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Abstract:  Every year, a considerable number of people lose their lives on Polish highwaysAlthough this number remains 
significant, it has been steadily decreasing over time. Despite a reduction in accidents since the pandemic began, the 
overall figures are still relatively high. To effectively minimize road accidents, it is essential to identify which days 
experience the highest frequency of collisions and to predict the number of accidents in the upcoming years. The objective 
of this article is to forecast the number of accidents occurring on Polish roads for each weekday. To achieve this, monthly 
accident data from the Polish Police statisticsfor 2007 was analyzed, resulting in predictions for the years 2022-2024. The 
findings of the study suggest that there will likely be a decrease in accidents on Polish roads compared to pre-pandemic 
levels; however, the ongoing impact of the pandemic complicates these results. The research employed various time series 
models using the Statistica program. 
 
1 Introduction 

Road accidents are incidents that not only result in 
injuries or fatalities to road users but also cause damage to 
property. According to the WHO [1], approximately 1.3 
million people die in traffic accidents each year. Many 
countries worldwide attribute about 3% of their GDP to the 
consequences of these accidents. The WHO further reports 
that traffic accidents are the leading cause of death among 
children and young adults aged 5 to 29. The UN General 
Assembly aims to halve the number of traffic fatalities and 
injuries by 2030. 

One crucial factor influencing the severity of a traffic 
accident is its magnitude. To effectively prevent accidents 
and reduce injuries, fatalities, and property damage, it is 
essential for relevant authorities to predict the severity of 
incidents [2,3]. Identifying the key elements that impact 
accident severity is vital before implementing corrective 
measures to mitigate and reduce the seriousness of 
accidents. [4] A multi-layered architecture known as DNN 
(Deep Neural Network) has been proposed by Yang et al. 
for predicting different levels of damage, fatalities, and 
property loss. This model facilitates a comprehensive and 
precise analysis of the severity of traffic incidents [5]. 

Accident data is sourced from various channels, 
primarily collected and analyzed by governmental 
organizations through relevant agencies. Data collection 
relies on police reports, insurance databases, and hospital 
records. Following this, incomplete data regarding traffic 
accidents is processed more broadly for the transportation 
sector [6]. 

Currently, intelligent transportation systems serve as 
the most significant source of information for analyzing 
and forecasting traffic accidents. This data can be analyzed 
in conjunction with the use of GPS devices in vehicles [7]. 

As noted by Khaliq et al. [8], microwave roadside vehicle 
detection systems can continuously record vehicle data, 
such as speed, traffic volume, and vehicle type. 
Additionally, vehicle license plate recognition systems 
enable the collection of substantial amounts of data on road 
traffic over monitored periods [9]. While social media can 
also serve as a data source for insights on traffic and 
accidents, its reliability may be limited due to the 
unpredictability of reports [10]. 

To accurately represent accident data, it is essential to 
collaborate with multiple data sources, all of which must 
be appropriately integrated. The accuracy of analysis 
results can be enhanced by combining various data sources 
and integrating heterogeneous data on traffic accidents 
[11]. 

A statistical analysis conducted by Vilaca et al. [12] 
examined the severity of road accidents and their 
correlation with other road users. The study concluded with 
recommendations to elevate driving safety standards and 
implement new transportation safety regulations. 

Based on the frequency of traffic accidents and the 
duration taken to identify their causes, Bak et al. [13] 
conducted a statistical analysis of traffic safety in a specific 
region of Poland. This study focused on assessing the 
safety of individuals who cause accidents through 
multivariate statistical analysis. 

The type of traffic issue reported influences the source 
of crash data utilized for the study. The accuracy of 
accident forecasts can be enhanced, and the number of 
accidents can be reduced when statistical models are 
combined with additional natural driving data or other 
information from intelligent transportation systems [14]. 

Numerous techniques for predicting accident numbers 
are documented in the literature. Among these, time series 
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methods are the most widely used for forecasting road 
accidents [15,16]. However, these methods have several 
limitations, such as the inability to evaluate the quality of 
forecasts based on outdated predictions and the frequent 
autocorrelation of the residual values of the components 
[17]. 

Procházka et al. [18] employed a multiple seasonality 
model for forecasting, while Sunny et al. [19] utilized the 
Holt-Winters exponential smoothing method. One 
limitation of these approaches is that they cannot 
incorporate exogenous variables into the model [20,21]. 

Other forecasting methods include the vector 
autoregression model, which requires a substantial number 
of observations of variables to accurately estimate their 
parameters [22]. Additionally, Monedero et al. [23] applied 
autoregression models for fatality analysis, while Al-
Madani [24] used curve fit regression models to predict the 
number of traffic accidents. These models primarily rely 
on simple linear relationships [25] and autoregression 
sequences, assuming the series are already stationary [26]. 

The Random Forest regression method was utilized by 
Biswas et al. [27] to predict the number of traffic accidents. 
In this context, smaller groups are favored over larger ones, 
but this method exhibits instability in approach and peak 
prediction. The data also includes groups of related 
features that hold similar importance to the original dataset 
[28,29]. 

For the prognostic issue discussed, Chudy-Laskowska 
and Pisula [30] applied an autoregressive model with a 
quadratic trend, a one-dimensional periodic trend model, 
and an exponential smoothing model. Although the 
moving average model can also be employed for 
forecasting, it has several drawbacks, including low 
accuracy of forecasts, data loss over time, failure to 
account for patterns, and neglect of seasonal impacts [31]. 

The GARMA technique, used by Procházka and Camej 
[32], imposes restrictions on the parameter space to ensure 
the stationarity of the process. Several studies highlight the 
frequent use of the ARMA model for forecasting stationary 
processes [19, 32-34] and the ARIMA or SARIMA model 
for non-stationary processes. While these models offer 
significant flexibility, this can also be a disadvantage, as 
effective model identification requires more in-depth 
research knowledge compared to methods like regression 
analysis [35]. Additionally, the linearity of the ARIMA 
model is another limitation [36]. 

In their 2015 study, Chudy-Laskowska and Pisula [37] 

employed the ANOVA approach to predict traffic accident 
numbers. However, this method has the drawback of 
necessitating additional assumptions, particularly 
regarding sphericity, the violation of which may lead to 
incorrect conclusions [38]. 

Neural network models are also utilized for predicting 
traffic accident frequency [37,39]. However, Artificial 
Neural Networks (ANN) come with several drawbacks, 
including the need for prior knowledge in the field, the 
final outcome's reliance on the network's initial conditions, 
a lack of traditional interpretability, and the "black box" 
nature of ANN, where input data is provided, and results 
are outputted without insight into the analysis proces [40]. 

Kumar et al. [41] introduced the Hadoop model as a 
novel prediction technique. A limitation of this technology 
is its inability to process small data files [42]. The GARCH 
model was used by Karlaftis and Vlahogianni [34] for 
predictions, but its complexity in both form and model 
poses a challenge [43,44]. On the other hand, the ADF test 
was employed by McIlroy [45] and colleagues, although 
this method suffers from low power when dealing with 
autocorrelation of random components [46]. 

The authors of the articles [47,48] also explored data-
mining approaches for forecasting, which typically face the 
challenge of handling large datasets with general 
descriptions [49]. Additionally, a model combination was 
proposed by Sebe [50], suggesting a blend of various 
models. Bloomfield [51] also recommended parametric 
models for predicting the number of traffic accidents in 
Poland. 

 
2 A study of the seasonality of accidents on 

the roads 
When on Polish highways, a large number of 

individuals pass away. Despite the value declining year 
over year, the total is still very substantial. Although there 
have been fewer accidents on the roads since the pandemic, 
the number is still relatively high. When the data is 
examined on a monthly basis, it can be concluded that there 
are definite variations and a persistent downward tendency. 
In Poland, there are still a lot more accidents than in the 
rest of the European Union. On Sundays, there are fewer 
car accidents than on Fridays, when there are more. Due to 
this, it is imperative to lower this number and determine 
the days that will see the greatest number of incidents on 
the roads (Figure 1).
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Figure 1 Accidents in Poland between 2007 and 2021 

 
The average number of traffic accidents throughout the 

studied period was tested after that to determine whether 
there had been a substantial difference. Poland's non-
parametric Kruskall-Wallis test statistic value is 587, with 
a test probability of p=0.000. In this situation, it is 
necessary to reject the premise that the average number of 

traffic accidents during the studied time was equal. This 
indicates that the average number of incidents in the 
current situation are consistently declining from year to 
year (Figure 2). According to the data acquired, Fridays 
have the highest number of traffic accidents, while 
Sundays see the lowest number [52].
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Figure 2 Road accident averages in Poland from 2007 to 2021, broken down by day of the week

The research of the number of accidents on Polish roads 
leads to the conclusion that they are seasonal in character 
and on the decline. Therefore, for additional analysis, the 

expected number of traffic accidents in the investigated 
period based on the day of the week was determined using 
a few time series models. 
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3 Forecasting the number of road 
accidents 

Selected exponential equalization models were used to 
predict the number of traffic accidents.  The fundamental 
idea behind this approach is that the predicted variable's 
time series is represented by a weighted moving average, 
with the weights chosen in accordance with an exponential 
function. The study's software, Statistica, selected the 
weights in the most effective way possible. 

In this instance, the forecast is based on a weighted 
average of the series' recent and historical values. The 
model and its parameters that are selected will determine 
the forecast's outcome. Selected time series models with a 
linear trend were used to predict the number of accidents. 
Specifically, the exponential model and the linear trend 
model (Holt and Winters technique).  

Measures of analytical forecasting perfection were 
calculated using the errors of forecasts that had expired, 
which were calculated using equations (1-5): 

 
• ME – mean error 

�� � �
� ∑ ��	 
 ����	�    (1) 

• MAE –mean everage error 
��� � �

� ∑ ��	 
 ����	�    (2) 

• MPE –mean percentage error 

��� � �
� ∑ �����

��
�	�    (3) 

• MAPE - mean absolute percentage error 

���� � �
� ∑ �������

��
�	�    (4) 

• SSE – mean square error 

��� � ��
� ∑ ��	 
 �����	�    (5) 

 
where: 
n – the projected horizon's length, 
Y – observed value of traffic collisions, 
Yp – forecasted value of road accidents. 

 
The mean percentage error was minimized in order to 

compare the number of accidents that occurred during a 
pandemic and those that did not. 

 
Forecasting the number of road accidents in Poland 
Forecasts for the number of accidents by day of the 

week were made using information from the Polish Police 
from 2007 to 2021. Figure 3 - Figure 9 displays the 
predicted results for each day of the week. The various 
forecasting techniques utilized in the study are denoted by 
the letters M1, M2,... and Mn. The following are the 
forecasting methods applied in the study: 

M1 - moving average method 2-points,  
M2 - moving average method 3-points,  
M3 - moving average method 4-points, 
M4 - exponential smoothing no trend seasonal 

component: none,  
M5 - exponential smoothing no trend seasonal 

component: additive,  
M6 - exponential smoothing no trend seasonal 

component: multiplicative,  
M7 - exponential smoothing linear trend seasonal 

component: none HOLTA,  
M8 - exponential smoothing linear trend seasonal 

component: additive,  
M9 - exponential smoothing linear trend seasonal 

component: multiplicative WINTERSA,  
M10 - exponential smoothing exponential seasonal 

component: none,  
M11 - exponential smoothing exponential seasonal 

component: additive,  
M12 - exponential smoothing exponential seasonal 

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).
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Figure 3 Forecasting the number of traffic accidents on Monday between 2022 and 2024 

 

 
Figure 4 Forecasting the number of traffic accidents on Tuesday from 2022 to 2024 

 

 
Figure 5 Forecasting the number of road accidents on Wednesday from 2022 to 2024 
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Figure 6 Forecasting the number of traffic accidents on Thursday from 2022 to 2024 

 

 
Figure 7 Forecasting the number of road accidents on Friday from 2022 to 2024 

 

 
Figure 8 Forecasting the number of traffic accidents on Saturday from 2022 to 2024 
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Figure 9 Forecasting the number of traffic accidents on Sunday from 2022 to 2024

Forecasts for the number of accidents by day of the 
week were made using information from the Polish Police 
from 2007 to 2021. Figure 3-9 displays the predicted 
results for each day of the week. The various forecasting 
techniques utilized in the study are denoted by the letters 
M1, M2,... and Mn. The following are the forecasting 
methods applied in the study: 

 
• Monday - M2, 
• Tuesday - M3, 
• Wednesday - M2, 
• Thursday - M3, 

 
 

• Friday - M2, 

• Saturday - M2, 
• Sunday - M1. 

 
The moving average approaches provided the 

minimum MPE error, according to the data received. This 
served as the foundation for the forecast of the quantity of 
traffic accidents according to the day of the week depicted 
in Figure 10, and the resulting forecast errors are displayed 
in Table 1. The findings indicate that, with a slight drop, 
we may still anticipate a level of traffic accidents similar to 
those that existed prior to the epidemic. The pandemic, it 
should be mentioned, distorted the outcomes. The selection 
of an efficient forecasting technique is shown by an error 
value of no more than 5%.

 

 
Figure 10 Projected number of traffic accidents by day of the week in 2022-2024 
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Table 1 Forecast error 
Forecast error/day of 

the week 
Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

ME 141.28 164.40 124.80 172.14 141.07 9.72 58.93 
MPE 0.50% 0.23% 0.66% 0.26% 0.24% 2.55% 5.30% 
SSE 1099.78 1043.67 1091.87 1126.39 1129.20 816.72 687.25 

MAPE 16.04% 15.29% 16.20% 16.06% 14.85% 15.32% 17.96% 
MAE 875.66 825.96 871.29 877.93 897.84 664.13 552.28 

4 Conclusion 
Using the Statistica application, exponential 

equalization methods were used to predict the number of 
accidents in Poland. The computer calculated the weights 
in use to reduce the mean absolute error and mean absolute 
percentage error. 

The findings indicate that, with a slight drop, we may 
still anticipate a level of traffic accidents similar to those 
that existed prior to the epidemic. The results were biased 
by the pandemic, it should be highlighted. The selection of 
an efficient forecasting technique is demonstrated by the 
error value of a maximum of 5%. 

The article's forecasted traffic accident data can be 
utilized in the future to develop new policies aimed at 
reducing accidents in the countries under study. These 
changes might include, for instance, increasing the fines for 
moving violations on Polish roads starting in 2022.  

The authors intend to include more elements affecting 
Poland's accident rates in their future research. The amount 
of traffic, the weather, or the age of the accident's 
perpetrator are just a few examples extensions. 
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