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sl 5l
L0 L0
¢l il
20 x40

plal
sl
Ul eall Ul eall

el el

ALgT(aJP'D :QT(JP'D

Olaw Olaw
g e
35 4k 35 4k
B B
R NE3
o3 o3
Ol S0 ol S
olile S olile S
oS oS
o g oK E
Olden a\f;)ﬁ
gt gt
25 25
o) o)
I B
Oldal; Oldal;
Ol oy

whdis  glaesls

YA.Qo0
YY.AAO
Yo.v#0
YAANYO

Yo.f-0

Y0.£AD
YO.FYD
YY.FYO
Y004
Yoo
¥v.Ya
Ya.of
YEYE
YENO
Yexo
YEXo
YFOF
Y54
AL
YEAS
Y59
Y14
VXY
¥1A
YaFY
YENY

n\&j \h.ﬁ

)P § elsd

O-.AYO 70
5AYAD VV\Y.FD
O-.AYD \YoS.AO
FEYFD VYA
NI 4-.Y0
[NARR1Y AR
Foxvo AO
YA.YAO VYFY.AD
INAR V\YY
Y. VYYYLY
0+ .AY AR
ov.na YYAA
Oe.o¥ YYVvAa
OO.AQ 4
N Y4 \YOY¥
fVaf¥ \WYAD
oy.Aay Y
INAT
ba.sf 44
FALY VYWY A
0).00 YAVPY
0f.YA \YY.¥
fa.2y A7
21.0f fAQY
7o \YY-
fAX? VPOAf
laesls
ol

P
u\ib &;:&.éj o LS‘J‘.' 6.&.&»,&! 6\Aalg2~.~i|

R . . z
.CAJ? 1,2 eslazwlsy 4e aliz....l\ A )3

82 |

S5y MODIS o dizeiw d}...aa.n &.:.'.a:a.a.,ﬁ

o)\}ALﬁ

YA
C"‘i L )‘ ) ‘Jf.‘ )}.&f J.{ < ‘J’. L;.La.n

(YoY+ Jss, 5 Kussss) GIOVANNI

C}AJ‘)L 0 A Qg L..:J U'i| LA C‘Jil.w‘

18 Aerosol Optical Depth (AOD)

¥ Dark Target
2 Deep Blue
2y

2 Hsy

s

08 ©okc § (wlidslgs

1€ HBuG g )lgs o oyladd .V sl



<
0

g

04 ©okc § wlidblgs

1€ GG § )l o) a)laid (V sla

Slags)5 slaslsd) gbyas )s SHHS 13 il gl ody saslSsg)s (bbb

(i by Gl Ol e bl Jals Gbla oyl
sl ) 51 Cow Ol Jusd )3 & dims 2S
5 088 53 impen 25 5 ial s 515 STe 0 8
odalie Jad ol 53 AOD a5 B slie 4wyl
AOD slin o ¥ IS Gillan il s 53 5550
Ot 5 Bl Rl Okl 5 sl Jpad 4 Lo
elf:jjé GBradled s glf; alf:;} 3> polae
o555 Gy 55 b5 o5 e pdlod 53wy
5 8 ety sy 3,0 oy o Llple
odaliie 2y 53 OIsLT o35 oy 53 A8
SR S el u§_u 0sS e 6Lmlf:3)§ Ll o
BY) .,bj:ia O et cpl o 65\5}:; slaslis,
2 sl o5 2 ¥ K8 L Gills ol Juad
Ll o g 53 088 5 ST leol8 a5 e dles
.m@ﬁgM@\,;\,gu,;fémm)@s,
0L 1y Oltaws ) oz 55 AOD 3las w5 ¥ S
shle 55 Juad cpl s polae o i e
R I T i

Ll 513 OIsLT 5 5lsal 5 awsyl ey 5 s

ol 03 Sgs § slaslas ) 31 Cov Wil g o oS

S 18 Jed

(s)

X ONAY Y Sl O3 G 5 Gl (g Ol (0 lge (S 5152 0121 5525 51 AOD s sutsangy N JS

Jiﬂ}.ﬁ .k.j.s) | ol 43‘)‘ Y J}J.q- BE) Gﬂll:’

Ol G""Lﬁ (w! odaT dj-k?' BE A )'l ui',.:.:

S ool 5 dd el oKl s
Q::&f J..a.s LIS dindls ‘) DSI )‘u\..;..ﬁ Oij‘::“:‘:f
L;‘.A olil.w.i‘ E) L& AM..:"..E.A AOD Q«:.a..’fj Lf k) L&
shdas aelsl js ad slelid Jbs 5ae o
= . =
oo Kaus! 55 281 s 9 S5 ,5 lajs,
e s A s 61'.45 ‘))Ja 45 J.le.>'- UP A D
5 a1 oslizal b oslIS 4 L e
s cla olfajjé BEICIE SR VIR VIE SE VRGP o

A Q:.:xf J':;' la QT 4 85\5-).)_/.? 399 Sl:“;,a

@y oo
3le o i sle b 55 (Y Ko a5 L
Jol e 55 5 5558 3,5 aas 53 ik 5 sba AOD
Shed Jolsw 55 5 5588 Cgm 0 L Gl
Dahsr okd HHES O EC g 53 s ol
558 5eo Olul - Olwl (354 (25 53 cpl pesdle
sl 4 G5 AOD slie Ol o g Ol Joi 43
s o855 Juab pl 53 ol ey 8l ity Gl
$Sligs § glaslasy b 5 ,me 45 e ol 5o
(S g (b1 08 T o855 Juls o8 ditn
S das e 0l 5 o ¥ IS L ga e 0T lsal
5 53 AOD islas o 2l Ol Joas o
Sl Ll s e Eo s G BAdll (oS

Jzébdhalfsjjé.@l:.ul};_,?})_,‘ifg_,;?

ws we ws w

(o) ()

B éﬁ.una sl DSE uslae aslsl s

5 A dwlee LA Glidea (las Li:mi |



o me > Caliza Jswad > 4S ‘Sil.mclf:)fé
SCENV- RPN S e Sl S PP R
LS R TI T LR I+ G PRER

ol 0 dsT Jot

)P § elsd

oKl 6l DSl Sldde o iy da> e
el 030 Oliani Jed s 5 Ll diden
5 5 s oler Jeab s bl oKam) rioman
03 gmly Jeed 53 il 5 Oltws ) Jud 5> Oldal;
3! J.Jéf)}{ palde g dzdls Hl 8 gdas slaad
ax 55 bl ol L dilesls jolazst) 545 4 |y )
Soolie gy s AOD SISs 5 lead SR

0lE55,5 L blize gdydes olKiuyl ,a 3 DSI

) S 4 g en ‘5LM\§:M;_l &1 p DSI slae Y J s

oo . oS .
DSI Ol b ot DSI Ol ol sl
Shben b oall
o/xvD 150 Ol 5 5 Ol Y/+500 10 Ol sk 5 Obcll
«/¥AD 5yl Sz ol 20 /D Je,0 Jes,
/vva Olal0 Ol b 5 Oltesnl] C{ +/080 Sl okl £
g A ol s Oll 0 cg ! olalji Ol sl 5 O] E
«/Y%0 elu0 5,40 = + /¥ ] 08 e a0
+/¥0 o550 08 e 40 O 530 550
\/AVD L0 Ol by 5 Ol c y/ov 10 Ol oy 5 Obtccul] "
Yaszi! RINEN Otz sk 5 Ol g «/YFAD 10 Js, <
+/¥Y0 A o0 sz Olul 200 cg +/YYO e unll 08 5,200 Cg

1€ HBuG g )lgs o oyladd .V sl

omomed 3,8 o )13 S5 5 ae 3 Okl
ol as sl 3 Ao ys VA s s bl o&Ka!
laslist 56 ol Juad slasa, 5l ey YV
Lo bloe ooy 3 cpl byl 034 Sl gs S
Al oo ke J b 3 0ol (ko (laolSa]
S5 S35 5 o b bds glaslas ;) 5 me s

5,5

Gy S Gl slaw alsl s

2 3 A gy Jgead S8 4 by sroKen!
ey M p i Sl odd &1 Y Jgds s
Sl Dlls o 53 b5 o @ late STt p5 8
o5 53 Okl Juad slajgy o ys AD s5d> )5 &S
gl OT3l s 3 55sn ol 1y aadllansysn o
Sy slas o 2l glyls Ol Juab 53 55 Olal )
Jo2d sl ss Ao 3 9 55 3 S el Sl gs 8

08 ©okc § (wlidslgs



gy

05 @olc § wlidblge

1S GG g Hlgy o) ayladds .V sla

s
&

Slags)5 slaslsd) gbyas )s SHHS 13 il gl ody saslSsg)s (bbb

S 8 (slasldst ) b me 53 5,8 51 il sty slaolss b X s

ol"39 3 pb b

‘...*.5 L(ﬁlﬁ‘ iy cOldal s gow ¢ I3 Ol

L o Ol LJ{U Ol )

s leelasl 53 YNA-Y Y Slaj a3l 5o Bl s 4S5 Sss S glajs, sl F Jsd

(50) (A1 A3 dines” SS90 5 gy ST (e olly! L0 Ol b il

f..0 Yo olual O by 5 Snall Ol

VoD WD 50 Ol sy 5 Olienell 540

8:+0 VYYD 5,5l Sled Olul 50 Olasls

v..0 \.em 150 Ol g 5 Ol Ol 30

. 40 Oldal Ol 5l 5 Ol Ll

des $Y0 Oldal; Ol 5y 5 Ol Ol

Ave 50 ey 5o Ol

. \AO J:f")‘ J:f")‘

o
€

Deve WO J:f")‘ J:f")‘

:kt'
“c

s 53 e 3L Olal3 o855 5 (gl taml ol 1SS St o 53 el 5 ol sWE ol s

wlin & (il Jlad G350 by S a0les Okl
53 S5 8 slaes 5 A3l o 5 oK
on) & DBl B s 5 el a3 slbeSUis
AB ol b 53 025 ooyl ST Jixe ailate
D Ol by &S Cul g g g slast
ssbge odalin Cgr pl 3l Ldd s glask

[

ol 4 ke S 555 45 sl 0T edtasiles Ll § e
&S ol uﬂ)bc:l>u}.> Qslh)}&;g:wwﬂa@w“

b el 5o Juad s g;l’.ﬁbeJ')J Voo Sl W)
530 JS8) Sl oks a8 b oy gty (Al
P o e 33 Ol Juad s &S 5 olf.a‘,}
o o3 e sk ess e Sl Sl g3 5 laslas,
(ol L s S Ly il 5 Jlad fuab
e dlg o5 pl 53 Sl 5s 8 i ol
AL Ol o s 5 O els a5 sieSTis

&35, ol Sy 5o mb 5 sl Jead 53 Candy o



s slasl 5 o3 Jlad 15 o555 55 LI sl
355 g0 odalie oam!l pl 8l 55 o pdled s
el o] ol (sl B U eh e oS

& &
c & .
b =45 e e 5 (2

Ol Juas—0lal; (o

Ol Jud = 5, 52 (5

)P § elsd

A 5l Dlols b o iy o Sl S sl
Sl gpdled 5 o b sysm o855 s
Blspse sl e 1S53 8 Uil o 15 0
Oba b )3 0355 adate (pl s QliaS 5 s

tird speec dspssd
" u []
u u
s
< 3 &
e,
am
Vs A
=
% & % &

Oty s ol (Cal
- . 1

Sl Jrab o3 G

J«éﬁ)b}d}'ﬁ&bb\f&)}&k_“@&“«_‘dlﬁé@? ¥ e

oS e b o555 5lg Juad 53 5ls ol =b

Ol Jodd 53 3 Gled (Jwsyl Olal)
i ply e DML 63 sz ¢ B claolS sy 5
235 b e Jus sl il e a5 5uly Juab o
s iz o 9 Ol ¢ b5 (Lol a5 5 Ol s Jusd
Lly o a8 L,8 o )5 Sgs § slaslas, 3G
253 5 Ak o oman 5 Gl SN o
s p i posdhe 555 o 55 5 553 g e (slalenl g
Ay (a5 5 blse gy s (slaolSans LS
Jgas 5308355 a3 LI sk Sy o5 5l Ol
Chanis 3l S f il e Calbibe
35l ok bl pla ol b Jotls 6T g3 §
2 wAded s s glask Oluals 5 b5 o8 sy 5

(S yu5 ARk
S Sl 5ap s Sgs 8 S w sl
(Wl s b I 51 56 Ol 0 gMe Loyl a
mlos pglsn o5 Gos pp b dlie Gl o
gy dldw w5 S Obg et
S| Bl w3 S 4 g L S S
G5 5l s ey b o) 5iS (ddas
Sl o3k sl p Jouad $SSE 4 S5 8 (5 e
el 2ol Tt mls i Hlulis YoYF-Y. 14
Cind 5 Sdd 5 ol Wle 0 Sty (6,8 s
o Salite Calisee sladlu y3 &S 95 5 (glaslas

sl

1€ HBuG g )lgs o oyladd .V sl

08 ©okc § (wlidslgs



>
E

g

04 ©okc § wlidblgs

1€ GG § )l o) a)laid (V sla

Slags)5 slaslsd) gbyas )s SHHS 13 il gl ody saslSsg)s (bbb

weather operations at aerodromes (6th ed.).
https://www.icao.int/EURNAT/...

12. Kok, J. F., Abediyi, A., Albani, S.,
Balkanski, Y., Checa-Garcia, R., Chin, M., ... &
Lelieveld, J. (2021). Contribution of the world’s
main dust source regions to the global cycle of desert
dust. Atmospheric Chemistry and Physics, 21,
8169-8193.  https://doi.org/10.5194/acp-21-8169-
2021

13. Krisak, M. B. (2015). Environmental
degradation of nickel-based superalloys due to
gypsiferous desert dusts (Doctoral dissertation). Air
Force Institute of Technology WPAFB.

14. Liu, M., & Westphal, D. L. (2001). A study
of the sensitivity of simulated mineral dust
production to model resolution. Journal of
Geophysical Research: Atmospheres, 106(D16),
18099-18112.

15. Mathbout, S., Lopez-Bustins, J. A., Martin-
Vide, J., Bech, J., & Rodrigo, F. S. (2018). Spatial
and temporal analysis of drought variability at
several time scales in Syria during 1961-2012.
Atmospheric Research, 200, 153-168.
https://doi.org/10.1016/j.atmosres.2017.09.016

16. Middleton, N. J. (1986). Dust storm in the
Middle East. Journal of Arid Environments, 10(2),
83-96.

17. Nickovic, S., Cvetkovic, B., Petkovic, S.,
Amiridis, V., Pejanovic, G., Solomos, S., ... &
Nikolic, J. (2021). Cloud icing by mineral dust and
impacts to aviation safety. Scientific Reports, 11,
13219. https://doi.org/10.1038/s41598-021-92428-0

18. O’Connell, J. F., & Bueno, O. E. (2018). A
study into the hub performance Emirates, Etihad
Airways and Qatar Airways and their competitive
position against the major European hubbing
airlines. Journal of Air Transport Management, 69,
257-268.
https://doi.org/10.1016/j.jairtraman.2016.11.006

19. Papi, R., Attarchi, S., Boloorani, A. D., &
Samany, N. N. (2022). Characterization of
hydrologic sand and dust storm sources in the
Middle  East.  Sustainability, 14,  15352.
https://doi.org/10.3390/su142215352

20. Ryder, C. L., Bézier, C., Dacre, H. F.,
Clarkson, R., Amiridis, V., Marinou, E., ... &
Vaughan, M. (2024). Aircraft engine dust ingestion
at global airports. Natural Hazards and Earth System
Sciences, 24, 2263-2284.
https://doi.org/10.5194/nhess-24-2263-2024

21. Shao, Y., Yang, Y. Wang, J., Song, Z,
Leslie, L. M., Dong, C., ... & Chun, Y. (2003).
Northeast Asian dust storms: Real-time numerical
prediction and validation. Journal of Geophysical

Research: Atmospheres, 108(D22).
https://doi.org/10.1029/2003JD003667
22. Shi, Y., Zhang, J., Reid, J. S., Hyer, E. J., &

Hsu, N. C. (2013). Critical evaluation of the MODIS
Deep Blue aerosol optical depth product for data
assimilation over North Africa. Atmospheric
Measurement Techniques, 6, 949-969.

23. Zittis, G., Almazroui, M., Alpert, P., Ciais,
P., Cramer, W., Dahdal, Y., ... & Lelieveld, J.
(2022). Climate change and weather extremes in the

o353 5350 o &S5 33,8 Ul o J guh plos
s 08355 53 5 o pdled 5 ok slasl 55
S5 53 8 Il s 0,8 b oo g slasl
Aied 1yl 4 gl S 53 § Jleb slaanis

&b

1.Al-Dousari, A. M., & Al-Awadhi, J. (2012). Dust
fallout in northern Kuwait: Major sources and
characteristics. Kuwait Journal of Science and
Engineering, 39(2A), 171-187.

2.Beaudoing, H., & Rodell, M. (2020). GLDAS Noah
Land Surface Model L4 monthly 0.25 x 0.25 degree
V2.1 [Data set]. NASA/GSFC/HSL. Goddard Earth
Sciences Data and Information Services Center
(GES DISC).
https://doi.org/10.5067/SXAVCZFAQLNO

3.Bodjo, N., Filippone, A., Parkes, B., & Clarkson, R.
(2020). Aircraft engine dust ingestion following
sandstorms. Aerospace Science and Technology,
106, 106072.
https://doi.org/10.1016/j.ast.2020.106072

4.Clarkson, R. (2019). Atmospheric aerosols and
gases — and how they damage aircraft gas turbine
engines. Rolls-Royce plc.

5.Clarkson, R., & Simpson, H. (2017). Maximising
airspace use during volcanic eruptions: Matching
engine durability against ash cloud occurrence. In
STO-MP-AVT-272 (pp. 1-20). NATO STO.

6.Clarkson, R. J., Majewicz, E. J. E., & Mack, P.
(2016). A re-evaluation of the 2010 quantitative
understanding of the effects volcanic ash has on gas
turbine engines. Proceedings of the Institution of
Mechanical Engineers, Part G: Journal of Aerospace
Engineering, 230(12), 2274-2291.
https://doi.org/10.1177/0954410015623372

7.Francis, D., Mattingly, K. S., Temimi, M., Massom,
R., & Heil, P. (2020). On the crucial role of
atmospheric rivers in the two major Weddell
Polynya events in 1973 and 2017 in Antarctica.
Science Advances, 6, eabc2695.
https://advances.sciencemag.org/content/6/46/eabc2
695

8.Gandham, H., Dasari, H. P., Langodan, S.,
Karamuri, R. K., & Hoteit, I. (2020). Major changes
in extreme dust events dynamics over the Arabian
Peninsula during 2003-2017 driven by atmospheric
conditions. Journal of Geophysical Research:
Atmospheres, 125, €2020JD032931.
https://doi.org/10.1029/2020JD032931

9.Hameed, M., Ahmadalipour, A., & Moradkhani, H.
(2018). Apprehensive drought characteristics over
Iraq: Results of a multidecadal spatiotemporal

assessment. Geosciences, 8(2), 58.
https://doi.org/10.3390/geosciences8020058
10. Hsu, N. C., Tsay, S.-C., King, M. D., &

Herman, J. R. (2004). Aerosol properties over
bright-reflecting source regions. IEEE Transactions
on Geoscience and Remote Sensing, 42.

11. International Civil Aviation Organization
(ICAQ). (2023). European guidance material on all


https://doi.org/10.5067/SXAVCZFAQLNO
https://doi.org/10.1016/j.ast.2020.106072
https://doi.org/10.1177/0954410015623372
https://advances.sciencemag.org/content/6/46/eabc2695
https://advances.sciencemag.org/content/6/46/eabc2695
https://doi.org/10.1029/2020JD032931
https://doi.org/10.3390/geosciences8020058
https://www.icao.int/EURNAT/
https://doi.org/10.5194/acp-21-8169-2021
https://doi.org/10.5194/acp-21-8169-2021
https://doi.org/10.1016/j.jairtraman.2016.11.006
https://doi.org/10.3390/su142215352
https://doi.org/10.5194/nhess-24-2263-2024
https://doi.org/10.1029/2003JD003667

)P § elsd

Eastern Mediterranean and Middle East. Reviews of
Geophysics, 60, e2021RG000762.
https://doi.org/10.1029/2021RG000762

08 ©okc § (wlidslgs

1€ HBuG g )lgs o oyladd .V sl


https://doi.org/10.1029/2021RG000762

Journal of Meteorology and Atmospheric Sciences Volume 7, Issue 1, Spring and Summer 2024

Identifying High-Risk Airports in Iran Regarding Exposure to Dust
Storm Events

Noushin Khoddam®, Faezeh Noori?*

1Researcher, International Research Center of Sand & Dust Storm, Research Center of Meteorology and
Atmospheric Science
2Researcher, International Research Center of Sand & Dust Storm, Research Center of Meteorology and

Atmospheric Science

*Corresponding Author Email: faezeh.noori@gmail.com

Received: 03 February 2025, Accepted: 26 May 2025

ABSTRACT

The research seeks to determine the most vulnerable airports in Iran to dust events, which create a major
threat to air safety and efficiency of operations. High dust concentration levels in the air, often lead to
impaired visibility, disruptions in normal functioning of navigation systems, flight delays, and even flight
cancellations, elements that create serious threats to aviation safety and efficiency, with massive
economic and social implications. Satellite products and meteorological data have been used in this
research to identify airports which are most prone to dust events. The impacts of the phenomenon on
these airports are analyzed by calculating aerosol optical depth, dust storm index, and number of days
with low visibility for the years 2019-2023. Airports at high risk have been identified for each season. The
outcome of the analysis shows that during the spring season, the impacted airports are Zabol, Qeshm,
Zahedan, Shiraz, Qeshm, and Yazd; for summer, the airports of concern are Zabol, Zahedan, Bojnord,
Birjand, Payam and Qeshm; for autumn, the airports of concern are Zabol, Ardebil, and Bansarabbas,
finally, during the winter season, the impacted airports are Zabol, Zahedan, and Birjand. Aside from
generating flight disruptions, the phenomena also have the potential to inflict damage on aircraft engines
and bodies. It is noted that the prevailing wind direction by the windrose data in synoptic stations, showed
northerly and northwesterly winds in Zabol and Zahedan, Southwesterly in Qeshm and Northwesterly in
Bojnord which bring dust from dust sources to these regions.
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