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Abstract

Background: Road traffic accidents are commonly encountered incidents that can cause high-intensity injuries to
the victims and have direct impacts on the members of the society. Iran has one of the highest incident rates of
road traffic accidents. The objective of this study was to model the patterns of road traffic accidents leading to
injury in Kurdistan province, Iran.

Methods: A time-series analysis was conducted to characterize and predict the frequency of road traffic accidents
that lead to injury in Kurdistan province. The injuries were categorized into three separate groups which were related
to the car occupants, motorcyclists and pedestrian road traffic accident injuries. The Box-Jenkins time-series analysis was
used to model the injury observations applying autoregressive integrated moving average (ARIMA) and seasonal
autoregressive integrated moving average (SARIMA) from March 2009 to February 2015 and to predict the accidents up
to 24 months later (February 2017). The analysis was carried out using R-3.4.2 statistical software package.

Results: A total of 5199 pedestrians, 9015 motorcyclists, and 28,906 car occupants’ accidents were observed. The mean
(SD) number of car occupant, motorcyclist and pedestrian accident injuries observed were 401.01 (SD 32.78), 123.70
(SD 30.18) and 71.19 (SD 17.92) per year, respectively. The best models for the pattern of car occupant, motorcyclist,
and pedestrian injuries were the ARIMA (1, 0, 0), SARIMA (1, 0, 2) (1, 0, 0)12, and SARIMA (1, 1, 1) (0, 0, 1)12, respectively.
The motorcyclist and pedestrian injuries showed a seasonal pattern and the peak was during summer (August). The
minimum frequency for the motorcyclist and pedestrian injuries were observed during the late autumn and early
winter (December and January).

Conclusion: Our findings revealed that the observed motorcyclist and pedestrian injuries had a seasonal pattern that
was explained by air temperature changes overtime. These findings call the need for close monitoring of the accidents
during the high-risk periods in order to control and decrease the rate of the injuries.
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Background
Road traffic accidents are associated with high mortality,
severe injuries, and considerably high economic losses glo-
bally [1]. The road traffic accidents account for 12% of the
burden of disease and to the high rates of unintentional in-
juries [2]. About 1.2 million deaths and more than 50 mil-
lion injuries occur annually. Therefore, road traffic

accident is one of the most common causes of mortality
and disability in the world [3, 4]. Evidences from Iran on
the disability-adjusted life year (DALY) index indicated
that road traffic accident was ranked ninth in 1990, and is
expected to be the third by 2020 [5].
The pedestrians, cyclists, and motorcyclists were par-

ticularly at high-risk of road traffic accidents and more
than 90% of the deaths from the accidents occurred in
low-income countries [6]. The death rate in the develop-
ing countries has been on the rise while it was continu-
ously decreasing in the developed countries. Currently,
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the car ownership in most Asian countries has increased
twice faster than the per capita income [7], and this
might have contributed to the increasing rates of acci-
dents in the region.
The death rate of road traffic accidents in Iran in 2002

which was at 44 per 100,000 populations was more than
twice the global average (19 per 100,000) [8]. The annual
DALY loss from road traffic accidents was more than
1,200,000 per year [4]. This event accounted for 57% of
the DALY lost and more than 80% of the victims were
among males of 15–29 years [9].
Since the past seven decades, the deaths from road

traffic accidents in Iran have been increasing. The mor-
tality trend during the years 2001–2005 reached as high
as 28,000 deaths per year [10]. Despite the reduction in
mortality from 38 per 100,000 in 2006 to 31 per 100,000
in 2008, the number of injured people from road traffic
accident has been increasing overtime [11, 12]. Thus, the
mortality of road traffic accidents in Iran remained
among the highest rates in the world [13]. Despite all in-
terventions to reduce traffic accident injuries, even fatal
injuries have still a high incidence rate in Iran [12].
The geographic, environmental, demographic, and in-

dividual factors can contribute to the occurrence of road
traffic accidents. Hence, access to the information about
road traffic accidents in a given context is significant to
generate evidence to contribute to the prevention and
control of context-specific accidents [3]. The objective of
this study was modeling the frequency of injuries due to
road accidents in Kurdistan Province, located in the west
of Iran, from March 2009 to February 2015 and to predict
injuries until February 2017 using time series models.

Methods
Study design and population
This cross-sectional study was conducted to analyze
time-series observations of traffic accident injuries from
March 2009 to February 2015 in Kurdistan Province.
The data was obtained from the Accidents’ Unit of the
Health Deputy in the Kurdistan University of Medical
Sciences. The unit regularly gathers data on road traffic
accident injuries from hospitals, police stations, forensic
medicine, and road organization. In order to ensure the
quality of the collected data, any duplicate or redundant
information concerning the injuries was cleaned. Then,
the data on the injured persons was divided into three
separate categories: pedestrian injuries, motorcyclist in-
juries, and car occupant injuries and each category were
analyzed separately.

Data analysis
The time-series analysis was applied to model the observed
frequency of injuries in the study area and to predict the fu-
ture incidence. The Box-Jenkins approach was used to

develop an autoregressive integrated moving average
(ARIMA) model. The monthly time-series observation was
used to increase the prediction power of the model. The
ARIMA model was expressed by ARIMA (p, d, q), where
the p, d, and q represented the number of ordinary autore-
gressive, differences, and moving average parameters,
respectively. In other words, the p and q were the number
of significant lags of the autocorrelation function (ACF) and
the partial autocorrelation function (PACF) plots, respect-
ively, and d was the different order needed to remove the
ordinary non-stationarity in the mean of the error terms.
Furthermore, a seasonal autoregressive integrated moving
average (SARIMA) model notation of SARIMA (p, d, q) (P,
D, Q) S, where S referred to the seasonal periods, P and Q
to the number of SARIMA parameters (number of con-
secutive seasons that were correlated), respectively, and D
to the different order needed to remove the seasonal non-
stationary series in the model. The equations of these two
models are as follows:

ARIMA p; d; qð Þ : φp βð Þ 1−βð ÞdZt ¼ θq βð Þat

SARIMA p; d; qð Þ P;D;Qð Þs:
ΦP βsð Þφp βð Þ 1−βsð ÞD 1−βð ÞdZt ¼ ΘQ βsð Þθq βð Þat

Where φp(β) = (1 − φ1β −… − φpβ
p), θq(β) = (1 − θ1β −

… − θqβ
q), ΦP(β

S) = (1 −Φ1β
S −… −ΦPβ

Ps) and ΘQ(β
s)

= (1 −Θ1β
S −… −ΘQβ

Qs). In these extensions, φ and θ
are the ordinary autoregressive and moving average pa-
rameters; and, Φ and Θ are the seasonal autoregressive
and moving average parameters. Besides, β represents the
time-delay parameter so that βrZt is equal to Zt − r.
The Box-Jenkins modeling involved several steps,

including model identification, parameter estimation,
checking, and prediction [14]. The first step included test-
ing for “white noise” in the data using the Portmanteau
and Bartlett test. The stationarity in the seasonal and non-
seasonal series was checked by Dickey-Fuller test. For the
SARIMA model construction, the order of (p, d, q) (P, D,
Q) was distinguished based on the ACF and PACF plots.
The cutoff point for the ACF plot and the slow decay in
the PACF plot were used to identify the correct parame-
ters. The model parameters were estimated using ordinary
least-squares approach and t-test was considered to decide
on the significant difference [15]. Based on the Box-Jen-
kins approach, the most parsimonious SARIMA model
that requires the least moving average and autoregressive
parameters should be selected.
The Akaike Information Criteria (AIC) and Schwartz

Bayesian Criteria (SBC) were calculated to evaluate the
goodness of fit for each model [16]. These indicators
evaluated the model fitness based on the likelihood
model and a number of parameters. The smaller the size,
the better was the model. The absence of process
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autocorrelation and partial autocorrelation in the resid-
uals are also indicators of the model’s goodness of fit.
Finally, the fitted model was used to predict the trend of
road accident injuries from February 2015 to February
2017 in the context. All the analyses and the forecast
were computed using the R statistical software package.
The statistical significance was decided at p < 0.05.

Results
Over the 72 months observation (from March 2009 to
February 2015), a total of 43,120 road traffic accident in-
juries were reported and 5199 (3426 male, 1773 female)
of which were pedestrians, 9015 were motorcyclists, and
28,906 were car accidents, respectively (Table 1). The
number of injured pedestrian per month varied from 20

to 186 with a mean 72.20 and standard deviation (SD) of
33.77. The number of injured motorcyclists ranged from
15 to 268 per month and the mean was 125.20 (SD
64.84). Similarly, the number of injured car occupants
ranged from 211 to 656 per month with a mean of
401.47 (SD 112.94). However, the highest number of ped-
estrian (n = 1252) and motorcyclist (n = 2174) injuries
were observed during 2014. The mean car occupant in-
juries observed was 401.47 (SD 112.94). The highest num-
ber of car occupant injuries (n = 5485) was observed in
2010 while the least (n = 4369) was observed in 2011.

Seasonality of pedestrian accident injuries
Pedestrian accident injuries varied over the study period
as shown in Fig. 1a. The frequency of pedestrian injuries

Table 1 Frequencies of pedestrians’, motorcyclists’, and car occupants’ injuries from March 2009 to February 2015

Frequency of injuries per year (n)

Type of accident 2009 (Mar–Dec) 2010 2011 2012 2013 2014 2015 (Jan–Feb) Total

Pedestrians 644 652 701 1087 700 1252 163 5199

Motorcyclists 1249 1327 1466 1550 919 2174 330 9015

Car occupants 3831 5485 4369 4472 5155 5073 521 28,906

Total 5724 7464 6536 7109 6774 8499 1014 43,120

Fig. 1 The trend of pedestrian injuries (a), and autocorrelation function (ACF) and the partial autocorrelation function (PACF) plots (b and c) show a
seasonal pattern in data. ACF and PACF lags of residuals (e and f) do not exceed the dash line, and random walk trend of residuals (g) indicates the
goodness of predicted models (d)
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displayed seasonality which was repeated annually. The
frequency was low during winter, increased during the
spring, and peaked in the late summer (August). The
lowest injury frequency was observed during January.
The annual cycle of the number of pedestrian injuries
plotted in Fig. 1a displayed a sine function at a 12-month
period. Despite the ACF and PACF shown in Fig. 1b, c
reflected a non-stationarity in the mean, which was con-
firmed by Dickey-Fuller test (p = 0.194), the first-order
difference of the data showed a stationary pattern. The
final model for pedestrian accident injuries was SARIMA
(1, 1, 1) (0, 0, 1)12 with the following equation which
showed the best goodness of fit (Table 2).

Zt ¼ 1:54Zt−1−0:54Zt−2

þat−0:96at−1−0:19at−12 þ 0:19at−13

ð1Þ

The Portmanteau test of the residuals for this model
could not reject the null hypothesis that the model does
not indicate any lack of fit (p > 0.05). The ACF, PACF,
and the trend for the modeled residuals presented in the
Fig. 1e–g suggested that the residuals are white noise.
We predicted the number of pedestrian injuries using
Eq. (1) until February 2017 (Fig. 1d and Table 3).

Seasonality of motorcyclist’s accident injuries
The time-series observations of the frequency of the
motorcyclist accident injuries had a positive autocorrel-
ation phenomenon among the consecutive months which
was depicted in Fig. 2a. Similar to the model of the pedes-
trian injuries, the frequency of the motorcycle injuries dis-
played a seasonality that was repeated annually. The
frequency of the motorcyclists’ injuries was low in the win-
ter, rose during the spring and peaked during the late sum-
mer (August). The minimum frequency of the accidents
was observed during December. Furthermore, Fig. 2a

depicted the year to year seasonality pattern in the
frequency of the injuries which could be apparently recog-
nized from the ACF and the PACF plots (Fig. 2b, c). The
results of the Dickey-Fuller test (p= 0.030) with pattern
(Fig. 2a–c) indicated stationarity of the residuals of the
motorcyclists’ accident injury time-series observations.
Therefore, after comparing the different orders of the AR
and the MA parameters, SARIMA (1, 0, 2) (1, 0, 1)12, the
model was fitted to predict the frequency of the motorcy-
clists’ accident injuries (Table 2). The model can be written
mathematically as the follows:

Zt ¼ 0:62Zt−1 þ 0:41Zt−12−0:25Zt−13 þ at

þ0:17at−1−0:37at−2

ð2Þ

The residuals’ ACF, PACF, and trend plots exhibited a
white noise pattern and the goodness of the fitted model
(Fig. 2e–g). Finally, the frequency of motorcyclists’ acci-
dent injuries was predicted until February 2017 using the
above mentioned Eq. (2) (Fig. 2d, Table 3).

Table 2 Parameter estimations and goodness of fit measures
for pedestrians’, motorcyclists’, and car occupants’ injuries from
Mar 2009 to Feb 2015

Parameters Coefficient SE AIC BIC

Pedestrians’ injuries AR1 0.542 0.115 684.98 694.03

MA1 − 0.962 0.047

SMA1 0.198 0.111

Motorcyclists’ injuries AR1 0.623 0.143 753.13 766.79

MA1 − 0.173 0.180

MA2 0.371 0.116

SAR1 0.411 0.126

Car occupants’ injuries AR1 0.604 0.093 857.61 864.44

ARi and MAi are the ith order of autocorrelation and partial autocorrelation,
respectively. Also, SARi, and SMAi are the ith order of seasonal autocorrelation
and seasonal partial autocorrelation, respectively. AIC Akaike Information
Criterion BICBayesian Information Criterion

Table 3 Predicted frequencies of pedestrians’, motorcyclists’,
and car occupants’ injuries from March 2015 to February 2017

Date Pedestrians (n) Motorcyclists (n) Car occupants (n)

Mar 2015 85.31 161.70 322.06

Apr 2015 90.85 174.36 351.73

May 2015 86.28 155.15 369.68

Jun 2015 88.42 159.11 380.53

Jul 2015 91.83 190.21 387.10

Aug 2015 94.97 174.96 391.07

Sep 2015 91.17 168.57 393.47

Oct 2015 82.81 139.09 394.92

Nov 2015 89.15 139.92 395.80

Dec 2015 84.55 141.73 396.33

Jan 2016 80.80 139.51 396.65

Feb 2016 82.86 148.48 396.85

Mar 2016 82.81 142.53 396.97

Apr 2016 82.79 147.70 397.04

May 2016 82.77 139.77 397.08

Jun 2016 82.77 141.38 397.11

Jul 2016 82.76 154.18 397.12

Aug 2016 82.76 147.90 397.13

Sep 2016 82.76 145.26 397.14

Oct 2016 82.76 133.12 397.14

Nov 2016 82.76 133.46 397.14

Dec 2016 82.76 134.20 397.14

Jan 2017 82.76 133.29 397.14

Feb 2017 82.76 136.98 397.15

(2)

(1)

Parvareh et al. Burns & Trauma  (2018) 6:9 Page 4 of 8



Car occupants’ injuries in car accident
The trends of the total car occupant injuries (n = 28,906)
observed during the period 2009 to 2015 is shown in Fig. 3a.
However, the frequency of the injuries was a non-seasonal
time-series data and the frequency was low during the win-
ter, rose during the spring, and peaked in the late summer
(August). The frequency of the injuries was minimum dur-
ing the December. The Dickey-Fuller test showed station-
arity of the times-series observations (p= 0.006). Finally, the
selected model for the car occupant injuries using the ACF
and PACF plots (Fig. 3b, c) was ARIMA (1, 0, 0), and the
equation is presented as follows (Table 2):

Zt ¼ 0:604Zt−1 þ at ð3Þ

The model’s goodness of fit was confirmed based on
the residuals’ behavior as shown in Fig. 3e–g, showed
the predicted frequency of the car occupants’ injuries for
the 24 months period using the model which was pre-
sented in Eq. 3 is shown in Table 3 and Fig. 3d.

Discussion
This study applied the time-series modeling to determine
and predict road traffic accident injuries patterns in

Kurdistan Province, Iran. Time-series analysis was a
widely used method for modeling phenomena [17].
Several studies also applied this model to predict the
road traffic accident fatal injuries [12, 18, 19] and were
proven effective for determining accident prevention
strategies in a short time [12]. The remarkably high fre-
quency of road traffic injuries (n = 43, 120 cases)
observed in our study in about 6 years indicated the pub-
lic health importance of the issue. Despite the report of a
descending trend of deaths from road traffic accident
[20], our findings indicated an increasing trend in the
frequency of non-fatal injuries. Another study in
Kermanshah Province also indicated a seasonally de-
scending trend of deaths between the years 2006 and
2013 [21]. More than 67% occupant injuries and about
12% pedestrian injuries were the maximum and mini-
mum frequency of road traffic injuries. The predicted
frequency of car occupant injuries during the period
2015 to 2016 revealed a high rate of injuries. These find-
ings were not consistent with the findings of another
study during the years 2008 to 2014 which reported a
decrease trend of the car occupants’ injuries [22]. The
reductions in the deaths from accidents can be the con-
sequence of extensive and coordinated efforts of several
organizations that bold the importance of some

Fig. 2 The trend of motorcyclist injuries (a), and autocorrelation function (ACF) and the partial autocorrelation function (PACF) plots (b and c)
show a seasonal pattern in data. ACF and PACF lags of residuals (e and f) do not exceed the dash line, and random walk trend of residuals (g)
indicates the goodness of predicted models (d)
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interventions and strict monitoring the implementation
of the interventions. The interventions included the
mandatory use of seat belt by drivers and passenger
vehicles, helmet use by motorcyclists, improving the
quality of vehicles and roads, and public education pro-
grams aimed at prevention of accidents [23, 24]. These
interventions can reduce the occurrence of death from
the road traffic accidents, but may not completely
prevent injuries.
Despite the reducing trend in the death rate from road

traffic accidents, evidence showed that Iran was one of
the countries with high incidence of road traffic acci-
dents [24]. There were 23,249 fatal road traffic injuries in
2013 in Iran [25] which was more than seven times the
report from Germany (3648) and about six times more
than that in Turkey (4045) [25]. The extremely high inci-
dence of road accidents in Iran may relate to geographic
factors, low cost of gasoline, poor public transportation
system, rapidly growing automotive industry, poor qual-
ity of cars and motorcycle equipment, and unsafe road-
way networks [8].
The trend of motorcycle injuries in this study was ex-

tremely increasing overtime. The high price of cars and
the heavy traffic jams, might have contributed to the in-
creased number of individuals who used motorcycle for

transportation. Thus, the increasing trend of injuries
might be associated with an increased number of motor-
cycle riders. Epidemiologic studies indicated that most
accidents due to motorcyclists were related to younger
men and the low-income groups [26, 27]. However, there
is concrete evidence concerning the factors related to
motorcyclist accidents in Iran [27]. Hospital-based evi-
dence from USA indicated an increasing number of
motorcyclist accident during the years 2001 to 2008 re-
gardless of their age [28]. Others reported forward in-
attention, yield non-conformity, and moving in the
opposite direction as the most common causes of motor-
cyclist accidents [29]. The helmet use was one of the ef-
fective ways of decreasing the likelihood of death and
head injuries among motorcyclist [30]. According to the
2010 WHO report, only 30% motorcycle riders and 10%
of motorcycle passengers use a helmet [27]. In a study
conducted in Kerman Province, it was also found that
from total of 2880 motorcyclists, only 324 (11.2%) used a
helmet and 5% of them were passengers [31].
As you can see in Figs. 1, 2, and 3, our predicted trends

in the number of injuries after February 2015 is so
smooth, this case may be due to small autocorrelation
and partial autocorrelation coefficients of the fitted
models (Table 2). Because small-value coefficients make

Fig. 3 The trend of car occupant injuries (a), and autocorrelation function (ACF) and the partial autocorrelation function (PACF) plots (b and c)
show a seasonal pattern in data. ACF and PACF lags of residuals (e and f) do not exceed the dash line, and random walk trend of residuals (g)
indicates the goodness of predicted models (d)
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the process of injuries similar to a random walk model
which it returns a flat forecast function.
Our study followed 12-month seasonal pattern of in-

juries and most of the car occupants’ injuries were pre-
dicted to occur in August and September. The
evidences from other studies also showed similar find-
ings [32, 33]. A study in Esfahan Province found that
most of the motorcycle accidents occurred during the
August and the least occurred during the December
[34], while a report from a meta-analysis indicated that
the majority of the motorcycle accidents in Iran oc-
curred during the first half of the year in the evening
[27]. The large number of motorcycle injuries during
August in our study might be related to the low helmet
use during the hot season. Furthermore, it might be re-
lated to the high mobility of people during summer sea-
son usually for holidays [10].
Kurdistan Province is geographically mountainous, and

the road networks connect it with other provinces in the
northern, western, and southern parts of Iran. A highly
busy roadway can also increase the risk of human factors
that lead to road traffic accidents. The road traffic acci-
dents in a mountainous province can be highly fatal [11].
Thus, the road traffic accident prevention intervention
programs and periodic evaluation of those actions can
help reduce the incidence of accidents.

Conclusion
Our findings indicated increasing trends of the car occu-
pants’ and motorcyclists’ injuries in Kurdistan Province
during the period of 2009 to 2017. The majority of the
road traffic injuries occurred during the summer season.
The decision-makers and planners in Iran can draw ad-
vantage of the findings for planning the prevention and
control measures of road traffic injuries in the context.
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