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ABSTRACT

Introduction: Recently, due to climate change, the number and intensity of 
dust sources are increasing, which leads to the occurrence of dust storms. 
Atmospheric patterns governing the region, topography and surface features 
are effective on transportation and dispersion of dust particles.
Materials and methods: In this study, a severe dust phenomenon on the 3th 

and 4th March, 2022, was investigated. The dust was emitted from the east 
of Iraq and passed through the Zagros and Alborz mountain ranges toward 
the Caspian sea. Meteorological data of the country, satellite data, ERA5 
reanalysis data and HYSPLIT and output from the Weather Research and 
Forecasting Model coupled with Chemistry (WRF-Chem) were used.
Results: Aerosol Optical Depth (AOD) anomaly compared to the long-term 
indicated that the intense transport of dust particles from eastern Iraq and 
reaching the Caspian Sea is not a common phenomenon. Synoptic analysis 
showed that the dust particles in the source area ascended to the mid-levels 
of the atmosphere and a large part of the particles passed through the Zagros 
Mountains. Then, the dust entered the Caspian Sea by passing through the 
Manjil valley. The vertical profile of WRF-Chem model output showed the 
ascent of dust particles up to 600 hPa near the dust source and its passage over 
mountainous areas.
Conclusion: The main factors in the formation of this unusual dust 
phenomenon are: severe two-year drought in the Middle East, reduction of 
vegetation and cold front of the dynamic low-pressure located in the east 
of the Black Sea, east of Turkey and northern Iraq moving eastward to the 
Caspian sea in the following hours.
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Introduction 

The occurrence of dust storms every year in many 
regions of the world causes a lot of financial and 
human losses. Dust storms cause severe heart and 
respiratory diseases [1-3]. An increase in road 
accidents and flight cancellations due to severely 
reduced visibility are among the financial losses 

caused by dust [4, 5]. Dust also causes severe 
damage to the industry and energy sectors, 
including water and electricity cuts [6], reducing 
the power of wind turbines and solar cells [7]. The 
settling of dust particles on industrial equipment 
also causes destruction and reduction of their 
power [8].
In recent years, due to climate change, the 
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number of dust sources and the intensity of their 
activity are increasing in different regions of the 
world [9, 10]. Their activity causes dust storms. 
Atmospheric patterns governing the region are 
effective on the intensity of dust sources activity 
and also on how dust particles are transported and 
dispersed [11]. Many studies have been conducted 
in relation to the investigation of synoptic 
conditions affecting the formation of dust storms 
[12-14]. The transport path of dust particles is 
affected by topography and surface effects [15]. 
Many researchers conducted a study on the effect 
of topography on the vertical transport of dust 
particles in the atmosphere, they concluded that 
topography increases the probability of large 
dust particles (diameter 60 μm) reaching high 
altitudes, which is caused by the upslope flow 
and the turbulence behind the mountain.
Iraq, located in the Middle East, is one of the 
regions that has a large number of dust sources; 
their activity causes severe dust storms in 
this country and dust transmission to other 
neighborhood countries [18, 19]. The blowing 
of north and north-west winds over Iraq, which 
called “Shamal wind”, especially in the summer 
season, causes dust to be transferred from Iraq to 
the west and south-west of Iran, Kuwait, northern 
Arabia and Persian Gulf [20-22]. Insufficient 
moisture in the atmosphere as well as the surface, 
strong winds with cold fronts, especially in spring 
and winter, also cause dust emission from the Iraq 
and its transfer to neighboring areas [23-24]. The 
Zagros mountain range, which stretches from the 
north-west to the south of Iran, plays an important 
role in the formation of the Shamal wind over the 
country of Iraq due to the creation of mountain 
high pressure. It often prevents the entry of some 
of the dust particles emitted from Iraq to the 
central regions of Iran [25, 26]. It should be noted 
that in some cases, dust particles have entered the 
central regions of Iran due to extreme instability 
and penetration of particles into the atmospheric 
mid-layers [27].  Also, in many cases, the Alborz 
mountain range in the north of Iran prevents 
the transfer of advective dust from neighboring 
countries or dust from the central regions of the 

country to the southern shores of the Caspian sea 
[28]. In a study to investigate the effect of the 
Zagros mountain range on dust transport from 
Iraq to Iran, three numerical experiments were 
conducted using the WRF-Chem model [29]. One 
experiment in natural state, one in the state that 
the topography height is reduced to 1000 m and 
the other with complete removal of topography. In 
the natural state, dust concentration increased in 
the west of Zagros mountain range. The removed 
topographic height causes the movement of dust 
towards the east of the mountain and the reduction 
of dust concentration in the western slope of the 
mountain range.In a study to investigate the effect 
of the Zagros mountain range on dust transport 
from Iraq to Iran, three numerical experiments 
were conducted using the Weather Research 
and Forecasting model coupled with Chemistry 
(WRF-Chem) model [29]. One experiment in 
natural state, one in the state that the topography 
height is reduced to 1000 m and the other with 
complete removal of topography. In the natural 
state, dust concentration increased in the west of 
Zagros mountain range. The removed topographic 
height causes the movement of dust towards 
the east of the mountain and the reduction of 
dust concentration in the western slope of the 
mountain range.
In this study, a case of severe dust phenomenon, 
during which dust particles were emitted 
from different dust sources in Iraq and Syria, 
southwest Iran and central regions of the country, 
is investigated and simulated. Of course, the 
main focus of the study is on the dust transfer 
from the east of Iraq near the border of Iran to the 
Caspian Sea. The noteworthy point in this case 
is the transfer of dust from the dust source to the 
Caspian Sea by passing over the Zagros mountain 
range and through the Alborz Mountains. The 
reminder of this paper is organized as follows: 
Section 2 introduces the study area, Materials 
and Methods. Section 3 presents the results of 
observational and analysis data, satellite data and 
products, synoptic analysis and the trajectory and 
dispersion models of the Hybrid Single-Particle 
Lagrangian Integrated Trajectory (HYSPLIT) 
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and the Weather Research and Forecasting model 
coupled with Chemistry (WRF-Chem) model; 
and Section 4 summarizes the findings and 
conclusions.

Materials and methods

In this study, a severe dust on March 3th and 
4th, 2022, during which the dust was emitted 
from the border areas of Iran and Iraq and 
was transported to the Caspian sea by passing 
through the Zagros and Alborz mountain ranges, 
has been investigated and simulated. In order 
to investigate the areas affected by dust, first 
the present weather code and the visibility of 
the synoptic stations of Iran were studied. The 
temporal and spatial pattern of dust in the region 

was investigated using Dust RGB images of 
Meteosat Second Generation (MSG) satellite, 
which is available with an hourly interval. 
Afterward, the mean Aerosol Optical Depth 
(AOD) from the Moderate Resolution Imaging 
Spectroradiometer (MODIS)/Aqua with a 
spatial resolution of 1° on March during 2003-
2022 (20 years) as well as its anomaly on March 
3 and 4, 2022 compared to the average values 
were displayed. To investigate the change in 
the activity of the dust source from which the 
emitted particles have been transported to the 
south of the Caspian Sea (red rectangle in Fig. 
1) and some affecting factors over time, the 
mean AOD, Enhanced Vegetation Index (EVI) 
index and the cumulative precipitation of March 
timeseries was studied over 2003-2022.

Fig. 1.Topography of the study area. The red rectangle shows the desired dust source
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country to the southern shores of the Caspian 
sea [28]. In a study to investigate the effect of 
the Zagros mountain range on dust transport 
from Iraq to Iran, three numerical experiments 
were conducted using the WRF-Chem model 
[29]. One experiment in natural state, one in 
the state that the topography height is reduced 
to 1000 m and the other with comos mountain 
range and through the Alborz Mountains. The 
reminder of this paper is organized as follows: 
Section 2 introduces the study area, Materials 
and Methods. Section 3 presents the results 
of observational and analysis data, satellite 
data and products, synoptic analysis and the 
trajectory and dispersion models of the Hybrid 
Single-Particle Lagrangian Integrated Trajectory 
(HYSPLIT).

                                                                         (1)

Where: NIR/Red/Blue are surface reflections 
corrected by the atmosphere (Rayleigh 
absorption and ozone) in the range of blue, red 
and infrared wavelengths.
L is the canopy background adjuster, which deals 
with the nonlinear and differential transmission 
of red and NIR radiation through the canopy. 
C1 and C2 are the coefficients of the resistance 
part of aerosols that use the blue band to correct 
the effects of aerosols in the red band. The 
coefficients used in the MODIS-EVI algorithm 
are: L=1, C1=6, C2=7.5, and G=2.5 (increase 
coefficient).
Global Precipitation Measurement (GPM) 
daily cumulative rainfall data was used for 
precipitation analysis. This dataset includes 
level 3 data and the result of The Integrated 
Multi-satellitE Retrievals for GPM (IMERG) 
algorithm. In the main algorithm of IMERG, 
the estimation of precipitation is done using the 
various precipitation-relevant satellite passive 
microwave (PMW) sensors. Then gridded, 
intercalibrated to the GPM Combined Ku Radar-
Radiometer Algorithm (CORRA) product, and 
merged into half-hourly 0.1°×0.1° (roughly 10 

×10 km) fields.
Regarding to the prominent role of atmospheric 
patterns in the dust emission and transfer to other 
regions, the maps of mean sea level pressure 
(MSL); wind speed, temperature, geopotential 
height (GPH), Omega and LI at 850 hPa, GPH 
of 500 hPa as well as wind speed at 700 hPa 
and 300 hPa are plotted using gdas/FNL data 
with spatial resolution of 0.25°.Considering 
that dust transport over high mountains is a rare 
phenomenon in the study area, anomaly patterns 
of some parameters were studied, including: 
MSL, GPH, omega and wind speed at 850 hPa 
and GPH of 500 hPa.
The dust particle transport investigated by the 
HYSPLIT trajectory and dispersion model which 
has been implemented forward from the dust 
source at an initial height of 500 m using GFS 
data with 0.25° horizontal resolution.
The simulation of this dust storm has been done 
using the WRF-Chem model with the Air Force 
Weather Agency (AFWA) emission scheme. 
The AFWA scheme is a modified version of the 
dust emission scheme based on particle saltation 
[30], and considers dust emission as a two-
part process in which large particle saltation is 
induced by wind formation and lead to emission. 
Fine particles are bombarded and decomposed. 
The equations of the AFWA schema are obtained 
in terms of frictional velocity and include the 
statistical threshold frictional velocity required 
for particles, horizontal saltation flux, vertical 
flux of bulk dust, size distribution of emitted dust 
particles and dust flux according to particle size. 
Various data is used to calculate dust flux from 
the surface. Data related to land surface and soil 
texture are available in the model database, and 
variable quantities such as wind velocity and soil 
moisture are calculated in the meteorological 
section of the model at each time step. This 
model is implemented on a horizontal resolution 
of 21 km and 45 vertical levels (Fig. 2). Some 
schemas used in the implementation of the model 
are shown in the Table1. gdas/FNL data with 
spatial resolution of 0.25° is used for initial and 
boundary condition of WRF-Chem model. 
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Fig. 2. Model simulation domain

Table 1. Some schematics used in the implementation of the WRF-Chem model

         Microphysics                                                        WRF single-moment 5-class scheme 

    Long wave radiation                                                                RRTM scheme [31] 

    Short wave radiation                                                           Goddard shortwave [32] 

       Surface physics                                                           Noah Land Surface Model [33] 

Planetary boundary layer                                                Yonsei University scheme [34, 35] 

            Cumulus                                                                              Grell 3D [36] 
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Results and discussion

Observation

Fig. 3 shows the horizontal visibility at all the 
synoptic stations in Iran that have reported dust 
at 12 UTC on March 4, 2022. Dust reported 
in a large part of Iran, however the maximum 
decrease in horizontal visibility was in the 
western part of the country, so that the horizontal 
visibility reached less than 1000 m in most of 
stations in western Iran. The dust phenomenon 
surrounded the west of Iran to the southern 
shores of the Caspian Sea, and the horizontal 
visibility reached less than 5 km.

Satellite products and data

Many studies have been used Dust RGB products 
to detect dust masses [37, 39]. Dust RGB images 
of MSG satellite on March 4, 2022 are shown 
in Fig. 4. In these pictures, the dust mass is 
shown with pink color. At 03:00 UTC, dust can 

Fig. 3. Horizontal visibility of Iran synoptic stations with the dust phenomenon at 12 UTC on March 4, 2022

be seen in the east of Iraq and the border areas 
with Iran. At 06:00 UTC, the dust mass entered 
the western regions of Iran and surrounded the 
north of Iran and the Caspian Sea. At 09:00 
UTC, dust from eastern Iraq totally entered Iran, 
and another dust mass formed in northwestern 
Iraq and eastern Syria. Also, the dust mass was 
shown in the southwest of Iran, which cannot be 
seen clearly due to the cloudiness in this area. 
At 12:00 UTC, a large part of southwestern and 
western Iran, the western and central hillsides of 
Alborz mountain range and the southern shores 
of the Caspian sea were affected by the dust. In 
addition, at this time, dust can be seen in areas 
of northern Iraq and central Iran. At 15:00 UTC, 
dust entered Turkmenistan from the Caspian Sea 
and was observed in the central regions of Iran. 
At 18:00 UTC, the dust mass in northern Iraq 
reached the border of Iran, and dust can be seen 
in almost all areas of Iran that are not covered 
by clouds.
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Fig. 4. Dust RGB image of MSG satellite on March 4, 2022 at a) 03, b) 06, c) 09, d) 12, h) 15 and f) 18 UTC

a)

c)

b)

d)

e) f)
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Fig. 5a shows the mean AOD on March from 
2003 to 2022 and topographic contours. The 
highest average values of AOD are observed in 
the southeast of Iraq, the eastern half of Saudi 
Arabia and a large part of the Persian Gulf and 
its northern coasts that is in in agreement with 
the results of many previous studies. In a study 
the mean AOD values over the Middle east from 
2002 until 2018 were analyzed and the results 
showed that High AOD values were seen in east 
Syria, vast parts of Iraq and Saudi Arabia, and 
over coastal areas of western Iran [40]. Also, 
in the average pattern, it can be seen that the 
Zagros heights in the western Iran have acted as 
a barrier against the penetration of dust particles 
into the central regions of the country. In a study 
to investigate the effect of the Zagros mountain 
range on dust, three numerical experiments 
were conducted using the WRF-Chem model 

[29]. One experiment in natural state, one in the 
state where the topography height is reduced to 
1000 m and the other with complete removal 
of topography. In the third case, the dust 
concentration behind the Zagros mountain range 
decreased and the dust particles were transported 
to the central regions of Iran. Anyway, the AOD 
values decrease significantly after the height of 
about 1200 m (green meter). 

The highest anomaly values of AOD on March 
3 and 4, 2022 compared to the long-term 
average are observed in eastern Iraq, western 
and northwestern Iran, and a large part of the 
Caspian sea (Fig. 5b). It shows that in this case 
study, dust source located in the east of Iraq and 
the border region of Iran has been more active. 
It should be noted that the intense transport of 
dust particles from this region and reaching the 
Caspian Sea is not a common phenomenon.

Fig. 5. a) The average optical thickness of aerosols on March 2003-2022 with topographic contours b) AOD 
anomaly on March 3 and 4, 2022 compared to the 20-year average (2003-2022)
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According to the satellite images (Fig. 4) the 
dust moved from the source located in the 
east of Iraq, near the border of Iran, towards 
the Caspian Sea in this case study. In order to 
investigate from the climatic point of view of 
this dust phenomenon and the effective factors 
of its formation in the area (marked by the red 
square in Fig. 1), the monthly average of AOD 
and EVI index and also cumulative monthly 
precipitation on March from 2003 to 2022 is 
displayed in Fig. 6a. The highest AOD values 
were on March 2009 and 2018. On March 2022, 
AOD values were also significant. The lowest 
amount of precipitation was on March 2008 
and 2018, in which year the AOD was also 
high. The lowest amount of vegetation (EVI 
index) is observed On March 2008, which also 

Fig. 6. a) Monthly average of AOD, EVI index and monthly cumulative precipitation on March, 2003-2022; 
aerial image of the region in b) 2019 and c) 2008

had the lowest amount of precipitation. The 
maximum values of vegetation was in 2019, 
where the highest amount of precipitation 
occurred. The correlation coefficient between 
AOD and EVI index is -0.43, and between AOD 
and precipitation is -0.36, which shows that the 
amount of AOD has increased with the decrease 
in precipitation or vegetation. The correlation 
coefficient between EVI index and rainfall is 
estimated as 0.66 and it shows that vegetation 
has also increased in rainy years. This is one 
of the characteristics of arid and semi-arid 
regions. The aerial image of the region in 2019 
with maximum precipitation and vegetation and 
2008 with minimum of these two quantities are 
shown in Figs. 6b and c. The comparison of 
these two images clearly shows the difference in 
the vegetation and surface waters of the region 
in these two years. 

a)

c)b)
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The path of dust transfer

The True Color image of MODIS/Aqua on March 
4, 2022 is shown in Fig. 7. As seen in the Dust 
RGB images, dust particles were transported in 
a path from the west of Iran and on the border 
of Iran and Iraq to the Caspian sea. The vertical 
profile of the height above the mean sea level in 
the dust transfer path (red line in Fig. 7) shows 
that in general, a large part of the path was located 
in mountainous areas, and even some areas were 
over 2250 m high, and there were valleys along 
the way with lower altitude. At the beginning of 
the mentioned line, at a distance of about 100 

km from the starting point, there is a significant 
height increase. After rising from the surface, 
the dust particles ascended to a high altitude in 
the atmosphere and continued on their way by 
passing through the Zagros mountains. In Fig. 
7b and c) the beginning and end part of the path 
can be seen in three dimensions. At the end of the 
path, the valley that is located around the city of 
Manjil and causes the channelization of air flow 
and strong local winds in this area is marked with 
a yellow arrow in the vertical profile (Fig. 7a). 
Manjil is one of the best locations in the world for 
installing wind turbine [41].

Fig. 7.  a) True color image of Aqua satellite's MADIS sensor on March 4, 2022. The red line shows the path of 
the vertical profile; and the three-dimensional image of b) the beginning, c) the end of the path

a)

c)b)
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Synoptic analysis

Fig. 8 shows the Mean SLP and wind vector at 
hPa850 on March 3 and 4, 2022. At 12 UTC 
March 3, a low-pressure system was located 
over Iraq, continued towards northern Saudi-
Arabia. Another low pressure was located in 
the east of Turkey, which was connected to the 
previous system. The other low pressure can be 
seen east of Black sea continued over Russia 
and reached the northwest of Iran and the west 
of the Caspian sea. Also, a high-pressure system 
spread over Africa to Northern Red sea and 
Jordan. The western parts of Turkey was also 
affected by high-pressure. The direction of the 
winds at this time was westerly over Iraq and 
south-westerly over Saudi Arabia (Fig. 8a). At 
00 UTC on March 4th, with the strengthening and 
eastward motion of the high-pressure system, 
the low-pressure weakened over Iraq and was 
located in a small part of the southeast of Iraq, 

Fig. 8. Mean SLP (hPa) (Shaded) and wind vector at 850 hPa at a) 12 UTC on March 3th and b) 00 UTC on 
March 4th, 2022

b)a)

the west of the Persian Gulf, and the northeast of 
Saudi-Arabia. There was a significant increase in 
pressure over Turkey, especially in the western 
parts, and the low-pressure system in this region 
was greatly weakened. The low pressure over 
Russia strengthened, and surrounded a large part 
of northern Iran and joined the low pressure in 
the central areas of Iran. The direction of the 
winds was westerly in the north of Iraq and 
north-westerly in the south of country. In the 
north of Saudi Arabia, the direction of the winds 
was northwesterly and in the south it was south-
westerly. (Fig. 8b). The change of wind direction 
in the west and north-west of Iran as well as 
south-east of Iraq and north-east of Saudi-Arabia 
indicates the existence of atmospheric fronts over 
these areas. In a study, 6 cases of frontal dust were 
investigated and simulated, and in all of them, a 
sudden change in the wind direction at the front 
location was observed [42].
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In order to determine the position of atmospheric 
fronts, GPH and temperature at 850 hPa level 
are shown in Fig. 9. At 12 UTC on March 3, a 
low geopotential height system was located over 
Turkey and its trough reached southern Iraq and 
northern Saudi-Arabia. The trough of southeast 
Europe  low geopotential height penetrated to 
northwest Iran. Over the border of Iran and Iraq, 
as well as in the west of Iran, miner trough can 
be seen, which indicate the northern currents and 
also significant upward motions in these areas. 

In the west of Turkey and north-east Africa, the 
ridge of GPH can be seen, which was associated 
with the high pressure system on the surface. 
As the trough moved eastward at 00 UTC on 
March 4, the northern half of Iran was affected. 
On this time, with the penetration of the cold air 
mass towards the east, the temperature gradient 
was significant in the east of Iraq and the west 
and north-west of Iran. The intense temperature 
gradient and advection of cold air confirm the 
existence of a cold front in these areas.

Fig. 9. GPH (meters) (bars) and temperature (K) (Shaded) at the 850 hPa level at a) 12 UTC on March 3th and 
b) 00 UTC on March 4th, 2022

b)a)
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Fig. 10 shows the True color image of the 
MODIS/Terra, the Isobars, winds at 850 hPa 
and the position of the atmospheric fronts 
on March 4, 2020. On this day, severe dust 
masses are observed behind the cold fronts 
on the southern shores of the Persian Gulf, 
southwestern Iran and southeastern Iraq. Also, 
another mass of dust stretched from eastern Iraq 
to the Caspian sea. Cloudiness associated with 
the cold front is observed in front of this dust 
mass. The presence of instability and strong 
upward motions in the location of the cold front 

Fig. 10. True color image of Terra satellite's MADIS sensor, Isobars (contours), wind at 850 hPa and the 
position of atmospheric fronts on March 4, 2020 

in the absence of sufficient humidity caused the 
dust to be transported from the surface to the 
middle levels of the atmosphere. Therefore, the 
transfer of dust particles from the east of Iraq 
to the Caspian sea and from the top of the high 
mountains was due to the presence of a cold front 
in the region. Of course, as discussed before, 
topographical effects also played an important 
role in determining the path of particle transport, 
especially when particles passed through the 
Alborz mountain range and entered the Caspian 
sea.
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The GPH of 500 hPa in Figure 11 shows that at 
12 UTC on March 3, the trough extended over 
the southeast of Europe to the north of Saudi-
Arabia in such a way that the east of Iraq and 
the northwest of Iran were in the east of trough 
and were affected by the northern currents and 
upward motions. On the other hand, the ridge 
penetrated from low latitudes to the country 
of Turkmenistan. At 00 UTC on March 4, the 
trough moved to the east, and its axis was 
slightly tilted and was located in the northwest-
southeast direction. Significant height gradient 
can be observed in the western and northwestern 
regions of Iran.

Fig. 12 shows vertical velocity in pressure 
coordinates (Omega) and LI at 850 hPa, Absolute 

vorticity at hPa700 level and wind speed at 300 
hPa at 12 UTC on March 3th. Omega values were 
negative in a large part of the eastern half of Iraq, 
especially in the northeast of country and near the 
Iranian border, which indicates the presence of 
upward movements in this region. The negative 
values of Omega on the Zagros mountain 
range also indicate the upward movements that 
caused the dust to be transported to the upper 
altitudes of the atmosphere. On the southern 
shores of the Caspian sea, Omega was positive, 
which indicates the downward movement and 
subsidence of dust in these areas (Fig. 12a). 
The surface LI index (best 4 layers) shows the 
lowest values (less than -6) over the Red sea, 
which indicates very unstable conditions and 

b)a)

Fig. 11. GPH of 500 hPa (m) at a) 12 UTC on March 3, b) at 00 UTC on March 4, 2022
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Fig. 12. a) Vertical velocity in pressure coordinates, b) LI at 850 hPa, c) Absolute vorticity (10e5) at 700 hPa 
and d) Wind speed at 300 hPa at 12 UTC on March 3, 2022

b)

d)

a)

c)

these areas and at this atmospheric level as well. 
On the south of the Caspian sea, the negative 
values of vorticity indicate the descent of air in 
these areas. The wind field at 300 hPa shows the 
core of the polar jet over North-East Africa, areas 
of the Mediterranean, Jordan and North-West 
Saudi-Arabia. In the west of Iraq to the north-
west of Iran, the component of the meridional 
wind speed was significant, and in these areas, 
the jet stream was in the southwest-northeast 
direction.

the possibility of forming a severe storm in this 
area. In northern Saudi-Arabia, south-eastern 
Iraq and western Iran, LI values were between 
-2 and -4, which indicates unstable conditions 
and the possibility of storm formation in these 
areas. The presence of instability in these areas 
strengthened the upward movement and vertical 
transfer of dust particles (Fig. 12c). Absolute 
vorticity amounts at 700 hPa were positive in a 
large part of the northern half of Iraq and western 
Iran, which indicates upward movements on 
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Fig. 13. Anomaly of the a) Mean SLP b) GPH (shaded) and omega (black lines) at 850 hPa, c) wind speed 
(shaded) and its meridional component (black lines) at 850 hPa and d) GPH of 500 hPa on March 3, 2020 

compared to the 30-year average (1981-2010)

b)

d)

a)

c)

The anomaly of Mean SLP, GPH, Omega and 
wind speed at 850 hPa and GPH at 500 hPa on 
March 3, 2020 compared to long-term 1981-2010 
can be seen in Fig. 13. Mean SLP anomaly was 
negative in a large part of the region, so that its 
value was less than -16 hPa in eastern Turkey, the 
Black sea and some parts of south-east Russia. 
In addition, the anomaly of Mean SLP over the 
countries of Iraq and Syria, northern Saudi-Arabia, 
the Caspian sea and the northern half of Iran was 
lower than the climatic average on this day (Fig. 
13a). The GPH anomaly at 850 hPa was negative 
over Turkey, Iraq, Syria, North-West and west of 
Iran and north of Saudi Arabia, which indicates a 
sharp decrease in GPH in these areas compared 
to the long-term average. On the other hand, 
positive values of geopotential height anomaly 
are observed in the eastern and southern half of 
Iran (Fig. 13b). The negative anomaly of Omega 

from the east of Syria to the west and south-west 
of Iran indicates the strengthening of upward 
movements in the mentioned areas at this day 
compared to the long-term average. The positive 
anomaly of Omega over the Caspian sea indicates 
more severe downward movements compared to 
the climatic average (Fig. 13b). The anomaly of 
the wind speed at 850 hPa (shaded) was positive 
over Syria, Iraq, Jordan, northern Saudi-Arabia 
and western Iran, which shows that the wind 
speed in these areas was higher than the 30-year 
average. On the other hand, the positive anomaly 
of the meridional wind component (black lines) 
in these areas indicates strong southerly currents 
on this day (Fig. 13c). The negative anomaly of 
the GPH of 500 hPa is evident over the Black sea, 
the eastern Mediterranean sea, Turkey, Syria and 
western Iraq and the significant positive anomaly 
over Iran and south-eastern Iraq (Fig. 13d). 



http://japh.tums.ac.ir

Journal of Air Pollution and Health (Autumn 2022); 7(4): 375-398 391

Fig. 14. HYSPLIT trajectory model output at 03 UTC on March 4, 2022

Trajectory and dispersion of dust particles

The HYSPLIT model was used to investigate the 
trajectory and dispersion of dust particles. The 
output of the HYSPLIT trajectory model at 03 
UTC on March 4, 2022, is shown in Fig. 14. The 
model was implemented in a matrix from an area 
located in the east of Iraq and near the border of 

Iran, in a forward manner for 24 h at an altitude of 
500 m. As it is clear from the figure, southwesterly 
currents prevail in the northern part of the area 
and the dust particles of this area were transported 
towards the Caspian sea. Northwesterly currents 
from the southern part transferred the dust particles 
towards the southwest Iran and the Persian Gulf.
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Also, the output of the HYSPLIT dispersion model, 
which was implemented from a point located in 
the east of Iraq, near the border of Iran (Fig. 15), 
shows that near the area of the dust source, the 
particles were located at a height of less than 3 km. 
At a short distance from the starting point on the 
Zagros mountain range, the penetration height of 
particles reached 6 km. Near the Alborz mountain 
range and in the north-eastern regions of Iran and 

Turkmenistan, the height of the particles reached 
9 km. The time analysis shows that after about 4 h 
from the start of the performance, the dust particles 
passed through the Zagros mountains and moved 
towards the Caspian sea. About 8 h after the start 
of the implementation, the particles reached the 
southern shores of the Caspian sea, and after that, 
the transfer of particles continued towards the 
north-east of Iran and Turkmenistan.

Fig. 15. HYSPLIT Dispersion model output at 03 UTC on March 4, 2022

b)

a)
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Simulation by the WRF-Chem model

Fig. 16 shows the output of surface dust 
concentration and wind at 850 hPa of the WRF-
Chem model and along with topographic contours. 
At 1500 UTC on March 3, three strong dust masses 
are observed in Iraq. The first dust mass was 
located on the border of Iraq and Syria, the second 
was in the west of Iraq and the third was in the east 
of Iraq and near the border of this country with 
Iran. At this time, westerly winds were blowing in 
the western half of Iraq, which caused dust to be 
transferred to the central regions of this country. 
The blowing of southern winds in the eastern 
half of Iraq moved the dust present in this region 
to higher latitudes (Fig. 16 a). At 0000 UTC on 
March 4, the dust in the western regions of Iraq 
was transferred to the central and southern areas of 
this country and due to the northerly winds, they 

Fig. 16. The output of surface dust concentration and wind at 850 hPa of the WRF-Chem and height contours 
at a) 1500 UTC on March 3, b) 0000 UTC, c) 0600 UTC and d) 1200 UTC on March 4, 2022

entered the border regions of Saudi Arabia in the 
north of this country. On the other hand, the dust 
in the east of Iraq entered the west of Iran due to 
the south-westerly winds and passing through the 
Zagros highlands, it was moving towards the west 
coast of the Caspian sea. In the northwest of Iran, 
the concentration of dust after the height of 1800 m 
(red lines) has shown a slight decrease, which can 
be caused by the effect of heights in preventing the 
passage of some dust particles (Fig.16b). At 0600 
UTC on March 4, dust particles were transported 
to the Caspian sea. Dust entered the Caspian sea 
from an area that has a lower altitude than other 
areas (Manjil Valley) (Fig. 16c). At 1200 UTC on 
March 4, the concentration of dust in the region 
decreased, especially in the heights of Zagros, 
but dust is still visible on the eastern coast of the 
Caspian sea (Fig. 16d).

b)

d)

a)

c)



S. Karami, et al. Investigating the mechanism of  ...

http://japh.tums.ac.ir

394

Fig. 17. a) The path of the vertical profile and the vertical cross-section of the dust concentration output 
(colored sections), relative humidity percentage (blue lines) and wind speed (black lines) of the WRF-Chem 

model at b) 15 UTC, c) 21 UTC on March 3 and d) 03 UTC, e) 09 UTC and f) 12 UTC on March 4, 2022

b)a)

The vertical cross-section of dust concentration, 
relative humidity percentage and wind speed 
of WRF-Chem model output on a line from 
the center of Iraq to the east of the Caspian 
Sea in Turkmenistan (yellow line) is shown 
in Fig. 17. At 1500 UTC on March 3, dust is 
observed around the starting point of the path 
located in Iraq. The concentration of dust 
behind the mountainous area was significant 
due to the proximity to the dust source located 
in eastern Iraq and the accumulation of dust. In 
this area, the particles raised up to the level of 
600 hPa and could pass over the heights. The 
negative slope of wind speed contours (black 
lines) indicates an increase in wind speed in this 
area compared to nearby areas. High amounts 
of relative humidity (blue lines) over the 
mountains (about 90%) indicate the presence of 
clouds in this region. At 2100 UTC on March 3, 
the concentration of dust behind the topography 
and above the mountains greatly increased. An 

increase in relative humidity and a significant 
wind speed gradient right in front of the dust 
mass are signs of the front. At 0300 UTC on 
March 4, dust spread in a large part of the 
region and on the heights, but its concentration 
decreased. At 0900 UTC on March 4, the 
reduction of dust concentration in the whole 
region was significant. Therefore, the legend of 
concentration values was changed in such a way 
that the distribution of particles can be seen. At 
this time, dust can be seen on the entire path, but 
in its final part on the Caspian sea and western 
Turkmenistan, the highest concentration is 
observed and the dust particles raised to higher 
altitudes. The surface wind speed in this area 
reached about 60 knots. At 1200 UTC on the 
same day, the dust concentration decreased 
over the highlands and the Caspian sea, but dust 
with a high concentration is still observed over 
Turkmenistan in the middle levels (between the 
levels of 750 and 500 hPa).
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Fig. 17. a) The path of the vertical profile and the vertical cross-section of the dust concentration output 
(colored sections), relative humidity percentage (blue lines) and wind speed (black lines) of the WRF-Chem 

model at b) 15 UTC, c) 21 UTC on March 3 and d) 03 UTC, e) 09 UTC and f) 12 UTC on March 4, 2022

d)

f)

c)

e)

Conclusion

In this study, a severe dust storm on March 3 and 
4, 2022, in which several dust masses from dust 
centers in the countries of Syria, Iraq, Kuwait, 
southwest Iran and even the plains in the south 
of central Alborz (due to two-year drought) 
were active according to satellite images, was 
investigated and simulated. Of course, the 
focus of this study is on the dust mass that was 
emitted from the sources located in the east of 
Iraq, near the border of Iran and entered the west 

and north-west regions of Iran and the Caspian 
sea by passing through the Zagros and Alborz 
mountains due to the southerly and south-
westerly winds.
The anomaly of AOD on March 3 and 4, 2022, 
was more than the long-term average. The main 
factors of the formation of this Unconventional 
dust, in which the particles have been transferred 
to the Caspian sea contains: severe two-year 
drought in the Middle East, reduction of 
vegetation and cold front related to the dynamic 
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low-pressure system located in the east of 
the Black sea, east of Turkey, Syria and parts 
of northern Iraq then, which in the following 
hours have moved eastward to the Caspian 
sea. Examining the anomaly values of some 
meteorological quantities indicate a decrease in 
the Mean SLP and the severity of the pressure 
gradient in a large part of the studied area 
compared to the long-term, an increase in the 
horizontal and vertical wind speed, as well as a 
positive and severe anomaly of the Meridional 
component of wind at 850 hPa. The intensity of 
the instability and upward movement was such 
that the dust particles in the source area raised 
to the middle levels of the atmosphere and in 
a short distance, a large part of the particles 
passed through the Zagros mountains. 
There is a valley in the western part of the Alborz 
mountain range (Qazvin Rasht road) where the 
city of Manjil is located. The existence of this 
valley in the middle of the heights causes the 
air flow to be channeled and very strong winds 
to blow in this area. Examining the path of dust 
particle transmission in this study case show that 
a large part of dust particles passed through this 
valley and penetrated to the Caspian sea.
According to the output of the HYSPLIT model, 
dust particles were transported from eastern Iraq 
to the Caspian sea in less than 12 h, which was 
the result of strong winds in the region. The 
simulation of this dust phenomenon with the 
WRF-Chem numerical model shows the dust was 
transported from the east of Iraq to the Caspian 
sea as well as the dust particles passed over the 
heights. Also, the vertical profile shows the ascent 
of dust particles up to the level of 600 hPa near 
the dust source and its passage over mountainous 
areas. 
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