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Abstract

Calculations carried out made it possible to characterize changes in the accident hazard, in numerical terms,
based on the course of the regression line. An analysis of the distribution, by regions, of the accident hazard and,
above all, the showing of changes in this hazard is an important contribution to the actions taken to improve the road
transport system. The rate of decrease in the number of accidents undergoes changes, which are particularly
conspicuous in some voivodships (provinces) against the background of the general process of decline in the
nationwide number of accidents. A graph to characterize this hazard has been presented, plotted with taking into
account the changes in the number of accidents, recorded in monthly steps for a period of 7 years. The rate of these
changes was also evaluated, in medium-term and short-term intervals. The calculation results were used to ascertain
whether a decline in the total number of accidents in Poland is accompanied by similar changes taking place in
individual regions. The symptoms of increasing share of the number of accidents that occur in a few regions in the
total number of accidents taking place in Poland may be a cause for alarm.
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1. Introduction

The accident hazard is predominantly caused by drivers’ behaviour [1, 3] and a major
improvement in the hazard level may only be achieved by improving the road transport system
with taking into consideration the human safety criterion [10]. The knowledge of the distribution
of this hazard over the state territory is an important factor in the policy of development of road
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transport systems. The numerical data collected about road accidents were analysed to identify and
evaluate the differences existing within this scope among individual regions of our country. In this
study, a region is understood as the territory of a voivodship (province). To analyse the accident
hazard, the monthly distribution of road accidents among the regions was taken into account.
Details about the accidents, used as input data for the analysis, were obtained from the General
Headquarter of Police.

World Health Organization’s reports [2, 5] show a decline in the number of road accidents in
many countries of the world; however, the rates of this decline in various countries are not only
slow but also differ very much from each other. In Poland, the high number of road accidents is
particularly obliging to identify the regions where the accident hazard indicators reach the highest
values. In spite of a clearly visible improvement in the road traffic safety, Poland is still among the
European countries where the level of this safety is low. The total annual cost of road accidents in
Poland is estimated at over 30 billion zlotys [7, 9]. According to calculations carried out for
various countries and summarized in report [5], the accident costs are at a level of 1.5-2.5% of the
gross domestic product (GDP); in Poland, they amount to about 2% of the GDP.

The interrelations between the regional trends in the accident hazard with the trend in the
numbers of accidents are identified with the use one of the known data exploration methods. The
main analysis is based on the values of the relative and standardized indicators that significantly
reduce the impact of the size of a specific region on the accident hazard measures taken into
account. Additionally, the analysis carried out is focused on the evaluation of the rate of changes
in the accident hazard, with only little attention being paid to the hazard indicator values. The
research has been undertaken to obtain a comparative evaluation of the accident hazard in various
regions of Poland, with a requirement that the impact of the region size (area, population size, total
length of public roads) on the comparison results should be minimized. The following quantities
are calculated:

— slope ar (a1, ai4, ais, aie) of the regression line, characterizing the course of the line, which is
described by an equation:

y=ax+b,, (1)

where subscript r defines the year interval, i.e. 2010-2016, 2014-2016, 2015-2016, and the year
2016, respectively, and x is the independent variable, whose values are laid off on the axes of
abscissae in the graphs, e.g. in Fig. 1,

— slope apr of the regression line of percentage changes in the number of accidents; the
percentage changes were calculated in relation to the mean values determined for the
corresponding months of the years 2010-2012, considered as the initial period, with the said
mean values for specific months being taken as reference levels for the evaluation of changes
in the accident hazard in the calendar months of consecutive years,

— coefficient of variation of the values under analysis around the regression line:

W=, @
W
where:
0 —standard deviation of the values of differences w =y;, —¥;, and, in turn:
k=1, ..., m indicates consecutive months in a year, with m = 12,
i=1, ..., N indicates consecutive years of the period under analysis,

yix — value of the quantity under analysis in the k™ month of the i year,
Vi« — value of the regression function, according to equation (1),

w — mean value of the differences as above.
Basically, the analysis covers the time history of changes in slope ar of the regression line
determined for the number of accidents, with the regression being calculated for the period
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2010-2016 as a medium-term regression and for the period 2014-2016 as a short-term regression.
The course of the regression lines is simultaneously treated as a graphic representation of the trend
of changes in the values under analysis.

2. Trends in changes in the numbers of road accidents in individual regions

Figure 1 shows, in three parts, time histories of the monthly numbers of road accidents in the
regions under analysis, in comparison with a time history of the total monthly number of road
accidents in Poland. The courses of these curves reflect a general downward trend in the numbers
of accidents in most of the regions as well as annual fluctuations in these figures, related to

individual seasons.
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Fig. 1. Summary of time histories of the monthly numbers of road accidents in the years 2010-2016 in individual
regions, juxtaposed with a time history of the total monthly number of road accidents in Poland

The numerical data shown in Fig. 1 were taken as a basis for determining regression lines (in
the graphs, a regression line has only been plotted for the nationwide number of accidents). The
slope of this line has been denoted by ar, according to (1), and it shows the yearly average trend in
the number of accidents (e.g. ar >0 would indicate an upward trend). The calculated values of
slopes ar of individual regression lines have been presented in the form of a bar graph in Fig. 2.
The graph shows four values of the slope of the regression line for each region:
aio, determined for the years 2010-2016, vary from —17.2 (for Slaskie Voivodship) to +2.0
(for Lodz Voivodship),
ais, determined for the years 2014-2016, vary from —20.2 (for Slaskie Voivodship) to +22.0
(for Lodz Voivodship),
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Fig. 2. Summary of the values of slopes a, of the regression lines plotted for the monthly numbers of accidents that
occurred in individual regions and in Poland as a whole

— ais, determined for the years 2015-2016,
— aie, determined for the year 2016.

The values of slopes of the regression lines plotted for the numbers of accidents (Fig. 2, Tab. 1)
are a relative measure, which makes it possible to compare the general trend in changes in the
monthly numbers of accidents that occurred in individual regions and in Poland as a whole.
Simultaneously, they indicate the regions of Poland where the rate of changes in the number of
accidents reached the highest values (see the slope values represented by the bars in Fig. 2) in the
successive periods under analysis. The juxtaposition of the regression line slope values determined
for the period 2010-2016 with the corresponding values for the recent years very clearly revealed
the appearance of a strong upward trend in a few regions (Lodz, Matopolskie, Pomorskie, and
Mazowieckie Voivodships). The nationwide medium-term trend is downward and such a many-
year trend still holds. However, the nationwide trend represents the total changes, while the short-
term regression lines show important changes, both in Poland as a whole and in individual regions.
Substantial changes can already be seen in Fig. 2 and in Tab. 1 from 2014 on; this is confirmed by
a comparison between the slope value of the medium-term regression line with those of the
regression lines for the periods 2014-2016 and 2015-2016. As an example, the values of slope aio
for the above four regions ranged from —12.9 to 2.0 but slope ais already took unfavourable
positive values (from 7.5 to 22.0).

The coefficient of variation in the number of accidents around the regression line shows the
concentration of calculation results around this line [11]. The calculated values w2 < 0.30 for the
period 2010-2016 and wz < 0.24 for the period 2014-2016 confirm that the set under analysis is
homogeneous (Table 1) and its mean values (and the regression line) adequately characterize the
properties of the analysed process of variation in the number of accidents.

The values given in Tab. 1 show a wide diversity in the accident hazard, taken by regions.
In the four regions that predominantly contributed to the total number of accidents in Poland (over
10% each), i.e. Lodz, Matopolskie, Mazowieckie, and Slqskie Voivodships, the following extreme
cases took place:

— Slaskie Voivodship, with the highest, i.e. very good, rate of decrease in the number of
accidents (aio =—17.2 for the years 2010-2016), and
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Lodz Voivodship, where an upward (undesirable) medium-term trend in the number of

accidents held for the same years (aio = 2.0) and the rate of growth in the number of accidents
increased as much as eleven-fold (to ai4 = 22.0) in the period 2014-2016.

Tab. 1. The main values that characterize changes in the slope of the regression line for the number of accidents in the
periods 2010-2016 and 2014-2016

Percentage Coefficient Coefficient
Slope ajo Slope ai4 o .
share of the of variation of variation
o of the of the
. . . region in the T T around the around the
Region (Voivodship) regression line | regression line L ..
total number regression line | regression line
. for the years for the years
of accidents 2010-5016 20145016 for the years | for the years
in Poland ) ) 2010-2016 2014-2016
Poland 100.00 -67.4 60.9 0.197 0.151
Dolnoslgskie 7.16 —4.8 -0.4 0.224 0.154
Kujawsko-Pomorskie 3.32 =59 2.4 0.260 0.182
Lubelskie 4.20 -7.4 0.6 0.300 0.198
Lubuskie 2.07 -2.1 0.9 0.276 0.235
Lodz 11.21 2.0 22.0 0.187 0.150
Matopolskie 10.94 -0.9 14.0 0.206 0.192
Mazowieckie 12.52 -12.9 7.5 0.220 0.173
Opolskie 2.15 -1.1 2.3 0.227 0.170
Podkarpackie 5.06 -3.9 1.8 0.211 0.160
Podlaskie 2.07 -1.7 1.7 0.295 0.224
Pomorskie 7.54 0.9 9.4 0.231 0.229
Slaskie 12.31 -17.2 -20.2 0.198 0.144
Swietokrzyskie 3.90 -2.1 6.7 0.230 0.190
Warminsko-Mazurskie 4.50 -0.3 54 0.240 0.222
Wielkopolskie 7.11 —8.5 53 0.229 0.163
Zachodniopomorskie 3.94 -1.6 1.4 0.244 0.202
Tab. 2. Values and characterization of the slopes of the regression lines for the number of accidents
Description \ Years | 2010-2016 | 2014-2016 | 2015-2016 2016
Average value of regression line slope asr _
calculated for all the regions 4.2 38 18.2 68.0
Number of the regions where a downward trend
. 14 2 0 0
was observed, i.e. a, <0
Number of the regions where the downward trend
was stronger (* the upward trend was weaker) 6 7 10% o
than the average calculated for all the regions, i.e.
ar < asr
Number of the regions where an upward trend ) 14 16 16
was observed, i.e. a; > 0
Sum of the sl(?pe values a, calculated 674 609 291 1 10873
for all the regions

The regression line slope values brought together and presented in Fig. 2 and Tab. 2 indicate

the following:

— In the period 2010-2016, a downward medium-term trend prevailed in the number of accidents,
which manifested itself in negative values of slope aio in 14 regions and in a value of aio = —4.2

for the whole territory of Poland.
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— In the years 2014-2016, the short-term trend in changes in the number of accidents already
reflected a process of growth in this number in 14 regions; from 2015 on, this process spread to
all the regions in Poland.

— The growing trends in the number of accidents that appeared at the end of the period under
analysis resulted in the fact that no region with ais <0 was then revealed and there were only
9-10 regions where the rate of growth in the number of accidents was lower than the
nationwide average.

3. Percentage presentation of changes in the numbers of road accidents in individual regions

Changes in a specific quantity are often presented in percentage terms in relation to a specific
value adopted as an initial or reference level. In this work, the percentage changes in the number of
accidents were calculated in relation to the average value determined for the years 2010-2012.
Such an approach was dictated by wide fluctuations observed in the number of accidents that
happened in consecutive months in individual regions. Thanks to presenting these data as
percentage changes relative to the data of the corresponding months of the said initial period, the
seasonal fluctuations observed previously (Fig. 1) were minimized. In general, the percentage
changes can now be clearly seen to be concentrated around the centre line and the regression line
for the whole country (Fig. 3, the heavy solid and dashed line, respectively). Here, an extra
subscript P has been added to the symbols introduced previously:

yP = aPI'X + bPr,

where ap: is the slope of the regression line of percentage changes in the number of accidents.
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Fig. 3. Time histories of percentage changes in the number of accidents
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The distribution of the apr values, shown in Fig. 4, applies to the same years as shown in Fig. 2.
However, the distribution of these values is completely different: now, negative values
predominate, showing a downward trend in the number of accidents in relation to the 2010-2012
reference levels, which can be seen in the course of the regression line. Are these findings in
contradiction with the calculation results presented in Fig. 2? No, they are not, because the
regression line slope values in Fig. 2 directly show changes in the numbers of accidents in
successive periods, while Fig. 4 shows changes in relation to the initial mean value. The course of
the regression line in Fig. 3 provides information about the downward medium-term trend in the
nationwide data. A similar downward medium-term trend in the apr values can be seen in 15 of the
16 regions (see Tab. 3 and 4).
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Fig. 4. Summary of regression line slope values ap, for the percentage presentation of accident numbers

Positive values of the regression line slope indicate an increase in the number of accidents in
relation to the medium-term regression line. Simultaneously, the presence of positive apr values
means an alerting signal about the appearance of unfavourable upward trends in relation to the
situation of 2010-2012 in individual regions.

The values presented in Tab.3 and 4 show, in general and in details, the favourable and
unfavourable trends (indicated by negative and positive values of the regression line slope,
respectively) in the accident hazard in individual regions. They confirm a decline in the number of
accidents in relation to the mean values of the period from 2010 to 2012, observed in 15 regions.
However, the values of the regression line slopes for the years 2014-2016 indicate that the rate of
decline in the number of accidents is slowing down, which is confirmed by a comparison between
the values specified in the 3™ and 4™ column of Tab. 3. These changes have been synthesized in
Tab. 4.

Based on results of the calculations of percentage changes in the number of accidents in
relation to the situation of 2010-2012, the following findings may be formulated:

— in the period from 2010 to 2016, a diminishing downward trend could be observed in the
accident hazard, manifesting itself in the values of the regression line slopes increasing in
many regions; for Poland as a whole, this slope grew, in average terms, from apio =—2.64 in
the medium-term trend to apis = —0.68 in the years 2015-2016,
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Tab. 3. The main values that characterize percentage changes in the slope of the regression line for the number
of accidents in the periods 2010-2016 and 2014-2016

Percentage Slope a Slope a Coefficient Coefficient
share of the Pe ario De apid of variation of variation
. of the of the
. . . region in the S S around the around the
Region (Voivodship) regression line | regression line L .
total number regression line | regression line
. for the years for the years
of accidents 2010-5016 2014-5016 for the years | for the years
in Poland ) 2010-2016 2014-2016
Poland 100.00 —2.64 —2.43 0.107 0.093
Dolnoslaskie 7.16 -2.58 —4.10 0.187 0.122
Kujawsko-Pomorskie 3.32 =5.71 —2.22 0.191 0.137
Lubelskie 4.20 -5.23 —4.00 0.192 0.174
Lubuskie 2.07 -3.71 —4.04 0.217 0.230
Lodz 11.21 0.01 1.89 0.108 0.096
Matopolskie 10.94 —-0.85 0.71 0.104 0.102
Mazowieckie 12.52 -3.50 -1.52 0.153 0.151
Opolskie 2.15 -1.97 -1.69 0.177 0.172
Podkarpackie 5.06 -2.90 -3.54 0.126 0.123
Podlaskie 2.07 —2.89 -3.69 0.196 0.228
Pomorskie 7.54 —-0.40 -1.54 0.119 0.131
Slaskie 12.31 —4.65 -8.10 0.144 0.120
Swigtokrzyskie 3.90 -2.19 0.94 0.143 0.144
Warminsko-Mazurskie 4.50 -0.72 -1.62 0.155 0.152
Wielkopolskie 7.11 —4.16 -3.02 0.159 0.156
Zachodniopomorskie 3.94 —1.88 —5.56 0.175 0.189

Tab. 4. Synthetic characterization of the values of slopes ap, of the regression lines for percentage changes in the
numbers of accidents

Description / Years | 2010-2016 | 2014-2016 | 2015-2016 2016
Average value ofregress.lon line slope ap; 64 943 —0.68 184
calculated for all the regions

Range of the ap; values in individual regions from —5.71 | from —8.10 | from —10.98 | from —51.78
(min-max) to +0.01 to +1.89 to +2.61 to +12.32
Number of the regions where a downward trend 15 13 10 ]

was observed, i.e. ap; <0

Number of the regions where the downward
trend was stronger than the average calculated 8 8 7 8
for all the regions

Number of the regions where an upward trend
was observed, i.e. ap; > 0

— a sharp downward trend favourably held in Dolnoslaskie, Lubuskie, Podlaskie, and Zachodnio-
pomorskie Voivodships; however, the share of these regions altogether in the total number
of accidents in Poland was as low as 15%,

— in 2014-2016, unfavourable trends could be observed in 6 to 8§ regions; this particularly applies
to Lodz, Matopolskie, and Swictokrzyskie Voivodships, where 26% of all the accidents
recorded in Poland occurred.
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4. Problem of growing share of a few regions in the total number of accidents in Poland

The calculations carried out also showed that, apart from the general downward trend in the
number of accidents in Poland, there were some regions whose shares in the nationwide number of
accidents were growing. The calculation results presented in Table 5 show changes in the values of
percentage shares of the numbers of accidents that occurred in individual regions in the nationwide
number of accidents. The said shares were calculated for several periods. This revealed the history
of changes in the values of these shares from the initial state recorded in the period 2010-2012 to
the state observed in the most recent years. The results indicating an increase in this share recorded
for four regions, i.e. Lodz, Malopolskie, Pomorskie, and Warminsko-Mazurskie Voivodships
cause alarm. On aggregate, about 36% of the nationwide number of accidents took place there.
There were two regions where this share grew by 12% (Pomorskie Voivodship) and by 18% (Lodz
Voivodship). Simultaneously, this share favourably declined, by about 15-17%, in Kujawsko-
Pomorskie, Lubelskie, and Slaskie Voivodships in the years 2010-2016 (see Tab. 5).

Tab. 5. Percentage share of individual regions in the total number of accidents in Poland

Region 2010-2012 2014-2016 2015-2016 2016
Poland 100.0 100.0 100.0 100.0
Dolnoslaskie 7.3 6.9 6.9 6.9
Kujawsko-Pomorskie 3.6 3.0 3.1 3.0
Lubelskie 4.5 3.9 3.8 3.8
Lubuskie 2.1 2.0 2.0 2.0
Lodz 10.7 12.0 12.3 12.5
Matopolskie 10.6 11.5 11.7 11.7
Mazowieckie 12.7 12.2 12.1 12.3
Opolskie 2.1 2.2 2.2 2.2
Podkarpackie 5.1 5.1 5.1 5.0
Podlaskie 2.1 2.0 2.1 2.0
Pomorskie 7.2 8.0 8.1 8.1
Slaskie 12.7 11.7 11.3 10.8
Swietokrzyskie 3.9 3.9 4.1 4.0
Warminsko-Mazurskie 43 4.7 4.7 4.8
Wielkopolskie 7.3 6.8 6.8 6.9
Zachodniopomorskie 3.8 4.0 3.9 4.0

5. Recapitulation

The number of road accidents in Poland considerably varies, depending on region.
To a significant extent, this arises from different sizes and locations of individual regions and from
the actions taken to improve local traffic safety.

The calculation results presented herein highlight another aspect of this issue. In this study,
indicators were used whose values only slightly depend on the size of individual regions.
To eliminate the impact of the size of the regions under analysis, chiefly the rates of changes in the
indicator values were considered and compared with each other, with the current values of the
indicators being taken into account only occasionally.

In result of calculations thus arranged, the regions were identified where the indicators
characterizing favourable and unfavourable changes in the accident hazard for the local population
reached the extreme values. For the purposes of this assessment, chiefly the regression analysis
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method was used. The calculated values of the regression line slopes clearly showed the rates of
changes in the number of accidents in the years 2010-2016. The medium-term and short-term
trends were discerned. The medium-term trend confirms a decrease in the number of accidents,
with the data being presented both directly (the highest rate of decline recorded for Slaskie
Voivodship) and in percentage terms. However, even the short-term trends determined for the
period 2015-2016 showed an increase in the number of accidents in 14 of 16 regions. It is worth
adding here that at a general downward trend in the number of accidents; at least four regions were
identified where their share in the nationwide number of accidents grew in the years 2010-2016.
In two regions, this growth reached a rate of 12% and 18%.
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