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Abstract: Background: Long-range transport of dust aerosol has intense impacts on the 

atmospheric environment over wide areas. Methods: The annual and seasonal changes in 

meteorological parameters associated with the occurrence of dust storms were studied. The 

features of an intense dust storm and its transport characteristics were studied during June 7th 

to June 9th 2010 in Ahvaz city. Temporal and spatial distribution of Middle Eastern dust storm 

event was analyzed by models of HYSPLIT and WRF/Chem, and in- situ observations. Results: 

A disagreement between the occurrences of dust storms, temperature, relative humidity and 

rainfall, show the major source of dust storms over Ahvaz city are neighboring countries. Using 

HYSPLIT results, the dust particles are mainly transported from north western region of Iraq 

and eastern Syria to downward areas including Ahvaz city.  The arrived Dust aerosols mixed 

with local anthropogenic emissions, led to the highest PM10 concentration of 4200 ppm. The 

model results were found to well reproduce temporal and spatial distribution of mineral dust 

concentrations according to in-situ measurements. Conclusion: The performance of WRF/Chem 

was acceptable for simulation of temporal and spatial distributions of dust storm events. 

Therefore, it can be taken as a reference in daily air quality forecasting.
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1. Introduction

Dust storms mostly happen throughout the desert regions of the world, specifically during 

springtime. The large amount of dust particles are injected into the atmosphere from deserts. Dust 

aerosols have a wide range of impacts on global climate, ambient air quality, atmospheric 

biogeochemical mechanisms [1, 2]. Dust particles are able to disturb the radiation budget of earth 

directly by interacting with both short- and long wave radiation and by changing the optical 

properties of cloud and microphysics of cloud indirectly [3]. Dust aerosols influence the chemistry 

wide areas by deposition of different trace elements [4, 5], and alter terrestrial and oceanic 

biogeochemistry by transporting nutrients like iron [6]. Dust aerosols can affect rainfall and cloud 

properties due to their potential ability in cloud condensation nuclei and ice nuclei [7, 8]. Through 

radiative effects, dust particles are able also to impact the atmospheric dynamics [4]. In general, 

particles are ejected from the arid and desert areas around the world with about 90% of the total 

emissions happening mainly in northern Africa in the Northern Hemisphere [9]. The global total 
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dust emissions throughout global models with highly uncertainty, range from 500 to 6000 Tg yr−1 

[10, 11]. The wet and dry deposition are responsible mechanisms for removing dust aerosols from 

the atmosphere. The wet deposition is dominated during long-range transport over the oceanic 

regions but dry deposition remove the larger particles near the source areas. The most high risk city 

of Iran namely Ahvaz, the capital of Khuzestan province of Iran, is close to Iraq, Syria, Saudi Arabia 

and Kuwait, which are main dust sources in this area. This city is widely influenced by mineral 

which are carried by a hot dominant northwesterly wind during the spring, Shimali wind, which is 

able to carry a large amount of dust particles from southern parts of Iraq [12]. Specially, Iraq should 

be a great source of concerns, with extensive areas of sand desert (nearly 40% of the country’s total 

area). The severe drought of 1999, deforestation actions, inappropriate land use, war impacts, 

unstable political situation and lack of appropriate internal decision-making have increased the rate 

of desertification in this country [12]. There are different developed techniques to locate dust 

hotspots and trajectories. The analysis of particle trajectory, numerical simulation, analysis of dust 

observation and meteorological information, Satellite imagery and Remote sensing method, mineral 

detectors and geological models are the main tools to investigate the dust storm events [13, 14]. A 

few studies have been conducted to identify dust sources, trajectories, contribution of dust particles 

to urban PM10 concentrations and spatial and temporal coverage of dust by using modeling 

techniques in Iran. The satellite images and meteorological data analysis were used frequently in 

most of the conducted studies on these issues [13]. Using the WHO database, Ahvaz is the first 

polluted city in the world, with the annual average particulate matter concentration of 372 μg/ m3 

[15]. Identifying the dust hotspots and pathways which lead to the dust storm events in Iran, has a 

considerable importance. The dust storm simulation is important not only for locating its sources, 

formation, dust diffusion and transportation and deposition but also for management and 

of its environmental dangers. In this study we investigated the relationship between dust storm 

frequencies and meteorological parameters. Then the temporal and spatial distribution of mineral 

dust were simulated with HYSPLIT (version 4) model and WRF/Chem (version 3.5) model. The 

modeled results were evaluated with in- situ PM10 measurements during June 7th to June 9th 2010 in 

Ahvaz city. At last, the results can be used to decrease and control the level of dust particles. 

2. Material and Methods

 2.1. Base case study  

The study area, Ahvaz city, which is located at 48˚40' longitude and 30˚20' latitude, was chosen to 

study the air quality modeling in June 2010. It occupies 8152km2 in southwestern Iran with 

inhabitants during the studied period. Its climate varies from arid to humid. Warm period is from 

April to September, while cold period is from October to March. Data taken from Ahvaz 

metrological station, which  records the climatic elements such as maximum and minimum of 

temperature, rainfall, relative humidity, wind speed and direction and dust storm frequencies 

of the dust storm occurrence) [16]. The annual average of maximum temperature in warm period 

was about 47˚C (in July) and minimum temperature in cold period was about 8˚C (in March). The 

annual mean rainfall amount was 173.4 mm with the maximum amount of 85mm in March. Also, 
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annual evaporation was about 3097 mm. Ahvaz city is influenced by southwestern winds at the 

North. 

2.2. Numerical Models 

2.2.1. HYSPLIT Model

In order to analyze the origins and trajectory of dust aerosols, Online HYSPLIT.4 ((HYbrid 

Single-Particle Lagrangian Integrated Trajectory) model was used with 1° ×1° resolution 

meteorological data [17]. HYSPLIT includes three types of trajectories, which can be computed: 

Normal, Matrix, and Ensemble. The pathways from a matrix distribution of locations of an area are 

computed using Matrix trajectory, but multiple pathways from one position by all-possible 

deviations in X, Y, and Z are calculated using Ensemble trajectory. The meteorological field 

resolution can cause uncertainty in the modeling. In order to reduce the model uncertainty, 

Ensemble trajectory is used to compute the all possible pathways.  

2.2.2. WRF/Chem Model 

WRF/Chem (Weather Research and Forecasting/Chemistry model) version 3.5 was used to model 

the outbreak and transport process of dust and its impact on Ahvaz city air quality with 1 nested 

domain. It is one of the currently used models to investigate the air quality and dust problems. It is 

a coupled meteorology-chemistry community model (WRF/Chem), which is developed by NOAA 

and other research institutions. It is can be used in a simulation of the chemistry, dust and aerosols 

from local to global scales. The chemical and meteorological sub-models are completely online 

coupled. They are using the identical horizontal and vertical coordinates and the identical physical 

options. There is not any temporal interpolation. Also, there are feedbacks between the chemical 

and physical interactions [18]. The chemical sub-model is consist of both chemical and physical 

processes. It contains the convective and advective transport of chemical; biogenic and 

anthropogenic emissions; wet and dry depositions; aqueous and gas phase modules; photolysis; 

dynamics of aerosol and chemistry beside the indirect and direct impacts of aerosol. Commonly, it 

can be used in a wide spectrum of applications with scales ranging from meters to thousands of 

kilometers. Real- time forecasting and modeling tests have illustrated that the good performance of 

WRF model in weather forecasting [19, 20]. This model allows the use of dust modules developed 

by the GOCART model (Georgia Tech/Goddard Global Ozone Chemistry Aerosol Radiation and 

Transport model). Also, it is capable of prediction the dust transport along with the meteorology by 

considering dust erosion areas which are taken from GOCART dust emission [21, 22]. The 

GOCART calculate the dust emission for each dust particle size considering the soil erosion factor, 

particle fraction, surface wind speed and the threshold wind speed of wind erosion. The dust 

particle sizes include 5 size bins in the WRF / Chem model the, with a mean radius of 0.6, 1.2, 2.4, 

4.5, and 8.0 μm, respectively. The flux Fp of particle size class p is approximately calculated by the 

following formula:  ( )2
p

rp s s t
F C V V VEα= −  ,   s t

V V    (1)  

0PF =    ,    Otherwise 
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Where C is a dimensional factor equal to 0.8 μg. m2. s-5, αp is the soil particle fraction of size bin p, Er 

is the probability soil erosion factor, Vs is the wind velocity at 10 m, and Vt is the threshold velocity 

of wind erosion. The threshold velocity is computed as a function of the, particle size, density, and 

the moisture content of soil [21, 23]. The configuration of modeling and designed domain in this 

study is shown Table 1. WRF/Chem version 3.5 allows the use both of MODIS (Moderate 

Resolution Imaging Spectroradiometer) and USGS (U.S. Geological Survey) land use. In Ahvaz with 

complex topography USGS with 24 categories and 30s resolution is used. For diagnostic analysis 

and initial and boundary conditions of the model, 6-hourly Final (FNL) Operational Global 

Analysis data with a 1° × 1° resolution from the National Center for Environmental Prediction 

(NCEP) were used.  

Process Values and Options

Horizontal grid (x,y) 300,200 

Grid spacing 10,000 m 

Land-use dataset USGS-24 

Meteorological data FNL 

Microphysics WSM 5-class scheme

Surface layer MM5 Monin-Obukhov 

scheme 

Land surface model Unified Noah land-surface 

model 

Boundary layer YSU scheme 

Cumulus option New Grell scheme (G3) 

Number of soil layers Noah land-surface model 

Chemistry option Dust 5 size bins 

Emission option MOZCART (MOZART + 

GOCART aerosols) emissions 

Dry deposition includes dry deposition of 

aerosols 

Dust option Include GOCART dust 

emissions with AFWA 

modifications 

Table. 1. WRF/Chem model setup, used in this study. 

2.3. Statistical metrics 
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In order to evaluate the simulation of meteorological parameters in the WRF/Chem model, several 

statistical functions were used collectively in the assessment. The following functions are chosen for 

evaluation in this study: mean absolute error, root mean square error, bias and index of agreement. 

Mean Absolute Error (MAE): 

1

N

i
MAE

Mi Oi
N=

=
−

    (2)  

Where, Oi is the observed value of the cell i, Mi is the modeled value of the cell i, and N is the 

number of values analyzed. 

Root Mean Square Error (RMSE) which is the same as MAE but more susceptible to occasional large 

errors because of its quadratic term: 
2

1

N

i
RMSE

N

Mi Oi
=

=
−

    (3)  

Bias (BIAS) is representing the trend of the model information to overestimate or underestimate a 

variable, calculates the model systematic error. Pielke (1984) defines BIAS as: 
( )

1

N

i

Mi Oi
BIAS

N=

−
=    (4)  

Index of Agreement (IoA) is representing more understanding of the model behavior for scalar 

magnitudes. It varies from 0 to 1, (0<IoA<1) and is determined by: 

( )
( )

2

1

2

1

1

N

i

N

i

IOA

i mean i mean

Mi Oi

O OM M
=

=

= −
−

+ − −
  (5) 

Where Mmean is the mean modeled value and Omean is the mean observed value. 

3. Results

3.1. Meteorological Parameter Analysis 

3.1.1. Annual variation of Dusty Days and Meteorological Parameters in Ahvaz city 

Fig. 1 is an illustration of dusty days in Ahvaz city over a 20 year period [16]. We can separate dusty 

days from other regular days, when the PM10 concentration reaches its threshold (100 μg/m3) 

[14].The number of dusty days has followed a downward trend from 1995 to 2000. As, it dropped to 

12 days per year in 1998. After 1999 it experienced a dramatic increase. While it reached to 108 days 

per year in 2003. A downward trend of dusty days was observed from 2003 to 2009, but the number 

of dusty days over these years was higher than the years 1995 to 2000. It reached to the value of 160 

days per year in 2009, which was the highest value during the studied 20 years. The annual average 

of meteorological parameters are shown in Fig. 2 in Ahvaz city during 20 year period. The relative 

humidity and maximum temperature experienced a modest change in these years, which is in stark 

contrast to the drastic observed changes in the number of the dusty days. Also, the amount of 

rainfall has experienced more changes than the two other parameters. It should be noted that the 

lowest amount of rainfall was recorded in the year in which the highest number of dusty days 

occurred. Using the recorded meteorological parameters, the average prevail wind direction was 
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245° in 2010, which is representing the common origin of dust storms are Iraq and Saudi Arabia in 

Ahvaz city [24]. The average recorded prevail wind speed was 11 m/sec. 

Fig. 1. Number of dusty days over the 20 year period in the city of Ahvaz.

3.1.2. Seasonal variation of Dusty Days and Meteorological Parameters in Ahvaz city 

Studying the seasonal distribution of dusty days indicated that the maximum number of dusty days 

was recorded in spring. The value of dusty days reached to 42 days in spring. While it experienced 

its lowest level of 5 days in fall (in 2010). The seasonal studying of meteorological parameters 

illustrated that the highest value of relative humidity content was observed in winter, which is not 

in common with the season with the lowest number of dusty days (fall). Also, the maximum 

temperature experienced its highest value and the precipitation its lowest amount in summer, 

whereas, the highest number of dusty days was recorded in spring. The average of dominant wind 

direction for four seasons; spring, summer, fall and winter were respectively 310°, 260°, 220° and 

190°. As can be seen, southern to western winds are the prevailing winds in Ahvaz over the studied 

period. In addition, the average prevail wind speed of 14 m/sec was recorded in spring in Ahvaz, 

which is in agreement with season of the highest number of dusty days.  
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Fig. 2. The annual average Relative Humidity (%), Maximum Temperature (° C) and rainfall (mm) 

in Ahvaz station during the studied 20 years. 

3.2. Meteorological simulations 

Statistical analysis, using the observed data for determining the model uncertainty is the most usual 

method. In this paper, a cell- point procedure has been used to verify the WRF resultants [24]. The 

model results were compared with observed meteorological parameters. Four meteorological 

parameters were selected for WRF model verification in this comparison: surface temperature at 2 

m and humidity at 2m, wind speed and wind direction at 10 m. The wind speed and wind direction 

were approximated from U10 and V10 wind vector components calculated by the WRF. Also, the 

humidity was determined using absolute water mixing ratios were derived from relative humidity, 

temperature and ground-level pressure values.  BIAS and IoA were applied for temperature, 

humidity, and wind speed and wind direction. Although there is much uncertainty in this area, for 

verification of the model performance, the reference values were chosen after Borge et al., (2008). 

These reference values should not be considered as if they are certain numbers. The performance 

measures can change linked to the situation [27]. The model results were compared with Ahvaz 

meteorological station (48.74 N and 31.34 E) observations in Ahvaz city. The comparison of 

modeled and observed wind speed, wind direction, temperature, humidity are shown in Fig. 3. The 

statistical results are provided in Table. 2 representing the model's ability in reasonably well, 

reproducing the observations in the studied area. The correlation factor shows that the WRF model 

capability in capturing the temporal variation. Comparing the results of statistical parameters with 

reference values in Table. 2, the low biases of 1.2 °C, 2.59 m/sec, 0.01 g/kg, and -30.58° and the high 

index of agreement (IOA) values of 1, 0.82 and 0.8 for temperature, wind speed and humidity, 

respectively, show that the WRF model results reproduced fairly well meteorological parameters. 

For the wind direction, the difference between the observed and model resultant vector is below 

30°, showing the good ability of the model in reproducing the wind direction. As the meteorological 

parameters have a vital role on regional air quality modeling, it is necessary to select the optimal 

setup of the meteorological model for air quality integrated assessment simulation. Therefore, 

further investigations are required to extensive sensitive analysis of the Weather Research 

Forecasting (WRF) model in the framework of the integrated assessment simulation system for the 

studied area [26]. 

3.3. HYSPLIT Model Implementation 

The HYSPLIT model was used to investigate the backward trajectory of the dust dispersion over 

Ahvaz city (31, 31 N and 48, 65 E), Khozestan province, from June 7th to June 9th 2010. The 

dispersion pathways of dust grains were tracked through 6 h time intervals up to 24 h before dust 

particles reaching the station in atmospheric heights of 500 m. In fact, the wind direction was 

estimated 24 h before the dust storm reaching the station. The main reason for this elevation, was 

tracing the path of the first dust particles one day before occurring in the western borders. 

Table. 2. Reference values for verification of WRF model performance after Borge et al., (2008).

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 October 2016 doi:10.20944/preprints201610.0068.v1

http://dx.doi.org/10.20944/preprints201610.0068.v1


 8 of 18

Humidity 

(g/kg)  

Temperature 

)cat 2 m (°

Wind 

direction (°)

Wind 

speed 

(m/sec)

Statistical parameters

------------R

0.061.8415.42.8MAE

---2.683.553.61RMSE  

0.011.2-30.58  -2.59BIAS

0.8  1---0.82IOA

Also, the particles in the height ≤500 m are relatively coarse as well as heavy grains, which can alter 

the horizontal visibility effectively. Fig. 4 indicated that they are two main paths for transferring the 

dust to the country: (a) NW- SE direction (the dust particles are transported from the northwestern 

region of Iraq and eastern Syria), (b) W- E direction (the dust particles are transported from central 

regions of Iraq to the southwestern and western parts of Iran). According to the results, the NW- SE 

is the main path for transporting the dust particles to Ahvaz city. Which led to reduction of 

horizontal visibility under 1000 m in Ahvaz city [25]. The second route is less abundant than the 

first path. As can be seen in Fig. 4 the dust particles has followed the same path from NW- SE to 

Ahvaz city. 

3.4. WRF/CHEM Model Implementation 

The air quality stations, record hourly pollutant concentrations, including PM10 in Ahvaz city. The 

recorded data from Daneshgah square station (31, 31 N and 48, 65 E) were used in this study. Fig. 5 

illustrated the time series of observed and modeled hourly PM10 in Ahvaz city from June 7th to June 

9th 2010. The order of magnitude of modeled maximum of PM10 is well agreed with that of 

observation in Ahvaz city and the peaks of dust particles are obviously represented.  
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Fig. 3. The comparison of modeled and observed (A) Wind Speed, (B) Wind Direction, (C) 

Temperature, (D) Humidity at sampling, Ahvaz city in Khozestan province, Iran between 6/1/2010 

and 6/10/2010. 
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The correlation coefficient between observed and simulated PM10 concentrations is 0.69 (N = 72), 

respectively. Fig. 6 illustrated the evolutionary pattern of surface PM10.  This dust storm was 

caused by a cyclone on 7 June 2010 over arid and semi- arid regions in Syria and Iraq, and then 

transported to broad downwind regions including Khuzestan province in Iran especially Ahvaz 

city. Fig. 7 is illustration of the temporal distribution of simulated mineral dust concentration (ppm) 

for first, second, third, fourth and fifth bins (with 0.73, 1.4, 2.4, 4.5 and 8 μm effective radius 

respectively, from June 6th to June 9th 2010 at Daneshgah station, Ahvaz city. The most near surface 

concentrations and dust emission flux occurred over fourth bin with effective radius equal to 4.5 

μm. But fifth bin (sand distribution) with effective radius equal to 8.0 μm showed the least dust 

emission flux and near surface concentration over Ahvaz city during studied period. 

Fig. 4. HYSPLIT Back trajectory simulation, Ahvaz on (Left to Right) June 7th, June 8th, and June 9th 

2010. 

4. Discussion

4.1. Relationship between Dusty Days and Variation of Meteorological Parameters 

Any reduction in the amount of precipitation and relative humidity during warm period could lead 

to reduction in the top soil moisture content. The results indicated that season with the highest level 

of number of dusty days did not match the season with the highest maximum temperature, the 

minimum amount of rainfall and relative humidity. This result can confirm that the major sources 

of dust storms in Ahvaz city are neighboring countries. But the highest average prevail wind 

speeds were recorded in spring, which is in agreement with the season of the highest number of 

dusty days. As a result, a part of the dust storms over Ahvaz city have local sources [25, 28, and 29]. 
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Fig. 5. The time series of observed hourly PM10 concentration and simulated hourly PM10 

concentration from June 7th to June 9th 2010 at Daneshgah station, Ahvaz city. 

4.2. Sources and Routes of Dust Storm with HYSPLIT 

Fig. 4 shows the dust particles has followed the same path from NW- SE to Ahvaz city. Which 

indicating Shamal winds is responsible for transporting dust particles from western parts of Iraq, 

eastern Syria and Jordan to Ahvaz city. Results of other studies [25, 30, 31, and 32] demonstrated 

the main dust resources over Iran are central to northern parts of Iraq, Eastern and central parts of 

Iraq and Syria, and northern parts of Saudi Arabia. The increase in the intensity of dust storms can 

be due to drought as well as adverse use of natural resources in Iran and in the neighboring 

countries specifically in Iraq. Iraq is one of the main origins of dust storms in Khuzestan province of 

Iran (especially Ahvaz city). Because of the dam projects by neighboring countries, the flow of the 

Euphrates and Tigris has a remarkable reduction. Iraq, Saudi Arabia, Jordan, Kuwait, southern part 

of Turkish and Syria which are located in the dust belt with arid and semiarid climate, known as 

principal sources of dust storms of Iran. Meanwhile, the Middle East is widely known for its 

frequent and intense dust and sand storms with its arid and semi-arid environment. Next to Africa, 

it is most affected by dust in the world, [33, 34]. The intensity and frequency of dust storms have 

significantly increased in Iran during the last years. Which has put human health in danger in the 

southern provinces of Iran like the southwestern Khuzestan Province and northern part of 

southeastern Sistan and Baluchistan Provinces [35]. However, dust storms have serious impacts on 

the life of the people in these areas and have put even their breathing in trouble let alone with their 

work and other useful activities and the frequency intensity of these increasing dust storms and 

consequences have worried people. Also, this natural disasters can influence the rate of internal 

migration in these regions. The researchers found out that, on average, natural disasters like dust 

storms occurrence and drought can increase the number of migrants in the affected areas [36, 37]. 

They concluded that inter-provincial migration can be shaped by environmental changes as well as 

socio-demographic factors. The number of people engaging in international migration because of 

climate changes in compare with the number of people engaging in internal migration is small [37, 

38]. But one outstanding argument is that climate change is able to affect the livelihood and 
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of people in developing countries especially, result in an increase their motivations to migrate to 

countries. Saharan dust can be transported from its origin areas along three important transport 

paths ((a) westward over the North Atlantic Ocean to North America and South America, (b) 

northward across the Mediterranean to southern Europe and sometimes as far north as Scandinavia 

and  (c) along easterly trajectories across the eastern Mediterranean to the Middle East [12]. It 

should be noted, that this crisis is spreading to the rest of the world even European countries. Over 

70 % of the increasing of the daily PM10 limit value in the most regional background (RB) sites of 

Spain have been assigned to dust outbreaks [39]. For the Eastern Mediterranean Basin, the same 

findings were received [40, 41]. The regional background PM10 levels across the Mediterranean had 

increasing trends from the north to south and western to eastern of the Basin from 2000- 2007 [39]. 

Fig. 6. The simulated spatial distribution of surface PM10 concentrations from June 7th to June 9th 

2010 at Daneshgah station, Ahvaz city. 
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As result, it is necessary to identify hotspots, measure their wind erosion capacity and take the 

effective and functional stabilizing methods of highly erodible regions immediately. Stopping flow 

of sand upwind (wind breaks and wind barriers, vegetation …), stabilizing loose soil (vegetation, 

mulching …) and surface binders (chemical coatings, watering …) are different stabilizing methods 

which could be useful in reducing the vertical dust emissions. Future studies require focusing the 

effective techniques on the soil, topography, climate and vegetation cover properties of each 

hotspot. 4.3. Simulation of transport process and spatial distribution with WRF/Chem 

The results show that the timing of maximum dust concentrations is simulated well, but there are 

some deviations in the peak magnitude and slight biases in the locations. The difference in 

positioning the peaks represented that the location of source or the strength of the source might not 

be well estimated. The underestimation of simulated PM10 concentrations might be because of 

underestimation of one of the source areas or deviation of meteorological fields during 

transportation which would cause the lower modeled PM10 concentration. According to the 

previous studies ,there are some reasons lead to model uncertainty: (a) the values of friction 

velocity threshold, near surface moisture content for different types of soil, which are important 

parameters in initiation of dust deflation [42]; (b) meteorological fields during dust transportation 

[43]; (c) deficiency of model resolution in the source area [44]; and (d) strength of surface wind 

which is important in new considered generated origin areas with high dust concentrations during 

transportation [23, 43]. The considerable variations with observations are mainly because of using 

semi empirical “dust source functions” to parameterize dust emission proceedings [45, 46] in the 

available generation of dust modules. Regarding the impact of mineral dust, it is critical to use an 

accurate dust cycle in climatic and weather models. Therefore, the representation of dust cycle in 

weather and climate models needs an improvement. A physically based dust emission 

parameterization was represented by Kok, et al., (2014), which is straightforward to apply into the 

large scale models. This dust emission model is depending only on the wind friction velocity and 

threshold friction velocity of soil. A critical insight of the theory is that the dust flux is remarkably 

more sensitive to changes in the soil state than the most current climate models account for. As 

result further investigation are required to investigate the implementation of physically based 

parameterization, COMSALT, for the emitted vertical dust flux from an eroding soil to have an 

improvement in the representation of dust cycle in weather and climate models. 

5. Conclusion

The most persistent and largest origins of dust storms are located in the Northern Hemisphere, 

remarkably in a broad “dust belt” which is extended from the west coast of North Africa, over the 

Middle East, Central and South Asia, to China.  
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Fig. 7. Temporal distribution of simulated mineral dust concentration (ppm) for first, second, third, 

fourth and fifth bins (with 0.73, 1.4, 2.4, 4.5 and 8 μm effective radius respectively, from June 6th to 

June 9th 2010 at Daneshgah station, Ahvaz city. 

Outside of this area, the dust activity is mostly not large- scale [48]. Nevertheless of strength or size 

of the dust origins, they can usually be associated with topographical lows located in arid areas 

annual rainfall under 200- 250 mm. In this study, the relationship between meteorological 

parameters and the occurrence of dust storms in the city of Ahvaz was investigated and agreement 

between dust storm occurrences and prevail wind speed  has been reported over the last 20 years. 

As a result the major source of dust storms over Ahvaz city are neighboring countries. We analyzed 

the long-range transport of a severe dust storm and its impact on the air quality of Ahvaz city from 

June 7th to June 9th 2010. During the transportation from source areas to downwind areas, dust 

particles could arrive at Ahvaz city in different directions: (a) NW- SE direction (the dust particles 

are transported from north western region of Iraq and eastern Syria), (b) W- E direction (the dust 

particles are transported from central parts of Iraq to the south western and western parts of Iran), 

which resulted in several peaks of PM10 concentrations. Dust particles, with local non- crustal 

emissions led to severe air pollution with maximum of PM10 reaching 4200 ppm. Also, the most 

near surface concentrations and dust emission flux occurred over fourth bin with effective radius 

equal to 4.5 μm. But fifth bin (sand distribution) with effective radius equal to 8.0 μm showed the 

least dust emission flux and near surface concentration. Since the significant concentration of fifth 

bin can be seen only over sources regions specifically during dust storm formation. On other side, 

first bin with effective radius equal to 0.5 μm which can play most mobility and with considerable 

concentration over long distance from its origins showed less fraction of concentration comparing 

with third and fourth bins with larger dust grains over Ahvaz city, which is because of being close 

Iraq, Saudi Arabia, Kuwait and some local western areas, where are main dust origins in this 

WRF/Chem model simulated the dust storm event on 7-9 June 2010 well in terms of temporal 
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distribution and spatial evolution of dust aerosol, reflecting good capability in prediction of 

pollution during dust storm event. Therefore it can be taken as a reference in forecasting the daily 

quality.  
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