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 Dust phenomena have been a recurrent problem in Iran, especially in the west and 
southwest regions in recent years. In this research, the behavior of dust events is 

evaluated by applying 3 hourly intervals dust records of 35 national synoptic 

meteorological stations in west and south west of Iran over the period 2000-2009. The 
categorization of dust frequency has been done according to visibility reduction and the 

relation of seasonal variations of blowing dust activities and strong winds velocity has 

been evaluated. This study explains the important role of dust frequency long term 
variability as an index for a more advantageously interpretation of climate change in the 

region. Moreover, the synoptic patterns leading to the formation of dust occurrence in 
the region in summer is analyzed based on synoptic weather maps, satellite images and 

Aerosols Optical Thickness. In this regards, two severe dust phenomena occurred over 

Iran on July 5th 2009 and June 9th, 2008 were studied. The results indicate the 
prevailing synoptic systems leading to dust genesis in May, June and July is the 

domination of Saudi Arabia and Pakistan thermal low and the sub-tropical high in the 

region. The study confirms that the Shamal dust storm incorporates with Anticyclones 
over north of Africa to east of Europe and Monsoon trough over Iraq, south of Iran, 

Pakistan and India subcontinent. The Monsoon trough is considered as the main low 

pressure system influencing the formation of devastating dust storms in the region in 

summer. 
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INTRODUCTION 

 

The mineral dusts in Asia exert large influences on regional air quality, hydrological and energy cycles, and 

ecosystems [1]. Dust storms may cause a variety of problems. Remarkable reduction of visibility leading to 

limitation of various activities and increasing traffic accidents is considered the major problem [2–5]. Reduction 

in soil fertility and damage to crops, damage to telecommunications and mechanical systems, dirt, air pollution 

and increase of respiratory diseases are considered as other environmental impacts [6–8]. Moreover, dust 

fertilization which includes iron and phosphorus of poor nutrient marine environments can increase formation of 

phytoplankton leading to influence the global cycle of carbon [9].  

Detection of these highly variable aerosol events is challenging because of: episodic features, short 

lifetimes, multiple-scales, and strong interactions with local surface and meteorological conditions [10]. Dust 

storms and suspended dust pose serious environmental problems in south-west Asia and natural hazards in the 

Middle East region. The Middle East is famous for its persistent and severe sand and dust storms with arid and 

semi-arid environment which is most affected in the world, next to Africa by these phenomena [11].Saudi 

Arabia has been recognized as one of five world regions allocating intensive dust storm genesis [12]. 

Barkan and Alpert [13] investigated dust transporting from west regions of Africa to north Scandinavia via 

synoptic conditions effects. Yamamoto et al., [14] investigated the relationship between dust events and the 

synoptic conditions in East Asia in a 4-year period (1999–2003) leading to classification of six regions of the 

East Asia in two general groups. Rezazadeh et al., [15] studied Climatology of the Middle East dust events and 

concluded the major sources of dust are seen in the western parts of the domain during the winter months and 
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shift to the east progressing towards the summer. Desouza et al., [16] studied the evolutionary characteristics of 

a dust storm over Oman on February 2008 by analyzing the weather associated with it. They concluded that the 

weakening of the inversion in the lower troposphere and the formation of a mixed layer due to transfer of 

horizontal momentum from upper air towards the surface led to strong surface winds and these strong winds 

lifted a large amount of dust particles off the ground, resulting in the dust event under study. Maghrabi [17] 

studied the impact of dust storm on meteorological parameters in central Saudi Arabia. They suggested that the 

temporal and spatial investigation of dust storms shows the interference of various factors in their occurrence 

and expansion. Al-Dabbas et al., [18] in order to determine the dust load of dust storms in Iraq, examined eight 

dust storms. Khoshhal et al., [19] explored the recognition and assessment of atmospheric circulation patterns 

transferring dust storms. Rashnov [20] studied dust storm in Khuzestan province of Iran and classified effective 

factors of dust storms to natural and human made; the first factor is intensive and continuous droughts of the 

region, and the second includes war, agriculture, dam building, and water transfer policy from wetlands to low-

water areas. Zolfaghari and Abedzadeh [21] studied dust systems in the west of Iran through a synoptic analysis 

and concluded that the subtropical high-pressure systems that moved to west were the most important synoptic 

factors, influencing on regional dust systems, and the most important sources of dust which entered west of Iran 

were originated from the Syrian Desert, Sahara, and Nofoud desert in northern Arabian Peninsula. Moreover, 

Analyses of metrological data done by Azizi et al., [22]  indicate that dust amounts (or volumes) in all stations 

of the of south western Iran have two climactic peaks, first between 1982 and 1990 and second between 2005 

and 2008 periods. These peaks could be related to a variety of factors including anthropogenic factors such                                                         

as war, agricultural activities, dam construction, and widespread droughts. The main aim of these researches 

were determining and detection of dust storm tracks using weather charts and satellite images and analyzing 

their spatial and temporal processes using statistical analysis. 

 Studies indicate according to dust events frequency, only North Africa is more active than the Middle East 

[11]. In this region, there are some important dust sources such as the Arabian plateau that slopes down from the 

southwest high terrains, boarding the Red Sea, towards the northeast flat lands adjacent to the Persian Gulf. 

Moreover, the Tigris-Euphrates alluvial plain has been recognized as the main dust source in the Middle East. 

Since the dust particles from this area mainly consist of fine sediments from the Tigris and Euphrates rivers, 

they can be transported over large distances. Hence, the dust storms from the Middle East also have important 

impacts on the neighboring countries like Iran. Analysis of the frequency and distribution of dust storms and 

blowing dust [23] indicates that the Lower Mesopotamian Plains has the highest number of dust-storm days per 

year. During the recent years, the development of the dam construction projects on Tigris and Euphrates rivers 

has played a role on the intensification of dust activities in the Mesopotamian area. 

 It could be explained as its influence on decreasing the humidity and water content of soil in the 

downstream areas, which consequently lessen the threshold friction velocity of the soil and its resistance against 

wind erosion [24]. On the other hand, natural desertification processes and climate changes increase dust 

sources [25]. 

Considering the importance of dust occurrence as of the most evident natural hazards, the main purpose of 

this study is the categorization of dust frequency according to visibility reduction, the determination of synoptic 

patterns leading to the formation of dust occurrence and its movement in the region in summer which is done 

using statistical data, synoptic charts, and remote sensing data over west and southwest of Iran. 

 

Methodology: 

The study region: 

In this paper, The study area was west and southwest of Iran (Fig. 1) where consist of Zanjan, Hamdean, 

Kordestan, Kermanshah, Lorestan, Ilam, Chaharmahal va Bakhtiari, Kohkiloyeh va Boyerahmad, Khoozestan, 

Bushehr and Fars Provinces. These areas bounded between about 27° N and 37° N and 45° E and 54° E. In the 

western regions of Zagros Mountains winters could be harsh with frost and heavy snow falls while the southern 

part of this region has a desert climate with hot and dry summers and mild winters. Generally Climate 

conditions in southwestern of Iran are identified by semi-arid to semi-humid leading to experience dust 

phenomena as one of the major natural hazards in the region 

 

In the present study, the behavior of sand and dust intensity in west and south west of Iran was investigated 

using both the synoptic meteorological data and meteorological satellite images.3-hourly interval  records from 

35 national synoptic meteorological stations where located at dust-affected areas in west and south west of Iran 

were collected over the period 2000-2009. Table1 shows the properties of meteorological data selected. The dust 

frequency was classified by visibility into the categories as follow: 

(1) Dust in suspension with visibility not greater than 10 km; 

(2) Blowing dust which reduces visibility to 1 to 10 km; 

(3) Dust causing visibility reduction to between 1000 and 2000 m  

(4) Severe dust causing visibility decrease to less than 1000 m. 
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Fig.1: the locations of synoptic stations used in this study and important deserts in the Middle East. 
 

Table 1: Meteorological parameters used for evaluation of dust indices 

Type of weather station Parameter Time step Number of stations Dates 

Synoptic Horizontal Visibility 

(m)  

3hours 35 2000-2009 

Synoptic Wind (knot) 3hours 35 2000-2009 

 

In order to identify the influence of synoptic systems on dust genesis and its dispersion in the warm season, 

aerosol optical thickness (AOT) products from MODIS sensor board on Terra  was download for the 10 dust 

events which were listed by NASA Earth Observatory as natural hazards between the year of 2000 to 2009. 

GRADS software and NCEP-NCAR (National Centers for Environmental Prediction/ National Center for 

Atmospheric Research) data were applied to depict the meteorological charts at pressure levels of sea surface, 

500 hPa and 850 hPa. The NCEP/NCAR assimilated data are available from the NOAA website: 

http://www.esrl.noaa.gov.Compared to ground measurements, satellite imagery, due to their large spatial 

coverage and reliable repeated measurements, provide a major tool to monitor aerosols and their transport 

patterns. One important and common aerosol parameter retrieved from satellite sensors is aerosol optical 

thickness (AOT) that is a function of the aerosol mass concentration, mass extinction efficiency, hygroscopic 

growth factor (a function of relative humidity), and effective scale height that is mainly determined by the 

vertical distribution of aerosols [26]. AOT is a measure of the total column extinction of transmitted radiation by 

atmospheric air molecules, aerosols (e.g., urban haze, smoke particles, desert dust, sea salt) and gases in the 

solar electromagnetic spectrum [27]. MODIS Aerosols Optical Thickness at 550 nm is a unit less parameter 

having a direct relationship with the aerosol’s concentration and is applied as an indicator for detection of them. 

In this study the MODIS products of MOD08_D3 with the resolution of 10×10 km is used in order to detect the 

intensity of dust concentration the region. Considering the limited number of studies on the atmospheric optical 

properties in the Middle-East region of Asia, makes it worth investigating even for a local region which has 

been accomplished in the present study. 

Moreover, in the present study, summer shamal dust storms as one of the main kinds of synoptic scale dust 

storms in the region are investigated. The term “shamal” means north in Arabic [23]. It refers to the prevailing 

wind direction from which this type of dust storm is produced. Shamal dust storms occur across Iraq, Kuwait, 

and the Arabian Peninsula. They generate a tremendous amount of dust in the atmosphere. Shamal systems 

produce an impressive satellite image and severely reduce visibilities at the surface. The winds travel across 
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central and southern Iraq, picking up most of their dust load from source areas in the southern portion of Iraq 

between the Tigris and Euphrates Rivers [28].The synoptic feature that creates the potential for the summer 

shamal is a zone of convergence between the subtropical ridge extending into the northern Arabian Peninsula 

and Iraq from the Mediterranean Sea and the Monsoon Trough across southern Iran and the Southern Arabian 

Peninsula. The pressure pattern tends to be extremely flat across the Arabian Peninsula. The zone of 

convergence between systems is caught between the pressure systems and the Zagros Mountains of western 

Iran, the orientation of which tends to force an acceleration of the northerly low-level winds across southeastern 

Iraq, the western Khuzistan Plains of Iran, Kuwait, and the northern Persian Gulf, and into the northeastern 

Arabian Peninsula [28]. 

 

RESULTS AND DISCUSSION 

 

Frequency and distribution of Dust: 

35 national synoptic meteorological stations with 3-hourly interval records data related to dust-affected 

areas in west and south west of Iran has been used to study dust frequency distribution in the region. Figure 2 

shows the distribution of dust frequencies in the region of (45-54°E, 27-37°N). A comparison of Figure 2a, b, c 

and d reveals that most frequent dust events in west and south west of Iran are either suspended dust or dust 

reducing visibility to between 1000 and 2000 m. Moreover Ahwaz with 3233 records of 3-houry interval dust 

observations over the period 2000-2009 experiences the most frequent suspended dust events while Khark 

island with 9 records of  3-houry interval dust observations is the least frequent ones in west and south west of 

Iran over the period 2000-2009. The main reason for this refers to the blowing of south westerly and 

northwesterly winds in the deserts of Arabian neighboring countries leading to reducing the intensity of dust 

events from west to east in the region, especially for Khark Island which is isolated from the main south western 

dust sources as a result of being an island. As it is observed in Figure 2d severe dusts occur mostly in 

Khoozestan and Kermanshah provinces and less frequently in Ilam and Booshehr Provinces. Figure 2b which is 

related to blowing dust frequency reveals a similar picture, while the most frequent blowing dust events is 

observed in Khoozestan and Booshehr provinces and less frequently in Fars province. 

 

(a)  
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(b)  

(c)  
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(d)  

Fig. 2: Frequencies of (a) suspended dust; (b) Rising dust; (c) Dust reducing visibility to between 1000 and 

2000 m and (d) Severe dust causing visibility decrease to less than 1000 m. 

 

Seasonal variations: 

The records of rising dust related to the national synoptic meteorological stations indicate seasonal 

variations. Figure 3a depicts strong winds (larger than 6.5m s
−1

) and the average frequencies of monthly rising 

dust over the period 2000-2009. The most frequent rising dust events occur in late spring and early summer and 

the highest frequency is allocated to May. Rising Dust events are least frequent in late autumn and early winter 

and the least frequent ones occur in December. This could be attributed to the variability of rainfalls among 

other factors. 

The seasonal variation of dust activities is in agreement with wind velocity. As figure 3a shows the most 

frequent strong winds exist in late spring and early summer with its highest amount in May, while the least 

frequent ones are recorded in late autumn and early winter especially in November and December. As figure 3b 

reveals most frequent suspended dust events occur in July while the least frequent ones occur in December and 

January. Generally it can be concluded that the most frequent suspended dust events occur in summer while the 

least frequent ones are recorded in early winter. These results are  consistent with the results of Azizi et al., [22]. 

Two cases of severe dust storms are selected and will be discussed in the following subsection. 

 
Fig. 3: (a). Strong-wind (larger than 6.5 m s−1) frequency percentage (right Y axis) and monthly rising dust 

event frequency percentage (left Y axis) for the period Jan 2000–Dec 2009 in west and south west of 

Iran.(b) Suspended dust event frequency percentage for the period Jan 2000–Dec 2009 in west and south 

west of Iran. 
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The dust storm of July 5, 2009: 

In July 2009, Iraq experienced the worst dust storm in living memory, according to news reports. The storm 

raged over Iraq for more than a week, causing hundreds of hospitalizations and claiming at least three lives. The 

image of the dust storm, which is shown in Figure 4, was captured by the MODIS on board NASA’s Aqua 

satellite. The dust spread eastward to Iran and also hovered over the Arabian Peninsula (Fig. 4a). Iranian state 

television reported this storm brought the worst dust levels to the country in three decades (Fig.4b). The spectral 

attenuation of solar irradiance passing through the earth’s atmosphere as a result of dust concentration in the 

region is clearly shown by AOT variations in figure 5 a-c. 

 

 
Fig. 4: (a) Detection and tracking of dust storm over western and southwestern Iran using MODIS imagery July 

3, 2009, (b) July 5, 2009. 

(a)  

 
   (b) 
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(d)  

Fig. 5: Aeorosol Optical Thickness at 550 nm in labels of a, b and c in relation to dust phenomena for duration 

of July 5-7, 2009 

 

Figure 6a shows the synoptic daily maps for July 5th, 2009. The surface pressure maps reveal that the area 

was dominated by a low pressure center of 998mb over the northwest regions of Iraq. The trough of this low 

pressure influenced the western regions of Iraq, and north of Saudi Arabia. The arid areas that are located in east 

of the trough which is considered as the unstable and ascending part, resulted in dust genesis and its transport to 

adjacent areas like southwest of Iran. Over north east of Pakistan the thermal low pressure center of 992.5 mb 

was formed and its allocated trough passed through Oman Sea and Saudi Arabia. Simultaneously, the 996 mb 

low pressure center affected south east of Saudi Arabia, Oman and Persian Gulf. Considering the low pressure 

centers, convergence, and updraft motions was observed over the region causing the updraft of dust from the 

surface. On the other hand, as the 500 hPa map in figure 6b shows a trough over eastern parts of the 

Mediterranean Sea that stretched to the northern of Red Sea causing positive Vorticity advection over the 

eastern regions of the trough and finally the ascent of dry surface air  and its movement by horizontal flows to 

Iran .Moreover, the extension of a high pressure system over northern Africa caused the strong pressure gradient 

over the region and blowing of northerly winds which is coupled by surface vortices causing the intensification 

of 850 mb wind velocity up to 8 m/s. As figure 4c shows since the wind direction over Tigris and Euphrates 

alluvial plain is northwesterly and northerly it resulted in the dust transportation to the west and south-west and 

south of Iran which is observed in figure 6c.  

 

 
  (a) 
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                   (b) 

 

 
                        (c) 

Fig. 6: (a) Sea level pressure (mb), (b) Geo-potential height in 500-hPa level and (c) wind velocity in 850 hPa 

on July 5, 2009. 

 

The dust storm of June 9, 2008: 

On June 8, 2008, as the MODIS on NASA’s Aqua satellite image shows (figure 7), dust plumes filled the 

skies over Iraq. This natural color image reveals the pale beige plumes blowing toward the southeast and over 

the Persian Gulf. The northeast edge of the storm loosely mirrors the border between Iraq and Iran. In the 

southeast, the storm’s boundary is much less distinct while some dust hover over Saudi Arabia. The fine 

sediments over the floodplain of the Tigris and Euphrates Rivers provide ample material for dust storms as a 

result of blowing of Shamal wind in the region. In this image, the dust is thick enough to obscure the satellite’s 

view of some of Iraq’s large lakes, including Buhayrat ath Tharthar and Buhayrat ar Razazah. As figures 8a-c 

shows the spectral attenuation of solar irradiance passing through the earth’s atmosphere due to dust 

concentration in the region is remarkable monitored by MODIS AOT at 550 nm .As figure 9a shows the 

extension of a high pressure system from the center to east of Europe caused the remarkable increase of pressure 

over Caspian Sea and western parts of Iran. On the other hand the location of low pressure system with center of 

996hPa over the central and south of Iran which is expanded from west to Iraq and Saudi Arabia and from east 

to Pakistan resulted in the formation of distinctive pressure gradient over the region. 
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Fig. 7: Detection and tracking of dust storm over western and southwestern Iran using MODIS imagery June 8. 
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Fig. 8: Aeorosol Optical Thickness at 550 nm in labels of a, b and c in relation to dust phenomena for duration 

of June 8-10, 2008. 

 

At the same time the 500 hPa map (figure 9b) shows the trough over the Mediterranean Sea and Iraq has 

stretched to the north of Saudi Arabia and the formation of surface convergence under the upper level 

divergence lead to the increasing instabilities and positive Vorticity advection over the eastern parts of the 

trough which caused the transportation of dust to the west and southwest of Iran. 

On June 8
th

. 2008 Iraq, Saudi Arabia, Jordan and western parts of Iran and Persian Gulf were under the 

influence of 850 hPa northerly and north westerly winds which intensified on June 9
th

 due to the increase of 

wind core to 10 m/s located over Persian Gulf (figure 9c). Since the dust particles of this area are generally 

consist of fine sediments from the Tigris and Euphrates rivers, they can be transported over large distances to 

Iran causing considerable visibility decrease. 
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Fig. 9: (a) Sea level pressure (mb), (b) Geo-potential height in 500-hPa level and (c) wind velocity in 850 hPa 

on June 8, 2008. 

 

Conclusions: 

Iran’s west and south west regions regularly experience dust occurrence over the years especially in recent 

years,  which could be explained by the location of the Northern Hemisphere subtropical high pressure belt and 

due to the existence of many important deserts of the world in the region. The categorization of dust events 

according to visibility reduction shows the most frequent dust events in the west and south west of Iran are 

either suspended dust or dust reducing visibility to between 1000 and 2000 m. Moreover Ahwaz with 3233 

records of 3-houry interval dust observations over the period 2000-2009 experiences the most frequent 

suspended dust events while Khark Island with 9 records of 3-houry interval dust observations is the least 

frequent ones in the region. However, there is a clear temporal trend of the timing of the main dust activity 

during the year from west to east and in general the reduction in dust events intensity from west to east of the 

region is observed. The severe dust events occur mostly in Khoozestan and Kermanshah provinces and less 

frequently in Ilam and Booshehr Provinces. In addition, over the period 2006-2009 there is an increasing trend 

in suspended dust event frequency in west and south west of Iran which is in consistent with Azizi et.al [22].  
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   The prevailing synoptic system which affects dust genesis over west and south west of Iran in May, June 

and July is the domination of Saudi Arabia and Pakistan thermal low and the sub-tropical high in the region. In 

other words this study confirms that the Shamal dust storms are associated with Anticyclones over north of 

Africa to east of Europe and Monsoon trough over Iraq, south of Iran, Pakistan and India subcontinent. In 

general the Monsoon trough is considered as main low pressure system influencing the formation of devastating 

dust storms in the region.  

The formation of surface convergence under the upper level divergence leads to the increasing of 

instabilities and positive Vorticity advection over the eastern parts of the trough causing the transportation of 

dust towards west and southwest of Iran. Moreover, the main region of dust sink of Tigris and Euphrates alluvial 

plain extends from the center of Iraq and south-west of Iran to the south and the center of Pakistan by the 

blowing of northerly and north westerly winds in the region. Hence, the fine sediments over the floodplain of 

the Tigris and Euphrates Rivers provide ample material for dust storms as a result of blowing of Shamal wind in 

the region. These results are consistent with Wilkerson [28], Kutiel [11] and Hamidi et al., [24].Moreover, the 

role of dust in solar irradiance spectral attenuation when passing through the earth’s atmosphere is remarkably 

detectable through the variation of MODIS AOT at 550 nm. 
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