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ABSTRACT
To understand the dynamics of dust storm, it is necessary to have three−dimensional data containing of surface and
higher levels data. With respect to few and non−uniform scattering of meteorological stations, dust storm simulation
using coupled numerical models is inevitable. In this context, the simulation systems, which is designed to identify
the dynamics of the dust emissions in the atmosphere is used. At present research, using the Weather Research and
Forecasting model with Chemistry (WRF−Chem.) is used to simulate dust storm and to investigate dust emission.
The appropriate input data of the simulation system includes surface, soil erosion, and NCEP FNL data. After
selecting the tailored configuration of the simulation system, the system is run for a 3−day period from twelve
o'clock on February 3, 2013 to twelve o'clock on February 6, 2013. Comparison of the results resulting from
simulation and images resulting from MODIS sensor and synoptical analysis of storm using output data show that
the WRF−Chem. system is able to simulate storm event and dust emission in the study area, i.e. west Asia.
Furthermore, with respect to appropriate input data this system relatively is able to position dust sources.
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1. INTRODUCTION
Dust storm is caused by turbulent flows and transport of large amounts of dust into the atmosphere, which reduces
the horizontal visibility to less than 1,000 meters (Natsagdar et al., 2002). Dust distribution is dependent on the
surface features (such as vegetation, composition and moisture content of soil) and surface wind speed (Grini et al.,
2005). Dust particles affect the planet's climate during complex processes, such as turbulence in the radiation
balance, changes in the properties of warm and cold clouds, changes in precipitation, effects of atmospheric
chemistry and composition on the sea surface temperature, the planetary and dynamic boundary layer of atmosphere
(Sokolik et al., 1996; Nee et al., 2007; Youshioka et al., 2007; Jeong et al., 2007; Ahn, et al., 2007). Due to the
provision of nutrients needed for the growth of phytoplankton in the oceans, dust also affects biogeochemical cycles
(Fan et al., 2006).
That is why in the last decade, simulation systems of dust distribution have been developed to improve
understanding of the impact of dust in the atmosphere (Uno, et al., 2003). Westphal et al. (1988) and Gillette and
Hansen (1989) conducted the first attempts to simulate the phenomenon of dust storm that led to the development of
global, regional, and local models in the study of this phenomenon. Using the GOCART model, Ginoxs and
Coauthors (2001) examined the formation and transport of dust storms. Xiao-Ling and Ying-Chan (2003)
investigated dust storms of Bing area in China through the MM5 model. Krinner et al. (2006), using the simulation,
showed that the dust distribution in Asia and its' settlement on the ice may prevent the formation of dominant snow.
In recent years with the development of remote sensing technology, international research has been done by satellite
pictures (Iranmanesh et al., 2004). Due to the limited climatic and environmental observations in areas prone to dust
storms, the use of remote sensing data with ground-based observations and numerical models are further felt more
than ever. Remote sensing can not only provide the original variables to simulate a model but it can also be used to
evaluate its accuracy (Liu et al., 2005). For example, Brooks and Lagrend (2000) used the satellite METEOSAT
and infrared band data and identified the spring areas of dust storms in Africa. Babahosseini et al. (2014) also
investigated and analyzed a severe storm in the Middle East region with the help of numerical model WRF−Chem.
Results of the simulation showed that the dust particles with a diameter less than one micrometer and a significant
concentration passed the Zagros mountain and even has affected the central Iran and even metropolitan of Tehran in
July 2009 and has left Iran within two days from the northeast. In that study, the simulated concentrations indicated
a good validity of temporal and spatial distribution of dust concentration.
The present study aimed to investigate capabilities of the coupled model WRF Chem. in simulation of the
distribution of dust in the West Asia storms. The structure of the study is first to introduce the WRF−Chem. system
and the types of the used images and then to discuss and examine the capabilities of WRF−Chem. system.
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1. MATERIALS AND METHODS
1.1.
WRF-Chem. System and input data
In this study, version 1.3.5 of the WRF model that has been coupled with the chemical model has been used to
simulate dust storm. The simulation system has been produced by coupling the WRF model and dust model. WRF
model is a numerical system of weather prediction, which was created for both research needs and anticipation. This
model is completely compressible and non-stationary. Physics of dust is similar to dust modules in the GOCART
model as the distribution, transmission, and dry deposition in the WRF Chem. model.
Average particle size distribution of dust particles is divided into five sizes with an average radius of 0.5, 1.4, 2.4,
4.5, and 8 mm. Dust distribution for each particle occurs according to the ratio of soil particles, erosion factors, and
surface wind speed. Output of the model is as Lambert cone and is from 30 to 70 degrees east_west (with 98 grid
points) and from 12 to 47 degrees north_south (with 90 grid points) with the spatial resolution 45 × 45 square
kilometers that has 30 levels in the perpendicular direction.
In this study, input data of the simulation system includes the surface data and erosion of soft soil and sand that is
prepared by the pre-processing system for the desired nest. The initial and boundary conditions for climatological
fields are achieved by the final reanalyzed data of National Center for Environmental Prediction for every 6 hours
and with the spatial resolution 1.0×1.0°. Lin et al.'s scheme was used in the study. Convection was solved KaneFritsch's scheme (Kane, 2004). To transfer the RRTM scheme and Goddard scheme were used respectively for the
long wave and short wave transmission (Melwer et al., 1997; Chou et al., 1997).
2.2. MODIS data
Moderate resolution imaging spectroradiometer (MODIS) is an instrument for remote sensing of the earth properties
and processes on the land, ocean and atmosphere. This system is watching the earth every one to two days using the
light scattered from the sun. MODIS sensor has been installed on the two satellites of Terra (from 2000 to the
present) and Aqua (from 2002 to the present) and obtains data from the earth in 36 groups of wavelength ranged
from of 4.0 to 14.4 micrometers. MODIS deep blue system uses wavelengths of blue channels of MODIS to
calculate the surface reflectance and can measure the aerosol optical depth (AOD) on the bright surfaces, especially
desert areas (Ginoux et al., 2012). AOD parameter is a criterion of the number of aerosols in the atmosphere.
MODIS deep blue sensor measures the amount of AOD in the wavelengths 412, 470, 550, and 670 nm (Hsu et al.,
2004, 2006). In the present study, data of the 550 nm channel of MODIS deep blue sensor has been used to
determine average daily AOD parameter.
MODIS sensor has 36 spectral bands in the range of 0.4 to 14.4 micrometers. Changes in the accuracy of different
bands in these images result in visibility of various phenomena, such as dust storms. In addition to the needed data
for manual setting, ready folders are also available for the online users in MODIS website. True Color images were
used in this study.
2. DISCUSSION AND CONCLUSION
Simulation system was operated in the studied region from 12:00 on the third day of February to 12:00 on the sixth
day of February 2013; that is, from 15-18 Bahman 1391 in West Asia, when dust storms have been dominated. Part
a in Figure 1 shows the study area (system simulation nest) that is completely prone to a dust storm due to the sparse
vegetation and surface erosion. Part b in Figure 1 shows changes in the concentration of each five dust particles
during the simulation for a point of the study area, which is marked by the red square in Figure 1. Part b in Figure 1
shows that changes in every five particles follow a similar trend and the concentration charts have two maximum
points from 12:00 on the fourth day of February to 12:00 on the fifth day of February and it could be said that the
amount of dust concentration for all the particles in this interval reach to the maximum that actually shows the dust
storm peak during the simulation.
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Figure 1. A view of the simulated nest in system WRF-Chem, the specified area shows a point in the figure that its'
time series is plotted in Figure b. (b) Time series for duration of simulation for different sizes of dust.
Figure 2 shows the map of sea level pressure, temperature and surface wind through the implementation of a
simulation system for each 12-hour period during the simulation interval. Sea level pressure field in the early hours
shows a low pressure core on 30 degrees of north-south and 60 to 65 degrees of east-west and a high pressure core
on 25 to 35 degrees north-south and 40 to 45 degrees east-west that form respectively anticyclone and cyclone
according to the surface wind. The low pressure core is weakened in later hours and is directed toward the southeast
and the high pressure core becomes wider and forms other core in the center of Iran. The high pressure that has been
formed on Saudi Arabia and Iraq becomes broader and stronger over time. However, in the studied area, namely the
red square in Figure 1.a, we see a low pressure reinforcement and its' movement toward the southeast late in the
fourth day, which is a significant factor in the severity of storm. On the other hand, instability becomes greater and
storm spreads with the contrast between low pressure and high pressure that governs the center of the nest.
Concurrent with the peak of storm, the surface wind is the heaviest that itself is another factor in instability in the
region. The shadows in Figure 2 show the surface temperatures. As seen in Figure 2, at the end of the fourth day,
there is a temperature gradient in southeastern Iran and the in the study area, which reinforced instability.
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Figure 2: Parts a, c, and e respectively show the synoptic conditions for dust storm at 12:00 and parts the b, d, and f
show synoptic conditions for 00:00 on the first, second, and third days of simulations using WRF-Chem simulation
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system output. Speed and direction of wind at the surface ground are displayed with a barb. Contours indicate sea
level pressure and shadows show the surface temperature.
Changes in humidity in the study area are directly related to the dust concentration because increased moisture is a
barrier to raise the dust. The humidity maps at 850 hPa level were selected to examine the moisture field. Figure 3
shows the humidity field at 850 hPa level for the simulation region and for every 12 hours. Figure 3 shows that
throughout the simulation, the least amount of moisture occurred in the central Iran and the West Saudi Arabia,
which provide favorable conditions for the creation and development of the dust storms in the study area.
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Figure 3: Parts a, c, and e respectively show the moisture at 850 hPa pressure level at 12:00 and parts b and d show
the moisture at 850 hPa pressure level for 00:00 on the first, second, and third days of simulations using the output
of WRF-Chem model.
Formation of the low and high heights at higher levels, in which the best height level is at 500 hPa, had a great effect
on the cyclones and anticyclone and consequently on upward moves and production of a dust storm. Figure 4 shows
the height contours at the level of 500 hPa that was plotted for each 12 hours for the study area. At the beginning of
the simulation, a low height was situated in the northeast of Iran and a high height in the southwestern Saudi Arabia,
and the low height spits gradually penetrated into the central Iran and the high height widened into the Arabian
Peninsula. This high height gradually further penetrated and the high height was removed from Iran, and its spits
moved to the south. The trough and ridge formed at this level led to the reinforcement of low pressure and high
pressure of the levels, and ultimately affected the enhancement of surface instability and upward movements along
the dust storm.
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Figure 4- Parts a, c, and e respectively show the height contours on the pressure level at 500 hPa at 12:00 and Parts
b, d, and f respectively show the height contours at the pressure level 500 hPa at 00:00 on the first, second, and third
days of simulation with the WRF-Chem model output.
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Figure 5 shows the wind at 300 hPa. This Figure has been drawn for every 12 hours in the simulation period for the
desired nest. On the initial hours of simulation, the strongest winds that blew in the trough and ridge were located in
the northern part of the Arabian Peninsula and the center of Iran. On later hours when the low height core was
closed, the maximum amount of wind blew to the southeast of Iran, its' spits continued to the center of the country.
At this time, the dominant wind direction was northwest.
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Figure 5- Parts a, c, and e respectively show the wind as a barb on the pressure level at 300 hPa at 12:00 and Part b,
d, and f respectively show the wind as a barb on the pressure level at 300 hPa at 00:00 on the first, second, and third
days of simulation using the WRF-Chem model outpu.
Figure 6 shows the cumulative dust concentration created by each five type of dust for every 12 hours for the study
area. Figure 6 shows that dust raised from the areas prone to storm, namely from the eastern Iran and the Arabian
Peninsula, the concentration of particles gradually increased and moved to the south with a wave governing the
region. Peak of concentration occurs on the fourth day of February in the southern Saudi Arabia and southeastern
Iran but more horizontal expansion was observed on the fifth and sixth day of February. The vertical extension was
also observed on the last day of simulation, which coincides with the sixth day of February in the northwestern
region of Saudi Arabia.
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Figure 6. Amount of cumulative dust concentrations at (a) 12:00 and (b) 00:00 on the third day, (c) 12:00, and (d)
00:00 on the fourth day, (e) 12:00, and (f) 00:00 on the fifth day of February 2013 using the output of the WRFChem. model
Figure 7 shows data of MODIS deep blue sensor, which indicates AOD and represents the concentration of dust in a
region. This shows that the maximum concentration of dust occurs in the areas of Saudi Arabia and Iran on the
fourth day of February, we're seeing the development of AOD in the coming days and we have maximum horizontal
extension on the sixth day of February when we can see the maximum concentration in areas of Iran. The RGB
images that are shown in Figure 8 also demonstrate that the dust storm has occurred in Saudi Arabia. This storm that
has been continued from the third to the sixth day of February has included a wider range on the fifth day.
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Figure 7. Average daily data from Modis Deep Blue for (a) the fourth day, (b) the fifth day, and (c) the sixth day of
February 2013
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Figure 8. True Color MODIS images of (a) at 9:05 of the third day, (b) at 8:15 of the fourth day, and (c) at 7:20 pm
of the fifth day of February 2013
3. RESULTS
According to the direct and indirect effects, as well as short and long-term effects of dust particles on the
atmosphere and surface, dust storms and how to determine the mechanism in the atmosphere are important. Due to
the susceptibility of the desert areas to create such storms, the West Asia is very effective in the creation of this
phenomenon. The system used in the study is the coupled WRF-Chem system. This simulation system is completely
compressible and non-stationary. Physics of dust is similar to dust modules in the GOCART model as the
distribution, transmission, and dry deposition in the WRF Chem. model.
Capability of the simulation system of WRF-Chem has been investigated by two approaches in this study. Given the
small area of the nest as a point in the first view, the synoptic factors of the storm creation were examined in order to
measure the accuracy of the model output for these factors. According to Figure 1, which shows the overall trend of
changes in dust in a point of the study area, it can be said that the peak of storm in this point occurs at 12:00 on the
fourth day of February to 12:00 the fifth day of February. Sea level pressure, temperature, surface wind, and relative
humidity are effective parameters in creating a storm of dust (Figure 2), 500 hPa level height (Figure 3) and the
wind level at 300 hPa (Figure 4). These selected parameters were mapped by the model output and were in full
agreement with the formation of hurricanes during the simulation period, which reflects the ability of the system
used to simulate the storm in West Asia.
In the second view, the form produced by the dust concentration for the entire simulation nest was qualitatively
compared with satellite images in order give ideas on the ability of the system to simulate a storm in the area say.
Dust concentration, which is one of the model output parameters and indicates storm (Figure 5), showed a very good
agreement compared to the average daily images of MODIS deep blue that is an indicator of dust concentration in
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the atmosphere. A qualitative comparison of the dust concentration of simulations with True color images of the
MODIS sensor that indicates the concentration of dust in the study area concluded that the simulation system WRFChem. is able to simulate dust storms in the study area.
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