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This study investigated the impact of extreme teweoee and precipitation indices
on the trend of dusty days in southeastern Irantrefre temperature and
precipitation indices were selected based on Ilgeguirements and climatic
characteristics of the study region, resulting itotal of eight precipitation indices
(Rx1, Rx5, SDII, R10mm, CDD, CWD, and PRCPTOT) andtemperature indices
(SU25, TXx, TXn, TX90p, WSDI, and DTR). These ingicwere derived using
daily temperature and precipitation data from etatiin the research area over 21
years, from 2000 to 2020, processed using the RiHinsoftware. A multilayer
perceptron neural network was employed to assesgfluence and importance of
these temperature and precipitation indices onttéed of dusty days in south-
eastern Iran. Additionally, the Mann-Kendall testldinear regression were used to
analyze the trends in the investigated variablde fiesults revealed a significant
decrease in the pattern of dusty days at the Ri&kmayan, Iranshahr, Zabol, Bandar
Abbas, Bam, and Khash stations. Among these, Zahd|Bandar Abbas recorded
the highest number of dusty days over the studipgewith annual averages of 171
and 93 days, respectively. The perceptron neurabar& model indicated that the
extreme precipitation indices CDD, R10, and R20pngl with the extreme
temperature indices SU25, DTR, and TXn, exhibitesl gtrongest correlations with
the trend in dust storm variations. These findipgsvide valuable insights for
developing more precise planning and policymakitgtsgies for dust storm
management and adaptation to climate change-ralajgsatts.
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EXTENDED ABSTRACT

INTRODUCTION

Recently, it has been acknowledged that the frequenextadme temperature and precipitation events
is closely tied to global warming and is anticipatedide mn areas with hot and dry climates (Liang et
al., 2023). Extreme temperature and precipitation swvéisrupt environmental processes and can alter
the intensity and frequency of dust storms in regionsacherized by hot and dry climates. The
southeastern part of Iran is recognized as one ofih& prominent sources of dust storms in Asia
(Bahek, 2018). The findings from the examination of #esenal distribution of extreme precipitation
in Iran indicated that the highest Rx1 index of 80 mm wecuiduring the winter season. The peak
SDIl index of 19. 2 mm was also recorded in the sunseason. Meanwhile, the highest number of
days with heavy precipitation in all seasons was notedgathe Caspian coast (Rahimbeigi et al.,
2014). Spatial analysis of climate change in Iran redeate inverse relationship between altitude,
slope, and the trend of hot extreme indices. Thus/téisda and slope decrease, the trend of hot
extreme indices rises, and stations situated in lowasdere more severe climate transformations,
with the trend of changes in hot extreme indices ssipg that of cold extreme indices (Sadeghinia et
al., 1400). The primary aim of this research is tplewe the impact of changes in temperature and
precipitation extreme on the trend of dust storm variatim the southeastern region of Iran. The
central hypothesis of this research posits that dutiagimeframe from 2000 to 2020, the alterations
in days with dust in the south have shown an upward.trend

DATA AND METHODS
Study Area
The study area is located in southeastern Iran (Figure
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Figure 1: Location of the study area and study stations

To compute theextreme temperature and precipitation indices, daily ézaipre and precipitation
information from the stations within the study area waikzed over 21 years from 2000 to 2020.
RclimDex software was employed to determine the pretipitandices Rx1, Rx5, SDII, R10mm,
CDD, CWD, and PRCPTOT as well as the temperature@sdsDll, TXx, TXn, TX90p, WSDI, and
DTR. In this research, the variable of days with dustjzbaotal visibility information, and dust
meteorological codes were applied to differentiate daifs dust of internal and external origins. The
multilayer Perceptron neural network techniqgue was emglayénvestigate the correlation between
data. Furthermore, the Mann-Kendall test (Kendall, 1975nnVial945) along with the linear
regression technique was utilized to assess the trendriztions in variables (Azarakhshi et al.,
2013).
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RESULTS AND DISCUSSION

The findings of the trend examination employing timear regression approach indicated that the
trend in the number of days with dust remainedistabthe Minab and Kahnouj stations, whereas in
the other stations of Rodan, Saravan, IranshalvplZ&Zahedan, Bandar Abbas, Bam, Khash, and
Chabahar, the trend exhibited a decline, which sigsificant only at the Rodan, Saravan, Iranshahr,
Zabol, Bandar Abbas, Bam, and Khash stations (@itsignificance level of less than 0. 05). A

comparison of the significance of independent mtedi variables across various fitted models
revealed that the CDD, R10, and R20 indices extiilgithighest correlation with the trend in changes
of dust storms. Additionally, a comparison of thgn#ficance of independent predictor variables

across different fitted models indicated that thd25, DTR, and TXn indices exert the most

substantial influence on the trend of changes Bt giorms within the study area.

CONCLUSION

Based on the results obtained, it can be concldlolgidthe occurrence of extreme temperatures and
precipitation has significantly influenced the paance of dust storms in the study area. Additigna

the trend regarding changes in dust storms in tka bas been declining, which may be partially
attributed to the reduction in dry days and daythwemperatures exceeding 24 degrees Celsius. The
incidence of dust storms is directly associatechvdty days and elevated temperatures because
environmental dryness diminishes soil moisture @ontthereby facilitating the wind's ability totlif
soil particles. Furthermore, the occurrences ofreemé temperature and precipitation manifest
simultaneously and can interact with one another.

REFERENCES

References (in Persian)

Azarakhshi, M., Farzadmehr, J., Eslah, M., & Saheb(2013). An Investigation on Trends of Annuati€&&easonal Rainfall
and Temperature in Different Climatological Regiarsiran. Journal of Range and Watershed Managené&(t), 1-16.
https://doi.org/10.22059/jrwm.2013.35324 [in Pen§ia

Bahak, B. (2018). Spatial Analysis of Dust OccucerProcess in Sistan and Baluchistan Province USiagistical
Methods. Geography (Regional Planning), 8(31): 03 https://doi.org/20.1001.1.22286462.1397.8.3.28. Persian]
Rahim-Begi, N., Zarrin, A., Modfidi, A., & Dadasleoudbari, A. (2022). Seasonal Distribution Analysis Extreme
Precipitation in Iran using AgERAS5 dataset. Iranidournal of Soil and Water Research, 52(11), 2728¢2
https://doi.org/10.22059/IJSWR.2021.333263.66911®Ersian]

Sadeghinia, A.& Rafati, S. M. (2022)Spatial analysis of climate change in Iran. Jouoh&patial Analysis Environmental
Hazards8 (4), 55-70. https://doi.org/10.52547/jsaeh.8.4ibFersian]

References (in English)

Kendall, M. G. (1975). Rank correlation measurdgsars Griffin.

Liang, H., Jianbin, G., Wenbin, Y., Qunou, J., L&, & Kexin, T. (2023). Multifaceted responsesvefjetation to average
and extreme climate change over global drylandsien8e of the Total Environment, 858(Pt 2), 159942.
https://doi.org/10.1016/j.scitotenv.2022.159942

Mann, H. B. (1945). Nonparametric tests againstdr&conometrica: Journal of the Econometric SgcieB(3), 245—-259.
https://doi.org/10.2307/1907187




o PP o,

Sy o K
@ b buzw Of Yol l .;
Smwey " ) ; . ) i dbltl'-
TY1-£YA0 & Ko AOI LU YIVI-ETYY: ol> LS
Homepage: https://jneh.usb.ac.ir

VFoB (5297958 O b 0 o FY 0o IO 0,93 o srub Lano &l yholiie i}y ook aloxe

39S 90 5 Lol yoi (gl jg ) O ki W9y 93 3L 9 Lod (GO 3 I (o y 99
Ol @ v g
S wiglos pSTcle Sl gola ey b and 3 LT aus ;e gy 0uilo
Ol epliom clians olBails ¢ cwlids 365 0aSlasls «ybly S 9 Co pae 5,550 wisgol ils .

(J,.‘..m.n Y VOWRt) BN S Y CONWIPN EONI L 4] owlicd S caSiisle bl Y
ORCID: https://orcid.org/0000000164058488  mrahimi@semnan.ac.ir: juwes|

Sl et ol oliad olEings Clidios 33 50 )90 5l Lo bl olis 5
Ol ol ool 2l olKitmgsy Slinions 58 5 ¢ lyolinl F

SRl -0l (85,08 sy 9 (bgel iz lojle «5,9LaS gy 5 Shjgel dmge bkl O

oS alio oMb
Srimoye ;0 S35 Lolren lajg, Slpti 2g) 2 B3k g Led (2 polie Sl iaddllas cnl ) lio gg5
by o3l S o dslllas 590 dilaie Goolliws! (Fui,l g Lo wljg, slrosls 3ol s, ol (g i Alie

5l 5 Laome s Sloslors s sslizial oy 5 slaaslod dwlos gy YoY e B Y v v Jlu 5l alls Y)

by 6 Condl 156 I aVaus g a5l g, 5l o ol RelimDex
SB( P2 Caadl ol (qw) @ Slp TS gy p (@€ O (09 ) (s VEYNY /5 sl s gyl

2l osliiul ) Grbosa o Sags S booles las, Sleesd g, s, 2 ok 5 e
aslllas 5590 (Slo ko Sl s Wy (o) 2 Slp S oSy 9 SN - e gesl ) i
soljl)w ‘Ql‘bﬁ) (SLQO&UM‘ B Jl}‘jsb)f L O‘).o.b LgL‘z’}B) u‘).u.u .\Jj) sl uLwJ cuLu A ool

VEYNYIY il g b
VEEIVYY 5 by gy
VBV ) 1 yLal b
by g Bl slaolinl (mizmen g Jloline 5 (Jop B 9w ebejon (Bl el
L oolron slajs, Goitior addllae oy50 (loj )50 (b jg, AT 5 WY aiVle (n:Sbee b oS
ol o sbales ol plid eywn omas aSGS Jow s wles S eS|y Sege

sig, b1, S i TXN 5 DTR SU25Ls o5 slowles s R20 5, R1IOACDD | oo 05\ JS- i 55|

goals sleojly

Grb o wibe S g 0,5 Gblie o)l adlas 3,50 dihie [0 SBgs S slanlish &l s N R e
€585 Azl 50 5 ol ialeyd wagd oyme 50 Ll Co e g el Olpss Jdoas ) 01 By ol il

et b 6,85k loany 3 b gl sonldl Sliis 3l 5o s 3 Sgs S clalish
ol oo SLg,5 sloligh S g ool

2 onlg s slagn,d Sl gy (VT2 0) . 55T e s saisles 5 ol s b iy )b, sazms s can> 5 008l (5 i 0 Licu]
YWY L(FYNO L peel Lo Oiblo ol pl Gro05> 10 S5 585 Lol jen slajs, Ol s &g,

sl § (b oKl 56 Oy fosinss © ‘oNole]
DOI: 10.22111/jneh.2025.50917.210( =




Y 1Fe0 (905959 ) 2lo o5lols FY o)l VD 0,90 (rud o Ol ybolo

doddo
ColSen 5 3lgol) cal Gl 5 Les slais a8y sl g Db 58 i ol Vs 5l ey e S ke
5 Sl aiil o anldl oy b o yoniiaislis alax 5l opé 5 YU clales o ISt o o £o35 (V)4
5 S ol e 59, 2 ool lagn b e85l B s lame (slas Shos 53 JHS (VYY) Ken
Slslp 5 Dad Sl al anly Sis g 08 @Bl L 3blie ;0 5 el Fge enlBl bz 3blie (LS s
b g (3 oy SB93 5 laglish g9y iz pa aas oo a5 L BT, S0 5 slalish £93
sl s s Sl wigy Ll OFe v oalT3l YA S Silz) cond K3 g 0T 0l b clalame o
ol Bydiosiz dihie (Y18 T Ken 5 555 o)l copanl ladama ol 1o Slo aslsz gly alish oyl
Job plas o Loy adlaie ol )0 SL90,5 laplish 5 conl Lwl jo Sgo 5 sk alio 5 Jlad 51 (S
ooy Csl 039, WY+ glasly s oy b lojen oS il 5 e Jgead 50 Ll Jlsl3 Lol amo o &5 JLo
5 e melex 4 gox slacaw! Glpl Grices 0 SBgo S a8 a¥le (VWA (Sal) ol
slepbl 51 gl ise ol> Sllllas osgass (VWAY (s § (soiw) Cowl 03,5 o)l 39250 sldcSlu
VB B 5ep0 pliwl (B0 bl w9doo Jold 1) (Il Brdoga 10 550 5 Gle)S (lzrgh 9 Ol
03l3508) aitwn ol pl (J2s S1g0 5wy GlagilS (St 5l Gl 5 Ol bl B3 (b gesl>
3 s S8 Glaglsh n fse Jeloe adlex Shad o)Al 8 S a5 psbples (VF e (a4
635 2 Ok 5 Les sl (VoYY Foll iy Joallonn ) ol (il 5 Les slagn b a5 Jlgl8
ol 3 s (Vs 5 Kaile - YY ISigg 5 Ly 1) s 3551 S 5 oalS dss sla S
Sid g Led ol Slpnds s lacn B ST (p 5 Fge (Jleysbd S (o0 S5 ], S s pdiale Bk
les slay b £53s b lojen JLuSis glaygs £58s (Y- TY Lo Kan 5 Sily) ool b JLuSts cloo g0
LSl solwly 5 (LT B £95 5 Ol RRL (SIS Dgm; s wals ciale B slaanld gl L
ol ol S e 5Sis Lyls Sas Vs JLSis clooyse (Yo VY () Kan 5 Silg) Con ol o S
Yo abes slacn B ol aiS oo mal 2 il Ssbpe slajg, b olren oS DdeolsS oglite K23 Layls
Gl 938 (Y TY T[S0t g gu) S spats | ST (S Wlgicon 5 wg0 Gl 305 9 e Olres
A Lls B ol 5l Ak bt polie 1nj iS5 g¥sb |) S (oosb, Jlsis Wil oo 5
S Gl b anslio o 1) gl ol JLSis 3 Vb b labes lojen 585 opdlny 09,5 5L Jolaie
g585 ol Y3 5 Gl o b g8y (b 51 Y14 liSes 5 Siile) 8 wins on &5 e & Sopn
Ol Juad (b lpl o (np o)l Sud dien 85 g GrE08 5 oS J2 g 9 Sl O

! Edwards

2 Liang

3 Schepanski

4 Zucca

IpcC

6 Karolina and Woliska
" Manning

8 Wang

°su

10 Manning



S5 90,5 Lol yod (slo gy Ol paki W9y )b g Lo Gy 18 ST (o "y

hodie) il 5 aams oo 25 DeelisS 5 SLSL Sjpon ()8 Slagt )l (VF e e 5 (Spe>) Sl
Loy alogn, Slgw, (RIS Gl b Caled o a5 (ITAR ol 5 2oupler) wites ol Wl (Aol 2
5 B) a8 ol 1) gob pale b by plie Wlgioe Sas laoygd 9,80 9 osbye slaoygs 5l cubdS
KRS SIARANCOwS

ol b STy anlllae gl ol ot plowl oz sblie bl g ol o aise ool 55 cakieo lallas
LSDI ales aicioy .l 00ls &) linny Jad j0 o oo Av jlaie 4y RXT ayles asciis olo oLas ol pl jo 0 8
oles 50 G )L b olyen slajg; ancion o5 (Jl s ol svmlie Ll Jad )3 55 e e VAT o
Sloplis olpl s eldl lpss plas Jdow (VF e (en 5 (oo o) b 0 (6,55 U2 lgm 50 Jgad
o g g5 alS L cnlplo )18 9929 (weSae (Ko £ (08 sladiled Wy, 5 ot el Jale o
SIS o 8 |y GPNaD ol S Sl (Sl slaelSienl 5 whioe Gl 5 lag s s,
Pl s k28 Gleale sl esliinl b (gopldl Ol pss gy (g eimizren (O F 0 () Sen 5 L3 Bolo)
sboo Slas ancin 0 b gmepme g Liuli8l &gy ol Las VAFF-Y 10 Slej 0y90 b ol nl §rbcge
Olnl Grbogiz 50 ()l Slids dig) (o p (Ve o)l g Lisgle) 318 092y Ailjg) aineS” (slos 4 il
Sy 0393 (b (sl 5 Gl 5 Olo)S lagbial Jold ol pl Grbogin ailate 1o (Bl g, sl LaS 5
5 Bl OVF) o San 5 gobT ko) ool 039 stnlidl wVlo 5 Lo ailale (sloulie ,o Y+ ¥+ 1A
OFN (GhlSes 5 Gloeid) cenl osg (o2l33l gy Sl 55 Olpl Bl i 10 )5 o) slaasles 2STa>
2 S5 Glaglish lpss Ws) 59y 2 Gk 5 o Glagn b St Fl e adlllas (nl ol Sas
St SOl ply 50 yslol Gl g 655l sln s3ael s po3l mizman ool (] b stz Al
allae ) ol g «Sgn S (slolish i gy p (Sail s oo glagy,p w3l 5 bl edS o,
b oyan lagg, Sluais Yo¥e B Yeoo Jlo 5l log 0)58 b 45 el ol dalllas ol ol drd b .
el 42l il g0is, oz s Sligs S

lbui’:g) 9 oold
axjllan o 40 adlaio tsff5

oleyS pliwl a3l Sl idu gaemme o dadlain pl () JS3) Wbl oo olpl (g ;o adlas 9,90 ddlais
YYPL B0 bl a b pe Jlade oy yiion a5 ail ooy oo YVP )] G009 3ble (o)L awge
sraske VoY g WP (e b ol gy (liazrsl 5 (a5 ployS laplinl 4y bgspe laiie (5208 5 e Lo
az 0 YF g YV VY L ply cadpas lo,S 9 8 e (lizol o ol slaylisl iVl slos (1uSles ]




'Yy

VFel (905959 ) (2l o Lol FY o)Ll D 090 (b buxo Ol bl

ss00E

wove

axfllo 890 adlaio Cod “}a:\ s

axdlao 8590 adilaio gadodld

Vo Jee o ALl Y- 6)u7 0,9 Jsb b ol Srioga jo sadobil g owlidlsn slaolKin|

axlllas 350 owliiiled (cloolimg! lasiv 1) Jsoo

el oo osly ioled

)bl 090 Sl e sl Jsb bl ol o6
Yoo oYeY Ya/n OA/F o~ )
obess
Yeoo oYY YA ovIY z5S Y
YoouooYe¥ YV OV Lo ¥
YeeY-Y.y. YVIO ovIY KL R f
Yeoro -YeY- YVIY 0%/f ool o o
YooooY.Y. Yo I Jels 2
YeoooYeY. YVIY I Sl y
YeoooY.Y. YAIY S\IY Sl A
Ol sl 9 Gl
PR YV/¥ SYY Olsl s A
YeoooYeY. AN £110 & \e
YeoooVoV- Ya/0 &/ olsal; AR
o8l o 8 s o

o3b S
(OVFe

5o addlas 5 50 adlate solius] ailys, SW)L 5 Lo ool jloslanl b )b g Lo 0,8 slaasle
OHlen 5 lowd) wb awlxe RelimDex jlble 5 oS L YoV b Yeer Jlo 5l als Yoo Sl

oS wil e Lo Cyapb asled & g 3ok oyd asled A el asdllae ol (gl ool i) g Los b sloaglod

! 00 00l ‘)AAJLQ) Y 9 Y de} L

ol Lo (99 49 slaasled Cow b Y Jguo

s 5ol aly by | Lo,

39, (4,5 YY aljg, Sl sles) glawsli slajs, olass SuU25 \
°C alys, piSlas sles wilale aiciny TXX Y
°C aljs, piSlas sles wlale s TXn Y
595 Al pog Saw i il gles a5 slajs, wo o 0 )5 slajs, TX90p ¥
A oo Jlsin 55, i Blas a5 Slaje, olaws e )5 S Jsb asles WSDI N
- Al pog S 5l i sl aSTas

°C Los (539, bt Ol s aals DTR 4




S 590,5 b of yoir (g3 Ol ki Wgy 39 53 9 Lod lagy 13 51 oy WY

MBS Gyt 9 Glosyled Cam i ¥ Jpex

GxSejlail asly )B4 yxi EILICEC
mm 039, S i,b ESTas Rx1 \
mm Sl 55, @y albale (3L Glies 035, O G5k 2l Rx5 v
mm ailyg, Sl ool asles SDII Y
39 O )b b slaggy olaas R10 ¥
39, e ke 5L L gl sl R20 0
39 SaS 0,99 Job Sl CDD 4
39 ek 0,99 Job ST CwD v
mm by sy, yo AVl ik JS PRCPTOT | A
S0, Lol yon by,

wwbdlsn glaas ¢ 28l Wuo glaools 3l pioren Ll solatwl S90S L ol jan (slojg, i 3 adlllae cpl (o
od oold Lisled T Jgam (o a5 ol solaul L3l Liie b S0 5 L ol jer slajg, SIS sl SBgo S

ol
axdllno oyl 5 oulioslisiw! ((awbublgr Sl lojlw) S90,5 wlilen lous : F Jous
. . o
b o eliibln
alwlys y Sgo 5 -y
c el 00 samline T BlLLIL g o] jo aidS el G (b b Sbaws ol 4o aF aidl JolSS slaS 40,5 <A
el 42310 gz g oyl 995 0 aidS Celu o L anils gz g olKiugl BLbl o Sbays cels o as i b Sego 5 g -4
e Voo sl oo Lol e Voo e 5l S 00 loie 25 L ol jes anle g i awgie b caas S5 90,8 Y-
e Yoo gl i Ll e Vee e 5l seS 0o lase 2alS L olyen anle 5 8 bawgio b Jlaly SBg0 5 T
e Yo ) e Wl e Ve Sl a8 a0 ol GAIS L olyed le 5 (5 Lawgie b Cinks S S il L g5 vy
e Vel S s ialS Lol ies wual S50 5 By Yy
e Yoo sl S s el Lol es apals Jluly S g0 8 g v¥
T ) S 4 2l b ol apas S 5 s 3 L gyt v
e 5 53 Gl b g SBgo S L 5 5 0e, A
SLRTIY

Sljg, Sleesd 2 Bl g Led su> slagaSls (n 5 fse addS lp Vair o (sras 4D )
a4 Jae plcwl e Blae Jo @Y s gy Joe (2hb 5l Gas ol solasl JLegs I L ol e
(99,5 Y Jold &5 Cenl ond LS5 o0 4y Jale (9,9 4Y izl (oras a8 slaoe glsil 5 (S olye
(F) Jisl &b 5 Bias) wu )l (W) (59 Jolis Lol ddlge a3l oas aSll o .aiS o iy Sl ) Wdonyay
ol 5ol plosl SPSS138le 5 lasre jo qmas a1 (WWAA ()], Sen g 0oljcu) cusl oads JSis
Olpeas cusls fyge3l Gloosls (gg, p 1y Uas Slaye o ieS a5 glaSiis wiliee sloaSss (o5lp 5l o anllas




YO 1FeB (0,958 ) (2l o )lols FY 0Ll D 090 (rudb bxo Ol yblieo

Sy, Slptd W9 (55, 2,08 30 )L g Les slagam (p Sete (et 4 gyl Had ateie 5l e
anﬂ 3 adllas 8,90 dilaie jo la el pl Sl Wy, S g L;)loss.u o Sy S5 L ool en
Sile e 54 (@) JIasS = e oyle] Cudie g sie ol s ssliiul (VAT (e 1AYD o) JIiS) SIS pe
o 2,8 sl [Z]PVAF 51 as e A0 Gl mlaw a5 ax g5 bl laools gy 5o cialibl g talS &y,
Dy oe apdy Wosls (Sloj (s 50 Mgy 979 9 9980 3) (Sloj Sy )3 Ky 3579 poe 2 (S

o&‘\b u....JLAJ Q?"’“’;J Ja.‘> L}“")‘)J 9)10944 o) &45 Le ‘SL"B‘); Lt o‘),o.b le.bjg) AJYLA.AJ u‘),....,_) ..\55) 5u.~..7co.b
OYAY e a3 as

Ology o] 1o g 95 ol zoS 5 Gl ol o S1590,5 L ol en slajs, aVle Ol yoss Wy,
logy laaliiml ;o ks g 39 (Jos lits W9, Jleelz 9 B e cmliean laaly (b pedlnl ol

oo e (Y JSK8) (4100 5l yieS (gl sre mhaw) g loliae b5 g 0o e wlis jois ¢ bl el ] < lgl
SO Jeaz 0 oK) 2 50 osls 1 Sgaw,S, las (o3l 5l sadiaulxe P-valuey Sla o ke ,d

Sl 0l
SB30 )5 bolyon slajg; ykio 1 s g sS ) 9051 4D B Jgux
P- value Wlay o il o bs culs Aol oK
feep -I5 Y =-2/2 %X + 4617 olsg, ol
oY -FV Y =-1.1*X + 23985 Oyl o]
ofee A Y= Y=-3.1*X+6344.1 el ) ol
ceeN 5l S -1V Y =-3.1*X + 6453.8 Ll ol
AN - /Y Y =-1.36 * X + 2773.3 Jlels oKy
-1 o[+ ¥ Y =-0.05*X +128.7 TS ol
ofeY -/$0 Y =-3.19 * X + 6514.1 ool o oSy
cee N 5l eS -IV# Y =-3.27 *X + 6617.1 o oSy
ee) 5l 5 oS “IYA Y =-361*X+7324.1 b oKy
- IAY oY Y =-0.049 *X + 1135 ol oSy
SY -IvE Y =-1.04 * X +2188.2 ol ol

R A SIS e

Jbe 5l (Slejoy9o (b 59, AT 9 WY a¥le (p:Silo b ol i (wbeejoia g bl ol ol plis (pizeed gl
boolan slags, nSils o yiaS (7 JS5) Wlod,S o |y S1530,5 b olyas (slojg, i Yo Vo B Yoo
e bsladle YoV Yoo A YoV glaJlo g Gl oSl & bgiyo 55, VO bl 5 Sbogo 5
roe SLgs S b olyan glasy ooy’ b glalo Yo Ve 5 YAV slalo 5 Slogs 8 b olyan (glajs, sl

sl

1 Kendall
2 Mann




S50, Lol jor (glojgy Wl ki Wigy w9 03U 9 Lod glagw 8 ST oy \wWe

Number of dusty days
% 8 & 8 & 8

Number of dusty days

20
60 T T T T T T T T T 1 Y g Y g g g & o
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 RUE AeE SRS G0N AOR G GNsy A

2018 2020

Number of dusty days

Years

ng) Olf;;ﬁ“il

Number of dusty days

L)
2002

Ll
2004

T
2006

L)
2008

L)
2010

Years

Ll
2012

T L) L) L}
2014 2016 2018 2020

gl oS!

T
2002

T
2004

T
2006

2008

2010
Years

2012

2014 2016 2018 2020

Helr oK

-
®
S

-
S
S

Number of dusty days

B

w 2 ]
S S S

N
S

—~——]

Number of dusty days

-
S

2000

g

g

Years

L)‘j‘)"“) ol.i’;.m.l‘

L) ) Ll T L) L) L) Ll T 1
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Years

Dl oK

A
AT

2002 2004 2006 2008 2010

Years

2012 2014 2016 2018 2020

TS ol

Veoom¥e¥e iloj 0,90 b anlllan 3590 ddlaio Lol ! 10 S1595,5 b ol pon sy AYLw Ol puski aig ¥ JSib

SL30,5 Lolyon laje, b ()b slogy 8 e bl s

Ve el ol ools plis £ Jgax j0 0L o8 sleasled 4y calesls B3l cvac a4 bgy e Sledlb

09,5 ;0 00 )ly slosls duo o Yo g jgel diged 09,5 10 Vi gy Jde o 0dbsly slaosls sy
SDII RX5 RXL 5L (8 sloasle Jold Jow a4 oaboyly Jitwe sloysie 28,5 15 _iolej] aiges

5 09031 5l e ] S130,5 L olpan glas, atly peite bl o PRCPTOT, CWD .CDD R20 R10



\wy 1FeB (90,959 ) (2l o)lols PV 0;Lels D 090 ¢ g2 buxo Ol bl

Cellae aSb lsiea Lhsel diged 9550 50 (+10)) yieS s Slaye ggezme iz 5 Ggy58 £ g Oleky 4 )
Ol anlllae 5550 adlaie ;5 S35 Glaglish » Jge )k (n8 laale Cooal aml (o) 0l S
B S 5 slaBsb Ol sy Wig, L)  SKowser o i R20 3 R10.CDD slaasles wols

Gb (8 sLasled d oadodls (3l omas 4l Jow Oledbl -F Jgua

PRCPTOT CWD CDD R10 SDII RX5 RX1 R20 4,{!.03/‘_].\.0

-JL s Cvonl

A \F Voo ARV YIY £ YAID A -

[(AISW)

«[+YY Ay LAY AR «[+YY <\Y LATA AR - Coot]
Olaye Egazme !

09, = Ol &Y e b $39y5 &b -V T

oojgel las

_ Sluye ggeme

7= R ToL e Ssymle AR ,
‘ siales s

ol Olpss &g, s plis JIasS = cpe ge;] 5l eolituwl b CDD asles &l s &g, Sz Sl s sy
Ll g ggr0 35 R20 4 R10 sloasles Ol wig, ( VAV L pln Z jlaie) ol lo pe 5 (Jo3 ales
CINY s YIVY L il o s Z) 09 5lo Jixe

ol aslie 59, YY g YOY L plpy caddas YoOF 5 VooV sla Jlo ;o CDD aled polie (pyieS g oy s
] g i ol pl o] casllas 0,90 dilain alizee solliwn] [0 (pizmen (A Y JSS)
Wilos S eli |, CDD alad polie o aS log,

polie o iaS Bilie jo .o cmlie 59, F L pla VeVe o V1 slo Jlo o i 5y R20 4l polie o i
Gleolins! o ;0 uisen (o Y SE) ol svalie + L plp VYA g VoV YooY o Jlo ;0 R20 asles
Iy R20 ayles polie oy yiion log, o] g oy yieS laaly g b1y oo sloolins! candllas )50 ddlaio aliee
Wles,S s

“Jls o R1I0 @l polie oy eSS blie j0 .0l cowlice 55, Y L plp VY4 Jlo ;o RIOWGLS polie o i
Al gloolSiiws! oy (uizren (z ¥ JSS) ol odalice 5o, VL plp YOYA g Ve VE VoY Vel ) Glo
el 0uls S R10 aled polie (o yiaS” bl g o0 soolSiins] o 0 yiion log; oS! 55 axlllas 0,90 adlais

260 4
240 3.6
220 <l 32 -
__200 2.8
£ 180 T4
= 160 T 2
g 140 § 16
120 1.2
100 0.8
80 0.4
60 T T T T T T T T T J 0 T T T T T T T ¥ T 1
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Years Years




S50, Lol jor (glojgy Wl ki Wigy w9 03U 9 Lod glagw 8 ST oy WA

N

o
(@]

R10(days)
talftwni

N LW

-

T T T T T T t + 1
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Years

JSCis asdline g0 Ao citlisto (sWolKiumg! 53 (Yo¥omYooe o) oye0 sb) Gyl vt yd odglod AVl ol i g, ¥ JSCs

S90,5 Lol yon slajg, b b slagy 8 bLI )l gl

Ve cwl oals ools lis Vo Jeazx 50 (0L (8 sbaaled 4 eadesld bl amac aSl 4 bgy e Sledlo
09,5 ;0 0aid)ly sloosls duo o Yo g ijgel diged 09,5 10 AVaiz gywy Jde 4 0l ly slaosls as s
TX90P TXN TXX SDIl Los 333 csloaglas Jolis Jowo a3 0oy s (gl peitio 28,8 )3 iloj] igas
slodae Gojly g s g Ggejl 5l ey sl S90,5 L oljon glajy, dianly it il o DTR 5 WSDI
095 0 5 Oleir Y ) b 0a3seSm (29,5 5 SSIEL Sgmle (69955 Jbd 1 L slaseed Culed o wilie
ot 8 il ogllas aSh plsisar Bjgel Wiged 9y50 55 (1FV) jaS Uas Slaye ggezme (e 5
slals bl aalllas 550 ailaie ;5 S9)5 laglish » Joe (5L (8 loale ool axs
s SLgs 5 slaplisb i wig, b 1) Stued oy 2ios TXN 5 DTR SU25

oo (52 8 asled 4 oudioslo sl (smas 4ol Joo OLeMBEY Jguar

WwsSDI  DTR  TX9p TXn TXx  SU25 & Lo/ Juo
¥A AD Yo A4 o) Ve N (A TSy PR RCINY
-[-5% SNA VRS 2 Y T WY O S| 1 - NN
ay s Oluye  ggame

. P &b G &b IRV L !
099 Ol 9]

s oly

B\ I JERVEINCINL 0N e S
ol

ol Ol &g, ol lis IS = cpe yge;l 5l eoliiul b SU25 agles &l s aig, Sgz g &)l sme oy
Z) 545 o gz 35 TXN g DTR slaasles Ol s 29, (=YY L plp Z jlaie) conl o g g (Jo3 asled
B sl g o yiion lpls o] aslllas 050 dilaie calize slaolKin] fro jo oo (AT JSS)

ilos S el |, SU25 ks polie oy eSS



wa Ve 03235858 ) (b o5louis FY o o 1D 695 ¢ b bnzmo il Lo

olie o zaS Blie o b oanlie g 4350 VWAL b ply Yoo\ Jlo ;s DTR ales polie o i
SlnolSisl s 53 ciyizmed (oo FUSE) 0 oanlive Lagads 43,0 VYIBA b sy Y14 Jlo o DTR ales
DTR a;les polie o yeS jlply olfiasl 5 0 yn (sl 9 Bl (31 sbovolSiins] casdllan 590 adlaie alidee

wilos S el |y
wlod polis o yeS hlie ;o ol osaliv Gogmudwaz ;o YA L plp YOIA Jlo 50 TXN ayles polie oy ylic
9 emizmad (g ¥ US5) ab sanlie wgmdaz o Y5 Ly uly Yo10 o Yool ¥ oY eslaJlo Lo TXN
olie (nyeS (B B e goollinl 5 cn i Hlely ol alllae 550 adlaie e (slaolSin

Ll 00l &3 TXN wles

308 14
306 ns
304 13.8
o1
! 17 o
300 13.6 :
E e o134
o 292 € w
g o 13.2
~ 288 S o
P 284
240 123
276 12.6
272 T T T T T T T T T v 12.4 T T T T T T T T T v
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Years Years
34
w b
32 Z
npy
30
S »}
g2 P
o
26
P §
24
ab
22 T T T T T T T T T ]
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Years

(AN S . andlle 0 yg0 altbuio ilizio (GLoolims!l 3o (Yo¥o-Veoo Jlojoy90 b) Lod oy 38 (boasled A lu Ol puti Wig,y :F S
TXN a5los &l i’ Wigy () DTR asled @l yuuti wigy (&) SU25 45k &l s’ Wig

“)»L».C)M ‘J-“) ‘)'ef“"")"‘ ‘U‘ﬁ‘)“‘" ‘Q‘Qj) GLQO&M.J )s) Jl}ss))f L c‘).o.b (_SL‘b)j) A_J‘).;u.x &9) ‘AAJUGA ‘).i‘ )0
Vooo)ge S50 Sbgo S sk (a3ld (cwyp (b (TN (e g plad g bl 5 (Jo3 S 5
S oty S35 slo sl S5 3ig, 3 Jlo 10 (b S o olor olirsh 5 i ol o Al
olpl Bl Sgs 3 slayels Ol Jdow jo 55 (VF e 0) ) 5 (g ol ol ails pals o goe

el @iy zolS aigy lpl 5 d0ei 9 3, (635 o s eils 5l g e jo wls las Bl e Cas jo



S5 90,5 Lol yod (slo gy Ol paki W9y )b g Lo Gy 18 ST (o Y.

2 0lrl o Sgs S slaglsh Slgls g AT (owyp jshite 4 095 adlllas o (V0 TT) LSS 5 (s3500s
cay Sl 8 b oy gl ol o5Vl eSilio ol i wlilyn o) Fr v Sutonily Slanlive ol
ORI 650 9 (Brd oz Gaolliwl 4 boype a5 albice Jlo jo 50 59, Yo g Ve 00 L plp oS5
Sl 090 (b 59, AT 9 WY AVl Sl b ey wliejoi 9 (Bl oSl ols (lis anlllas ol s ol
ilos,S i ) S1g0,5 b ol e (gldgg, cpayidi Ve Ve B¥eee Lo

Ot R20 5 R1I0.CDD (5l (258 slaasles wols (las a¥asiz (y55myn (oras Sl Joo (35l mls
ales g o sine 5 53 CDD ayle &l eais wisy b s Sligo 5 claylish Slyenis Wig b 1 (Kianad
ashis ;o oo,b o g (SiS Lolyen oy, olass o0 leday oo o lis 1) iz 0)90 Job iSla> CDD
5 ol il ails Liie ;b U iyled cloanT og) » wilg e 45 cubls LialS W, anlllas oy5e
VN Sles oy (b olnl o (b 8 skl Dt pw)n Ban b ogs adllas ;0 (VYA) (g5 S
b bLs,) 5 el alion T gl b dalllas ol gl o5 sl _2alS CDD ayled &l i dis, wols ,Lid) AAY
g lolixe Lel g (sogm0 35 R20 5 R10 glaasles ol yeais i,

TXn 9 DTR SU25 ks (1,8 slaales s lis aVaisr g p smas aSh e o3l 2l (e
wles Olpss &g, w0)ls anlllas 8)90 allain ;o S190,5 slagligh &lpnas aigy (o |, (Swen (p yiicn

Ao oo Ol 1) Gwgandes a0 YO ailjy, iSTas sleo b slagg, slaws SU25 4l 04 lolins 5 220 SU25
L el aisls SBgo )5 slasb £435 wig, Jials ;o g0l il Wlg oo wled cpl Wy, oS ol ply
WS o ol (ToYT) l5an 5 g ansl ol yads S s, Lzl 5 S o 5 pades Sial33l b Y slabes
oanlp g5, p wlge B Jidy ab; Jal5 g osde LS why sl gl a3
G Glaalel cw)p Ban b oy adllas 13 (VYAR) (g)lormw 2Lyl g ezl il foe (o) o (o2ale
M pes e, Olpl Griogia bl g Jsl 45, (Il (e J2lsw slaollal wls lis 525 gl )0 oles
© ol (VA lSan 5 b copmizman sl aline dalllas ool gl b 45 a5 o SU25 ayles pyolie o sy i
Cusgb) SB oS (nl g d9do0 SB35 5 3 SRl el ales am glaslas ) ayuis oS o
S, S

2 Sge S slaglsb e8s p Ghyb g Lo lagas g8y 8,5 i (g e wdeliuwmsn @l a4 4y L
Sl co 45 sl 0391 oiblS ailats jo SLigo,S slalish Sl yeis Wiy, 5 Col 003 yige anlllas o g0 adlats
slaglish g58y bl Gogende 4z ;0 YO Vb gl b slajy, 5 Sis slagy, srals Jdoa o] 51 iz
"o U SB Cash) (e Jasme (S 1y 0l s alal) YU slales 5 St glags, L S0 S
T Oloyed Oysods 5L g les sl gus £48g .05 0 SS 0L lawgt S IS il 4y o,k pl 5l g de
o adlllae ol (Lol a8 sl assd ol 4 4z g b aidl adls Jlite S S00S0 5wl o g simd e

oo 8y VeV B eee Jlo sl Slojoyes )3 S190,5 L ol pen (slajg; Sl (o2ali8l W) 5



AR} 1Fe0 (90,959 ) lo o Lol FY o)lals VD 0,90 (b o Ol Yoo

&bw

Pl gl g Sl (lad g AVl Dlis sigy o) YA oo cgige ol el 5000133 1 0 ¢ 25,3
APY spmo ) o)led FF 0y50 s ol s @ el - sele i olnl alspac] il sblis

5 Ldlyiz alre Glgal 10 16,50 axlllas (SP (aslis b ()] B3l s JLéso S Olyeis Wy, Jelodigaryzs (0 F+0) Jgm ol 3l
FYEYYY o X o lods F Lo« Sl Ll

Lilizr aslilad s )lol glagby, b gzl 5 Ol Glisl )0 JLego,S ooy 58y wig; (aldd ko (VTAY) o Saly
N022AY s as ) ojled h L (ke 55 a0k )

8 Syl e ) 9 Gl o loarled Sl i) (VAR Gobotame (LS S5mneS Kipmm eel <ol
XO-YF i jan f ojlad )+ Lo

o libalBl (1733) ubie 53T Sl s o SBIS Cono s lanlis (i (S STule £y gl sy ol
oo bdp Bl sl iogh (VAAV-Y 1 8) allo Yo 0,90 0 liwagl o lanew (liwl jo (Ll Jad ;o S1390,5 g slaslas,
A-AY o B ojleds B b

Slaghl 5 = ilo; Slssit (5515l (1TA9) Shoges csbazma s > 5Lt 55500 DBl (5)los g s bl iy
VSR mo Y sl o)l e g Sl yblie ol oo VAP0 — Y18 sl Jlu b ol st 5o OV 0,8 oy
O9iwn Gy Ol OTAA) (sage 08 (Jaadle tipuome dp (G 1l )l (elonl a0 (o bed Lol
ojlods oF 095 (e (g3 ya0b 5 Ll (lasle bl 3,0 (Ol (68 Slysd 3leone o (eotan (oras 4D AV
AFFOIYO :as YA

ol 5o o JUl glaymns 5 JLego,S oy (3o Glapsls lulids (V- 2) ol e o) 1oy« 350500 o0l 00
DVA-DY o BV 0,las ¥ 090 L 5 (ymoy S 3ud Alrmo o olas yiy b SiansS ailaio 163,90 dnllan) 50,0

b olnl o o sl had STy Jelos OF ) el «g3lg, (21010 tsbie sshe 31 i3 105 5« Seen>
TIVEVEYVYY :ao Y o)les V) 0y58 el S gl ligins AGERAB oLl ool

HYSPLIT Jow 3l eolaiwl b o pl Gricgiz 5 gz j0 jLegn 8 omuay obo, 5 69Ty .(0FAV) ol coons s bls ot
ANV an X o)leds o 050 o ame Ol blre ol Judow aloee ¢)905 i Jool 4

(e Olbbre olad o ool pl jo cedsl Olynss olas Jdow ((VF0 ) L soge «dlas tdans (b, o yde LS Solo
Vo0 o F ojlads A oy

50 Lo g b Goeasl sleosls o slo a5l eolaiwl b o8l ;s oy, 5IUT eV F-+) L sge o8yl tommmdum LS (gole
Y-t ae FF o)led V) 0,90 (slddlaie (65 140l sole aobilad ()l 5 b gi

sloools 5 e @Bl oss 30 Cou beo su> sloalad GG Jdod (VF2)) oy0) (lias teore ¢ 008 ol 8 ylid
NS AV ao oF o )lad T8 6,50 «Sso psle alme el 15 o s atiliasasss 3s, s CORDEX

"oy SR e Ws)y sy 5> CHIRPSSlojlsale Jsamo (b3l (VF+ 1) sl chazmo gy o5 s Yo tael csolllee
FATFY - s pmo ¥ ojled VF 0)50 ol (o2805 5 bl 4t o) 355

ol o 5o olpl (JB Legs 5 slapsls Olnss Judoss ((VF- ) Lo ,ode (6,3l ¢ e Kimls alogus (5 lael
XEVPED 1o YA o )las YO 0,50 s ppyaaliyg g Ll i

eras 4SS s Ol B e S, bty Ol GrSese (TN saedeze sl (8555 (5,38 1l odljnss
iome & ojlads A o) (il (L2525 5 ()lol alome oy i a5l s> 150 50 aalllas) s, Bk (siledae o sestan
RAAREARAR

Edwards, B. L., Webb, N. P., Brown, D. P., Elias,&Peck, D. E. (2019). Climate change impactsdaand water. Journal

of Soil and Water Conservation, 74(4), 405—418&s://doi.org/10.2489/jswc.74.4.405

Furtak, K., & Woliiska, A. (2023). The impact of extreme weather e/@sta consequence of climate change on the soil
moisture and the quality of the soil environment danagriculture. CATENA, 231, 107378.
https://doi.org/10.1016/j.catena.2023.107378




S5 90,5 Lol yod (slo gy Ol paki W9y )b g Lo Gy 18 ST (o WY

Intergovernmental Panel on Climate Change. (202@nate change: Impacts, adaptation, and vulnaetab@ontribution of
Working Group Il to the Sixth Assessment Reporthef Intergovernmental Panel on Climate Change. Cidgd University
Press.

Kendall, M. G. (1975). Rank correlation measurgsars Griffin.

Liang, H., Jianbin, G., Wenbin, Y., Qunou, J., L&, & Kexin, T. (2023). Multifaceted responsesvefjetation to average
and extreme climate change over global drylandsienBe of the Total Environment, 858(Pt 2), 159942.
https://doi.org/10.1016/j.scitotenv.2022.159942

Mahmoudi, L., & Ikegaya, N. (2023). Identifying thistribution and frequency of dust storms in lk@sed on long-term
observations from over 400 weather stations. Suebdlity, 15(16), 215-22ttps://doi.org/10.3390/su1516215

Manning, C., Widmann, M., Bevacqua, E., Van Loon, A, Maraun, D., & Vrac, M. (2019). Increased bttty of
compound long-duration dry and hot events in Eurdyoéng summer (1950-2013). Environmental Resebetters, 14(10),
105006 https://doi.org/10.1088/1748-9326/ab42fb

Mann, H. B. (1945). Nonparametric tests againstdrécconometrica: Journal of the Econometric SgcieB(3), 245—-259.
https://doi.org/10.2307/1907187

Na, L., Na, R., Zhang, J., Tong, S., Shan, Y., Yidg Li, X., & Bao, Y. (2018). Vegetation dynamiasd diverse responses
to extreme climate events in different vegetatiogpes of Inner Mongolia. Atmosphere, 9(10), 394.
https://doi.org/10.3390/atmo0s9100394

Schepanski, K. (2018). Transport of mineral dustd aits impact on climate. Geosciences, 8(5), 151.
https://doi.org/10.3390/geosciences8050151

Su, R., Guo, E., Wang, Y., Yin, S,, Bao, Y., Sun,Mandula, N., & Bao, Y. (2023). Vegetation dynamand its response
to extreme climate on the Inner Mongolian Plateauring 1982-2020. Remote Sensing, 15(15), 3891.
https://doi.org/10.3390/rs15153891

Wang, W., Samat, A., Abuduwaili, J., Ge, Y., De Mar P., & Van de Voorde, T. (2022). Temporal cbhtedzation of
sand and dust storm activity and its climatic aedestrial drivers in the Aral Sea region. AtmosmhdResearch, 275,
106242 https://doi.org/10.1016/j.atmosres.2022.106242

Zucca, C., Fleiner, R., Bonaiuti, E., & Kang, UO21). Land degradation drivers of anthropogeniasamd dust storms.
CATENA, 219, 106575https://doi.org/10.1016/j.catena.2021.106575






