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Abstract: Dust is one of the most important problems of human societies in arid and semi-
arid areas. This study analyzed the rising and propagation of the dust storm occurring
from 21 to 23 May 2016 in Isfahan province (Central Iran) by using the WRF-Chem and
HYSPLIT models. The dust storm was visualized using visible imagery and coarse-mode
aerosol optical depth data from satellite sensor data, and dust emission and transport
were simulated for Central Iran by using WRF-Chem with the AFWA and GOCART
schemes. The results show that the dust concentration in Sistan and Baluchistan province
and the Persian Gulf was as high as 2000 µg/m3, and both schemes estimate the highest
amount of dust emissions from the central parts of Iran and the eastern part of Isfahan
province. PM10 data of Yazd station was used to verify the model outputs, which showed
that the AFWA dust scheme has a higher correlation coefficient with observations (0.62)
than the GOCART dust scheme. This case study suggests that WRF-Chem dust schemes
simulate dust rising and propagation in Central Iran with reasonably good reliability,
though further determination and enhancement are still required for an accurate prediction
of dust concentration and extents.

Keywords: dust storm; WRF-chem model; HYSPLYT model; MODIS; GOCART dust
scheme; AFWA dust scheme; Isfahan province

1. Introduction
Dust storms are important natural disasters that affect many people’s lives around

the world [1–5]. The intensity and frequency of dust storms in arid and semi-arid regions
are higher than elsewhere because of the climate and edaphic conditions. Dust storms
often occur in desert and plains areas in North America, North Africa, the Gobi Desert,
the Middle East, northeastern China, and other regions [6–9]. Such factors as strong wind
speed [10–13], a lack of vegetation cover [14–17], a lack of soil moisture, and changing
land use [18–21] can be mentioned as the most important and influential ones for the
occurrence of dust storms. Dust is emitted as the result of wind erosion that occurs mostly
in arid and semi-arid regions. Wind erosion is considered one of the key processes of
desertification in arid and semi-arid regions [22–26]. Wind erosion includes the separation,
transport, and deposition of mainly soil particles by erosive winds [27,28]. Similarly to
dust storms themselves, dry soil, a lack of vegetation, and strong winds are among the
most important reasons for wind erosion, which makes dust emission more likely in arid
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areas [29]. In recent years, dust events have taken place in the West Asia region with
higher frequency and intensity [14,30]. About 30 or up to 50% of all particles entering
the atmosphere are dust particles [31]. Numerical models have the ability to calculate the
concentration of particles moving downstream by using the emission rates of particles,
characteristics of the emission sources, local topography, the meteorology of the research
area, and the concentration of environmental particles [31–36]. As a country of the Middle
East, Iran is located in the global dust belt. Each year, much damage due to wind erosion is
observed in different parts of Iran [18,37–40]. The occurrence of severe dust storms causes
severe problems in different sectors related to air quality and human health [41–43], air and
road transportation [43], agriculture [44–46], and photovoltaic panel performance [47,48]
across Iran. Iran is affected by dust storms mainly originating from external desert dust
sources [14,49–51] and, to a lesser extent, from internal deserts [52–54]. In the past two
decades, dried lake beds have turned into the largest dust sources [55–58] due to the effects
of meteorological drought and anthropogenic water withdrawals. The dried beds of lakes
such as Urmia Lake [59–61], Bakhtegan Lake [62,63], and Jazmorian Lake [64,65] contribute
to dust storms. Five main dust sources in Iran can be mentioned [6]: Khuzestan Plain in
the southwest; the border with Kuwait and Iraq [14,66,67]; the northern coastal plain of
the Persian Gulf [68–70]; and two regions in the west of Iran, Tabas in the east [6] and
Sistan basin in the southeast [71–73]. Among these five dust sources, the first three also
include external dust sources from adjoining countries, but the last two are mostly internal
sources [6,14]. Recent studies have highlighted numerical dust prediction models that are
being developed to better understand the effects of dust particles on atmospheric dynamics
and vice versa. Although the simulation results of numerical models are acceptable,
uncertainty remains in the parameters for the rates of dust emission [74], especially in
terms of small aerosol particles. The models are used to improve the simulation of dust
storms and air quality analysis and forecasting. Until recently, chemical processes in
air quality modeling systems were usually simulated separately from meteorological
models, with one example being the HYSPLIT model, where independently computed
wind fields are then used to simulate particles’ forward or back trajectories, but WRF-
Chem is an example of a model where all chemical particle transports are calculated while
taking into account the feedback on atmospheric dynamics, revealing a more realistic
interaction between atmospheric dynamics and dust transport. In version 3.9.1 of the
WRF model [39], chemical compound emission, reactions, and transport can be fully
analyzed and predicted [75]. The WRF-Chem model includes a dynamic core that is
available in two alternative forms, either with Eulerian mass coordinates or the non-
hydrostatic NMM mesoscale model (https://www2.acom.ucar.edu/wrf-chem (accessed on
22 July 2024)) [74]. The chemistry part of the model includes calculations related to chemical
mechanisms, the optical decomposition of airborne particles, the emission processes of
airborne particles from the surface to the atmosphere, processes related to particle removal,
and the parameterization of microphysical, dynamic, and thermodynamic processes of
airborne particles [74]. Many studies have been conducted regarding the use of the WRF-
Chem model to simulate and numerically analyze dust storms with various goals and in
different regions, of which [17,76–83] can be mentioned. The purpose of our study is to
simulate and numerically analyze the dust storm of 21–23 May 2016 in Central Iran using
the WRF-Chem model with the GOCART and AFWA dust schemes. Although the AFWA
dust scheme showed better performance in other studies in the west [34] and northwest
of Iran in Urmia Lake’s dried lake bed [57], its performance in simulating dust rising and
propagation in Central Iran has not been investigated. Also, the AOD index is an important
parameter in evaluating airborne particles and tracking the temporal and spatial patterns of
dust emission. For example, Wang et al. [84] investigated the spatio-temporal characteristics
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of dust content in Central Asia and found increasing dust trends in Kazakhstan, Uzbekistan,
and Turkmenistan. Also, Dadashi Roudbari and Ahmadi [85], in a study of the southern
parts of Iran, identified this area as the center of aerosols in Southwest Asia, which has seen
an increase in AOD values in recent years. Sharma et al. [86] also investigated the effect of
land use cover (LULC) on AOD in India and found that LULC characteristics were a major
determinant of atmospheric aerosol concentrations.

This study investigates a severe dust storm arising from internal minor dust sources
in Central Iran that were less investigated in previous studies. This study was conducted
in Isfahan province using the WRF-Chem model, and its results were verified with the air
pollution monitoring station of Yazd province. In this research, the GOCART and AFWA
schemes were used to simulate the dust storm occurring from 21 to 23 May 2016, and the
results were compared with the observations.

2. Materials and Methods
2.1. Study Area

Isfahan province, with an area of 107,018 square kilometers, is located between 30 de-
grees, 43 min to 34 degrees, 37 min north and 49 degrees, 38 min to 55 degrees, 32 min east
(Figure 1). The climate of Isfahan province is generally mild and dry. Due to the influence
of winds and proximity to the mountainous region in the west and the desert plain in
the east and southeast, its climate zones can be divided into desert climate, semi-desert
climate, and cold semi-humid climate. According to the report of the synoptic station of
Isfahan city, the maximum temperature is 40.6 degrees Celsius, the minimum temperature
is −10.6 degrees Celsius, and average annual rainfall is 116.9 mm. The winds that blow in
Isfahan province are generally from the west and southwest. Strong winds blow only in
the desert areas of the province.
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Figure 1. The geographical location of the study area.

In this investigation, based on station observations, the dust storm occurring from
21 to 23 May 2016 was selected as a case study. First, using MODIS satellite images, the
extent of the event was verified in Central Iran. Using the HYSPLIT model, the trajectories
of dust in the center of Iran were determined, and then the simulation and numerical
analysis of the chosen event were performed using the WRF-Chem model, comparing the
AFWA and GOCART wind emission schemes and verifying the simulation with station
observations. Figure 2 shows a schematic of the strategy implemented in this study.
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2.2. Dust Storm Routing Using HYSPLIT Model

HYSPLIT model was used to simulate dust trajectory and identify the origins and
areas affected by dust deposition. In order to determine the path of dust movement by this
model, gridded meteorological data are needed. The minimum data required to analyze the
movement path of dust is the zonal and meridional components of the wind, the vertical
speed (omega), and the geopotential height field. Several types of data can be used for the
input of the model, but in the study area, the only possibility is to use GDAS data. GDAS
data are available at a 1◦ resolution starting from 2006 and at a 0.5◦ resolution starting from
September 2007.
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2.3. WRF-Chem Model

The Weather Research and Forecasting model coupled with Chemistry (WRF-Chem) is
widely used for investigations and simulations of regional climate, weather conditions, and
pollutants in different parts of the world. In this study, WRF-Chem version 3.9.1 was used
for the domain between 25◦ to 40◦ N and 44◦ to 63◦ with a horizontal resolution of 27 km and
30 vertical sigma levels (from 1000 hPa up to 10 hPa). For initial and boundary conditions,
the GFS data produced by NCEP with a 0.5-degree horizontal resolution (~55 km) was
used. Furthermore, two dust schemes, GOCART and AFWA, were used for the simulation
of dust rising and propagation in the study region.

2.4. GOCART Dust Scheme

This scheme considers potential dust sources based on the erodible fraction. The
vertical dust flux from the surface is calculated as follows [84]:

Fp = CGSspU2
10(U10 − Ut)U10 > Ut (1)

where CG is an experimentally determined constant and is equal to 1.9µgs2

m5 , U10 is the wind
speed at a 10 m height above the surface, Ut is the threshold velocity for the particle wind
erosion of p size at a velocity lower than that at which emission does not take place, and
sp is the fraction of each category of dust, which is considered equal to 0.1 for the smallest
particle size and 0.25 for other sizes. S is the erodibility function obtained by the following
relation [87]:

S =

(
zmax − zi

zmax − zmin

)5
(2)

Here, S is the probability of accumulation of sediments at point i of the network with
height zi. zi is the height of the grid cell, and zmax and zmin are the maximum and minimum
heights of the topography at a distance of 10 degrees from the center of the grid cell. In
this scheme, five different sizes for ideal spherical dust particles are considered, with radii
ranging from 0.1 to 10 µm. The effective radii of the particle classes are assumed to be 0.73,
1.4, 2.4, 4.5, and 8 µm, and all calculations are performed for each class.

2.5. AFWA Dust Schema

The parameterization method presented by Martikorna and Bergamati [88] for the
emission of dust particles was implemented in the form of the AFWA dust module by the
United States Air Force Meteorological Center in the WRF-Chem model. In the AFWA
scheme, the correction factor is applied to ut as follows:

ut = ut
(

Dp
) f (moisture)

f (roughness)
(3)

ut
(

Dp
)
= 0.129

[
ρpgDp

ρa

]0.5
[

1 + 0.006
ρagD2.5

p

]0.5

[
1.928

(
aDx

p + b
)0.092

− 1
]0.5 ut = ut

(
Dp

) f (moisture)
f (roughness)

(4)

In the above relation, f (roughness) is the drag partition correction. If f (roughness) is
equal to 1, it means the surface is smooth. This amount increases with the increase in rocky
surfaces, vegetation, and other roughness factors. Currently, the value of f (roughness) is set
to 1 for Southwest Asia. This area has a characteristic roughness length of less than 5 m,
generally found in deserts and areas with poor vegetation.
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In the AFWA scheme, the dust flux caused by the saltation process on the bare soil
surface is obtained from the relationship introduced by Kawamura [88] as follows:

H
(

Dp
)
= C

ρa

g
u3

(
1 +

ut

u

)(
1 − u2

t
u2

)
(5)

G = ∑ H
(

Dp
)
dSrel

(
Dp

)
(6)

The vertical flux of mass dust is calculated based on Martikorna and Bergametti [88],
including the correction factor [89]:

Fbulk = Gα × Erodα = 100.134(%clay)−6 (7)

2.6. WRF Configuration

In order to determine the spatio-temporal propagation of the dust storm in the central
areas of Iran, WRF-Chem model version 3.9.1 was used with GFS data for the initial and
boundary conditions with a resolution of 0.5 degrees. For the dust scheme in the WRF-
Chem model, the AFWA and GOCART dust schemes were used. For this purpose, the
model runs with a 27 km resolution with 100 × 102 horizontal grid points and 42 vertical
levels. Table 1 shows the detailed physics schemes that the WRF-Chem model used for
this study.

Table 1. WRF-Chem model schemes used in this study.

WRF Single-Moment 5-Class Scheme Microphysics

RRTM Scheme Long-wave radiation
Goddard Shortwave Short-wave radiation

Noah Land Surface Model Surface physics
Yonsei University Scheme Planetary boundary layer

Grell 3D Cumulus
AFWA and GOCART Schemes Dust scheme

3. Results and Discussion
The dust frequencies during the case study period (Figure 3) were taken from the

meteorological stations in Iran which were directly affected by the dust storm. Many
meteorological stations reported dust in that period across Iran, especially in Western and
Central Iran. Most stations recorded under 5 reports in 3 days (yellow circles) or under
10 reports (blue circles). However, some stations reported dust codes of more than 10 and
even more than 15 dust reports in 72 h (red and pink circles). The most dust reported was
at weather stations in Central Iran, especially Isfahan province. It is worth mentioning that
the total number of reported weather codes was 24 reports in 72 h (1 report every 3 h).

The figure shows that the dust storm was widespread and that many Iranian meteoro-
logical stations reported the dust storm. Similarly severe and extensive dust storms were
investigated in other studies in the Middle East [14,33,90,91].

MODIS imagery confirms that on 21 May 2016, an intense dust storm originated from
Dasht-e Lut in SE Iran and occurred in Hamouns in Sistan Basin and covered southeast
and Central Iran (Figure 4). Dust plume was observed on 22 and 23 May over Hamoun
Lake and Sistan Basin. This dust plume was not so obvious in the MODIS true color image
over Central Iran in the following days, but the central weather stations in Iran continued
to report dust weather codes in the following days. Weather stations in Isfahan reported
intense wind speed on 20 May 2016. For example, Isfahan weather station reported a wind
speed of 10 m/s, Ardestan station reported 15 m/s, and Naein station reported 10 m/s
on 20th May. This high wind speed promoted dust emission and transport. Figure 4
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shows Terra MODIS true color imagery during the examined dust storm in the period of
21–23 May 2016.
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dust storm and Central Iran). The main dust plume is shown by the red circles.

The spatial distributions of Terra-MODIS AOD with a one-degree resolution are shown
for the period of 21–23 May 2016 (Figure 5a), and those of TERRA-MODIS AOD 550 nm
with a one-degree resolution are shown on 21 May 2016 (Figure 5b). Figure 5a shows the
mean aerosol optical depth being more than 0.5 in Eastern, SE, and Central Iran and Isfahan
province. In fact, the MODIS 6.1 products show high AOD over more than half of Iran.
Since most of the area comprises deserts, such as Loot Desert and Dasht-e Kavı̄r, and the
number of cities is low in this area, the AOD could not be related to other anthropogenic
aerosol sources. The number of cities is much higher in Western Iran in comparison with
the eastern part, since the eastern part of Iran is mostly covered by deserts relative to the
mountain range and plains located in the western part of Iran [53,92–96].

In some parts of the study area, the daily AOD at 550 nm was near 5. Such a high
AOD was reported during dust storms in other studies in the Middle East area [91–94]
as well. Figure 5b shows the AOD value with a 10 km resolution, which was high in the
eastern part of Iran, mostly over 2.5, on 21 May 2016.
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The spatial distributions of the daily coarse-mode aerosol optical depth (cAOD) of
500 nm over Iran are shown for the period of 21–23 May 2016 (Figure 6a–c). The resolution
of the data is 0.5 degrees, and the data are valuable for understanding the impact of dust
particles on the atmosphere and climate of any part of the world. The cAOD value shows
larger aerosol particles with a radius between 1 and 2.5 µm. The figures show a high cAOD
value of 500 nm over Central and southeast Iran in the period of 21–23 May 2023. However,
the coarse-mode aerosol optical depth amounts were high on 22 May and decreased
drastically on 23 May 2016 in the central area of Iran. These figures are in agreement with
TERRA-MODIS AOD 550 nm in Figure 5a that shows a high AOD of 550 nm in the center
and southeast of Iran. The figures related to cAOD 500 nm and AOD 550 nm indicate
that dust particles increased in the central areas of Iran on 21 May and propagated in the
next days.
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The identification of the dust storm in MODIS imagery is supported by CALIPSO
aerosol sub-type classification during CALIPSO overpasses over SW Iran (yellow line in
the MODIS imagery).

An intense dust plume was detected over SW and Central Iran (Figure 7). According to
the CALIPSO profiles, this dust storm was severe in the south and central parts of Iran, and
tropospheric particles (orange color is shown with the number three (Figure 7b)) increased
to higher than 6 km in this area. The atmospheric pollution was mostly dust particles in
this area on 21 May 2016. Some particles may be related to industrial PM2.5. Isfahan is
an industrial megacity that has many factories in and around it. Also, it is famous for
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its petrochemical and steel industries. However, true color imagery from Terra-MODIS
confirms the vast extent of the dust storm event over Central and southeast Iran (Figure 8).

Atmosphere 2025, 16, x FOR PEER REVIEW 9 of 17 
 

 

The identification of the dust storm in MODIS imagery is supported by CALIPSO 
aerosol sub-type classification during CALIPSO overpasses over SW Iran (yellow line in 
the MODIS imagery). 

An intense dust plume was detected over SW and Central Iran (Figure 7). According 
to the CALIPSO profiles, this dust storm was severe in the south and central parts of Iran, 
and tropospheric particles (orange color is shown with the number three (Figure 7b)) in-
creased to higher than 6 km in this area. The atmospheric pollution was mostly dust par-
ticles in this area on 21 May 2016. Some particles may be related to industrial 𝑃𝑀ଶ.ହ. Isfa-
han is an industrial megacity that has many factories in and around it. Also, it is famous 
for its petrochemical and steel industries. However, true color imagery from Terra-
MODIS confirms the vast extent of the dust storm event over Central and southeast Iran 
(Figure 8). 

 

Figure 7. (a) True color imagery from the Aqua satellite Moderate-Resolution Imaging Spectroradi-
ometer (MODIS) and Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO) 
and (b) aerosol-type classification on 21 May 2016 over the Middle East. The red box is related to 
the study area. The CALIPSO orbit path is shown by the yellow line in MODIS imagery, with the 
yellow arrows showing the direction of the overpass (1. clear air (blue); 2. cloud (purple); 3. tropo-
spheric aerosol (orange); 4. stratospheric aerosol (yellow); 5. surface (green); 6. subsurface (Birch); 
7. totally attenuated (black)). 

HYSPLIT outputs indicate the prevailing winds from the east and southeast direc-
tions (Figure 8). The trajectories show a twist near the study area. It appears that the dust 
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Figure 7. (a) True color imagery from the Aqua satellite Moderate-Resolution Imaging Spectrora-
diometer (MODIS) and Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO)
and (b) aerosol-type classification on 21 May 2016 over the Middle East. The red box is related to the
study area. The CALIPSO orbit path is shown by the yellow line in MODIS imagery, with the yellow
arrows showing the direction of the overpass (1. clear air (blue); 2. cloud (purple); 3. tropospheric
aerosol (orange); 4. stratospheric aerosol (yellow); 5. surface (green); 6. subsurface (Birch); 7. totally
attenuated (black)).
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HYSPLIT outputs indicate the prevailing winds from the east and southeast directions
(Figure 8). The trajectories show a twist near the study area. It appears that the dust plume
originated from Central and SE Iran. Mesbahzadeh and Ahmadi [97] confirmed that the
spring’s dominant wind direction is westerly in Kashan station, located in Isfahan province
in Central Iran. Also, their study showed that the dominant wind direction is westerly
and north-westerly in the Yazd plain in Central Iran. But in this case, the dominant wind
direction was easterly, bringing dust emissions from source areas to the east and southeast
to Central Iran. Figure 8 shows 48 h backward trajectories from the HYSPLIT model for air
masses 200 m above the ground in the affected east part of Isfahan province.
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The simulations with both WRF-Chem dust schemes revealed a high dust concentra-
tion over Sistan basin in the period of 21–22 May 2016 (Figure 9), comparable to levels
recorded in this area several times in the past [14,71,96]. The model found present high
dust concentrations (higher than 2000 mg/m−3) over the Persian Gulf and SW of it. A high
dust concentration over this area was reported in many studies [69,98–102]. Furthermore,
simulations with both dust schemes show the severe dust storm in Isfahan province, espe-
cially in the east of the province at 00:00 UTC on 21 May 2021. The GOCART dust scheme
showed a higher dust concentration over eastern Isfahan province, while the AFWA dust
scheme shows a severe dust storm outside of Isfahan province that spreads over a bigger
area. The dust storm in Central Iran was therefore simulated with different magnitudes
and spatial extents across the two different dust schemes, although using both of them led
to simulating a dust storm in the period of 21–22 May 2016 in Isfahan province and Central
Iran. As explained above, the surface dust concentration in the GOCART dust scheme
depends on the wind velocity in 10 m, while the AFWA dust scheme uses threshold friction
velocities for the calculation of the dust surface concentration.
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Figure 9. Spatial distribution of surface dust concentration (PM10, µgm−3) according to WRF-Chem
models with two dust schemes at 00:00 UTC and 12:00 UTC in period of 20–22 May 2016.

Both dust schemes underestimated PM10 amounts observed at Yazd station, with
the simulated concentrations being more similar to each other than to the observations
(Figure 10). Also, the maximum simulated surface concentration occurred earlier in the
storm compared to the measurements. Similarly, Abadi et al. [57] showed that PM10

amounts in the AFWA and GOCART dust schemes peaked 12 h sooner than the measured
ones in the Urmia Lake dust storm. Zhao et al. [103] showed all five WRF-Chem dust
schemes underestimated or overestimated the surface dust concentration in NW China
and, in particular, the GOCART dust scheme underestimated dust emission. Tsarpalis
et al. [104] showed that the GOCART and AFWA dust schemes underestimated PM10

and AOD amounts in Central Asia in a dust storm case study of 12–15 July 2016. Also,
Karami et al. [105] showed that the WRF-Chem simulation with the AFWA dust scheme
underestimated PM10 amounts in Sistan dust cases in SE Iran. The simulation of dust might
depend on subscale topography and soil texture, for example, in dry lake beds, that is not
being well resolved. Figure 10 shows the temporal evolution of the PM10 concentrations
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(µgm−3) measured at air monitoring stations in Yazd in Central Iran and simulated by two
dust schemes of WRF-Chem in the period of 23–26 May 2016.
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Figure 10. Temporal evolution of PM10 concentrations (µgm−3) measured at air monitoring stations
in Yazd and simulated by two dust schemes implemented in WRF-Chem in period of 23–26 May 2016.

The correlation coefficient between the AFWA dust scheme and measured PM10 is
high (0.62), and it was higher than the GOCART dust scheme (0.52), as shown in Table 2
However, the mean absolute error (MAE) was 299.03 µgm−3 in the AFWA dust scheme
and it was 209.12 µgm−3 in the GOCART dust scheme in Yazd station in the study period.
Table 2 shows the correlation and MAE of the output of the two WRF-Chem dust schemes
and measured PM10 in Yazd station in Central Iran. The results obtained by the station
show that the MAE, RMSE, and bias errors related to the GOCART dust scheme were
lower than the AFWA dust scheme. Furthermore, the negative mean bias shows both dust
schemes underestimated PM10 in Yazd station in the center of Iran. The AFWA dust scheme
underestimated PM10 amounts somewhat more than the GOCART dust scheme.

Table 2. Correlation, MAE of output of two WRF-Chem dust schemes, and measured PM10 in Yazd
station in Central Iran.

Dust Scheme AFWA GOCART

Correlation 0.62 0.52

MAE 299.03 209.12

RMSE 359.2 352.3

Bias −224.67 −204.25

4. Conclusions
Dust storms are one of the main problems of dry areas. Isfahan province is exposed

to these storms by being located near the Lut and central deserts of Iran. Also, the Gav
Khooni wetland is considered to be a source of dust in this province in times of water
shortage. Zayandeh Rood, as the largest central river of Iran, which flows into the Gav
Khooni wetland, has faced water shortage and drought due to various climatic and human
reasons, leading it to become a source of dust in Isfahan province. In this study, by using
remote sensing data as well as dust-related codes from weather station reports, the event
of 21–23 May 2016 was selected as a widespread and severe phenomenon for simulation
and numerical analysis. MODIS and CALIPSO satellite images were used to visualize the
prevalence and severity of dust, which was confirmed and simulated with the WRF-Chem
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model. In this model, AFWA and GOCART schemes were chosen to simulate dust emission.
The finding with both dust schemes visualized the severe dust storm in Isfahan province,
particularly in the east of the province, at 00:00 UTC 21 May 2021, but the GOCART dust
scheme showed a higher dust concentration over the east of Isfahan province, while the
results with the AFWA dust scheme showed a concentrated severe dust storm outside
of Isfahan province that spread over a bigger area. The dust storm in Central Iran was
simulated with different magnitudes and spatial extents between the two dust schemes, but
in both cases, there was a dust storm simulated in the period of 21–22 May 2016 in Isfahan
province and Central Iran. Finally, in order to validate the results of the schemes, the air
monitoring station of Yazd was used, which is located in the neighborhood of Isfahan
province. The results show that the correlation coefficient between the AFWA dust scheme
and the measured PM10 (0.62) were higher than those of the GOCART dust scheme (0.52).
But the MAE was 299.03 µgm−3 in the AFWA dust scheme, and it was 209.12 µgm−3 in the
GOCART dust scheme in Yazd station in the study period, showing that the error between
the GOCART dust scheme simulation and the station data was lower than the AFWA dust
scheme, although both schemes did not simulate the peak observed dust concentration
well. For future studies, we suggest conducting more investigations of the dust sources in
desert areas in Central Iran and how their emission rates can be accurately parametrized.
Although high dust frequencies in southwest, west, and southeast Iran have led to more
attention being paid to air pollution in those areas, central dust sources in Iran have become
more active in recent years and also need more attention from scientists and the authorities.
One of the most important weaknesses of this study is the lack of validation stations, so it
is suggested that the national environmental organization provide data from air pollution
monitoring stations to research centers and universities.
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