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Extended Abstract

Introduction: Dust storms are a consequence of desertification and land degradation, particularly in arid and
hyper-arid regions worldwide. The factors influencing the spatial distribution of dust storms are largely dependent
on altitude and latitude. Among natural disasters, droughts stand out as climatic anomalies that develop gradually
and insidiously, exerting pressure on various societies. Drought can significantly affect the conditions and
characteristics of dust storms. The primary objectives of this research are to examine the temporal and spatial
distribution of dust storms in llam and Khuzestan provinces, and to explore the relationship between
meteorological drought characteristics and the occurrence of dust storms in these regions.

Materials and Methods: This study investigates the temporal and spatial variations of dust storms and the impact
of drought characteristics on them during the statistical period of 1989-2019. The characteristics of drought were
identified using the Standardized Precipitation Index (SP1) method. Dust storm data were extracted from synoptic
station records related to the horizontal visibility on dusty days. Monthly, seasonal, and annual distributions of
dust storms were analyzed. The trends in dust storms, precipitation, and temperature changes were determined
using the Mann-Kendall method and Sen's slope estimator. Additionally, satellite images from the MODIS sensor
were analyzed for days associated with dust storms, and the Aerosol Optical Depth (AOD) and Normalized
Difference Dust Index (NDDI) were derived. The relationship between drought characteristics and dust storm
characteristics was then assessed using correlation and linear regression analyses, and the effects of drought on
dust storm occurrences were examined.

Results and Discussion: The years 1990, 1995, 2007, 2008, 2010, 2011, and 2017 experienced widespread
droughts, with 2008 recording the highest drought intensity and extent. Meteorological data indicated that January
and August, as well as the winter and autumn seasons, had the highest and lowest incidences of dust storms,
respectively. According to the AOD index, April and December, and the spring and autumn seasons, exhibited the
highest and lowest dust storm occurrences, respectively. During the studied period, the frequency of dust storms
increased at 11 stations and decreased at 8 stations. The trend of maximum temperature was upward at all stations,
while minimum temperature trends were upward at most stations. Precipitation trends were generally decreasing
across the studied stations. The NDDI index provided a good estimate of regional dustiness, although in some
cases, the index data did not align with ground observations and contained significant errors. Statistical tests
revealed correlations between maximum temperature, minimum temperature, and precipitation data. However, the
AOD index generally showed no correlation with other variables.

Conclusion: The analysis of the relationship between drought characteristics and dust storms indicated that 2008
saw the most frequent and severe dust storms, as well as the most widespread drought, though this trend was not
consistent in other years with widespread droughts. Comparing llam and Khuzestan provinces, it was observed
that southwest llam, which borders Khuzestan, shares similar dust storm characteristics due to comparable
topography and climatic conditions. Overall, there is a significant difference in the intensity and frequency of dust
storms between the two provinces, largely due to llam's mountainous terrain, especially in its central and northern
regions. Additionally, it appears that the primary source of dust storms in the region originates from neighboring
countries southwest of Iran. The flatness of the Khuzestan plain also contributes significantly to the intensity of
wind activity, leading to higher frequency and severity of dust storms.
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Table 1- Horizontal visibility classification of
dust storms (Beroghani et al . 2019)

e Sk S Gl i
Horizontal . .

L Dust storms intensity
visibility

200< b s gk
200-1000 Qad lish
1000-2000 Lwgle (losb

99,5 (Bsb Lol en (slay, (slojlsale sl yga
5 b ags Lads Web colu 5l 50 ieely sl
33 5ke90,8 (lisb (S 5 Sl Dl gam o8
o Sy by, Sl eslinal b el (b



284S oyt gz 5o Lege 5 slaglish 5 (el gl paie wig, (ro bLS SL5)1 YY

ool (anle \ V) AVl JLSas 5l (SKasdos o

slitiul 5L asls DIC f58le 5 5l solil U

A Al coliSlen oKl Ve (sl (SPI) ol
il ios Caws 40 (V) ala, 5ISPI _asLs
Pitp

SPI = —5 )

b Baelye ke P ojlais g0 3L jlade P
ok Jlade Jlee Bl S g Jlais 00 050 sl
3 HLSiS o st st & algh il

Dgds go odlaiwl (V) Jeaz 5l b Jlu s b

bl 3 oy 5 JluSins cilizeo clinks ¥ Jgaz
SPI oo

Table 2- Different classes of dry and wet years
based on SPI values

ik lib
SPI e SPI Sy
Classes Classes
drought years wet years
Lo s
oo IS o e
0_-0.99 2< Qb s
C i
< s Gl
-1_-1.49 bgie 1.5_1.99
o Jlusias o oy
-1.5 -1.99 1.1.49
Seses
s Jbs
>-2 S5 LS 0.99 0
q 3 & P B
(AOD) )L ,5 (5,95 Gos >l

Gble o ,legn S lsb pwyn skl
(AOD) ;L9055 (5,9 Goe Ll 3l adlllaes)ge
A ooliwl e ol srosls L ol on
Google Earth jl38ls 5 51 colazwl L jasls oyl

Zoe Job 4 diusly oS pl ol 7l 5l Engine
SS9y Job 9xly 5o y8 pRelS Djge 4 g 00y
2>l AOD a2ls 0sd o olgie adtiv s
&8s Bl a (less STnglse) 5y e
Sloy ol Bl (S g Gloj 0S5 anseas
B,08 o LBy ol g0 S o) Sl

ghe &5 Cwl @boge sleghs, o8
ol o sl e g 380 ol 5l eadady Jsbe
bl o Sz g alols o5 ol cnl (258 )
Ghafari ) 8,135 o b S5 Stacad (55, diges
Sy Jolae sl yig, 5l IDW g, (et al., 2018
sheslainl b comyiom 50 .q.ﬂsa Sl 4 Sbiygye
)f‘..m }‘ blis alols L)“’L”"‘J? $31) J"’L‘: {9 O?.‘
Fobe 039 Sged dore S0 35 bl 43055 (oo (et
alaly b oo elaiSl (6505 0 Fee b @
Al co Sz S dlolas XLy (0)

Z" =Y i Zixy ®)
Z(Xi) 0 0,91 5 S yusie Hlaie Z7 iyl jo a8
o9 Mg Xi alas )5 euls caslive Sl i jlade
Sl g 09l oo 0018 Cad Xi diges 4 &S (5L
gy olae (F) alal,y sl 0,91 5 y0 ol alass ool
A2 oo ol | (IDW) alols 39 wsSas

s
Z" = — *)

=150
dl

(Sl g Slaslie abis Lo alolddi:gl o a8

Sl N g Slawbre oo Z7 (oo s32) ly5 @
A Shelie Ll

SPI jas L

§ JeSas lakie Ll 5 glpedl ol
ol ;5 SPI olie .05 ,5 solitul SPI a5l
dle BB anle FA 5 YF OA OY & & L,
Ol & Jsl wliie aw (McKee et al., 1993) el
Pl Gl 4 G alale aw g SaeolisS ablie
as S la s Sowaddy gl JLSis s lp
VF ) SoeelisS JuSis slaasli o9
2 s op)l8 Csbpe bl sl Ysens (anls
els §l Siadaes 5 Sas bl glp o J>
(amle FA o YF (N A) Sawaily sloasls 55 5 AVl
oobeol ol (Moradi et al., 2011) g8 o oolainl
25 adhie oeldl Lyl s @ 3l gy, 53

9- Dust optical depth index



Yv VEF Ll s o led ozt o sl sloojsm gl o pyoe

Xs gt 5ley yo lovalive glaosls Xt :ol jo as
axlyg Gt aS g ebas S ley yo slovalive glaosls
S Q) Akl Jlesl b ol co el S 3lamy giboj
Ll oo Cawoty sabdmlne slocads 5l Slej o ym
ol saile gaslbe 5l (Bred) g, Lol oS
S Bre) (e e o0 0979 & Sl 5
gospoplis ol Cute Jlake 5 Wgy o Js5
Vafakhah etal., ) ail oo bosls &g, (09 (g9s20
Slasie Hle glel LU oy p slp (2012
saclih e 5 ol i L JlSis
sloyge;l 5leliwgs g o sl liwl jo JLegs F
oolitul oz ()50 )55 5 (e sl (Siarod oLl
91055 5 e eslel sladow el (6l o
&lp SPSS [l8le s laxe 31 5lis se (slosls
g Lools o Steen o8 5l g bl Olawlxe

58 ol il g s

SPI 2Ll g Jlusis 4 bgrpo gulis

2395 Jsb b laoliinsl sl e pasls (nl ansloe sl
O li al eolaiul (VAAR-YV) LS d)uT
A0 N9 b Jls a5 ol oyl odel Cawd
hls Y- Y 5 YN Yede (YeeA YelV
Ole cryiin L YA Jlo g 2518 Jlses
s (7 J58) Coul 039y g9, 2513 JluSas
9 ;o 518 JSis Lol jen slo Sl (sossaig,
agy 50 Mie cpyiie a5 amo e olis bl
bogie 5wt JSis gy 5l b JluSas
il e

Ol 5 6
NDDI 5o
1okegs,S slaglish olulid (6l (el cnl )
polal (pgas ol 0 .0l colaiw NDDI ozl
OBsb L olen &5 alajg, 4 bgipe Slojlsals
2 oke9dS Gleb sl g589) 2513 Légs S
Sy90 5 o zl iwl ilos gy (LolKiws] caai 3l ey
(A) alayly sl ool b jalis pl.cd )8 1,8 solasl
D9 g0 Ao
NDDI=(p2.13-p0.469)/( p2.13+p0.469) M)
Sl polie s 54, p0.469 4p2.13 ;)] 0 a5
V 3b) yieg, S YNY lazge Job 10 o> (YL o
(MODIS ¥ al) 09,50 /f74 4 (MODIS

Sen e

Ol5) (s28ly s aslone (6l g, (nl 00 5 o0
Sen ool (bbb (g, 5 (pley 9y 5o s
‘5’[.‘> B Sen w_u.a ’A'“SLS" oolaz__wl (Sen, 1968)
2 e Sley G 53 95250 palie g, (nl jo 05
Sy el ddb plas wjls oS Sl el s
Silion (b (g S ) A Semd ) 0l e
.(Ahmadi & Radmanesh, 2014)

50 g9 (a8l ail Cudie Waosls (6w Wig, (s0,Le] ST
il el Wy, ol pon e Sy
ol dle b Glgion 1) W) Gliee 505l
g Hirsch g &5l 1 Sen Lawgs a5 glakal, 51 ooz
..>)5—| Cewdds «5ols drwgs |y Q] O AAY) oK
20,5 dmlme (1) a3l Sen ot

X=X
= )

B



23S oyt oz 50 Leg 5 slaglish 5 (ol gl yae Wiy, (o BLI S5

Y Y =S CRURTI =S £ CRUIRTY = PL RT3

=

(%
= ’ %=
2 [ 1330 JU o addlias 5590 slaelious! wldlaa JLSis gusay =
51 W ) =
r o
z =
2 d
e e
2 -
i i3

=
=z
3 =z
i w5
o
S s
i e
I
=z
= z
5 o
. e
- -
f. ] [PEFA z
. SPI jloce e
Y| 2 -YiYAG-VA- o
-
Z| B VA6
’: T ’ AR AR PO O Y N =z
% ’ —<EV L -10F ———
YT E fAT E 2% 'E 5.°+ "E =
=z FEo e e Yo o e FAO or "E Fqo . "E Bever E
3] o g sl 850 glaatSg) een LSS cusacy | 2
2 -
(S 5 30 X B
= ' z
E -
¥
=
- z
£ -
<
N
- =
£ b
23
=
=l =z
S Y
T s
s
= Leal,
i1 SPI g <
R “PEWCEFEE L) [&
| B - Fas-e s
: T ’ -\.\bl:--J\V DN O 1 A W AEe :z
rd-_ ’ =+ AY G - 5F e — —
?9"-: ME fv“." TEOEA° ." SE R0 _'- E A_o"- ~E T

=z FEo E Yo . "E FAO v E Foc . "E Qoo E
o i i : p i =
2‘. YooV JUs ;o anlllae 5j30 (slaolfny] lidlga JLSES ganacy |5
F- » B
(S S ) ﬁ °,
» — >
=z i)
< |z
E =
=
Z
=
- =
£ L2
t
<
< =
£ -
2
=
Bl Z
: 4
£
,z Lazal,
1 SPI Z
> e
» LN o
=z | > rxas-wy.
': b ‘ =1V Bime VY O o 13 A AYe A =Z
$| B --yru--oF T
WOLSE  YSTE WO TE WSTE 6.0 SE e
= fso : ME e .- ME fAe : e '10.: ME 8- .: E
f: ] 038 Sl o i spe glaolsl litln JLSs oy | Z
5 (DW 2) o
Wi — g ?2
=
= 4 =
< =
=
=
=
& ] =
- =
i ke
T
=
o =
s =
= =
o
=
=
- =
< "
< o
=
=
3 Lozal,y =
] SPI jai. =
R R %
Z| I -Y-¥Y-VsE
3 3 =
: 1 B> -vrP -y PRRE RS R A <
2 ’ VXYY G —-/AF . —— el
T

e TFLIE W AE s



Yo

VF-F UL..MJU g o)l.,o..i'.» e 3% JLM.: ‘)..JUT t5L°°)9"> é"l-”' Co pde

ACZRURET S S CRURTT — S ZURURST —S S URTIPE] S DU

T T
. "E WO ."E

FAC. "

z
i =z
s | YorA L o aalllas 5y0e slaali ol ltlgn JLSES ganay | 5
](3 ~ F=.
(IDW _is) : o
L
w —
=z N
= Y|z
£ -
[
z
5
- <
£ k
€
=
z
5] =z
£ &
1 I~ "
3
-
z
3 z
s &
r Mo
oo
z
2 Lazal, ; -
52 SPI Slade __:
& -vAri-ray %
=z -VAY L -VYY
: SANY BV AF e o w e |E
| 2> LYY e —— o |
: ; T

Yoo N

Yoy

52

LACRIRUIN] LAGRURTIN] LA CRIRUIN] LACRURIN|

TN

OhKe2 5 5

At RUET - SCRURTT —S 7 CRURLY -~ £ URUIPLT — S SURTIY =

>

|

1 N3z

JU 5 anlllae 300 claalfo) ltlga JUSEs conaige

aDW zs,) ; * f

N

et N

N

o 1
A S

LT

e N

ne.t "N

Leal,
SPT lua.
-YAAL-YO-
-Yb. L-Y.-¥

v.ot N

Y..Y L -rof
S oA (% - i
-YAF L)Y - - 5

RS

va°.' "N

T T T T
o°.' ."E FAC.' ."E £f°.' ."E  a.°.' ."E

= AESRURET —S S TRTIRY — S 7 CRURLT —S SURUIE — S SRR
2 ' ' ' ' ' z
?", TV L 0 anlline 3590 slaolSinl (litlon JLSzs anazy, | 5.
(IDW 53 . %
—Z u*l
. : z
£ -
£
z
- z
; e
=
&
: z
o
=
z
- z
: -
=
z Lozl
: SPI laas z
- | B -YY- LYY o
-Y.YY G -\Y¥F 3
= YY G-y
s ARASER i =
é ’ —“Y; u _..VA -:'-,;‘, \V_y - -f.
SONE WA E TOVAE TN E aii B =

axdlo 5590 o | ‘s)l.oT 0399 Job yo w518 b Jlslics guosaiy - b
Figure 3- Zoning of widespread dry years during the statistical period of the studied stations
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Figure 4- Dust intensity zoning of the studied stations
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Figure 4- Seasonal dust zoning of the studied stations
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Figure 5- Monthly dust zoning of the studied stations
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Figure 6 - Graphs of dust storm trends for selected stations in the two studied provinces
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Table 3 - Correlation results of dust storms, maximum and minimum temperatures, precipitation, and
AOD index at Ilam station
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Table 4- Annual distribution of AOD trends in the studied stations
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Table 5 - Regression relationships of maximum and minimum temperatures, precipitation, and AOD index for
selected studied stations
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Figure 7 - Zoning of the number of days with pervasive dust storms based on the NDDI index
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