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Introduction

Road traffi  c accidents are events that 
cause not only injuries or death to 
road users, but also damage to pro-
perty. According to the World Health 
Organization (WHO), approximately 
1.3 million people die each year as a 
result of traffi  c accidents. Traffi  c acci-
dents account for around 3% of their 

GDP for most of the countries in the 
world. Road traffi  c accidents are the 
leading cause of death for minors and 
young people aged 5-29 [1]. The UN 
General Assembly has set an ambitio-
us goal of halving the number of road 
deaths and injuries by 2030.
 The extent of a traffi  c accident is an 
attribute for determining its severity. 
Predicting the severity of accidents is 

important for competent authorities 
when designing transport safety poli-
cies to eliminate accidents, reduce in-
juries, deaths and property losses [2,3]. 
The identifi cation of critical factors that 
aff ect the severity of accidents is a pre-
condition for taking countermeasures 
to eliminate and mitigate the severity 
of accidents [4]. Yang et al. proposes a 
DNN (Deep Neutral Network) multi-
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-carbon framework to predict diff e-
rent levels of severity of injury, death 
and property loss. It allows a compre-
hensive and accurate analysis of the 
severity of traffi  c accidents [5].
 There are several sources of acci-
dent data. They are mostly collected 
and analyzed by government authori-
ties through the relevant government 
agencies. Data collection is carried out 
through police reports, insurance da-
tabases or hospital records. Partial traf-
fi c accident information is subsequen-
tly processed for the transport sector 
on a larger scale [6].
 Intelligent transportation systems 
are currently the most important so-
urce of data related to the analysis 
and prediction of traffi  c accidents. 
The data can be processed due to 
the use of GPS devices in vehicles [7]. 
Microwave vehicle detection systems 
at roadsides can continuously record 
vehicle data (speed, traffi  c volume, ve-
hicle type, etc.) [8]. The Vehicle License 
Plate Recognition system also makes 
it possible to collect large amounts of 
traffi  c data over a monitored period 
[9]. Another source of data for obta-
ining traffi  c and accidents information 
can be social media, but their relevan-
ce may be insuffi  cient due to the in-
competence of reporters [10].
 For the relevance of accident data, it 
is necessary to work with several data 

sources that need to be confronted 
correctly. The combination of diff erent 
data sources by consolidating hetero-
geneous traffi  c accident data helps to 
increase the accuracy of the analysis 
results [11].
 A statistical survey aimed at asses-
sing the severity, fi nding out the con-
nection between traffi  c accidents and 
road users was performed by Vilaca 
et al [12]. The result of the study is a 
proposal to improve road safety stan-
dards and the adoption of other poli-
cies related to transport safety.
 Bak et al. [13] conducted a statistical 
survey of traffi  c safety in a selected re-
gion of Poland based on the number 
of traffi  c accidents, the pace of fi nding 
out the causes of their occurrence. 
The survey applied a multidimensio-
nal statistical analysis to examine sa-
fety aspect of persons responsible for 
accidents.
 The choice of the source of acci-
dent data for the analysis depends on 
the type of traffi  c problem being ad-
dressed. The combination of statistical 
models with other natural driving data 
or other data obtained through intel-
ligent transport systems contributes 
to increasing the accuracy of accident 
forecasts and contributes to their eli-
mination [14]. 
 Various methods of forecasting the 
number of accidents can be found in 

the literature. Most often, time series 
methods are used for forecasting the 
number of road traffi  c accidents [15-
16], the disadvantages of which are 
the impossibility of assessing the qu-
ality of forecast on the basis of expi-
red forecasts and the often-occurring 
autocorrelation of the residual com-
ponent [17]. Procházka et al. [18] used 
the multiple seasonality model for 
forecasting and Sunny et al. [19] used 
the Holt-Winters exponential smo-
othing method. Its limitations include 
the inability to introduce exogenous 
variables into the model [20,21].
 For forecasting the number of road 
accidents, the vector autoregression 
model has also been used, whose 
drawback is the need to have a large 
number of observations of the va-
riables in order to correctly estimate 
their parameters [22] as well as the 
autoregression models of Monederoa 
et al. for analysing the number of fata-
lities [23] and Al-Madani, curve-fi tting 
regression models [24]. These, in turn, 
require only simple linear relation-
ships [25] and the order of the autore-
gression (assuming that the series are 
already stationary) [26]. 
 Biswas et al. [27] used Random Fo-
rest regression to predict the number 
of road accidents. In this case, the data 
contain groups of correlated features 
with similar signifi cance to the original 

Province 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Lower Silesia 2 877 059 2 876 627 2 917 242 2 916 577 2 914 362 2 909 997 2 908 457 2 904 207 2 903 710 2 902 547 2 901 225 2 900 163 2 891 321

Kuyavia-Pomerania 2 067 918 2 069 083 2 098 711 2 098 370 2 096 404 2 092 564 2 089 992 2 086 210 2 083 927 2 082 944 2 077 775 2 072 373 2 061 942

Lublin 2 161 832 2 157 202 2 178 611 2 171 857 2 165 651 2 156 150 2 147 746 2 139 726 2 133 340 2 126 317 2 117 619 2 108 270 2 095 258

Lubusz 1 008 962 1 010 047 1 023 215 1 023 158 1 023 317 1 021 470 1 020 307 1 018 075 1 017 376 1 016 832 1 014 548 1 011 592 1 007 145

Lodz 2 548 861 2 541 832 2 542 436 2 533 681 2 524 651 2 513 093 2 504 136 2 493 603 2 485 323 2 476 315 2 466 322 2 454 779 2 437 970

Lesser Poland 3 287 136 3 298 270 3 336 699 3 346 796 3 354 077 3 360 581 3 368 336 3 372 618 3 382 260 3 391 380 3 400 577 3 410 901 3 410 441

Masovia 5 204 495 5 222 167 5 267 072 5 285 604 5 301 760 5 316 840 5 334 511 5 349 114 5 365 898 5 384 617 5 403 412 5 423 168 5 425 028

Opole 1 033 040 1 031 097 1 017 241 1 013 950 1 010 203 1 004 416 1 000 858 996 011 993 036 990 069 986 506 982 626 976 774

Subcarpathia 2 099 495 2 101 732 2 127 948 2 128 687 2 129 951 2 129 294 2 129 187 2 127 657 2 127 656 2 129 138 2 129 015 2 127 164 2 121 229

Podlasie 1 191 470 1 189 731 1 203 448 1 200 982 1 198 690 1 194 965 1 191 918 1 188 800 1 186 625 1 184 548 1 181 533 1 178 353 1 173 286

Pomerania 2 219 512 2 230 099 2 275 494 2 283 500 2 290 070 2 295 811 2 302 077 2 307 710 2 315 611 2 324 251 2 333 523 2 343 928 2 346 671

Silesia 4 645 665 4 640 725 4 634 935 4 626 357 4 615 870 4 599 447 4 585 924 4 570 849 4 559 164 4 548 180 4 533 565 4 517 635 4 492 330

Holy Cross 1 272 784 1 270 120 1 282 546 1 278 116 1 273 995 1 268 239 1 263 176 1 257 179 1 252 900 1 247 732 1 241 546 1 233 961 1 224 626

Warmia-Masuria 1 427 073 1 427 118 1 453 782 1 452 596 1 450 697 1 446 915 1 443 967 1 439 675 1 436 367 1 433 945 1 428 983 1 422 737 1 416 495

Greater Poland 3 397 617 3 408 281 3 446 745 3 455 477 3 462 196 3 467 016 3 472 579 3 475 323 3 481 625 3 489 210 3 493 969 3 498 733 3 496 450

West Pomerania 1 692 957 1 693 198 1 723 741 1 722 739 1 721 405 1 718 861 1 715 431 1 710 482 1 708 174 1 705 533 1 701 030 1 696 193 1 688 047

Tab. 1. Population of Poland from 2007 to 2020 [52]
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data, smaller groups are favoured over 
larger ones [28], and there is instabili-
ty in the method and spike prediction 
[29]. Chudy-Laskowska and Pisula [30] 
used the autoregressive model with 
quadratic trend, the univariate perio-
dic trend model and the exponential 
equalization model for the forecasting 
issue discussed. A moving mean mo-
del can also be used for forecasting 
the discussed issue, the disadvanta-
ges of which are low forecast accura-
cy, loss of data in the sequence, lack of 
consideration of trends and seasonal 
eff ects [31]. Prochozka and Camej [32] 
used the GARMA method, in which 
some restrictions are imposed in the 
parameter space to guarantee the sta-
tionarity of the process. Very often the 
ARMA model for a stationary process 
or ARIMA or SARIMA for a non-statio-
nary process is used for forecasting 
[19,32-34]. These models result in very 
high fl exibility of the discussed mo-
dels, but it is also their disadvantage, 
as good model identifi cation requires 
more experience from the researcher 
than, for example, regression analysis 
[35]. Another disadvantage is the line-
ar nature of the ARIMA model [36].
 Chudy-Laskowska and Pisula in 
their work [37] used the ANOVA me-
thod to forecast the number of road 
crashes. The disadvantage of this me-
thod is the adoption of additional as-
sumptions, especially the assumption 
of sphericity, the violation of which 
may lead to erroneous conclusions 
[38]. Neural network models are also 
used to forecast the number of road 

accidents. The disadvantage of ANN 
is the need for experience in this fi eld 
[37, 39]  and the dependence of the 
fi nal solution on the initial conditions 
of the network, as well as the lack of 
interpretability in the traditional way 
since ANN is usually referred to as 
blackbox where you give input and 
the model gives output without any 
knowledge about the analysis [40]. 
 A new prediction method is the use 
of the Hadoop model by Kumar et al. 
[41]. The drawback of this method is 
its inability to work with small data fi -
les [42]. Karlaftis and Vlahogianni [34] 
used the Garch model for prediction. 
The disadvantage of this method is its 
complex form and complicated mo-

del [43,44]. On the other hand, McIlroy 
and his team used the ADF test [45] 
which has the disadvantage of poor 
power in the case of autocorrelation 
of the random component [46].
 Authors of publications [47-48] have 
also used Data-Mining techniques for 
forecasting, which usually have the 
disadvantage of huge sets of general 
descriptions [49]. The combination of 
models proposed by Sebego et al. as 
a combination of diff erent models is 
also encountered [50] Parametric mo-
dels are also proposed in the work of 
Bloomfi eld [51]. Taking into account 
the above analysis, the author made 
forecasts of the number of road acci-
dents in Poland by province. Selected 

 

1. Location of provinces in Poland [53] 2. Comparison of the number of accidents in Poland from 2007 to 2021 [54]

Province
Area Population

in ha in km² total per 1 km²

Poland 31270525 312705 38265013 122

Lower Silesia 1994670 19947 2891321 145

Kuyavia-Pomerania 1797134 17971 2061942 115

Lublin 2512246 25123 2095258 83

Lubusz 1398793 13988 1007145 72

Lodz 1821895 18219 2437970 134

Lesser Poland 1518279 15183 3410441 225

Masovia 3555847 35559 5425028 153

Opole 941187 9412 976774 104

Subcarpathia 1784576 17846 2121229 119

Podlasie 2018702 20187 1173286 58

Pomerania 1832368 18323 2346671 128

Silesia 1233309 12333 4492330 364

Holy Cross 1171050 11710 1224626 105

Warmia-Masuria 2417347 24173 1416495 59

Greater Poland 2982650 29826 3496450 117

West Pomerania 2290472 22905 1688047 74

Tab. 2. Area, population by province in Poland in 2020 [52]
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time series models and exponential 
models were used to forecast the 
number of accidents.

Analysis of the seasonality of road 

accidents

Poland has a population of over 38 
million (tab.1). Poland covers an area 
of 312705 km2 and is divided into 16 
provinces (tab.2, fi g.1). Based on Police 
statistics, it can be concluded that the 
number of road accidents on Polish 
roads is decreasing from year to year. 
For all the analyzed provinces in the 
analyzed period 2007-2021, the ave-
rage decrease is more than 56%. The 
most, this is evident in the Kujawsko-
-Pomorskie (70%) and Podlaskie (69%) 
provinces, and the least, in the Lubu-
skie (32%) province. The number of 
traffi  c accidents depends on the num-
ber of residents living in a particular 
province. In addition, some provin-
ces have fl uctuations in the number 

of accidents with a downward trend. 
Compared to the European Union, the 
number of accidents in Poland is still 
very high.
 During the pandemic, there is a 
decrease in the number of road acci-
dents. Compared to 2019, there were 
on average 21% fewer road accidents 
in 2020, and comparing the statistics 
of 2021 compared to 2019, the decre-
ase is more than 23%. Figure 2 gra-
phically shows the trend of road acci-
dents in Poland from 2001 to 2021 for 
the analyzed provinces. The number 
of road accidents depends on the pro-
vince. The accident rate per 100,000 
residents in 2021 is shown in Figure 3. 
The highest number of accidents per 
100,000 residents is observed in the 
Łódzkie (95) and Mazowieckie (79.3) 
provinces, and the lowest in the Pod-
laskie (37) and Kujawsko-Pomorskie 
(38.8) provinces. 
 The analysis of the change in the 
number of traffi  c accidents by provin-

ce was examined using the Kruskal-
-Wallis test. The value of the test stati-
stic is 260.4 with a test probability of p 
= 0.000. The value obtained indicates 
the rejection of equality of the avera-
ge level of road accidents. On this ba-
sis, it can be concluded that the num-
ber of traffi  c accidents analyzed, over 
the years, shows a systematic decre-
ase in the average level of accidents. 
In addition, depending on the provin-
ces analyzed, there is a clear variation 
in the number of accidents, as shown 
in Figure 1. In Figure 4, it is clear that 
the highest number of road accidents 
occurs in the provinces of Silesia and 
Lesser Poland, and these provinces 
should be looked at closely.

Forecasting the number of road 

accidents 

Selected exponential equalization 
models were used to forecast the 
number of traffi  c accidents for provin-

 

3. Accident rate per 100,000 population in 2021 [54]
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F(15;320) = 61,2884; p = 0.0000;

KW-H(15;336) = 260,3737; p = 0.0000

4. Average number of road accidents by province from 2007 to 2021 [54]

5. Forecasting the number of road accidents in the Lower Silesian province 
from 2022 to 2024

 

6. Forecasting the number of road accidents in the Kuyavian-Pomeranian 
province from 2022 to 2024
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ces. The essence of these methods is 
that the time series of the forecast va-
riable is pronounced with a weighted 
moving average, and the weights are 
determined according to the expo-
nential function. These weights were 
optimally selected by Statistica so-
ftware, in which the applied analyses 
were carried out. 
 The forecast of the number of ac-
cidents for the analyzed provinces 

was based on a weighted average of 
the current and historical series. The 
forecast results obtained using these 
methods depend on the choice of 
the model and its optimal parameter 
values. Forecasting the number of 
accidents in Poland by occurring pro-
vinces, was carried out using selected 
time series models.
 The following errors of expired fore-
casts determined from equations (1-5) 

were used to calculate measures of 
analytical forecasting perfection:
 ME – mean error

 ! " #

$
% &'( ) '*+$
(,#   (1)

 MAE –mean everage error

 !" # $%&'() * (+'
,

)-.
 (2)

 MPE –mean percentage error

9. Forecasting the number of road accidents in Lodz province in 2022-2024 10. Forecasting the number of road accidents in Małopolska province from 
2022 to 2024

8. Forecasting the number of road accidents in Lubuskie Province from 2022 to 20247. Forecasting the number of road accidents in Lublin Province from 2022 to 2024

11. Forecasting the number of road accidents in the Mazowieckie province 
from 2022 to 2024

12. Forecasting the number of road accidents in Opole Province from 2022 
to 2024
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 MAPE - mean absolute percentage 
error

 !"# $
 

!
" #$%&$'#

$%

!
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 MSE – mean square error

 !" # $%&'() * (+,-
.

)/0
 (5)

where:
n – the length of the forecast horizon,
Y – observed value of road accidents,
Yp – forecasted value of road acci-
dents.

In order to compare the number of 
accidents during a pandemic and if it 
did not exist, the mean absolute per-
centage error was minimized

Forecasting the number of road 

accidents in Poland

Data from the Polish Police from 2007-
2021 were used to forecast the number 
of accidents in the analyzed provinces. 
The forecast results for the provinces 
are shown in Figures 3-9. The diff erent 
forecasting methods used in the study 

13. Forecasting the number of road accidents in Podkarpackie Province 
from 2022 to 2024

14. Forecasting the number of road accidents in Podlaskie Province from 
2022 to 2024

15. Forecasting the number of road accidents in Pomeranian Province from 
2022 to 2024

17. Forecasting the number of road accidents in the Świętokrzyskie province 
from 2022 to 2024

16. Forecasting the number of road accidents in Silesia Province from 2022 
to 2024

18. Forecasting the number of road accidents in the Warmian-Masurian 
Voivodeship from 2022 to 2024
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are coded M1, M2,......, Mn. The foreca-
sting techniques used in the study are:
M1 moving average method 2-points, 

M2 moving average method 3-points, 

M3 moving average method 4-points,

M4 exponential smoothing no trend seaso-

nal component: none, 

M5 exponential smoothing no trend seaso-

nal component: additive, 

M6 exponential smoothing no trend seaso-

nal component: multiplicative, 

M7 exponential smoothing linear trend se-

asonal component: none HOLTA, 

M8 exponential smoothing linear trend se-

asonal component: additive, 

M9 exponential smoothing linear trend se-

asonal component: multiplicative WIN-

TERSA, 

M10 exponential smoothing exponential se-

asonal component: none, 

M11 exponential smoothing exponential se-

asonal component: additive, 

M12 exponential smoothing exponential se-

asonal component: multiplicative, 

M13 exponential smoothing fading trend 

seasonal component: none,

M14 exponential smoothing fading trend 

seasonal component: additive, 

M15 exponential smoothing fading trend 

seasonal component: multiplicative).

Based on the above data, it can be 
concluded that not all the methods 
used are eff ective in the case studied. 
In the next step, the best forecasting 
method in which the MAPE error was 
minimal was presented. The following 
methods were selected as the best fo-
recasting methods for each province:
• Lower Silesia - M5
• Kujawsko-pomorskie - M8

• Lubelskie - M8
• Lubuskie - M12
• Łódź - M12
• Malopolska - M14
• Mazovia - M12
• Opolskie - M11
• Subcarpathian - M8
• Podlasie - M14
• Pomerania - M14
• Silesia - M5
• Holy Cross - M8
• Warmia and Mazury - M8
• Greater Poland - M11
• West Pomerania - M12

Based on the data obtained, it can be 
concluded that the choice of the me-
thod used depends on the province 
being analyzed. The minimum MAPE 

error was most common when using 
exponential and linear trend methods. 
On this basis, the forecast of the num-
ber of traffi  c accidents by province 
was determined, shown in Figure 21, 
and the obtained forecast errors are 
presented in Table 3. The results indi-
cate that we can still expect a similar 
level of traffi  c accidents as before the 
pandemic with a minimal decrease. It 
should be noted that the pandemic 
distorted the obtained results [55-57]. 
An error value of at most 6% demon-
strates the choice of an eff ective fore-
casting method. 

Conclusions

The forecast of the number of acci-

forecast error/

province
ME MPE MSE MAPE [%] MAE [%]

Lower Silesia 3.208997514 188.4726684 68878.1878 0.450566933 6.441275887

Kuyavia-Pome-

rania
2.346605332 134.2447066 32446.81837 0.447358531 5.997117204

Lublin 3.38357111 92.95928945 15312.7583 0.323852721 5.703924675

Lubusz 5.954995074 63.73415879 6927.33137 0.06565246 6.668295983

Lodz 12.89057225 125.2129324 30256.14262 0.077675164 5.250496692

Lesser Poland 3.738428028 137.239586 36230.34961 0.337291561 5.205621655

Masovia 33.15728838 312.2327679 211883.9746 0.013442517 6.493443012

Opole 6.120110928 55.08085009 4988.750659 0.106896808 6.999187736

Subcarpathia 3.877532058 82.77703037 13200.35334 0.294025739 5.553336533

Podlasie 0.374843299 73.18912197 12945.62756 0.886450432 7.158647302

Pomerania 12.07251273 109.163129 21988.27088 0.168959493 5.621077124

Silesia 13.92971096 228.1574737 97951.27438 0.183521704 5.424355374

Holy Cross 1.62737223 55.49788666 5278.434034 0.235158676 5.143998883

Warmia-Masuria 2.543996469 76.6130496 9890.936403 0.265121154 5.612666064

Greater Poland 6.07939686 162.031501 47276.38541 0.301951406 5.63669225

West Pomerania 9.094299176 86.47579672 15880.93027 0.025641961 5.823004188

Tab. 3. Forecast errors

19. Forecasting the number of road accidents in the Wielkopolska province 
from 2022 to 2024

20. Forecasting the number of road accidents in the West Pomeranian 
province from 2022 to 2024
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dents in Poland was determined by 
exponential equalization methods 
using the Statistica program. The we-
ights used were estimated by the pro-
gram to minimize the mean absolute 
error and mean absolute percentage 
error.
 The results show that we can still 
expect a similar level of traffi  c acci-
dents as before the pandemic with 
a minimal decrease. It should be no-
ted that the pandemic distorted the 
results obtained. The error value of a 
maximum of 6%, with one exception, 
can testify to the choice of an eff ective 
forecasting method.
 The forecast of the number of traf-
fi c accidents obtained in the article, 
can be used in the future to formula-
te further measures to minimize the 
number of accidents in the countries 
analyzed. These measures may inclu-
de, for example, the introduction of 
higher fi nes for traffi  c off enses on Po-
lish roads from January 1, 2022. 
 In their further research, the authors 
plan to take into account more factors 
infl uencing accident rates in Poland. 
We can include traffi  c volume, day of 
the week or age of the accident per-
petrator, among others.
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