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ANALYSIS OF ROAD ACCIDENTS
IN 2002-2019 ON THE EXAMPLE
OF POLAND
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Abstract

The article presents a general description of the safety problem in Polish road transport in the
years 2002-2019. The number of road accidents was analyzed in detail, taking into account
the division into side, front and rear collisions and the dynamics of their changes. The article
contains information on the dynamics of changes registered in passenger vehicles and trucks in
Poland in the years 2000-2018. Moreover, the number of fatalities in road accidents in the years
2002-2019 was presented, taking into account the type of collision. The forecasts of changes
in the number of road accidents and rear collisions presented in the article show the downward
trend for the years 2020-2030 of frontal collisions. An inconspicuous rear collision by not braking
a speeding vehicle carries a high risk of damage to the upper cervical spine. As a result of such
a collision, even at a low speed of 20 km/h, they can cause irreversible health effects, which lead
to permanent disability.
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1. Introduction

Road accidents are considered to be one of the most important social problems of mod-
ern times. According to the World Health Organization (WHQ), approximately 1.35 million
people die in road accidents each year, while between 20 and 50 million people suffer
serious injuries that have not resulted in death [23, 24, 41]. According to WHO statistics,
as much as 93% of road fatalities around the world occur in low- and middle-income coun-
tries. Moreover, road traffic injuries are one of the top three causes of death among people
aged 5 to 44 and a major cause of disability worldwide [2, 6, 42].

Road accidents cause serious problems for society, both in terms of treatment costs for
accident victims as well as economic and property costs [36, 34, 40]. Understanding the
various factors influencing the occurrence and frequency of accidents is of particular con-
cern to many scientists around the world [2, 34, 36]. Undoubtedly, the driver's behavior
and his reactions related to the occurrence of various types of road hazards is a particu-
larly important factor influencing the prediction of road accidents [44]. The analysis of the
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types of accidents and their classification was carried out in the works [10, 35, 39]. In [13],
particular attention was paid to the influence of roadside illuminated advertisements on
driver's behavior. Moreover, in the work [29], the author pointed out that a significant share
in road accidents has the aspect of limiting the driver's visibility through the lights of an
oncoming vehicle. On the other hand, in [5, 8, 22] attention was paid to the driver's reac-
tion time in particular road situations, which shows that the driver's reaction time is one
of the most important parameters characterizing the driver. The average driver's reaction
time to a dangerous situation is about 1s. The reaction time is part of the time needed to
bring the vehicle to a halt in an emergency before an obstacle appears. Thus, the vehicle
stopping time can be divided into the perception time, the driver reaction time, the time
needed to activate the auto-brake system and the braking time [22, 44].In [17, 31, 43], the
authors drew attention to the impact of the impact velocity when the vehicle collides with
an obstacle. These works show that the risk of serious injuries increases as the speed of
impact increases. The International Road Safety Data and Analysis Group (IRTAD) in a pub-
lication [12] highlighted the impact of speed limits (enforced by road regulations) on im-
proving road safety in nine countries. This work shows that speeding is one of the main
problems of vehicle accidents in all motorized countries. The International Group for Data
and Analysis on Road Safety (IRTAD), based on the example of Norway, estimated that if all
drivers were driving below the speed limit, the number of people killed in road accidents
would decrease by almost 20% [12, 30].

According to the Police statistics, the most common causes of road accidents include [16,
19, 37]:

 failure to respect the right of way of the vehicle,

* maladjustment of speed to the prevailing road conditions,
 failure to give way to pedestrians at a pedestrian crossing,
* failure to maintain a safe distance between vehicles,

* inappropriate behavior of a pedestrian,

* and incorrect vehicle overtaking.

In the case of dangerous behavior of a pedestrian, the most common offenses leading to
aroad accident include [4, 19, 37]:

* intrusion under the wheels of the vehicle,
* and crossing the road in a prohibited place.

According to WHO, collisions may be predictable and avoidable [27, 38]. This approach is
based on the Swedish vision of "Zero" [27, 38]. This strategy has a long-term vision of
no deaths and no serious injuries in the transport system. It is possible to achieve by
introducing a safe road accident prevention system. And in the event of a collision, this
strategy ensures the force of the impact so that the impact is insufficient to cause serious
injury [9, 25]. Scientists from WHO believe that road accidents can only be prevented by
effective government actions in terms of improving road safety, but in a holistic way [23].
Undoubtedly, this type of commitment requires efficient activities of many sectors, such
as: transport, police, health care, education and activities related to the safety of roads,
vehicles and road users [1, 15, 16].
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Effective interventions include designing safer infrastructure and integrating road safety
into land-use and transport planning, improving vehicle safety, improving post-accident
care for road accident victims, establishing and enforcing legislation on key hazards, and
raising public awareness [15, 20, 38].

2.Development of the automotive industry in Poland

Currently, about 38 million people live in Poland, who have a total length of the public
road network of 420,000 km. There are over 19.3 thousand km of national roads and 16.9
thousand km of highways. The number of registered motor vehicles in 2018 was over
23,429,000 passenger vehicles and 3,338,000 trucks [18, 19]. There is also a noticeable
yearly increase in registered new vehicles. In 2018, over 141 thousand new passenger ve-
hicles and 16.8 thousand trucks were registered. The dynamics of changes that took place
in Poland in the years 1999-2018 regarding the number of registered motor vehicles (pas-
senger vehicles and trucks) are shown in Figures 1 and 2 [19, 20]. Figure 1 presents the
overall list, while Figure 2 presents a list of registered new passenger vehicles and trucks
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Fig. 1. The number of registered motor vehicles in Poland and the dynamics of changes in 1999-2018 [28]
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Fig. 2. The number of registered new motor vehicles in Poland and the dynamics of changes in 2010-2019 [28]

When analyzing registered motor vehicles in Poland in the years 1999-2018 (Figure 1 and
2), an upward trend should be noted. In the analyzed time horizon, the number of regis-
tered motor vehicles increased by an average of 744.5 thousand passenger vehicles and
106.3 thousand trucks each year. In the case of registered only new motor vehicles, in the
period from 2010 to 2019, there is a visible annual increase in passenger vehicles by an
average of 10,000. On the other hand, there is no visible upward trend in the case of new
trucks [18, 20, 28].

3.Road accidents in Poland

Road accidents have a complex, multi-stage cause-effect structure, which has been at
the forefront of national problems for years [4, 11, 18]. The persistent high number of road
accidents is not only an analysis of the current situation, but also a warning for road us-
ers and entities responsible for road safety. Annual police reports and inspections carried
out by the Supreme Audit Office alert that the road traffic hazard in Poland is too high.
Poland is included in the European Union countries with a large number of road casualties.
In 2019, the rate was 77 deaths per million inhabitants [27]. The European Union average is
51 deaths per million inhabitants [3].

Compared to 2018, in 2019 the number of accidents on Polish roads decreased by 4.4% and
the number of people injured in road accidents by 5%. Unfortunately, the number of people
killed in road accidents also increased by 1.6%. From 2001 to 2019, as many as 795220 road
accidents took place in Poland, resulting in 81,778 deaths (Figure 3) [18, 20, 28]. In recent
years, there has been a noticeable decrease in the number of accidents and fatalities on
Polish roads. In the analyzed period, the number of road accidents decreased by 43.7% and
the number of fatalities in road accidents by 47.5% [20].
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Fig. 3. The number of road accidents and the number of fatalities in Poland in 2001-2019 [28]

The number of side accidents on Polish roads is undoubtedly the most common form
of road accidents, on average every year from 2002 to 2019 there are 10 thousand. On the
other hand, the number of side and rear collisions in the analyzed period of time remains
on average at the level of 4.5 thousand accidents. When analyzing road accidents in terms
of the type of collision (Figure 4), it should be noted that from 2002 to 2019, people died
as aresult of a collision [28]:

* side - 12,570 people,
* frontal - 14,174 people,
* rear- 4558 people.
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Fig. 4. Number of road accidents taking into account the division into side, front and rear collisions
in the years 2002 - 2019 [28]

The most visible is the downward trend in the number of frontal accidents, which in 2019
was lower by 51% compared to 2002. On the other hand, the number of side accidents in
the same period decreased by only 23%. Rear collisions decreased by 30% from 2002 to
2019, but only by 9% for the period 2010 to 2019. This means that the number of rear colli-
sions has the smallest downward trend [20, 28].

In the years 2011-2019, the fact that there are more rear collisions than frontal collisions is
noticeable (Figure 4). On average, rear collisions account for approximately 13% of all road
accidents. Compared to the total number of such events, they are relatively rarely fatal,
accounting for 7.5% of all fatal accidents [18, 20, 28]. On the other hand, many participants
in such accidents are injured. In the event of a rear-end collision, the passengers may
face cervical spine injury. Rear collisions most often occur when the correct distance from
the vehicle driving in the same direction is not kept. Most of these types of collisions oc-
cur in the city and are associated with the inattention of drivers following the hit vehicle.
However, sometimes serious and severe collisions occur because the rear of the vehicle
has virtually no controlled crumple zone. The most dangerous rear collisions for human
health occur when a stationary vehicle is hit, e.g. waiting for the traffic light to change at
an intersection. In such a road incident, the cervical vertebrae of people riding in the vehi-
cle hit the most. Figure 5 shows the number of fatalities in road accidents in Poland, broken
down into side, front and rear collisions in 2002-2019.
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Fig. 5. Number of fatalities in road accidents in Poland, broken down into the side, front and rear collisions in
2002-2019 [28]

The rear-impact vehicle accelerates sharply forward. As the vehicle seat moves forward,
the passenger's head often bounces. This is because a few drivers (and not all passen-
gers) travel or sit with their heads against the headrest. After the head's initial forward
bounce, it may also sharply backward when the vehicle stops. This unnatural "acceler-
ated" movement of the neck - in both directions - can damage the cervical spine [14, 26].
Therefore, rear collisions in modern times are very problematic and carry a high risk of seri-
ous injuries, most often with a simultaneous low impact speed.

4.Forecast of road accidents for the years 2020-2030

Strong and well-targeted efforts are now required at all levels and in all sectors of the
European Union to increase road safety. The initial plan to increase road safety in the
European Union assumed a 50% reduction in road accidents by 2020 [7, 21]. The progress
of the plan implementation presented below shows that the assumptions of the policy of
increasing road safety in the European Union significantly differ from the assumed plan.
Over the course of 10 years, the number of accidents was reduced by 23.66% [7, 21, 32]
For the next decade, as part of the road safety policy, i.e. for the years 2021-2030, the
European Union has set itself a new goal. Actions are planned to reduce the number of
fatalities in road accidents and the number of serious injuries by 50% by 2030 [5, 8, 32].
The Stockholm Declaration of February 2020 provides the basis for further global political
commitments for the next decade. It is estimated that for every person killed in a road ac-
cident, there are another five who suffer serious injuries that cause a permanent change
in the way of life (there were around 120,000 in 2019). The estimated external costs of road
accidents amount to approx. EUR 280 hillion, ie approx. 2% of the EU GDP [15, 20, 38]. The
Strategic Road Safety Action Plan presented by the Commission and the 2021-2030 policy
also sets out ambitious road safety plans for 2050, even aiming to eliminate road fatalities
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("zero vision") [7, 28, 32]. Figure 6 shows the difference between the assumed and physi-
cal state of the number of vehicle accidents in the European Union.
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Fig. 6. State between actual and desired progress towards the Europe 2020 target [32]

The available data on road accidents and the number of registered motor vehicles in our
country may be the basis for forecasting the number of road accidents for the coming
years. Road accident forecasts for 2020-2030 show a significant decrease in the number
of road accidents from 27.6 thousand in 2020 to 13.4 thousand in 2030 [32, 33]. This fore-
cast shows an annual decrease by an average of 7% of road accidents each year (Figure 7).
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Fig. 7. Forecast of the number of road accidents in Poland for the years 2020-2030 [32]
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In the case of rear collisions, the forecasts for the years 2020-2030 include an annual de-
crease of 3% (Figure 8). Rear collisions, according to forecast data, will not fall below 3,000
a year over 10 years. In 2030, according to the forecast, the number of rear collisions will
amount to 3001 incidents.
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Fig. 8. A forecast of the number of rear collisions in Poland in the years 2020-2030

The persistence of more rear than front collisions in 2010-2019 is the result of the devel-
opment of road infrastructure. The expansion of highways and expressways completely
excludes frontal or side collisions, as all vehicles move in one direction. Therefore, rear col-
lisions are in most cases the fault of the driverin the rear. In the event of a collision in built-
up areas, they may be the result of inattention, e.g. due to the use of a mobile phone while
driving. Haste is also often to blame - among others when the driver accelerates, hoping
to be able to pass the intersection before the traffic light turns red, and the vehicle in front
of him will stop. However, the most difficult thing to avoid rear collisions is on a highway
or highway, where sudden braking of one vehicle can result in a collision.

The European Union, through its zero vision campaigns, aims to reduce the number of peo-
ple killed in road accidents to zero by 2050. The annual statistics of the European Union re-
cord all fatalities directly in road accidents and those who died within 30 days of the road
accident due to the blemished wounds. In 2019, there were 51 deaths in road accidents per
million inhabitants in the European Union. On the other hand, in Poland, in 2019 this number
was 71killed. According to statistical data from 2002 to 2019 regarding fatalities, a forecast
of fatalities in road accidents in the years 2020-2050 was prepared. This forecast shows
an annual downward trend of 3%. Compared to 2019, the number of people killed in road
accidents in Poland in 2050 will decrease by 85%. According to this forecast, the goal of
reducing the number of fatalities in road accidents to 0 may not be achieved in Poland.
According to the forecast, in 2050 there will be 11 deaths per million inhabitants in Poland.
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Figure 9 presents the forecast of fatalities in road accidents in Poland in 2020-2050.
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Fig. 9. Forecast of fatalities in road accidents in Poland in 2020-2050

According to the forecasted data in Poland, by 2050 the number of all road accidents will
decrease by 64% compared to 2019. The number of frontal collisions in Poland, according
to the data forecasted in 2040 will be 103 cases. Figure 10 shows the forecast of individual
collisions in 2020-2050. It can be seen that by 2041 the frontal collisions will be reduced
to 0.In the case of side collisions, this number will drop by 55% by 2050 compared to 2019.
There is also a noticeable decline in the number of rear collisions in 2020-2050 by 62%

compared to 2019.
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Fig. 10. Forecast of the number of individual vehicle collisions in Poland in 2020-2050




The Archives of Automotive Engineering - Archiwum Motoryzaciji Vol. 89, No. 3, 2020 15

5.Summary

The aim of this article was to present the general characteristics of the road transport
safety problem in the years 2002-2019, with particular emphasis on the side, front and rear
collision data and the dynamics of their changes, which occur on the example of Poland.
The analysis shows that increasing the safety of road users and reducing the number of
accidents and people killed in road accidents is possible thanks to the government's policy
in terms of road safety in a holistic aspect. Therefore, the European Union authorities ap-
proved a plan to extend the mandatory equipment list for new passenger vehicles. From
2022, intelligent speed limiters and lane assistant are to be included as standard equip-
ment in a passenger vehicle. These changes are introduced under the so-called Vision
Zero, in which the European Union has committed to reducing the number of road fatali-
ties from 25,000 (2019) to 12,000 in 2030. And the next step in the Vision Zero strategy
is to completely eliminate fatalities as a result of a road accident by the year 2050.

In Poland, the number of road accidents in the years 2002-2019 decreased by over 40%,
this result shows alarge downward trend, but compared to other European Union countries,
we look unfavorable. In the infamous European Union statistics in terms of the number of
people killed in road accidents per 1 million inhabitants, in 2018 Poland was in the 5th posi-
tion with 76 people killed in road accidents per million inhabitants. Only more people killed
on the roads are in Romania (95 per million inhabitants), Bulgaria (86 per million inhabit-
ants), Croatia (77 per million inhabitants) and Latvia (76 per million inhabitants).In 2019, the
number of people killed in road accidents per 1 million inhabitants in Poland increased to
77 people. More deaths per million inhabitants were recorded only in Bulgaria and Romania.
In these countries, in 2019, 89 and 96 people per million died as a result of road accidents,
respectively. The EU average is 51 road accident deaths per million. It follows that in the
so-called In dangerous countries (in terms of fatal accidents), such as Bulgaria, Romania
or Poland, almost 50% more people die on the roads than in other Member States of the
European Union.

Undoubtedly, the increase in the number of registered passenger vehicles in Poland to al-
most 25 million over the years 2000-2018 affects both the intensity of Polish travel, which
results in a greater probability of a road accident. The development of road infrastructure
by expanding the network of motorways and expressways contributes to the reduction of
the number of road accidents in terms of side and frontal collisions. Moving vehicles in one
direction only increase the likelihood of rear-end collisions. Therefore, in the years 2010-
2019, a very small downward trend in the number of these accidents is noticeable, remain-
ing on average at the level of 3%. Moving in traffic jams, stopping in front of a traffic light,
not adjusting the safe distance from the vehicle, or being distracted by the driver by a mo-
bile phone or illuminated advertising, all contribute to the occurrence of rear collisions. In
the years 2002-2019, 4,558 people were killed and 106,936 injured due to rear collisions
on Polish roads. An inconspicuous rear collision by not braking a speeding vehicle carries a
high risk of damage to the upper cervical spine. As a result of this type of collision, even at
low speeds of 20 km/h, they may cause irreversible health effects, leading to disability. So,
when you are parked, you should train yourself to press your head against the headrest.
This will be the first simple step to increasing security.
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The forecasts for 2020-2030 made on the basis of the collected statistical data on road
accidents in the years 2002-2019 show a further downward trend in the number of all road
accidents. On average, each year on the example of Polish roads, according to statistical
forecasts, this number will decrease by 7%. In 2030, there may be only 13,400 road acci-
dents in Poland. In the case of rear collision forecasts, there is a smaller downward trend,
amounting to approximately 3% each year, which shows that in 2030 approximately 3,000
rear collisions can be expected.
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