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Abstract
Dust storm is a large-scale environmental problem which affects on the healthiness and livings of
communities in the world. Numerous heavy dust and sand storms happen in the south and southwest of Iran,
near the Persian Gulf. In recent years, lots of dust storms in this area have caused enormous damages and
heavy casualties inflicted on the inhabitants. Reduced visibility, strong winds, red sky, hail fall, and severe
thunderstorms are the results of dust and sand storm. This paper has attempted to conduct dust storms,
as well as short-term and long-term effects of the storm based on the statistical and analytical methods.
The satellite images from Physical Meteorological Observatory showed that the dust storms based on the
synoptic scale of meteorology were associated with cold fronts and cyclones’ activity. The sand and dust
storms occur when strong storms blowing from arid regions hit the cold fronts and make instability in the
air flow.
Keywords: Dust storm; Persian Gulf; Satellite images; Climate model; Southwest of Iran.

1. Introduction
More than 40 percent of the continents in world are
in the arid regions with low precipitation and nearly
one billion people live there. Wind is a global process that is generated by air flow and temperature
changes in the environment.
Wind is strongly influenced by vegetation and it reduces by increasing the vegetation. Usually within
rainforests, the air flow (wind) is very limited, so
it seems that there is no wind at all (Trikar, 1990).
The wind can move any particles in different sizes.
Displacement and transport of particles by the wind
* Corresponding Author: dadashi_h2003@yahoo.com

depend on the wind speed and the particles’ size
and their density. The larger and heavier particles
need higher wind speed to move. With increasing
wind speed, in addition to fine particles, larger particles are transported as well. Thus, greater volume
of particles is transported at higher wind speeds. In
fact, size, shape and density of particles determine
how the sand and dust move to. Suspended particles
are the dust smaller than 0.01 mm and clay particles
with a diameter of smaller than 0.002 mm.
These small and light particles can be raised to an
altitude of six kilometers away from the Earth’s
surface and travel a distance of over 6000 km. The
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Figure 1. The great deserts of the world and Sahara desert in the north of Africa by National Aeronautics and Space
Administration (NASA)
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Figure 2. Satellite image of dust in the Middle East and the Red Sea

In recent years, several major dust storms occurred in southwestern of Iran near the Persian

causes of dust in the universe. The storm formation
considered as one of the five known specific area
Gulf; for example, the occurrence of different storms in March 25, 2003; April 17, 2003;
in India, Pakistan, Iran, and the Arabian Peninsula
of originating the intense dust storms in the world
April 12, 2007; and May 17, 2007, caused some
negative effects on air quality and lots of
and
its transmission
by the wind
to deposition
(Taghavi andareas.
Asadi, Since
2009). 1970, the scientists
damages
to the human
life lead
in the
local and surrounding
ofidentified
dust in thethe
Arabian
Sea. Furthermore,
the through
dust
Carlson
1978 clearly
the results
prevalence
of dust storms
satelliteinimages
usingrepresented
infrared waves
(IR)from
in
which
generate
over
China
causes
deposition
in
the
analysis
of
satellite
data
in
atmospheric
chaos
two different methods:
the Pacific Ocean (Grainger et al., 2000). Figure 2
(turbidity) of dust spreads in Sahara. Several intershows the satellite image of dust in the Middle East
esting features of dust spread in a very wide area,
and the Red Sea.
including the shape and approximate boundaries of
In recent years, several major dust storms occurred
the dust plume were visible in satellite images. Difin southwestern of Iran near the Persian Gulf; for
ferent regions where are the source of dust in the
example, the occurrence of different storms in
atmosphere were found by some researchers using
March 25, 2003; April 17, 2003; April 12, 2007;
remote sensing. In addition, observation of the surand May 17, 2007, caused some negative effects on
face dust was stated by Herman et al. (1997) and
Total Ozone Mapping Spectrometer (TOMS) methair quality and lots of damages to the human life
od was signified by Hsu et al. (1999) and Washingin the local and surrounding areas. Since 1970, the
ton et al. (2003) as well.
scientists identified the prevalence of dust storms
through satellite images using infrared waves (IR)
2. Material and methods
in two different methods:
Visible and near infrared technique (VIR)
2.1. Study area
Window technique or thermal IR (TIR)
Shenk and Curran (1974) investigated the dust
Khuzestan province in the southwest of Iran is gestorm identification on the Earth and water using
ographically located at 47º 40´ to 50º 33´ E (longivisible satellite and infrared measurement method.
tude) and 29º 57´ to 33° N (latitude). The province
They showed that to depict the dust’s borders, the
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are 3707 and zero meters, respectively. The average
rainfall is 266 mm with the mean temperature of
26 °C. The province is in the vicinity of Iraq, but
when the westerly winds-the prevailing phenomenon in the region-flows toward the province, pass
over the countries of Syria, north of Saudi Arabia,
and Kuwait.

3. Results and Discussions

Iran in recent years, particularly the southwest provinces such as Khuzestan, has witnessed a significant
increase in the occurrence of dust phenomenon, so
that the number of dusty days due to the entering
trans-regional dust has increased from 12 days in
1998 to 13 days in 2008 and led to a considerable
2.2. Data
drop in air quality.
This phenomenon due to inherent characteristics of
The data of dust storm over the study area obtained
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ing Spectroradiometer (MODIS, 2007). Moreover,
systems, and continents. Dust storms have importhe data of dust storms during the years of 1960tant affects such as the effect of transferring “min2007 were obtained from online source, http://
eral aerosols” (suspended particles) on the minerwww.eumetsat.int/ website/home/Images/, and a
als in soil, the variations of atmospheric resistance
study by Taghavi and Asadi (2009). Historical data
to solar radiation and the effects on the activity of
of dust storms in Asia is also available at Chun et
phytoplankton
in theofoceans.
of the
Figure 3a and 3b respectively show the comparison
of variations
AerosolAlmost
opticalhalf
depth
. (2008).and the mean hourly particulate matter (PM-HA),
al(AOD)
mass are the
particles
with
a
diameter
less
than
and mean daily particulate matter2.5
µm and the studies on communicable diseases show
(PM-DA) in Ahvaz stations (Rangzan et al., 2014).

Figure 3. Comparison of AOD variations and (a) mean hourly of PM10 and (b) mean daily of PM10 in five
stations

Dust storms often occur throughout the year in the regions such as the north of Africa and the
southwest of Asia. As an example, dust clouds were vastly observed above the countries of
Iraq, Syria, and Kuwait, as well as over the Persian Gulf in 7th August, 2005 (Figure 4).

Figure 3. Comparison of AOD variations and (a) mean hourly of PM10 and (b) mean daily of PM10 in five
stations

Dust storms often occur throughout the year in the regions such as the north of Africa and the
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southwest of Asia. As an example, dust clouds were vastly observed above the countries of
Iraq, Syria, and Kuwait, as well as over the Persian Gulf in 7th August, 2005 (Figure 4).

Figure 4. The spread of dust clouds over the countries of Iraq, Syria, Kuwait, and the Persian Gulf on August 7,
2005 (NASA, 2007)

a The
strong
correlation
the amount
of these
particles
optical thickness.
dust
plume isof
measured
using
a quantity
called "optical
thickness" that is in compliance with its
expansion
(Figure
5). and
According
to the data
MODIS
from Aqua
dust
with
the general
illnesses
patient mortality
due observed
Actually,byusing
the continuous
timesatellite,
autoregressive
concentration
is
higher
in
upper
atmosphere
layers
and
more
optical
thickness.
to lung and heart problems.
moving average (CARMA) model, the researchers
The amount of particulate matter with a diameter
forecasted dust storms and realized that this model
of 10 µm or 0.01mm (PM10) can represent that beis an effective forecasting tool to detect the occursides the spatial variations, the extremely temporence of dust storm. In this model, using the reral differences were observed in the parameters, so
ceiver, the areas which were the potential source of
that the maximum of PM10 in Ahvaz airport station,
mineral dust were identified which the dust storm
3
in some hours was 5300µg/m and its minimum of
came from the east of Mediterranean. TOMS’ data
3
PM10 was 100µg/m (Boac et al., 2009). The spatial
showed that the Middle East, especially Ad Dahna
variability of this phenomenon can be due to the
region in the east and center of Saudi Arabia, is an
climate change and the added dust from local aerimportant area for dust storm activity. In contrast to
osol sources.
the frequency of dust storms, in the larger parts lots
Figures 3a and 3b respectively show the compariof rainfall will be happened. Obviously, the drier
son of variations of Aerosol optical depth (AOD)
and hotter conditions, the more dust storms will be.
and the mean hourly particulate matter (PM-HA),
One of the most important sources of dust storms
and mean daily particulate matter (PM-DA) in Ahin the world is the great deserts of the African convaz stations (Rangzan et al., 2014).
tinent such as Sahara. In these areas, dust storm is
Dust storms often occur throughout the year in the
considered as a severe natural event that has negregions such as the north of Africa and the southative impacts on human health, the products, and
west of Asia. As an example, dust clouds were vastindustrial activities.
ly observed above the countries of Iraq, Syria, and
By studying the frequency of dust storms during
Kuwait, as well as over the Persian Gulf in 7th Au1960-2007, their circulation properties in synopgust, 2005 (Figure 4).
tic scale was investigated in the southwest of Iran
The dust plume is measured using a quantity called
and then the intensity of dust storms obtained from
“optical thickness” that is in compliance with its exsatellite images were compared with meteorologipansion (Figure 5). According to the data observed
cal observations. Synoptic analysis of dust storms
by MODIS from Aqua satellite, dust concentration
in the Middle East showed that the main dust or
is higher in upper atmosphere layers and more
sand storms can be produced there. These storms

100 Source of dust and sand storms in the southwest of Iran... / 95-105

Figure 5. Comparison of the agreement of optical thickness of dust plume over Syria and Persian Gulf with its
expansion (MODIS, 2007)

Actually, using the continuous time autoregressive moving average (CARMA) model, the
researchers forecasted dust storms and realized that this model is an effective forecasting tool
to detect the occurrence of dust storm. In this model, using the receiver, the areas which were
the potential source of mineral dust were identified which the dust storm came from the east
of Mediterranean. TOMS’ data showed that the Middle East, especially Ad Dahna region in
the east and center of Saudi Arabia, is an important area for dust storm activity. In contrast to
the frequency of dust storms, in the larger parts lots of rainfall will be happened. Obviously,
the drier and hotter conditions, the more dust storms will be. One of the most important
sources of dust storms in the world is the great deserts of the African continent such as
Sahara. In these areas, dust storm is considered as a severe natural event that has negative
impacts on human health, the products, and industrial activities.
By studying the frequency of dust storms during 1960-2007, their circulation properties in
synoptic scale was investigated in the southwest of Iran and then the intensity of dust storms
obtained from satellite images were compared with meteorological observations. Synoptic
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Figure 7. An unprecedented dust storm over the
southwestern of Iran and the Middle East, on March 26, 2003

Figure 9. Low-pressure system along with the storms
and rains in the west part and the southwestern of Iran,
the Persian Gulf, and the Middle East (NASA, 2007)
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The Figure 8 shows the water vapor (clouds) obtained from Meteosat5. A heavy and unprecedented
dust storm in the last decade occurred in southwestern of Iran on March 26, 2003. In fact, the Meteosat5 has captured the water vapor caused by the
, the Meteosat5 has captured the water vapor caused by the
storm on the Middle East and the Persian Gulf.

Persian Gulf.
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storm on the Middle
of the system bring the storms and rainfall in the
Middle East region (Figure 9).

3.1. Dust Storm in the Persian Gulf on April
12, 2007 (based on observation and analysis
model)

Figure 8. The water vapor by Meteosat5 over the
Middle East and the Persian Gulf on March 26, 2003
(www.eumetsat.int)

In the spring, the wind often blows in southwestern of Iran and the air is dry and the conditions are
favorable for dust storms’ development. In April
2007, a column of weak sandstorm from the northwestern of Iran brought sand and dust in are the
Middle East from the deserts in Saudi Arabia and
some places with large deposits of fine silt to produce several dust storms during the year. This weak
dust column is a relatively low pressure circular
system that occurs in the center of Saudi Arabia.

as, the dust storms categorized by the prefrontal and postfrontal winds mostly
ter and the dust storms caused by northerlies happen in summer. In the winter,
her front behind this front leads to the strong northwesterly winds. So that the
the dust storm, that is called Shamal, will be from the west to the north. The
mal leads to a dangerous and expanded weather in the region. Some parts of the
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dust storms during the year. This weak dust column is a relatively low pressure circular
system that occurs in the center of Saudi Arabia.

Figure 10. Sea level pressure contours on April 12, 2007
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Figure 12. Variations of temperature (A), pressure (B), wind speed (C), wind direction (D), and visibility (E) in
Ahvaz station on April 10-14, 2007 (Taghavi and Asadi, 2009)

Figure 13. The dust storm frequency in Ahvaz station during 1960-2000 (a), and 2000-2007 (b)

In addition, the monthly distribution of the dust storms indicates that the maximum frequency
of dusty days were reported for June and July, during 1970-2000; but in 2000-2007, the
distributions were in maximum in the months of April to July.

104 Source of dust and sand storms in the southwest of Iran... / 95-105

Figure 14. Monthly mean of dusty days in Ahvaz during 1970-2000 (a), and 2000-2007 (b)
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more than 8 Kw/m . A result of dust is cool hours of

meteorological observations. The synoptic analyses showed that the synoptic-scale dust
storms were associated to the cold front and storm activities (cyclones). In such weather
conditions, there are high pressure variations and also developed baroclinicity that cause
strong winds near the earth's surface. Wind raises up the sand and dust particles to higher
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Conclusion
Dust storm is a sign of weaknesses in land use management, caused by continuous reactions between
humans, water, air, and the earth. In this case, the
relationships between the atmosphere, water and air
and dust storms and dust and sand transportation
mechanisms as well as the regional transportation
of dust in the atmosphere were taken into account.
The behavior of dust storms in the Persian Gulf was
investigated using satellite images and meteorological observations. The synoptic analyses showed
that the synoptic-scale dust storms were associated to the cold front and storm activities (cyclones).
In such weather conditions, there are high pressure
variations and also developed baroclinicity that
cause strong winds near the earth’s surface. Wind
raises up the sand and dust particles to higher levels, then carry them in long distances. The results
indicated that the dusty days in the southwestern
of Iran had an increasing trend during the years of
1960-2007. In addition, in the satellite images on
August 7, 2005, the vast clouds of dust were observed over Iraq, Syria, Kuwait, and the Persian
Gulf. Most of the dust storms in the world occur in
the north of Africa and the southwest of Asia.
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