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ABSTRACT 

Many developed researches have confirmed the 
increasing of dust event and its dangerous im- 
pacts on the environment, health, economy, etc. 
in west and southwest of Iran during the recent 
decade. This investigation aims to have a com- 
parison between the derived outputs from the 
dust simulation models and satellite images 
analysis over 22-26 June 2010, as this spell is 
considered a typical case of the dust event over 
the western/southwestern parts of Iran. We found 
that the obtained results from the HYSPLIT and 
WRF/CHEM models respectively on dust disper- 
sion trajectories and aerosol concentration rate 
were reliable to be used in dust prediction sys-
tems over the region. 
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1. INTRODUCTION 

Dust aerosol in the atmosphere has a significantly di- 
rect and indirect effect on climate on various spatial 
scales, from local and regional to global [1]. 

In arid and semiarid areas, dust storms occur frequently. 
Sand and dust storms (SDS) have caused devastating 
damages to properties and human health in the southwest 
of Asia. When surface winds are strong, large amounts of 
sand and dust can be lifted from bare, dry soils into the 
atmosphere and transported downwind affecting regions 
hundreds to thousands of kilometers away. Jaffe et al.  

(2003) [2] have shown that extreme episodes of dust 
transport can adversely impact air quality in regions far 
from the original emission source. Zouljoodi et al. (2013) 
[3] have developed a research on dust events in western 
Iran and drought expansion over the Middle East, through 
this investigation they have detected firstly the dust 
source areas over Iraq and Syria, then it is found that the 
recent droughts in the external dust source areas (over 
Iraq and Syria) had the remarkable potential to increase 
the dust events in the west of Iran. 

Joseph M. and Peter J. (2003) [4], have considered Af- 
rican droughts and dust transport to the Caribbean, so 
they found that, because of the great sensitivity of dust 
emission to climate, future changes in climate could re- 
sult in large changes in emissions from African and other 
arid regions that, in turn, could lead to impacts on cli- 
mate over large areas. 

In the last few decades numerical models have been 
designed to reproduce the dust cycle allowing us to esti- 
mate the influence of mineral dust on the climate system 
[5]. Dust models are also required for short to medium 
range air quality forecast applications. To this end, sev- 
eral models have been developed with some of them 
providing daily forecast products, e.g. the Dust Regional 
Atmospheric Model (DREAM) [6], the SKIRON model 
[7], CHIMERE-Dust model [8], the Navy Aerosol Analy- 
sis and Prediction System (NAAPS) [9], the JMA- 
MASINGAR dust model [10], or the ECMWF-IFS [11]. 
The DREAM model was further re-fined and tested in 
the last years. The updated version BSCDREAM8b [12- 
17] is operated. 

K. Haustein et al. (2012) [5] have developed a re-
search on atmospheric dust modeling from meso to 
global scales with the online NMMB/BSC-Dust model—  
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Part 2: Experimental campaigns in Northern Africa. The 
new NMMB/BSC-Dust model is intended to provide 
short to medium-range weather and dust forecasts from 
regional to global scales. 

In the recent years a lot of studies have been devel- 
oped in Iran on the frequency of dust storm events (from 
statistical point of view) and the consideration of synop- 
tic meteorological patterns which are leading to the dust 
storms. However we had not yet operated a reliable 
forecasting model of dust storms in Iran with a capability 
to demonstrate the dust source areas. Through this inves-
tigation we will present the derived outputs from WRF/ 
CHEM and HYSPLIT models which are considered a 
basic step to high resolution dust forecasting, recogniz- 
ing of dust sources, dust storm trajectory and dust con- 
centration rate. Meantime by using of the visibility data- 
sets from the selected stations we illustrated the long 
term variability of the dust in monthly and yearly scales. 
The satellite images of 22-26 June 2010 have been taken 
into consideration to comparing of the derived out puts 
from the applied models. 

1.1. WRF/CHEM Model 

The Weather Research and Forecasting (WRF) model 
is a next generation meteorological model being devel-
oped collaboratively among several agencies (NOAA/ 
NCEP, NOAA/ESRL, NCAR). WRF-Chem is a version 
of WRF that also simultaneously simulates the emission, 
turbulent mixing, transport, transformation, and fate of 
trace gases and aerosols. The WRF Atmospheric Chem-
istry Working Group is guiding the development of 
WRF-Chem. The main objectives of WRF/CHEM model 
are as following: 

1) Integrate WRF-Chem simulations and a wide range 
of field campaign measurements to develop a better un- 
derstanding of local and regional-scale evolution of par-
ticulates and aerosol radiative forcing that are sub-grid 
scale processes for global climate models; 

2) Employ the modeling framework of WRF-Chem to 
develop new treatments of aerosol processes for global 
climate models; 

3) Perform process studies investigating aerosol aging, 
aerosol-cloud interactions, and aerosol radiative forcing; 

4) Explore the feasibility of using a version of WRF- 
Chem as a regional climate model. 

As part of an internal PNNL project, the trace gas and 
aerosol chemistry modules of the PNNL Eulerian Gas 
and Aerosol Scalable Unified System (PEGASUS) [18, 
19] were implemented into the WRF framework during 
2004 and 2005. An “off-line” coupling of meteorology 
and chemistry is employed in PEGASUS so that the me- 
teorological fields are read from files at specified time 
intervals; however, the “on-line” coupling of meteorol- 

ogy and chemistry in WRF more accurately represents of 
the evolution of trace gases and aerosols and permits the 
inclusion of feedback processes important for climate 
applications. Aerosol-radiation-cloud feedback processes, 
cloud chemistry, and cloud-aerosol interactions were in- 
corporated into WRF-Chem during 2005 and 2006. Merg-
ing chemistry and aerosol process modules into the WRF 
framework have enabled PNNL scientists to better un- 
derstand the uncertainties associated with aerosol radia- 
tive forcing and the impact of aerosols on clouds, dis- 
tribute PNNL research among the scientific community, 
and promote collaborative activities with other research 
groups. 

1.2. HYSPLIT Model 

The HYSPLIT (HYbrid Single-Particle Lagrangian In- 
tegrated Trajectory) model is a complete system for com- 
puting simple air parcel trajectories to complex disper- 
sion and deposition simulations. The initial development 
was a result of a joint effort between NOAA and Austra- 
lia’s Bureau of Meteorology. Recent upgrades include 
enhancements provided by a number of different con- 
tributors. Some new features include improved advection 
algorithms, updated stability and dispersion equations, 
continued improvements to the graphical user interface, 
and the option to include modules for chemical trans- 
formations. Without the additional dispersion modules, 
Hysplit computes the advection of a single pollutant par- 
ticle, or simply its trajectory. 

The dispersion of a pollutant is calculated by assuming 
either puff or particle dispersion. In the puff model, puffs 
expand until they exceed the size of the meteorological 
grid cell (either horizontally or vertically) and then split 
into several new puffs, each with its share of the pollut- 
ant mass. In the particle model, a fixed number of parti- 
cles are advocated about the model domain by the mean 
wind field and spread by a turbulent component. The 
model’s default configuration assumes a 3-dimensional 
particle distribution (horizontal and vertical). 

The model can be run interactively on the Web through 
the READY system on our site or the code executable 
and meteorological data can be downloaded to a Win-
dows or Mac PC. The web version has been configured 
with some limitations to avoid computational saturation 
of our web server. The registered PC version is complete 
with no computational restrictions, except that user’s 
must obtain their own meteorological data files. The un- 
registered version is identical to the registered version 
except that plume concentrations cannot be calculated 
with forecast meteorology data files. The trajectory-only 
model has no restrictions and forecast or archive trajec- 
tories may be computed with either version. 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 



M. Zoljoodi et al / Natural Science 5 (2013) 818-831 820 

2. DATA AND MATERIALS 

In this work, we have used the images derived from 
the Meteosat-91 for comparing with the outputs of the 
applied models. This satellite (Meteosat-9) is placed in a 
height of 35,800 km. over the equator (lat; 00˚:00') and 
prime meridian (lon; 00˚:00'). This satellite is the second 
generation of EUMETSAT2 satellites which were known 
already as MSG-23 that has been operated in 2005. The 
Meteosat-9 covers Europe, Africa, Middle East, some 
parts of the south eastern America, Atlantic Ocean and 
western side of the India Ocean. The images of Me-
teosat-9 through 12 spectrum channels are produced for 
each 15 minutes. 

In order to run the models (WRF/CHEM and HYSPLIT) 
the FNL datasets have been used as the inputs of the 
models. The FNL (final) datasets in fact are the NCEP4 
datasets which have been reanalyzed through the NOAA5 
related laboratories. These datasets with a spatial resolu- 
tion of 1˚ × 1˚ are available from Jul 1999, for 26 at- 
mospheric levels (100 - 1000 hPa.) with the 6-hour time 
intervals. The FNL datasets use the GDAS6 for providing 
the initial data. The GDAS also gathers persistently the 
observation based datasets worldwide through the GTS7 
and other resources [20]. 

Meantime the in situ visibility/dust datasets are gath- 
ered through the information technology administration 
of the IR of Iran meteorological organization. 

Study Area 

The developed studies on dust events over Iran dem-
onstrated a high frequency of dust in the west and south- 
west of the country due to the external dust sources in 
Iraq and Syria [3], so we have chosen basically 5 stations 
over western and southwestern parts of the country 
which include: Sanandaj, Kermanshah, Ahvaz, Abadan 
and Boushehr synoptic stations (Figure 1). Also through 
the satellite images and the applied models the Middle 
East countries, especially Iraq and Syria, have been taken 
into account through this investigation. 

3. RESULTS 

3.1. Long Term Monitoring of Dust Events 
over 1980-2009 

The datasets of horizontal visibility (visibility < 5 km.) 
from the 5 selected synoptic stations in the west and  

southwest of Iran have been gathered through 30 years 
(1980-2009) for monitoring the yearly and monthly 
variability of the dust events. All 5 stations (Sanandaj, 
Kermanshah, Ahvaz, Abadan and Bushehr) showed an 
increasing trend in dust frequency particularly over the 
recent decade/recent years, as this behavior seems to be 
more extreme in the southwest of the country than the 
western parts. Figure 2 shows a comparison between 
Ahvaz (in southwest) and Kermanshah (in west) stations, 
so obviously indicates high number of dusty days through 
the years in the Ahvaz station in contrast to the Kerman-
shah, in total we recorded 3600 dust events for Ahvaz, 
but 932 events in Kermanshah during this 30-year pe-
riod. 

3.2. Dust Event of 22-26 June 2010  
(the Case Study) 

In order to find the main causes and sources of dust 
events in the Middle East, we focused on the case study 
of 22-26 June 2010. This dust storm as a typical case is 
one of the most extreme dust events which caused effec-
tively in declining of visibility as well as canceling of 
some flights in the west and southwest of Iran. 

3.2.1. Using of Satellite Images (EUMETSAT) 
Figures 3-6 are the images from the Meteosat-9 based 

on the universal time coordinated (UTC), during 22-26 
June 2010. 

The image of 22 June 2010 at 00:00 UTC (Figure 3) 
obviously showed a normal atmospheric status over the 
western parts of Iran and we did not observe any dust/ 
aerosols in the atmosphere over the study area, as the 
horizontal visibility in the 5 mentioned Iranian stations at 
this time has been normal. 

Figure 4 shows the images of 23 June 2010 for dif- 
ferent time intervals. According to the images at 06:00 
and 12:00 UTC a concentration of dust over the centre of 
Iraq is observable (the dark rose color in the images in- 
dicates dust concentration). This dust concentration pro- 
gressed toward the west of Iran at 15:00 and 18:00 UTC, 
so the visibility in Ahvaz and Kermanshah stations at 
18:00 and 20:00 UTC has been recorded about 70 - 100 
m that demonstrates an extreme dust event. Regarding 
the images of 21:00 and 22:00 UTC the dust is extended 
mostly over west and northwest of the country. 

The Figure 5 shows the satellite images of 24 June 
2010. A large dust concentration over west and northwest 
of Iran is observable at 06:00 and 09:00 UTC, also the 
southwestern border of the country has been covered by 
dust, as the visibility in Bushehr and Ahvaz stations re-
spectively reached 800 m and 1200 m. As the images at 
18:00 and 21:00 UTC illustrate the dust concentration 
over the western parts has been going gradually to be 
washy. 

1The Meteosat series of satellites are geostationary meteorological 
satellites. 
2European Organization for the Exploitation of Meteorological Satellites.
3Meteosat Second Generation. 
4National Centers for Environmental Prediction. 
5National Oceanic and Atmospheric Administration. 
6Global Data Assimilation system. 
7Global Telecommunication System. 
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Figure 1. Geographic position of the study-stations (head of the red triangles). 
 

Figure 6 includes the satellite images of 25 and 26 
June 2010. As it is observable through the images the 
dust severity over the study area in the mentioned days 
remarkably has been decreased, and then the dust con- 
centration in the atmosphere is very washy, so according 
to the 5 Iranian synoptic stations the horizontal visibility 
over west and southwest of the country is changed to the 
normal status. 

OPEN ACCESS 

3.2.2. HYSPLIT Model Implementation 
For routing of the dust dispersion in 3 synoptic sta-

tions over the west of the country (Ahvaz, Eilam and 
Kermanshah stations) at 22-26 June 2010, the HYSPLIT 
model has been applied. The dispersion trajectories of 
aerosols/particles in the atmosphere are traced in 3 at-
mospheric levels of 100 m, 500 m and 1000 m through 6 
h time intervals up to 24 h before dust reaching the sta-

tions. This model illustrates the routed trajectories of 
dust for each of the aforementioned stations in the horiz- 
ontal (at the top of the figures) and the vertical (at bottom 
of the figures) profiles (Figure 7). 

The Figure 7 shows the outputs of the HYSPLIT 
model for Ahvaz, Eilam and Kermanshah stations. The 
green, red and blue lines in the figures show respectively 
the trajectories of the suspended particles which were in 
the height of ≥1000 m, 500 m and ≤100 m, through 24 h 
ago that are dispersed toward Iran via atmospheric circu-
lations. According to the found results the particles in 
1000 m - 3000 m of the atmosphere due to low friction 
and high velocity of the wind more rapidly have been 
moved toward Iran than the particles in the 500 m and 
100 m, as in the height of 1000 m - 3000 m the particles 
are fine and light and then easily lift into the air and pro-
gress to the high levels of the atmosphere. Mostly the  
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Figure 2. Number of dust events (visibility < 5 km) based on the years (left) and months (right) during 1980-2009 in Ahvaz (a) and 
Kermanshah (b) stations. 

 

 

Figure 3. Satellite image from the Meteosat-9 at 22 June 2010, 00:00 UTC. 
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Figure 4. Satellite images from Meteosat-9 at 23 June 2010, for different hours (dark rose color in the images remarked by arrows 
indicate dust concentration). 

 
sources of the dust in high levels of the atmosphere are in 
Syria or western parts of Iraq, whereas the particles in 
the height ≤ 100 m which include relatively gross as well 

as heavy particles and influence effectively the visibility, 
come from the sources in the centre or east parts of Iraq. 
For example the figures of 23 and 24 June 2010 (Figures  
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Figure 5. satellite images from Meteosat-9 at 24 Jun 2010, for different hours (dark rose color in the images remarked by arrows 
indicate dust concentration). 

 
7(b) and (c)) that are considered the dusty days based on 
the images of Meteosat-9 and the visibility datasets of 
the synoptic stations, indicate the dust sources mostly in 

the centre of Iraq (in particular for the sources of particles 
in the height of ≤100 m). Comparing the results of the 
satellite images and the visibility datasets in the synoptic  
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Figure 6. satellite images from Meteosat-9 at 25 and 26 June 2010, for different hours (Note: dust has been disappeared). 
 

stations, we found that the HYSPLIT model can predict 
the trajectory of dust dispersion for each station 24 h 
before happening, so it seems to be a reliable model for 

dust early warning system. In the example of 23-24 June 
2010, when the satellite images showed the dust over 
centre and west of Iraq, through the next 24 h the visibil- 
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Figure 7. Derived outputs from HYSPLIT model for tracing of the dust sources and trajectories in the synoptic stations of 
Ahvaz, Eilam and Kermanshah at the height- levels of 1000 m (green line), 500 m (red line) and 100 m (blue line) over 
24 h. ago, with 6 h. intervals. (a) 22 June; (b) 23 June; (c) 24 June; (d) 25 June and (e) 26 June 2010. Back routing of the 
dust according to the atmosphere profile is drawn at the bottom of each figure over 24 h ago. 
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ity has been decreased to 800 - 200 m in Ahvaz, Bou-
shehr, Eilam and Kermanshah stations. 

3.2.3. WRF/CHEM Model Implementation 
This model has been run for 22-26 June 2010 over the 

study area to predict the dust concentration in the at- 
mosphere (in mcg/kg) regarding the wind directions and 
atmospheric pressure. We consider the outputs of the 
model here. 

Figure 8 is the output of WRF/CHEM model for 22 
June 2010 at 12:00 UTC over the study area. As the fig- 
ure shows we don’t observe any dust concentration over 
Iraq and west of Iran and the visibility is in the normal 
status. 

Figure 9 shows the dust concentration over the study 
area for 23 and 24 June 2010 at 00:00 and 12:00 UTC. 
As it is shown in 23 June 2010 at 00:00 UTC a dust ac- 
cumulation has been active over the centre of Iraq, as it 
has a core with dust concentration rate around 5000 
mcg/kg, and the westerly wind in the height of 10 m in- 
creased its velocity over this dust source. At the 12:00 
UTC of the same day the westerly wind with high veloc- 
ity gradually moved the dust accumulation toward west 
of Iran. In 24 June 2010 at 00:00 UTC the dust covers 
west and southwest of Iran, and at 12:00 UTC the dust 
concentration over western parts has been going to be 
more washy, whereas the southwest of the country indi- 
cates always a high dust concentration. 

According to the model outputs, in 25 and 26 June 

2010 dust event is disappeared gradually over the study 
area. As Figure 10 illustrates, in 25 June at 00:00 UTC 
only dust accumulation is observable over centre of Iraq 
and southwest of Iran and wind directions mostly are 
from northwest/north to southeast/south, then at 12:00 
UTC the dust is almost disappeared over the region. In 
26 June also we did not observe a remarkable dust ac- 
cumulation over west and southwest of Iran. 

As it is found through the outputs of WRF/CHEM 
model for 22-26 June 2010 over the study area, we can 
confirm a high correspondency about the spatial-tempo- 
ral dust variations between these model outputs and sat-
ellite images of this period. This correspondency is a 
good index for the accuracy-test of the model. 

Figure 11 shows dust concentration rates (based on 
WRF/CHEM) at a point in Iraq (33˚N and 43˚E) through 
22-27 June 2010. As the hourly changes of dust varia- 
tions indicated, in early hours of 23 June the dust con- 
centration rate in this point reach around 6600 mcg/ kg 
and then this rate has been decreased in the next hours. 
In 24 and 25 June respectively the peak of dust concen- 
tration are about 4800 and 4700 mcg/kg and in 26 June it 
is in maximum 3800 mcg/kg. 

According to the Figure 12, the dust concentration 
rates in the 4 Iranian stations which include Ahvaz, Eilam, 
Boushehr and Kermanshah, over the last hours of 23 Jun 
and especially early hours of 24 Jun have been increased 
and we observed the peak of aerosol concentration in the 
atmosphere. In the mentioned time respectively Ahvaz,  

 

 

Figure 8. Dust concentration in dry air based on mcg/kg (colored legend), average of sea sur-
face pressure in hPa. (black isobars) and wind directions in the height of 10 m (arrows) over the 
study area at 22 Jun 2010, 12:00 UTC. 
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Figure 9. Dust concentration in dry air based on mcg/kg (colored legend), average of sea surface pressure in hPa. (black isobars) and 
wind directions in height of 10 m (arrows) over the study area at 23 Jun 2010, 00:00 and 12:00 UTC (top) and 24 Jun 2010, 00:00 
and 12:00 UTC (bottom). 

 
Eilam, Boushehr and Kermanshah stations indicated a 
rate of 3500, 3200, 3500 and 3200 mcg/kg, and in the 
coming days gradually the dust over the west and then 
southwest of the country is decreased and horizontal 
visibility changed to normal. The comparison between 
these temporal changes of dust concentration in Iraq and 
the Iranian stations, indicated the fact that; if we have 
dust event over centre of Iraq at a given time, then we 
may face to this event over west and southwest of Iran 
within coming 18 - 24 hours. 

4. CONCLUSIONS 

Dust storm as one of natural hazards which affect se- 
riously economy, health, environment, etc. in the recent 
decade (especially in the recent years) has been increased 
in the Middle East countries and particularly over west 
and southwest of Iran. Atmospheric circulations, land 
surface cover and soil moisture deficit are considered the 
principal factors of dust rising. Studying the mechanism 
of dust storm occurrence, dust trajectory, velocity and  

concentration are so important in dust preparedness plans. 
In this research, firstly, we have considered the fre- 

quency of dust events based on the hourly visibility 
dataset from 5 synoptic stations in west and southwest of 
the country during a 30-year period from 1980 to 2010. 
The obtained results obviously indicate the increasing of 
dust events in Iran especially over southwestern parts of 
the country in the recent decade/years. For example, Ah-
vaz synoptic station in the southwest with a long term 
yearly mean (in 30 years) of dust frequency about 120 
dusty days, illustrates an increasing trend in the recent 
decade with a yearly mean of 221 dusty days, and in 
contrast, the results of other selected stations have been 
placed in the first rank. In a monthly analysis, we found 
that the highest frequency of dust events occurre at June 
and July, while the cold months show the lowest dust 
frequency. Through the analysis of the satellite images 
from Meteosat-9 over 22-26 June 2010, we find that dur-
ing 2 days of 23 and 24 June, the dust reach the west and 
southwest of Iran and the visibility is decreased. And 
from 25 to 26 June gradually the visibility over the west- 
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Figure 10. Dust concentration in dry air based on mcg/kg (colored legend), average of sea surface pressure in hPa. (black isobars) 
and wind directions in height of 10 m (arrows) over the study area at 25 June 2010, 00:00 and 12:00 UTC (top) and 26 June 2010, 
00:00 and 12:00 UTC (bottom). 

 
 

 

Figure 11. Temporal changes of dust concentration rate in dry 
air based on mcg/kg in a point of 33˚N and 43˚E (in Iraq) over 
22-27 June 2010 (based on a 12 hour-intervals). 

ern and then southwestern parts of the country has been 
changed to the normal status. 

In the next step, we apply the dust simulation models 
for 22-26 June 2010. The HYSPLIT model that deter-
mines the dust sources and dispersion trajectories, illus-
trates that the sources of the aerosols suspended in the 
high levels of the atmosphere (1000 m - 3000 m) are in 
Syria or western parts of Iraq, whereas the particles in 
the height of below 100 m which include relatively 
coarse particles and influence seriously the visibility and 
health come from the sources in the centre or east parts 
of Iraq. 

And the WRF/CHEM model has simulated the con- 
centration/density rate of the suspended particles in the 
atmosphere. The results obtained from this model indi-
cate a high accordance with the recorded visibility via 
the stations and the results of the satellite images analysis 
about dust accumulations and movements over the study 
area. 

Briefly, the found results through this work imply that  
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Figure 12. Temporal changes of dust concentration rate in dry air based on mcg/kg in Ahvaz (top left), Eilam (top right), Boshehr 
(bottom left) and Kermanshah (bottom right) synoptic stations of western and southwestern Iran over 22-27 June 2010 (based on a 12 
hour-intervals). 

 
the outputs of the applied models would be reliable to 
use in the dust early warning system which is considered 
a fundamental step of dust preparedness plan over the 
study area. 
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