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ABSTRACT

Road traffic accidents (RTAs) has emerged as a major public concern due to the associated burdens of
injuries, loss of lives and properties. The objective of this paper is to use time-series technique applying
autoregressive integrated moving average (ARIMA) and seasonal autoregressive integrated moving
average (SARIMA) models to predict accidents outcomes within and around Ibadan metropolis for
appropriate mitigation measures. Data on daily recorded cases of road traffic accidents on seven
specified routes between 2019 and 2021 were collected from the Federal Road Safety Corps, Ibadan
Zonal Office. The RTAs outcomes were grouped into three: injuries, fatalities and vehicle occupants.
The training set consisted of data from December 2019 to June 2021, whereas the testing set was
composed of data from July 2021 to December 2021. During the study, 427 fatalities and 2,245 injuries
were caused by traffic accidents involving a total of 5,577 vehicle occupants. By the end of 2025, the
study projected a 172% rise in the death rate and a 38% increase in the number of vehicle occupants
involved in RTAs in the study area, and approximately 32% of those occupants suffering injuries. There
was no discernible seasonal pattern in the trends of injury and fatality rates. There is an immediate need
for a road traffic accident prevention and evaluation programme in the study region given the projected
number of injuries and fatalities.
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1. INTRODUCTION

Annually, about 1.35 million death and 20 to 50 million non-fatal injuries are attributed to road traffic
accidents (RTAs) globally (Adejugbagbe et al., 2015; Akinleye and Tijani, 2017; He et al., 2021). The
RTAs have become a major public concern of this century and no nation seems to be exempted from its
burden. Studies have estimated RTA as the fifth leading cause of death globally by 2030. Road accidents
account for about 162 deaths per 100,000 people in Nigeria (Ogbodo and Nduoma, 2011). According to the
Road Transport Data Q4 2023 report from the Federal Road Safety Corps (FRSC) to the National Bureau
of Statistics (NBS, 2024), there were 4,195 vehicles involved in traffic crashes in Q4 2023, which was
higher than the 3,371 vehicles recorded in the Q3 quarter, indicating a 24.44% increase. It is critical to note
that the estimated rates of RTA in Nigeria is notably higher than the global average of 22 fatalities per
100,000 people (Shaik et al., 2021). United States loses about $871 billion annually to traffic accidents and
it also costs most other countries about 3% of their GDP (He et al., 2021). Given the burden of the RTAs
on individuals, nations and the economy, there is need for adoption of traffic management system which
uses predictive information to forecast the possible RTAs and to gain an understanding of the severity and
speed-up decision making for mitigation measures (Codur and Tortum, 2015; Chavhan and Venkataram
2020). Prediction models can help in traffic planning and management and hence reducing RTAs (Santos
etal., 2021).

Machine learning techniques such as Autoregressive Integrated Moving Average (ARIMA), Seasonal
Autoregressive Integrated Moving Average (SARIMA) and Artificial Neural Networks (ANNSs) are
becoming very useful tools in different sectors such as transportation and health to analyze, visualize and
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make predictions from big data which are generated from various organizations. Machine learning
algorithms can analyze a large volume of data beyond the capacity of traditional statistical methods (Dipto
et al., 2020). These technigues have been applied in predictions of road accidents from weather conditions
and other variables influencing road accidents (Moleshi et al., 2021). Gatari¢ et al. (2023) constructed two
ANN models to forecast traffic accidents on common roads in the Republic of Serbia and the Republic of
Srpska (Boshia and Herzegovina) utilising objective criteria and terrain type, road width, average daily
traffic volume, and speed limit. Both the quantity and severity of traffic collision outcomes, such as injuries,
property damage, and fatalities, in the study were predicted by the models. The SARIMA and ARIMA
algorithms have been used in the R software package to forecast injuries from traffic accidents involving
various modes of transport (Parvareh et al., 2018). However, this study focused on Ibadan with the aim of
providing modelled predictive traffic management intervention. This study used time series approaches to
estimate RTAs fatalities and injuries, as well as to model the patterns of RTAs on selected roads in Ibadan.

2. METHODOLOGY

2.1 Study Design and Population

The study area in Ibadan (7.3775° N, 3.9470° E) covers the following routes: Ibadan-Ife, Oyo-Ibadan,
Eleyele-lwo Road, Eleyele-Ologuneru, Lagos-Ibadan, Ibadan-Abeokuta, Old-Oyo and Lagun-lyana Offa
(see Figure 1). A cross-sectional study was carried out to analyze the time-series observations of road traffic
accidents outcomes (injuries, fatalities and vehicle occupants) from December 2019 to June 2021 from
RTAs data obtained from the FRSC, Ibadan Zonal Office. The FRSC is responsible for keeping daily record
of RTAs data in Nigeria and the database usually contain variables such as date, vehicle category, number
of injuries, number of fatalities, number of people involved and routes. Data cleaning was done to remove
duplicates and redundant data. The RTAs outcomes were divided into three categories inclusding number
of fatalities, number of injuries and vehicle occupants involved and each category was analyzed separately.
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Figure 1: Map of Ibadan showing the Road Networks in major Local Government Areas
(Source: Salami et. al., 2017)
2.2 Data Analysis
Time series analysis was carried out to identify patterns of RTAs outcomes (injuries, fatalities and vehicle
occupancy) and also to predict future occurrence till 2025 as demonstrated by Twenefour et al. (2021). The

ARIMA and SARIMA models, which are mathematical models that use parametric method for time-series
analysis were used to model the number of injuries, fatalities and vehicle occupants involved in RTAs in
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the study area. The mixture of autoregressive (AR), moving average (MA), auto regressive moving average
(ARMA), autoregressive integrated moving average (ARIMA) and seasonal autoregressive integrated
moving average (SARIMA) were used as described by Parvareh et al. (2018). The non-stationarity in time-
series is achieved by integrating ARMA (p, q) to d" order to create ARIMA (p, d, q) model, where d is the
number of non-seasonal differences needed for stationarity (Bozkurt et al., 2017). The ARIMA model is
mathematically expressed as in equation 1. The ARIMA model incorporates the AR model, integration (1),

and MA model (Getahun, 2021). The SARIMA model (equation 2) is an extended version of ARIMA with
additional seasonal terms.

R, =C+ 2?21 (Di Yoo +€— ?zl (DJ Et_j (1)

Where:

@; (i = 1,2 ...p) is autoregressive model parameters,

8; (j = 1,2...q) is moving average model parameters,
R, is the current time-series value,

Ri—1,Ri—5 ...,R¢_, is past values,

€, is a random error,

C is a constant.

SARIMA, Y;=ARIMA (p, d, g) x (P, D, Q)s 2
Where:
P is the degree of seasonal AR model, Q is the degree of seasonal MA model, D is the degree of seasonal
integration, s is the span of repeating seasonal pattern, Y; represents outcomes of interest in each model
(number of injuries, number fatalities and vehicle occupants).

The daily observation time-series was used in this study. The following steps were employed;

i.  Model identification using plots of the data, the autocorrelation function (ACF) and the partial

autocorrelation function (PACF), which helped in the selection of appropriate values for p, d and
q.

ii.  Model estimation: The model parameters were estimated by least-squared or maximum likelihood.

iii.  Performance evaluation: The models were trained with observed frequency of the variables of
interest between December 2019 and December 2020 (592 daily observations) and tested with
January 2021 to June 2021 dataset (328 daily observations). The models were compared with naive
model using Mean Absolute Error (MAE) and Root Mean Squared Error (RMSE) metrics, then the
forecasting model was accepted if it has better performance than the naive model. Otherwise, new
parameters for model were estimated with a repeated procedure until a set of model parameters that
satisfy our predefined criteria was found (Ndume et al., 2022).

iv.  Between 2022 and 2025, future trends in RTA injuries, fatalities, and vehicle occupants were
predicted using the fitted models.

v.  The fitted accident injuries model was then used to forecast number of injuries from 2022 to 2025.
All analyses and forecast were computed using Python 3.0 version.

3. RESULTS AND DISCUSSION

3.1 Accident Outcomes, Injuries, Fatality and Vehicle Occupants

Table 1 shows the accident outcomes between December 2019 and June 2021 in the study area. A total of
5,577 individuals were reported to have been involved in traffic accidents between December 2019 and
June 2021 (Table 1); 2,290 people were hurt (2,192 adults and 98 children), while there were 427 fatalities
(396 adults and 31 children). This high percentage of RTAs outcomes in the study area is a major threat to
the public health and is consistent with a WHO (2023) estimate that 92% of child fatalities resulting from
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road traffic accidents occur in low-income countries and that younger road users will participate in RTAS

in these countries as reported and other similar studies also emphasis the increase in RTAs in Nigeria
(Onyemaechi and Ofoma, 2016; NBS, 2023).

Table 1: Accident outcomes between December 2019 and June 2021 in the study area

Accident Outcomes Adult Children Total
Vehicle Occupants 4,354 1,223 5,577
Injuries 2,192 98 2,290
Fatalities 396 31 427

Figure 2 presents the trend of accident injuries including (a) actual injury trend and predictions using
ARIMA and SARIMA (b) ACF and PACF plots with (c and d) showing a non- seasonal pattern in data.
Figure 3 shows the trend of accident fatality with (a) displaying actual fatality trend and predictions using
ARIMA and SARIMA (b) ACF and PACF plots and (c and d) showing a non-seasonal pattern in data.
Consequently, Figure 4 displays the trend of accident vehicle occupants including (a) actual vehicle
occupant trend and predictions using ARIMA and SARIMA (b) ACF and PACF plots with (a and d)
presenting a seasonal pattern in data. The accident injuries and fatalities data showed non-seasonality with
lower frequency between March and July 2021 which peaked in August (Figure 2a and 3a respectively).
The ACF and PACF plots shown in Figures 2c, 2d, 3c and 3d reflected stationarity in the mean of the
accident injuries and fatality data. The final models which showed the best goodness of fit (Table 2) for
accident injuries and fatalities and vehicle occupants are ARIMA (1, 0, 1), ARIMA (2, 1, 3) and SARIMA
(4,0, 3) (1, 0, 1)1, respectively. The models were used to forecast the accident outcomes between January
and June 2021 and compared with the test data (Figures 2b, 3b and 4b).
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Figure 2: The trend of Accident injuries (a), Actual Injury trend and predictions using ARIMA
and SARIMA (b), autocorrelation function (ACF) and the partial autocorrelation function (PACF)
plots (c and d) show a non- seasonal pattern in data
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Figure 3: The trend of Accident fatality (a), Actual fatality trend and predictions using ARIMA
and SARIMA (b), autocorrelation function (ACF) and the partial autocorrelation function (PACF)
plots (c and d) show a non-seasonal pattern in data
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Figure 4: The trend of Accident vehicle occupants (a), Actual vehicle occupant trend and
predictions using ARIMA and SARIMA (b), autocorrelation function (ACF) and the partial
autocorrelation function (PACF) plots (a and d) show a seasonal pattern in data
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Table 2: Parameter Estimation and Goodness of Fit Measures for the Prediction Models

Models Parameters Constant Coefficient SE P-value

Accident-Injury AR 2.4326 -0.7298 0.119 0.000
MA: 0.7650

Accident-Fatality AR; 0.0002 0.2012 0.032 0.000
MA: -1.1944

Vehicle Occupants AR; 5.9479 0.7603 0.337 0.024
MA; -0.7486
SAR1, 0.1888
SMA, -0.2446

Note: ARi and MA. are the ith order of autocorrelation and partial autocorrelation, respectively. Also, SARI,
and SMA are the ith order of seasonal autocorrelation and seasonal partial autocorrelation, respectively.

3.2 Future Prediction

Using the built models, the predicted RTAs outcomes for four years (2022 to 2025) are shown in Table 3.
The models forecast a 172% increase in fatality, a 38% increase in vehicle occupants and 32% increase
injury attributed to road traffic accidents by the end of 2025 in the study area (Table 4). The predictions are
in agreement with the WHO Global Burden of Disease project and the World Bank’s Traffic Fatalities and
Economic Growth (TFEC) project, using transport, population and economic data. The models from the
two projects forecast that there will be increase in road traffic fatalities in low-income countries by 2024
(WHO, 2023; Twenefour et al, 2021). However, a study conducted in Tanzania showed that in 2030, the
nation will be able to reduce RTA fatalities by 50% with a decreasing rate of 0.360 per year (Ndume et al.,
2022). Other studies on road traffic accidents and injuries in other nations also predicted an increase in road
traffic accidents injuries and fatalities (Al-Zyood, 2017; Mohammadian et al., 2014). These differences in
outcomes may be attributed to geographic factors, available transportation systems in different nations, road
safety policies and implementations.

Table 3: Future Prediction of Road Traffic Accident Outcomes (2022 — 2025)

Year Accident Injuries Accident Vehicle Occupants Accident Fatality
2022 804 2020 234
2023 768 1963 272
2024 733 1891 310
2025 706 1828 347

Table 4: Road Traffic Accident Outcomes between 2021 and 2025

End of 2021 End of 2025 Percentage Difference (%)
Accident Vehicle Occupants 5,577 7702 38
Accident Injury 2,290 3030 32
Accident Fatality 427 1162 172

3.3 Performance Evaluation

The performance of ARIMA and SARIMA models were compared for all the RTAs outcomes considered
in this study. The SARIMA and ARIMA models had similar performance for the forecast of the RTAs
outcomes, but ARIMA models had the least values for the root mean square errors (RMSE) and mean
absolute errors (MAE) for all the variables considered except in vehicle occupant where SARIMA had
better performance (Table 4). The SARIMA model performed better on vehicle occupants’ data which
support the fact that SARIMA models are more effective for time-series data with seasonal trends.
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SARIMA and ARIMA models had close accuracy values in this study but ARIMA models performed better
on injuries and fatalities data than SARIMA models.

This study supported the fact that machine learning techniques such as ARIMA and SARIMA models can
be effective tools for forecasting future occurrences and patterns of road traffic accident injuries, fatalities
and the number of vehicle occupants in the study area (Mora et al., 2020). This technology can be developed
for policy formulation on transportation and traffic management in the study area, to reduce the incidences
of road traffic accidents to a very minimal level. However, this study showed that other than the increased
need to travel during festive seasons, there is a need to investigate the effect of other factors such as the
road design, poor state of the road, uncompleted road construction projects, non-use of protective devices
in vehicles, presence of alcohol, excessive and inappropriate speed, mechanical failures on increasing rates
of road traffic accidents injuries and fatality in the study area (Parvareh et al., 2018; WHO, 2023).

Table 5: Evaluation Metrics for the Prediction Models

Model RMSE MAE
SARIMA_Vehicle Occupants 6.37 4.33
ARIMA_ Vehicle Occupants 6.39 4.45
SARIMA _Injury 4.07 2.15
ARIMA_Injury 4.03 2.20
SARIMA_Fatality 1.25 0.67
ARIMA_Fatality 1.16 0.73

4. CONCLUSION

This paper investigated the use of time-series technique applying ARIMA and SARIMA models to predict
accidents outcomes within and around Ibadan metropolis using data of daily recorded cases of road traffic
accidents on seven specified routes between 2019 and 2021 collected from the FRSC. The study area has a
high rate of RTAs between December 2019 and June 2021. SARIMA and ARIMA models had close
accuracy values in this study but ARIMA models performed better on injuries and fatalities data than
SARIMA models. This study supported the fact that machine learning techniques such as ARIMA and
SARIMA models can be effective tools for forecasting future occurrences and patterns of RTAs. The
findings showed that ARIMA and SARIMA models can be effectively developed to make acceptable
decision on road safety issues in the study area. Given the predicted RTA outcomes in the study area, in
particular the number of injuries and fatalities, there is a need for a road traffic accident prevention and
evaluation programme by the FRSC and all agencies on promoting safety on the roads.
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