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Abstract. This paper investigates the application of artificial neural networks for predicting 
road traffic accident counts in Poland and Kosovo. The study uses annual accident data 
collected for the period 2010–2023 from official statistical records provided by the Polish 
Police and the Kosovo Police. Forecasting procedures were carried out with multilayer 
perceptron (MLP) models developed in the Statistica environment. To assess the robustness 
of the models, two alternative dataset division schemes were employed, namely, 70%–15%–
15% and 80%–10%–10% for the training, testing, and validation subsets. Forecast accuracy 
was measured using Mean Absolute Error (MAE) together with Mean Absolute Percentage 
Error (MAPE). The obtained forecasts suggest that the number of road traffic accidents in 
both analysed countries is likely to remain relatively stable over the 2024–2030 period. The 
analysis further demonstrates that a larger share of training observations contributes to 
improved predictive performance and lower estimation errors. Nevertheless, the relatively 
short time series constitutes a methodological limitation and requires careful interpretation 
of the forecasting results.
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Introduction

Road traffic accidents remain one of the most serious global public safety 
challenges, resulting not only in substantial material losses but also in severe 
injuries and fatalities among drivers, passengers, and pedestrians. According to the 
World Health Organization, approximately 1.3 million people lose their lives in road 
crashes every year, making traffic accidents one of the leading causes of mortality 
worldwide (Abdullah et al., 2015; Al-Madani, 2018). Their economic consequences 
are equally significant, as the average national cost associated with road crashes is 
estimated at nearly 3% of gross domestic product. Among children and young adults 
aged 5–29 years, road accidents constitute the primary cause of death. In response 
to this challenge, the United Nations General Assembly established a target to reduce 
the number of deaths and injuries caused by traffic accidents by 50% by 2030.

The impact of a road collision is largely determined by its severity, which 
directly influences the scale of social and economic losses. Reliable estimation 
of accident severity is therefore essential for public authorities responsible for 
transport policy and road safety management. Accurate assessments support the 
development of preventive regulations and safety interventions designed to reduce 
fatalities, injuries, and infrastructure damage (Al-Madani, 2018; Arteaga et al., 
2020). Effective implementation of such measures requires identification of the most 
influential determinants of accident severity (Bąk et al., 2019). Recent advances in 
computational modelling have enabled the application of deep learning methods, 
such as multi-node Deep Neural Networks, which can classify and forecast different 
severity levels of traffic incidents, including injury occurrence, fatal outcomes, and 
financial losses (Biswas et al., 2019).

Road accident statistics are typically derived from multiple institutional 
sources. Public agencies usually collect and process these data through police 
documentation systems, insurance company records, and healthcare databases. 
This integrated data collection framework enables a comprehensive examination of 
accident patterns and improves the analytical capacity of transport safety studies 
(Bloomfield, 1973).

Modern intelligent transportation systems have become an increasingly 
important source of traffic-related information for both accident analysis and 
forecasting. Data collected from in-vehicle GPS systems and automated traffic 
monitoring technologies allow for continuous observation of traffic conditions 
and support predictive modelling approaches (Statistics Poland, 2022; Hoxha et 
al., 2023a). Additional information can be obtained through roadside microwave 
detection devices, which record vehicle classifications, traffic density, and travel 
speeds in real time (Chand et al., 2021; Hoxha et al., 2023b). Similarly, automated 
license plate recognition systems facilitate large-scale traffic flow monitoring 
over specified periods (Chudy-Laskowska & Pisula, 2015). Social media platforms 
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may also provide supplementary information regarding accidents and congestion, 
although the reliability of such reports is often limited by the non-professional 
nature of the reporting process (Chudy-Laskowska & Pisula, 2014).

The credibility of traffic accident analysis depends strongly on rigorous 
validation procedures and cross-verification of heterogeneous data sources. 
Integrating datasets originating from multiple systems significantly improves 
analytical consistency and increases the robustness of statistical conclusions 
(Chudy-Laskowska & Pisula, 2014).

Previous studies have examined road safety from different analytical 
perspectives. For example, Vilaca et al., 2017 conducted statistical investigations 
into relationships between traffic participants and accident severity, concluding 
that stronger regulatory enforcement and improved safety policies are required. 
Similarly, Bąk et al. (2019) analysed road safety conditions in a selected Polish 
region using accident frequency as a key explanatory indicator, while applying 
multivariate statistical methods to identify behavioural and demographic factors 
associated with accident responsibility (Dudek et al., 2013a). The selection of an 
appropriate accident database depends on the nature of the traffic safety problem 
being investigated. Combining traditional statistical models with real-world driving 
data and information collected from intelligent transport systems substantially 
improves predictive precision and supports more effective accident prevention 
strategies (Dudek et al., 2013b).

Various methodological approaches have been proposed for forecasting traffic 
accident occurrence. Time series models remain among the most frequently 
applied techniques for estimating accident frequency (Dutta et al., 2020; Fijorek 
et al., 2010). However, these approaches often suffer from residual autocorrelation 
problems (Fiszeder, 2009) and may not always allow for effective validation using 
prior forecast performance. Alternative forecasting methods include exponential 
smoothing techniques, such as the Holt-Winters model, which has been successfully 
applied in road accident prediction, including extensions involving multi-seasonality 
structures (Gorzelańczyk et  al., 2024). Nevertheless, these methods are limited 
by their inability to incorporate exogenous explanatory variables directly into the 
forecasting process (Helgason, 2016).

According to data published by the Western Balkans Road Safety Observatory, 
Kosovo recorded the highest number of fatal road accident victims in the 45–59 
age category in 2023. Despite this fact, the total number of fatalities across all 
age groups remains moderate compared with other Western Balkan countries, 
suggesting relative stability in the regional road safety context (WBRSO, 2023).

Based on data on the treated road accident cases by Kosovo Courts, the number of 
accidents continues to be at a high level (Hoxha et al., 2023b).
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Figure 1. Number of fatal victims by group age for Kosovo in 2023 
(Source: Western Balkans Road Safety Observatory)

The number of accidents per 10 000 population (NRA) is another crucial factor to 
consider (Gorzelańczyk et al., 2025). There were 20 936 traffic incidents in Poland in 
2023, a country with 37.6 million people. In 2023, there were 5.57 traffic accidents 
per 10 000 people in Poland, according to the data included into Equation (1). During 
the same time period, Kosovo had 1.92 million residents and 23 676 road accidents. 
In this instance, Kosovo had 22 times more traffic accidents per 10 000 inhabitants 
in 2023 (123.3) than Poland.

	 NRA NR
NI

� �10000,	 (1)

where	 NR – the number of traffic accidents;
	 NI – the number of residents.

The authors estimated the number of accidents on Polish and Kosovar highways 
based on the aforementioned data. The number of accidents in both nations was 
predicted using neural networks.
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2.	 Methodological approach

There are a lot of traffic accidents on the roadways each year. Road accidents 
have decreased in recent years due to the pandemic, which has an impact on the 
forecast value received. Even with the pandemic, there are still a lot of traffic 
accidents. Because of this, every effort must be made to lower this figure and 
determine which kinds of roads will see the most traffic accidents (Figure 2).
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Figure 2. Poland’s number of traffic accidents from 2010 to 2023 
(Source: Statistic Road Accident  https://statystyka.policja.pl/)

https://statystyka.policja.pl/
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Figure 3. Kosovo’s traffic accident rate from 2010 to 2023  
(Source: Kosovo Police https://www.kosovopolice.com)

In this study, artificial neural networks were applied to forecast the number of 
road traffic accidents in Poland and Kosovo. The adopted approach was based on 
computational models designed to imitate selected mechanisms of human brain 
operation. A neural network is composed of interconnected processing units 
(neurons) linked through weighted connections, where each neuron receives input 
data, processes it, and generates an output signal. The forecasting capability of the 
network depends largely on the structure of the model and the optimisation of its 
parameters.

Artificial neural networks can be formally defined as mathematical systems 
inspired by biological nervous systems. Their architecture generally consists of 
interconnected layers responsible for data transmission and transformation. During 
the training process, the network receives input information such as numerical 
values, text, images, or sound signals and adjusts internal parameters to minimise 
prediction error. Artificial neurons constitute the fundamental computational 
elements of such systems and perform functions analogous to biological neurons 
by transforming multiple input signals into a single output value (Hoxha et al., 
2023a; Gorzelańczyk et al., 2024). Neural networks are considered one of the core 
technologies underlying modern artificial intelligence because they enable pattern 

https://www.kosovopolice.com
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recognition, learning, and generalization based on historical observations (Lake et 
al., 2017).

Neural network methods are currently used across numerous application 
domains. Examples include recommendation systems used by streaming platforms, 
personalized product selection in e-commerce systems, automated language 
translation services such as Google Translate, and pattern recognition tasks in 
intelligent information systems (Becoming Human, 2019; Forbes, 2020; Wu et al., 
2020; Oronowicz-Jaśkowiak, 2019). Forecasting problems, including the prediction 
of road accident frequency, also constitute an important area of application for 
neural network models.

The forecasting procedure implemented in this study employed multilayer 
perceptron (MLP) neural networks available in the Statistica software package. The 
optimisation process performed by the software involved selecting weight values 
that minimised forecasting error during the learning stage (Gorzelańczyk et al., 
2024). The adopted MLP architecture contained one hidden layer with a variable 
number of neurons ranging from two to eight. The output layer consisted of a single 
neuron representing the predicted value of the accident time series. Different 
network structures were tested to identify configurations providing the best 
predictive performance.

Forecast quality was evaluated using prediction error measures calculated for 
the analysed models. As the investigated problem is based on annual time series 
characterised by a relatively small number of observations, several methodological 
limitations should be emphasised. In small datasets, artificial neural networks 
may be susceptible to overfitting, which can reduce model generalization ability 
and forecasting stability. For this reason, the neural network approach adopted 
in the study should be interpreted primarily as an exploratory analytical tool 
intended to assess the capability of nonlinear models to capture accident trends. In 
practical forecasting applications involving short time series, traditional statistical 
approaches such as ARIMA models or exponential smoothing methods are often 
considered more appropriate. Consequently, the results obtained from the neural 
network models should be treated as complementary rather than conclusive.
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ME = (1/n)

SUM(Yi–Yp)

MAE: Mean 
Absolute Error

MAE = (1/n)
SUM|Yi–Yp|

MPE: Mean 
Percentage Error

MPE = (1/n)
SUM((Yi–Yp)/Yi)

MAPE: Mean Absolute 
Pecentage Error

ME = (1/n)
SUM|(Yi–Yp)/Yi|

SSE (RMSE): Mean 
Square Error

SSE = SQRT((1/n)
SUM(Yi–Yp)*2)

Thell's Measure (M2)
M2 = SUM(Yi–Yp)*2/

SUM(Yi^2)

Figure 4. MLP neural network architecture and forecasting procedure

To predict the probability of traffic accidents in dependency, neural network 
models with the lowest average percentage error and average absolute percentage 
error were used.

3.	 Results

The forecasting analysis for Poland was performed using annual road accident 
statistics obtained from the Polish Police database for the years 2010–2023 (Statistic 
Road Accident Poland, 2024). In the case of Kosovo, the study utilised data published 
by the Kosovo Police (www.kosovopolice.com, 2024). For each country, the dataset 
contained 14 annual observations describing the recorded number of traffic 
accidents during the analysed period.

The research problem was formulated as a univariate time series forecasting 
task. In the adopted modelling framework, time expressed in years constituted 
the independent variable, whereas the dependent variable represented the annual 
number of road traffic accidents. The models were developed without the inclusion 
of additional explanatory or exogenous variables.

The computational analysis was conducted using the Statistica software 
environment (Gorzelańczyk et al., 2024). To evaluate model performance under 
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different learning conditions, two alternative data partitioning schemes were 
applied:

1.	 70% of observations for training, 15% for testing, and 15% for validation; 
2.	 80% of observations for training, 10% for testing, and 10% for validation. 
An important methodological limitation of the study concerns the application of 

random sampling procedures to time series data. Random allocation of observations 
into training, testing, and validation subsets disrupts the chronological structure of 
the series and may introduce information leakage between datasets. Consequently, 
the obtained forecasting accuracy measures can be overly optimistic and should 
therefore be interpreted carefully. Future studies should employ validation 
approaches specifically designed for time-dependent data, including chronological 
splitting procedures or rolling-origin forecasting techniques.

For each analysed scenario, multiple neural network configurations were tested. 
The number of generated learning networks equal led 20, 40, 60, 80, 100, and 200, 
respectively, and the final model selection was based on the minimum MP error 
criterion (Statistic Road Accident Poland, 2024; Gorzelańczyk et al., 2024). Detailed 
modelling results are presented in Tables 1–2.

Evaluation

Outcome

Poland: Polish 
Police (2010–2023)

Kosovo: Kosovo 
Police (2024)

Record minimal MP 
error

Compile results in

Optimal model 
configuration

Comparative analysis: 
Poland vs Kosovo

Statistica Software

Test network sizes

Split data into training, 
testing, validation Scenario 1 Scenario 2

Model Training

Data Preparation

Data Collection

Figure 5. Methodological approach for traffic accident prediction using AI models
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Table 1. Summary of neural network learning for the case of random sample size  
teaching 70%, testing 15% and validation 15% for Kosovo
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ME MAE MPE MAPE SSE Theill

20 0.654247 B 13 S T L 380.81 1165.44 0.031436 6.79% 1684.57 3.45e-03

20 0.256850 B 0 S L Exp. 147.34 1515.86 0.023264 8.51% 2179.96 3.89e-03

20 0.164666 B 0 S Exp. Exp. 308.92 1710.53 0.000577 9.25% 2347.02 1.43e-01

20 0.460403 B 17 S T L 80.86 1239.53 0.016904 7.04% 1833.60 1.49e-01

20 0.677185 B 21 S Exp. T 114.81 1081.11 0.01394 6.17% 1619.26 4.39e-03

40 0.509204 B 20 S Exp. L 132.03 1179.97 0.018565 6.77% 1714.73 3.45e-03

40 0.140981 B 2 S L L 30.11 1607.62 0.017827 8.92% 2303.49 3.89e-03

40 0.564086 B 28 S Exp. T 148.95 1537.93 0.004711 8.45% 2121.83 1.43e-01

40 0.368610 B 21 S T Exp. 126.45 1328.20 0.020634 7.51% 2012.97 1.49e-01

40 0.354329 B 6 S Exp. L. 158.28 1312.42 0.021187 7.46% 1932.13 4.39e-03

60 0.524375 B 22 S L L 86.05 1303.14 0.017184 7.37% 1841.30 3.45e-03

60 0.509658 B 9999 S Exp. L 48.46 1220.47 0.01454 6.92% 1766.49 3.89e-03

60 0.718703 B 22 S L T 230.44 1385.36 0,001086 7.49% 2063.47 1.43e-01

60 0.502819 B 0 S L Exp. 91.38 1496.36 0.020342 8.39% 2161.24 1.49e-01

60 0.656495 B 23 S Exp. L 18.44 1051.81 0.00805 5.95% 1581.72 4.39e-03

80 0.688262 B 26 S Exp. L 54.81 1063.22 0.011925 6.04% 1590.83 3.45e-03

80 0.512565 B 21 S Exp. Exp. 119.52 1246.61 0.019457 7.09% 1860.94 3.89e-03

80 0.457815 B 28 S T L 161.62 1384.92 0.004548 7.63% 1978.99 1.43e-01

80 0.398456 B 0 S Exp. Exp. 5.88 1468.78 0.014475 8.15% 2130.28 1.49e-01

80 0.132890 B 3 S L L 61.76 1616.35 0.019629 8.99% 2307.52 4.39e-03

100 0.568222 B 20 S T Exp. 95.83 1296.91 0.017345 7.33% 1839.30 3.45e-03

100 0.675196 B 19 S T L 346.58 915.81 0.02827 5.46% 1421.02 3.89e-03

100 0.744127 B 3 S L T 48.54 1607.71 0.011549 8.83% 2179.71 1.43e-01

100 0.133666 B 3 S L L 95.82 1631.83 0.021656 9.10% 2320.19 1.49e-01

100 0.170616 B 0 S L Exp. 11.91 1568.99 0.016412 8.70% 2262.83 4.39e-03

200 0.602771 B 26 S L T 183.22 1226.71 0.000698 6.78% 1728.53 3.45e-03

200 0.712036 B 28 S Exp. L 200.78 1058.13 0.02038 6.10% 1609,54 3.89e-03

200 0.578844 B 23 S T L 133.82 1329.33 0.005001 7.36% 1959.46 1,43e-01

200 0.557312 B 31 S L L 212.73 1171.40 0.022514 6.76% 1701.02 1.49e-01

200 0.140981 B 3 S L L 105.08 1624.49 0.022069 9.07% 2308.88 4.39e-03

Minimal 5.88 915.81 0.06% 5.95% 1421.02 3.45e-03
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Table 2. Summary of neural network learning for the case of random sample size 
teaching 80%, testing 10% and validation 10% for Kosovo
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ME MAE MPE MAPE SSE Theill

20 0.408585 B 4 S Exp. L 378.58 1483.31 0.034903 8.48% 2235.31 3.45e-03
20 0.571507 B 14 S T L 728.66 1481.24 0.052993 8.69% 2067.54 3.89e-03
20 0.320108 B 3 S L T 293.80 1752.60 0.032386 9.90% 2361.86 1.43e-01
20 0.447904 B 8 S Exp. L 133.04 1423.16 0.020456 8.00% 2139.61 1.49e-01
20 0.734638 B 40 S Exp. T 259.74 1048.70 0.022117 6.06% 1575.98 4.39e-03
40 0.736413 B 25 S Exp. T 239.54 1057.25 0.021325 6.11% 1601.36 3.45e-03
40 0.741959 B 46 S L. T 297.46 1055.51 0.024409 6.13% 1595.22 3.89e-03
40 0.738185 B 50 S L. L 51.47 1441.89 0.007896 7.85% 2102.66 1.43e-01
40 0.738699 B 42 S T T 236.19 1074.72 0.021161 6.22% 1623.51 1.49e-01
40 0.736267 B 50 S T Exp. 265.64 1047.03 0.022458 6.06% 1581.65 4.39e-03
60 0.735168 B 26 S Exp. L 285.09 1040.15 0.023508 6.03% 1577.52 3.45e-03
60 0.705624 B 20 S T L 158.61 1053.83 0.015944 6.04% 1564.26 3.89e-03
60 0.738085 B 22 S T L 14.28 1410.53 0.009399 7.72% 2027.88 1.43e-01
60 0.667801 B 57 S Exp. T 279.60 1172.53 0.025173 6.80% 1676.00 1.49e-01
60 0.721921 B 41 S T L 253.35 1079.94 0.022925 6.23% 1659.64 4.39e-03
80 0.413231 B 30 S Exp. Exp. 334.44 1478.36 0.032839 8.44% 2209.90 3.45e-03
80 0.442552 B 4 S Exp. L 456.12 1498.89 0.038562 8.58% 2212.82 3.89e-03
80 0.703489 B 29 S T T 190.08 1485.23 0.001475 8.10% 2112.06 1.43e-01
80 0.363277 B 6 S L L 217.78 1525.68 0.026937 8.60% 2249.83 1.49e-01
80 0.747711 B 37 S Exp. Exp. 256.20 1073.23 0.021569 6.21% 1569.90 4.39e-03
100 0.461736 B 16 S L. T 619.80 1570.31 0.048886 9.14% 2246.49 3.45e-03
100 0.383269 B 14 S Exp. Exp. 271.49 1486.62 0.029365 8.43% 2242.39 3.89e-03
100 0.349845 B 3 S L L 5.83 1740.65 0.015939 9.63% 2332.02 1.43e-01
100 0.331946 B 2 S L T 556.55 1761.96 0.047304 10.13% 2385.43 1.49e-01
100 0.415527 B 9 S T L 279.92 1462.82 0.029554 8.32% 2200.58 4.39e-03
200 0.661850 B 39 S T L 287.27 1175.18 0.025638 6.82% 1683.04 3.45e-03
200 0.518117 B 28 S L. T 382.74 1410.48 0.034016 8.08% 2050.14 3.89e-03
200 0.315648 B 3 S L T 165.18 1756.22 0.025133 9.82% 2353.99 1.43e-01
200 0.712530 B 19 S Exp. L 383.31 1123.13 0.029787 6.54% 1601.21 1.49e-01
200 0.678125 B 41 S T L 217.75 1055.79 0.021203 6.15% 1632.18 4.39e-03

Minimal 5.83 1040.15 0.15% 6.03% 1564.26 3.45e-03
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The forecasting results suggest that the number of road traffic accidents in 
Poland is expected to remain relatively stable over the coming years, although a 
moderate increase in accident frequency may still occur. The obtained forecasts 
indicate a tendency toward stabilization rather than substantial long-term growth in 
accident numbers.

The analysis also demonstrates that the adopted data partitioning strategy has a 
direct influence on forecasting accuracy. Comparison of the two examined variants, 
namely 70%–15%–15% and 80%–10%–10% for training, testing, and validation 
subsets, respectively, showed that enlarging the training dataset improved the 
predictive capability of the neural network models. In the case of Poland, the Mean 
Absolute Percentage Error (MAPE) decreased from approximately 5.68% under 
the 70–15–15 configuration to 4.63% when the 80–10–10 division was applied. 
Comparable behaviour was observed for the Kosovo dataset.

This phenomenon is particularly important in the context of limited time series 
length. With only a small number of observations available, each additional case 
included in the training subset significantly affects the learning process and the 
network’s ability to approximate the underlying trend. At the same time, reducing 
the number of observations assigned to testing and validation subsets weakens the 
reliability of model evaluation and may lead to less robust estimates of predictive 
performance.

The results therefore indicate that lower forecasting errors can be achieved 
by increasing the proportion of observations used during the training stage. 
However, this improvement comes at the cost of reduced evaluation stability due 
to smaller testing and validation samples. In the analysed models, the forecasting 
error reached approximately 5.68% for the dataset partitioned according to the 
70–15–15 structure, while the second configuration (80–10–10) reduced the error to 
approximately 4.63%.

The observed forecasting patterns may additionally be associated with external 
factors influencing traffic conditions in Poland during recent years. In particular, 
the systematic increase in the number of registered vehicles as well as disruptions 
related to the COVID-19 pandemic may have contributed to changes in traffic 
intensity and accident occurrence (Figure 6).
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Figure 6. Estimated number of road accidents in Poland for the period 2024-2030

The obtained forecasting results indicate that the number of road traffic 
accidents in Kosovo is expected to remain relatively stable in the coming years, with 
a possible slight downward trend in accident frequency. The forecasts therefore 
suggest a gradual stabilization of the road safety situation rather than substantial 
fluctuations in accident occurrence.

As in the case of Poland, the adopted data partitioning strategy significantly 
influenced the predictive performance of the neural network models. The findings 
demonstrate that increasing the proportion of observations assigned to the training 
subset contributes to lower forecasting error values. However, because the analysed 
dataset contains only a limited number of annual observations, reducing the size of 
the testing and validation subsets decreases the robustness and reliability of model 
assessment.

The Kosovo results confirm the same methodological pattern identified for the 
Polish dataset. A larger training subset improves the network’s ability to learn the 
underlying structure of the time series, but simultaneously weakens the statistical 
reliability of the validation process. Under the 70%–15%–15% partitioning scheme, 
the MAPE reached approximately 5.46%. Similar to the Polish analysis, the reduction 
of testing and validation observations contributed to improved fitting performance 
but increased the risk of overestimating model accuracy.
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The obtained results may additionally reflect external factors affecting road 
traffic conditions in Kosovo during recent years. In particular, the continuous 
increase in the number of vehicles registered on Kosovo’s roads, together with 
disruptions associated with the COVID-19 pandemic, may have influenced traffic 
intensity and accident dynamics over the analysed period (Figure 7).
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Figure 7. Estimated number of road accidents for the period 2024-2030 in Kosovo

Conclusion

The analysis was performed using the Statistica computer program where 
artificial neural networks were used in an effort to forecast the number of accidents 
on Polish and Kosovo roads. In the training phase of the neural network models, the 
algorithm would adjust the weights of the network with an aim of reducing forecast 
errors such as MAE and MAPE.

The analysis employed annual accident data and applied artificial neural 
networks as a forecasting tool for estimating future accident trends in both 
countries. The obtained results indicate a possible stabilization in the number 
of road accidents within the analysed forecast horizon. Nevertheless, the 
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interpretation of these findings requires caution because of several important 
methodological constraints.

A key limitation of the study is the relatively small dataset, consisting of only 
14 annual observations for each country. In addition, the use of random data 
partitioning for training, testing, and validation purposes in a time series framework 
may reduce the reliability of model evaluation and increase the risk of information 
leakage between subsets. Consequently, the forecasting accuracy measures reported 
in the study may be optimistic and should not be interpreted as conclusive evidence 
of predictive effectiveness.

For this reason, the generated forecasts should be considered exploratory and 
indicative rather than definitive. Future studies should focus on extending the 
temporal range of the datasets, incorporating additional explanatory variables 
related to traffic conditions and socioeconomic factors, and applying validation 
procedures specifically designed for time series analysis, such as chronological 
splitting or rolling forecasting origin methods. Such improvements would increase 
both the robustness and the generalizability of the forecasting models.
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