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Introduction

Dust emission is considered as one of the environmental hazards in arid and semi-arid regions. Understanding the
effective variables in increasing dust mass density is very important for early warning and reducing its imposing
damages. One of the main and effective variables in the occurrence of dust is the geographical and climate
characteristics of the origin areas and areas affected by this phenomenon. Feeding the great rivers of Mesopotamia, it
has reduced soil moisture. Also, the wind component is one of the reasons for the increase in dust in these areas. This
study examines the relative importance of climatic variables to investigate seasonal and monthly changes in dust
emission in West Asia and parts of South and Central Asia.

Materials and Methods

This study has examined West Asian dust from three perspectives spatial distribution, trends, and their relationship
with climate variables. For this purpose, the Dust Column Mass Density (DUCMASS) variable output of the MERRA-
2 dataset was used to investigate the spatial distribution of the dust mass density trend, and the AQERAS dataset was
used to investigate the seasonal and monthly changes of precipitation, wind speed, and temperature variables from
1981 to 2020. In this study, the modified Mann-Kendall (MMK) trend test method was used to investigate the trend
of dust occurrence in the study area, and the Sen's slope estimator (SSE) test was used to investigate the slope of the
trend and to better display the changes in dust mass density in the western region. The results of the SSE test have
been examined on a decade scale.

Results and Discussion

Investigating the possible climate drivers in the changes of dust mass density for different regions by calculating
the correlation between the time series of dust mass density and the variables of temperature, precipitation, and wind
speed has been investigated. The results showed that there is an inverse correlation between dust mass density and
precipitation and a direct relationship between dust mass density and temperature and wind speed. The highest
correlations between dust mass density and temperature have been calculated, and this value has reached 0.9 in the
warm months of the year. On the other hand, the highest negative correlations have been calculated in the cold period
of the year (winter and autumn seasons) between dust concentration and precipitation with a value of -0.7. The
correlation coefficient between dust mass density and wind speed in the months of January to May and November to
December was mostly above 0.6. This value shows a lower correlation in the summer season.

In most months of the year, dust mass density shows an increasing trend in most regions, from March to July, an
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increasing trend in active dust springs in Mesopotamia, the deserts of Iraq and Syria, the desert of Rub' Al Khali, Ad-
Dahna and Al Nufud Al Kabir were observed in Arabia and Thar desert in Pakistan. This increasing trend started
cyclically from the beginning of spring and reaches its peak in June and July, and the intensity of the trend decreases
from September and reaches its minimum value in December. The important point is that the cycle of changes in the
monthly trend of dust mass density coincides with the cycle of changes in dust mass density. The northern parts of
Iran and Turkey have the highest frequency among different months of the year with a decreasing trend of dust mass
density. The increasing trend of dust mass density in the spring and summer seasons in Mesopotamia, the deserts of
Irag, Syria, and Yemen, the Sistan Plain, and the Thar desert in Pakistan and the southeast of Iran was significant at
the level of 0.05.

Conclusion

The results revealed that the seasonal changes in dust mass density show well the active sources of dust in the
studied area. In the spring and summer seasons, the activity of the dust centers located in the west of the study area,
including the Rub' al Khali, Ad-Dahna and Al Nufud Al Kabir deserts, Mesopotamia, the deserts of Iraq and Syria,
increases and on the arrival of dust to the west and southwest Iran affects. The investigation showed that climate
variables play a key role in the variability of dust mass density in the study area so the areas corresponding to the
summer north wind and the 120-day wind of Sistan have shown the highest dust mass density in annual variability.
The correlation coefficient between dust mass density with temperature and direct wind speed and its correlation with
negative precipitation have been obtained. The results showed that dust mass density has an increasing trend in most
of the regions, so from March to August (spring and summer), the increasing trend of dust mass density is significant
at the level of 0.05. The highest intensity of the increasing trend was observed in the spring and summer seasons in
Mesopotamia, the deserts of Irag, Syria, and Yemen, the Sistan Plain, and the Thar desert in Pakistan and southeast
Iran.

Keywords: Dust mass density, Dust trend, MERRA-2 dataset, West Asia



S g of 4y

https://jsw.um.ac.ir

»\‘://‘0’»/1 52 ;)

FIV-FYY o VF-Y o 00l o oY ojle FA ala

OF bliyl g bl o o S 53,5 chals Wy, 5 oliad 2S1, ) p

o3l sla pia

rd)b.’}) gjﬂb‘: l,‘ L.‘G _ Y

ol 3 gazms = G, S8 A

VRN A3l 5 b

VE Y/ XA g}:'j.’.'\f- @)U

2SS

el 53 e 3 i 3395 s 154 ol 5 S 55,5 3 gm o b o ol s oo csladlis S Slogs S

390 3 45 5 iyl dod Lsouldl (elayeizo 1y bl Loyl 5 Lol oy clacS13.93,5 g, o i 28Ty anlllas o) sl odms st (s
s MERRA-2 031y degomme S1343,5 clale pite sy jl S1E93,5 clale bgy olabd STy oy (sl yobate pdy Canl 03ls J13 wyp
dilaie ) SB35 Jb sladeds o954 SB 55 clale Labd ol ad oolitel AGERAS o3l de gosro ¢ odl sla yuiiio sy (6l
YL Sl L Ly AGERADS ool acgesme conl odls jlis ol (g5 9 (5L dod (ol (gl puiite o)l sy 0,8 Jasiie | dalllas 590
Cans dy ()8 0l (45 oy 3y50 ko daw (s 5|05 oo .3)91,3 Lol 0yé 5o o8l lading sailed (slaolSiw] jd b (gu5 5 )b 4 s
3 9 Conl Looulll (sl yiiio )5 55 Jg8 b 6,8 clyls AGERASD 03ls dcgorme (JS joboty .oanl o3ls L 4yl g Lod 4 o |y (g y5208
Gty 1y galS i ouldl (gl pusio oS by i s )8 exlaul (130l 03l S lgieds (gl oo 030> dsgesre pl 5l ool W8l 5Ll
1y Vs Sg0,8 Clale oy 3V s 055, VYo 3l 5 bl Jlod 3l 1 abaie sblio aSyshay i)l alllas 390 ailate 3 Sligo,5 clale
solod U yuolgs g (oo U aysily (slaolo jo ol (a5 b g +/A I o & Jo p,5 slrole pp Lod b SBgo 5 clale o Siuwed Cops (YL 05k
Bay bl sble 5 1y i3l W, Sgs S clale ol s duusline — /¥ Lo 3y slmole 13 il b o (Siawad 5 /5 5] 2
Taw p Sbg s clald il xg) (pll 5 )lke) @5l b oyle (sboolo jl a8 (g psboas ails ayy5m 5 Gl (b bles el Ll gl
Ol 5 Ol CB3 ciyon 9 4y900 e S OLL: o pplom Bblie 53 Jlils 5 )l Jgad 53 (al381 gy b SVL Canl Yo gine +/ 0

b odalie olpl §0b Cgin g Sy )b

MERRA-2 sl 4e gm0 cl.u.\)’l U).; 65553; clale «Sl)s.))f .ﬁs) :‘5-).:15 dlﬁb)‘g

9> 2yl S1Bgd,8 5 Voo v 290> Jlo y» (Soltani et al., 2021)
o wgpldl 3 ol Moy YO ¢ (s 0 o] hopd VO &S 39 0
wodlil oy S8 535 4 (51 (Shaoetal., 2011) S o cuipg
ool &S A o i salgds Lol cuwl Sble o Suis bl o gl
Fallah Zazuli et al., ) a8l o 5@l o8l bl olod jo 0ay
Jbo 3 (et mre lagilly 5 (o ony ol (2014

.

LV RY-T

o039 yobar &5 W3l ol > l) 9 b bl I (S
SBrg,S oty sl 03,5 sl |y ol 5 (08 (sl bosee

Dy dalgd i ie g )lsdd e ol Cupte 5 JyuS oS ABl e
5 bl Cudge ony cul 213 53 e 5 Lol Jeles Sl (o
Cal ok ol 5l ple blie 5 Tae sble Leuldl slo Sg

Oyl eyl e e dugess ol ¢y pole oSl ¢ wlidipuldl HLuiily 5 (6,38 (gemeiild ol g =Y 5 )

https://doi.org/10.22067/jsw.2024.86233.1367

(Email: Ma_ahmadi@sbu.ac.ir e ki g —3#)

Oyl cdgiio cdguiio wgd 8 ol bl s 09,5 ¢ wlidpuld] (6 S0l Sty -V


https://jsw.um.ac.ir/
mailto:Ma_ahmadi@sbu.ac.ir
https://doi.org/10.22067/jsw.2024.86233.1367
https://orcid.org/0000-0001-8546-0361

VFe g0 s — 010 y0 ¥ o lod YA Wl (S g ol 4,05 FIY

Sujithaetal., 2022 ;Sun) ;g3 jl Lizsuw &Y gae «al., 2020
Bl cleodls 4 (et al,, 2022 ;Caido et al., 2022
ol 0,8 o lsl (Middleton et al., 2021; Sarkar et al., 2019)
=03ld ply o 1y Julosisl g 590 51 Giominw Y guase o))l Glalllas
1313 L 9 315 51,8 40 590 S1g3,5 adlllas (gl Slalie cla
P onyy cpl ns coals (o Wl e 03,pl slrodly Cunyls” &S
S S8 Sl g
3 o So3 sl 92 Jdoas Lol 8 poguassy 5 L]
(inetal., 2021) cusl loa y> SBg3,5 53 anio cymegd il
SE g5 e Sloj lagsll » (o3b Jelge Sl 4 4295 L
2 SBgd,S Ll sl Jalse cnl (s coponl S (oo 3L
cpl Wl oads ditae 065 4 (29 lowl B ailoygls pulyo
Wble g (had Glpss () sl 1y Jolgs ol (s Cuonl adlllas
25 w9 el | alaise g Ll 0 0 SBg 5 Ll
ey ook sl ygbiund 3485 (ol gmlis w300 )18 ()3 3590
b aslllae opl cpiomon (Cubly algs bl )¢ 5 SBgo 5 oldllas
e S50 S35 CLIE b o LS 5 (o8] (slo it (g
A s ey cpl Hlissl g olusy oy a8l gla s s

éﬁbﬁ 039) 9 Wosld
dadllas g g0 dilaiia

Lol 5 gly sloypuiS gy (il o aslllas 390 ailaie
el | a5 5 (g Slow Sl ludlidl g sy psiman o
o & Olpee s gble cpl Sl bV JSS) cul (5555
-obls &l dilaie ‘_’,,;.I .3)5 oy Q\)g.] PP JBp)f oo
s s wrg) s S lo s b bly Jold anwy (gl
oy Ml Iy 58 U5 Mt e €255 o 0.5 ol
Cunl 0y o (S5 9295 Jlas ] aalllae 350 adlaie sl S5ail
3 L s 3 ol ot 516 05 05 sl o
ol Ll 8 ] g sl > Sl ) b 030 sk 59
oz St 5o S ¢53) sl o5 (BWN) 5 bl
S15.93,5 215y pFaie Lol 3] (sl 00 1Y gd )3 ould
S99 Suiddoy 9 Suid waldl Joay adlate ol 3 3l sl 3
oMb SS9 CundVl 3 038 lagiludn g slapble

Jafari ) cuol ol i oyl 094 5 ailesygls dalain ;3 sl cla
[(etal., 2021

S oS WSl Wlpe g dprge S S
Mukherjee et al., ) s> 3 (Rushingabigwi et al., 2020)
CoMus ¢ cuslagg (Alam et al., 2010) g il 434 (2020
Alonso et al., ) aakis slaidl o (Goudie & Middleton,2006)
ol G5 53 Slasdio pusi b g amd )8 150 coo 1y (2020
(Lietal., 2016) sl ,l38 51 5, Hlade

@ G SBe S aldles ) ol (iS5 o8l sla e
a5 wlojgls )d ofgd ALSIS (glaand > )k el &S g )b
b SB cusb sl pdlom S ladg) 45 gadhate
b @y 9 0UsS glgal soue (Slglh3 Gl (iomen sl o3l alS
ol 3blie ! 1> S1Bg3,5 iuli8l LYs 5l (598 (sl ol (sadlse
oo kalpd i) pdioiole b g2k a8 L SBg S ey
G s oimen (Wu et al., 2020) 5,5 puiiis b3l (e
935 dbml lp llpd S UK 4 (b g b @ig 5 stie
aisy llgs oy p 1 (Dar et al., 2022) .S o SoS’ Sk
O plolid 53 ) ot G2 Wi (coell slapeite b Sgo S
Ao a3l sy S92 )3 old ) dxis 3blie )0 oguasy ol
b ol Sl 29, 9 SB9S chale )y 30 ol Lo
N2 Olpedr odlil (slopiie GIE (pionen Cusl ALBIS and )lea
48,5 )5 oyt D90 el ) 9 Sy S slS SacS e
Gl

My 3 ooeldl lajesite 4B cwyp 4 o3k Clidos
dilate olwl p Sles paw ;5 Sllllas oyl &S silaslyyy SBg> )5
S 0 bl o goiio Hlou odliiol 3)5e (slrodly £ g axdllas 590
& Sllllae 4 ol o 1) ond pbol Sldlas adsl saaib
dloul jo 0l (a5 g Led ¢yl Jold aul8l (gl yuxio byl oy
cpl 0,8 s Wlaslyyy SBga, S bl o gl id g
Chenet) e ,o o plsl glojingh 4 le oo Slalllas cuwd
oyl dal, 2021; Wu et al., 2020; Middleton, 2019
Dadashi-Roudbari & Ahmadi 2021; Boroghani et al., )
oSt 4 (Jin et al.,, 2021; Shi et al., 2021) xa (2019
Sldllae oyl yidw 0,8 o Ll (Dar, 2022; Tariq et al., 2021)
Ol @l eiomen Wlos ) ()1 SBe3 S sl 1) (ol Bl )
ol ol su Gialial 5yl Lials a8 canl ool )l ldllas
Wl ()l dne darly S193,5 (BT 3y e (ol jBl e
]

Olgse 03 sl yr a8 i plowl Cldllas 1,555 04,5 1o
o3lital o plosl (slaing 4 Gl o0 2,5 (53 s | L]
Middleton et al., 2021; Hersbach et ) ;b slaosls 5l



¥\

o3l gl yiin b ()T b5l g bl 58 50 S 90,5 Clilé i) 9 (2 Ldd STy (i S0 9 (955

(<) (5])
40‘.’ E 60‘.’ E 80‘? E 40°E 60°E 80°E
s sl ‘:: G i 1
7. A luck S ¢
o |-
="
A st by -
Mediterrancan sea,
N :
)
h;: I.léﬂ
Z
o)
(=
«Q
Indian ocean
5 gf:&:(}ulfoﬂ\den Indian ocean o ht, |
B
:M:&@Q?ﬁ.ﬁeﬂ-ﬂopﬁuﬂe.u[—h
N L L w - w T & S o
S 5§ § 2 8 § 8 § § ZgEECS5EocAAszacAsER
n n D 0 1D 0 0 n D
- ~ “ ~ 10 -} ~ =
(B) (A)

(DEM) (15 )l c098, Joto (2 9,595~ (5 conlBl (sloainy (] tanlling 3,90 dllhivo CurBgo —) JSCud
Figure 1- Location of the study; A) Képpen-Geiger climate classification and B) digital elevation model (DEM)

AGERAS Julai L sula 4 gano
sosld p pione 3| SO ECMWE ou5h (slaodls degoe
O | (6l g5 3y90 & Wil oo Sl g 3 oo 3
03> degasme (pl (gllad jlade i plool Clidiss gilles )l )8
Omb sl Gl b I (g)l 5 (Slaalin (slaodls b anglio
Sl pusio (gly 03> degezme pl LIy (Bell et al., 2021) ¢l
s (Asadi Rahim-Begi et al., 2022) )l xilod o8l calise
ol 43,5 )15 00l 3560 55 1), (Heydari et al., 2023) L
Oleeds olg oo 03l (pl 51 a8 sl 00ld Ui iy Olasis gl
2,8 ool Slalie ooy laisay oold 286 3ble » 4Kk
Fr ke e Jbooil Jpame ooy ERAS o3> ac 50
ERAVY  Jols (L8 slaasus JLda & cwECMWEF
Hersbach et al., ) cwl oad &) ERA-Interim 5, ERAY-
L) g oo ol cladygly odd acgeme ol (2020
» ERAS (g)ls500ls dilolw .amd 0 &) yioglS ¥V 28] S
loodly ¢ Jao gy ¢ BBl (gl jlanle caliseo (glaosly bl
Sl Jde olyemay ool pl S 5wl (sbyd oladse 9 YU o>
s 030> degaze () Cunlad pae U ol o el aid piy sl

(Jiao etal., 2021) L3l ol

ouldicul v, g0 slaculy
slrosSatd) pizmen g gy slaglle b bl )8 ailato
bl olyen 4 (oldle aasuio 93 cpl sl Slodony 9 S)p
o) B ol oads ey pan g s yow < slye ilod (sl yauiS (0 Sin
S bl dnill Hladl o e Slalie sl fles jl adlis
Py alS (58 sl cusbed pae g i Wl o8l glaools
sboodls 09,5 93 jl 3ui5 (pl > ) o psle clagingk
Cpimad § Slg3,S e L,y sl AGERAS , MERRA-2
ool o o0l SB35 dlasy 5y o8l gla pusio D oy y

(O g (saan cculiidi ga slaol&hcwl) Jlaaldis slasala
b bdye slagiaghy )3 ord (&S JyuS Glalie laodl
Jda G cnl > e 1555 (VL Cuenl Sl g5 psle
CoE ) e e $1ayedS (BBl (slaodls 4 (g pae
3ol g1 5 )l ded ool (glo e (i oy (sl Lo
Gy Gled e 03) Glpl hden owlidler o] can
Shagy (oolll oinle lys e (0548 9 by bl
5 el ous ool Dsa 4 Cfa «Csa BSk BSh BWk BWh
ol ded pusio dw (gl AVl wlio 55 o] can oyl (glaosls
Wl 00 03zl YoV 5 VAAY (glol 0,93 b o (65



VFer g0 s — 010 50 ¥ o lods YA Wl (S g ol 4,5 FVP

adllle 3590 alliio (6152 - (06 (oSl abalb -) Jogs>
Table 1- Képpen-Geiger climate classification for the study area

NE (neS gaib 2B s ganab Olxsy
Kdppen-Geiger classes Kdppen-Geiger classes Description
BWh P e ekl

Arid, desert, hot

Sy slagbly b Sidans b coul o8l
Arid, steppe, cold

Arid, desert, cold

£ 9SS b b Jaize p )5 oalél

BSk

Csa Temperate, dry summer, cold summer
Bsh £S5 slapbly b Sidaos b cal o8l
Arid, steppe, hot

Dsb £ g S clagliwl b () o8l
Cold, dry summer, warm summer

Dsa £S5 o 9 Sitd slaplanl b (55wl

Cold, dry summer, hot summer

Dfb F)§ Ot“&’u L H’?lof L )Y r"“lBl
Cold, no dry season, warm summer

Olisy 9 S5 S bl gbo bl b 8y p.,.lﬁl

DSC J)M
Cold, dry summer, cold summer
ET RCPWE

Polar, tundra
5 s (it b g o o Jins 5 o8

Cfa
Cold, no dry season, hot summer
Dfc 3y e 5 S5 el b ogbye sl (B0 ol
Cold, no dry season, cold summer
Csh )5 9 St bl b Jases )5 ol

Temperate, dry summer, warm summer
Cfb 55 Ol b b ye sl Jiine £S5 06l
Temperate, no dry season, warm summer
£35S e i 5 S s b Jaine )5 ol

Cwa .
Temperate, dry winter, hot summer
Dfa P)f v otw.b' L 9910)‘ pLve )Y mm
Cold, no dry season, hot summer
EF RIS
Polar, frost
Dwb PS5 il g S laglinne; b (B waldl
Cold, dry winter, warm summer
Dwe S il g 2 g SiS glabinej b By il
Cold, dry winter, cold summer
cwb P25 il 5 St i by Jsine 5 ol
Cold, dry winter, warm summer
ERAS aJgl sloodly & cowd AGERAS slaodly dsgazs &S Sl wyp sl AGERASD oold dcgosmo I dalllas (ol jo
Yuetal., ) cul I3, 5 (oshS Vo bgis) (5 YU abl S8 Yo¥e BYAAY Jlo jlled 50l (005 ¢ 55b (sl yuiito dilalo §  Juad
DiiSon y dlon I aliste Glorsual dld dsgeze ol 45 (2021 Caus AGERAS (slaoaly degosmo (55,8 a5 Cojo b ool

sl 01 plsl L3l ) 5 BT ars Sloeaat ¢ Suts—ly )5 cosl ) 3 ERAB Jsans 45es g ERAS-LAND (claosls 4



YAV oonlil la yuiio b o, Lo g Lol 058 50 S8 90,5 Clilé wigy 9 (2Ldd GiiSTyy (ouw 32 <0y 502 9 S1y9518

Ol 3 a3 ee LS Ty K9, Sy o Cwsl Sloj 5y Ko p3 )
b dilate 3 Sbgd S il @l iy Lo ely Beios
ol 48,5 )15 )2 3)90 (glamd liio 53 i (19031 gl Lol
L0 g 53 gl gine aw ol e 4 (F JSG) 5 ol @l &S

ol 015 1))

oaislay glaslKicul yo caalSl (LA yaia ol Siw e
o) sladigy

9 43S @il Cundg )3 sl (couldl (Sl e (et o>
O gy Sly 58 ol 0 el ot o o] (rioon
e dw Lol )¢ adlate 13 S1593,5 3ls ) )3 coul8l clo yuiio
soleilon dalllas 3y50 ddlaie .l oais ool iyl g 0L (645 <lod
9 ol gy ailate Sy (2l jlai ) A5 0y Zuss 5y oS
Woled (6305 (g5l JiYod ayauiS plo glp Slalie glaols
e coles 3 9 BB (ylel 093 Jgb s S0l ooly jlas
(PR > Caer pslaie (pl (6lp Al S 003 )3 g (ol
A olBl atpy cuam AGERAD 05 de gasee 3l 0350l it duw
olSts] Sy (oonldl algg 2 31 g 9 (alolids Lol )8 ailalo
Oyl lden wlidler claolSiw] glaodly jl sable laica
LS —SlS oLl domiaw dw I edlainl b o g pd g sl
sy -4 ol (1) (Stusad s 5 (d) 3155 s (KGE)
e Stued Canl odd B, ¥ Jods )3 doiw aw ol o)l
e S, gy ) 5 gm0l et 33 (3 o Lol
SNaod o8Ol =Y 5] 0 a8 wad o Sl Y 9 =) o dols
55 Sl g Jo Gt (Sounan osimalis ) (IS o
sodly acgeme b Joo L Sbj)l 0wl Jas bl
0L ooulBl ola it (6ly (gloylgmle slmodly > b g Julossl
Bl e aomis ol WS o ) e 513l (d) ©gaki 3815
9 S o bl 1y Slalie glaodly g ond g jlodens (slaodld yu
op 0 Lasls el (Jo5 ) V U (385 pac) « 5 ol asls
b duolio )3 9 3y 0 3 )3 1) Slynis o2 9 (1Kle 3 gl
Sl el (i)l WS (o 55 303 (Stran p bl &S ola b,
L (KGE) LysS—Suls” oS asws (Willmott, 1984) aas o
)l 5 Ol ((Stuver 1S > a4 Jao LS 4 je
o by 1y (NSE) calSSlu— 55 tilon sladois slacydgize
ol e a5 Conl ke V U cols o e | KGE st S
9 (Silwdnds (glrodld yu ying (38197 odimd L bl S0 Y 4
(Knoben et al., 2019) cuwl Slsalie

g Jdo 538 45 o plooil Clousual Jdddy Cualad pas does
(Brown et al., 2023) cusl a8l ials ol o b a8l S

MERRA-2 suls ds gaas

Oe 9 S1g2)S Clale Glpss gy p S GigR 0l 5
J) adlas 3y0e dilaie  SBBgdS b glbdads (gl Sl
Jyame cpl b odlitl dilale yubie > (DUCMASS)! Jguae
S5 |y MERRA-2 ool ool dsgasme &¥gamme jl S0
S MERRA-2 031 ds gooro ol awgd dsyd «/FYOX /0 bl
oS L Ll VA ol a8 cal o ey s 5L eol
olide )0 (g5 (slaodly dsgemmo ol (4l (GEOS) Juo & aseus
sl ol asgaze ol (L et al., 2022) ool 03503 Mg 53
5 0)lsale Clialie p gt Glesdy e Jdoosl ealy SSL
b 5L eesd (b 03 dcgesme sl Jao slaigy
MODIS MISR) lo,lsale (slaosls olul » 45 sl MERRA
Koster et al., ) cwl oai 1Jss AERONET 5 (AVHHR
SBga ) il i I 5od ol 55 A3 €S S jghailen (2016
1558 )3 ol 00 (6,50l puite oS Sl ) ] o0 odlizl
iy ol 1 o)ln sgvy SBgsS clale oyl ol
ol S abel jlJb ol b oyl 3555 DUCMASS e
5 AVHHR 5 MODIS MISR (claolgnls (claols 5| Joae
okl _iuej (sloolSiu! s AERONET o (¢ ,iS0jlul (glaosls
iy ;500 Byl g sl ol Cusled pae gl WS e
olis olul ;s MERRA-2 o0y degomme jl PM2.5 jaie oviw
SH s Glre @lyd )9l 53 0oly dcgesme oyl a5 ol 03
.(Dadashi-Roudbari et al., 2020) cusl Jgd L5
JIS o (g H ouldiedl b SIA gu S wlad y W g (o 3
oudds g

dilaio 3 SB9d)S 33 gy (yp Slp pl GigR 5
o 4 9 (MMK) oad ovas JIS' (e (g jl aslllas 390
JS e y903 canol 0sb 03wl (SSE) Lywinw y905 51 9y ot
—0e 093] el gy (g e Syl o3l S (MK)
Sloj Sy (Stumaddgh 136 31 (6 Sl (5l 00 o JIS
4 (ESS) 5% wged ojluil wlul p guowal cops S osl
sy (Hamed et al.,, 1998) .S o adlsl uibjly lusbxe
A Cass 01 gusnal JINS g0 905 o8l (slmodld Wg, dumlxo
Daufresne et al., ) coul yslazel 8 SwdS” JIuS oo oy905]
S (oly s 3505 90 g s S5 U by (2009

1- Dust Column Mass Density



VFer g0 s — 010 30 ¥ o lod YA s (S g ol 4,5 FIA

T S D (6l PadgT 4D daws 03wl 3,90 d)bi Sbasw -Y Jou
Table 2- Statistical metrics used in the research for evaluation
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Table 3- Evaluation of AGERAS dataset in estimating climate variables of precipitation, temperature and wind speed in climate zones

oAb
Precipitation
REYW ol g oaiyles o el Gy oS- Kils 15
Station Representative of the climatic Correlation Coefficient of KGE
zone agreement
Yazd 55 BWh 0.75 0.78 0.69
Mashhad e BWk 0.71 0.76 0.68
Shiraz jl,us BSh 0.91 0.93 0.82
Tabriz 5,5 BSk 0.68 0.54 0.44
Babolsar ,..L Csa 0.75 0.77 0.59
Rasht c.s, Cfa 0.75 0.84 0.65
Shahr e 5,5 ¢ Dsa 0.71 0.64 0.57
Kord
Lo>
Temperature
c . - . . LyeS-Suls” LIl
oK o8l digy oaisles (SN G8ly Gy s KGE o
Station Representative of the climatic zone  Correlation  Coefficient of agreement
Yazd >} BWh 0.97 0.81 0.85
Mashhad g BWk 0.95 0.93 0.94
Shiraz jl,.s BSh 0.92 0.87 0.81
Tabriz j,s BSk 0.93 0.93 0.76
Babolsar ,..Ll Csa 0.92 0.76 0.83
Rasht c., Cfa 0.92 0.73 0.62
Shar e 5 xes Dsa 0.87 0.69 0.65
Kord
oL s
Wind
ali’.‘.w»] u,e,..lsl AR odules M @5]5: oo KGE b;— P ‘_e‘)lf
Station Representative of the climatic zone  Correlation  Coefficient of agreement b o
Yazd > BWh 0.48 0.48 0.44
Mashhad .o BWk 0.59 0.43 0.42
Shiraz jl,us Bsh 0.58 0.49 0.48
Tabriz 3,5 BSk 0.72 0.52 0.49
Babolsar ,.Ll Csa 0.52 0.49 0.48
Rasht cus, Cfa 0.51 0.42 0.43
Shahr e 5,5 e Dsa 0.62 0.54 0.49

Kord
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Figure 2- Monthly spatial distribution; a) Dust column mass density (unit: g/m?), b) temperature (unit:°c), c) precipitation
(unit: mm), d) wind speed (unit: m/s), during the 1981-2020
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Dust.jan Dust.feb Dust.mar Dust.apr

Dust.may Dust.jun

Dust.jul  Dust.aug Dust.sep Dust.oct Dust.nov Dust.dec

pr-jan

pr-feb

pr-mar

pr-apr

pr-may

pr-jun

pr-jul

pr-aug

pr-sep

pr-oct

pr-nov

pr-dec

Wind-jan 0.56 0.54 0.53 0.53 0.54 0.46 0.37 0.44 0.55 0.58 0.60 0.59
Wind-feb 0.58 0.56 0.55 0.56 0.56 0.48 0.41 0.46 0.57 0.60 0.61 0.60
Wind-mar| 0.58 0.57 0.55 0.56 0.57 0.50 0.42 0.48 0.58 0.60 0.61 0.60
Wind-apr 0.56 0.54 0.54 0.57 0.58 0.49 0.41 0.47 0.57 0.61 0.60 0.58
Wind-may| 0.48 0.48 0.48 0.53 0.54 0.45 0.39 0.43 0.51 0.55 0.52 0.50
Wind-jun 0.44 0.43 0.44 0.51 0.51 0.39 0.33 0.35 0.44 0.53 0.50 0.46
Wind-jul 0.38 0.37 0.36 0.41 0.43 0.35 0.29 0.31 0.39 0.45 0.42 0.40
Wind-aug 0.36 0.35 0.35 0.39 0.41 0.33 0.28 0.30 0.37 0.43 0.41 0.38
Wind-sep 0.39 0.38 0.38 0.43 0.43 0.35 0.30 0.33 0.41 0.47 0.44 0.42
Wind-oct 0.45 0.44 0.43 0.46 0.46 0.38 0.31 0.36 0.48 0.52 0.52 0.49
Wind-nov 0.55 0.53 0.51 0.52 0.53 0.44 0.35 0.42 0.55 0.58 0.61 0.59
Wind-dec 0.56 0.54 0.52 0.52 0.53 0.45 0.37 0.43 0.55 0.58 0.60 0.60
Tas-jan 0.65 0.65 0.63 0.59 0.69 0.64 0.55 0.61
Tas-feb 0.66 0.66 0.65 061 | 071 0.65 0.57 0.62
Tas-mar | 068 0.65 0.68 0.60 0.65
Tas-apr | 072 | o70 0.63 0.67
Tas-may 0.68 0.70
Tas-jun | 0.70 0.70
Tas-jul 0.69 0.68

Tas-aug 0.69 0.68

Tas-sep 7@;@&7 _ 5

Tas-oct 0.70 0 L i 0.65 0.68
Tas-nov 0.67 0.67 0.67 0.64 0.67 0.58 0.64
Tas-dec 0.65 0.64 0.63 0.59 0.69 0.63 0.55 0.61
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Figure 3- Correlation coefficient between monthly dust mass density with climate variables of precipitation (Pr), wind speed
(Wind) and temperature (Tas).
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Figure 4- Monthly dust mass density trends in the 1981-2020 based on the MERRA-2 dataset
Areas with hatches in the map show significant trends at the 0.05 level based on the modified Mann-Kendall test (unit:
g/m?/decade).
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