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Abstract—In recent decades, the number of dust events has increased significantly in the west and
southwest of Iran. In this research, a survey on the dust events during the period 1990–2013 is carried
out using historical dust data collected from seven synoptic stations scattered across the west and
southwest of Iran. Using statistical analysis of the observational data, two of the most severe dust storm
events that occurred in the region on July 4–7, 2009 and June 17–20, 2012 were selected and analyzed
synoptically. NCEP/NCAR reanalysis dataset was used to obtain the required fields including sea level
pressure, surface wind field, geopotential height at 500 hPa, and wind and vertical motion at the 850 hPa
level. Moreover, weather research and forecasting model coupled with chemistry (WRF-Chem) with
two aerosol schemes, GOCART and MADE/SORGAM, were used to simulate the amount of particulate
matter (PM10) and its transportation over the studied region. The initial and lateral boundary conditions
of the model simulations are provided by Global Forecast System (GFS) data with the horizontal
resolution of 0.5°. The calculations demonstrated that the MADE/SORGAM scheme predicted the
values and trends of PM10 better than GOCART. Dust plums are formed over Iraq and Syria and then
transported to the west and southwest of Iran. Comparing the MODIS satellite images for July 4, 2009
and June 18, 2012 with the corresponding model output showed the good performance of WRF-Chem
in simulating the spatial distribution of dust.  
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1. INTRODUCTION

Dust events fre quently oc cur in arid and semi-arid ar eas of the world. North ern Hemi sphere gen er ates
around 90% of global air borne min eral dust, and there this dust is also de pos ited [2]. In Asia, a dust belt
stretches from the  Mid dle East (Jor dan, Syria, Saudi Ara bia, Iraq, Iran, Af ghan i stan, and Pa ki stan) through 
Cen tral Asia (Turkmenistan and north ern In dia) to the Tarim ba sin in China [10, 15, 25] and the Gobi
Desert in Mongolia.

In re cent years, dust events in the Mid dle East have at tracted the at ten tion of many sci en tists. For mer
stud ies about this re gion clas si fied the re gions in the Mid dle East ac cord ing to the sea son of the great est
dust-raising ac tiv ity [16]. Pa per [16] showed that in the Lower Mesopotamian Plains the main sea sons of
dust storms were spring and sum mer. Pa per [17] dem on strated that the high est fre quen cies oc cur at the con -
ver gence of bor ders be tween Iran, Pa ki stan, and Af ghan i stan. Pa per [7] an a lyzed vis i bil ity re duc tion us ing
eight “three-hour” mean val ues for each month for a 21-year pe riod (1973–1993) and con cluded that Iraq,
Saudi Ara bia, and the Per sian Gulf were the re gions re port ing the high est oc cur rences of dust storms. Dust
storms in Iran, north east ern Iraq, Syria, the Per sian Gulf coun tries and the south ern Ara bian Pen in sula were 
more fre quent in sum mer, while they oc curred mainly in spring in west ern Iraq, Syria, Jor dan, Leb a non, the 
north ern Ara bian Peninsula, and south ern Egypt [7].  

Modeling heavy dust events to reach the ac cu rate and timely pre dic tion of this phe nom e non can help not 
only to in ves ti gate the types of dust storms but also to pro duce their fore cast and warn ings. Nu mer i cal sim -
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u la tion of dis per sion and tran si tion of par tic u late mat ters is im por tant to in ves ti gate dust raise from the sur -
face and its mo tion in the at mo sphere [19].   

Var i ous nu mer i cal schemes are ac ces si ble to sim u late weather and at mo spheric chem is try. These meth -
ods are used in the sim u la tions of such pro cesses as dif fu sion and ground de po si tion [29]. So, the cou pling
of me te o rol ogy and chem is try mod els pro vides more con sis tency be tween me te o ro log i cal and chem i cal
processes; it also allows considering the in flu ence of the feed back ef fects mainly re lated to aero sol load [3,
11, 32].  

The main ad van tage of on line cou pled me te o rol ogy and chem is try sim u la tions is the ac count of aero sol
con cen tra tion ef fects on me te o rol ogy [3]. In the Air Qual ity Models (AQMs) me te o rol ogy sim u la tion
outputs are used as the in put of the model of the par tic u late mat ter in the at mo sphere [3].  

Ob ser va tions show in crease in dust events oc cur rence over the west and south west of Iran dur ing the
past de cade. As the most part of the sur face in the Mid dle East is cov ered dom i nantly with al lu vial plains and
dry deserts with vast ar eas of un con sol i dated sed i ments, ae olian pro cesses are very im por tant. In the west of 
Iran, there are Iran High land and Zagros Moun tains. The data on soil ero sion in the south west ern part of
Iran and sat el lite im ages in di cate that the main sources of dust lie off the country bor ders, in Iraque, Syria,
and the north of the Ara bian Pen in sula [34]. There are im por tant and densely pop u lated prov inces in the west
and south west of Iran such as Khuzestan, Kermanshah, Ilam, Bushehr, and Kurdistan. There live about
17% of the Iran pop u la tion, Some times the se ver ity of dust events in this re gion is more than 10000 mg/m3

and is not re cord able by con ven tional mea sure ment in stru ments. Dur ing ev ery heavy dust storm, hun dreds
of peo ple rush to  hos pi tal for re spi ra tory dis tress, air lines are forced to can cel their do mes tic flights, and
so cial un rest and vi o lence is spread in the re gion. Dust aero sols per turb the at mo spheric ra di a tion bal ance
di rectly and in di rectly; di rectly through scat ter ing and ab sorb ing by in ter act ing both with short- and
long-wave ra di a tion [8, 23, 33] and in di rectly by mod i fy ing cloud microphysics and cloud op ti cal prop er -
ties [14, 21].  

The sim u la tion and pre dic tion of air qual ity is a com pli cated prob lem. Its so lu tion in volves both me te o -
ro log i cal fac tors (e.g., wind speed and di rec tion, tur bu lence, ra di a tion, clouds, and pre cip i ta tion) and chem -
i cal pro cesses (e.g., de po si tion and trans for ma tions). Chem i cal and phys i cal pro cesses are cou pled in the
real at mo sphere and are also con nected to var i ous me te o ro log i cal pro cesses such as ra di a tion bud get vari a -
tions and the in ter ac tion of aero sols with cloud con den sa tion nu clei (CCN) [12].  

One of the dif fi cul ties in eval u at ing dust events is the lack of ob ser va tional data with ap pro pri ate spa tial
and tem po ral res o lu tion. The World Me te o ro log i cal Or ga ni za tion (WMO) has a de vel oped Aero sol Ro -
botic Net work (AERONET). Only one AERONET sta tion is lo cated in Iran. So, due to the ex tent of the
dust phe nom e non es pe cially in west ern Iran, the ex pan sion of this net work may not be suf fi cient over the
west of Iran.

The main objective of this study is to reveal the regional distribution of dust events in the west and
southwest of Iran and analyze the capability of Weather Research and Forecasting model coupled with
Chemistry (known as WRF-Chem) to predict the dust storm events that occurred in the west and southwest
of Iran during July 4–7, 2009 and June 17–20, 2012.  

2. THE SPA TIAL AND TEM PO RAL CHAR AC TER IS TICS OF DUST STORMS
IN THE WEST AND SOUTH WEST OF IRAN

In the present study, we use three-hourly surface meteorological reports from seven weather stations for
a period of 24 years (1990–2013) (Fig. 1) to analyze the synoptic features of the dust events that occurred in 
the west and southwest of Iran. The stations are located at the entrance gate of dust events from Iraq, Syria,
and the north of Arabian Peninsula 

Based on the WMO pro to col, dust events are clas si fied into the fol low ing cat e go ries: 

—dust-in-suspension, DIS: wide spread dust is in sus pen sion but is not raised at the sta tion or near it at
the time of ob ser va tion; vis i bil ity is usu ally not greater than 10 km; 

—blowing dust, BD: raised dust or sand at the time of observation that reduces visibility (it is from 1
to 10 km); 

—dust storm (DS): strong wind lift ing great quan ti ties of dust par ti cles and re duc ing vis i bil ity be tween
200 and 1000 m; 

—se vere dust storm (SDS): very strong wind lift ing large quan ti ties of dust par ti cles and re duc ing vis i -
bil ity to less than 200 m.  
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For each sta tion, the fre quen cies of dust-in-suspension, blow ing dust, dust storm and se vere dust storm
are de noted as fDIS, fBD, fDS and fSDS, re spec tively. The fre quen cies are es ti mated us ing the syn op tic re cords
as fol lows [25, 26]:  

fDIS = NDIS/Nobs

where NDIS is the num ber of ob served dust-in-suspension eventsm, and Nobs is the num ber of syn op tic re -
cords. The to tal fre quency of dust events fDE is:  

fDE = fDIS + fBD + fDS + fSDS.

Me te o ro log i cal data for 1990–2013 al low the fol low ing con clu sions:
—the high est to tal fre quency of dust events is reg is tered at the Bushehr air port sta tion (about 10.70%)

and the Ahvaz and Abadan sta tions (9.9% and 8.5%, respectively);
—the Urmia sta tion has the low est fre quency of dust events (about 1.05%);
—the low amount of dust events ex ist in the prov inces lo cated in the west of Iran (Ilam, Kermanshah,

Kurdistan, west ern Azerbaijan).  
Data on the dis tri bu tion of dust events in the stud ied re gion, namely, on their fre quency for each class of

the WMO clas si fi ca tion given above, dem on strate that the high est fre quency of dust-in-suspension is ob -
served at Ahvaz sta tion. Dust-in-suspension cases are also ob served in the Abadan and Bushehr air port sta -
tions but with a lesser fre quency. In fact, dust storms and se vere dust storms oc cur rarely in the west and
south west of Iran. The most of the dust events in the west and south west of Iran are ei ther dust-in-suspen-
sion or blow ing dust events.    

Figure 2a illustrates the annual variation of the total dust events in the west and southwest of Iran. It is
seen that dust event frequency had a rapid growth in the west and southwest of Iran. Increase of dust events
has been impressive since 2006. The year 2009 was the dustiest year whose total number of dust events was 
3221. It is believed that the main reason for the above-mentioned increase in dust occurrence in the region
is due to the development of the dam construction projects on the Tigris and Euphrates rivers (e.g.,
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Fig. 1. The to pog ra phy map of Iran and the lo ca tion of weather sta tions con sid ered in this study (the black tri an gles). 



Guneydoga Anadolu Projesi (GAP) project, the amounts of 14 new dams on the Euphrates and 8 dams on
the Tigris) [24]. Construction of new dams decreases soil water content in the downstream area and dry
swampland; this consequently lessens the threshold friction velocity of soil and its resistance against wind
erosion. Another reason is the decrease of precipitation in recent years [13, 18].    

Fig ure 2b il lus trates the monthly vari a tion of dust events in the west and south west of Iran. Al though in
the west and south west of Iran dust events oc cur in all months of the year, oc cur rence de creases in No vem -
ber, December, and Jan u ary, in creases in March and April, and reaches the max i mum in June, July, and
late Au gust. 

3. SYN OP TIC ANAL Y SIS OF CASES

This research analyzes two cases of dust storms that occurred over the west and southwest of Iran on
July 4–7, 2009 and June 17–20, 2012. They are among the most severe dust storms recorded in Iran due to
their large area coverage and severity. To assess the predictability of the two above mentioned cases, the
WRF-Chem numerical model was used to simulate the events.   

The western Asia climate is mainly affected by four types of synoptic systems [13]: the Siberian High in
winter over central Asia; the monsoon depression in summer over India subcontinent, the south and south-
east of Iran and the southeast of the Arabian Peninsula; depressions travelling from northwestern Africa and
the southeast of the Mediterranean Sea across the Middle East and the southwest of Asia in spring and winter;
the high-pressure ridge associated with the Azores High over Eastern Europe and the Mediterranean Sea.  

To elaborate further on the relationship between total dust events and Indian monsoon index, the
coefficient of correlation was calculated (–0.49). The total dust events and Indian monsoon index during
the period of 1990–2013 are shown in Fig 3.  As seen, the highest frequency of total dust events has been
reported in 2009 in the region which coincides with a relative minimum in the India monsoon index.
However, comprehensive examination of this relationship could be the subject of further studies.

For an a lyz ing the syn op tic con di tions gov ern ing the oc cur rence of dust, this study uses NCEP/NCAR
reanalysis data on sea level pres sure, sur face wind field, geopotential height at 500 hPa, wind field at
850 hPa, and ver ti cal ve loc ity w on July 3–4, 2009 and June 17, 2012.  
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Fig. 2.  The frequency of dust events at seven weather stations in the west and southwest of Iran in 1990–2013.  (a) Yearly data;
(b) mean monthly values. (1) dust-in-suspension; (2) blowing dust; (3) all dust events; (4) dust storm; (5) severe dust storm.



Figure 4a shows that at 00:00 on July 3, 2009, a low pressure zone with the closed contour of 996 hPa
was located at the surface over the Oman Sea and the Persian Gulf. The trough associated with the surface
low pressure was oriented from the northwest to the southeast and extended toward the north of Iraq. Also,
since a high-pressure center with the 1014 hPa contour line was located in the west of the Caspian Sea, a
considerable pressure gradient could be recognized in the northwest of Iran. So, at a relatively small
distance of 5° of longitude, the surface pressure differed by 12 hPa. This situation caused strong surface
winds in the region. Depending on the type of soil underneath, suitable conditions for a dust event were
formed.  

In 24 hours the situation changed and the pressure gradient increased over the south of Iraq and east of 
Syria (15 hPa at 5° of longitude), so favorable conditions for more dust production were provided (see
Fig. 4c).

As seen in Fig. 4b, on July 3, 2009, ex actly the day be fore the dust storm, there was a high pres sure sys -
tem over the south of Iran at 500 hPa level and a trough was ap proach ing the west of Syria. Hence, from the
east Med i ter ra nean a low-pressure sys tem (the con tour value of 5900 gpm) passed through Syria and Iraq,
en tered Iran, and af fected dif fer ent re gions in the west, south west, south, and cen ter of Iran.  A weak up per
trough was ob served over Syria and Iraq at 500 hPa which in di cated the pas sage of a short-amplitude wave
from the north west of Iran. The main trough sys tem in the lower lev els over Eu rope was lo cated over the
cen ter of the Med i ter ra nean (see Fig. 4b).  

In 24 hours, the main trough moved fur ther to the east, caus ing a sharp de crease in the geopotential
height over Syria and Iraq (see Fig. 4d). This trough was ac com pa nied with a dy namic low-pressure sys tem 
at the sur face.  

In the wind field chart of 850 hPa shown in Fig. 4e, there is a pres sure trough ex tended from the Per sian
Gulf to Iraq and Syria. The wind speed is in the in ter val of 9–15 m/s. The max i mum of the wind speed
(about 12–15 m/s) is seen in the Per sian Gulf, Iraq, and the west of Iran. At 00:00 UTC on July 4 there was
an in crease in the wind speed over Syria and Iraq which in di cates fa vor able syn op tic con di tions for dust
for ma tion (not il lus trated). 

The positive values of w at 500 hPa indicate air downdrafts over Syria, Iraq, and Jordan 2 days before
the dust storm events. The Zagros mountain range enforces vertical motions and dust transport to higher
altitudes in addition to the horizontal transport which, consequently, decreases the amounts of dust (see
Fig. 4f).   

In the mean sea level the pressure map for June 17, 2012 (see Fig. 5), a high-pressure system with the
closed contour of 1023 hPa is located over Europe. The ridge associated with the above mentioned high
pressure is extended from the Black Sea to the north of Iran. So, due to the existence of a low-pressure zone
over the south of Iran, there was a strong pressure gradient over the west and north of Iran, the northeast of
the Mediterranean Sea and the south of the Black Sea that caused strong winds over the mentioned regions.
During the next days, more or less similar conditions maintained, but the pressure gradient was extended to
lower latitudes. The pressure gradient over the north of the Mediterranean determined northerly and
northeasterly wind directions.
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Fig. 3. The time se ries of (1) the In dian mon soon in dex and (2) dust event fre quency at seven weather sta tions in the west and
south west of Iran in 1990–2013.



  4. SIM U LA TION OF DUST EVENTS

The pres ent study uti lizes ver sion 3.7.1 of the WRF-Chem model [6, 12] to sim u late the me te o rol ogy
and chem is try con di tions over the model do main. The chem i cal part of the model is com piled as a sep a rate
pro gram with the main model WRF. It con sists of sev eral mod ules aimed at the mod el ing and param-
eterizing chem i cal pro cesses in the at mo sphere.  

The abil ity of the WRF-Chem model to sim u late air qual ity for ur ban ar eas is one of the ad van tages of
this model. The model sim u lates the emis sion, trans port, mix ing, and chem i cal trans for ma tion of trace
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Fig. 4. Sea level pressure, geopotential at 500 hPa, wind field at 850 hPa, and vertical velocity on July 3 and 4, 2009. This
figure was created using NCEP/NCAR Reanalysis Data website (http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.re-
analysis.html). (a) Sea level pressure (hPa) and wind field (m/s) at 00:00 UTC on July 3, 2009; (b) geopotential at  500 hPa at
00:00 UTC on July 3, 2009; (c) sea level pressure (hPa) and wind field (m/s) at 00:00 UTC on July 4, 2009; (d) geopotential
at  500 hPa at 00:00 UTC on July 4, 2009; (e)  wind field at 850 hPa at 00:00 UTC on July 3, 2009; (f) the analog of vertical

velocity (Pa/s) at 500 hPa at 00:00 UTC on July 3, 2009.



gases and aero sols si mul ta neously with the me te o rol ogy. The model is used for in ves ti ga tion of re -
gional-scale air qual ity, field pro gram anal y sis, and phys i cal and chem i cal in ter ac tions on the cloud scale.  

 Figure 6 shows the model domains. The model nests are defined on a Mercator projection. Nest 1
extends from 20° to 80° E (98 grid points) and from about 10° to 51° N (90 grid points) at the horizontal grid 
spacing of 45 ́  45 km, and nest 2 extends from 42° to 70° E (151 grid points) and from about 23.5° to 43° N
(139 grid points)  at the horizontal grid spacing of 15 ́  15 km. The vertical grid is composed of 27 levels
from the surface to 10 hPa (30 km) with a spacing of about 60 m near the surface, 200–400 m for the
altitudes of 1–3 km, and 540–600 m for the altitudes of 5–13 km. The static geographical fields, such as
terrain, height soil properties, vegetation fraction, land use, and albedo are interpolated from United States
Geological Survey (USGS) data with the step of 1 ¢0  (~19 km) to the model domain; the WRF preprocessing 
system (WPS) is used.  

The model do main en com passes a widely vary ing land scape with the el e vated Zagros and Alborz
moun tain ranges, the low-altitude (<500 m) Mesopotamian Plains, semi-arid and desert lands, and sea -
shores. The com plex ter rain in the model do main in flu ences sig nif i cantly on the me te o rol ogy and the dis tri -
bu tion of dust.  

The initial and lateral boundary conditions for the meteorological fields are obtained from global fore-
cast system (GFS) data with 0.5° ́  0.5° spatial resolution available at National Operational Model Archive
& Distribution System (http://nomads.ncdc.noaa.gov/).  

The model simulation for the first case was carried out from 00:00 UTC on July 2 to 00:00 UTC on
July 8, 2009 at 00:00 UTC. For the second case study, the model simulation lasted from 00:00 UTC June 16
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Fig. 5. Sea level pres sure on June 17, 2012. This fig ure was cre ated us ing NCEP/NCAR Reanalysis Data website
(http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html).

Fig. 6. The model do mains. 



to 00:00 UTC June 21, 2012. For both cases, the model results for the first day were discarded as the
model spin up.   

Modeling atmospheric aerosols requires the appropriate representations of aerosol dust distribution and
microphysics in three-dimensional (3D) air quality models (AQMs). The modal and sectional approaches
are the two major approaches commonly used in AQMs to represent the particle size distribution. In the
modal approach, the particle size distribution is approximated by several modes, and particle properties are
assumed to be uniform in each mode. In the sectional approach, the size distribution is classified in specific
sections, and the properties of particulate matters in each section are assumed to be nearly constant. This
assumption is necessary for the simplification of the modeling [31].   

To calculate aerosols, the WRF-Chem model uses three schemes: Goddard Chemistry Aerosol Radia-
tion and Transport (GOCART) bulk aerosol scheme [5, 20]; the MADE/SORGAM scheme based on the
Modal Aerosol Dynamics Model for Europe (MADE) [1] which is a modification of the Regional
Particulate Model [14]. Secondary organic aerosols (SOA) have been incorporated into MADE [22] by
means of the Secondary Organic Aerosol Model (SORGAM); the Model for Simulating Aerosol Interac-
tions and Chemistry (MOSAIC) [30]. This study uses and compares only two schemes, GOCART (a simple 
aerosol scheme, no ozone chemistry, plus a scheme based on RADM2 Chemistry and GOCART aerosols)
and MADE/SORGAM. Gas-phase chemistry is represented by the Regional Acid Deposition Model of the
second generation (RADM2) [28]. To describe the physics of atmospheric processes, the WRF-Chem
model uses the Morrison two-moment scheme; to calculate long-wave and short-wave radiation, RRTMG
scheme; to estimate the surface layer depth, the Monin–Obukhov parameter; to describe the underlying
surface, the Hoah parameterization scheme. The boundary layer is described using the YSU scheme, and
cumulus clouds, using the Grell-3 scheme. 

In the Middle East, due to its climatic conditions with poor vegetation cover and 92–97% share in the
total mass of particles PM10, dust particles emitted from the field of organic (biogenic) matter are ignored
by the model.  

5. RE SULTS AND DIS CUS SION

As dis cussed in Sec tion 3, on July 3–4, 2009 the for ma tion of a low-pressure sys tem over the re gion and
the de vel op ment of un sta ble con di tions over Syria and Iraq as well as the ef fect of dy namic low pres sure
area cre ated fa vor able con di tions for dust for ma tion and, con se quently, caused the prop a ga tion of large
quan tity of dust par ti cles over the south west, south, and west of Iran.

As men tioned ear lier, we used two dust schemes of GOCART (with Ki netic Pre pro cessor KPP and
with out it) and MADE/SORGAM in the sim u la tions. The KPP [11] is used in WRF-Chem as a chem i cal
solver tool which con sumes less time than the man ual cod ing and is more nu mer i cally ef fi cient. Sim u lated
PM10 val ues for Ahwaz sta tion are com pared with the cor re spond ing ob served val ues. 

As seen in Fig. 7a, the MADE/SORGAM scheme shows relatively better performance compared to
GOCART, and the values and trends of PM10 are better predicted. On July 4, 2009, the measured average
amount of PM10 was 3125 mg/m3, and the corresponding simulated value was 2351 mg/m3. Afterwards, the
rate of decrease during the simulation was significantly lower than during the observation.   

Figure 7b shows the observed and simulated time series of PM10 for dust storms that occurred on
June 16–21, 2012 at Ahvaz station. As seen, the MADE/SORGAM scheme had better performance than
the GOCART scheme for configurations with and without KPP. MADE/SORGAM scheme estimates both
the trend and the value of simulated PM10 with an acceptable accuracy, while the estimations of PM10 by
the other two schemes are poor.  In this dust event, the maximum PM10 the maximum PM10 value recorded
in Ahvaz station on June 19, 2012 is 2290 mg/m3, and its corresponding simulated value calculated using
the MADE/SORGAM scheme is 2622.77 mg/m3.  

Ac cord ing to model cal cu la tions, on July 3, 2009 there was a low-pressure area in the north of Iraq, east -
erly cur rents in Tur key, south erly cur rents in the north east of Syria, and north west erly cur rents in the north
of Iraq (no fig ures are pre sented). The WRF-Chem out puts in di cate that this low-pressure area mo tion is
syn chro nized with the north west erly cur rents over Syria and causes their prop a ga tion over Iraq and the
north of Per sian Gulf. Also, dust par ti cles are pre dicted in the north of Iraq, north west of Iran and east of
Syria. More over, at the same time there is dust in the east and cen ter of Iran; also the model sim u lates dust
in the Ghareghom Desert of Turkmenistan.  

Twelve hours later, at 12:00 UTC on  July 3, 2009, the model shows that wind speed in creases over Iraq, 
Syria, and the most parts in the west of Iran that con se quently causes dust in central Syria. At the same time, 
there are north west erly winds over Iraq di rected to wards the north of the Per sian Gulf. Westerly winds
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blow from the north of Iraq towards the west ern prov inces of Iran. Also, in crease in the wind speed in the
east ern half of Iran causes wind di rec tion changes from north erly to east erly. There fore, con ver gent cur -
rents are formed along the Zagros Moun tains; this causes dust to move to wards the con ver gent re gion (the
Zagros Moun tains). The model pre dicts dust in the east ern parts of the Zagros Moun tains and also over
Khuzestan and Ilam prov inces that are lo cated in the south west of this mountain range. This dust is partly
orig i nated from the cen tral deserts of Iran and partly from the east ern re gions of Iraq.  

The sim u lated dust at 00:00 UTC is less than at 12:00 UTC be cause of the de crease in the tem per a ture
and increase in the rel a tive hu mid ity and ad her ence of soil par ti cles over the Earth sur face. In crease in tem -
per a ture and de crease in rel a tive hu mid ity causes dust storm in the re gion.  

By 00:00 UTC on July 4 con di tions of dust for ma tion over Iraq are pre dicted again, so that the wind di -
rec tion over Iraq causes dust to move to wards the west of Iran. This sit u a tion con tin ues 12 hours later, and
dust amount in creases in the north and north west of Iran, Ilam, Khuzestan, and Bushehr prov inces.  

The pre dicted max i mum dust con cen tra tion over the cen tral parts of Iraq and the coasts of the Per sian
Gulf in Bushehr and Hormozgan prov inces is the re sult of the dust that was observed earlier. Ex am i na tion
of the re sults shows that in the desert ar eas (moun tain ous re gions) the bound ary layer height in creases be -
tween 06:30 and 12:00 UTC and con cen tra tion de creases (in creases) ac cord ingly. The model suc cess fully
sim u lates the bound ary layer height evo lu tion. As the model suc cess fully sim u lates the for ma tion of syn op -
tic sys tems over the Med i ter ra nean and its fur ther de vel op ment over the west and north west of Iran, as so ci -
ated dust con cen tra tions are also suc cess fully pre dicted.   

Ex am ining the 10-meter wind field on June 17–20, 2012 shows that north erly and north east erly wind
is cre ated over the north of Syria. This sit u a tion al most co in cides with wind speed field in the syn op tic
maps, and this con di tion causes dust dis tri bu tion in the re gion. Since in north ern Syria the wind flow is
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Fig. 7. Time series of PM10 during severe dust storms at Ahvaz station (a) on July 3–9, 2009 and (b) on June 16–21, 2012.
(1) the values calculated with the MADE/SORGAM scheme; (2) observational data; (3) calculation by the GOCART scheme 
without KPP; (4) calculation by the GOCART scheme with KPP.



directed towards the north of the Med i ter ra nean Sea and south ern Syria, dust prop a gates both in west ern
and southern di rec tions.  

Also, due to the low-pressure trough as so ci ated with the ther mal low lo cated over the south of the Per -
sian Gulf and ex tend ing to ward the Zagros Moun tains in the west of Iran, there are east erly winds in the
north ern part of the trough in the cen ter and west of Iran. These regions suffer from pro longed drought, so
pro duc ing fa vor able con di tions for dust formation.  

 The nu mer i cal model re sults show that dust is formed over the deserts of cen tral Iran and moves to wards
the west ern prov inces of the coun try. In creased wind speed in creases dust amount and its area cov er age.  

The sim u lated wind speed in the east of Tur key is faster com pared to its value 12 hours later. Thus, with
in crease of wind speed, wind di rec tion is also changed due to the strength en ing or weak en ing of cy clonic
and an ti cy clonic flow. Ob vi ously, these changes cause in crease in dust amount in the re gion so that it cov -
ers a wider area. As the wind speed grad u ally in creases (un til June 17, 2012 at 18:00 UTC), the dust is
trans ferred to the north ern part of the Med i ter ra nean Sea and also in volves the north ern, south ern, and cen -
tral re gions of Syria.   

The model re sults for the com ing days (June 18 and 19, 2012) show that a wider area in the Med i ter ra -
nean Sea, west of Iraq, and east of Jor dan is in the zone of  in ten sive hor i zon tal spread of dust. The model
re sults show that from 18:00 UTC on June 12, 2012 the low-pressure cen ter ap pears to the west and north -
west of Iran and causes mod er ately strong wind shear over the re gion. These con di tions grad u ally de velop,
ac cord ing to the model, and the north west erly winds over Iraq cause dust in the east ern part of Iraq. Thus, a
large area of the west ern prov inces of Iran in clud ing Kurdistan, Ilam, Khuzestan, and Kermanshah are af -
fected by dust. This con di tion con tin ues un til 19 June, the low-pressure cen ter moves to the lower lat i tudes,
and a wall of dust is pre dicted around the cen ter of this zone. Also, the model shows that wind speed in -
creases in the east ern re gions of Zagros, and dust amount in creases too.   

On June 20 over the west of Iran, the wind speed de creased, but due to the ex is tence of a low-pressure
area over the re gion, there still were fa vor able con di tions for dust for ma tion. East erly winds cause this sit u -
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Fig. 8. (a, c) The im ages in nat u ral col ors cap tured by the Mod er ate Res o lu tion Im aging Spectroradiometer (MODIS) aboard
the Aqua sat el lite and (b, d) the spa tial dis tri bu tion of col umn in te grated PM10 sim u lated by WRF-Chem for the sub re gion al
model do main (a, b) on July 4, 2009 and (c, d) on June 18, 2012. 



a tion to be ex tended over Iraq, as a result, westerly and north west erly cur rents en ter Iran from the west and
north west.  

Fig ure 8 shows the ob served and cor re spond ing sim u lated val ues of col umn in te grated PM10 over Iran.
Nat u ral col ors in the im ages cap tured by MODIS on July 4, 2009 (Fig. 8a) and June 18, 2012 (Fig. 8b)
show an event of dust blow ing through the west and south west of Iran. Com par i son of the spa tial pat tern of
the dust plume pro duced by WRF-Chem with MODIS im ages shows that the sim u lated pat tern agrees well
with the ob served one. Both MODIS and WRF-Chem re sults for July 4, 2009 (Fig. 8c) and June 18, 2012
(Fig. 8d) show that dust blew along the Iraq–Iran bor der and the di rec tion changed from west–east to north -
west–south east  and to north east–south west, respectively.  

A com par i son of sat el lite im ages for the dust storm event with sim u la tions by the WRF-Chem model
sug gests that the model has a good abil ity to re pro duce the spa tial pat tern of PM10  par tic u late emis sions.  
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