
201

Research Paper: Application of a Statistical Model to 
Forecast Drowning Deaths in Iran

Mohammad Reza Omidi1 , Meysam Jafari Eskandari2* , Sadigh Raissi1 , Amir Abbas Shojaei1 

1. Department of Industrial Engineering, South Tehran Branch, Islamic Azad University, Tehran, Iran.
2. Department of Industrial Engineering, Payame Noor University, Tehran, Iran.

* Corresponding Author: 
Meysam Jafari Eskandari, PhD.
Address: Department of Industrial Engineering, Payame Noor University, Tehran, Iran.
E-mail: mromidi_91@yahoo.com

Background: One of the indicators for measuring the development of a country is its death 
rate caused by accidents and disasters. Every year, many people in Iran are drowned for various 
reasons. This study aimed to predict the trend of drowning mortality in Iran using statistical 
models.

Materials and Methods: This research was a longitudinal study using time-series data of 
drowning deaths obtained from the Iranian Legal Medicine Organization during 2005-2017. 
The Autoregressive Integrated Moving Average (ARIMA) model was used for forecasting, 
which is based on the Box-Jenkins method consisting of the Autoregressive (AR) model, 
Moving Average (MA) model, and Autoregressive Moving Average (ARMA) model. The 
obtained data were analyzed in ITSM software.

Results: A total of 14127 people have died due to drowning in Iran, during 2005-2017, with 
an average death toll of 1086 people per year. In 2017, the highest number of deaths caused 
by drowning was recorded in Khuzestan Province (n=161) and the lowest number in South 
Khorasan Province (n=1). Estimates of the drowning trend indicated that the number of 
drowning deaths in Iran would continue to decline in the coming years.

Conclusion: The high accuracy of prediction using the Box-Jenkins method indicates its 
effectiveness for experts and managers to predict drowning death rates.
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1. Introduction

everal people die by accidents, including 
drowning in Iran every year. Drowning is a 
preventable cause of mortality. It is referred 
to as the death within 24 h after suffocation 
in the water, whereas near-drowning de-

notes survival beyond 24 h after the event regardless 

of the outcome [1]. Drowning is often an overlooked 
public health problem. According to the latest report 
by the World Health Organization, the estimated global 
mortality rate of drowning is about 400000 people an-
nually [2]. This fact makes drowning the third lead-
ing cause of death due to unintentional injury after car 
crashes and falling, 97% of which occur in low- and 
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middle-income countries, which is a serious problem 
for these countries [3].

 Most of the deaths in Iran are due to road traffic ac-
cidents, burns, and falls, but drowning in the northern 
areas of Iran is the second leading cause of death caused 
by unintentional injuries [4]. More than half of drown-
ing deaths occur in children younger than 15 years [4]. 
Studying the history of drowning in countries with 
high-income levels reveals that the devastating impact 
of drowning on public health can be substantially miti-
gated and prevented [5]. Although drowning is one of 
the significant threats to public health, it is preventable 
by several appropriate measures [6]. Effective preven-
tion methods of drowning include identifying the factors 
involved in drowning, followed by policymaking and 
planning based on these risk factors [7]. 

Drowning occurs during daily or recreational activi-
ties, such as swimming, boating, fishing, etc. People 
living in different areas may also be exposed to vari-
ous causes of drowning, such as sea, lake, river, canal, 
pond, pool, bathtub, and so on [8]. Predisposing fac-
tors, like high-risk behaviors (alcohol consumption and 
no use of lifesaving equipment), are also different in 
various parts of the world, possibly influenced by cul-
tural issues [9]. Policymaking, formulation, and imple-
mentation of effective programs to prevent this serious 
problem require more studies [7]. However, there have 
been few studies on drowning in Iran. Planners and 
community managers need some indicators, by which 
they can measure the burden of injury in the society 
to promote health and also the proper distribution of 
health facilities among the people [10]. 

Estimating the future trend is an essential factor for 
managers, especially those in the health sector, to make 
decisions [11]. In this regard, this study attempted to pre-
dict the drowning rate in Iran using Autoregressive In-
tegrated Moving Average (ARIMA) forecasting model. 
There were two main questions in this study:

 1. How is the trend of death rates caused by drowning 
in Iran in the coming years? 

2. To what extent the ARIMA model can predict this 
trend appropriately?

2. Materials and Methods

This research was a longitudinal study using the time 
series data of drowning deaths during 2005-2017ob-
tained from the Iranian Legal Medicine Organization. 

Given that the time series forecasting can lose its promi-
nence in the long run and sometimes is affected by new 
and frequent variables [12], the forecast horizon of this 
study was a medium-term horizon until 2022. The main 
application of the time series analysis is forecasting. 
There are several methods for time-series forecasting 
and the ARIMA method is one of the best models [13], 
which is based on the Box-Jenkins model [14]. In this 
model, univariate time series forecasting is performed by 
statistical modeling. It consists of four stages of model 
identification, estimation, recognition, and forecasting 
[15]. The Box-Jenkins models include Autoregressive 
(AR) model, Moving Average (MA) model, Autore-
gressive Moving Average (ARMA) model, and ARIMA 
model that are explained here.

AR model is a multiple regression model except that 
the dependent variable, Z, is not regressed on the inde-
pendent variables (X1, X2,… XN), but is regressed on 
the past values. The p-order AR model or AR(p), is de-
fined as Equation 1.

1. Zt=φ1 Zt-1+φ2 Zt-2+..... φp Zt-p+at

MA model is used to express a phenomenon, in which 
the events produce an immediate effect that lasts only for 
a short time. Considering at as a purely random process 
with zero mean and constant variance, then the process 
Zt is called q-order MA model or MA(q) when the Equa-
tion 2 is satisfied:

2. Zt=at-θ1 at-1-…θq at-q

In the ARMA model, both the AR and MA models 
are applied. In this regard, Z is called an ARMA (p, q) 
model, including the AR(p) and MA(q), is defined as 
Equation 3.

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

Now we discuss the ARIMA model. Previous models 
are based on the stationary time series, such that the mean 
and variance of time series are constant and their covari-
ance remains unchanged over time. However, many time 
series are non-stationary so they are stacked. If a time 
series becomes stationary after d times differencing and 
then we model it with the ARMA (p, q) model, the prime 
time series is the ARIMA (p, d, q) time series, where p is 
the number of autoregressive terms, q is the number of 
moving average terms, and d is the number of differenc-
ing transformations for time series to get stationary [16].
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3. Results

Figure 1 shows the time series of drowning deaths fre-
quency per the month of incidence, between April 2005 
and April 2017. During this period, the lowest number 
of drowning deaths happened in March 2017, with 19 
deaths and the highest number in June 2005, with 251 
deaths. A total of 14127 people in Iran died during this 
period due to drowning, with an average death toll of 
1086 people per year. The time series showed that from 
2005 to 2009, the trend of drowning was decreasing. 
From 2009 to 2012, this trend was increasing, and from 
2012 to 2017, it was relatively constant with decreasing 
tendency. Significant differences were found for drown-
ing deaths in different seasons, with the most reported 
rate in summer (July and August).

Table 1 presents the number of drowning deaths by 
province and gender. In the last year of the study period 
(2017), the highest number of deaths was recorded in 
Khuzestan Province, with 161 deaths, and the lowest 
number was related to the South Khorasan Province 
with one death. Moreover, the number of drowned 
men was 858, whereas the number of drowned women 
was 168, which indicates that men had a higher rate 
of drowning death than women. The Mean±SD ages 
of the drowned men and women were 36±4.25 and 
39±5.36 years, respectively.

The time series of drowning deaths becomes stationary, 
after one differencing. Figures 2 and Figures 3 show the 
Autocorrelation Function (ACF) and Partial Autocor-
relation Function (PACF) plots of the drowned people. 
In the next step, the proper model was identified for the 
data. The analysis of ACF and PACF showed that the 
most appropriate model for the drowning deaths was the 
ARIMA model (4.1.3), ie, a differencing transformation 
was needed by the time series (d=1) and then it was mod-
eled by an ARMA (4.3) model. The least-squares estima-
tion method was used to estimate the model coefficients. 
The values of the standard error model were used for 
determining the best coefficient of the Mean Absolute 
Percentage Error (MAPE) index, which is shown in 
Equation 4:

4. Zt=2.14Zt-1-2.172Zt-2+1.20Zt-3-0.45Zt-4+at-2.45at-1 
+2.01at-2-0.70at-3

After choosing a specific ARIMA model and estimat-
ing its parameters, we examined its goodness of fit, be-
cause another ARIMA model may have a better fit for 
the data. One simple test to check its goodness of fit is 
that the residuals from this model must look like white 
noise, with a normal distribution, constant variance, and 
zero mean. Figure 4 shows the histogram of the residu-
als. The results showed that the residuals were white 
noise for the number of drowning events. One important 
criterion for determining the correct fit of the model is 
the absolute MAPE index. This index has been used in 
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Figure 1. Time series of drowning deaths from 2005 to 2017
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Table 1. Number of drowning deaths in Iran in 2017 according to the province and gender

Number of Drowned WomenNumber of Drowned MenNumber of Drowning DeathsProvince

214869East Azerbaijan

02626West Azerbaijan

61218Ardebil

35558Esfahan

82129Alborz

347Ilam

53237Bushehr

74350Tehran

11314Chaharmahal and Bakhtiari

011Southern Khorasan

83947Khorasan Razavi

11899North Khorasan

20141161Khuzestan

441115Zanjan

066Semnan

71926Sistan and Baluchestan

176784Fars

32225Qazvin

01010Qom

21618Kurdistan

51520Kerman

21315Kermanshah

3912Kohgiluyeh and Boyer Ahmad

21315Golestan

124961Guilan

12930Lorestan

178198Mazandaran

11415Markazi

51924Hormozgan

31215Hamedan

11011Yazd
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various studies and shows the percentage of deviation of 
the predicted values from the actual values [17, 18].

 The predicted values using time series models for the 
next 5 years are presented in Table 2. The predicted annual 
values are the sum of the predicted values for the years 
2018 to 2022. That is, the predicted values for the year 
2018 are obtained from the predicted values for the 12 
months of this year. Values indicated the beginning of a 
decreasing trend in the number of drowning deaths in Iran.

4. Discussion

Several people die by accidents and natural disasters 
every year in Iran. The Caspian Sea, Persian Gulf, and 
Oman Sea, as well as water resources and water rec-
reations available in Iran, have increased the risk of 
drowning for Iranians. It has shown that the trend of 
drowning deaths was decreasing from 2012 to 2018, 
which indicates the beginning of an upward movement 
to reduce the risks of drowning. Accidents and disasters, 
in addition to the adverse effects on the injured person, 
exert economic and social burden on society. 
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Figure 2. The Autocorrelation Function (ACF) of the drowning deaths
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Figure 3. The Partial Autocorrelation Function (PACF) of the drowning deaths

Table 2. The predicted number of drowning deaths in Iran from 2018 to 2022
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The downward trend of drowning deaths in Iran can be 
associated with the controlled deaths caused by drown-
ing in this country. Davoodi et al. (2008) study on the 
trend of drowning deaths in Iran shows that this trend 
has declined over the years [19]. The leading cause of the 
reduced drowning mortality rate can be due to reduced 
exposure, having preventive programs, or improvement 
of the recreational areas for swimming.

The results showed that the number of drowned men 
was much more than women. This result may be be-
cause men have more access to places for swimming, 
and they have risk-taking and high-risk behaviors, such 
as swimming alone. Iranian women, on the other hand, 
are socially and culturally limited for swimming in pub-
lic and open places, so no cases of drowned women were 
observed in West Azerbaijan, South Khorasan, Semnan, 
and Qom provinces in 2017. 

In the present study, there was a significant difference 
in the number of drowned people in terms of seasons. 
Most cases of drowning occurred in summer (June and 
August). People are attracted to swimming, water sports 
and using available natural waters in summer due to the 
excessive heat, which results in the increased number of 
drowning cases. Cohen et al. in their study also indicated 
the impact of seasonal changes and climate factors on 
drowning [2].

The results of our study revealed that statistical meth-
ods with high accuracy could be used to predict acci-
dents and disasters. Hosseini Kebria et al. [20] used sta-
tistical methods to predict the occupational accidents of 
oil Refinery sector. Their study showed that the fuzzy 
logic model could accurately predict occupational acci-
dents in the workplace. Omidi and Omidi [21] showed 
that statistical methods have high accuracy for the pre-
diction of accident-related traumatic injury rates, and 
these methods can be used as highly guaranteed methods 
for estimating future accidents.

5. Conclusion

Our results demonstrated that the number of drowned 
people in Iran is decreasing, and in the future, this trend 
will be decreased with a steeper slope. Considering this 
decreasing trend, we can investigate the weaknesses and 
strengths of the provinces of Iran in reducing the number 
of drowning deaths by surveying the drowning-related 
death rate in different provinces and identifying the most 
successful provinces in reducing the rate of drowning 
death. It is suggested that in further studies, by catego-
rizing provinces, the drowning mortality trend for each 

province be examined to determine its decreasing and 
increasing trends separately.
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