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Abstract

In both the European Union Member States and Hungary, a large number of people are killed in road traffic accidents. Reducing road
collisions, personal injuries, and fatalities is a priority. To get an accurate picture of the situation, it is necessary to know the accident
statistics of the European Union and the main EU directives that define a Safe Transport System. We then review the road safety
situation in Hungary, using data from 2017 to 2020. In preparing the statistical overview, particular attention will be paid to the spatial
distribution of severity, over time and by county, the distribution of accident participants by type of transport, the characteristics of
the persons involved in the accident, the causes of the accidents and the distribution by type of accident. The analysis includes an
explanation of the variables related to the vehicles involved in the accident and the causes of accidents related to human factors.
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1 Introduction
In the 21st century, road safety is one of the most important
factors in our daily lives (Elvik, 2024). The network policy
of the European Union regulates the transportation safety
factors in several ways in order to create a more coher-
ent and safer mobility (European Commission, 2024b).
In 2022, more than 20,000 people were killed in trans-
port-related accidents in the European Union (EU).
The majority of these accidents are still linked to speeding,
failure to yield right of way, and failure to maintain a safe
following distance (Jagicza et al., 2023). The paper exam-
ines road accidents from a statistical point of view based
on the standards (The National Statistical Council, 1993).
Road accidents are commonplace, and the outcome
of each one depends on a number of factors. The most
important of these are:

* People regularly get behind the wheel after drinking
alcohol. In some countries, this is not an offence up
to a certain blood alcohol level. However, research
has shown that alcohol dulls our driving skills,
which increases the risk of an accident.

* Another problem is that many people do not respect
the speed limits for a particular stretch of road, do

not take into account the current weather and traffic
conditions, or the limits of their own vehicle (relative
speeding), and therefore drive too fast.

* Many accidents are caused by one or more drivers
making reckless driving decisions because they have
misjudged the situation.

» Safe driving is based on ensuring that vehicles are
able to travel on safe roads of the right quality. It is
not enough to build the right infrastructure; roads
must be maintained (European Parliament, 2019;
Lakatos, 2021; Muslim and Antona Makoshi, 2022).

Table 1 from the CARE database shows that in Europe,
the number of (known) road accident fatalities decreased
for almost all road user types between 2001 and 2015.
Road transport is therefore becoming safer in Europe
(European Commission, 2024a).

The European Union intends to contribute to the road
safety efforts of the Member States by:

» Setting targets up to 2050 and interim targets and

objectives up to 2030: "EU Towards Zero" road
safety strategy.
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Table 1 Road accidents by type of road users
(European Commission, 2024a)

Ratio of Deaths rate Deaths rate

Types of road users all known between between

types 2015 2010-2015 2001-2015
Car users 45% -21% —58%
Pedestrians 22% -15% —45%
Motorcyclists 15% -14% —27%
Cyclists 8% 2% -36%
Moped users 3% -36% —68%
Caravan users 3% -17% -35%
Hev" users 2% 21% —62%
Agricultural vehicles 1% -13% —43%
Bus users 1% —5% —59%
Other road users 1% 33% 1%

* Heavy-duty truck

* The coordination of operations at the EU level will
be carried out by the Commission's Executive Board.

» Legislation to fulfil road safety tasks.

* Road safety initiatives, EU goals, targets, and pro-
grams are supported, such as the Trans-European
Transport Network (TEN).

* Road traffic accidents, injury analysis, and risk expo-
sure monitoring and assessment in the transport and
health sectors.

* Research and development of road safety interven-
tions and tools to implement the Safe System, like
using radar, cameras and lidar sensors.

* Themandatory introduction of advanced driver assis-
tance systems (ADAS) began in 2015 for heavy-duty
vehicles and will begin in 2023 for passenger cars,
such as automatic braking system, adaptive cruise
control, lane departure warning system and more
(European Parliament, 2024; Jagicza et al., 2023).

Looking at the graph from the CARE database in
Fig. 1, half of the EU countries exceeded the EU target
in 2023 compared to 2013, which meant a 16% reduction
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Fig. 1 Relative change in road deaths in the European Union member

states between 2013 and 2023 (European Transport Safety Council
(ETSC), 2023)

in road deaths. Six countries achieved an outstanding
result (above 30%), while data from six countries shows a
result below 10%. Hungarian road death statistics show a
19% reduction, which is an average value in the European
Union (European Commission, 2023; European Transport
Safety Council (ETSC), 2023).

2 Road safety situation in Hungary

The source of the additional information is a review of
the accident database for the period 2018-2020, received
from the Hungarian National Police Headquarters.
This includes the presentation of basic information related
to accidents in a systematic form and a descriptive analy-
sis of accident factors and variables (ORFK, 2024).

The analyses presented below are based on the data
from the mandatory on-site accident reports pursuant to
Article 8(2) of Act XLVI of 1993 (The National Statistical
Council, 1993). The aim of the analysis is to systematize
the available data and use it to support the planning of
practical accident prevention measures (ORFK, 2024).

Within this, the following main themes are examined:

In the first part of the analysis, basic accident data are
presented in the next subsections:

* by severity, spatial distribution over time, and

by county,

* by basic data on the vehicles involved in the
accident, and,

* by the basic accident characteristics of the persons
involved in the accident. In the plots, we have presented
the database systematics by time series (grouped by
month or year) and by county spatial grouping.

In the second part of the analysis, the variables of the
main causes of accidents were presented. As in the first
part, several subsections are discussed. These are:

» type of accident and distribution of causes,

» environmental variables: distribution by natural

environment and road conditions,

» pavement condition,

* road marking, etc.,

» weather and visibility conditions,

e variables related to the vehicles involved in the

accident, and,

e human factors.

2.1 Analysis of basic accident data
Due to the design of the database, several records can be
linked to a single accident, e.g., separate records for each



vehicle and separate records for each casualty. During the
data cleaning process, the database is simplified in certain
aspects to avoid duplications during visualization.

2.2 The variables of the main causes of accidents
As shown in Fig. 2, the number of accidents has decreased
over the years in all severity categories, with an average
decrease of 14.7% between categories in 2019 and an aver-
age decrease of 28% in 2020. The largest decreases in 2020
were in minor and fatal injuries, with decreases of 30%
and 31%, respectively, compared to 2019. Serious acci-
dents accounted for the highest proportion in all three
years studied (ORFK, 2024).

Fig. 3 shows the monthly distribution of accidents.
The number of incidents increased in the summer months.

The number of accidents and the severity of injuries by
area are presented below in Fig. 4. The territorial observation
was based on county-level data, with the Budapest territorial
area (agglomeration unit) recorded as a separate category,
not including the data for Pest County. The first figure below
shows the annual cumulative data. It can be observed that
the highest number of accidents occurred in the Budapest
area in all three years under study, with 638 accidents
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Fig. 4 Breakdown of the number of accidents by county (2018-2020)
(ORFK, 2024)

in 2020. This was followed by counties with higher traffic
routes, including Pest, Bacs-Kiskun, and Borsod counties.
Trends between years showed a downward trend, with the
exception of a few counties and years, averaging —10.4%
in 2019 and —22.2% in 2020. Exceptions include Budapest
(+8.5%) and Gyor (+5.7%) in 2019. In 2020, without excep-
tion, accident rates decreased in all counties (min. —2.6% in
Zala, max. —43.8% in Békés) (ORFK, 2024).

Fig. 5 shows a heat map based on the aforementioned
high injury severity category, the number of severely
injured, with concentrations in the county centres.

Fig. 6 shows that most accidents occurred on roads
within built-up areas, followed by other roads, then roads
outside built-up areas, and main roads. An analysis of the
distribution of casualties by severity shows that there are
significant differences between categories. Most fatali-
ties occurred on main roads and roads outside the built-up
areas, but roads within the built-up areas ranked first in
terms of serious injuries, with a significant difference.

Fig. 5 Heat map by number of severely injured in Hungary (2018-2020)
(ORFK, 2024)
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In this subsection, the number and basic observed char-
acteristics of the vehicles involved in the accident were
examined. For the statistics of the vehicles involved, the
data used were based on the pedestrian/passenger/animal
involved as a unit in Fig. 7. By type of accident causer,
vehicles represented the largest proportion of all three
years studied (89.9%-91.3%), followed by pedestrians
(7.5%—-8.9%).

According to another statistical classification in the
resulting database (type of accident-causing vehicle), the
subtotals of the categories differ slightly, but as shown
in Fig. 8, it is possible to distinguish between passenger
cars and other types of vehicles. It is worth noting that,
in addition to passenger cars (14,100, 53.8%), bicycles
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Fig. 7 Breakdown by type of accident by year (2018-2020)
(ORFK, 2024)
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Fig. 8 Breakdown by type of accident (2018-2020) (ORFK, 2024)

(3,600, 13.6%), and motorcycles (2,200, 8.2%), account
for a very significant proportion of the accident causes.
When designing prevention measures and actions, it is
also worthwhile for the enforcement body to take into
account the orientation towards these types of vehicles.

Based on the available database, the total number of
persons injured in road accidents in the three-year period
under review was 30,611, which decreased by 6.8%
(10,600) in 2019 compared to 2018 (11,300) and by a fur-
ther 17.5% (8,700) in 2020.

Fig. 9 shows the role of persons in traffic, which shows
that the majority of injured persons, 68% in 2020, were
drivers. While the first graph shows the absolute number
of injured, the second shows the relative distribution of all
injured in a given year. This shows that while the absolute
value of all roles except pedestrian casualties in 2019 has
decreased over the years, the percentage distribution of
drivers has increased slightly compared to the other roles.

The causes of the accidents were divided into seven cat-
egories for the analysis, as shown in Fig. 10. Based on the
distribution of the individual values, the most common
individual cause of accidents was related to road condi-
tions (road alignment, pavement quality), which was the
primary cause of 3,497 (2018: 1,355, and 2019: 1,163, and
2020: 979) accidents based on the field data. At the same
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time, when looking at the cause categories, the category
causing the most accidents was irregular traffic behaviour.
Examples of specific causes in this category include fail-
ing to yield the right of way, obstructing traffic, overtak-
ing, and disregarding road signs.

In addition to these two critical categories, the most
common cause categories were health or human error
causes, environmental causes, and technical failure
causes, as shown in Fig. 11 below. When grouped by the
severity of injuries from the different causes, as shown in
the next graph, the order of criticality changes slightly.

Weather conditions and visibility are assumed to be
related, also taking into account the influence of the time
of day. Consequently, the distribution of these two vari-
ables, along with their absolute values, is plotted in Fig. 12
according to their relative (100%) distribution across the
months. In the latter case, in order to contribute to the
development of month-by-month procedural strategies,
average distributions for the same months were calculated
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Fig. 11 Distribution of injuries by severity and cause (2018-2020)
(ORFK, 2024)

=
S
S

o
=)
=3

%3
S
=3

'S
S
S

Number of accidents
—_ ) w
=) S <3
=Y 3 3 S
801 E———
802 E—
803 n——
804 I —
805 S

movercast Mcloudless ®rainy Msleet Msnowy M foggy M stormy

Fig. 12 Absolute distribution of the number of accidents by weather
conditions and months (2018-2020) (ORFK, 2024)
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based on the three years of data examined. Filtered by
month, the weather conditions show that mainly cloudless
(68.9% of accidents) and overcast (21.7%) conditions pre-
dominated. Additionally, foggy weather was a significant
factor, particularly from September to March (on average,
9% of accidents occurred in these months).

The distribution of accident visibility is similar to
weather conditions, but the influence of the time of day
is more noticeable in this study. The categories, day, nat-
ural light' and ,night, street lighting in operation' differ
the most between the months of the year. The next chart,
Fig. 13 shows that the number of accidents at night typ-
ically increased significantly between September and
March, months in which measures could be more focused
on night-time prevention.

Among the accident factors related to roads, besides the
condition of the road surface, features such as traffic direc-
tion, road layout, traffic control methods, and other traffic
characteristics are also included. We analysed these char-
acteristics descriptively in the distribution of all exam-
ined accidents, which is presented in Fig. 14. According
to road conditions, 56% of accidents occurred on straight
road sections, followed by crossroads with a share of 27%.
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70% restricted view
60% u daylight, natural light
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40% ® at night, with non-
30% functioning street lighting
2 0,
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Fig 13 Relative distribution of the number of accidents by visibility
conditions generalized for the month of occurrence (2018-2020)
(ORFK, 2024)
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The category of road bends (one or more) was characteris-
tic of the accident scene in more than 2,200 cases.

The condition of the road surface appeared as a fac-
tor influencing accidents in two variables. Although poor
condition is not primarily a characteristic cause of acci-
dents, its role combined with other influencing factors
can increase the likelihood of accidents occurring. Fig. 15
shows that in most cases, however, the road surface was
flawless (70.3%), with the second most common cate-
gory showing minor deterioration (cracking, uneven-
ness, waviness). This latter category was characteristic
of 3,700 accidents, and when combined with more serious
road surface issues (ruts, holes, potholes), it was present
in 28.4% of all accidents, totaling more than 4,000 cases.
However, these are not necessarily the direct causes of
the accidents. Referring back to the analysis of previous
causes of accidents, reasons arising from road character-
istics (which include traffic conditions such as crossroads
and road bends, besides the condition of the road surface)
were linked to a total of 3,500 accidents.

Alcohol and drugs, as mind-altering substances, are
also human factors that significantly influence the out-
come of accidents. We examined these factors based on
post-accident checks. Out of 30,600 injured individuals,
19,500 were tested for alcohol, with 92% yielding nega-
tive results. Among those under the influence of alcohol,
the majority had higher blood alcohol levels, with 591 out
of the 1,600 individuals tested over the three years having
blood alcohol levels above 1.51%o / 0.76 mg/L. In cases
where blood alcohol levels were tested, the results were
distributed as shown in Fig. 16.

Fig. 17 shows the influence of drugs as a human factor
showed a lower rate of positive results in tests examin-
ing this (3% of tests). Among injury cases, those involv-
ing drivers testing positive for drugs showed the highest
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increase in fatalities. Similarly to other human factors
mentioned earlier, the number of positive drug tests also
increased from 22 to 26 annually between 2018 and 2020.

3 Reducing traffic risks for vulnerable road users
In the EU, approximately 95% of all road traffic accidents
are caused by human error, and in 2017 alone, 25,300 peo-
ple died on the European Union's roads. Driverless cars
and trucks can drastically reduce these numbers and
improve road safety, while new digital technologies can
reduce traffic congestion and decrease greenhouse gas and
air pollution emissions. Mobility can also be improved, for
example, by opening road transport to the elderly and peo-
ple with reduced mobility or disabilities (Lakatos, 2021;
Muslim and Antona-Makoshi, 2022).

Automated cars are equipped with sensors, built-in
cameras, on-board computers, high-precision GPS, sat-
ellite receivers, lidars, and short-range radars, and they



perform some or all driving tasks. Vehicle assistance sys-
tems (levels 1 and 2 of automation) are already present in
the European market, such as pre-collision safety systems,
which are effective in avoiding collisions with pedestrians
and bicycles. Fully automated vehicles (level 5) will arrive
starting in 2030 (Siithed, 2021).

Important traffic safety checks for:

» Truck and bus: The aim of the inspection is to check
compliance with the rules on driving and rest peri-
ods, the rules on the transport of dangerous goods
by road, and the legality of entry and staying in
the country.

» Seat belt: Checking seat belt use,

* Speed: Speed control (overspeed),

* Drugs and alcohol: Testing,

» Focus on the road: The inspection covers the use of
handheld mobile phones while driving, the use of nav-
igation devices, the use of communication devices
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(tablet, laptop), other distracting activities (watching
TV/DVD, reading newspapers), eating/drinking, and
the use of headphones/earbuds in both ears.

4 Conclusion

Improving road safety, especially for vulnerable road
users, can fundamentally be achieved by enhancing human
and technical conditions. In both aspects, the widespread
adoption and use of artificial intelligence and highly auton-
omous vehicles are promising. Naturally, during the tran-
sitional period, it is important to implement road safety
actions and campaigns (by the police) and utilize technical
equipment built into cars, like advanced driving assistant
systems (for example, emergency braking systems).
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