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ABSTRACT

One of the main factors contributing to air pollution is the phenomenon
of dust, which causes significant damage to various economic, social,
and human resources. Dust events occur in different parts of the world,
especially in arid and semi-arid regions, and are driven by both natural
and human factors. This research aimed to identify the origin of dust in
llam city using the spatio-temporal tensor of aerosol optical depth
(AOD) derived from MODIS sensor data during the period March—June
2022. First, dusty days were extracted from meteorological data, and the
spatio-temporal tensor of aerosol optical depth was generated. The
reason for using the tensor was to examine large volumes of data across
both spatial and temporal dimensions simultaneously. The results of
comparing the tensor with corresponding meteorological data showed
that whenever the aerosol optical depth exceeded 0.5, dust events
occurred. The spatio-temporal dust tensor analysis revealed that dust
levels are directly related to wind speed, and that dust events occur when
wind speed exceeds 15 m/s. Finally, by identifying the spatial variations
in AOD, four dust sources were detected in the study area (Beld,
Mesopotamia, Misan, and Wasit), with Mesopotamia recognized as a
major potential source. The analysis of the temporal pattern of AOD
indicated an increasing trend in May. The highest AOD value, 3.85 in
May, reflected the intensity of dust. Examining the correlation between
Ilam dust and the identified sources showed that the regression model
for llam city was most strongly associated with the Wasit region, with a
correlation coefficient of 82.96%.
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Extended Abstract

Introduction

Dust storms are among the most significant atmospheric hazards in arid and semi-arid regions, often
causing substantial environmental and socio-economic damage. This phenomenon is particularly prevalent
along the global dust belt, stretching from the western coasts of North Africa to the Middle East. Dust
particles suspended in the atmosphere may originate from natural sources such as soil erosion and volcanic
activity, as well as from anthropogenic pollutants. In western Iran, especially in Ilam Province, dust storms
primarily originate in iii grrrr igg I.... Dee to the riii nn’s climatic dddditinns ddd leck of eeeqttt e
infrastructure, llam is highly vulnerable to frequent and intense dust storm events. Recent research has
demonstrated the growing application of remote sensing data and geospatial information systems (GIS) for
monitoring and analyzing dust phenomena across Iran. In this context, several studies have focused on the
spatial and temporal analysis of dust events in various parts of the country. The present study specifically
investigates the spatiotemporal variability of dust storms in Ilam County. Utilizing MODIS satellite
imagery and tensor analysis tools within the Google Earth Engine (GEE) platform, this research aims to
assess dust distribution patterns over time and space. The findings identify primary dust sources and
characterize the temporal evolution and spatial extent of dust activity in the region, resulting in the
development of detailed spatiotemporal dust distribution maps for Ilam. This section outlines the study
area, datasets, proposed methods, and data preprocessing steps undertaken for the analysis. llam County is
located in the northwest of Ilam Province, Iran. It is bordered by Eyvan County to the north, Sirvan to the
east, Mehran to the south, and Iraq to the west. The region features a temperate mountainous climate, with
an average annual precipitation of approximately 619 millimeters and absolute temperature extremes
ranging from -13°C to 41°C. Geographically, Ilam County holds strategic significance due to its shared
border with Iraq, a primary contributor to dust generation in the Middle East. Given the transboundary
nature of dust transport in this region, the spatial extent of the study area was expanded to include zones
adjacent to the Iragi border. This allowed for a more comprehensive analysis of the spatiotemporal
distribution of dust storms affecting llam.

Material and Methods

Satellite Data and Processing Workflow

This study used satellite data acquired from the Moderate Resolution Imaging Spectroradiometer
(MODIS) sensor, which is mounted on NASA's Terra and Aqua satellites for global atmospheric
monitoring. MODIS features 36 spectral bands with varying spatial resolutions. For the retrieval of dust-
related parameters, the Deep Blue (DB) algorithm was employed to extract the Aerosol Optical Depth
(AOD) index, which quantifies the concentration of airborne particulate matter. The primary dataset used
in this research is the MCD19A2 daily AOD product, originally provided at a spatial resolution of 1
kilometer. For analytical purposes, the data were resampled to a 2-kilometer resolution to optimize
computational efficiency. Dust storm days were identified and extracted within the Google Earth Engine
(GEE) platform, and further processing and visualization were conducted using MATLAB software.

Google Earth Engine

Google Earth Engine (GEE) is a web-based cloud processing platform launched by Google in 2010,
providing free and rapid access to remote sensing data. As one of the largest platforms for spatial data
analysis, GEE is widely used in climate studies, meteorology, and remote sensing applications. Its use
provides significant time, cost, and human resource savings, as well as enhanced accuracy in studies due to
access to up-to-date and comprehensive data repositories.

Tensor Analysis
To simultaneously analyze spatial and temporal phenomena, multidimensional structures are required,
which are provided by tensor analysis. In this study, a third-order (three-dimensional) tensor was employed
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in the MATLAB environment to model and analyze the data based on geographic latitude, longitude, and
time. Unlike traditional statistical methods, the use of tensors enables the examination of complex
spatiotemporal phenomena with greater precision and differentiation. Dust storms are not only a nuisance
but also have profound environmental and human consequences. ldentifying the origins of this
phenomenon, particularly in the border regions of western Iran, such as llam County, is of critical
importance. The majority of these dust storms originate from the deserts of Iraq, Saudi Arabia, and Syria,
where poor water management practices and hydraulic construction projects have contributed to land
degradation, making it more susceptible to dust production. In this study, we used remote sensing
technology and the Google Earth Engine platform to investigate daily dust storm variations during the
spring of 2022. Unlike previous studies that primarily focused on periodic or seasonal analyses, we
employed daily MODIS satellite data in conjunction with tensor analysis to provide a more precise and
visual representation of dust storm events. The tensor-based plots for March revealed two significant dust
waves on the 4th and 6th of March, originating from the Wasit region of Iraq, which impacted Ilam County
and the Maysan region. The intensity of the first wave was such that horizontal visibility in llam dropped
to just 800 meters. The second wave, although less intense, was still notably impactful. In April, three
distinct dust waves affected llam, originating from the Balad and Mesopotamian regions. These storms
occasionally reduced horizontal visibility to as low as 500 meters. However, the most severe dust events
occurred in May, with five consecutive waves originating from the Al Anbar, Wasit, and Maysan regions.
On May 23, visibility in Ilam dropped to zero, marking the worst conditions during the study period. June
also saw two waves originating from Balad and Maysan, with visibility in llam reduced to 2000 meters.
The analysis showed that May recorded the highest Aerosol Optical Depth (AOD) values, indicating the
greatest dust density.

Validation of Results

To validate our findings, the AOD data were cross-verified with ground station measurements from the
source regions and Ilam. Specifically, a strong correlation was found between AOD variations in the Wasit
region of Iraq and llam County. Regression modeling confirmed this correlation, indicating that whenever
dust storms occur in the Wasit region, llam County is likely to be affected as well.

Conclusion

This study, utilizing spatiotemporal tensor analysis, successfully identified the origin and daily pattern
of dust storms in Ilam County from March to June 2022. The data used in this research were extracted from
the MODIS sensor (MCD19A2 product), and dust storm days were selected based on reports from the
Meteorological Organization. A key advantage of applying tensor analysis in this study is its ability to
simultaneously represent spatial and temporal variations of dust storms in a three-dimensional space, a
feature not available in traditional two-dimensional methods, such as satellite imagery. This approach
allowed for a precise examination of the dust storm origins on a daily basis, marking an innovative step in
atmospheric monitoring. The results of the analysis revealed that the dust storm situation in the study area
was critical. Four major regions were identified as the primary sources of dust: Balad, Mesopotamia,
Maysan, and Wasit. Among these sources, the Mesopotamian region played a dominant role, particularly
in May, with an AOD index of 3.85, indicating the highest frequency and intensity of dust storms.

Furthermore, correlation matrix analysis showed the most direct and significant relationship between
dust storms in Ilam County and the Wasit region of Irag. This study demonstrated that tensor analysis is a
powerful tool for monitoring and forecasting dust storm behavior, offering valuable support for
environmental policymakers and disaster management authorities in making informed, scientific decisions.
It is recommended that future studies incorporate additional variables such as temperature, vegetation cover,
wind patterns, and climate change to develop more comprehensive models for dust storm monitoring.



VI o PP 5 llY o)l N wl ISSN (Print):2322-1682  ISSN (Online):2383-3076

b MU'}‘D,“'P

» Lo > k_/‘/{,,/;ﬁb X o, -
331 (o g DOI: 10.22067/GEOEH.2023.82988.1383 g3y dllio

St o silo) = o0 ygmund 3 oolisl b Ll g0 ,F sliie o3 Lwliis
PO ¢yliuw pelds B guazmo 3o g T

MFCTPCS USSR SR

‘5»»3.))5 olisly “eWIo 9 ‘5».9 0uSLAS1S oyl o (WO 09,5 L OleMb| i ..\..i’a)kswu)lf ‘Sg.quidb‘

PRV PR VI w,&} olisls WO § ‘;.3 FRCUWE LN U VS (WO 03; a@'&o OleMb! i jb sl l
ol

PRV Ao wledb|

xle 4 ol Shlus cel a5 RV Ep SLegs 3 bauny e u.foﬂ Jelge 5! Y e azsi U

ol 3l eleisn jo jLégs 5 onuny el oaldh il Jludl 5 slosx] (solaidl
D38 o0 (BB Gladl g (ab Jelge a5 wms e gy SiSand s S Bble alex |
s 3l eolainl b ) lw jols Bogaste jo JLegs S sl olulid 4 uegh ol VE Y810 16,8050 g yb
Sloj 0,50 30 Luole saiziw slaosls L (AOD) Jusg 5T Sl o Sboj - S VESY/VITY b dy eyl
5 SBs, (ewlidlen glaosls I lanl cwol aizlay YoVY 965 U o le slaols

VECY/PIYY sedl o g b

Jo a8 05 Jg T (Setg) e Gloj = (GUSa j9m 5 00 gyl Ligo S ol wlols
S50 Slo g (S O jgods bools 5l glodas pa Dl S gy g 1 colaiul Légs S slalish

colitln (loools L dlogs yo ,5mlts Aliis gl (il 03 laju sobots Slalllas 3,9
039z 41 50 Legn 5wl YL </ 5l Jusg ST Sl Bos o5 0 aS ol ylas o bl
ey b legd I pliee a5 0l Las JLege S (Slej - S jeus Julod ol 352 299 3l o
Ty 590, WS jee 4l 5 e VO Gl ol Gy oS e g o ls e bLI I oL Sl olad Julo
(A ) L 9n 5 e oz AOD Gl il ss (alalitn b el 5o a0 oo
bl 51 (S plyeds el 45 3500 S92y (Slalllas B3gaoms ;5 (lawly 5 lace
slo yo o1 (ctal38l Wig, 5l Sl AOD Slej (663! o o gluwliss Légs 5 ogall
ol Less 5 lre Baimolis (oo ole ;0 YIAD LAOD Slode o yiies .ol ¢ o
S Joe oad olubid SThe g O] g S (Ko (o) 2 b
So ;3 AVIAZ o1 (o iy 9 018 Lawly dibain b (5 iy bLS 1 L] (b 2

AOD s 5T (5,5 Gos

et

E-mail: etemadfard@um.ac.ir JER TS RNUIPNICT S FETURCII i


https://orcid.org/0009-0009-4400-4015
etemadfard@um.ac.ir
https://orcid.org/0000-0003-3805-1711
https://doi.org/10.22067/geoeh.2023.82988.1383

Aolesel g o0,8
e i 5 g 3l odlisul byl g0 ,F sl o Lulivis

doddo

Goudarzi, Shirmardi, ) ses oo 7, Hle Sisdos g S bl jo a5 sws o T3, Ol (g9 ol bl 51 S
Naimabadi, Ghadiri & Sajedifar, 2019; Middleton, 2017; Rezaei Moghaddam, Sedighi, Fasihi & Karimi Firozjaei,
Ot (Chung, Kim, Jugder, Natsagdorj & Chen, 2003) ais5 8,5 55 s b 09,500 VY jlad 4y 3las &l )3 44 (2018
Formenti ) cuwl a8l 3 e ailia s b L 31 Jlod opé Jolow 51 0,55, slez dmpeS 5o ol cnl dattes bl
Ygame 4 il cawl el ol Ollus cel s 55, (etal.,2011; Shi, Zhang, Yao, Zhang & Guo, 2021
Lee, Kim, ) col oas jgi8 blis plo o ol 31 & >los g 290 g ooy Jg e 40 il ) ol ¢ B8l 00 2alS (55,9l
6l ,5iS 5l 2eS g 4y y9m 9 3lye 51 oo ol il Cy 00,8 5 5 (g wad ploul Dlallas 4y 445 L .(HoNda, Lim & Yi, 2013
Ashrafi, Shafiepour-Motlagh, Aslemand & Ghader, 2014; Taghavi, Owlad & ) 5,5 oo deuiz s CagS 5 Hlawaye
Sl slooa¥T 5 o laassl S (Less 5 ol lga jo 3lae ol,d alises glgl 51 0,55, @l,d (Ackerman, 2017
ol L2935 (o) 2 95 2 B () S pe3 oS Wload S5 ((hend S g (il9)

O 69> ol Sasl a1y Legs )5 £435 (WMO: World Meteorological Organization)  cwbislse Sl obejle
sy WS 5l Al p ;e 10 ol Sy (raizmen g daa e lie ) eS 4 (Bl W00 45 55050 9 WS (o0 (e o]
Ol o oo e Sbly bl jo wad glaol B39 b Legs 3 sauyy (Al-Hemoud et al., 2019) ols aaly> &, ,Legs S
N5 8 o |y lnl 0 gz 5 ot gaaen slagSll g e wus slayS olia L (32) olal o slaypsS o eny
5 oreeb Sible 5 ame Sy Slag) i S pte slodin) 8 3o 5355 53 SIS slacluy; ol s 4 s s
Goodarzi, ) wil e aihaie o)1 51 25U sla,Le g8, 51 Slie eI liwl (3lhe ;58 b eI bl s S yidon 0 3959 o
.(Hoseini & Ahmadi, 2018

& iy Slalhe 5| oV wo 0 el o gl (S 5 o5 i 51 ligs S By Adlls Aie) s (soate Slinko
Wlos,S oolatwl Legs I jaskis g o)y gl (wlidlen o] § Sl Sledlbl i )93l o glac Ll Al
Slojgd 5 (shad & jgod b ow) p (al 45 aails j9aS bt Bblie )3 )Legd ) (Guandig AAE &l 50 (o2 5 SN0 (295
(Azimzadeh, Montazerghaem, Torabi Mirzaei & Tajamlian, 2010; Abedzadeh, 2005) el 433,5 & 50

ool mbs s,y e S sloy - e Judov 4 oylhes lewl jo (Mohammadi & Zargari, 2014) 5,5 ,; 5 (soee
OLKen 5 (65,955 wimed el [Legs 5 lls slasg, ol o yiion lls Jlo ;0 59, ) A slow b el oSl ols oLis
SolSis! mhaw ;0 5 lpl Gy oz g e o) JLega S Lol oy, S5 5 Sloj auje5 (Goodarzi et al., 2018)
Chamanpira, Karimi ) ol,\ea g 1,0 ez aisls J13 cw) 0 8590 oliile S 5 liwje> oMl sl aw jo &dly cwliilse
S0 Ll drwgs g Giolel bl 4o (S, J S cugx jLegs S Sk g Sley Julzs 40 (Sangchini & Norouzi, 2021
Ot Jlo 5o 59, B0 Slshd b sbis 3 oliagl a5 ol olas o] gl g axilo,y YoV F B Yoo e Jlo sl allo VW Sl 8,90
2,08 Sl S50 1) jLess 5 slags ) slass

Ol ol 5 Sgas (swyp 292 0,5 45 slojlsale polar 5l osliiul b1y slowl JLégs 5 slap,ligb slace (Kim, 2008) xS
51 (Alam, Qureshi & Blaschke, 2011) |,Ke2 5 oo .casl 00y Jlgs Jad ;0 0,55, boolas, 5l as )0 AV a5 ol jlis
g ol plid bt as wo S eolaiwl (LS el cpaiz o glad Olpss owyp sl Misr Toms (Modis sls S
,o (Schepanski, Tegen & Macke, 2012) -l ,Sen g Suslawl iyl 1y jLegs 3 lade o in Lol o liws ) slo fuad
ool 3l gl (185 (T G e 50 L3, Bausy Ko g5, oy a5 wols (Lad g BT (limo i o (Shaghy
4 (AOD) ,Lego,5 Sl Gas &lbale ke 5l oolawl L (Namdari, Valizade, Rasuly & Sari Sarraf, 2016) .l \San o



$ VEoF 7l ¥ ol IF alo o oo &l yblio g Ll yio & pid

230 Gl T gy gl aS oy YT LYo 0)50 (b )8 lagion ;o Lése S e 5 Sy @35 5 s
D18 1, AOD 1 SKileo 1y yidiow (Y ex ol iy

Glége 8 clale oy dlayl, (Namdari, Karimi, Sorooshian, Mohammadi & Sehatkashani, 2018) ),5ee 5 (5 ol
Qin et al., ) u‘)lio.b 9 ‘-).S ..AJQ; o gs.....)&u...u 6[@0&.».)‘ 9 w—'\)l—ﬁ EW )‘ oolaiul Lu c\.ul...a)jl? B |) Lo 9 L)’“")L‘
s g s, S b, YWV B YAA. Jle 5l Merra Modis ssszeiw 5l oolaiw! b > ;0 AOD )by - 86 ol s (2018
Karami, Hossein Hamzeh, Alam, Noori & Ranjbar Saadat ) I,(Se g 0,5 .Cawl ial33l Jl> ,0 AOD aS sls yLis lagy]
o Aleos 856 G o lojlanle yglar jloslatwl b Sy 5 yinS oiid Jold lpl oy 52 4w jo 1) Légs 5 (Abadi, 2021
ol 0olidl 5lasl gYez ol ;0 AOD jlade o i ol lis ol a5 s )5

el 00l ol s g0 ibien 1) (S oS (idu hadd aS sy sleoliu! 5l e &gy [Legs S asdS sla Sl o
g oo ooliinl (Sloj 5 Sl ©yg0a )legn S b)) sln slojlgale pslas sl ojg el Ll

Loy w9 5985 58 50 bl el axslop ol liw 0 )3 93,5 Dl ki W9,y oy p 9 2lolid @ Giagh
Ol e (nl 59 93,5 s (o) S (red 4 098 o0 Bl JL93 5 clivis plgaeds 1925 (pl &S Cesl Glye y0iS
ouds oolaiwl (slolgale yglai g wu‘? ol 5l Legs O sy S Cpmdion laiogT o el (55908 (5 4]
Ol &) J565 ailels sl oolasial b @3] ol 0 55 Jleqo ) (Glej = (S Dlpass g, (o) 4 ol g3y 50 Lol
Sz a8 5 0 Sl jo sl oals @il et Il 5l eslazwl L (AOD jazli) sole sdiziw slaosls ¢ (GEE)
alin l srol> aid o o ,Sg, 5 sloylgarle polai 5 cwliilss slaosls dacgoxe | oolaiwl b [Legs 5 alin olwlis
ieles Sz jomS 5 g (rl )0 S e 40l S99 g 3l eslaul b (L] (L 02) 5928 058 ys Leed S
Slead 331 jlel bl 5 )Lego 5 slls slosg, (iagh cpl jo ool oo solinul Lége § Sloj - S Olis Glojen
Sy slaosl (b o] Sloy - S Dl g cliie jguS 3l oolaiil b e 00,5 aseiie (o bl cwlidlsa olojle
AJ;)‘)S S D) ol Y-VYY ujs) G L),u)l.c oLo)l Y

L9y g dlgo

ez odls g5lwoslel 07 15 g (golpiin (slo gy cnlllas oyl )8 solaiul 350 (lrools « Slalllas Bogazme ¢ idu (! 4o
8,8 anlgs 18 w0 50 coolaiul

axllla 3 90 dikio

3s Ol a5z 5lelss 4 355 5l Ol s & Jlod Slas o)l 18 @3] ll (06 Jled 5 Okl e o
Ly b 5 e VEF e glisyf o ¢ 3,8 Jsbo YO 5 F77 5 Jlod (200 YAT 5 10 10 a5 05 o 090 (3lye 5545 4
bl (Ko Slelis)) 5 95000 (laogS Alwgts Sl @oon 5l atd)S 18 LI clis )3 a5l b e el ol oud &8l
B VYIS 51 T llas slos awsgio 5 yia oo FYUD wlls Uil ouSils b liasS Jozne (glspg (lls 45 canl oy
AYES s VYYD 15 45 10 ol Conmar 3 o yiosheS VYDA s s sl Cmnsg ansl yosis 4 0, s azy0 FA/Y
1 bl (6] = ol 35 50 Olgieas A1 by Sl Sl o il ialiEl i TYFOR . 4y mad VYAD 4o cogs i
1053 52 k90,5 slike gy iy 5 alolind sl (Vb ool oSl oo 3lie 5585 5 e a5 Ll 5 ol onls ans Ll
am e Liales ) olalllas aihiie LLELar Condes | IS el



Aolesel g o0,8
e i 5 g 3l odlisul byl g0 ,F sl o Lulivis

f.\"\'-’-l‘ JLZ«J.G.& raalza 340 03 adoee

44° (E"U"E 45°0'0"E 46“q'0"E 47“[]'0"‘&

33°0'0'N 24°0'0'N
L 1

32°0'0'N
L

N

3100

alai Lol
- ]
. -

L] b sl Gighy (Gildllas 8ogazee =Y S
Fig. 1. Research Study Area: llam County
Abb oo CusS 5 Hlins e (olr eSS 4 G0y g 3l H5lS b j e @] liwl il oo ools ioles ) IS (o a8 jghailen
Sl 50 53 P st JLigo 3 (slaglisle sy 45 ] 1 ks lygls 1 Légs S ol plie o 3S (ol a5
4 (Goudie & Middleton, 2001; Shahsavani et al., 2012; Draxler, Gillette, Kirkpatrick & Heller, 2001) s ,ls ;1,3 o]
Al ooly b xS Gle 10iS B Sldlas ddlais Cawg g Lége I Sloy - S Judo gl Jdo ren

Losls

40
Kilometers

015 o leale 90 (59, aS el ouls colaiul (MOdIS) usole saizeiv 4 bgs e slojlanle slaosls 51 Lol> iagy jo

JJL:\”? )‘ ol w‘ QYM sl 00 ‘_§>‘)Ja @LQ} qu\JLA)Q ).M‘ L;).ws uw.al.a ‘5“).: YooV JLAAJ)A) ‘55‘ 9 Y4414 JL\»
(Remer, Tanré, Kaufman, Levy & Mattoo, 2006) cewl oals JoSiad yie Voo dee YO S8 SIS &j08 L b
5 Gzl 30 a8 aiS e ool (DB) Gaas ol 5 (DT) &8 ,6 S)ls o 5550 50 5 Guaole 3oz Léga 5 bk sy
) l9a 50 Blae &1,3 o515 a5 Cawl dm (yg yiel)ly 3 AOD Laslis .ol oas ooliwl AOD laie 2b3b (sl DB 55l
Stafoggia) s, ales e 4 (6 5iaS lime 4y aud jo5 o5 il iy asld ol Jlade d> 2 45T g0 4y S oo et
ol 03ld drwgl DY game I ol glaosls iils, sl (et al, 2019; Lyapustin, Wang, Korkin & Huang, 2018
yokaieds 9 (Wang, Zhou & Dong, 2006) el eads oslaiwl (esls S (Sl S8 08 b g ailjg, & 045) MCD19A2

90 4 ol Gl SISy ©5a8 4S5 oole daizeiw AOD ol 3l gaiss cpl o (Judod g il sl beols pae ralS
)é )L..Cﬁ\))f (_gl.ﬁ)ﬁ) @Lﬁdlﬂd )‘ e ) as w‘ u)ya ‘))JJ d""”” ‘))‘ k515 U’“"j) ('13‘3 L) O eolazw! sw‘ o J.s.\.u )...,o51..5



A VEoF 5l ¥ ol IF alo o oo &l yblio g Ll yio & pid

S8 G55l 0,0 it smugiaalip laxe 0 g 0l A3 usols aismiw 31 (AOD e li) pglai ool &)l 565 aileles
A ools ioled g 28 )8
ol &)l 5 o5

ooty 45 Sl 0l g3l US55 bsgs YoV o Lo 5 5 aBlise g 2t (s 5] 55 K2 el ) 55
&lolw ! .(Soleimany, Grubliauskas & Serevidiene, 2021; Gorelick et al., 2017) QS oo oalaiwl J568 Olawlos 31 5beye
Amani ) oS oo SeS Wosls 4y 1) o yiws ;o IS 4y a8 cwl 905l toriw glaools Eils slagS 355 51 S
Sl ye5de Alols .ail oo ez wbido ;o S5 slrosls uilo g gl Glawlors ying SO wilolws opl (oen (et al., 2020
5903l iains (S5 jsbay 5 cwlidlongol  carldl sloatee; jo alise Slegdge (o) Caz 0ol 5 Sledbl il o
59 500 (e3ld oL yoge 39,4 Judo @) Slalllas CBs g g osls (3ls p ley Lrals cels aibole cpl 5l oolaswl .05, oo
29hse (Slail G955 g a3 lo o gr e Seb (S
S

2550l 0900 sy ol (Sl 5 )l 5l e oy 5 (bl Cumdge ulul oy Sy Sloj 5 S slailos
(L)l g (ye Jsb) dmr 4w g 90 <SG po0my 1) b ceslite &S unl oy o] CuaBge ules akejls o lgen Lo flod
oy Dl 5o o pdll s (e 4 el 1500y S5 Gialas diojl 5 e Jobo 0 iy o gy 9 99,5 00 Ol
- Ol il jolie WS (o0 pune Gloj 5 (e sk o ‘QL"TBK Sygeods |y ossdy S g GGl gLl sl o il
a5 Gl gamaiz Jlisle dewgs pilivse g (Lietal, 2020) el labo g oduzmy S looassy Julow g 420 j0 e
A i ]y pgo 5 Jol ho a o joudd 9uS 4 bgypo il cyjlad o S oo ool 8 1) Ol (pl gl ool
il (ctaled 0,8 Y JSC 0 oS 058 0 00uals jomds lgie b B (pl 10 pguw dd o jgmadd g digdh g0 4Bl oo il 5 5l

ol 00 0‘5)51

A Gy mi e

Scalar Vector  Matrix Tensor

SleMbl (5 5lwe yu53 gz calies olal iules - Y SO

Fig. 2. Display of different dimensions for storing information
23S 0S5 A5 0 sgmaiS pho Al o jgedS 50 DML (65luo 238 S cS S A et g i ple Glop QLT IS s
51 Geei ol yo (Golmohammadi, Etemadfrad & Kharaghani, 2023) aas oo JoSis |y dw &5 0 jgumdd )0 5 90 4 ye
Lo pley = o Sladllae )y b ol oLl a5 jglailan el ouls oolatwl (cdie (cmugidalipy azme (0) dus &5 po g
5eles ooy ot Olsise s5matd 5 ool b (rizrad S g s Sl GBI L |y Gl (il 5 (o slaadlze 2138
Sy owyp |y Syl el g LSy iz (20 9 Job b Dslite 4l )le g0 a5 sgouias b JB



Aolesel g o0,8
e i 5 g 3l odlisul byl g0 ,F sl o Lulivis

@ @mls 2L, 9 gilwesly

5 bl (T 2 o1 3l 5 JLésn T wlie olulis s Gaen 4010 ol yed & (55kam Csllacl (sladaly JLégo S
ol (Sy900 Syl 558 Al Bblie ;5 Cenyslarre

(42,9 cOlim e (3ly0) SloysiS g aillooygls 5l 1985 )8 5o )Lego S aS was oo (HLiS lade Sl (55l (o) 2
5 Sy ad sboojle el sle j9a5 o (Soleimany, Solgi, Ashrafi, Jafari & Grubliauskas, 2022) »,.5 .o deiz yw
el (g 30 (Dhw g (B ol slacuss il38l 4 e (Hamidi, Kavianpour & Shao, 2013) ol sbe oy pas
.(Mianabadi & Amini, 2019; Khalid, 2020) cwsl ool «35jls jLego 3 jLasil jo coge il a5 (S])3 5 al>s &0y, ¢0)
DS oo sliie (ool mlie 5l L9 )5 gt oS el cpl Basasplis JLége S wlie (L)) bg Lulpt 5 (S @je
Glaibs, 45 el oads sl slolsale slas o (o bl (slaJulo b (63,50 g0t Conl 0nds ploxil 425385 45 Sla tagh,
(Yu, Kalashnikova, Garay, Lee & Notaro, 2018) cewl jLegs,5 Ol s sy pp cgz (sowlin (3330 laicas H905l jioiw

Sloygd 5 (b (e Sle &jgots (DlpsS (cwyp 5o el S S L el o Sl A slae 5o
Ol pess ol iegh o Ll «(Ali Bakhshi, Azizi, Vafaeinejad & Aghamohammadi Zanjirabadi, 2020) cesl oo solaiul
30 paal SO leeds Gwole baizs ilyg, (gboools leslatwl b eyl jo .l a8 51,8 Lo g 40520 0,90 dilg, &g
Cuge db ANy jgmnid Gl oolitnl b )Legd S (Sloj ~ (Gl Dlpss (cwyn g JoloS 4 (595 B )le ole I (Sloj 3590 (b
VIS o Glllhas dilare ;o jLége S alyy) Sliass 5 (Sloy (S Joloti 5 (o 2 (GR95 (0] 50 geais T ool
0 35y Se ooy Lis jpuis o ey polas 5l alaSye il e YTV Jlo 53 (o)le ole mao B sl slassy s alod
Bhlis o9 e 55 sl (3l os VS b 55, Sy o las lej il ST Gl Sl g ) col Jlais 50 Sloj 854
s oo LS ) e 5 slivs 503 ) L

YoVY eobeole gz U Jsl slassy o

S5 VXY e ele aas B Tl slasss o s
Tensor between the 1th and 10th days of March 2022 AOD

——
10 -
—
35
c—
8
—
3
——
LN 6
. L . P
%, -“g’ R e 25
. .2 B
_Q‘ = 4
ok S
; 2
b e
24
—
15
i
0
150 200
0 1 100 % s 100 150 1
0 50 100 150 200 el 00 i d
bl g Jsb L ST S Bl O
Longitude alitude Longitude

Fig. 3. Tensor between 2022.03.01 and 2022.03.10, A) Tensor view from the side, B): Tensor view from the top



Ve VEeF 5l o olocd IF alo o laomo &l yblo g Ll yior 4y 5

3 ol ¥ &b 0 Jsl zee ol ools )3 ).uLuDD Iy o) s o )L g0 )5 Z g0 50 45 3gub oo odmline ¥ S jo

50 (098 00l Lauid Wilgi o 453 b s i SO AT Gl dlold) a8l aus ( cwlillgn 8 lol 5155 gl oS cnl eols ) al i

Sire 93l aee ol celovg (258 555 Gl 0o I ol Sz g el oad (155 NI (lie gl yo e Are s, Gl

oualive oliile S bl (e pad liw el 5o oI (28 Jlodb 5o &8ly (ol Gl st 5 3l Lanly liwl laglle)

ole 7 gl 50 ped Tae D9don oaaliv 0555 ke oo (Blane ddlaie) Slilllas dilaie (B8 ©gix )0 rizres S9d o0

g yo Yeoro 88l auo ol ool oanlice oS Dol b ol SLL g g0l lep 4y azgi L aS el ool 5lasl oy sedlone
Slse YoVY Jlo 5o Jasl ol wmo oz U ety sl Oomt pgmatd Gialed ¥ USS ool 0351 (058 9l iy <z

YXY Joslole oms e B oy (slasa) oo s VoYY Loslele passlen U oy slaiss o s
Tensor between the Sth and 14th of April 2022 AOD Tensor between the 5th and 14th of April 2022 AOD
10 ~
—_—
35 35
wl | -
- —
6 - e .
) ‘.&—-D-
25 A - 25
et
) ~ .
2+
— — .
1.5 -“-?_ - = -_; - . 15
% i oe—
1 150 i 200
0 50 100 150 200 [L?'O 50 o 50 100 150 L
sl Jsb - “% oS e LB A JP
Longitude Latityge Longitude
B A

Fig. 4. Tensor between 2022.04.05 and 2022.04.14, A): Tensor view from the side, B): Tensor view from the top

Jol @oe oo oe 13 r‘*‘l’“’a Ly ekl pliw e calizee slage )b 5o )lega,S zoe dw a5 058 00 oaalie ¥ IS0 50
Fooe il b Ol po Loyl ¥ ssy 50 2 ol Caz wraz g by Cenlond g9 ailate 8 Caand 5l sl 7 g6 50
o Jlect 55 ol ailate sl 5 orion's ol Lagblor 5 doessl 3 Gl 5 s goe ol s oaalic
3 sl VY 50 pow zae el odny e B0 r 4 Ljsl Ve g pe adlaus leads Sluls Légs I sl laicay slasy
OIS e Voo ) Gl e 50 595 cnl po (Bl s el ouds QLlid JLge, 5 ate Glyiedr ol g 0 el
ol aall o ol 5o oo VTY Jlo 50 (oo ol piii g Cancn B ot slojg) (o yoais Galed O S8l o0
ol (o VY 206 )0 gl (2 5 oml 4 s Ol 20U 5 )Ll g5 slajo,
3 Jsl o el ools S8 L Sbces | andllas 050 ddlaie LEgd )T oo O 098 oo cddlice a5 joblen & JS (o
canlice 0 510l I g 5 e 10+ Bl ws L bl 5o a1 )b, 5 e 5,8 il ol Sl eoe Ve
Sz g e Voo il b gl lauly (bl slogble o Ol 50 (s 5 0atedlom Sl VP )l 0 ps0 Eae sl 0
3 P Tao Sl yie Br e (8l 03 pgd 59, a5 Cunl 03 ke @I L 0l 58G9, 93 D 4y g edd 9,8 8l ok
3 e P sy ol 5 il e O] litlyn GBI Sl & 45 o 5,5 al 5 el ol 3l sion VA
filaie 5 pler zoe ol w35 3 zae ol pSbieos Sby e Gl el 5 Sl 039y o6 Jlad 5 0 5l ok g



Aolesel g o0,8

"
e o S g ool by HLud g0 ,F sLice o3 Lulids

el oo (5155 58 5l ok ez g e Ve e (B3 b bl 5o o VY g 50 9 Sl oad 2908 (o0 Vo )b 5l o il
solidlon (3155 ull el g sl ddlaie )0 55, 90 e 4y g sl 0l £9,0 (il Sl o0 YY )l 50 o2ty 50
sl oy sl ) S Gl gan glagg, 5o 5 Camsl ond (15T e Ve B8l pg0 59, 5 ke (B s gl 59, 50 O

Dblge VoVY Jlo 5o (g5 ole (g B 050 9 Sy (sboj9, (e ygmenid Giled 7 IS

Y.vagbé;ajg_.ﬂuré&uj});ﬁ)rﬁ y.wd,,ur;:_ﬁ}- ..Upéiéu)};ﬁ;y&
Tensor between May 9th and 28th, 2022 AOD Tensor between May 9th and 28th, 2022 AOD
20 - —
Al —
35 == 35
16 | S —
3 1 D - - R T s
12 —
- % i
25 T8 10+ = — 25
e R——-
2 6 2
AT ) e —cm——
. = t— 15
4 L 1 ]
100 1 150 L‘Loo 50 00 50 100 150 200
T B
e O T e
Longitude -atitude Longitude
B A

Fig. 5. Tensor between 2022.05.09 and 2022.05.28, A): Tensor view from the side, B): Tensor view from the top

YUY g5 ole o B oS s biss om s TV 555 el o U oS0 s W5 o s
Tensor between June 21st and 30th, 2022 AOD Tensor between June 21st and 30th, 2022 AOD
10 -
[ <) ————) 35
35 8 - e
) S o
3
3 6 | — T
9, N [ )
. N 3 %
3, 3 A=
§ El % 55 o —_—
= 3 L A S 5
Y A 1 4 5 —
——-ﬁ‘.— e 15
N . — E'—
15 0 -
150 T 200 1
1‘3‘0 50 o0 50 100 150
: A e j\:;\fz.bb
Latitude Longitude
il db
Longitude
B A

Fig. 6. Tensor between 2022.06.21 and 2022.06.30, A): Tensor view from the side, B): Tensor view from the top



"W VEoF 5l ¥ ol IF alo o oo &l yblio g Ll yio & pid

s ailais 51 (593 Y7 10 ()T poo gge ol 00 9,5 aly allais 51 (595 VY 55, 50 Cel e £ S 5l a8 lizean
e o iy (o0 olo 00l gy UK @ dax gl Lol 4Bl el e Yoo 4 o 0l o 88l auo aS ol £4,0
Ao o sl |, AOD

12 oo llan 350 5l 55 3 0 ol s ol Bl 1 (S Slsieds ol diaie culss 4 s L
Sl S g S d Ay a5, b o) Gles BNl o sl ool BT L g0 )5 Gl e g 0 (Bl 925 Al bl
sliie lllas 55g0me 45 o0 s sblie V S5 ool ouds osmlive aM] i g 45 cilizes slacsads b odyay ol
il oo atuiee slice Bblie ;o 1) JLego S 08 > Sy oad atie slacq riges Wi oe L) JLegs S
Gblis el osmlie B a5 jsbilon S oo aseie ( Sldlls s3gama 1o 1) ,Légs T slice Lldlinr Condse ¢V S
ol 90,5 5580l 3lbolin 51y ppaidl iy a5 sl JJo el 4y g adylo 8 oald Sl slaaxl o g YL LS o slics
2 o) Sl AOD ailyg; (r:Silee (3155 «slolgale slaosls 51 Jitns somlive atws b gl (oo litel jslaien,
9 ,ke90,5 slice 3blie ;0 AOD aljy, (Sl Jlaiie A JS& .35 )18 4z g5 9550 Db Gliw o g clivis Gblie (o035
Ao oo slad 1 e

Dust source areas identification
42°0'0"E 43°0'0"E 44°0'0"E 45°0'0"E 46°0'0"E 47°0'0"E
z =z
=) ,.ﬁ =)
;o 1 > :‘Lnﬁl-;z:'lshah i ;o
3 o 3
" _,j”‘-.‘ 5 ;_’L:_,)
E l Diyala =73 % restan

z 5 L, 7~ (4 z
o o
o Map guide ‘L‘J i, -5
o i Wi mm region’ 4 o

e B ol _ \/-

2 4 /3
-I.ake [:] Iran

<Y &l NI
g Wetlan Iraq g
O s - e Ol e K+
B = River Tlam county N

lLd

Source
z P z
) Al Muthanna o
o o
- 0 25 50 100 150 200 S~
«® - e s < lOmeters )

T T T T T T
42°0'0"E 43°0'0"E 44°0'0"E 45°0'0"E 46°0'0"E 47°0'0"E

Sllllas 0dgame jo jlego 5 slive bl -Y K
Fig. 7. Dust source areas in the study area



Aolesel g o0,8

W
e o S g ool by HLud g0 ,F sLice o3 Lulids

AOD .Sl lis
Average AOD value

5
4
®
i
ig . t
5 (&
a
e 2 o0 = o ® *
. ® o o ° o
d ¢
0 : j .‘M 'iL
8-Feb-22 28-Feb-22 20-Mar-22 9-Apr-22 29-Apr-22 19-May-22 8-Jun-22 28-Jun-22 18-Tul-22
A azlzie ol adlae _ Ol adlate O Ol g ® Ly adla
Balad region Mesopotamia region Maysan region Ilam county Wassit region

O Gl o g 5L S sl 3bLie AOD 4ilis; (1:Sile jlade —A JSCi
Fig. 8. Daily average AOD value of dust source areas and llam county

imled ailg; (eSlee )90 VoVY Lo jo ) @3 ol 0 g clace 3blio 5o )leqd 5 Dl (Gloj (s A S5 )0
L slsp SFoll a4 e oz 45 s @ Tty 2ol rtliom 5 A Bhlie 55 L0 ,S sl ola 3 el oo
Shae Gl 58 Glage ddlate (398 ddlate 50 p ogdle a5 Sl ools F; Legs I ali8l o in (o0 ole o el ouis
b Whe o9 4 a5 Conl oad oualive Ol Gl 0 ;3 AOD e lis ioli8l Sbey o5b les jo cwl ails (6,5 i
AOD y (slabasly ooyl oyl g 53 Jaiomo AOD Jlais 5l Ssaws 5 ok cymadd sliie 4y ansl (slolsale gl 5| Lol
B3 o Hlis ) Sgum Sy Joe ol danlie ¢4 S ol oas 8,491 5 b1 bt o o sl olen b balics )5 ous saslice
53 Sibedie 5o sies 93,5 (e a8 @3] (i el )3 a5 +/0 51 i AOD L (glwosls Laié jloges cnl adg jolareas
g ol dauly (gl dalaie) [Legs 5 slice Gl b oMl lis 0 AOD Jlade dslio b ¢ S o ailonds 48,5 Lo
Gl Jaly dilaie b pubiiins L3, soims ylis pw)p (o) del Cavsds lawly dilate b bl oyliw o ol Ko (00 il
A dalg> ssaline 1 Ol liw gy s F) Légs T aulg dalais ;o o8 » a5 ggia



) ¢ VEF 50l ¥ oylods OF ado (Jaxo Ol yblio g Ll yae 4 is
1 1
0.95 0.95
0.9 = 0.9 ¢
0.85 0.85
} & os } B oos
= 2= 57.679 = RI=28.46%
j] 2075 RI=57.67% —], 2 075 o
Sog 07 5 g 0.7
L= 0.65 S 0.65
0.6 0.6
0.55 . 0.55 B
0.5 0.5
0.5 1 1.5 2,38 3 3.5 4 0.5 1.5 2_‘L 25 3 3.5
| e Aizie Adizie
Mesopotamia region B Balad region
1 1
0.95 0.95
0.9 ¢ 0.9
o R2=5§2.96% 085
2_82.06% B
}'w E 08 J’\ E 08 R2=123.3%
4 g 075 . ] g 075 ‘
) iel -
28 28
LE 0.65 ‘8065
0.6 0.6
0.55 -* o 0.55
L L ]
0.5 0.5
0.5 1 1.5 i, 2.5 3 3.5 4 0.5 1.5 2 2.5 3 3.5
|5 ailaia Ol adlare
Wassit region D Maysan region

Ol (B aly adlaze b o3b] sy (A )l go 3 sliie 3blio b o] b o AOD a3ls Sgews S, slo Joe =4 JSCi
bly dibaie b oY1 ol s 2D 5 lacsa dilaie b oY1 (s o (C o ol ailate L oL
Fig. 9. Regression models of AOD index of Ilam county with dust source areas, A): llam county with Balad

region, B): llam county with Mesopotamia region, C): llam county with Maysan region and D): Ilam county with
Wasit region

& S 4o

395 B omle 5 Ml e et 5o L8908 (Slaj = (B jomais Shosliial b jlege S sline plulid & ol gy

Olas gmyoas 1y [Legd )5 mujei a5 wl colaiwl ools sz MCDI19A2 ailjs, slaosls 5l gubod (pl o ol als
5 eslital b Cales 5 5 ad olulid olilsn glojlo sl Lolol 5 GLigs,S gl (slajs,) axlllans oo sloosls wias
o3 aled Gy |y oy Gloj 5 (S Dl i a5 00 1) Sl ul g 28,5 18 Lo 5550 ooy = e jgiS
wilys)) Gloy 53k o 5 (angd Djgon plpee 1) s sge Dl (slojlgale pglal g 4bdS (5 kel laom, p S5 o,
Sy az 50 Ol s aS Sged gy GleT ood S et 4 w09 g0 00l iuled 4l S O gy aS ol lid (Yl Lad
o poms dxs 45 omi sLis S 0 Ay, g0y bosls Sl yoaks g 5| ool b ¢ stigiy ol 5 Lol ians] oolil 5t
SFr e 2l 45 855 (s 59y 8 53 1y ol Sl 5 JLdsd 5 Laie lsi oo Aoy oy el onelps Gialed 4 ol e
Sl plas (S ) aslllas 5590 ddlaie )Legd S Condg oy p 350 semS jl Akl @l ool (LS lagts; plo 4 Cod
3 b s Lol e et ;5 (ol 5 s s 0l o) S5 ez ool o 5 41528 |
5oy ] ool L 48 el Jbgo sl e £ blei AOD BB/3 ke 5 Jubso f (ol ctyiis b oo obe il
POLI Ol 5o G (5 l0lire rditians LSyl e ol ()Lis (SKiods o il (aizmen sl (D)8 g alzrs &l20g)) o el



Aolesel g o0,8
e i 5 g 3l odlisul byl g0 ,F sl o Lulivis

10

crl 3l aes Glis ailyy) &jgoar (o 1) oI Gl el )3 )l gs 5 slite el jgus @dly ;5 3,10 3925 Lauly adlate
Oizmed ey o0 JS 4 dde 5 (65928 (5l pgatS Sla bl sl eslitial (sl (b lie g S jlazme S sl 4z g3
Syt K3y Sl Jalse b 5 ol el Sl s (LS by dod jalai Qlsmgl JISE 3T (sla el ol 955 go olgiiny

235 518 oy 9550 AOD (ali b ol o s

References

Abedzadeh, H. (2005). Synoptic Analysis of Dust Systems in the West. (Master's thesis). Faculty of Literature and
Humanities, Razi University of Kermanshah. [In Persian]

Alam, K., Qureshi, S., & Blaschke, T. (2011). Monitoring spatio-temporal aerosol patterns over Pakistan based on
MODIS, TOMS and MISR satellite data and a HYSPLIT model. Atmospheric Environment, 45(27), 4641-
4651. https://doi.org/10.1016/j.atmosenv.2011.05.055

Al-Hemoud, A., Al-Dousari, A., Misak, R., Al-Sudairawi, M., Naseeb, A., Al-Dashti H., & Al-Dousari, N. (2019).
Economic impact and risk assessment of sand and dust storms (SDS) on the oil and gas industry in Kuwait.
Sustainability, 11(1), 200. https://doi.org/10.3390/su11010200

Ali Bakhshi, T., Azizi, Z., Vafaeinejad, A., & Aghamohammadi Zanjirabadi, H. (2020). Survey of area changes in
water basins of Shahid Abbaspour dam caused by 2019 floods using Google Earth Engine. Journal of
Ecohydrology, 7(2), 345-357. [In Persian] https://doi.org/10.22059/ije.2020.295785.1272

Amani, M., Ghorbanian, A., Ahmadi, S. A., Kakooei, M., Moghimi, A., Mirmazloumi, S. M., ... & Brisco, B. (2020).
Google earth engine cloud computing platform for remote sensing big data applications: A comprehensive
review. IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 13, 5326-5350.
https://doi.org/10.1109/JSTARS.2020.3021052

Ashrafi, K., Shafiepour-Motlagh, M., Aslemand, A., & Ghader, S. (2014). Dust storm simulation over Iran using
HYSPLIT. Journal of Environmental Health Science and Engineering, 12, 1-9. https://doi.org/10.1186/2052-
336X-12-9

Azimzadeh, H., Montazerghaem, M., Torabi Mirzaei, F., & Tajamlian, M. (2010). Measuring the falling dust of Yazd
city using MDCO sediment trap during the three-month period of summer 2010. Paper presented at the
Proceedings of the 2nd National Conference on Wind Erosion and Dust Storms, February 2010, Iranian Desert
Control Management Association, Yazd University. [In Persian]

Chamanpira, R., Karimi Sangchini, E., & Norouzi, A. A. (2021). Temporal and spatial analysis of dust occurrence in
Lorestan province. Journal of Environmental Science and Technology, 23(6), 57-70. [In Persian]
https://doi.org/10.30495/JEST.2021.53171.5086

Chung, Y. S., Kim, H. S., Jugder, D., Natsagdorj, L., & Chen, S. J. (2003). On sand and duststorms and associated
significant dustfall observed in Chongju-Chongwon, Korea during 1997-2000. Water, Air, and Soil Pollution:
Focus, 3, 5-19. https://doi.org/10.1023/A:1023242000367

Draxler, R. R., Gillette, D. A., Kirkpatrick, J. S., & Heller, J. (2001). Estimating PM1, air concentrations from dust
storms in Irag, Kuwait and Saudi Arabia. Atmospheric Environment, 35(25), 4315-4330.
https://doi.org/10.1016/S1352-2310(01)00159-5

Formenti, P., Schtz, L., Balkanski, Y., Desboeufs, K., Ebert, M., Kandler, K., ... & Zhang, D. (2011). Recent progress
in understanding physical and chemical properties of African and Asian mineral dust. Atmospheric Chemistry
and Physics, 11(16), 8231-8256. https://doi.org/10.5194/acp-11-8231-2011


https://doi.org/10.1016/j.atmosenv.2011.05.055
https://doi.org/10.3390/su11010200
https://doi.org/10.22059/ije.2020.295785.1272
https://doi.org/10.1109/JSTARS.2020.3021052
https://doi.org/10.1109/JSTARS.2020.3021052
https://doi.org/10.1186/2052-336X-12-9
https://doi.org/10.1186/2052-336X-12-9
https://doi.org/10.30495/JEST.2021.53171.5086
https://doi.org/10.1023/A:1023242000367
https://doi.org/10.1016/S1352-2310(01)00159-5
https://doi.org/10.5194/acp-11-8231-2011

\$ VEeF 5l o olocd IF alo o laomo &l yblo g Ll yior 4y 5

Golmohammadi, M., Etemadfrad, H., & Kharaghani, H. (2023). Spatio-temporal analysis of the covid-19 impacts on
the using Chicago urban shared bicycles by tensor-based approach. Journal of Geospatial Information
Technology, 10(3) ,95-119. [In Persian] https://dx.doi.org/10.52547/jgit.10.3.95

Goodarzi, M., Hoseini, A., & Ahmadi, H. (2018). Assessing temporal and spatial distribution of dust storm in the
south and South West of Iran. Iran-Watershed Management Science & Engineering, 11(39), 1-10. [In Persian]
https://dor.isc.ac/dor/20.1001.1.20089554.1396.11.39.9.7

Gorelick, N., Hancher, M., Dixon, M., llyushchenko, S., Thau, D., & Moore, R. (2017). Google Earth Engine,
planetary-scale geospatial analysis for everyone. Remote Sensing of Environment 202, 18-27.
https://doi.org/10.1016/j.rse.2017.06.031

Goudarzi, G. R., Shirmardi, M., Naimabadi, A., Ghadiri, A., & Sajedifar, J. (2019). Chemical and organic
characteristics of PMy s particles and their in-vitro cytotoxic effects on lung cells, The Middle East dust storms
in Ahvaz, Iran. Science of The Total Environment, 655, 434-445,
https://doi.org/10.1016/j.scitotenv.2018.11.153

Goudie, A. S., & Middleton, N. J. (2001) Saharan Dust Storms, Nature and Consequences. Earth Sciences Review,
56, 179-204. https://doi.org/10.1016/S0012-8252(01)00067-8

Hamidi, M., Kavianpour, M. R., & Shao, Y. (2013). Synoptic analysis of dust storms in the Middle East. Asia-Pacific
Journal of Atmospheric Sciences, 49, 279-286. https://doi.org/10.1007/s13143-013-0027-9

Karami, S., Hossein Hamzeh, N., Alam, K., Noori, F., & Ranjbar Saadat Abadi, A. (2021). Spatio-temporal and
synoptic changes in dust at the three islands in the Persian Gulf region. Journal of Atmospheric and Solar-
Terrestrial Physics, 214, 105539. https://doi.org/10.1016/].jastp.2021.105539

Khalid, M. (2020). Geopoliti'cs of water conflict in West Asia, The Tigris-Euphrates Basin. FINS Journal of
Diplomacy and Strategy, 4(1), 1-7.

Kim, J. (2008). Transport routes and source regions of Asian dust observed in Korea during the past 40 years (1965-
2004). Atmospheric Environmental, 42(19), 4778-4789. https://doi.org/10.1016/j.atmosenv.2008.01.040

Lee, H., Kim, H., Honda, Y., Lim, Y. H., & Yi, S. (2013). Effect of Asian dust storms on daily mortality in seven
metropolitan cities of Korea. Atmospheric Environment, 79, 510-517.
https://doi.org/10.1016/j.atmosenv.2013.06.046

Li,D., Yu, Z., Wu, F., Luo, W., Hu, Y., & Yuan, L. (2020). The tensor-based feature analysis of spatiotemporal field
data with heterogeneity. Earth and Space Science, 7(2), €2019EA001037.
https://doi.org/10.1029/2019EA001037

Lyapustin, A., Wang, Y., Korkin, S., & Huang, D. (2018). MODIS collection 6 MAIAC algorithm. Atmospheric
Measurement Techniques, 11(10), 5741-5765. https://doi.org/10.5194/amt-11-5741-2018

Mianabadi, H., & Amini, A. (2019). Complexity of water, politics, and environment in the Euphrates and Tigris river
basins. Geopolitics Quarterly, 15(2), 54-86. [In Persian]
https://dor.isc.ac/dor/20.1001.1.17354331.1398.15.54.3.6

Middleton, N. (2017). Desert dust hazards, A global review. Aeolian Research, 24, 53-63.
https://doi.org/10.1016/j.aeolia.2016.12.001

Mohammadi, F., & Zargari, M. (2014). Investigation and analysis of the temporal-spatial distribution of dust in Tehran
province. Paper presented at the Proceedings of the International Conference on Geography, Urban Planning
and Sustainable Development, Tehran, Koomesh Environmental Society, University of Technology. [In
Persian]

Namdari, S., Karimi, N., Sorooshian, A., Mohammadi, G., & Sehatkashani, S. (2018). Impacts of climate and synoptic
fluctuations on dust storm activity over the Middle East. Atmospheric Environment, 173, 265-276.
https://doi.org/10.1016/j.atmosenv.2017.11.016

Namdari, S., Valizade, K. K., Rasuly, A. A., & Sari Sarraf, B. (2016). Spatio-temporal analysis of MODIS AOD over
western part of Iran. Arabian Journal of Geosciences, 9(3), 1-11. https://doi.org/10.1007/s12517-015-2029-7


https://dx.doi.org/10.52547/jgit.10.3.95
https://dor.isc.ac/dor/20.1001.1.20089554.1396.11.39.9.7
https://doi.org/10.1016/j.rse.2017.06.031
https://doi.org/10.1016/j.scitotenv.2018.11.153
https://doi.org/10.1016/S0012-8252(01)00067-8
https://doi.org/10.1007/s13143-013-0027-9
https://doi.org/10.1016/j.jastp.2021.105539
https://doi.org/10.1016/j.atmosenv.2008.01.040
https://doi.org/10.1016/j.atmosenv.2013.06.046
https://doi.org/10.1029/2019EA001037
https://doi.org/10.5194/amt-11-5741-2018
https://dor.isc.ac/dor/20.1001.1.17354331.1398.15.54.3.6
https://doi.org/10.1016/j.aeolia.2016.12.001
https://doi.org/10.1016/j.atmosenv.2017.11.016
https://doi.org/10.1007/s12517-015-2029-7

Aolesel g o0,8
e i 5 g 3l odlisul byl g0 ,F sl o Lulivis

v

Qin, W., Liu, Y., Wang, L., Lin, A., Xia, X., Che, H., ... & Zhang, M. (2018). Characteristic and driving factors of
aerosol optical depth over mainland China during 1980-2017. Remote Sensing, 10(7), 1064.
https://doi.org/10.3390/rs10071064

Remer, L. A., Tanré, D., Kaufman, Y. J., Levy, R., & Mattoo, S. (2006). Algorithm for remote sensing of tropospheric
aerosol from MODIS: Collection 005. National Aeronautics and Space Administration, 1490.
https://modis.gsfc.nasa.gov

Rezaei Moghaddam, M. H., Sedighi, A., Fasihi, S., & Karimi Firozjaei, M. (2018). Effect of environmental policies
in combating aeolian desertification over Sejzy Plain of Iran. Aeolian Research, 35, 19-28.
https://doi.org/10.1016/j.aeolia.2018.09.001

Schepanski, K., Tegen, 1., & Macke, A. (2012). Comparison of satellite based observations of Saharan dust source
areas. Remote Sensing of Environment, 123, 90-97. https://doi.org/10.1016/j.rse.2012.03.019

Shahsavani, A., Naddafi, K., Haghighifard, N. J., Mesdaghinia, A., Yunesian, M., Nabizadeh, R., ... & Goudarzi, G.
(2012). The evaluation of PM10, PM2. 5, and PM1 concentrations during the Middle Eastern Dust (MED)
events in Ahvaz, Iran, from April through September 2010. Journal of Arid Environments, 77, 72-83.
https://doi.org/10.1016/j.jaridenv.2011.09.007

Shi, L., Zhang, J., Yao, F., Zhang, D., & Guo, H. (2021). Drivers to dust emissions over dust belt from 1980 to 2018
and their variation in two global warming phases. Science Total Environment, 767, 144860.
https://doi.org/10.1016/j.scitotenv.2020.144860

Soleimany, A., Grubliauskas, R., & Serevi¢iené, V. (2021). Application of satellite data and GIS services for studying
air pollutants in Lithuania (Case study, Kaunas city). Air Quality Atmosphere and Health, 14, 411-429.
https://doi.org/10.1007/s11869-020-00946-z

Soleimany, A., Solgi, E., Ashrafi, K., Jafari, R., & Grubliauskas, R. (2022). Temporal and spatial distribution mapping
of particulate matter in southwest of Iran using remote sensing, GIS, and statistical techniques. Air Qual Atmos
Health, 15, 1057-1078. https://doi.org/10.1007/s11869-022-01179-y

Stafoggia, M., Bellander, T., Bucci, S., Davoli, M., De Hoogh, K., De'Donato, F., ... & Schwartz, J. (2019). Estimation
of daily PM10 and PM2. 5 concentrations in Italy, 2013-2015, using a spatiotemporal land-use random-forest
model. Environment International, 124, 170-179. https://doi.org/10.1016/j.envint.2019.01.016

Taghavi, F., Owlad, E., & Ackerman, S. A. (2017). Enhancement and identification of dust events in the south-west
region of Iran using satellite observations. Journal of Earth System Science, 126, 1-17.
https://doi.org/10.1007/s12040-017-0808-0

Wang, X., Zhou, Z., & Dong, Z. (2006). Control of dust emissions by geomorphic conditions, wind environments and
land use in northern China, an examination based on dust storm frequency from 1960 to 2003. Geomorphology,
81(3-4), 292-308. https://doi.org/10.1016/j.geomorph.2006.04.015

Yu, Y., Kalashnikova, O. V., Garay, M. J., Lee, H., & Notaro, M. (2018). Identification and characterization of dust
source regions across North Africa and the Middle East using MISR satellite observations. Geophysical
Research Letters, 45(13), 6690-6701. https://doi.org/10.1029/2018GL078324


https://doi.org/10.3390/rs10071064
https://modis.gsfc.nasa.gov/
https://doi.org/10.1016/j.aeolia.2018.09.001
https://doi.org/10.1016/j.rse.2012.03.019
https://doi.org/10.1016/j.jaridenv.2011.09.007
https://doi.org/10.1016/j.scitotenv.2020.144860
https://doi.org/10.1007/s11869-020-00946-z
https://doi.org/10.1007/s11869-022-01179-y
https://doi.org/10.1016/j.envint.2019.01.016
https://doi.org/10.1007/s12040-017-0808-0
https://doi.org/10.1016/j.geomorph.2006.04.015
https://doi.org/10.1029/2018GL078324

