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Dust storms are among the most significant environmental challenges in
Kurdistan Province, exerting widespread impacts on air quality and public
health. This study was conducted using MODIS and Sentinel-5P satellite
data and the AOD, AAI, AOD-Sum, and DECM indices over the period
2018-2024. Data processing was performed in the GEE environment, and
dust transport pathways were simulated using the HYSPLIT model. wind
speed data from the ECMWF model were employed to assess the role of
wind in dust dispersion. The mean AOD varied between 0.25 and 0.31,
with maximum values recorded in 2018 and 2022 at 0.31 and 0.29,
respectively. The AAI increased from 0.01 in 2020 to 0.67 in 2022 and
then decreased to 0.41 in 2024. The cumulative AOD-Sum index indicated
more than 70 dusty days in 2018 and 127.8 days in 2022. Similarly, the
DECM index increased from fewer than 50 dust-event days in 2018 to
more than 150 days in 2022, followed by a decline to 65 days in 2024.
HYSPLIT model analysis revealed that the primary sources of incoming
dust were the Al-Anbar deserts of Iraq, dust intrusion from Saudi Arabia,
and the Sukhnah Desert in Syria. Dust particles formed at altitudes of
approximately 10002500 m and entered Kurdistan Province after
descending to below 500 m. More than 90% of the transport pathways
crossed the Iran—Iraq border, with the Kurdistan and Ilam border regions
identified as the main dust entry corridors. Wind speed analysis showed
that winds in the eastern part of the province ranged from 3.2 to 3.4 m s™%,
while wind speeds in the western regions were below 1.1 m s™!. The peak
dust conditions in 2022 coincided with wind speeds of 3.4 m s,
confirming the direct role of strong winds in intensifying dust events. In
addition, soil erosion, vegetation degradation, and the topographic
characteristics of the eastern province contributed to dust intensification,
indicating that dust pollution in Kurdistan Province is not solely driven by
external sources and that local dust sources also play a significant role.
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NOAA HYSPLIT MODEL

Backward trajectory ending at 1200 UTC 01 Jul 25
GFSQ Meteorological Data
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NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES

# endpts per grid sq./# trajeclories (%) 0m and 99999 m
Integrated from 1200 01 Jul to 1800 28 Jun 25 (UTC) [backward]

from 500 m
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90 %
0 %
>70 %
>60 %

Freq Calculation started at 0000 00 00 (UTC)
5o >

VNS

48 >30 %

METEOROLOGICAL DATA



VPO lae | oy 9 St Jomehonns 03l0cs | i JUos | (219 9 T SlyundS Glo gy &4yt A

(8,588 (5 yuowo) HYSPLIT Joo jl ooliiwl b Y o losis jLid g 5,5 ylBgb oboy:A JSCi
MODIS L& g 0,5 wlyd 28lg S5 ) dini (592 (G o Al (582 (S yunno Silgl 13 diiaiii

S0 0 Sl ST Gl s s, Bl &S
Shlin 53 15 CkS e i 5 e
sladaads 0,5 pals 1) plws,S gl 5 655
&9 HYSPLIT Jow lawg oalades  lgl,d
Sl ool U 1) Jhégs,S s Jlal olo joe Sl
95 308 Slas; 4S5 b s e LS S,
oaiadlis 3,5 ) 9 Y Sl Sk ()b
G s wo )0 Ve 5l s it hawgie gl )8
i slaygn S 5l VL Gl b eadisiluancs
2 Sl Gl g eaS e Gle g e Ol
A ogax 4 Glpl glase g Gle 3550 Gble
oaumonlis YU b wils 3 pl el sasw; Qo0
Gy Bpes ol o JLege I azg BB ol
el oo DS a0 (550008 @l galS
1, Lo, 0555 03,5nS s3> 53 MODIS gl
Sy &5 (psbor S e anl liws S il 5o
Gble )0 g wad oo odalin Ll IS jo jas 4y
S el FpSlie s 5 SHn a¥ nl (@he 35
Ol 4 oaioly JLegd I e dlacel casmslis
S @iy peites dmlis adboe Gl
Slild clbasis L MODIS yglas o ,Légs S
Gblis 5,1 T gV lssan jI oL HYSPLIT

Jebos 5l Jol mlis bl 2 ¥ o)lods jld g S
A USS s eaial HYSPLIT Jao (sloaiis
L) VEF o0 YA )l 40 o5 0 asdos
& 535y5 b8 hol Late o(Y+Y0 sl Y-
Jbod gy 3 S lagble pliws s ol
5 gl slagble Seop @bl ohg @ ile (28
ol Sl 00 jsm (Syb b 50 Ay
$PLS by o SAS ealil bulh Jdo 4 bl
5 Flod ool alax 5l ol slaoly ij9 9 Sl
Jb9n S ohd pad sl 5 adgs a2 Lo
oS ol lid HYSPLIT glocgjlodpd i
Sga> adgl elas )l jo gblie cpl ;o Légs,s ol)d
gl cnl sl S IS s a1 e VO
Slaghy> 5 Lidy oz slaaileln 3l wzg LB
Sle oy 4 Sld 05wl s 658 (HByen
0395 «§pSSS 5l WS (e Lz p |y g
GNP 4S5 03,5 IS, G0 S JLgs S
S Vee v ol el Gl 635 5e slaglle
2 Seelind Ol samoplis a5 (dl als
97 oY (oo S g ol s S Aoz ]
5 e Byt Jed ol 4 b Suop b o
ey yio B0 5l a8 Sl el pl las e



AR

ey g8 )5 Fogll sl slwbiad 9 Sloj S0 Juloxs

ML oS wilus by, | ol ol sl
ls CodnS oty Ol Co e @l ateds)|
Congjlaoe Vot g oWSlo 4 Jlaza «l)l 4

A5 (o0 ol B

NOAA HYSPLIT MODEL
Backward trajectory ending at 1200 UTC 20 Sep 25
GFSQ Meteorological Data

Source » at 3479N 4693 E
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NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES
# endpts per grid sq./# trajectories (%) 0 m and 99999 m
Integrated from 1200 20 Sep to 1800 16 Sep 25 (UTC) [backward]
Freq Calculation started at 0000 00 00 (UTC)
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