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Abstract. With the significant increase in the frequency of social traffic activi-

ties, traffic safety issues have gradually become the focus of social attention. This 

paper aims to deeply explore the principles and operating steps of the ARIMA 

model (autoregressive moving average model) in time series analysis, and eval-

uate the model's effectiveness in predicting traffic accident data with specific ex-

amples. The results show that the ARIMA model performs well in predicting the 

number of traffic accidents. The error analysis between the predicted data and the 

actual data provides a basis for further research and verifies the potential appli-

cation of this method in traffic safety assessment. 
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With the continuous improvement of the economic level, traffic congestion and safety
problems caused by traffic facilities and equipment have also come along. To deal with
this problem, the importance of predicting the number of traffic safety accidents is self-
evident. Through scientific and accurate predictions, relevant departments can have a
more comprehensive understanding of the changing trends of accident volume and ac-
cident rate, and provide data support for optimizing more extensive facilities, planning,
and safety management.

In the research on traffic accident prediction, in 2020, Zhang Yifei[1] used the com-
bination of ARIMA and BP neural network, took ships as the research object, and fur-
ther predicted the accidents of ship traffic in-depth, to guide the decision-making of
relevant personnel. In addition, in 2023, Liang Naixing[2] took highway traffic safety as
the research object and also used the same ARIMA-LSTM combination method to es-
tablish an accident combination prediction model. Not only in China, but also abroad,
Nemanja Deretić[3] used the seasonal autoregressive integrated moving average model
(SARIMA) to analyze the time series of road traffic accidents. The study found that the
time series has obvious seasonal characteristics, and different strategies can be
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implemented in this prediction context. Praveen Kumar B[4] proposed an optimized
ARIMA model, and verified the traffic flow data set completed throughout the day and
the traffic flow data set during the morning and evening peak hours through the model.
The prediction results show good performance indicators. In short, with the rapid de-
velopment of my country's transportation industry, traffic safety issues have become
complex and changeable. To better provide a reference for traffic safety, this paper will
explore the ARIMA forecasting model, and through specific case analysis, compare the
forecast results and actual results to verify the accuracy and effectiveness of the pro-
posed forecasting method.

2 ARIMA MODEL

2.1 Prediction Steps of the Model

In 1970, Box and Jenkins proposed the ARIMA model based on the time series analysis
model. The ARIMA model assumes that the future forecast value has a solid functional
relationship with the current and historical data, that is, it assumes that the future de-
velopment trend is the same as the current and historical data[5]. The basic steps of the
ARIMA model include white noise test, model identification, model fitting of parame-
ter estimation, etc. The specific steps are shown in Figure 1.

Fig. 1. ARIMA Flowchart.

2.2 Model Formula

In the ARIMA model, AR stands for autoregressive model, I stands for single integral
order, and MA stands for moving average model. ARIMA is a combination of the AR
model and the MA model. It is determined by three main parameters (p, d, q), and the
formula is as follows:
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௧ݕ = ߤ +∑ ௧ିݕߛ

ୀଵ + ௧ߝ +∑ ௧ିߝߠ


ୀଵ (1)

Among them, p represents the order of the autoregressive term, which refers to the
number of past values (sequence values lagged p orders) used in the model to predict
the current value, that is, the p-order autoregressive model (Auto Regressive Process)
formula is expressed as:

௧ݕ = ߮ + ߮ଵݕ௧ିଵ + ߮ଶݕ௧ିଶ +⋯+ ߮ݕ௧ି + ௧ߝ (2)

In the formula, ߮  is the lag coefficient, ௧ିݕ  is the lag term, and ௧ߝ  is white
noise.

d represents the number of differences, which means that to make the non-stationary
time series data stationary, at least d differences are required; q represents the order of
the moving average term, also known as the sliding average coefficient, which refers
to the number of past error terms used in the model to predict the error term (that is, the
error term lags q orders), that is, the q-order moving average model (Moving Average
Process) formula is expressed as:

௧ݕ = ߠ + ௧ିଵߝଵߠ + ௧ିଶߝଶߠ +⋯+ ௧ିߝߠ + ௧ߝ (3)

In the formula, , is the error lag coefficientߠ ௧ିݕ--௧ିܨ=௧ିߝ  is the past forecast
error.

3 CASE ANALYSIS

To explore the predictive effect of the ARIMA model on traffic accident data, this paper
will use the motor vehicle traffic safety accident data from 2004 to 2022 from the Na-
tional Bureau of Statistics for predictive analysis.

3.1 Differential Processing

Fig. 2. ACF of 2nd-order difference series.
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Fig. 3. P ACF of 2nd-order difference series.

The original time series is a non-stationary time series, so this article will perform sec-
ond-order difference processing on the series. As shown in Figure 2 and Figure 3, the
test results of PACF and ACF are first-order tailing, and there is no significant non-
zero value after the lag period, indicating that the time series is stationary after the
second-order difference. Therefore, it can be determined that the autoregressive order
p is equal to 1, the average moving order q is equal to 1, and the difference d is equal
to 2.

3.2 Model Building

Based  on  the  values  of  p,  d,  and  q  selected  above,  an  ARIMA  (1,  2,  1)  model  was
established in the SPSS system, and the fitting parameters are shown in Table 1. The
estimated value of its constant term is 3548.139, that is, the average value of the time
series is approximately 3548.139. The parameter of the AR (1) term is 0.686, which
represents the strength and direction of the linear relationship between the current ob-
servation value and its previous period observation value. The p-value is 0.033, which
is lower than 0.05, indicating that the autoregressive term is statistically significant, so
the previous period's data has a significant negative impact on the current data. The
coefficient of the MA(1) term is 0.188, but its p-value is 0.627, which is much higher
than 0.05, indicating that the moving average term is not statistically significant.

Table 1. ARIMA (1, 2, 1) model parameters.

Model Item Symbol Coefficient Standard error P-value

ARIMA
(1，2，1)

Constant term c 3548.139 2197.049 0.129

AR Parameters α1 -0.692 0.293 0.033

MA Parameters β1 0.188 0.377 0.627
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Based on the above analysis, it is known that MA(1) is not statistically significant,
so consider adjusting the model, such as removing insignificant moving average im-
ages, to achieve better results.

3.3 Comparison and Adjustment of Models

The model parameters were selected by using the autocorrelation diagram (ACF) and
partial autocorrelation diagram (PACF) after differential processing, and the "Expert
Modeler" function was not used for modeling. However, to further improve the good-
ness of fit and prediction accuracy of the model, the SPSS system was used to model
the motor vehicle traffic safety accident data from 2004 to 2022 using the "Expert Mod-
eler" while keeping the data set (covering motor vehicle traffic safety accident data
from 2004 to 2022) and other external conditions unchanged. At this time, the best
model given by the expert modeling is ARIMA (1, 2, 0). Table 2 shows the fitting
comparison between ARIMA (1, 2, 1) and ARIMA (1, 2, 0).

Table 2. Comparison table of goodness of fit.

As shown in Table 2 neither model uses additional predictors (the number of predic-
tors is 0), which means that they are all based on the historical information of the time
series data itself for prediction. R-square is an indicator of the goodness of fit of the
model. The closer the value is to 1, the better the model fits. Although the R-square of
ARIMA (1, 2, 1) (.871) is slightly higher than the R-square of ARIMA (1, 2, 0) (.867),
the difference between the two is very small, indicating that the two models are very
close in fitting the data. The mean percentage absolute error (MAPE) and the root mean
square error (RMSE) are both indicators of model prediction error. The smaller the
value, the more accurate the prediction. Therefore, it is obvious that ARIMA (1, 2, 0)
is better than ARIMA (1, 2, 1) in terms of prediction error. Normalized BIC is a crite-
rion that comprehensively considers the goodness of fit and complexity of the model.
Lower BIC values usually indicate better models. Here, the normalized BIC value of
ARIMA(1,2,0) is lower, indicating that it performs better in terms of model complexity,
that is, it has lower model complexity while maintaining similar goodness of fit.

After the above analysis, it is found that the model ARIMA(1,2,0) performs better
in terms of goodness of fit, complexity, and prediction error. Therefore, ARIMA(1,2,0)
will be selected as the final prediction model in this study.

3.4 Residual White Noise Test

After selecting the ARIMA (1, 2, 0) model, a diagnostic test needs to be performed on
it to ensure that the model residuals are white noise sequences. This article will use the

Model Number of
predictors

Model fit statistics Number of
outliersR Square MAPE RMSE Normalized

BIC
ARIMA(1, 2, 1) 0 .871 6.521 18606.764 20.163 0
ARIMA(1, 2, 0) 0 .867 6.466 18248.618 19.957 0
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autocorrelation function (ACF) and partial autocorrelation function (PACF) graphs to
conduct white noise testing.

Fig. 4. Fitting residual ACF and PACF plots.

As shown in Figure 4, the ACF and PACF plots show the autocorrelation at different
lag stages. After the second-order difference, the autocorrelation coefficients all fall
within the confidence interval and approach 0, indicating that the residuals have no
obvious deviation and appear as white noise. This shows that the model captures all the
information of the data and meets the white noise test.

3.5 Result Analysis

The results of using the ARIMA model to predict the number of traffic accidents are as
follows: The curves of the predicted value and the true value are shown in Figure 5.
UCL and LCL represent the upper and lower limits of the predicted data, respectively.
As the prediction period increases, the upper and lower limits gradually widen, indicat-
ing that the uncertainty of the prediction increases. The prediction for 2023 is more
accurate, but the prediction uncertainty for 2028 is larger. The MAPE value is 6.466%,
that is, the average percentage error is 6.466%. In general, the predicted value of the
ARIMA model is within the normal range, and the error is affected by the socio-eco-
nomic environment.
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Fig. 5. Fitting result graph.

4 CONCLUSION

This article examines traffic accident prediction using the ARIMA model and reaches
the following conclusions: 1)The ARIMA model effectively forecasts future traffic ac-
cidents, enabling management departments to assess current traffic safety and adjust
measures accordingly; 2)Despite its effectiveness, the ARIMA model has limitations,
such as not accounting for the impact of emergencies like extreme weather. Future re-
search should consider integrating advanced models, such as BP neural networks and
XGBoost, to enhance prediction accuracy.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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