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Abstract
Dust storms which disperse a high amount of fine particulate matters have increased exponentially in west of Iran. These fine
particulate matters cause a lot of problems on such as adverse effect on human health as well as environment. The main aim of
this study is investigating the critical dust atmospheric conditions at a dust storm which was occurred in July 2009 in
Mesopotamia region. Furthermore, in order to control the dust storms, hotspots were estimated by using Weather Research and
Forecasting. In addition, dust storm trajectories were studied by Hybrid Single Particle Lagrangian Integrated Trajectory Model.
It was found that the critical condition occurred when the critical frictional wind speed varied from 0.7 – 0.8 m/s. Besides, the
origins of the Middle Eastern dust storms which frequently impact the residents of this arid region were studied. The source
region limited to 33°N to 36°N and 44°E to 47°E coordinates. At six different altitudes the trajectories were studied, which had
two main motion patterns.
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important areas of wind erosion and dust generation in the
world. Arabian Plateau consists of the south western
highlands (1,500 to 3,000 m), which is adjacent to the Red
Sea with a smooth slope towards the flat lands of the northeast (with an altitude of 50 to 200 m) has been extended in
the vicinity of the Persian Gulf. Shao [6] conducted one of
the largest sand deserts in the world is Rub al Khali;
includes of most of the southern part of the Arabic plateau.
Zoljoodi et al. [7] did a research on dust events in
western Iran, through this study they specified the dust
source regions over Iraq and Syria and concluded that it has
a significant influence on increasing the dust events in the
west of Iran. According to the studies, it has been shown
that major dust particles from the Western borders of the
Iran are from of the Tigris and Euphrates alluvial areas [6].
This zone consists of alluvial plain of the Tigris and
Euphrates in Iraq and Kuwait, which is a low flat land on
the East Plateau and along the Persian Gulf and includes
Arabian deserts and Rub al Khali. These alluvial plains
which have the highest frequency of dust storms are located
in the Middle East [6].
A dust storm occurs when wind speed is exceeded the
threshold friction velocity. Stout [8]; Harris and Davidson.
[9] showed that several parameters influence on threshold
velocity such as the soil texture, humidity, vegetation,
topography, and particle diameter. Dust storms travel by
various processes including advection, diffusion,
turbulence, settlement, and even chemical reactions.
Givehchi et al. [10]; Tsai et al. [11] declared that dispersing
of dust particles is closely related to synoptic conditions as
well as the characteristics of the source area.
Various tools have been developed to determine dust
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1 Introduction1
Fu et al. [1] showed that dust storms occur in arid and
semi-arid regions of northwest china which could disperse
a high volume of fine particulate matters into the
atmosphere. These particles could be transported even to
some hundreds of kilometers away from its source. Perez et
al. [2] Tegen and Fung [3] declared that not only do dust
storms cause health problems but also it would affect
environmental conditions.
The Middle East region has been described as a major
dust source in several previous studies. Ginoux et al. [4]
was conducted to find dust sources in the Middle Eastern
region. Around 20% of all dust in the world is located at
Middle East; therefore, studying and forecasting the
dispersion of dust in this area are substantial. Tanaka and
Chiba [5] said Middle East, which consists mainly of
plateaus Tigris and Euphrates Basin, is one of the most
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sources and its motion. Numerical Simulation, satellite
imagery and remote sensing, dust observations, and
metrological data analysis can be applied as the principal
methods used to investigate dust storms [12-16]. HYSPLIT
is used in this study which has shown a superior potential in
modeling the Middle Eastern dust particles to estimate the
concentration of particulate matter in downwind receptor
sites [10, 15, 17, 18]. HYSPLIT is a Hybrid model using
for simulating dust dispersion, deposition, and trajectories.
One of the advantages of HYSPLIT is that it could be run
with a few weather parameters as an input data. Its
computations are based on both Eulerian and Lagrangian
observation [19].
In this study, the dust storm in July 2009 in
Mesopotamia (between the Tigris and Euphrates Rivers)
which is located in center of Iraq is investigated. This paper
explores the critical dust atmospheric conditions. By using
WRF and HYSPLIT models hotspots were estimated.

this study. Advanced Research WRF dynamic solver,
including one-way, two-way nesting and moving nests, grid
and observation nudging [22, 23].

2. Materials and Methods
2.1 Study area
The latitude and longitude coordinate of middle of the
model was adjusted to 33° and 48°, respectively. The
borders were determined according to soil type and satellite
images during the dust storms. Three nests were applied
and the resolutions of the grids were varying from 10
minutes (15 km) to 1 minute (5 km).

Figure 1: Friction speed and dust flux in different researches [21].

The model consists of fully compressible nonhydrostatic equations and the prognostic variables include
the three-dimensional wind, perturbation quantities of
potential temperature, geo-potential, surface pressure,
turbulent kinetic energy, and scalar parameters such as
water vapour mixing ratio and cloud water. Vertical grid of
the model is terrain following hydrostatic pressure and the
horizontal grid is Arakawa C-grid staggering. A third order
Runge–Khutta time integration is used in the model. The
model has several alternatives for spatial domains,
diffusion, nesting, and lateral boundary conditions. The
model initializes with available large scale analyses
meteorological data sets such as NCEP FNL, ETA, and
GFS. A number of options are also available in the model
for representing the sub-grid scale physical processes for
convection, explicit micro-physics, atmospheric radiation,
boundary
layer
turbulence
and
surface
temperature/moisture treatment [22, 23].

2.2 Dust emission algorithm
Previous studies show that the threshold wind speed for
dust is approximating in the range of 4.92 – 8.05 m/s [20].
According to an investigation which was done at Natick
laboratory, dust particles with the minimum diameters in
the range of 80-100 µm disperse with a wind speed in the
range of 4.92 – 13.41 m/s [20]. The threshold wind speeds
for some different disposed regions are given at table 1.
Table 1: Threshold wind speed for different regions
Disposed regions
Fine and moderate gravel particles at mounds
Gravel lands and weak cover
Fine particles, flat Plautus
Alluvial Fan
Desserts with modified cover

Threshold wind
speed (m/s)
4.48 – 6.71
8.94
8.94 – 11.18
13.41 – 15.65
17.88

2.3.1 WRF Physics
The physical assumptions for using in WRF model were
taken from Mellor-Yamada-Janjic’s work. The other
parameters such as horizontal and vertical speed, relative
humidity, and geo-potential height are taken from GFS.
Furthermore, WPS provides some other parameters such as
soil temperature, height, classification of land, and
classification of soil [22].

Figure 1 illustrates frictional wind speed versus dust flux
for different researchers’ investigations. It shows that
frictional wind speed is in the range of 0.3 – 1 (m/s) while
the rate of dust emission is in the range of 3×103 7×105(µg/m2s) Gillette. (1979).
Gillette [21] showed that dust particles which could
disperse a long distance, have diameters approximately less
than 20 micro-meters. In most of dust storms in the Middle
East dust particles travel a long distance above the Arabian
Peninsula, thus their size of diameters presumably is within
this range.

2.4 HYSPLIT Model
The base of the HYSPLIT dust module is the PM10
dust storm emission algorithm for desert land use. This
methodology is applied to estimate hotspots and
trajectories. HYSPLIT is a hybrid model for calculating
trajectory, dispersion, and simulating air pollutants.
Minimum weather parameters are required in this model.
HYSPLIT model developed by Air Resources Laboratory,
NOAA is used to simulate the dispersion of airborne

2.3 WRF model
The NCAR Advanced Research WRF (ARW) mesoscale model (WRF version 2.2) was used to simulate the
wind stream pattern and other meteorological variables in
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pollutant releases. HYSPLIT computes simple trajectories
to complex dispersion and deposition simulations using
puff or particle approaches [19, 24].

North and North-East.
East. The main reason for these helical
movements could be cyclones in the North of Persian Gulf
and South-West provinces
nces of the country.

2.4.1 Trajectory model calculation
The trajectory calculation in any Lagrangian models is
based on the meteorological data (wind speed in 3
directions), which has been interpolated to the grids of
model. Trajectories can be computed to test the advection
in the model. The advection is computed
ted from the average
of the 3-D
D velocity vectors for the initial position P(t) and
the first-guess position P’(t +∆t).
∆t). The velocity vectors are
linearly interpolated in both space and time.
time
The model needs wind speed in three different
directions, temperature,
ure, surface pressure, and height of the
mix layer so as to calculate trajectories. Since the accuracy
of results depends on the meteorological input’s accuracy,
it is recommended to use continuous fields such as WRF
[25]. In this research, GDAS and meteor
meteorological data were
provided by NOAA. Trajectory simulation in this study
uses forward moving from dust sources in six different
heights (10, 100, 500, 1000, 2000, 3000 meters above
ground level). Simulation started in 12:00 UTC 2nd July
2009 for four days. The top of the model assume to be fixed
at 10,000 meters. The reason for choosing these heights for
dust sources is that the height of boundary layer in those
regions was about of 3,000 meters above the surface;
therefore the dust could transfer from surf
surface layer up to
boundary layer.
Most of the dust particles’ diameters which contain Silt
are in the range of 2 – 74 µm. The study area includes Silt
layers therefore the wind speed threshold should be 4.47 –
13.41 m/s. According to the figure 2, surface wi
wind speed
and surface temperature are about 7.5 – 12 m/s and 43 –
48.8 °C, respectively. The high surface temperature, high
convective heat, and rising the boundary layer up to 3000
meters provides a good condition for displacement of dust
vertically. The dust
ust source in this study was enclosed to 44
– 47 longitudinal and 33 – 36 latitude.
According to Figure 3, it can be concluded that friction
wind speed (U*) in this dust event is about 0.4 – 0.8 m/s
and critical friction speed (0.7 – 0.8) m/s.
m/s If it is more than
the U*t (threshold friction speed), it would make a condition
for emitting the dust. In most cases U*t depends on the
particles’ diameter and turbulent parameters but generally it
is approximately equal to 0.6. Furthermore, based on
Gillette’s research (Figure 1) it can be concluded that in Silt
soils in Yukon for U* in the range of 0.3 – 1 m/s the dust
emission rate is 7×105 – 3×103 (µg/m2s) approximately.
Yukon’s results are similar to the values of U*t of this study
[21].

Figure 2: Surface wind speed in study area

3. HYSPLIT Results
Figure 4 (a, b and c) shows that the direction of
dust storm at altitudes (10, 100, 500 meters) is toward
South East and at country’s border regions it breaks into
two different trend lines. Above 500 meters (Figure
(Fig
4: d, e,
f), the trend lines at the beginning of the mass trajectories
originated from higher longitudes have moved towards
tow
the
West to the East. The trend lines start from the lower
latitudes toward the South-East
East and then redirected to the

Figure 3: friction wind speed in study area
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Figure 4: Forward trajectories from dust sources in a)10
a)10, b)100, c)500,
d)1,000, e)2,000 and f)3,000m above ground level.

4. Conclusion
This study investigates the dust storm critical
atmospheric conditions and the trajectories in Iraq and Iran.
First, WRF model was applied to determine surface and
threshold wind speed, as well as dust sources. According to
the results of the WRF surface wind
ind speed at the dust
release time was about of 7.5–12
12 m/s and critical friction
wind speed was about of 0.7–0.8 m/s.. These two factors
caused to dust emission in the central region of Iraq.
Furthermore, HYSPLIT Model used to simulate the dust
trajectories in the range of 10–3000 m above ground levels
from the hotspots. Trajectories direction depends on the
height of the sources and in the higher altitudes the
horizontal dispersion of dust parcels is different than the
lower levels. It was found two differe
different patterns in dust
particles trajectories. One of them was moved toward to
North–East
East of Iran and the other one was moved toward to
South–East
East at first and changed to North–East
North
later.
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