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Background: Road traffic accidents in Iran are a critical issue that hinders economic 
development and one of the main threats to the health and safety of people in the community. 
The statistics indicate that after cardiovascular diseases, traffic accidents are the second leading 
cause of death in different age groups, which reflects the necessity of prediction in this area.

Materials and Methods: The present study investigated the data of the traffic-accident injured 
people between April 2009 and March 2012 in Golestan, Mazandaran, Guilan, and Ardebil 
provinces, presented to forensic medicine. We used the Box-Jenkins method as one of the most 
advanced methods in prediction and future studies in the field of health systems, to estimate the 
number of injuries by province, for the years 2016 to 2019.

Results: The obtained results suggested the appropriate time series patterns for predicting 
injured people in Golestan Province with Autoregressive Integrated Moving Average (ARIMA) 
(4, 2, 4), Mazandaran Province with ARIMA (3, 1, 5), Guilan Province with ARIMA (3, 1, 4), 
and Ardabil Province with ARIMA (5, 1, 2). Furthermore, the mean percentages of absolute 
error for different provinces were as follows: Golestan Province, 0.114; Mazandaran Province, 
0.064; Guilan Province, 0.078; and Ardabil Province, 0.1250. These data demonstrate the 
high precision of the Box-Jenkins method in predicting the number of traffic-accident injured 
people, especially in Mazandaran and Guilan provinces. Estimated values for 2016 to 2019 
indicate that the road traffic injuries are increasing in Golestan Province and decreasing in 
Mazandaran, Guilan, and Ardebil provinces.

Conclusion: The high precision of the Box–Jenkins method makes it an appropriate way for 
experts and authorities to predict traffic accident injuries in Golestan, Guilan, Mazandaran, 
and Ardebil provinces. The reduced number of casualties in Mazandaran, Guilan, and Ardebil 
indicate a progressive improvement in the transportation system conduct in these provinces. 
Moreover, Golestan Province is moving towards an increase in traffic accidents, requiring re-
planning to reduce accidents there.
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1. Introduction

oday, despite the scientific and industrial 
development and the use of various fa-
cilities, there is a challenge called “acci-
dents” that are increasing day by day [1]. 
The World Health Organization considers 
accidents as an event or a chain of events 
that can cause injury, illness or damage to 

equipment, people, and the environment [2]. Driving 
accidents are among the most important health issues 
that threaten human health [3]. So that every 50 seconds 
one death and every 2 seconds, one injury occurs in the 
world [4].

Accidents not only damage people but also increase 
traffic, slow down transportation, and blocks the roads 
[5]. Traffic injuries as predictable and preventable events 
are among the most important public health challenges 
that impose many socioeconomic burdens on society 
[6]. Therefore, it is necessary to investigate this area and 
take measures to reduce such accidents, as well as to em-
ploy tools and methods for analyzing data as a valuable 
source of information in this area [7]. Data mining sci-
ence can be very beneficial and be used as a decision-
making tool for planning to reduce traffic accidents and 
their irreparable losses. Reducing the number of road ac-
cident victims and injuries is imperative in every moral-
based system [8].

Human casualties and injuries are the worst conse-
quence of accidents, especially traffic accidents [9]. 
Bougueroua and Carins reported that predictive models 
had a large application in traffic accident analysis and 
were widely used to identify road safety factors, identify 
and prioritize road accident locations, assess safety per-
formance in accidents, estimate the number of injuries 
and trauma of accidents and the determination of the risk 
index to identify the safest route in the dynamic system 
of roads [10]. The costs imposed by injuries to society 
are very high, which is due to the involvement of all 
age groups. The total lost years of life due to the dam-
ages caused by accidents in the world is more than other 
causes of death [11].

More than 90% of road accident deaths occur in low- 
and middle-income countries that only have 45% of the 
world’s automobiles [12]. Developed countries have 
taken measures to reduce accident-emerged casualties; 
however, in developing countries, this is still one of the 
major causes of unnatural deaths. Every year, different 
countries spend a lot of money on reducing accidents 
and mortalities due to accidents. In our country, due to 

the increase in the number of vehicles and the lack of 
attention of drivers to road safety regulations, the num-
ber, and severity of traffic accidents have risen. Besides 
reducing safety, accidents impose a high cost to the com-
munity.

Financial and human losses, delays in traffic, and re-
ducing the speed of transportation are among the impacts 
of accidents on society, which reduce national wealth. 
Omidi et al. evaluated the traffic accidents trend in the 
country [13]. Bahadori Fard et al. reported that the pro-
cess of reducing accidents has begun in Iran [14]. Nev-
ertheless, Iran is still one of the countries with the high-
est rate of traffic accidents and consequent deaths and 
injuries. This fact necessitates conducting future stud-
ies and providing predicting models in this field. The 
Box-Jenkins methodology, one of the most widely used 
methods by researchers in the behavior of transportation 
systems, was applied in the current research to predict 
the number of injured people in the four provinces of 
Golestan, Mazandaran, Guilan, and Ardebil. Moreover, 
we explored the pattern and time series equation of each 
province (Table 1). 

2. Materials and Methods

This research was a longitudinal study with time series. 
We used the traffic injuries data in the provinces of Goles-
tan, Mazandaran, Guilan, and Ardebil between April 
2009 and March 2016 obtained from the forensic orga-
nization. For predicting the future number of traffic in-
juries, the Box-Jenkins methodology was applied. Time 
series is a type of data that occurs in the form of a spe-
cific variable over time. The main application of analyz-
ing time series is prediction. There are several methods 
for predicting the time series; the Box-Jenkins is among 
the best available predicting methods [14].

In Box-Jenkins analysis, the prediction of a single-vari-
able time series is conducted by statistical modeling. The 
Box-Jenkins prediction method is performed in 4 stages, 
including identification, estimation, diagnostic checking, 
and forcasting [15]. The Box-Jenkins models include 
the Autoregressive (AR) , the Moving Average (MA), 
the Autoregressive Moving Average (ARMA), and the 
Autoregressive Integrated Moving Average (ARIMA) 
processes. 

AR process: This pattern is, in fact, a multiple regres-
sion model, but the dependent variable Z is not regressed 
on independent variables (X1, X2,...XN) but its own pre-
vious values; this is why such process is called autore-
gressive. An autoregressive process with the order of 

T
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P is shown by the notation AR(p). If at is a single pure 
random process with zero mean and constant variance, 
then, the Z autoregressive process of P order is expressed 
as Equation 1.

1. Zt=φ1 Zt-1+φ2 Zt-2+φp Zt-p+at

MA process: The moving average model is used to ex-
press a phenomenon in which the events create an in-
stantaneous effect that only stays for a short time. If at is 
a pure random process with constant variance and zero 
mean, then the process Zt is called the MA model of q 
order when the following equation (Equation 2) holds; 
in which, θi is constant, and θ0 is considered to be one. 
The MA model of order q is represented by the notation 
MA(q) .

2. Zt=at-θ1 at-1-…θq at-q

ARMA process: In this model, the probability that 
the Z series has the characteristics of both the AR and 
MA processes is high, which is why it is called ARMA. 
Therefore, Z is called an ARMA (p, q) process, which 
includes the P order of auto-regression and q order of 
moving average (Equation 3).

3. Zt=φ1 Zt-1+φ2 Zt-2+φp Zt-p+at -θ1 at-1)-…θq at-q

ARIMA process: The models above are based on the 
assumption that the time series are static. As the mean 
and variance of time series are constant and their covari-
ance is unchanged over time. However, many time series 
are non-constant and are stacked.

If a time series occurs after the d-order deduction, and 
be modeled by the ARMA (p, q) process, then the main 
time series of the ARIMA (p, d, q) is where p is the num-
ber of autoregressive sentences, q is the number of mov-
ing averages, and d is the number of times for the time 
series to reside [16]. The basic question in this research 
is that which template should be selected between the 
different patterns of time series and on what basis the 
choices are selected.

Therefore, the most important issue in this method is 
to determine the number of data gaps in casualties and 
to determine the random variable structure in the model. 
As a result, we used the standard methodology in this 
area; i.e., the Box-Jenkins method. In this method, the 
number of interruptions and the structure of the random 
variables are determined based on Autocorrelation Func-
tion (ACF) and Partial Autocorrelation Function (PACF) 
between the model errors.

3. Results

The time series of the number of traffic-accident in-
jured people in the provinces of Golestan, Mazanda-
ran, Guilan, and Ardebil, who were reported to forensic 
medicine from April 2009 to March 2015, are displayed 
in Figure 1. It shows that the number of casualties in 
Mazandaran Province is higher than that in other studied 
provinces.

The Box-Jenkins methodology implementation results 
for separately predicting injuries in four provinces were 
as follows:

Figure 1. The time series of the number of injured persons referred to the forensic medicine
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Stage 1 (Identification): At this stage, the actual values 
of p, q, and d of the ARIMA model are determined, us-
ing the ACF and partial correlation charts tool (PACF) 
for this purpose. The PACF assessed the correlation be-
tween the observations, in other words, the correlation 
between Zt and Zt-k after the elimination of the interme-
diating Z effects. The purpose of the Box-Jenkins model 
is to identify and determine the statistical model, which 
can be interpreted as a model of actual sample data from 
a random process.

To use this model for prediction, the features of this 
model must be constant over time. If the observed series 
is not constant to the average, then the series can be de-
ducted to be converted to a static series. The time series 
data of Golestan Province were staticized after two times 
deduction and the data of Mazandaran, Guilan and Arde-
bil provinces became constant after one time deduction.

After staticizing the data by the shape of the ACF and 
PACF functions, the fit model for the data is identified. 
Analysis and evaluation of ACF and PACF suggest that 
ARIMA (4.2.4) is the most suitable model for traffic ca-
sualties in Golestan Province. This means that the time 
series should be deducted twice to be static (d=2); then 
be modeled by an ARMA (4.4) process. Also, the fittest 

models for the number of casualties in the provinces of 
Mazandaran, Guilan, and Ardabil were ARIMA (3, 1, 5), 
ARIMA (3, 1, 4), and ARIMA (5, 1, 2), respectively.

The second stage (Estimate): To estimate the coeffi-
cients of the model, the least squares method was used, 
but when nonlinear parameters are applied to the model, 
we have to use nonlinear methods. The model coeffi-
cients for the four provinces were obtained in the form 
of the following equations:

The third stage (Diagnostic checking): After choosing a 
specific model of ARIMA and estimating its parameters, 
we must check whether the selected model fits the data 
well. In other words, we should determine if the model is 
the most suitable type for describing the data The differ-
ence between the predicted and actual values ​is shown 
in Figures 2, 3, 4, 5. This is because an ARIMA model 
may provide better fitting for data. A simple test to check 
this point is that the remainders resulting from this model 
have a white noise; i.e. have a normal distribution, con-
stant variance, and zero mean. The obtained results in-
dicated that the remaining for the number of injuries in 
each of the four provinces are white noise.

Table 1. The most suitable time series equation for the number of traffic injured

The Most Suitable Time Series Equations Province

Zt=0.4007Zt-1+0.6998Zt-2-0.2470Zt-3-0.4643Zt-4+at-2.042at-1+0.5186at-2+1.151at-3-0.6277at-4Golestan

Zt=1.006Zt-1+0.2001Zt-2-0.6841Zt-3+at-1.826at-1+0.5915at-2+1.075at-3-0.8843at-4+0.6662at-5Mazandaran

Zt=0.9615Zt-1+0.3136Zt-2-0.7609Zt-3+at-1.806at-1+0.4867at-2+1.081at-3-0.7070at-4Guilan

Zt=0.8309Zt-1-0.0865Zt-2-0.2225Zt-3+0.0964Zt-4-0.4234Zt-5+at-1.705at-1+0.9641at-2Ardabil
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Figure 2. The differences between the predicted values and actual values of injuries in Golestan Province
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The difference between the predicted values and ac-
tual values in predicting injuries using the Box-Jenkins 
method is shown in the following graphs:

One of the important criteria for determining the proper 
fitting of the model is the Mean Absolute Percentage of 
Error (MAPE). The more it is closer to zero, the better 
the predictive power of the model. The values of this 
indicator for Golestan Province was 0.114, for Mazan-
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Figure 3. The differences between the predicted values and actual values of injures in Mazandaran Province

 

 

 

 

0

200

400

600

800

1000

1200

واقعی

پیش بینی

0

500

1000

1500

2000

2500

واقعی

پیش بینی

0
200
400
600
800

1000
1200
1400
1600

واقعی

پیش بینی

0

100

200

300

400

500

600

واقعی

پیش بینی

Actual

Prediction

Figure 4. The differences between the predicted values and actual values of injuries in Guilan Province
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Figure 5. The differences between the predicted values and actual values of injuries in Ardebil Province
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daran province 0.064, for Guilan Province 0.078, and 
for Ardebil Province 0.1250. This finding indicates the 
accuracy of prediction equations in this study.

The fourth stage  (Forecasting): Estimated values ​​us-
ing time series templates are presented in Table 2. The 
annual prediction values ​​from the total predicted values ​​
for the years 2016 to 2019 are the number of injuries in 
the four provinces. Table 2 indicates the increasing num-
ber of casualties in Golestan Province and the decreas-
ing trend in Guilan, Mazandaran, and Ardebil provinces.

4. Discussion

Considering that many people lose their lives or suffer 
injuries in traffic accidents annually, this study exam-
ined the number of casualties reoprted to the forensic 
medicine in Golestan, Guilan, Mazandaran, and Arde-
bil provinces as tourism destinations in the north and 
northwest of Iran. The prediction in the field of transport 
system engineering is a valuable factor available to ex-
perts, authorities, and researchers for analyzing data and 
future planning. In this study, the statistical data on the 
number of traffic injuries reported to forensic medicine 
in the provinces of Golestan, Mazandaran, Guilan, and 
Ardabil from April 2009 to March 2015 were compared. 
The results indicated that the highest injuries occurred in 
Mazandaran Province compared to other studied prov-
inces. 

The Box-Jenkins method is one of the methods used in 
transport and health systems engineering. The statistical 
data of the casualties were staticized for initial prepara-
tion by static deduction; the degree of deduction of inju-
ries in Golestan Province was two, and in other studied 
provinces one. The achieved results suggested that ap-
propriate time series models to predict Golestan, Ma-
zandaran, Guilan, and Ardabil injuries were ARIMA (4, 
2, 4), ARIMA (3, 1, 5), ARIMA (3, 1, 4), and ARIMA (5, 
1.2), respectively. The high accuracy of the Box-Jenkins 
method, which was tested with a precision meter of the 

MAPE, indicates that researchers can use this method to 
predict the number of injured in the studied provinces. 

Omidi et al. investigated the traffic accident rate in Za-
njan Province and predicted the accidents for the com-
ing years. The results of their research revealed that the 
MAPE of the Box-Jenkins method to predict traffic ac-
cidents in Zanjan Province equals to 0.13. These data 
suggest that the predicted values in the present study are 
more accurate than theirs [13].

Bahadori Monfared et al. assessed the traffic ac-
cidents in the entire country using the Box-Jenkins 
method; they reported high accuracy of this method 
to predict traffic accidents in Iran [14]. Sahebi et al. 
considered the precision of predicting methods like 
the Box-Jenkins appropriate in predicting traffic acci-
dents in Iranian out-of-town accidents [15]. Omidi and 
Omidi, in their study of the traumatic traffic survey in 
Semnan Province, reported that the Box-Jenkins model 
was more accurate than the gray and harmonic models 
in predicting crashes [16].

Chukwutoo et al. compared the accuracy of ARIMA 
and ARIMAX methods for predicting car accidents in 
Nigeria that occurred between 2007 and 2015. Their 
comparison showed that the ARIMAX model was better 
than the ARIMA model in predicting car accidents [17]. 
Liue et al. reported that if the Box-Jenkins time series is 
combined with other methods, its prediction accuracy 
could be increased [18]. The predicted values indicate 
that the increasing number of casualties in the prov-
ince of Golestan (reaching 10724 people in 2019), and 
a decreasing trend in Mazandaran, Guilan, and Ardebil 
(reaching 12123, 10528 and 3497 in 2019, respectively). 

Bahadori Monfared et al. reported the reducing trend 
of traffic accidents in Iran [14]. Omidi et al. also reported 
the reduced rate of traffic accidents in Zanjan Province; 
however, Chukwutoo et al. reported an increasing trend 
of accidents in Nigeria in the future [13, 17].

Table 2. Predicting the number of injured people using the Box-Jenkins method

The Number of Injured 2016 2017 2018 2019 MAPE 

Golestan Province 9101 9757 10593 10724 0.114

Mazandaran Province 13946 13152 12336 12123 0.064

Guilan Province 12143 11473 10804 10528 0.078

Ardebil Province 3975 3801 3542 3497 0.1250
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5. Conclusion

The obtained results indicated that the number of acci-
dents in Golestan Province is rising but declining in Ma-
zandaran, Guilan, and Ardebil provinces. Considering 
the obtained results, it is suggested that authorities use 
the Box-Jenkins time series with its precise prediction 
ability, for future studies and taking strategic decisions 
in the field of transportation systems.

Moreover, the design of predictive applications based 
on the Box-Jenkins method gives the healthcare sys-
tem users the advantage of predicting the casualties 
and deaths of traffic accidents at any time. According 
to the results of this study on the expected reduction 
of traffic accidents in Mazandaran, Guilan and Ardebil 
provinces in the future, it is recommended that the traf-
fic police of these provinces take measures to accel-
erate such reduction by building culture and using the 
media (given the drivers are influenced by the roadside 
police measures and the decline in the number of casu-
alties). Additionally, the officials in Golestan Province 
must take steps to reduce the underlying causes of the 
increase in accidents in that province. Any accident is 
caused by a violation of the traffic law that occurs when 
the driving laws are ignored.
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