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Abstract: Road traffic accidents represent an importantg@fattie road traffic system. In many cases, they tead not
only to damage to vehicles and property, but asimss injuries or even death of road traffic gapants. The prevalence
of road traffic accidents and the related fatalittes in a country is a significant indicator o thaturity of that country
and its inhabitants. The purpose of this articles teareview the prevalence of road traffic accideantd fatality rates in
the Slovak Republic over the period from 2009 ta20rhe analysis was conducted by applying baatsstal methods
and a time series analysis (exponential smoothiettpod — ETS). The ETS is a method used for forepattime series
univariate. The focus of this method is on thregetseries components (error E, trend T and seaSynahile defining
how the individual components interact. The resolithe analysis indicated a positive, i.e. afgltrend in road traffic
accident rates, according to the numbers of petdthed/injured in road traffic accidents in SlovakCompared to 2009,
in 2020 there was a decrease in the number oftraffic accidents by almost 54%. In 2022, the numifefatalities
decreased by almost 30% compared to those in 2Z0@modelling also involved a forecast of the nundfepersons
killed/injured in road traffic accidents for a pattiof 5 years.

1 Introduction The road traffic accident rate is an important catr

Mobility and transport are of high importance foet Of the quality of the transport infrastructure ati
society. Although they provide many benefits, theyalso relevant legislation; it also reflects the awarsnekthe
associated with a number of drawbacks, such as tf@ad traffic rules among the inhabitants of a patér
greenhouse emissions, noise, water and air palluis ~ country. In the European Transport Policy, the B laid
well as traffic jams and accidents. Road trafficidents down ambitious long-term goals for the road trastdety.
are events which result not only in injuries orttiesf road The EU representatives issued a resolution [5.8] th
traffic participants, but also in material damage. aimed at increasing the road traffic safety andaghing

According to the World Health Organization,the zero-fatality rate on the EU roads by 2050 ifris
approximately 1.3 million people die every yeamassult Z€ro). The resolution includes limiting the speed i
of road traffic crashes. Other 20-50 million peogiéfer residential areas to 30 km/h, implementing the -zero
non-fatal injuries, while many of the injured beem tolerance approach regarding the use of alcohobéimer
disabled [1]. Globally, almost 3,700 people dieromds in  addictive substances while diving, and implementing
accidents invo|ving cars, bUSGS, motorcydesl MC state-of-the-art Safety features both in roads\agftcles.
trucks or pedestrians. More than half of thoseetiln the According to [6], the Vision Zero will be implemeat
crashes are pedestrians, cyclists and motorcydts through influencing the attitudes of road traffic
According to the information published by the Eweap Participants, taking targeted measures aimed d-fitil
Commission, in 2022, around 20,600 people weredith road participants, creating the safe traffic aneereasing
road crashes in the EU countries, which is a 3%ease the safety of motor vehicles, ensuring fast andtiefit
compared to 2021. This was caused by the recodgheo Post-crash  medical care, and applying modern
traffic intensity after the pandemic [3]. technologies. According to [7], there are seveaaises of

Over the last few decades, the road traffic séfetpe road traffic accidents. The key ones include a djbieeit
European Union (EU) countries has significantlyioyed ~ Violation, drunk driving, driving without a breakot

thanks to the considerable efforts exerted at tirefiean, Paying attention to the traffic, poor quality ofats, bad
regional and local levels. In years 199017, and Weather and so on. Kurakina et al. [8] stated thatkey

particularly after 2000, the EU witnessed a sigaifit indicator of road traffic safety is the absenceoafd traffic
improvement in the field of road traffic safetyterms of ~accidents. In a paper [8], authors discussed theate for
the number of fatalities and injuries. Over a stioperiod, forecasting the road accident rates using the DBrive
in years 20022010, the number of deaths on roads in th¥ehicle-Road-Environment (DVRE) system. Darwish et
EU decreased by 43% and since 2010 by additior20¥a al- [9] deal with the key factors that contributettaffic
[4]. Nevertheless, the number of persons killedraadds ~accidents in Jordan, based on a dataset obtaioettfre
across the EU has not significantly changed ovetast 5 Traffic Institute’s 2021 database.

years.
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Vilaga et al. conducted a statistical survey wlithaim  traffic accidents on road links and junctions ithiiania in
of assessing the severity of road traffic accideatd years 20142018, while the road traffic accident rates were
identifying the correlations between the accidemd the forecasted by applying the empirical Bayes metfide
road traffic participants [10]. The output of thady was a authors also recommended collecting detailed inddion
recommendation to improve the road safety standards on the geometrical and operational characterisficeads
adopt more policies regarding the safety of trartspothat affect the risk of serious accidents.
Authors [11] analysed 20 influential factors of ddeaffic In the article [22], the prevalence of road traffic
crashes (e.g. drivers’ behaviour and driving exgreré, accidents and the amounts of the collected roathtéhe
vehicles’ safety condition, vehicles’ purpose, rtigbting Czech Republic is discussed. The authors foundhait
quality, road surface condition, roadside protectiodespite a stable increase in the amount of theatelli road
facilities, road terrain etc.). The key factors evtentified tax over the years, the accident rates graduallyedse;
by applying the factor analysis. however, that decrease is not as intensive asithedse in
Olszewski et al. [12] examined the factors affegtime  the collected road tax. They stated that the csltec
risk of death of pedestrians, cyclists, motorcysliand money, which should be spent on resolving the erabl
moped riders in seven EU countries using the data the with the road network (road traffic safety, repairs
CARE database. The results were presented as atiols r construction of new roads etc.), was not used skaly
of fatal accident outcomes in different countriesder for those purposes. Authors Stefko et al. [23] Mledehe
specific circumstances compared to the referenciamage to the property and the accidents withigguand
conditions. The safety of traffic was also discdssg13]; fatalities that had happened in the Slovak Republey
authors applied the data mining algorithms, inalgdihe concluded that the accidents with fatalities andries
basket analysis, to analyse the road traffic aotidges in strongly affect the property damage. They alsotpdiout
Hampshire, England. The modelling of the road igaff that the expressways significantly reduce the rates
accidents in Addis Ababa by means of the adaptiaccidents in which there are fatalities. Road iraff
regression trees was presented in [14]. accidents in Slovakia that happened in years 199%8-2
Severity of road traffic accidents was examinegd8]. were analysed by authors KalaSova and Krchova [24].
The decision trees and the artificial neural neksavere They claimed that with the use of new, modern andrs
applied to identify three main factors affectintpfay rates  systems and applications, the transport safety ey
for road traffic accidents: not using a seat bdiynk improved. The forecasts of road traffic accidenesan
driving, and inappropriate lighting conditions omads. Poland and Slovakia, as well as the evaluatioroef the
Authors Chand et al. [16] provided a review of soeirces COVID-19 pandemics affected their trend, were prtesg
of data on road traffic accidents, as well as tlad in [25]. The accident rates were forecasted by yaipgl
analysing techniques and various algorithms thatuaed selected time series models. Authors pointed aatt e
for forecasting the road traffic accidents. AuthBee and pandemics caused a decrease in the road traffidestc
Wong [17] presented the assessment of the risk aftes in Poland by 31% and in Slovakia by 33%.
pedestrians suffering an injury in a road trafficident and Gorzelaczyk [26] analysed the number of road traffic
the analysis of the factors that contribute toliid@a and accidents in Poland relative to the weekdays wihery t
severe injuries. The correlations between the fniibaof  happened. The data was used to forecast the atcides
death and a serious injury and all the influenféadtors by 2024 based on the time series.
were identified by applying the binary logistic regsion. The road traffic safety in the Slovak Republic teta
Authors Lavrenz et al. [18] presented a reviewhaf t not only to the road traffic safety at the natioleakel, but
current state of the art regarding the use of timdes also on the European level. The key indicator eftthffic
models in the research into transport safety asdudsed accident rates in the country is the total humbemad
some of the basic techniques and consideratiotraffic accidents and the number of persons killedbad
concerning the conventional time series modelliflge traffic accidents. The purpose of this article waanalyse
article [19] deals with the road traffic fatalitiesIndia in the road traffic accident rates and the numbereosgns
years 19672015, analysed by applying the time series arkilled/injured in road traffic accidents in SlovakiThe
the ARIMA model. Based on the forecasted numbers oésult of the analysis was the modelling of thevalence
fatalities in road traffic accidents, authors expecising of the number of deaths with the use of a timeeseaind
trend in the number of fatalities in road traffacadents in  the forecasting of the number of deaths for the Bepears.
India over the next 10 years. Greibe [20] descritied
accident prediction models that are capable ofmiost 2  Methodology
accurate forecasting of fatality rates for urbarcjiionsand 21 Basic terms
road links. The models were based on data for 1,036 gjgyakia (the Slovak Republic) is an inland country

junctions and 142 km of road links in urban aréét® |gcated in the Central Europe (Figure 1) and a nesrob
generalised linear modelling techniques were useelate he Eyropean Union since 2004. The territory wightotal

the_ ac_cident frequencies to the explanatory vambl g iface area of 49,035 square km is inhabited by.45
Jasiuniene et al. [21] conducted the evaluatiomoal jjlion inhabitants. Bratislava is the capital city
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Figure 1 Location of Slovakia in the EU [Base mapn@proom.net]

The road infrastructure in Slovakia consists o€Commission of the Traffic Inspectorate. Such events
highways, expressways and Class |, Il and Il roddte include the traffic accidents that happen at plagits a
current state of the road infrastructure is charésd by a limited road access (e.g. field roads and forestds, roads
relatively dense network of roads, but with onlgraall in factories, in yards etc.) [28].
proportion of highways and expressways. In 2029r¢lad Severity of road traffic accidents is categorised
network in Slovakia consisted of 18,130 km of roadd depending on whether an accident resulted onlamatje
highways, while the highways represented 521 knj. [27to property, or the accident participants suffexedinor or
112 km of new highways and expressways are expéztedserious injury or even death. Pursuant to Act N&/2310
be built in Slovakia by 2030. Coll., supplementing Act No 513/2009 Coll. (on Road

According to [28], a traffic accident is an eveatised Traffic and on Amendment and Supplementation to
by a moving vehicle in the road traffic with a cegaence Certain Acts), a death (killed person) means amgque
of death, injury or property damage, regardlesstather that is killed in an accident or dies within 30 dalpe to an
it is classified as a crime or an offence and wiethis injury caused in an accident. The number of deatig
subject to the proceedings in court or before teeaP includes the persons who die due to an injury frafic
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accident within 24 hours after the accident. Aruiefl
person is a person who has not died, but sufferédjary
in an accident and needed a medical treatmentridusty
injured person is an injured person who is hogpélfor
longer than 24 hours. A person with a minor injigya
person who has suffered an injury in an accidémrahan

observations are given relatively more weight in
forecasting than the older observations. Those oasth
therefore enable generating reliable forecasts shart
period of time and for a wide range of time ser&sch an
advantage makes them very important for industrial

applications. The ETS method is based on all ptevio

a serious injury, except for the cases when a eingbbservations. Their weights exponentially decressiey

treatment is required without a need for any spiseid
treatment or a sick leave [29].

become less recent. Every model consists of three
components: Error, Trend and Seasonal. The Error

As a full-value member of the EU, the Slovak Refubl component may be characterised as “Additive=A" or

(SR) became a member state of the Third globalstenal
conference on road traffic safety, held in Stockhol
Sweden, in February 2020, at which a new actiomdiec
was announced with the goal of increasing the pafet
road traffic by 2030 [30]. In Slovakia, two mediudarm
strategic goals were set for the period of 20216243
one long-term strategic goal was determined fop#réod
by 2050. The first medium-term strategic goal isiédve
the number of fatalities in road traffic accideimshe SR

“Multiplicative=M". Trend may be described as
“None=N", “Additive=A", “Additive damped=Ad",
“Multiplicative=M" or “Multiplicative damped=Md". The
Seasonal component may be “None=N", “Additive=A" or
“Multiplicative=M". There are 15 forecasting modesléth
additive errors and 15 models with multiplicativeoes.
Based on the assumption of normality of the ereomt
(Shapiro-Wilk test of normality), the ETS model cha
estimated via the maximisation of likelihood. Tlee-

by 2030 compared to the number of fatalities in thseries forecasting model was created with the fifeedR
reference year 2020. The second medium-term sitategackage forecast and the ets() function [34]. The

goal is to halve the number of serious injurie®ad traffic

methodology is fully automatic. The only required

accidents in the SR by 2030 compared to the number argument for ets is the time series. With regachtmsing

serious injuries in the reference year 2020. A {mrqn

strategic goal (Vision Zero) is to reduce the numbke
fatalities and the number of serious injuries iaddraffic

accidents in the SR to zero by 2050. For the perpds
accomplishing those strategic goals, certain measuere
defined for five different areas: a human factbe tisk

groups of road traffic participants; road safeghieles and
technologies; and post-crash care.

2.2 Statistical methods

the most appropriate model, the conventional amproa
includes the application of all models and thenosmg
the best model based on the information critefldre best
model may be identified using the Akaike's Inforimat
Criterion (AIC). A general rule is that the lowéretAIC
value, the better the model is compared to a medbla
higher AIC value.

3 Result and discussion
This investigation was aimed to analyse the prewale

The assessment of the prevalence of road traffif road traffic accidents and the number of persons

accidents in Slovakia was based on the data cetiduy
the Ministry of Interior of the Slovak Republic [31

killed/injured in road traffic accidents in the 8k
Republic in the period from 2001 to 2022.

The analysis and the assessment were carried out by

applying basic statistical methods and a time serig 1

analysis. A time series means a series of obsensthat

Basic terms
Based on the available data, 685,984 road traffic

are comparable in their nature and location, agengaccidents were reported in Slovakia in the perio2001-

chronologically from the past to the present [32}lime-
series forecast is a quantitative forecast of tiheré values
of a time series based on the assumption thatuirert
development will continue in future without any olgas.
In this article, the prevalence of road traffic ideats

2022. The average annual number of road traffidacts
was almost 21,182. A significant decrease in thisloer
was observed in 2009 — from 59,008 reported actsden
2008) to 25,989 reported accidents (in 2009). k vaused
by changes in legislation.

was forecasted by applying the ETS (ExponenTial A graphical representation of the prevalence ofiroa

Smoothing) method. The ETS is a forecasting metised

traffic accidents in Slovakia over the analysedqueof

for predicting a future value based on the existing001-2022 is shown in Figure 2. The red line represents

(historical) values by using the exponential smingth
algorithm [33]. Hyndman [32] stated that the forssa
created with the use of the exponential smoothiathods
are the weighted averages of the previous obsensti

the average annual number of road traffic accidientise
whole period of 20042022 (31,181.1). The red dashed line
represents the average annual number of road ctraffi
accidents in the period of 20a8022 (14,856.4),

while the weights exponentially decrease as thepresenting a 53.6% decrease. In the long teere ik a
observations get older. In other words — receRjliing trend in road traffic accidents in Slovakia
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Figure 2 Prevalence of road traffic accidents io&lkia (20032022)

The basic numerical characteristics of the locatioh
and variability in road traffic accidents are Itén

Table 1.
Table 1 Numerical characteristics of road trafficcedent rates in Slovakia
Period Number Arithmetic  Minimum Maximum Range Standard
mear value value deviatior
2001-202: 22 31,181.: 11,87¢ 62,07( 50,19¢ 22,350.:
200¢-202z 14 14,856. 11,87¢ 25,98¢ 14,11 3,983.!

Based on the time-series characteristics, it isiptesto  of changes in the road traffic accident rates av&kia (the
conclude, for example, that in 2003, compared @220 number of fatalities and the number of injuries)rave
there was an increase in the number of road traffanalysed in relation to the period since 2009.
accidents by 3,244 accidents. The pace at which the
number of road traffic accidents increased in 2003.21 Developmentsinthe number of fatalitiesin
compared to 2002, is 5.69%, representing almostea 6 road traffic accidents (2009-2022)
increase. In 2020, there was a significant decrébge The available data indicated that there were 3,728
almost 14%) in road traffic accidents compareddd®(a fatalities in road traffic accidents reported i&lkia in
decrease by 1,866 road traffic accidents), which have years 20092022. The average annual number of fatalities
been caused by a number of factors, including ehet  was almost 267. The results show that despiteeitieced
mobility of the population due to the COVID-19mobility of the population, caused by the COVID-19
pandemics. With year 2001 being chosen as theergfer pandemics, in 2020, the number of fatalities did no
year, the 2009 figures represent almost a 54.6%edse significantly decrease (the decrease was compatable
in the number of road traffic accidents, while #2821 data those of the previous periods). The basic numerical
constitute as much as a 78.9% decrease. With 20€@8a characteristics of the location of and the varigbih the
reference year, in 2022 there was a decrease muthber number of selected indicators are listed in Tabldt&
of road traffic accidents by 13,924 accidents +asgnting focus of the analysis of changes in the numberagns
a 53.6% decrease. killed in road traffic accidents included not orhe total

number of fatalities, but also the number of fatsi
3.2 Developments in selected indicators of road among cyclists and pedestrians, as well as the auofb
traffic accident rates in Slovakia (2009-2022) fatalities among drivers and passengers in carscnd

Due to a significant decrease in the number otisets  motorcycles.
since 2009, compared to the 2001 data, selectéchiods
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Table 2 Numerical characteristics of the numbepearfsons killed in accidents (period 262922)

Indicator (Number) Number Arithmetic  Minimum  Maximum  Range Standard
mear value value deviatior

Drivers and passengers in cars and 2,503 178.8 142 231 89 29.1

on motorcycle

Pedestrians 978 69.6 42 113 71 19.6

Cyclists 250 17.9 12 25 13 4.0

Total

Fatalities (traffic accident 3,728 266.3 223 347 124 44.3

participants

A graphical representation of changes in the nuraber  The number of persons killed in road traffic acoide
deaths in road traffic accidents in Slovakia ovee t was forecasted for the next period by applying the
analysed period of 2002022 is shown in Figure 3. In the ExponenTial Smoothing method (ETS). Compliance with
period from 2009 to 2013, there was a significatrdase the data normality requirement was verified usihg t
in the number of deaths, while particularly in 20tb@ Shapiro-Wilk test of normality. The null hypothesis
number of deaths reached the lowest value (2232psg)s acceptance or rejection was based on a p-valuke Ip-
representing a 35.7% decrease compared to theoftlue value equals to or is higher than the predetermined
reference year 2009 (347 persons). A relativelydend significance levet, then the null hypothesis is not rejected.
increase in the values that was observed in yéd4 and The p-value was higher thar(a=0.05); therefore, the null
2015 may be regarded as a negative phenomenor in ktypothesis on normality was not rejected. The tigyl
analysed period. However, after 2015, the curvehef time-series forecasting model consisted of three
numbers of deaths exhibits a slightly decreasiegdrIn components: Error, Trend and Seasonal. Severalrelift
2022, the number of deaths was 244, representingmadels were considered and subjected to a compéariso
decrease by 103 persons compared to the 2009 alateajfplying the AIC criterion. The best model was thedel

29.7% decrease). with the lowest AIC value (Table 3).
500 . : : . . . : Table 3 List of ETS models of the forecast numbdeaths
—a— Total | (total)
450 - .
—&— Pedestrians ETS mode AIC ETS mOdE AIC
400 - . —a— Cyclists . M, M, N 135.] M, N, N 134.(
] —v—CartMotorcyclel | M, Md, N 134. AN,N 135
2 T ] M, A, N 129.¢ A A N 137.t
& 3004 Tu " | M, Ad, N 129.: A, Ad, N 134.¢
? 5. \ /./ \./_\ -~ - Note: M-multiplicg?ive; A-Additive; N-None; Md-Muiplicative
é = ol /"\ n L i damped; Ad-Additive damped.
v—V V.
2 150 - \ v N Ny ] Apparently, the best model is the ETS(M,Ad,N) — a
— 1 damped Frend (Ad) with mqltiplicative errors (M)cano
g o e e 4. - seasonality (N). The damping factor acquired aevaiti
50 - e Se—*T N, " 1 0.8. A graphical representation of the original ahd
o AATAT At e a A—a—a—doat | smoothed time series based on ETS is shown in & igair
2008 2010 2012 2014 2016 2018 2020 2022 The graph shows a forecast of the number of déatial)
Year for the period of the next ten years. In additiothe point

estimate of the forecast, prediction intervals walso
created. The grey and blue fields show the 95%889d
prediction intervals for the forecasts obtainedrfigTS.

Figure 3 Numbers of deaths in road traffic accident Slovakia
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Forecasts from ETS(M,Ad,N)
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Figure 4 Developments and forecasts of a) the tmiahber of deaths; b) the number of deaths in/ticies (car+motorcycle) in
road traffic accidents in Slovakia

The forecast of the number of deaths in road traffi
accidents in Slovakia for the period of the nexeérs and
the prediction intervals for the best model ETS(iI|)®)
are shown in Table 4.

It may be stated that the number of deaths in tradiic
accidents in Slovakia exhibits a slightly decregsiamped
trend in the long run.

An analogical procedure was applied to the evaloati
of the number of deaths in/on vehicles and among
pedestrians and cyclists. Compliance with the data

Table 4 Forecasts of the number of deaths andrésgigiion
intervals for the period of 5 years

Forecast 80% Prediction95% Prediction  normality requirement was verified using the Shaifilk
Year interva interva test of normality. The best model was chosen byyapp
Lower Uppel Lower Uppel the AIC criterion. In the following section, onlie best
202: 225.¢ 201.& 250.: 189.C 262.¢ models with the lowest AIC values are discussegureéi
202¢  224.¢ 200.¢ 249.C 188.1  261.t 4b, Figure 5a and Figure 5b show the resulting inestels
202t 224.] 200.1 248.1 187.¢ 260.¢ and forecasts for the next period.
202¢ 223. 199.« 247.¢ 186.] 260.1
2027 222.( 198.¢ 246.8 186. 259.f
Forecasts from ETS(M,Md,N) Forecasts from ETS(M,N,N)

A 1

3 A g

o N g

2 AN £ /

R

:::;‘? \\ ~ / !'__: T b o ‘/'

£ 5 f L - | I X/

Year Year

a) b)
Figure 5 Developments and forecasts of the numbdeaths among a) pedestrians and b) cyclists &al toaffic accidents in
Slovakia
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Apparently, the best model for the number of deatt2.2
infon vehicles (car+motorcycle) and among pedesdria
the ETS(M,Md,N), i.e. a damped trend (Md) with
multiplicative errors (M) and no seasonality (Nased on

the observations of the developments and forecdiste

Developmentsin the number of injuriesin
road traffic accidents (2009-2022)
Based on the available data, a total of 93,6170pers
injured in road traffic accidents were reportelovakia
in years 20092022. The average annual number of injuries

number of deaths among cyclists, the best modétds was almost 6,687. As much as 78,236 persons sdffere
ETS(M,N,N), which represents the simple exponentiahinor injuries, representing almost 83.6% of th&lto

smoothing without a trend.

number of injuries. The basic numerical charadiegof
the locations of and the variability in the numbginjuries
(minor/serious) are listed in Table 5.

Table 5 Numerical characteristics of the numbengfries (period of 2002022)

Indicator (Number) Number

mear

Arithmetic Minimum

Standard
deviatior

Maximum
value

Range
value

Minor injuries
Serious injuries
Total

Injuries

78,236
15,381

93,617

5,588.3
1,098.6

6,686.9

4,462
869

9,274
2,367

2,664
539

367
147.3

5,373 8,534 3,161 897.7

10000 . . : . :

T
. — b | = Total
- | : : ® Minor
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Figure 6 Developments in the number of injuriesoiad traffic
accidents in Slovakia

T T T
2010 2012 2014

The number of persons with serious injuries in road
traffic accidents exhibits a slightly falling tremmer the
period from 2009 to 2016. In years 2017 and 20&et
was an increase in the values of this indicator)enthe
2018 value (1,272 persons) represents the maximuhei
entire analysed period. Since 2019, the numbeeddiss
injuries has been exhibiting a falling trend. I220the
number of serious injuries was 882, representifg.4%
decrease compared to the reference year 2009 (1,408
persons). Over the long term, the number of persotis
minor injuries exhibits a falling trend and copthe trend
of injuries (total). Considered the entire analypetiod,
the highest number of minor injuries was reportedd09
(7,126 persons), while the lowest number was oleskirv
2022 (4,462 persons). In the period of 2€4216, there
was an increase in the number of minor injuries2080,
there was a significant decrease in the numberinbm
injuries compared to the previous year 2019 (5,515
persons) — a 19% decrease (decrease by 1,053 gerson

A graphical representation of the numbers of pegso®ver the last two years 2021 and 2022, the number o

injured in road traffic accidents in Slovakia ovie
analysed period is shown in Figure 6. The largastlver
of injuries was observed in 2009 (8,534 personkilevthe

minor injuries exhibited a slightly rising trend.
Figure 7 and Figure 8 show the graphical
representations of the best models of the past and

lowest number was observed in 2021 (5,373 person§)recasted numbers of injuries (minor/serious) @ac
compared to 2009, it represents a decrease by 3,16dffic accidents in the period of 20@822 by applying

persons (approximately a 37% decrease). Similarthe
previous case, there was a falling trend in the bemof
persons injured in road traffic accidents in Sloadk the
long run.

the ETS method. Compliance with the data normality
requirement was verified using the Shapiro-Wilkt tel
normality.
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Figure 7 Developments and forecasts of the numbejuies (total) in road traffic accidents in Slakia
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Figure 8 Developments and forecasts of the numibpersons injured in road traffic accidents in Sl&ia:
a) minor injuries; b) serious injuries

It seems that in all of the cases the best modtieis persons injured in road traffic accidents in Sloadkr the
ETS(M,M,N), i.e. the exponential smoothing modethd next 5 years, as well as the prediction intervatghe best
multiplicative trend and error. The forecasted narstof model ETS(M,M,N), are shown in Table 6.

Table 6 Forecasts of the number of injuries andptegliction intervals for the next 5 years

Forecast 80% Prediction interv 95% Prediction interv
Year
Lower Uppel Lower Uppel
202¢ 5,518." 4,857.! 6,175. 4,490.( 6,533.:
202¢ 5,384.: 4,750.( 6,027.! 4,423.¢ 6,356."
202¢ 5,253. 4,649.; 5,866.: 4,322.: 6,195."
202¢ 5,125.¢ 4,534.. 5,711.( 4,212.¢ 6,034.:
2027 5,000.¢ 4,422." 5,577." 4,104.: 5,909.!
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The number of persons injured in road traffic aenid
in Slovakia forecasted for 2023 is 5,518.7. In plegiod

from 1 January 2023 to 30 June 2023, there wer@81,9

road traffic accidents reported with a total of425njured
persons (380 serious and 2,164 minor injuries) Eoid
fatalities.

4 Conclusons

The annual death toll from road traffic accidemts i

Slovakia is several hundreds of lives. Every yd#aate are
also thousands of injuries and significant propeesnage
is caused. In the National Strategy for years 20028,
the Slovak Republic laid down the main goal to bahe
number of fatalities in road traffic accidents b@2@
compared to the number reported in 2010. In 20idyet
were 345 deaths in road traffic accidents, whil@20
there were 224 of them, representing a decreas2by
persons. This means that the decrease represemyedao

35% and the main goal for 2042020 has not been

accomplished.

[6] European Commission,

[2] World Health Organization. Global Status Repont

Road  Safety, 2018, [Online],  Available:
https://www.who.int/publications/i/item/97892415656
84 [15 Aug 2023], 2018.

[3] Road safety in the EU: fatalities below pre-gamic

levels but progress remains too slow. 21 Febru@2g2
Directorate-General for Mobility and Transport,
[Online], Available: https://transport.ec.europdrew
s-events/news/road-safety-eu-fatalities-below-pre-
pandemic-levels-progress-remains-too-slow-2023-02-
21 _en [15 Aug 2023], 2023.

[4] DEBYSE, A.: Road safety in the EUEuropean

Parliamentary Research Service, February 2019,
[Online], Available: https://www.europarl.europa.eu
[15 Aug 2023], 2023.

[5] Strategy for sustainable and intelligent mabili-

directing European transport into the future, [Oa]j
Available: https://eur-lex.europa.eu/legal-cont8Kt/

[15 Aug 2023], 2023.

EU Road Safety Policy

Reducing the road traffic accident rates is very Framework 2021-2030, Next steps towards “Vision

important from a societal point of view. It will selt in
higher safety on roads, which will consequentlyuathe
fatality rates, the costs of medical care of pessojured
in accidents, the property damage, as well as dbkts of

Zero”. European Commission Staff Working
Document 283 final, Brussels,  [Onling],
Available: https://transport.ec.europa.eu/systdesif2
021-10/SWD2190283.pdf [15 Aug 2023], 2019.

removing the damage. A more recent medium-terif] HAMED, E.: Road Accident Analysis Factors* ed.,

strategic goal is to halve the number of persoiisdkin
road traffic accidents in the SR by 2030 compacethat
in year 2020. In 2020, there were 224 fatalitidgssTheans

that according to the target value, approximately 1

fatalities are predicted to happen in 2030. Withard to

Lap Lambert Academic Publishing, GmbH KG, 2011.

[8] KURAKINA, E., EVTIUKOV, S., RAJCZYK, J.:

Forecasting of road accident in the DVRE syst&#f
International Conference on Organization and Teaffi
Safety Management in Large Cities, pp. 380-3858201

the forecast obtained from the model of the numdfer [9] DARWISH, W., DARWISH, H.H.: Ordinal regression

fatalities, which was created by applying the ET&hnd,
there is a rising concern whether such a goakisilide.

Despite the unaccomplished goals, there is a pesiti

falling trend in the number of road traffic accitieras well
a falling trend in the number of persons killedrmjured in

road traffic accidents in Slovakia. The most fratjiEuse
of accidents is a human failure. For this favowrdt#nd of
decreasing road traffic accidents or fatalitiesfigs to
continue, it is necessary, above all, to respegttiffic

rules, conduct more frequent stop.
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