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A b s t r a c t 

Every year, more and more vehicles appear on the world’s roads. This leads to increased traffic 
on the roads. Road accidents have become a rapidly growing threat. The main problem in forecasting 
and analyzing data on the number of traffic accidents is the small size of the dataset that can be 
used for analysis in this regard. And on the other hand, road accidents cause, globally, millions 
of deaths and injuries annually is their density in time and space. 

The purpose of the article is to assess the impact of information on the number of traffic accidents 
on the outcome of the forecast. Based on the study, it can be concluded that a smaller number 
of input data, historical data on the number of accidents, instead of 32 years, 7 years, makes the 
determination of the forecast of the number of accidents for subsequent years, is at a satisfactory 
level, the average absolute percentage error of MAPE less than 7%. The article concludes with 
the determination of the forecast for future years. It is worth noting that the prevailing pandemic 
distorts the results obtained.
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Introduction

Road accidents have been and continue to be a significant social problem for every 
country. Their causes depend on many factors, which include weather conditions, 
the state of intoxicated drivers, the speed of the car. etc. According to the World 
Health Organization (The Global Status on Road Safety 2018), every year more than 
1.35 million people die in road accidents, and millions more suffer serious injuries 
and long-term negative health consequences. For this reason, road accidents also 
generate economic losses. The number of traffic accidents is decreasing year by year. 
This has also happened in recent years, primarily due to the COVID-19 pandemic. 
However, the number of road accidents on Polish roads is very high (Fig. 1), with 
an average of 62 road accidents every day, in which 6 people are killed and 72 injured. 

Fig.1. Number of road accidents in Poland from 1990 to 2021 
Source: based on Statystyka – Portal polskiej Policji (2022).

This causes an increase in medical costs, the need for repairs to vehicles and road 
infrastructure, and a negative impact on the environment (e.g., through leaks of fuel 
and operating fluids). Therefore, various measures are being taken to prevent traffic 
accidents and reduce their number. One such measure is forecasting the number of traffic 
accidents using known forecasting methods. Here it should also be taken into account 
that the number of vehicles on Polish roads is increasing (Fig. 2). The problem of traffic 
safety has been addressed in the following articles (Bartuska et al. 2016, Čubranić- 
-Dobrodolac et al. 2020, Gorzelanczyk, Bazela 2021, Gorzelanczyk, Huk 2022, 
Gorzelanczyk, Tylicki 2023, Gorzelanczyk et al. 2020, 2022a, 2022b, 2022c, 
2022d, Gorzelanczyk 2023a, 2023b, 2023c, 2023d).
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Fig. 2. Number of registered vehicles in Poland in 1999-2020 
Source: based on Bank Danych Lokalnych (2022), Pojazdy samochodowe i motorowery 

zarejestrowane w Polsce (2023).

Various methods for forecasting the number of accidents can be found 
in articles. The most commonly used methods for forecasting the number 
of traffic accidents are time series methods (Helgason 2016, Lavrenz et al. 
2018) which have the disadvantages of not being able to assess the quality of the 
forecast based on expired forecasts and frequent autocorrelation of the residual 
component (Prognozowanie na podstawie szeregów czasowych 2022). Prochazka 
and Camaj (2017) and Procházka et al. (2017) used the multiple seasonality 
model for forecasting, and Sunny et al. (2018) used the Holt-Winters exponential 
smoothing method. Its limitations include the inability to introduce exogenous 
variables into the model (Dudek 2013, Szmuksta-Zawadzka, Zawadzki 2009).

A vector autoregression model has also been used to forecast the number 
of traffic accidents, the drawback of which is the need to have a large number 
of observations of variables in order to correctly estimate their parameters 
(Wójcik 2014), as well as the autoregression models of Monedero et al. (2021) 
for analyzing the number of fatalities (Monedero et al. 2021) and the curve- 
-fit regression models of Al-Madani (2018). These, in turn, require only simple 
linear relationships (Mamczuk 2020), and an order of autoregression (assuming 
the series is already stationary) (Piłatowska 2012). 

Biswas et al. (2019) used Random Forest regression to predict the number 
of traffic accidents. In this case, the data contains groups of correlated features 
of similar significance to the original data, smaller groups are favored over 
larger ones (Las losowy 2022), and there is instability in the method and spike 
prediction (Fijorek et al. 2010). Chudy-Laskowska and Pisula (2014) used 
an autoregressive quadratic trend model, a univariate periodic trend model and 
an exponential equalization model for the forecasting issue at hand. A moving 
average model can also be used to forecast the number of traffic accidents, which 
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has the disadvantages of low forecast accuracy, loss of data in the sequence, and 
lack of consideration of trends and seasonal effects (Kashpruk 2010). Prochozka 
and Camej (2017) used the GARMA method, in which certain constraints are 
imposed in the parameter space to guarantee the stationarity of the process. 
Very often, the ARMA model for a stationary process or ARIMA or SARIMA 
for a non-stationary process is used for forecasting (Prochazka, Camaj 2017, 
Sunny at al. 2018, Dutta et al. 2020, Karlaftis, Vlahogianni 2009). There 
is great flexibility in the models in question, but this is also a disadvantage, as 
good model identification requires researchers to have more experience than, 
for example, regression analysis (Łobejko 2015). Another disadvantage is the 
linear nature of the ARIMA model (Dudek 2013). 

Based on the presented literature analysis, it can be concluded that the 
problem of forecasting the number of traffic accidents has been considered 
by many researchers, but none of the analyzed researchers have studied how the 
number of historical inputs affects the quality of prediction of the number 
of traffic accidents? For this reason, the author addressed this issue. In this 
case, it is important to remember that the data on the number of traffic accidents 
is seasonal, and not all forecasting methods work well for this type of forecasting.

Materials and methods

The purpose of the article is to answer the question: how the number 
of historical inputs affects the quality of prediction of the number of traffic 
accidents. For this purpose, the author analyzed the annual number of road 
accidents in Poland from 1990-2021 from the statistics of the Police (Statystyka – 
Portal polskiej Policji 2022). Taking into account the above review of methods, 
the author used the following forecasting methods in his research to determine 
the forecast horizon of the number of road accidents:

• 	adaptive methods:
○	2-point moving average method,
○	3-point moving average method,
○	4-point moving average method,
○	exponential smoothing no trend seasonal component: none,
○	exponential smoothing no trend seasonal component: additive,
○	exponential smoothing no trend seasonal component: multiplicative,
○	exponential smoothing of the seasonal component of the linear trend: 

none – HOLTA,
○	exponential smoothing of linear trend seasonal component: additive,
○	exponential smoothing of the linear trend seasonal component: multi-

plicative – WINTERSA,
○	exponential smoothing of the exponential seasonal component: none,
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○	exponential smoothing exponential seasonal component: additive,
○	exponential smoothing exponential seasonal component: multiplicative,
○	exponential smoothing seasonal component of trend fading: none,
○	exponential smoothing fading trend seasonal component: additive,
○	exponential smoothing of seasonal trend decay component: multiplicative;

• 	neural network methods, assuming the following factors:
○	random sample size teaching 70%, testing 15% and validation 15%,
○	random sample size teaching 80%, testing 10% and validation 10%;

• 	regression methods:
○	exponential trend model,
○	 linear trend model,
○	 logarithmic trend model,
○	 trend model polynomial of 2nd degree,
○	trend model polynomial of 3rd degree,
○	trend model polynomial of 4th degree,
○	trend model polynomial of 5th degree,
○	trend model polynomial of 6th degree,
○	trend model of power.

As we can see, there are many forecasting methods. Their results of forecasting 
the number of accidents are even more. The author selected only a part of them. 
For this reason, for further analysis, on the basis of previous detailed studies 
(Jurkovic et al. 2022), the author chose an adaptive method – with exponential 
smoothing of the seasonal component of the linear trend: none – HOLTA, for 
which, for the assumed data (Tab. 1, 2), the average absolute percentage error 
MAPE (4), of the forecast of the number of traffic accidents was the smallest. 
The following forecast errors, determined from equations (1-5), were used 
to calculate measures of analytical forecast excellence:

• 	ME – mean error

	 ME = 1
𝑛𝑛∑(lwd(𝑡𝑡𝑖𝑖) − lwd(𝑡𝑡𝑝𝑝))

𝑛𝑛

𝑖𝑖=1
 	 (1)

• 	MAE – mean absolute error

	 MAE = 1
𝑛𝑛∑|lwd(𝑡𝑡𝑖𝑖) − lwd(𝑡𝑡𝑝𝑝)|

𝑛𝑛

𝑖𝑖=1
 	 (2)

• 	 MPE – mean percentage error

	 MPE = 1
𝑛𝑛∑

lwd(𝑡𝑡𝑖𝑖) − lwd(𝑡𝑡𝑝𝑝)
lwd(𝑡𝑡𝑖𝑖)

𝑛𝑛

𝑖𝑖=1
 	 (3)
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• 	 MAPE – mean absolute percentage error

	 MAPE = 1
𝑛𝑛∑|

lwd(𝑡𝑡𝑖𝑖)− lwd(𝑡𝑡𝑝𝑝)
lwd(𝑡𝑡𝑖𝑖)

|
𝑛𝑛

𝑖𝑖=1
 	 (4)

• 	RMSE – root mean square error

	 RMSE = √1
𝑛𝑛 ∑(lwd(𝑡𝑡𝑖𝑖) − lwd(𝑡𝑡𝑝𝑝))2

𝑛𝑛

𝑖𝑖=1
  	 (5)

where:
n	 – number of observations,
lwd(ti)	– number of traffic accidents over time ti,
lwd(ti)	– forecasts number of traffic accidents over time ti.

Table 1
Number of road accidents in Poland from 1990 to 2021 

Year Number of road accidents Year Number of road accidents

1990 50,432 2006 46,876

1991 54,038 2007 49,536

1992 50,990 2008 49,054

1993 48,901 2009 44,196

1994 53,647 2010 38,832

1995 56,904 2011 40,065

1996 57,911 2012 37,046

1997 66,586 2013 35,847

1998 61,855 2014 34,970

1999 55,106 2015 32,967

2000 57,331 2016 33,664

2001 53,799 2017 32,760

2002 53,559 2018 31,674

2003 51,078 2019 30,288

2004 51,069 2020 23,540

2005 48,100 2021 22,816

Source: based on Statystyka – Portal polskiej Policji (2022).
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Using the data presented in Table 1, for the assumed forecasting method 
(HOLTA), the author examined how reducing the number of inputs, historical 
data from 32 (years 1990-2021) to 4 years (2019-2021), affected the value of the 
average absolute percentage error MAPE (1) of the forecast for the following years. 
Based on previous research, the author concluded that the forecast of the number 
of traffic accidents for the next 6 years using annual data can be successfully 
applied. The research was conducted on the basis of police statistics (Statystyka – 
Portal polskiej Policji 2022) on the number of traffic accidents in 1990-2021 
using Statistica software.

Results

On the basis of the study, with predetermined input conditions, the average 
absolute percentage error of MAPE was determined (Tab. 2). The last time frame 
studied was 2017-2021 (5 years). The inability to perform the study for another 
year, was due to the fact, too little data to perform the study. Considering the 
number of accidents in the analyzed time interval, taking into account the 
average absolute percentage error (Fig. 3), a forecast of the number of traffic 
accidents for the next 6 years was determined (Tab. 3). For analysis, on the basis 
of previous detailed studies (Jurkovic et al. 2022), the author chose an adaptive 
method – with exponential smoothing of the seasonal component of the linear 
trend: none – HOLTA.

Fig. 3. MAPE error values for the analyzed time periods
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Table 2
MAPE road accident number forecast error values

Police data Number 
of years 
analyzed

ME MAE [%] SSE MPE MAPE [%]Initial 
data

Final 
data

1990 2021 32 2.90 2,371.41 11,225,553.95 0.98 5.26

1991 2021 31 137.48 2,405.70 10,823,929.82 0.50 5.20

1992 2021 30 210.74 4,083.84 86,881,932.68 0.81 5.57

1993 2021 29 126.00 2,459.43 11,213,728.75 1.11 5.39

1994 2021 28 51.53 2,185.23 10,119,430.54 0.99 4.94

1995 2021 27 72.49 2,110.23 8,963,641.45 1.08 4.99

1996 2021 26 96.36 2,004.91 6,755,718.23 0.74 4.90

1997 2021 25 227.15 1,920.69 7,255,704.63 0.10 4.66

1998 2021 24 353.03 1,834.28 5,818,092.42 0.21 4.58

1999 2021 23 4.84 1,637.08 4,948,975.20 0.58 4.16

2000 2021 22 58.11 1,687.22 5,229,621.52 0.42 4.33

2001 2021 21 1.20 1,636.67 4,989,296.28 0.59 4.30

2002 2021 20 44.17 1,674.77 5,289,451.52 0.49 4.44

2003 2021 19 14.76 1,710.84 5,481,746.85 0.66 4.59

2004 2021 18 13.35 1,780.47 6,167,433.87 0.63 4.80

2005 2021 17 19.17 1,712.56 5,583,080.49 0.68 4.75

2006 2021 16 1,129.50 1,896.53 5,898,166.07 2.62 5.28

2007 2021 15 49.67 1,836.01 6,017,103.96 0.47 5.20

2008 2021 14 127.48 1,955.91 8,282,719.54 0.43 5.52

2009 2021 13 132.37 1,662.21 5,875,982.22 0.38 5.00

2010 2021 12 79.23 1,282.69 3,926,128.00 0.48 4.20

2011 2021 11 17.38 1,356.57 5,035,837.48 0.88 4.50

2012 2021 10 22.13 1,299.56 4,380,978.23 0.74 4.50

2013 2021 9 159.78 1,450.60 4,910,592.12 0.35 5.03

2014 2021 8 70.15 1,473.28 5,518,752.46 0.70 5.24

2015 2021 7 3.40 1,557.80 5,646,988.68 0.95 5.66

2016 2021 6 33.08 1,812.88 7,213,260.99 1.24 6.61

2017 2021 5 138.91 2,207.56 10,027,996.76 1.80 8.17
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Table 3 
Forecasting number of road accidents for 2022-2027

Police data Number 
of years 
analyzed

2022 2023 2024 2025 2026 2027Initial 
data

Final 
data

1990 2021 32 22,355.63 21,464.79 20,573.95 19,683.11 18,792.27 17,901.43

1991 2021 31 21,808.07 20,767.33 19,726.60 18,685.87 17,645.13 16,604.40

1992 2021 30 21,041.99 19,298.38 17,554.77 15,811.16 14,067.56 12,323.95

1993 2021 29 21,925.23 20,993.62 20,062.01 19,130.41 18,198.80 17,267.19

1994 2021 28 22,000.45 20,858.56 19,716.67 18,574.79 17,432.90 16,291.01

1995 2021 27 22,960.23 21,649.16 20,338.08 19,027.00 17,715.93 16,404.85

1996 2021 26 24,399.79 22,995.99 21,592.19 20,188.39 18,784.59 17,380.79

1997 2021 25 21,692.52 20,030.33 18,368.13 16,705.94 15,043.75 13,381.56

1998 2021 24 21,721.83 20,080.81 18,439.79 16,798.77 15,157.75 13,516.73

1999 2021 23 21,346.36 19,876.90 18,407.45 16,938.00 15,468.54 13,999.09

2000 2021 22 21,216.26 19,616.45 18,016.65 16,416.84 14,817.04 13,217.23

2001 2021 21 21,266.32 19,716.29 18,166.27 16,616.24 15,066.22 13,516.19

2002 2021 20 21,227.98 19,639.50 18,051.03 16,462.55 14,874.08 13,285.60

2003 2021 19 21,233.46 19,650.84 18,068.23 16,485.61 14,903.00 13,320.38

2004 2021 18 21,168.65 19,520.85 17,873.05 16,225.25 14,577.45 12,929.66

2005 2021 17 21,223.88 19,631.35 18,038.83 16,446.30 14,853.78 13,261.25

2006 2021 16 22,377.64 20,835.48 19,293.32 17,751.16 16,209.01 14,666.85

2007 2021 15 20,971.51 19,127.10 17,282.69 15,438.27 13,593.86 11,749.45

2008 2021 14 20,977.09 19,137.56 17,298.02 15,458.49 13,618.96 11,779.43

2009 2021 13 21,146.62 19,477.24 17,807.86 16,138.48 14,469.09 12,799.71

2010 2021 12 21,377.22 19,938.55 18,499.88 17,061.21 15,622.54 14,183.87

2011 2021 11 21,070.03 19,323.97 17,577.90 15,831.84 14,085.77 12,339.71

2012 2021 10 21,249.72 19,683.85 18,117.98 16,552.11 14,986.24 13,420.37

2013 2021 9 21,247.76 19,682.29 18,116.83 16,551.37 14,985.90 13,420.44

2014 2021 8 21,124.90 19,433.98 17,743.07 16,052.16 14,361.25 12,670.33

2015 2021 7 21,126.18 19,436.01 17,745.84 16,055.67 14,365.50 12,675.33

2016 2021 6 20,611.53 18,406.33 16,201.14 13,995.94 11,790.74 9,585.55

2017 2021 5 20,114.20 17,412.69 14,711.19 12,009.68 9,308.17 6,606.67
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Summary and conclusions

The article attempts to answer: How the number of historical inputs affects 
the quality of prediction of the number of traffic accidents? For this purpose, 
the author analyzed the annual number of road accidents in Poland from 1990-
2021 from the statistics of the Police and determined the value of the average 
absolute error MAPE percentage error in forecasting the number of accidents 
in Poland during the forecasting method used. Based on the study, it can be 
concluded that using annual static data on the number of road accidents in the 
dependency to forecast the number of accidents is enough to use data from 
7 years (2015-2021), for which the value of the forecast error will be less than 
7%. Regardless of whether we use data from 32 years or 7 years, the value 
of the analyzed error does not exceed 7%. A smaller number of input data, only 
increases the value of analyzed errors, and too little data makes it impossible 
to carry out the forecast. However, when determining the forecast for subsequent 
years, it should be borne in mind that despite the small value of the average 
absolute percentage error of MAPE, the result of the forecast, depending 
on the input data, can change, in the sixth year of the forecast, by nearly 50%.  
It should be remembered, however, that the prevailing pandemic, reduced the 
number of accidents on the roads, but also affected the presented forecasts, as 
confirmed in other works by the author (Jurkovic et al. 2022, Gorzelanczyk 
2022, Gorzelanczyk et al. 2022e).

References

Al-Madani H. 2018. Global road fatality trends’ estimations based on country-wise microlevel 
data. Accident Analysis & Prevention, 111: 297–310. https://doi.org/10.1016/j.aap.2017.11.035

Bank Danych Lokalnych. Główny Urząd Statystyczny. Retrieved from https://bdl.stat.gov.pl/BDL/
dane/podgrup/tablica (access 21.01.2022).

Bartuska L., Hanzl J., Lizbetinova L. 2016. Possibilities of Using the Data for Planning 
the Cycling Infrastructure. Procedia Engineering, 161: 282–289. https://doi.org/10.1016/j.
proeng.2016.08.555

Biswas A.A., Mia J., Majumder A. 2019. Forecasting the Number of Road Accidents and Casual-
ties using Random Forest Regression in the Context of Bangladesh. In Proceedings of the 2019 
10th International Conference on Computing, Communication and Networking Technologies 
(ICCCNT), Kanpur, India, 6–8 July 2019.

Chudy-Laskowska K., Pisula T. 2014. Forecast of the Number of Road Accidents in Poland. 
Logistics, 6: 2710-2721.

Čubranić-Dobrodolac M., Švadlenka L., Čičević S., Dobrodolac M. 2020. Modelling driver 
propensity for traffic accidents: a comparison of multiple regression analysis and fuzzy approach. 
International Journal of Injury Control and Safety Promotion, 27(2): 156–167. https://doi.org/
10.1080/17457300.2019.1690002

Dudek G. 2013. Exponential smoothing models for short-term power system load forecasting. 
Energy Mark, 3: 14-19.



Technical Sciences	 26, 2023

	 Impact of Information on the Number of Traffic Accidents…	 229

Dutta B., Barman M.P., Patowary A.N. 2020. Application of Arima model for forecasting road 
accident deaths in India. International Journal of Agricultural And Statistical Sciences, 16(2): 
607–615.

Fijorek K., Mróz K., Niedziela K., Fijorek D. 2010. Forecasting electricity prices on the  
day-ahead market using data mining methods. Energy Mark, 2010.

Gorzelanczyk P. 2022. Change in the Mobility of Polish Residents during the COVID-19 Pandem-
ic. Communications – Scientific letters of the University of Zilina, 24(3): A100-111. doi: 10.26552/
com.C.2022.3.A100-A111

Gorzelanczyk P. 2023a. Forecasting the number of road accidents in Poland using weather- 
-dependent trend models. Technical Sciences, 26: 57–76. doi: https://doi.org/10.31648/ts.8289

Gorzelanczyk P. 2023b. Application of neural networks to forecast the number of road accidents 
in provinces in Poland. Heliyon, 9(1). https://doi.org/10.1016/j.heliyon.2022.e12767

Gorzelanczyk P. 2023c. Using neural networks to forecast the number of road accidents in Poland 
taking into account weather conditions. Results in engineering. In print.

Gorzelanczyk P. 2023d. Forecasting the Number of RoadAccidents in Polaish Provinces Using 
Trend Models. Applied Sciences, 13(5): 2898. https://doi.org/10.3390/app13052898

Gorzelanczyk P., Bazela J. 2021. Analysis of pedestrian behavior at crosswalks and evaluation 
of functioning pedestrian crossings. Transport Problems, 16(4): 135-147.

Gorzelańczyk P., Bazela J., Kalina T., Jurkovič M. 2022a. Analysis of pedestrian behavior 
in the city of Pila. Communications – Scientific Letters of the University of Žilina, 24(2): F14-F26.

Gorzelańczyk P., Borkowska A., Szubert P., Kalina T., Jurkovič M. 2022b. Analysis and 
evaluation of the effectiveness of safety systems at railroad crossings in Poland. Communica-
tions – Scientific Letters of the University of Žilina, 24(3): F46-F61.

Gorzelanczyk P., Huk A. 2022. Road traffic safety : a case study of the Pila poviat in Poland. 
Scientific Journal of Silesian University of Technology. Series Transport, 114: 31-42.

Gorzelanczyk P., Jurkovič M., Kalina T., Mohanty M. 2022c. Forecasting the road accident 
rate and the impact of the COVID-19 on its frequency in the polish provinces. Communica-
tions – Scientific letters of the University of Zilina, 24(4):  A216-231. https://doi.org/10.26552/
com.C.2022.4.A216-A231

Gorzelanczyk P., Jurkovič M., Skibińska J., Kalina T. 2022d. Road safety and the causes 
of road accidents in Poland. Transport Problems, 17(3): 17-30.

Gorzelanczyk P., Kalina T., Jurkovič M. 2022e. Impact of the COVID-19 Pandemic on  
Car-Sharing in Poland. Communications – Scientific letters of the University of Zilina, 24(4):  
A172-186. doi: 10.26552/com.C.2022.4.A172-A186

Gorzelanczyk P., Pyszewska D., Kalina T., Jurkovic M. 2020. Analysis of road traffic safety 
in the Pila poviat. Scientific Journal of Silesian University of Technology. Series Transport, 
107: 33–52. ISSN: 0209-3324. https://doi.org/10.20858/sjsutst.2020.107.3

Gorzelanczyk P., Tylicki H. 2023. Forecasting the number of road accidents in Poland depending 
on the day of the week using neural networks. LOGI – Scientific Journal on Transport and 
Logistics, 14(1): 35-42. https://doi.org/10.2478/logi-2023-0004

Helgason A. 2016. Fractional integration methods and short Time series: Evidence from 
asimulation study. Political Analysis, 24(1): 59–68. http://www.jstor.org/stable/24573204

Jurkovic M., Gorzelanczyk P., Kalina T., Jaros J., Mohanty M. 2022. Impact of the COVID-19 
pandemic on road traffic accident forecasting in Poland and Slovakia. Open Engineering, 12: 
578–589. https://doi.org/10.1515/eng-2022-0370

Karlaftis M., Vlahogianni E. 2009. Memory properties and fractional integration in trans- 
-portation time-series. Transportation Research Part C Emerging Technologies, 17(4): 444-453. 
https://doi.org/10.1016/j.trc.2009.03.001 

Kashpruk N. 2010. Comparative Research of Statistical Models and Soft Computing for Identi-
fication of Time Series and Forecasting. Opole University of Technology.

Las losowy. 2022. Wikipedia. Wolna encyklopedia. Retrieved from https://pl.wikipedia.org/wiki/
Las_losowy (access 17.04.2022).



Technical Sciences	 26, 2023

230	 Piotr Gorzelańczyk

Lavrenz S., Vlahogianni E., Gkritza K., Ke Y. 2018. Time series modeling in traffic safetyre-
search. Accident Analysis & Prevention, 117: 368-380. https://doi.org/10.1016/j.aap.2017.11.030

Łobejko S. 2015. Time Series Analysis and Forecasting with SAS. Main Business School, Warsaw.
Mamczur M. 2020. Jak działa regresja liniowa? I czy warto ją stosować? Mirosław Mamczur. 

Blog o data science, AI, uczeniu maszynowym i wizualizacji danych. Retrieved from https://
miroslawmamczur.pl/jak-dziala-regresja-liniowa-i-czy-warto-ja-stosowac/ (access 17.04.2022).

Monedero B.D., Gil-Alanaa L.A., Martínezaa M.C.V. 2021. Road accidents in Spain: Are they 
persistent? IATSS Research, 45(3): 317-332. https://doi.org/10.1016/j.iatssr.2021.01.002

Piłatowska M. 2012. The choice of the order of autoregression depending on the parameters of 
the generating model. Econometrics, 4: 16–35.

Pojazdy samochodowe i motorowery zarejestrowane w Polsce, stan na 31 grudnia. 2023. Polski 
Związek Motorowy. Retrieved from https://www.pzpm.org.pl/content/download/2591/10569/file/
park%20pojazdow%20PL%201990_2018.pdf (access 21.01.2023).

Prochazka J., Camaj M. 2017. Modelling the number of road accidents of uninsured drivers and 
their severity. In Proceedings of International Academic Conferences 5408040, International 
Institute of Social and Economic Sciences, Geneva, Switzerland, 27 June 2017.

Procházka J., Flimmel S., Čamaj M., Bašta M. 2017. Modelling the Number of Road Accidents. 
20-th AMSE. Applications of Mathematics and Statistics in Economics. International Scientific 
Conference: Szklarska Poręba, 30 August – 3 September 2017, p. 355-364. https://doi.
org/10.15611/amse.2017.20.29

Prognozowanie na podstawie szeregów czasowych. Retrieved from http://pis.rezolwenta.eu.org/
Materialy/PiS-W-5.pdf (access 17.04.2022).

Statystyka – Portal polskiej Policji. Retrieved from https://statystyka.policja.pl/ (access 17.04.2022).
Sunny C.M., Nithya S., Sinshi K.S., Vinodini V.M.D., Lakshmi A.K.G., Anjana S., Manoj-

kumar T.K. 2018. Forecasting of Road Accident in Kerala: A Case Study. In Proceedings of 
the 2018 International Conference on Data Science and Engineering (ICDSE), Kochi, India,  
7–9 August 2018. https://doi.org/10.1109/ICDSE.2018.8527825

Szmuksta-Zawadzka M., Zawadzki J. 2009. Forecasting on the Basis of Holt-Winters Models for 
Complete and Incomplete Data. Research Papers of the Wrocław University of Economics, 38.

The Global Status on Road Safety. 2018. World Health Organization. Retrieved from https://www.
who.int/publications/i/item/9789241565684 (access 17.04.2022).

Wójcik A. 2014. Autoregressive Vector Models as a Response to the Critique of Multi-Equation 
Structural Econometric Models. Studia Ekonomiczne, 193: 112-128.


