherlands 0.0478
Estonia 0.0475 Portugal 0.0522
Finland 0.6945 Romania 0.0802
France 0.9690 Slovak Republic 0.3967
Germany 0.2421 Slovenia 0.8537
Greece 0.9663 Spain 0.0976
Hungary 0.505 Sweden 0.3441
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Figure 26 Number of road accidents versus number of fatalities for selected EU Member States
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Vision” policy, pursued in the Member States of the
European Union, contributes to increasing the safety
of the newly manufactured motor vehicles, improving
the road infrastructure and tightening the provisions
of the Highway Code. Apart from the driver’s fault, the
above factors are the most often mentioned as the cause
of a road accident. By determining the R? coefficient,
which is a measure of the quality of the model fit. The
authors wanted to check which of the above factors (the
number of registered motor vehicles, the total number of
road accidents, the length of highways) has the greatest
impact on the drop in the number of fatalities in selected
European countries

Analyzing the available statistical data on the
number of fatalities, attention should be paid to the

relationship between the number of road accidents and
the number of fatalities. The coefficient of determination
R? for data on the number of fatalities, taking into
account the total number of road accidents, in selected
European countries, is presented in Table 1.

The R? coefficient of determination for data on the
number of fatalities in selected European countries is
presented in Table 1. The value of the R? coefficient
of determination for France (R* = 0.9690), Greece (R?
= 0.9663), Italy (R? = 0.9614), Croatia (R? = 0.9285),
Belgium (R? = 0.9285) and Slovenia (R? = 0.8537), proves
that the number of fatalities is closely related to the
number of road accidents. This is an obvious statement,
but it should be borne in mind that in countries where
the value of the R? coefficient is close to 1, it indicates

Table 2 The coefficient of determination R2 for data on the number of road accidents in terms of the number of registered

motor vehicles in selected European countries

Country R? Country R?
Belgium 0.878 Spain 0.484
Austria 0.844 Ireland 0.449
Latvia 0.808 Netherlands 0.279
Slovakia 0.781 Greece 0.250
Poland 0.743 Sweden 0.205
France 0.730 Denmark 0.160
Italy 0.704 Luxembourg 0.120
Germany 0.702 Slovenia 0.106
Czechia 0.687 Lithuania 0.077
Hungary 0.676 Estonia 0.025
Finland 0.637 Portugal 0.025
Romania 0.545 Malta 0.020
Croatia 0.492 Bulgaria 0.004
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Figure 27 The number of road accidents versus the number of registered motor vehicles for selected EU Member States
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a large number of accidents with fatalities in the total
number of accidents. Therefore, in order to reduce the
number of fatalities in these countries, the overall
number of road accidents should be reduced. The lowest
values of the determination indicator R? occurred in
the Czech Republic (R?* = 0.0236), Luxembourg (R2
= 0.0194) and Malta (0.0013) (Figure 26). In these
countries, the number of fatalities is not closely related
to the total number of road accidents. The coefficient
of determination R? for Poland is 0.6705 in the period
in question. This proves a moderate dependence of
the number of fatalities on the total number of road
accidents.

When analyzing the available statistical data on the
number of road accidents, attention should be paid to

the relationship between the number of road accidents
and the number of registered motor vehicles. The
determined coefficient of determination R2 for data on
the number of road accidents, in terms of the number of
registered motor vehicles in selected European countries,
is presented in Table 2.

The results of the coefficient of determination R?,
for Belgium (R? = 0.878), Austria (R? = 0.844), Latvia
(R? = 0.808), Slovakia (R? = 0.781), Poland (R? = 0.743)
and France (R? = 0.730), show that the number of road
accidents is related to the number of registered motor
vehicles. Therefore, in order to reduce the number of
road accidents in these countries, the total number
of registered motor vehicles should be reduced. In
addition, it should be noted that in Germany and Italy,

Table 3 The coefficient of determination R? for data on the number of fatalities in terms of the number of registered motor

vehicles in selected European countries

Country R? Country R?
Finland 0.9608 Croatia 0.495
Malta 0.9149 Spain 0.450
Poland 0.8599 Slovenia 0.400
Belgium 0.7807 Italy 0.343
Slovakia 0.7765 Netherlands 0.324
Germany 0.7013 Romania 0.265
Greece 0.6942 France 0.231
Hungary 0.6915 Bulgaria 0.222
Portugal 0.6770 Austria 0.176
Latvia 0.6621 Estonia 0.029
Denmark 0.5291 Lithuania 0.019
Luxembourg 0.5231 Ireland 0.011
Sweden 0.5102 Czechia 0.001
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Figure 28 Number of road fatalities versus the number of registered motor vehicles for selected EU Member States
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Table 4 The coefficient of determination R? for data on the number of road accidents in terms of the length of motorways in

selected European countries

Country R? Country R?
Spain 0.8700 Slovenia 0.3592
Finland 0.8337 Netherlands 0.2447
Slovakia 0.6960 France 0.2286
Germany 0.6834 Portugal 0.2189
Sweden 0.6455 Austria 0.1940
Poland 0.6079 Ireland 0.1013
Croatia 0.6071 Denmark 0.0281
Luxembourg 0.5829 Estonia 0.0218
Italy 0.4828 Bulgaria 0.0037
Romania 0.4461 Czechia 0.0021
Hungary 0.4310 Lithuania 0.0001
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Figure 29 The number of road accidents versus the length of motorways for selected EU Member States

where the most registered motor vehicles are present,
the coefficient of determination R? is 0.7, this result
is much lower than for Belgium or Austria, where the
number of registered motor vehicles is almost 10 times
lower. The lowest values of the determination indicator
R? were recorded in Lithuania, Estonia, Portugal, Malta
and Bulgaria. For those countries, the value of the
determination index R? did not exceed 0.1 (Figure 27);
in those countries, the number of road accidents is not
related to the total number of registered motor vehicles.

However, attention should be paid to the relationship
between the number of road fatalities and the number of
registered motor vehicles. The determined coefficient of
determination R? for data on the number of fatalities
in road accidents and the number of registered motor
vehicles in selected European countries is presented in
Table 3.

The results of the coefficient of determination R?

for Finland (R? = 0.9608), Malta (R? = 0.9149), Poland
(R? = 0.8599), Belgium (R? = 0.7807) and Slovakia (R? =
0.7765), show that the number of road fatalities is related
to the number of registered motor vehicles. Therefore,
in order to reduce the number of road fatalities in
these countries, the total number of registered motor
vehicles should be reduced. The lowest values of the
determination indicator R? are for Estonia, Lithuania,
Ireland and the Czech Republic. For these countries,
the value of the determination index R? did not exceed
0.1 (Figure 28). In those countries, the number of road
fatalities is not linked to the total number of registered
motor vehicles.

When analyzing the available statistical data on the
number of road accidents, attention should be paid to
the relationship between the number of road accidents
and the length of motorways. The determined coefficient
of determination R2 for data on the number of road

VOLUME 25

COMMUNICATIONS 1/2023



A56

FREJ, SZUMSKA

Table 5 The coefficient of determination R? for data on the number of road fatalities in terms of the length of motorways in

selected European countries

Country R? Country R?
Spain 0.8561 Italy 0.5263
Czechia 0.7175 Hungary 0.5263
Croatia 0.7090 Netherlands 0.4797
Germany 0.6921 France 0.4779
Slovakia 0.6714 Ireland 0.4068
Portugal 0.6457 Sweden 0.2824
Romania 0.6409 Denmark 0.2304
Poland 0.6334 Luxembourg 0.1802
Austria 0.6234 Bulgaria 0.1763
Finland 0.5628 Slovenia 0.0741
Estonia 0.5410 Lithuania 0.0032
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Figure 30 Number of fatalities in road accidents versus the length of motorways for selected EU Member States

accidents in terms of the length of motorways in selected
European countries is presented in Table 4.

The results of the coefficient of determination R? for
Spain (R? = 0.870), Finland (R? = 0.8337) and Slovakia
(R? = 0.6960) show that the number of road accidents
is related to the length of motorways. Therefore, in
order to reduce the number of road accidents in these
countries, the length of motorways should be increased.
Moreover, it should be noted that in Germany (R? =
0.6834), Sweden (R? = 0.6455), Poland (R? = 0.6079) the
coefficient of determination R2 indicates a significant
relationship between the number of road accidents
and the length of motorways. The lowest values of the
determination indicator R? were recorded in Bulgaria,
the Czech Republic and Lithuania. For these countries,
the value of the determination index R? did not exceed
0.001 (Figure 29). In these countries, the number of road

accidents is not related to the length of motorways.

However, attention should be paid to the relationship
between the number of road fatalities and the length of
motorways. The determined coefficient of determination
R? for data on the number of fatalities in road accidents
and the length of motorways in selected European
countries is presented in Table 5.

Results of the coefficient of determination R? for
Spain (R? = 0.8561), Czechia (R? = 0.7175), Croatia (R?
0.7090), Germany (R?> = 0.6921) and Slovakia (R?
0.6714), show that the number of road fatalities is
related to the length of motorways. Therefore, in order to
reduce the number of road fatalities in these countries,
the length of motorways should be increased. The lowest
values of the determination index R? are for Slovenia
and Lithuania. For these countries, the value of the
determination index R? did not exceed 0.1 (Figure 30).

COMMUNICATIONS 1/2023

VOLUME 25



ANALYSIS OF THE LENGTH OF HIGHWAYS AND THE NUMBER OF MOTOR VEHICLES IMPACT... A57

In these countries, the number of road fatalities is not
linked to the length of the motorways.

7 Conclusions

The policy of the European Union is aimed at
improving the road safety. A number of changes
introduced by the member states of the European
Union are aimed at reducing the number of fatalities
in road accidents. The introduced changes are directed
at improving the safety of motor vehicles, therefore new
vehicles are equipped with a series of passive systems
contributing to increasing safety, additionally the
road infrastructure is developed, thanks to which the
collision-free roads (highways, expressways) are created,
in which all the participants travel in one direction.

The number of road accidents in the last decade has
slightly decreased. Compared to 2010, the number of
people who died as a result of a road accident decreased,
as well. The overall number of fatalities in the EU in
2020 was lower by about 40% than in 2010. In Greece
and Norway, the number of fatalities in road accidents
in 2020 was 50 % lower than in 2010. In Poland, in 2010,
the number of fatalities in road accidents in 2020 was
37% lower than in 2010.

Analyzing the impact of the number of road
accidents on the number of fatalities, it was confirmed
that in some EU countries, the only way to reduce the
number of fatalities is to reduce the total number of road
accidents. Such countries include, for example, France,
Greece and Italy. At the same time, these member states
have very good road infrastructure.

When considering the number of fatalities, certain
trends, specific to the EU and individual member states,
were noticed. It was noted that the number of fatal
accidents was highest in the summer months. It may be
related to vacation and holiday trips. When analyzing
the days of the week, most accidents with fatalities occur
on Saturdays and the least on Tuesdays. Due to the time
of day, most accidents take place in the afternoon. These
are the so-called transport summit, which occur in most
European countries between 3 PM and 5 PM The lowest
number of accidents with fatalities is recorded at night.

In the analyzes presented in the paper, the R?
index was used to assess the relationship between the
number of accidents and the number of fatal accidents
in individual EU countries. The high value of the
index, oscillating around 1, indicates a large number
of accidents with fatalities in the total number of
accidents. When analyzing individual EU countries,
Italy, France and Greece have the highest R? ratio. For
these countries, the index is 0.97. Countries with the
lowest rates are Malta, Luxembourg and the Czech
Republic. The R? index for these countries is below 0.03.

Analyzing the impact of the number of road
accidents on the number of registered motor vehicles, it
was confirmed that in some EU countries, the only way

to reduce the number of the road accidents is to reduce
the total number of registered motor vehicles. Such
countries include, for example, Belgium and Austria.
At the same time, analyzing the impact of the number
of road fatalities on the number of registered motor
vehicles, it was confirmed that in some EU countries,
the only way to reduce the number of road fatalities is
to reduce the total number of registered motor vehicles.
Such countries include Finland, Malta and Poland.
Analyzing the impact of the number of road accidents on
the length of motorways, it was confirmed that in some
EU countries, the only way to reduce road accidents
is to increase the length of motorways. Such countries
include, for example, Spain, Finland and Slovakia.
At the same time, when analyzing the impact of the
number of road fatalities along the length of motorways,
it was confirmed that in some EU countries, the only
way to reduce the number of road fatalities is to increase
the length of motorways. Such countries include the
Spaniards and the Czech Republic. It should be noted
that the number of road accidents is influenced by the
infrastructure and to a large extent by the motorway
network and the number of vehicles moving on the roads.

The R? coefficient of determination is used to
analyze the impact of road accidents or victims in
the road accidents in terms of Infrastructure or the
number of registered motor vehicles. It may prove to be
a useful indicator comparing the road safety for selected
countries. In addition, the indicator can be used as one
of the criteria for assessing the danger on the roads of
European countries.

Perhaps the only effective measure to reduce the
number of road fatalities is to educate road users. Social
campaigns on television and social media can help to
make drivers and other the road users aware of the
consequences of accidents. One of the ways to influence
drivers are high financial penalties for breaking the
traffic regulations. An important issue for lawmakers
and road managers is to ensure the safety of the road
infrastructure, e.g. through appropriate marking, lighting,
or the introduction of less collision-related intersections
and road connections. Continuous development of passive
and active safety systems for vehicles is also important,
which can contribute to increasing safety for both vehicle
users and other road users.
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