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ABSTRACT:

Dust storms are one of the most important environmental challenges in the
last decade at Kermanshah province, which greatly endangers the health of all living
things, especially humans. The first step in controlling this destructive environmental
phenomenon is to identify the dust storm sources, which is the main purpose of this
research. For this purpose, horizontal visibility data were obtained from the
meteorological organization of Kermanshah during the various periods (2005-2015),
and the years of 2008 and 2009 The months of May, June and July were selected due
to the most frequent occurrence of dusty days. In the next step, the most important
dust events were selected in the years and months based on the two criteria: The
minimum horizontal visibility and the maximum duration of continuity. MODIS
Satellite Images were prepared (MOD 02) for these courses of dusty storms. Ackerman
dust index and Gaussian plum diffusion model were used to reveal the center of the
dust storm in the images. Total of 67 dust storm sources were identified in the MODIS
images, which are located in Iraq (29 points), Syria (17 points), Syria and Iraq border
(15 points), and Kermanshah province (6 points), respectively. The important point in
the results of this study is the increase of the number of dust storm source area at the
Iran in Kermanshah province during 2008 (1 point) and 2009 (5 points), which should
be followed by appropriate strategies to prevent their occurrence.
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INTRODUCTION

Air pollution is one of the most important
environmental problems that is defined as the presence
of one or more pollutants in open air with a
concentration that compromises the health of living
organisms (Jafari et al., 2014). Particulate matter is one
of the most dangerous airborne contaminants based on
the United Nations Environment Program report (WHO,
1992). The dust is a tiny particle with a diameter of 0.05
to 0.1 mm, that can transmit long distances by the wind
and can easily surround a country or even a continent
(Mehrabi et al., 2015). The destruction of forests,
reduced agricultural production, soil erosion, water
pollution and the spread of respiratory and
cardiovascular diseases are the disadvantages of this
phenomenon (Pope et al., 2002; Takemi and Seino,
2005). The causes of dust storm are vegetation
destruction, the occurrence of severe and prolonged
droughts followed by increasing temperatures and
reducing rainfall, severe winds, dam construction and
water transfer projects (Sivakumar, 2005; Di et al.,
2008).

Although the dust phenomenon has encountered
some problems in some part of Iran from the past four
decades, in recent decades spatial distribution, dusty
days and the reduction of visibility of the ratio have
increased (Shamshiri ef al., 2014). There is a necessity
of more research to control this phenomenon. The first
step in controlling the dust storm crisis is to identify
areas that are capable of producing dust (Karimi et al.,
2011; Griffin, 2007). Remote sensing technique is one
of the most effective methods for identifying these areas
(Ackerman, 1997; Miller, 2003; Baddock et al., 2009;
Hu and Sokhi, 2009). The advantage of this technique
include less time, low cost, very precise and extensive,
multi-spectrum, high spatial and temporal resolution,
and the ability to replicate and update the collected
information (Hua et al., 2007; Scheer and Sitko, 2007).

In general, using this method helps natural resource

managers and planners to accurately identify the source
areas and eventually plan to solve the problem. Several
studies have been carried out using various remote
sensing methods around the world, and some of them
are referred in our study.

For example, in order to determine the source
point of the dust storm in the Middle East, Karimi et al.
(2011) used a satellite data analysis (28 images of the
MODIS image in 2008-2009) and false colour
combination method. Based on their results, 420 sources
of zone of dust storm were identified in the Middle East
countries such as Iraq, Syria, north of Saudi Arabia,
west and southwest of Iran, Jordan and Turkey with the
percent of 39.2, 23, 14.5, 13.8, 5.7 and 3.8 respectively.
Also, in other studies in the Middle East, the existence
of the sources of dust storm in the countries of Iraq and
Syria was confirmed using methods such as the
brightness temperature difference and MEDI index with
MODIS images (Shamsipour and Safarrad, 2012; Salahi
et al., 2015; Moridnejad et al., 2015).

Raygani et al. (2017) In order to investigate the
dust events of the Alborz province during the period
2013-2015, used OLI Landsat-8 images and data of the
ASTER digital elevation model, as well as vegetation
indicators, soil moisture, roughness and images
classifications. According to their results, the main
sources of dust events were located in the Alborz
province at the abandoned agricultural land in the south
and southwest region.

In other study, Baddock et al. (2009) identified
the origin of the dust storm in Australia using the
MODIS images, the false colour combinations method
and dust indicators. Their results showed that dust
indicators have a better performance than the colour
combination method in identifying the sources of dust
production.

Cao et al. (2015a) also conducted a study to

establish the source region of the dust storm in Western

Asia. For this purpose, 50 MODIS images were
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Figure 1. Yearly distribution of frequency of occur-
rence of dusty days in Kermanshah province during
2005 to 2015

prepared for dust events during 2000-2013. In addition,
Landsat images were used as additional databases,
climatological maps and geospatial maps as well as
hyppolite models. The results showed that 70% of
sources region zone of the dust storm is located in the
three marginal regions of the Tigris—Euphrates rivers.
Yue et al. (2017) investigated the sources of dust storm
zone of the northeast Asian in the period of 2011-2000.
In this research, MODIS images and Ackerman index
were used and the result indicated that there are dust
storm zone in the northeast of China, eastern Mongolia
and some parts of Russia.

The intensive use of Zagros vegetation in recent
decades have led to the degradation of vegetation and in
many areas the severity of destruction is too high that
the lands are completely empty in the vegetation cover
(Mohadjer, 2007). Vegetation in the Zagros area played
an important role in soil conservation, so the destruction
of vegetation in these areas has caused a dust storm
sources area. In addition, to the destruction of
vegetation (Pourreza et al., 2008), the occurrence of
long-term droughts and the construction of large dams
have exacerbated dust storms event in Tigris—Euphrates
watershed (Karimi, 2015). Recent research concluded
that new sources of Iranian dust storms in some

provinces originated at Zagros mountain (Azizi, 2012;

Cao et al., 2015b). Kermanshah province is located in

Figure 2. Monthly distribution of frequency of occur-
rence of dusty days in Kermanshah province during
2005 to 2015

the Zagros region, which has been encountered by the
degradation of vegetation due to factors such as war,
population  increase, deforestation and  over-
grazing (Azizi et al., 2012), as well as the destructive
phenomenon of drought for many years (Karimi et al.,
2015). Because of the common border, a huge amount
of Iraqi dust storm arrives in Kermanshah province
(Almasi et al., 2014). Therefore, Kermanshah province
due to its internal and external dust storm sources, it is
necessary to carry out various investigations in this
regard to prevent the occurrence and severity of this
phenomenon. The main objective of this study is the
application of satellite data to identify the source zone
of sand storm in Kermanshah province in order to

prevent the development of source areas.

MATERIALS AND METHODS
Study area

Kermanshah province is situated between the
latitude 33° 40" to 35° 18' N and the longitude 45° 24' to
48° 07" E and with an average height of 1212 m above
sea level. The average of annual rainfall and
temperature are 450 mm and 15.9°C respectively. The
province is divided into four climatic condition such as
dry, semi-arid, Mediterranean and wet based on the

Domarton method (Karimi et al., 2015).
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Table 1. The most important events of the of dusty
days based on horizontal visibility and frequency of

occurrences
SNo  Date  Giiemoccurrences

1 18/05/2008 800 2

2 16/06/2008 100 4

3 08/07/2008 200 6

4 02/05/2009 900 3

5 19/06/2009 800 8

6 14/07/2009 300 8
Methodology

Horizontal visibility data was obtained from the
Meteorological Organization during the various periods
(2005-2015) in order to identify the source zone of the
dust storm in the Kermanshah province. The annual and
monthly distribution of the frequency of dusty days
occurrence was plotted from 2005 to 2015. Years and
months with the highest incidence of dust were studied
(Figure 1 and 2). The most polluted days were identified
in the years and months based on the two criteria such
as minimum horizontal visibility and maximum duration
of continuity. Finally, six dust events were selected in
the study period (Table 1). For this purpose, in order to
detect dust storm, MODIS B1 images were used for
selected events. MODIS sensor have high spectral
resolution, wide coverage and high repeatability in dust
detection (Zzooli et al., 2014; Baddock et al., 2009;
Yue et al., 2017; Ochirkhuyag and Tsolmon, 2008;
Madhavan et al., 2017) and for this reason, it was used
in the present study. In the next step, pre-processing
operations of satellite images were performed including
atmospheric, geometric and radiometric corrections by
ENVI 5.1 software, and finally, the Ackerman index
was applied to identify dust storm in satellite images.
Ackerman index

So far, various indicators have been introduced
for dust detection with various advantage, but the
Ackerman index is a powerful indicator that separates
cloud and dust phenomena well. This index is based on

the brightness temperature difference between the 31

and 32 MODIS bands. The value of dust brightness
temperature in the band 32 is higher than the band 31,
so, given the relation (1), the negative values of the
Akerman index indicate the presence of dust in the
image. The Ackerman indicator is positive for the cloud
because of the high brightness temperature of 31 in
relation to the band 32 for this phenomenon. In the
various studies, the efficiency of the Ackerman index
has been confirmed in the detection of dust (Shamsipour
and Safarrad, 2012; Zzooli et al., 2014; Huang et al.,
2007; Mie et al., 2008; Li et al., 2010).

BTD =B31-B32 @)

where, BTD = Ackerman index; B31: brightness
temperature of band 31 with a wavelength of 11 um;
B32: brightness temperature of band 32 with a
wavelength of 12 um.

The brightness temperature of bands is calculated using
equation (2):

Bi(T, A) = (2he)*/(X°x(exp(hc/AKT)-1)) 2)
where, B;i(T, A): The brightness temperature of band (i)
at specified wavelength and temperature; h: Planck
coefficient (6.626x10°*); k: Boltzmann coefficient
(1.3806504x10);  ¢:  The
(6.622.9986x10° m/s).

speed of  light

In this research, a Gaussian plum diffusion
model was applied to determine the dust source.
According to this model, when the cone of diffusion of
dust is seen in the image, the head of the cone represents
the starting point of pollution or the dust source (Karimi

et al., 2015; Moghadam and Boroujeni, 2015).

RESULTS AND DISCUSSION

Based on Figures 1 and 2, the annual and
monthly distribution of the frequency dusty days in
2005-2015 showed that the years of 2008 and 2009 and
the months of May, June and July had experienced the
most frequent dusty day occurrences. Azizi et al.
(2012), Mehrabi et al. (2015) and Natsagdorj et al.
(2002) also showed that the highest dust storms
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Table 2. Determination of the number of internal and external dust source area

The number of internal

The number of external dust source area

5. No Date dust source area Iraq Syria The border between Syria and Iraq Total
1 18/05/2008 - 8 2 - 10
2 16/06/2008 - 1 3 3 7
3 08/07/2008 1 8 6 5 20
4 02/05/2009 - 7 2 2 11
5 19/06/2009 3 - - - 3
6 14/07/2009 2 5 4 5 16
7 Total 6 29 17 15 67

occurrence in the spring and summer seasons. When the
wind speed reaches to the terminal velocity, the dry soil
could easily arise and dust storms occur in summer and
spring because in these seasons soil moisture decreases
due to the increased temperature and reduced rainfall.
The black parts after the use of the Ackerman
index in the MODIS images indicate dust and the red
points indicate center area of dust storm. Many studies
have identified the center area of dust storm and the
distribution of dust by Ackerman index and they
confirmed the strength of this indicator to show dust
(Shamsipour and Safarrad, 2012; Zzooli et al., 2014;
Huang et al., 2007; Li et al., 2010). A total of 67 points
source were identified in 6 dust events. The assessment
of the distribution of these points source areas showed
that Iraq, Syria, the border between them and
Kermanshah provinces produced dust with 29, 17, 15
and 6 points, respectively, in the this province (Table 2).
The results of Karimi et al. (2011), Shamsipour and
Safarrud (2012), Azizi et al. (2012), Zzooli et al. (2014)
and Jahanbakhsh ef al. (2014) also confirmed the results
of this study. According to their results, the two
countries of Iraq and Syria, and the border between
them, have the largest share in creating Middle east
dust. Also, based on the results, the number of points
source area in July events (36 points) was higher than in
May (21 points) and June (10 points) (Table 2). With
the arrival of the summer season and the availability of

dust conditions, the possibility of soil emissions to air

for more region would increase due to the reduced soil
moisture and increased wind speed.

The visual interpretation of the dusty day of
18/05/2008 indicated that the main source of the event
is in the north-east and east of Iraq (8 points) and the
center of Syria (2 points) (Figure 3). In the dust event of
16/06/2008, the main sources of dust storms were
located in the north-east of Syria (3 points), north-west
of Iraq (1 point), and the border between Syria and Iraq
(3 points) (Figure 3). Visual interpretation of the
satellite image of the dust storm 08/07/2008 revealed
the existence of four major sources of dust in Iraq, Syria
and Iran. In this event, Iraq with 8 points, Syria with 6
points as well as the border between the two countries
with 5 points were the most important sources of dust
storm. An important issue in this event is the
identification of a dust source in the southwest of
Kermanshah province (Figure 3).

Based on Figure 4, There were 2 point of the
dust source on the border between Syria and Iraq. Also,
There were 7 points at the northwest and northeast of
Iraq and 2 points at north-east of Syria in the event of
02/05/2009. Figure 4 shows that there were three dust
source in the north and east of Kermanshah in the event
of 19/06/2009. Eventually, the results of the
interpretation of satellite images in the event of
14/07/2009 indicated that there were 4 main dust
sources. In this event, there were 5 dust sources in the

northwest of Iraq, 4 dust sources in the north-east of

Syria, 5 points along the border between the two

Journal of Research in Biology (2018) 8(6): 2534-2543
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Figure 3. Detecting dust sources area using Ackerman Index with MODIS Image in 2008

In general, according to the obtained results of

and the north-east of Syria, as well as the border areas
between the two countries, are the main sources of dust
storm in the Kermanshah province. This area is a part of

the Tigris- Euphrates watershed, with non-integrated
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Figure 4. Detecting dust source area using the Ackerman index with MODIS Image in 2009

and young bedrock. On the other hand, the soil in this
area has lost its moisture and has become drought
because of the intensive use of water in the upstream in

the countries of Turkey and Syria. On the other hand,

the occurrence of severe droughts and human activities
has caused the destruction of vegetation and all these
conditions have made the region sustainable for dust

source, so that with winds at speeds even below the

Journal of Research in Biology (2018) 8(6): 2534-2543
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terminal velocity a lot of soil particle rises to air and
dust storms occur. Karimi et al. (2011) confirmed the
unstable environmental conditions for this area. In half
of the dusty days, the existence of internal sources in
Kermanshah province is quite evident. Also, based on
the results, the number of internal hotspots in 2009 (5
points) have increased from 2008 (1 point) (Table 2). In
the Zagros area due to the destruction of vegetation
(Pourreza et al., 2008), as well as long-term droughts
(Karimi, 2011), many areas are susceptible to becoming
dust source and this condition is also expected for
Kermanshah province. Moghadam and Boroujeni
(2015) also confirmed the existence of local areas of

dust source in some parts of the Zagros mountain.

CONCLUSION

In this study, 6 dust storm event were selected in
May, Jun, and July of 2008 and 2009 for the period of
time (2005-2015) in order to identify the dust source
zone of Kermanshah province. Then the dust event was
revealed using the Ackerman index and the MODIS
image. Based on the results, the main sources of dust
storm in the Kermanshah province is located in northern
Iraq, north-east Syria and the border between the two
countries. Also, the results of this study showed that the
source zone of internal dust storm in 2009 was higher
than 2008 due to the degradation of vegetation in
Zagros forests, as well as the occurrence of severe and
prolonged droughts in recent years. Due to the reasons
mentioned above, in the near future, the number and
development of the internal zone for dust storm would
increase. For this reason, management practices such as
mulching  (short-term  strategy) and increasing

vegetation cover with appropriate species (long-term

strategy) are required to control dust storms.
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