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Fig. 5- Spatio-temporal pattern of storm dust emission flux (ug/m’s) on 05/22/2018 with GOCART schema
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- The user-selected region was defined by 50.1466E, 28.1335N, 59.463E, 36.2194N. The data grid also limits the analyzable region to the following bounding
points: 50.625E, 28.5N, 59.375E, 36N. This analyzable region indicates the spatial limits of the subsetted granules that went into making this visualization result.
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Fig. 9. Temporal pattern of dust concentration using MERRA?2 reanalysis database

AFWA 5 GOCART (ol _imlujp csloolsz )b
essS JeeS L ailre jslatedy ol (giluand
WRF - Chem Jue liwg YYAY oo Y lish
@lobis johaneas L polie 5 wo S ileans
205 deubre bolizsb bawg Legs S slaggls
b5 os5as WRF - Chem Jas 45 ols olis sl
b o) |y aslacs e ddlaie jo el (ol (g5lwans
552 Oglize AFWA 5 GOCART sloe sz b 51 Lol>
s S ol pra AFWA - Joo oSy 5bay
5 s S opl 45 057050 cnds Sl 1) (B
Joae Ll ccdils JI3 adlasd ge ddlaie Og) o)
bl |y 51 Lign § slasils y54; GOCART
S35 30 Qb Ol ygesla 059> gz yo ladadar (nl0 S
gl 059> ol il I3 g Ghle 5 (S cb)
Slissan AFWA | GOCART  olse b

Gt Sglate Jae g0 40 brdsis oo Koo leas

3,

u‘)‘wu‘-‘l’“"SJM5°u‘|C"L“’GZWWL§‘)J
sloosls 5l 1l 635 0 DB 55 ool Siale 8 6)lsz b

wolid pilins Lego,5 odny Copas A5 b @
Bld a4 onny ol s JLege S Glaggls 380
cllsy aslaie jo gl Q—l ol 5 (Seoliys cosls
L3S slagsls plobid Cuznlil oS JpuS
M8 039> duoy0 Al s el Casenl )l s
5 )b LE Sidaas 5 Sis aihie o lnl 655 e
ek L 0 et 5 JLeg0 5 5 ok il oy
5l eolatul b udizs ol jo Wl oo jleivas lnadlate ol 4o
ol by gble cad gile and L 90,5 laghb
Gy MW aibie Le 5 05 b oslS ke
aloz 51 1l S5 sla bl jo baee a5 wals olulis
VB Cizmen aiidls I8 g Ghle 5 550 Ol
05 adgi 5o (ewlul G5 0l y9e5l (yezmen (S sle

WS e olayl Jlo Sz alge (o jLe g

WP LEN
o5 L ) Less S clongls lolis ol aslliae oyl 4o
WRF- Chem o Lag ey cpl b solitl g 5

Voo Gl ¥ ojlod (020598 0,90 ¢ s pyle dolilad

VoY



OLens 55 ,Le Sleles

53355 ol olrl 59 ,kess S Slapls (s jolaens
0P e Ol Qb 039> lnl (b o
adllae ol b b a5 cal sasie L3l Lége S
sladlas ;5 Baghban et al. (2019).5,ls cillae
2 5keee S slaglish Sk ¥l (o p jolaieds
Fiar oy (nl G G 55 a5 oS ols plas Gl

LaS conl Glpl )9aS (B0 0oz g 29 Glacend
Rezazadeh et al. (2013) .o s ciyllas axdllas oyl uls

Olpear ]y GLailidl 525 5 (o slagble slasilas 5o
sb)legs S atis o olpl SLbI g 5 slapygls
anli 1) i ol @l o5 WS glubs ()5

LS e

Alfaro, S.C., Gaudichet, A., Gomes, L. and Maillé,
M., 1997. Modeling the size distribution of a soil
aerosol produced by sandblasting, Journal of
Geophycal Research Atmospheric. 102, 11239-
11249,

Alfaro, S.C., 2008. Influence of soil texture on the
binding energies of fine mineral dust particles
potentially  released by  wind  erosion.
Geomorphology. 93, 157e167.

Alizadeh Choobari, O., Zawar-Reza, P. and
Sturman, A., 2013. Low level jet intensification by
mineral dust aerosols. Annals of Geophysics. 31,
625-632.

Azizi, G., Shamsipour, A., Miri, M. and Safarrad, T.,
2012. Synoptic and remote sensing analysis of dust
events in southwestern Iran. Natural Hazards. 64,
1625-1638.

Baghbanan, P., Ghavidel, Y. and
Farajzadeh, M., 2020. Spatial analysis of
spring dust storms hazard in Iran.
Theoretical and Applied Climatology. 139,
1447-1457.

s MERRA2 Ll 5L slaosls oKl xbaw il
33,5 osliiul (Legs I (rhaw clalé) Jao (o>
Sy G gosls Loyl 9o Sboy gy @l
Je s>g,> a5 ol Lis MERRAZ 1> 5L slaosls
Cilhe )l MERRA2 ) (s jloges b GOCART
ooz (ppcmbe (lgea g il o955 65V
@S Heizmes ol QLB lnl S e po ol e B
oS wesee plis Leed S S L S 5Nl
0 Mo 039> Gosmw (lwye o oy sbaplle
S OleieS 5 30 e85 slapbly 5 luailidl jsas
Ly 655 o M6 g a5 sittan ()5 JLego 5 slagygils
lasdllas ;o Cao et al. (2015) .uas o 1,3 50 cou

&l

Bian, H., Tie, X,, Cao, J., Ying, Z., Han, S. and Xue,
Y. 2011: Analysis of a severe dust storm event over
China: Application of the WRF-Dust model. Aerosol
and Air Quality Research. 11, 419-428.

Buschiazzo, D.E. and Zobeck, T.M., 2008.
Validation of WEQ, RWEQ and WEPS wind erosion
for different arable land management systems in the
Argentinean Pampas. Earth Surface Processes and
Landforms. 33, 1839e1850.

Cao, H., Liu, J. and Wang, G., 2015. Identification
of sand and dust storm source areas in Iran. Journal
of Arid Land. 7, 567-578.

Chen, S., Zhao, C., Qian, Y., Leung, L. R., Huang,
J., Huang, Z., Bi, J., Zhang, W., Shi, J., Yang, L. and
Li, D., 2014. Regional modeling of dust mass
balance and radiative forcing over East Asia using
WRF-Chem. Aeolian Research. 15, 15-30.

Chen, Y.S., Sheen, P.C., Chen, E.R., Liu, Y.K.,
Wu, T.N. and Yang, C.Y., 2004. Effects of
Asian dust storm events on daily mortality in
Taipei’ Taiwan. Environmental Research. 95,
151- 155.

Voo Gl ¥ ojlod (020598 0,90 ¢ s pyle dolilad

Vo



OLens 55 ,Le Sleles

Chin, M., Savoie, D.L., Huebert, B.J., Bandy, A.R.,
Thornton, D.C., Bates, T.S., Quinn, P.K., Saltzman,
E.S. and De Bruyn, W.J., 2000. Atmospheric sulfur
cycle simulated in the global model GOCART:
Comparison with field observations and regional
budgets. Journal of Geophycal Research
Atmospheres. 105, 24689-24712.

Cremades, P.G., Fernandez, R.P., Alllende, D.G.,
Mulena, G.C. and Puliafito, S.E., 2017. High
resolution satellite derived erodibility factors for
WRF/Chem windblown dust simulations in
Argentina, Atmasfera. 30, 11-25.

Dipu, S., Prabha, T.V., Pandithurai, G., Dudhia, J.,
Pfister, G., Rajesh, K. and Goswami, B.N., 2013.
Impact of elevated aerosol layer on the cloud
macrophysical properties prior to monsoon onset,
Atmospheric Environment. 70, 454-467.

Ebrahimi, S.J., Ebrahimzadeh, L., Eslami, A. and
Bidarpoor, F., 2014. Effects of dust storm events on
emergency admissions for cardiovascular and
respiratory diseases in Sanandaj, Iran. Journal of
Environmental Health Science and Engineering. 12,
110.

Fast, J.D., Gustafson J.R., W.1., Easter, R.C., Zaveri,
R.A., Barnard, J.C., Chapman, E.G., Grell, G.A. and
Peckham, S.E., 2006. Evolution of ozone,
particulates, and aerosol direct forcing in an urban
area using a new fully-coupled meteorology,
chemistry, and aerosol model. Journal of
Geophysical Research. 111, D21305.

Flaounas, E., Kotroni, V., Lagouvardos, K., Klose,
M., Flamant, C. and Giannaros, T.M., 2016.
Assessing atmospheric dust modeling performance
of WRF-Chem over the semi-arid and arid regions
around the Mediterranean Atmospheric Chemistry
and Physics Discussions. https://doi.org
/10.5194/acp-2016-307.

Fountoukis, C., Ackermann, L., Ayoub, M.A.,

Gladich, I., Hoehn, R.D. and Skillern, A., 2016.
Impact of atmospheric dust emission schemes on
dust production and concentration over the Arabian
Peninsula, Model. Earth Systems and Environment.
2,115,

Ginoux, P., Chin, M., Tegen, l., Prospero, J.M.,
Holben B., Dubovik, O. and Lin, S. J., 2001. Sources
and distributions of dust aerosols simulated with the
GOCART model. Journal of Geophysical Research
Atmospheres. 106, 20255-20273.

Gong, S.L., 2003. A parameterization of sea-salt
aerosol source function for sub-and super-micron
particles, Global Biogeochem. Cy. 17, 1097-1104.

Gregory, J.M., Wilson, G.R., Singh, U.B. and
Darwish, M.M., 2004. TEAM: integrated, process-
based wind-erosion model. Environ. Modell. Softw.
19, 205e215.

Grell, G.A., Peckham, S.E., Schmitz, R., McKeen,
S.A., Frost, G.,Skamarock, W.C., and Eder, B.,
2005. Fully coupled “online” chemistry within the
WRF model. Atmospheric Environment. 39, 6957—
6975.

Jish Prakash, P., Stenchikov, G., Kalenderski, S.,
Osipov, S. and Bangalath, H., 2014. The impact of
dust storms on the Arabian Peninsula and the Red
Sea. Atmospheric  Chemistry and  Physics
Discussions. 14, 1918119245,

Kalenderski, S. and Stenchikov, G., 2016: High-
regional modeling of summertime
transport and impact of African dust over the Red
Sea and Arabian Peninsula. Journal of Geophysical
Research Atmospheres. 121, 6435-6458.

resolution

Kalenderski, S., Stenchikov, G.L. and Zhao, C.,
2013. Modeling a typical winter-time dust event
over the Arabian Peninsula and the Red Sea,
Atmospheric Chemistry and Physics Discussions.
13,1999 - 2013.

Voo Gl ¥ ojlod (020598 0,90 ¢ s pyle dolilad

ARIA



OLens 55 ,Le Sleles

Klose, M. and Shao, Y., 2012. Stochastic
parameterization of dust emission and application to
convective atmospheric conditions. Atmospheric
Chemistry and Physics Discussions. 12, 7309-7320.

Klose, M. and Shao, Y. 2013. Large-eddy
simulation of turbulent dust emission. Aeolian
Research. 8, 49-58.

Kumar, R., Barth, M.C., Pfister, G.G., Naja, M. and
Brasseur, G.P., 2014. WRF-Chem simulations of a
typical pre-monsoon dust storm in northern India:
influences on aerosol optical properties and radiation
budget. Atmospheric Chemistry and Physics
Discussions. 14, 2431-2446.

Liu, M., Westphal, D.L., Walker, A.L., Holt, T.R.,
Richardson, K.A. and Miller, S.D., 2007. COAMPS
real-time dust storm forecasting during Operation
Iragi Freedom. Weather Forecast. 22, 192—206.

Liu, M., Westphal, D.L., Wang, S., Shimizu, A.,
Sugimoto, N., Zhou, J. and Chen, Y., 2003. A high-
resolution numerical study of the Asian dust storms
of April 2001. Journal of Geophysical Research
Atmospheres. 108, 8653.

Liu, Z., Liu, Q., Lin, H.-C., Schwartz, C.S., Lee, Y.-
H. and Wang, T., 2011: Three dimensional
variational assimilation of MODIS aerosol optical
depth: Implementation and application to a dust
storm over East Asia. Journal of Geophysical
Research Atmospheres. 116, D23206.

Mang, S.H., Gong, S.L., Zhao, T.L., Vet, R.J,,
Bouchet, V.S., Gong, W., Makar, P.A., Moran,
M.D., Stroud, C. and Zhang, J., 2007: Simulation of
entrainment and transport of dust particles within
North America in April 2001 (“Red Dust Episode”).
Journal of Geophysical Research Atmospheres. 112,
D20209.

Marticorena, B. and Bergametti, G., 1995. Modeling
the atmospheric dust cycle: 1. Design of a soil-

derived dust emission scheme. Journal of
Geophysical Research Atmospheres. 100, 16415-

16430.

Nabavi, S.0., Haimberger, L. and Samimi, C., 2017.
Sensitivity of WRF-chem predictions to dust source
function specification in West Asia. Aeolian
Research. 24, 115-131.

Naderi, M. and Raeisi, E., 2015. Climate change in a
region with altitude differences and with
precipitation from various sources, South-Central
Iran. Theoretical and Applied Climatology. 3, 529-
540.

Nickovic, S., Kallos, G., Papadopoulos, A. and
Kakaliagou, O., 2001. A model for prediction of
desert dust cycle in the atmosphere, Journal of
Geophysical Research Atmosphere. 106, 18113-
18129.

Peckham, S.E., Fast, J., Schmitz, R., Grell, G.A.,
Gustafson,W.1., McKeen, S.A., Ghan, S.J., Zaveri,
R., Easter, R.C., Barnard, J. and Chapman, E., 2011.
WRF/Chem Version 3.3 User’s Guide, NOAA
Technical Memo.

Rezazadeh, M., Irannejad, P. and Shao, .Y., 2013.
Dust emission simulation with the WRF-Chem
model using new surface data in the Middle East
region. Journal of Earth and Space Physics. 39(1),
191-212.

Rizza, U., Miglietta, M., Mangiaa, C., Lelpo, P.,
Morichetti, M., lachini, C., Vigili, S. and Passerini, G.,
2018. Sensitivity of WRF-Chem model to land surface
schemes: Assessment in a severe dust outbreak episode
in the Central Mediterranean (Apulia Region).
Atmospheric Research. 201, 168-180.

Rizza, U., Anabor, V., Mangia, C., Miglietta, M.M.,
Degrazia, G.A. and Passerini, G., 2016. WRF-Chem
simulation of a saharan dust outbreak owver the

mediterranean regions. Ciéncia e Natura. 38, 330-336.

Voo Gl ¥ ojlod (020598 0,90 ¢ s pyle dolilad

\op



OLens 55 ,Le Sleles

Shao, Y., 2001: A model for mineral dust emission.
Journal of Geophysical Research Atmosphere. 106,
20239-20254.

Shao, Y. and Dong, C.H., 2006. A review on East
Asian dust storm climate, modelling and monitoring.
Global and Planetary Change. 52, 1-22.

Shao, Y., Wyrwoll, K.H., Chappell, A., Huang, J.,
Lin, Z., McTainsh, G.H., Mikami, M., Tanaka, T.Y.,
Wang, X. and Yoon, S., 2011: Dust cycle: An
emerging core theme in Earth system science.
Aeolian Research. 2, 181-204.

Song, H., Wang, K., Zhang, Y., Hong, C. and Zhou,
S., 2017. Simulation and evaluation of dust
emissions with WRF-Chem (v3.7.1) and its
relationship to the changing climate over East Asia
from 1980 to 2015. Atmospheric Environment. 167,
511-522.

Steven A. Ackerman., 1997. Remote sensing
aerosols using satellite infrared observations. Journal
of Geophysical Research. 102(17), 069-079.

Su, L. and Fung, J.C.H., 2015. Sensitivities of WRF-
Chem to dust emission schemes and land surface
properties in simulating dust cycles during
springtime over East Asia. Journal of Geophysical
Research Atmospheres. 120, 11215-11230.

Tanaka, T.Y. and Chiba, M., 2005. Global
simulation of dust aerosol with a chemical transport
model, MASINGAR. Journal of Meteorological
Society of Japan. 83, 255-278.

Tang,Y. Han, Y. and Liu, Z.,, 2018. Temporal and
spatial characteristics of dust devils and their
contribution to the aerosol budget in East Asia—An
analysis using a new parameterization scheme for dust
devils. Atmospheric Environment. 182, 225-233.

Tegen, I. and Fung, 1., 1994. Modeling of mineral
dust in the atmosphere: Sources, transport, and

optical thickness. Journal of Geophysical Research
Atmospheres. 99, 22897-22914.

Teixeira, J.C., Carvalho, A.C., Tuccella, P., Curci,
G. and Rocha, A., 2016. WRF-chem sensitivity to
vertical resolution during a Saharan dust event,
Physics and Chemistry of the Earth, Parts A/B/C. 94,
188-195.

Teixeira, J.C. Carvalho, A.C. Tuccella, P. Curci, G.
and Rocha, A., 2016. WRF-chem sensitivity to
vertical resolution during a Saharan dust event.
Physics and Chemistry of the Earth. 94,188-195.

Thomson, M.C., Molesworth, A.M., Djingarey,
M.H., Yameogo, K.R., Belanger, F. and Cuevas,
L.E., 2006. Potential of environmental models to
predict meningitis epidemics in Africa. Tropical
Medicine and International Health. 11(6), 781-788.

Uzan, L., Egert, S. and Alpert, P., 2016. Ceilometer
evaluation of the eastern Mediterranean summer
boundary layer height — first study of two Israeli
sites, Atmospheric Measurement Techniques. 9,
4387-4398.

Wang, K., Zhang, Y., Yahya, K.,Wu, S. Y. and Grell,
G., 2015. Implementation and initial application of
new chemistry-aerosol options in WRF/Chem for
simulating secondary organic aerosols and aerosol
indirect effects for regional air quality. Atmosphric
Environment. 115, 716-732.

Wang, Z., Ueda, H. and Huang, M.Y., 2000. A
deflation module for use in modeling long-range
transport of yellow sand over East Asia. Journal of
Geophysical Research Atmospheres. 105, 26947—
26959.

Webb, N.P., McGowan, H.A., Phinn, S.R., Leys, J.F.
and McTainsh, G.H., 2009: A model to predict land
susceptibility to wind erosion in western
Queensland. Australia. Environmental Modelling
and Software. 24, 214e227.

Voo Gl ¥ ojlod (020598 0,90 ¢ s pyle dolilad

ARA



OLens 55 ,Le Sleles

Woodward, S., 2001. Modeling the atmospheric life
cycle and radiative impact of mineral dust in the
Hadley Centre climate model. Journal of
Geophysical Research Atmospheres. 106, 18155-
18166.

Xiaolan, L. and Hongsheng, Z., 2014. Soil Moisture
Effects on Sand Saltation and Dust Emission
Observed over the Horgin Sandy Land Area in
China. Jou Meteorological Researche. 28, 444-452

Zender, C.S., 2003. Mineral Dust Entrainment and
Deposition (DEAD) Model: Description and 1990s
dust climatology. Journal of Geophyscal Research.
108, 4416-4437.

Zhang, Y., Liu, Y., Kucera, P.A., Alharbi, B.H., Pan,
L. and Ghulam, A., 2015. Dust modeling over Saudi
Arabia using WRF-Chem: March 2009 severe dust
case. Atmospheric Environmental. 119, 118-130.

Zhao, C., Chen, S., Leung, L.R., Qian, Y., Kok, J.F.,
Zaveri, R.A. and Huang, J., 2013. Uncertainty in
modeling dust mass balance and radiative forcing
from size parameterization. Atmospheric Chemistry
and Physics. 13, 10733-10753.

Zhao, C., Liu, X., Leung, L.R., Johnson, B.,
McFarlane, S.A., Gustafson Jr., W.1., Fast, J.D., and
Easter, R., 2010. The spatial distribution of mineral
dust and its shortwave radiative forcingover North
Africa: modeling sensitivities to dust emissions and
aerosol size treatments. Atmospheric Chemistry and
Physics. 10, 8821-8838.

Zhao, C., Liu, X., Ruby Leung, L. and Hagos, S.,
2011. Radiative impact of mineral dust on monsoon
precipitation variability —over West Africa.
Atmospheric Chemistry and Physics. 11, 1879-1893.

Ay ¢
R A
B

W

Voo Gl ¥ ojlod (020598 0,90 ¢ s pyle dolilad
VoA



Environmental Sciences Vol.19 / No.2 / Summer 2021

91-110

Identifying dust springs using WRF-Chem model and GOCART and
AFWA wind erosion schemas
(simulated dust storm on 05/22/2018)

Farshad Soleimani Sardoo?!, Tayebeh Mesbahzadeh™?, Ali Salajeghe?, Gholamreza Zehtabian?, Abbas
Ranjbar®, Mario Marcello miglietta* and Sara Karami®

! Department of Ecological Engineering, Faculty of Natural Resources, University of Jiroft, Jiroft, Iran
2 Department of Reclamation of Dry and Mountainous Regions, Faculty of Natural Resources, University of
Tehran, Tehran, Iran
3 Institute of Meteorology and Atmospheric Sciences, Meteorological Organization, Tehran, Iran.
4 Padua Research Institute of Atmospheric and Climatic Sciences, Italian National Research Council, Italy

Received: 2020.04.19 Accepted: 2020.11.10

Soleimani Sardoo., F., Mesbahzadeh, T., Salajeghe, A., Zehtabian, G., Ranjbar, A., miglietta M.M. and
Karami, S., 2021. Identifying dust springs using WRF-Chem model and GOCART and AFWA wind erosion
schemas (simulated dust storm on 05/22/2018). Environmental Sciences. 19(2): 91-110.

Introduction: Today, dust is a major challenge for human societies. Dusts have a significant impact on the Earth's
radiation budget, global biochemical cycles, soil formations, and chemical compounds in the atmosphere. This
phenomenon can affect public health indicators. The Iranian Central Plateau is located in arid and semi-arid
climates; it is more likely to face this phenomenon than other regions. Dust management and control depend on
identifying critical hotspots and stabilizing the harvesting area. The aim of this study was to identify internal dust
sources using the vertical dust flux parameter.

Material and methods: Kavir and Loot deserts cover a large area of the Iranian Central Plateau. In this study, the
WRF-Chem model and GOCART and AFWA wind erosion schemas were used to identify dust springs. Emission
fluxes were used to detect dust springs. In this regard, a severe storm was selected on 05/22/2018 by WRF-Chem
model for simulation. In order to verify and select the best wind erosion schematic of the Iranian Central Plateau,
the data of MERRA2 re-analysis database and surface dust concentration values were used.

Results and discussion: The results showed that the outputs of GOCART and AFWA schemas were different.
The GOCART schemas identified three strong dust sources in the study area that were located in the Jazmourian
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Basin, the Loot Basin, and the Central Desert (Kavir Desert), but the AFWA schemas were able to identify only
one weak source in the Loot area. The results showed that Loot Desert Center, south of Jazmourian Basin, as well
as Dasht-e Kavir Desert Center (Central Desert) are known as internal dust sources. So that from one square meter
of these areas, it is possible for 5800 micrograms of dust to rise into the atmosphere per second. Due to the fact
that the storm lasted for 12 hours, about 2 tons and 505 kg of dust were transferred to the atmosphere from each
hectare of internal dust springs. The results of the GOCART schema were more consistent with the three-hour
time-series data of the MERRAZ2 re-analysis database and were selected as the best wind erosion schematic in the
Iranian Central Plateau.

Conclusion: The results showed that the WRF-Chem model had a good ability to resemble the dust flux in the
study area. The results of the GOCART and AFWA schemas were different. The AFWA model estimated the
internal dust sources to be very weak. However, the GOCART model well detected internal dust sources.

Keywords: Dust springs, WRF-Chem model, GOCART and AFWA schemas, Dust emission flux, MERRAZ re-
analysis base, Central Plateau of Iran
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