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ABSTRACT

Numerical data about road accidents, collected in monthly steps, were used to build a time series. The
series, covering the years 20102016 and 16 regions, was analysed to identify some time-dependent
and regional circumstances that cause high variability in the number of accidents in annual cycles. In
consideration of the nature of these data, they have been described with taking into account the trends
as well as random and cyclic variations related to the annually repeating changes. In the process of
clearing the time series of the trend component, a multiplicative model of seasonal variations was used.
As a result, a time series was obtained, which exclusively consisted of seasonal and random variations.
The time series became a basis for the carrying out of medium-term and short-term analyses, which
covered seasonal fluctuations in the number of accidents. As an objective, the regional factors having
an impact on the course of individual phases of these variations were sought. The like phases of the
cycles were identified and then their numerical characteristics were compared with each other and
referred to specific regions of Poland. The research results provide grounds for indicating the factors
that generate a relation between the cycles and the territorial distribution of accidents. The knowledge
of the factors that are important for the occurrence of road accidents enables the forecasting where and
when seasonal actions should be taken in the field of e.g. road traffic organization, work of traffic
control and road rescue services, etc. Thanks to the data analysis method adopted, the impact of seasonal
variations on the course of changes in the regional accident hazard could be isolated.

Keywords: road accidents, seasonality index, annual cycles, territorial distribution of accidents.

1 INTRODUCTION
The downward trend in the number of accidents in Poland, observed for several recent years,
is not uniform in terms of time and territorial distribution [1], [2]. Unfavourable wide
seasonal fluctuations in the number of accidents were recorded in many regions (defined as
voivodships, i.e. administrative province areas). An analysis of seasonal and territorial
variations in accident hazard will make it possible to identify the basic features describing
the nature of these variations from the point of view of their time and place.

The processes of seasonal fluctuation in the number of accidents are examined from many
aspects. In most cases [3]-[6]. In a more detailed approach to the distribution of road
accidents (as presented in [7]), differences between the territorial distribution of the number
of accidents and the nationwide average density of accidents in Poland have also been
highlighted. In [8], a relation was sought between the seasonality of variations in the number
of accidents and the diverse shares of intoxicated drivers in traffic participants on the one
hand and the state of road traffic safety in individual voivodships on the other hand. Research
works are undertaken to analyse changes in the annual and monthly numbers of accidents in
Poland as a whole and in individual voivodships, including the examination of these data
against the background of other selected countries. The works of this kind were carried out
e.g. by the authors of publications [8]—[10]. The importance of seasonal factors affecting the
course of the process of improvement in road safety was taken into account in works reported
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in [9], [11]. However, there is a lack of analyses of changes in the accident hazard from the
point of view of the time and place of occurrence of extreme seasonal variations.

The objective of this study was to isolate the basic features of seasonal variations in the
numbers of road accidents in individual voivodships of Poland. The analysis was done
for a time series cleared of the trend component; the time series thus prepared could be taken
as a basis for medium-term and short-term analyses. Such analyses were carried out through
periodic averaging of annual fluctuations in the seasonal number of accidents. The
calculations were to result in determining the range of seasonal variations, extreme values,
time of occurrence of such values, and rate of periodic changes in the seasonal fluctuations.
The identification of detailed features of the seasonal accident hazard will enable the planning
of necessary seasonal changes in the field of e.g. road traffic organization, work of traffic
control and road rescue services, etc., in individual voivodships.

2 CALCULATION OF THE MULTIPLICATIVE SEASONALITY INDEX

The analysis was based on the numbers of accidents that occurred in consecutive months of
the years 2010-2016 in 16 voivodships. The said numbers were arranged in a time series,
which included the trend component as well as random and cyclic (seasonal) fluctuations
related to periodically (annually) repeating changes [1], [2].

To describe the features of the time series, where seasonal fluctuations would be taken
into account, a multiplicative model (with relatively constant fluctuations in the mutually
corresponding phases of the cycle) was used in the form as follows [12]:

ytij = f(tlj)w/} + ffij' (1)
where:
Ve~ value of the time series data point at the instant ¢;;;

lj>
N — number of cycles; m — number of phases in the cycle; f — trend function;
W; — seasonality index for the j* phase of the cycle; ffij — random component.

The seasonality index values were determined in four stages [13]. At the first stage, an
estimator of the linear regression function model was isolated, by the least squares method,
in the form as below (treated then as a trend function):

§=at+b Q)

At the second stage, the trend was eliminated from the time series:
_ Yty

t; j - yfij (3 )

Thus, Up,; time series values were obtained, which comprised seasonal and random

fluctuations. At the next stage, a “raw” seasonality index was determined for individual
phases of the cycle:

" 1 N
Wj - E i=1 utij (4)

Finally, a corrected seasonality index was calculated for individual cycle phases:
w 1

— . T = !
Wy=22 w'=—3Tt W )

For the annual cycle of seasonal changes, we have Y7L, W; = m, m =12 months.
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Figure 1: Variations in the number of road accidents in Poland in the years 2010-2016, with
the corresponding trend line.

3 ANALYSIS OF SEASONAL VARIATIONS IN THE ACCIDENT HAZARD
3.1 Extreme values of the seasonality index Wj and time when they occurred

The above relations were used to calculate values of the seasonality index Wj in 12-month
cycles for Poland as a whole and 16 voivodships in two short-term periods, referred to as
“initial” (2010-2012) and “final” (2014-2016), and in a medium-term period (2010-2016).
The calculation results have been presented in Tables 1, 2, and 3. They were taken as a basis
for analysing variations in the accident hazard by examining the Wj values.

The following data were used for the analysis:

e extreme values of the seasonality index Wj and time (month) when they occurred;

e range of variations in the seasonality index in the spring and autumn season;

e rate of changes in the seasonality index in the spring and autumn season, calculated
in percentage terms in relation to the nationwide average values (“relative rate”).

Table 1: Seasonality index values for road accidents that occurred in Poland as a whole and
in individual voivodships, averaged over the period 2010-2012.

Yearste(gi(())fOlz; Jan. | Feb. [Mar. | Apr. | May | Jun. | Jul. |Aug.| Sep. | Oct. |Nov. | Dec.

(Voivodship) [ wy, [ w, [ wy | w, [ we [ wo [ wy | wg | Wy [ Wy | Wy, [ Wy
Poland 0.710{0.686(0.820(0.906|1.098(1.169|1.156(1.186(1.183(1.152{1.026/0.907
Dolnoslgskie (0.728]0.773]0.970({0.998{1.002|1.199{1.100|1.026{1.187|1.158|1.038]|0.820
Kujawsko-Pomorskie|0).691]0.694|0.818]0.830(1.123|1.068|1.169|1.249|1.188|1.154|1.082|0.935

Lubelskie 0.614]0.548]0.717|0.916{1.161|1.225]|1.232|1.318|1.343]1.143]0.947|0.836
Lubuskie 0.601]0.644/0.864|0.880]1.056|1.235]1.320]1.094/|1.098|1.118|1.183|0.908
Lodzkie 0.699]0.688]0.866/0.969(1.106/1.153|1.058{1.130{1.191]1.171{1.063]0.905

Matopolskie 0.769]0.712]0.795|0.863|1.153|1.154|1.127]1.219|1.200]1.137]0.983|0.887
Mazowieckie 0.669(0.726/0.814|0.910]1.117|1.167]|1.121]1.150|1.261]1.203]0.993|0.867

Opolskie 0.771]0.628]0.824|0.838(1.041]1.333|1.149(1.014/1.207|1.205[1.041]0.948
Podkarpackie 0.715]0.695]0.768|0.898(1.169|1.153|1.188|1.225]1.112]1.168]0.997|0.913
Podlaskie 0.508]0.619/0.761]0.849|1.143|1.058]1.339]1.419|1.202{1.163|1.064/|0.875
Pomorskie 0.755]0.665]0.767|0.851{1.056|1.259]|1.205|1.249|1.105]1.117]1.021|0.950
Slaskie 0.771]0.700]0.842|0.901{1.064|1.113]1.139]1.145|1.133]1.210]1.005/0.977
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Table 1: Continued.
Swictokrzyskie  |0.677[0.675]0.763[0.935] 1.155[1.216] 1.130[ 1.212] 1.241] 1.070]0.962]0.962
Warmifisko- 0.668(0.64010.771]0.923|1.048 | 1.151]1.390|1.348|1.119]1.095|0.976 | 0.874
IMazurskie
Wielkopolskie  ]0.733]0.630]0.795]0.884]1.069| 1.181]1.119| 1.188]1.185]1.136] 1.060| 1.021
Zachodniopomorskid 0.665 | 0.663[0.811[0.831[1.011 | 1.189]1.289| 1.215[1.150 ] 1.083] 1.153[0.938

Table 2: Seasonality index values for road accidents that occurred in Poland as a whole and
in individual voivodships, averaged over the period 2014-2016.

Years;;)gliifom; Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug.| Sep. | Oct. | Nov. | Dec.
(Voivodship) Wy | Wy | Wa | W, | We | We | Wy | W | Wy | Wig | Wiq | Wiy
Poland 0.786]0.747]0.845(0.924]1.044]1.119]1.143]1.163 [ 1.112]1.084]0.943 | 1.091
Dolnoslaskie 0.77110.791]0.927[0.895[1.057[1.127[1.139|1.125| 1.188[1.039[0.946|0.995
Kujawsko-Pomorskie| 0.782]0.735[0.835]0.918]1.064 | 1.140| 1.120[ 1.199[1.103]1.092[0.925] 1.086
Lubelskie 0.720]0.720]0.765]0.918]1.046]1.092]1.082 [ 1.146|1.213 | 1.181|1.037|1.080
Lubuskie 0.836]0.786]0.728]0.869]0.976]1.152]1.303[1.232[1.005| 1.148[0.837[1.128
Eodzkie 0.784]0.754]0.895]0.964]1.071|1.111]1.040]1.062|1.148]1.119[0.977[1.075
Matopolskie 0.774]0.703]0.780[0.917]1.070|1.158]1.223 ] 1.242[1.121]1.055]0.916| 1.041
Mazowieckie 0.748(0.729]0.871]0.924]1.021]1.135]1.085[1.095|1.133|1.113]0.951 | 1.195
Opolskie 0.906]0.707]0.948[0.997]1.097|1.187]0.960[0.984|1.123]0.875|1.087| 1.129
Podkarpackie 0.751]0.826]0.903[0.901[1.103[1.041[1.082|1.256|1.134]1.097]0.944]0.961
Podlaskie 0.746]0.670]0.880[0.967|1.125[1.139]1.207]1.262]1.087[0.978[0.875|1.063
Pomorskie 0.773]0.708]0.711]0.924]1.072[1.197]1.359]1.243]1.097]0.964]0.871 | 1.083
Slaskie 0.832]0.749]0.908[0.943]1.029]1.093[1.092[1.090 | 1.081 | 1.163[0.938|1.083
Swictokrzyskie  |0.835/0.795]0.774]0.869]1.055]1.102[1.180]1.221]1.057|1.095[0.952 | 1.065
Warmifisko- 0.72210.70%|0.860(0.832(1.017|1.175|1.258|1.287[1.097|1.043|0.891 | 1.109
Mazurskie
Wielkopolskie 0.868]0.805]0.813]0.971]0.946]0.999]1.036]1.201[1.066]1.107[1.001 | 1.186
Zachodniopomorskie| 0.790]0.781]0.827[0.905]0.9691.093 | 1.252| 1.178 ] 1.000] 1.096[0.937[1.171

Table 3: Seasonality index values for road accidents that occurred in Poland as a whole and
in individual voivodships, averaged over the period 2010-2016.

Yearslgg;i(());2016; Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
(Voivodship) | wy | W, | Wa | Wy | Wi | Wo | Wy | Wy | Wy | Wig | Wy, | Wy,
Poland 0.731]0.693]0.805|0.885|1.061|1.138|1.160 | 1.185 | 1.164 | 1.146 | 1.005 | 1.027
Dolnoslaskie 0.758]0.767[0.895]0.900[0.995]1.129|1.130] 1.095 | 1.195] 1.155 | 1.021]0.970
Kujawsko- 0.689|0.684]0.815/0.832|1.121 | 1.112]1.125|1.243|1.139 | 1.128 | 1.051 | 1.058
IPomorskie
Lubelskie 0.645]0.607]0.715/0.894]1.093 | 1.171|1.176|1.235]1.278 | 1.181]1.017|0.987
Lubuskie 0.689]0.735[0.739]0.828[0.977]1.197]1.336]1.166 | 1.082] 1.160 | 1.058 | 1.034
Eodzkie 0.725]0.685]0.848/0.931]1.085|1.128|1.088 | 1.113 | 1.184|1.164]1.032|1.017
Matopolskie 0.755]0.6810.768]0.860|1.097 | 1.147|1.180] 1.244 | 1.187]1.123[0.968] 0.989
Mazowieckie 0.706]0.700]0.8110.895]1.063 | 1.145|1.108 | 1.124]1.208 | 1.188 ] 1.007 | 1.044
Opolskie 0.825]0.67310.8230.880]1.056|1.197]1.038 ] 1.078 [ 1.177]1.083[1.067]1.103
Podkarpackie  |0.712]0.736]0.816/0.871|1.135[1.086 1.168] 1.232[1.149| 1.161[0.976 [ 0.958
Podlaskie 0.610/0.610]0.764|0.874]1.109|1.127]1.291|1.353 | 1.184|1.106| 1.020|0.952
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Table 3: Continued.

Pomorskie 0.733]0.663]0.732]0.869]1.063]1.223[1.275]1.278]1.125]1.062[0.949] 1.028
Slaskic 0.789[0.713]0.863]0.912]1.044|1.102[1.121|1.124|1.116]1.200[0.982[1.035
Swictokrzyskie  0.723]0.710[0.745]0.866]1.076]1.150[1.173[1.251[1.175| 1.102[0.971| 1.057
Warmifisko- 0.711]0.679]0.811]0.867|1.009|1.151[1.303|1.310[1.128{1.070]0.955 | 1.006
IMazurskie
Wielkopolskie 0.750]0.685]0.776]0.898]0.998 [1.077/1.075]1.1991.146|1.168 | 1.082[1.147
Zachodniopomorskie|0.717]0.685]0.797[0.8261.034] 1.154] 1.287] 1.182[1.075[1.115| 1.058 | 1.071

The Wj value calculation results were averaged over three periods, i.e. initial (2010-2012),
final (2014-2016), and overall (2010-2016). In the initial period (see Table 1), the maximum
Wj values (red font) chiefly occurred in July (3 voivodships), August (5 voivodships and
Poland as a whole), and September (5 voivodships), while in the final period (see Table 2),
they predominantly occurred in July (3 voivodships), August (7 voivodships and Poland
as a whole), and September (3 voivodships). In the medium-term (“overall”) period (see
Table 3), the maximum Wj values (red font) were primarily recorded in three summer months,
i.e. July (2 voivodships), August (8 voivodships and Poland as a whole), and September
(4 voivodships), similarly to the observations made in the short-term periods. Thus, in the
whole period under analysis, the maximum Wj values mostly occurred in the summer months,
but the territorial distribution of the values of this index changed in the successive years. The
maximum values of this index slightly declined (by about 4 %) in that time, i.e. they ranged
from 1.188 to 1.419 in the initial period and from 1.148 to 1.359 in the final period.

The minimum Wj values (blue font in Tables 1-3) occurred in the period of reduced traffic
intensity. As an example: in the years 2010-2012 (see Table 1), they were reported for
January (5 voivodships) and February (11 voivodships and Poland as a whole); in 2014-2016
(Table 2), the situation slightly changed and the minimum Wj values were recorded in
January (2 voivodships), February (12 voivodships and Poland as a whole), and March
(2 voivodships). In 2010-2016 (Table 3), the months when the minimum Wj values occurred
were January (3 voivodships) and February (13 voivodships and Poland as a whole). In all
the periods under analysis, the minimum values of the seasonality index occurred in winter,
although their distribution varied a bit. Initially, the minimum values of the seasonality index
were lower by up to almost 40 % than its maximum values recorded in the summer months.
However, some considerable differences can also be seen. In the final period, the trend
towards the occurrence of the minimum Wj values in February grew stronger (as observed in
75 % of all the voivodships). The minimum values of this index, averaged over the whole
period under analysis, fell within a range from 0.607 to 0.713, which is very narrow for the
7-year period. This means that in the winter months, the variations in the seasonal factors
rather insignificantly affect the number of road accidents. In the short-term periods, wider
variations were observed: initially, these values varied from 0.508 to 0.728 and finally, they
ranged from 0.670 to 0.805, i.e. the variations were wider by 10 % to 24 % in comparison
with those recorded in the initial period. In consequence of the changes in the extreme Wj
index values in the years 2010-2016, i.e. a decline by about 4 % in the maximum values and
a distinct growth in the minimum values, the seasonal variation in the road accident hazard
was considerably reduced. This effect in combination with the marked downward trend in
the number of accidents [2], is very favourable.
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3.2 Range of variations in the seasonality index in the spring and autumn season

Two-time intervals characterized by considerable changes in the seasonality index can be
seen in the annual cycle of seasonal variations. In general, the boundaries between these
intervals are defined by the months when the maximum and minimum values of the
seasonality index were found to occur (see Tables 1-3). The extreme values predominantly
occurred in August and February or in their adjacent months. These months define the time
intervals, named here for the purposes of this study as:

e time of increase in the seasonality index values, most often lasting from February to
June—July;

e time of decrease in the seasonality index values, most often lasting from September-
October to January—February.

Between these periods of intensive changes, a short time interval (2 to 4 months long)
may be discerned in some voivodships when only small changes in the seasonality index
values could be observed.
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Figure 2: Examples of intensive changes in the W) seasonality index values in the spring and
autumn season (left and right column, respectively).
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To facilitate further description of the periods of increase and decrease in the Wj
seasonality index values, they were called “spring growth” and “autumn drop” periods,
because they begin in spring and autumn, respectively. The spring changes were calculated
for the periods from February to June, from March to June, and from April to June (denoted
by “DW,”, “DWs-¢”, and “DW.-¢”, respectively, see Fig. 2) and the autumn changes were
calculated for the periods from September to February, from October to January, and from
November to January (denoted by “DWy,”, “DW,o-,”, and “DW,;-,”, respectively, see
Fig. 2), with determining the arithmetic means of the Wj values for each of these periods.

The range of changes in the Wj values (i.e. their span) was calculated as follows:
DWy_py =W, — W, for the spring growth period @)
DW,,_p = Wy, — W,  for the autumn drop period ®)

The span values thus calculated are positive for increasing Wj values and negative for
decreasing Wj values (Fig. 3).

Differences in the Wj values, calculated from eqns (7) and (8), show in Fig. 3 the range
and sense of changes in the average values of this index. The coloured and white bars
(with coloured contours) in the graph represent the values calculated for the spring growth
and autumn drop periods, respectively. In the spring period, the changes are positive,
indicating growths in the Wj values. The average DWm-n values, which show the seasonal
variations in the accident hazard in the years 2010-2012, fell within limits of 0.285-0.580;
in the years 2014-2016, they ranged from 0.136 to 0.416. Variations in the DWm—n values,
averaged over the whole period under analysis, were between 0.275 and 0.468. This is quite
a wide span of the seasonality index variations. It is reduced with shortening of the month
intervals m—n taken for the calculations according to eqns (7) and (8). In the autumn drop
period, a seasonal decrease in the number of accidents was observed, which was reflected in
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Figure 3: Summary of average DWm—n values in the short-term and medium-term periods,
illustrating the range of seasonal variations in the accident hazard in the spring
growth and autumn drop periods (coloured and white bars, respectively).
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areduction in the Wj values (and in negative values of the calculated DWm-n index).
In 2010-2012, the average DWm-n values ranged from —0.356 to —0.593; in 2014-2016, they
ranged from —0.177 to —0.424. Attention is attracted by the fact that in the final period, this
span was markedly reduced in all the voivodships.

3.3 Rate of changes in the seasonality index values

The rate of changes in the seasonality index Wj in individual voivodships was calculated
in percentage terms in relation to the nationwide values (as a relative rate), i.e.

DW,, , — DP,
W, , :%100%, ©9)
m-n

where DW,,,_,, and DP,,_,, represent the ranges of variations in the Wj index values in the
month intervals m—n, calculated for individual voivodships (DW) and for Poland as a whole
(DP) from eqns (7) and (8).

The relative rate of changes calculated from eqn (9) may be either positive or negative,
showing that the rate of changes in the Wj values for the voivodship was higher or lower,
respectively, than the nationwide figure.

The calculations revealed the rate of Wj changes to be very diverse and depending on
the selection of months taken for calculations, both in the initial and final period under
analysis. The low rate of growth in these values in spring was deemed favourable. A high
rate of the changes in a short time interval indicates strong but short-lasting impact of
seasonal factors. As regards the average values of this relative rate, calculated from TWoy.,,
TW 0.1, and TW,1.; (cf. Fig. 4), they ranged from —21.9% to 37.7% in the spring growth
period. The growth rate definitely lower than the national average, i.e. negative values of
the relative rate, may be deemed favourable. In the autumn period, the averaged values of
the relative rate of changes in the Wj values varied between —15.0% and 35.8%, i.e. within
a range somewhat narrower in comparison with that observed in the spring period.

40

30 n

20

10 5

0
-10 ] u u
-20

M Spring growth period B Autumn drop period

-30
PR X< < I W& g < g ] " X< PR IR < W W2
‘ \,@9 & Q\%"\ & e\%g & O\%Q o \,v%g & \&}9 (ﬁc}*} & e\%"\ &
FFHEFFTPF I TS &S & L &
¥ <9 $ ®%~ & ¥ R Q & ,@ s OQO
S ¥ T
‘b‘q\ (6'\\0 X §)
@ @‘b aF

Figure 4: Summary of the TW,,—,, values, i.e. the relative rate of seasonal variations in the
accident hazard in the spring growth and autumn drop periods.
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4 TERRITORIAL DISTRIBUTION OF SEASONAL
VARIATIONS IN THE ACCIDENT HAZARD
The location in Poland of the voivodships where the observed seasonal variations in the
number of accidents markedly differed from the nationwide average was also analysed.
A strong impact of the factors that cause seasonal variations in the accident hazard is reflected
in high values of the seasonality index Wj and in high rates of these changes.

In the initial period (2010-2012, see Table 1 and Fig. 5), the highest values of the
maximum seasonality index Wj (MAX), occurred in Podlaskie Voivodship (1.419 in August),
Warminsko-Mazurskie Voivodship (1.390 in July), and Lubelskie Voivodship (1.343 in
September). In the final period (2014-2016), for comparison, the highest values of this index
(see Table 2 and Fig. 5) were reported for Pomorskie Voivodship (1.359 in July), Lubuskie
Voivodship (1.303 in July), and Warminsko-Mazurskie Voivodship (1.287 in August).
The maps in Fig. 5 show that the territorial distribution of the MAX values was different in
individual periods under analysis.

The voivodships where the lowest values of the minimum seasonality index Wj (MIN)
occurred in the initial period (2010-2012, see Table 1 and Fig. 6) were Podlaskie (0.508 in
January), Lubelskie (0.548 in February), and Lubuskie (0.601 in January). In the final period
(2014-2016), in turn, the lowest values of this index (see Table 2 and Fig. 6) were reported
for Podlaskie Voivodship (0.670 in February), Matopolskie Voivodship (0.703 in February),
and Opolskie Voivodship (0.707 in February). The regions where the MIN values were
recorded in individual periods under analysis were not identical, either.
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Figure 5: Voivodships where the highest and lowest values of the maximum seasonality
index Wj (MAX) occurred; comparison between the periods 2010-2012, 2014—
2016, and 2010-2016.
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Figure 6: Voivodships where the highest and lowest values of the minimum seasonality
index Wj (MIN) occurred; comparison between the periods 2010-2012, 2014—
2016, and 2010-2016.
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Figure 7: Voivodships where the highest and lowest average values of the W growth
(DW,,—, values) occurred in the spring growth period.

Understanding that an increase in the Wj value in spring is not a desirable effect, because
it means a growth in the accident hazard, we considered it noteworthy to indicate the
voivodships where the biggest and smallest changes in this value occurred. This was done
with taking into account the average growth value (DWj), calculated for three periods (DW,-s,
DW;-6, and DW4-6; Fig. 2). In the initial period, the highest DW; values (Fig. 3 and Fig. 7)
were recorded in Opolskie Voivodship (0.570), Lubelskie Voivodship (0.498), and
Pomorskie Voivodship (0.498). In the final period, in turn, the highest DW; values occurred
in spring in Pomorskie Voivodship (0.416), Warminsko-Mazurskie Voivodship (0.375), and
Lubuskie Voivodship (0.358). Hence, the widest variations in the W} values in spring most
likely do not have any stable territorial connections, because their locations changed in the
years 2010-2016 (Fig. 7).

In the initial period (see Fig. 7), the lowest DWm-n values, i.e. the lowest average values
of the Wj growth, were recorded in Dolnoslgskie Voivodship (0.285), Kujawsko-Pomorskie
Voivodship (0.287), and Slaskie Voivodship (0.299). In 20142011 6, i.e. in the final period
under analysis, the voivodships where the lowest values of the spring growth occurred were
Wielkopolskie (0.136), Podkarpackie (0.164), and Slaskie (0.226). The territorial distribution
of the areas with the smallest changes in the spring accident hazard is not stable: significant
changes took place in the group of voivodships with the lowest DWp-, values in the whole
seven-year period under analysis, too.
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2010-12

Figure 8: Voivodships where the highest (MAX) and lowest (MIN) DWW values occurred
(changes averaged for the spring and autumn periods taken together).
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The above assessment of changes in the Wj values in the spring growth period is not
sufficient to assess the year-round level of these changes. Interest may be aroused by
indicating the voivodships where the biggest seasonal changes occurred in the spring and
autumn periods taken together, i.e. where the spring and autumn changes in the averaged Wj
values were the biggest or smallest. Therefore, averaging operations were carried out, each
covering three spring intervals (DW,-¢, DW3, and DW,) and three autumn intervals
(DWo-», DWj¢-1, and DW,;-). As a result, the voivodships were identified where the biggest
and smallest changes in the accident hazard took place (see Fig. 8).

5 RECAPITULATION AND CONCLUSIONS

The seasonal and regional variations in the accident hazard was analysed with taking into
account values of the road accident seasonality indexWj as well as the range and rate of
changes in these values. Thanks to the use of a multiplicative model, both short-term analyses
(for the years 2010-2012 and 2014-2016) and medium-term analyses (for the period 2010—
2016) could be carried out. The voivodships where extreme seasonal variations were
recorded, range and time of these variations, and rate of their periodic changes were
presented. As an example, the following was shown:

e course of changes in the territorial distribution of the extreme seasonality index
values (minimum values in winter and maximum values in summer);

e territorial and time distribution of the minimum Wj values in winter, gradually
changing with a trend towards the occurrence of the minimum values in February
(a rise from 60% to 75% of the voivodships during the 7 year period under
analysis).

The minimum seasonality index values, averaged over the whole period under analysis,
fell within a range of 0.607—0.713 and the maximum values ranged from 1.188 to 1.359.
The minimum seasonality index values, recorded in winter, were lower by 40% than the
maximum values of this index recorded in the summer months.

The analysis of the range of seasonal changes was based on results of the identification
of the phases of growth and drop in the Wj values (Figs 1 and 2), called “spring growth”
and “autumn drop” periods, because they begin in spring and autumn, respectively. The
variations in the said range, averaged over the whole period under analysis, fell within
limits from 0.275 to 0.468. This is quite a wide span of the seasonality index variations. It
should be stressed that in the period 2010-2016, this span gradually decreased in all the
voivodships. The occurrence of the widest variations in the Wj values does not have any
stable territorial connections, because their locations changed in the years 2010-2016 (Fig.
5). The relative rate of changes in the Wj values ranged from —21.9% to 37.7% in the period
of spring growth in the number of accidents. This relative rate of changes was calculated in
relation to the nationwide average values. The values of the averaged relative rate of
changes in the Wj values have been presented in Fig 4. The low rate of growth in the values
of this index in the spring period has been considered a favourable effect.

The calculation results show the territorial distribution and time of extreme seasonal
variations in the number of road accidents and this facilitates the planning where and when
seasonal actions should be taken in the field of e.g. road traffic organization, work of traffic
control and road rescue services, etc., to improve road safety in specific regions of Poland.
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