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Drought, as one of the most destructive climatic phenomena, poses a serious threat to
water and food security in arid and semi-arid regions. The present study aimed to analyze the
spatio-temporal patterns of meteorological drought in Sistan and Baluchestan Province during
the period 1990-2024 using data from six synoptic stations. The Standardized Precipitation
Index (SPI) and the Standardized Precipitation Evapotranspiration Index (SPEI) were
calculated at 1-, 3-, 6-, and 12-month timescales, and their trends were evaluated using the
Mann—Kendall test with pre-whitening and Sen’s slope estimator. The results indicated a
significant increasing trend in regional temperature, and the Pettitt test confirmed a climatic
regime shift during 1998-2001. Evapotranspiration at Zabol station showed the highest values,
with an average of 65.8 mm day™! in summer. Although negative trends in the indices were
observed across all stations, statistical significance was mainly detected at the long-term
timescale (12 months), particularly at Zabol. Notably, SPEI exhibited negative trends even in
stations where SP1 showed no significant trend, providing evidence for the energy-driven
nature of drought and the stronger influence of warming and evapotranspiration on regional
moisture conditions. The correlation between SPI and SPEI increased from 0.21 to 0.73 with
increasing timescale, suggesting the dominant role of precipitation at longer timescales and
the sensitivity of SPEI to temperature variability at shorter timescales. Chabahar station, due
to its coastal location, exhibited the lowest correlation. Based on these findings, drought
management in the region should focus on reducing evaporative demand and enhancing
resilience to warming.

Cite this article: Mohammadi, H., Bazrafshan, J., Nazi Ghameshlou, A., & Rafiee, S. (2026). Spatiotemporal Patterns and Scale-
dependent Correlations of Drought Indices in Southeastern Iran with Emphasis on Recent Temperature and Precipitation
Conditions, Iranian Journal of Soil and Water Research, 57 (4),999-1019. https://doi.org/10.22059/ijswr.2026.414132.670136

© The Author(s).
DOI: https://doi.org/10.22059/ijswr.2026.414132.670136

Publisher: University of Tehran Press.

©.50,



mailto:Jbazr@ut.ac.ir
mailto:hmohammadi99@ut.ac.ir
mailto:Jbazr@ut.ac.ir
mailto:a.ghameshlou@ut.ac.ir
mailto:shahinrafiee@ut.ac.ir
https://doi.org/10.22059/ijswr.2026.414132.670136
https://doi.org/10.22059/ijswr.2026.414132.670136
https://orcid.org/0009-0001-2200-7129
https://orcid.org/0000-0002-6721-8990
https://orcid.org/0000-0003-2283-8026
https://orcid.org/0000-0003-2647-3984
https://creativecommons.org/licenses/by-nc/4.0/

Iranian Journal of Soil and Water Research, Vol 57 (4) 1000

EXTENDED ABSTRACT

Introduction

Drought is one of the most destructive natural hazards, causing far-reaching environmental, economic,
and social consequences. It disrupts regional water balances through reduced precipitation, increased
temperatures, and intensified evapotranspiration, leading to secondary crises such as food insecurity,
groundwater depletion, and ecosystem degradation. In Iran, Sistan and Baluchestan province — characterised
by an arid to hyper-arid climate, extreme precipitation variability, and a local economy heavily dependent on
water-sensitive sectors (agriculture, livestock, and wetlands) — exhibits high vulnerability to drought.
Previous studies in this region have predominantly relied on univariate indices such as the Standardised
Precipitation Index (SPI) and have generally covered statistical periods ending around 2018 or 2020.
Consequently, the influence of the unprecedented warming observed during the last decade (2014-2024) on
drought intensification remains underexplored. Moreover, a comparative assessment of SPIl and the
Standardised Precipitation Evapotranspiration Index (SPEI) across multiple time scales (1, 3, 6, and 12 months)
— and under the specific thermodynamic conditions of southeastern Iran — is still lacking. Against this
background, the present study has four main objectives: (1) to characterise meteorological drought in Sistan
and Baluchestan over the period 1990-2024 using SPI and SPEI; (2) to detect temporal trends and abrupt
change points in drought severity; (3) to compare the behaviour of the two indices across different
accumulation scales; and (4) to evaluate the degree of convergence/divergence between SPI and SPEI as a
function of climate type (coastal vs. interior arid).

Method

This applied research follows a quantitative-analytical design. The study area is Sistan and Baluchestan
province (=~180,726 km?), located in southeastern Iran, bordering Afghanistan and Pakistan. Daily
meteorological data — precipitation, minimum and maximum temperature, relative humidity, wind speed, and
sunshine hours — were obtained from six synoptic stations (Zabol, Zahedan, Iranshahr, Khash, Saravan, and
Chabahar) for the period 1990-2024 from the Iran Meteorological Organization. Missing values were
reconstructed using linear interpolation and correlation-based infilling. Homogeneity of the time series was
verified using the SNHT (Standard Normal Homogeneity Test) at a = 0.05. The FAO Penman-Monteith
method, which accounts for radiation, humidity, and wind, was used to estimate reference evapotranspiration
(ETo) for SPEI calculation. SPT and SPEI were computed at four-time scales (1, 3, 6, and 12 months) following
the widely accepted gamma and log-logistic distribution fits, respectively.

To ensure robust trend analysis, the pre-whitening procedure was applied to remove the effect of serial
correlation. The non-parametric Mann—Kendall test was then used to detect monotonic trends, and Sen’s slope
estimator quantified the magnitude of change. The Pettitt test (o = 0.05 and 0.01) identified potential abrupt
change points in mean annual temperature and total precipitation. Pearson’s correlation coefficient was
calculated between SPI and SPEI at each station and time scale to examine behavioural convergence.

Results and Discussion

Mean annual temperature exhibited a significant increasing trend (p < 0.01) at all six stations. The Pettitt
test detected a coherent breakpoint around 1998-2001 at Zabol, Zahedan, Khash, Saravan, and Iranshahr, while
Chabahar (coastal) showed a later shift in 2007. In contrast, annual precipitation displayed no significant
structural trend; only Zabol had a detectable breakpoint (1998). The lack of a precipitation trend coexists with
a marked rise in potential evapotranspiration (PET). The highest PET values were recorded at Zabol (summer
mean 8.65 mm day', with daily extremes exceeding 21 mm day™'), followed by the interior arid stations
(Iranshahr, Zahedan, Khash, Saravan =5.7-6.7 mm day'). Chabahar showed the lowest PET and the smallest
seasonal range due to maritime moderation.

The SPI-12 series revealed that long-term drought episodes dominate the study period; pluvial events,
although occasionally intense, were short-lived and insufficient to offset the cumulative moisture deficit.
SPEI-12 indicated consistently more severe and prolonged droughts than SPI, especially after 2000,
highlighting the exacerbating role of increased evaporative demand. The Mann—Kendall trend analysis on the
12-month scale showed a significant decreasing trend for both SPI and SPEI only at Zabol (Z = —-2.165 for
SPI, and —2.149 for SPEI; p < 0.05). At Zahedan, Khash, Saravan, and Iranshahr, SPEI exhibited negative
Sen’s slopes (e.g., —0.0041 year™ at Zahedan) that were not statistically significant, but the contrast with SPI
(which had near-zero slopes) suggests a detectable thermal-evaporative signal. No significant trends were
found at short scales (1- and 3-month) after pre-whitening. Interestingly, at Chabahar, a significant positive
trend was observed for SPI1-6 (Z = 2.168, p < 0.05), indicating a wetting tendency in mid-scale precipitation,
but this was cancelled in SPEI-6 (non-significant negative slope), implying that increased temperature and
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PET have offset the rainfall gain.

Pearson correlation between SPI and SPEI increased systematically from short to long accumulation
scales: from =~0.21-0.54 at 1-3 months to ~0.66-0.73 at 12 months. The highest 12-month correlation was
found at Khash (0.732) and Zahedan (0.729), and the lowest at Chabahar and Zabol at short scales. This
scale-dependent convergence confirms that at longer time scales, precipitation becomes the dominant driver
of both indices, whereas at short scales, surface energy fluxes control SPEI more strongly.

Conclusions

Drought in Sistan and Baluchestan province results from the interaction of three key processes: (i)
structural temperature increase and thermal regime shift (with a breakpoint in the late 1990s), (ii) sustained
growth of potential evapotranspiration (especially in Zabol and interior areas), and (iii) reduced precipitation
efficiency in restoring long-term moisture. These factors have led to an energy-amplified drought. SPEI
provides a more realistic picture of drought severity because it accounts for temperature. Significant decreasing
trends were observed only at Zabol (at long scales), indicating a structural aridity effect in the northern part of
the province. At other stations, although trends are non-significant, the difference between SPI and SPEI
reveals the decisive role of temperature. The increasing correlation between the two indices at long scales
indicates that precipitation dominates over long periods, but divergence at short scales suggests that surface
energy controls drought in its early stages. Overall, water resource management in this province should focus
on reducing water demand, curbing evapotranspiration, and enhancing resilience to warming, because
precipitation alone cannot compensate for the moisture deficit. It is recommended to establish an early warning
and monitoring system based on SPEI (prioritizing Zabol station), revise cropping patterns, and adopt modern
irrigation technologies.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-
for-profit sectors.

Authors’ contributions

H. Mohammadi: Student, Data curation, Software, Formal analysis, Investigation (including statistical
analysis, interpretation of data and results), Writing — original draft, Writing-Reviewing and Editing.

J. Bazrafshan: Supervision, Conceptualization, Methodology, Validation, Writing-Reviewing and
Editing, Project administration, Finalization of the manuscript.

A. Nazi Ghameshlou: Supervision, Conceptualization, Methodology, Validation, Writing-Reviewing and
Editing, Project administration, Finalization of the manuscript.

S. Rafiee: Thesis Advisor, Participation in research design, Supervision of research, Study and revision
of the manuscript.

All authors have read and agreed to the published version of the manuscript. All authors contributed
equally to the conceptualization of the article and the writing of the original and subsequent drafts.

Declaration of Generative Al and Al-assisted technologies in the writing process
The authors did not use any artificial intelligence tools in preparing this manuscript.

Data Availability Statement
Data available on request from the authors.

Acknowledgements

This research was supported by the University of Tehran. The authors express their special thanks to the
Vice Chancellor for Research Affairs of the University of Tehran. They are also sincerely grateful to the Iran
Meteorological Organization for providing the meteorological data required for this study.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest
All authors declare that they have no conflict of interest.



YAFY—YFYY Ll F o 3l QY 0498 ()1 91 S ¢ 0T Wi alxo

Homepage: http://ijswr.ut.ac.ir

b ol G 3 i (o pab L puliio (SKiuod 3 Ko loj SU0sS eyl

3 gl (45,0 5 bod Cuxdg 1 ST

¥y el [ ghiiaB 53U 5, | BT Uidl s S | gee Al

hmohammadi99@ut.ac.ir :asbll, .l p! )8 «ylpd oBisly ( ands wlio g (65y9liS BaSiily ¢ GILT g (o)Ll (wdipo 09,5
Jbazr@ut.ac.ir :asblly .ol pl )8 «)lpag oty ( muds wlio g (65)9LiS HBAKils ¢ ST g ()bl owdine 05,5 ¢ Jotume ol .Y
a.ghameshlou@ut.ac.ir :asblly .ol pl )8 <yl yad oy ( ombs wlio g (65)9lsS B Al ¢ ST § (g lol (owtigo 05,5 ¥
shahinrafiee@ut.ac.ir :asbbLl, . 4l 5l &S o)) 505 oKl o rmube mlio g (655l 001D (pinpm g SlSo wdige 09,5 F

oUS>

4

Ao OlNb!

5 Sts 3ble i 5 ol Coiel (sl i (53385 ol sloorsy o I (K s Jluslis
ool > olitlon JS5 S o logS s Ban L y0ls ing, 25 g0 pmino Sebas
o et L i plol (S gt oSt i glesld 3l ealizal LYY 512 550 b b gl g ltaw
St ey b SIS =50 seil b o] Ky 5 dlons aalolY 5 5 & ) iboj (slaulia , SPEI 4 SPI
S oy 903] g Al (g boline (ol 55, dilaie (slod oS 3l L B 03, 2l b g 25
339 3t siocsss N0 lon b 5 el 5 35555 2,5 3l 1, Y1 6133 csloJlo 13 (smil
Sl sime Lol el dapuiio o yad i Jo5 Loy olSim! alS” 13 ax STl lis ) jlude o yiin ol 5o
L SPEI aslis (Jbs ol b el ol oSl 53 094 5 (48le)Y) cosonidy (slo wlido jo Baas o bl
sesipl Cuple jI S anled sl Hboline W9y A8l SPI 4" SleolSiws] 3 (Jg5 S5y b olis
SPEL 5 SPI oo (irad 03 o 1) e g bl 3 50 5 iale S Sl e 5 JLuSits
5 ol (slo e 5 bl B 4de oxmd ol o Sl Gl VY & Y 31 Slej e Sl
(olo Cambae Sy 10 lels oKl (] CaeolsS sla wlis o sled clluy ;I SPEI d);{.\))ul)
5 Sy Lol el p b adlie pl 0 JSids Co e @l Gulsl p ol (i 1) (Swes (p 5eS

29 35 yeto iale S pln 53 Gyl tal

g o il g4

VEO/YIY . Bl s U

VO 16,553k o,
VEOIYNA 2y g,
AR BN Weviily P

(S sleojly
S50 32]
il LS5
SPI 51
SPET 515
liazsh g Gl

2 Jusis gl adls awlbie (Siwwed 5 S Sloj slaoSl duglio (VFr0) . opuald (x4 fj)‘)i coluiiad g 3L Dlgn ¢ Lidlydy faily ¢ goore bl
AWV (F) OY ol SE oy O ol e ! Gl Loy by cuasdg o aSE L glpl Gpbogs

https://doi.org/10.22059/ijswr.2026.414132.670136

[OXOLEH

Ol o&isly ol Ll duye 1l

DOI: https://doi.org/10.22059/ijswr.2026.414132.670136



mailto:Jbazr@ut.ac.ir
mailto:Jbazr@ut.ac.ir
mailto:hmohammadi99@ut.ac.ir
mailto:Jbazr@ut.ac.ir
mailto:a.ghameshlou@ut.ac.ir
mailto:shahinrafiee@ut.ac.ir
https://doi.org/10.22059/ijswr.2026.414132.670136
https://doi.org/10.22059/ijswr.2026.414132.670136
https://creativecommons.org/licenses/by-nc/4.0/

YooV .. ‘:w‘.:io M 9 u.;&.o—‘:;'.o} ‘5'.&9;“ M&o :&‘)&oﬁ 9 S (‘:W‘bjf - ‘soJ&)

-

LY R

Sy olyer 4y elasnl g (oolamdl ¢ Jamocionj dlasl )3 (glod jind (sladely &S Cusl b Slybbre oy 5,515 5l (S JluSis
Sl @lio & i g gl il 5ok Sl oy cpl o )18 bicos |y eyl )3 Sl el (25 B y3bs g
St polas el (3 50 ) S o ol B 1y (o050 41536 (gl o Ao sotnssST ot g (55,1 die ol il
sble p w9 b8 15U J o b JLSis (Ahmed et al., 2018) 59 yxio Josd > g 0358 lie ol 4 Wiy
Mehdizadeh et al., 2020; Qutbudin et al., ) x5 o dw b UM plo 5| 6,138,580 a5l 9 x5l lea 5l (eodato
(2019

B ojlula &S 595 0 3Mbl S oole i lgmgol Lulys jl cloyed 4 JSiis (2013) IPCC o)l5 bl 5
9330 &) (ol (2l den )3 JUSiS (S ol 4 398 (SSolg)an ailels )3 dagi LB Jola pas dbml carge Ul gl
slasl Vb slod dlox 5l (onnbo Jale (i 10 ody ol 29 g0 oy dilaie Sy 53 Jloy sl j5a8” ()b 2Ly lgie 4
.(Ullah et al., 2020; So"nmez et al., 2005) cusl S5,L ials g 200

ol o) (mlitlyn JLSES 5395 o ensls ol 3 oy & Fpoms JuSiid oty (ol 45z slel & a5 b
128) ol slarz] JLSis 5 (S Caglo) (ialS) (55,518 ks (b SUls, (ilS) (Sfloyn JlSas
Afshar et al., 2022; Salimi et al., 2021; Kheyruri et al., 2023; Fawen et al., 2023; Zhang et ) (_eses ol8; 4 MTP
WpyS By g 039 ol iso 5l s e oyl slassly L(al., 2023; Wang et al., 2023; Valenzuela-Morales et al., 2023
Hoover et al., 2022; ) us o )3 15U cov 1o 1y oyl ¢ (55y9liS @ladgs (GDP) sl (el slgs ¢ snejpj ol @lio
de Medeiros et al., 2022; Zhou et al., 2023a; Zhou et al., 2023b; Xu et al., 2022; Du & Wang, 2013; Liu &
.(Chen, 2021, Raza et al., 2023

ol jloslizal by o Sl olul  logas oasy ol g 3,5 392y JLukits slad das (sl 2US  Sler a3l gn
drwgy JuSis il glp gdaxie slaa3ls (Svoboda & Fuchs, 2017) 5o o dumsloes el (slapsio i (oS
loodld g o yiwd jd g (swyy dyge (JlSis £oi cddlaio el Lol 4 diunly Cunlie aslls Cbsl (b ol b sslazsl
Gurrapu et al,, ) 5)ly JlSis Gud ponds 9 gdodids (ol )0 (glodiiS pund (i Sloj wlide oyl p 938l .Cusl (63959
walisee Sloj (sla whie ) duwlee Cubils 5 (g pdsbllasi] o)llinl cunle J> 4 SPEITy SPI sla jaslis diwly oyl 5> (2014
P25 o0 5 ) (39)9 e Glgiedr ) )b i SPI (el gy o led 4 (olidlon (JLSis (laadld (3538 5 |l
o P Gl iale)S b Slgioe gyenl 31 g 205 o 2 00 3y sty (39555 9 Led Sl ()l 2 09Mle SPEN o Jbs
cuwlie wasls 4 1) SPEI S54 0wl (Dai, 2011; Trenberth et al., 2014; Vicente-Serrano et al., 2014) 1S S 1,
Saeidipou ) 15 o sli JLusiis Ll 25 )3 ot G 5550 8 (ol ol 03,5 i St 9 St 3l
[(etal., 2019

ey o lgen Ciliste (slapaldl )3 (glawglio Glllas guls ¢ Jlusis Giliseo b sl Jlo ostie ol de3g b
2 Sy 2Ulgr SPI &y s SPEI 123l 55 yuoes i385 yislo,S Loyl s )3 a8 wilooly Lo b yidghy (B p Gl 0090
oddpll Slalae Sy p ( Jlie , (Vicente-Serrano et al., 2015; Salimi et al., 2021) 5 l> JluSiid b (oo, 1]
Liu < pixen (Mahmoudi et al., 2019) coul odis 3 yme JWSiis Lol (sl b g %], casls olgieas SPLlpl )
g o B IS alpuws JolS Sy gly calisee Sloj sla wlide )3 SPI gy By Judoo &5 Wl o)l (2017) et al.
a8l ;5 SPEI 45 sly L (2022) Sharafi & Ghaleni )l )3 655 byl lejed & ygods 55 b jadls plo ol p3Y
Db gyt calus RDI g SPI jLdy 55 o (glapaldl jo a8 Jls pd s o i a8l Olyoss & (gm0 HuiSTly g Siis
Bazrafshan «wy peed 4 .l o 5,155 RDI g SPI awslis )> Tsakiris et al. (2007) lawgs 55 5w &S Sods0

1Standardized Precipitation Index
2Standardized Precipitation-Evapotranspiration Index



(‘:w.é’}’— u-olc) \f’anj‘f b)w QY 8,9 Q,‘,j“ Jl&gui Oldsg Yeof

s SPEI 1 olizsl g 3> JLuSiis 259y p (slodisS s i od o)) (Sits Jlonnr g St slaealdl ) 48 sl L5 (2017)
Candls 5y 3llan sty |y a3l Sy e 5 8l allas 3,50 ailate SSIsledS 5y slo Sy 9 (Sloj oleo  sasl

Silods Fl;qu Oa.aﬂ 9 O ot IJ‘A.:\S_L')A JUESHP SV B du”d?"ﬂ 51 oolazul bl.\a.c Q‘)—.’.l I uJLM Lg)y Ollllas
oy ol iy cpl zols Wyl e8] Sloj (sbagyw Judod 3 (glodinS 55 8 deodly Sy mjs @ b pae o 4 &S
Tabari et al., ) Kgd oo HS1 gyt (gybline 5 zgg b b SKis lasig) dajasls Sloj wlie Lilsbl b a5 ol
Sble o1y S opl 50 w8l sla jimgss (2012; Kousari et al., 2014; Zarch et al., 2015; Dashtpagerdi et al., 2015
bl )3 35 olaimgh «gladhio paw > (LoOtfirad et al., 2022; Torabinezhad et al., 2023) wlo>,S ab ]! Caliseo
g b £00,S Sl ol b s jo 1) JlSlid cuds (V- F) o) Ken g 03135 )5 il oy plsl 4 ol ol 5 bt
Gl (VFF) ,an 5 osnly 9wl poul lie oS! i > SPIL 1) Jlsas aYlas] aoie (VF4Y) Ve
oo syt Sl b 55,8 alllas 39y o (SIS Gy 2 (iten 355055 b ol 3y o5z 50 |y et SiSom Lo
LS'°~\*:3L;“’))-.’NS 9 Sais LSL"”OL:**" P oied walizee Jloj sl wlide jd Lm"j Cewly duslio g SPEI 9 SPI sl s s sug) ,ls,
el (65385 Jelow il lizmen (liuargly 9 (s A3Le

g Llodly Lidgr Iy YoV L Yo A ola Jlo d9d> b 3gamme (g lal (clmoygd puiin (sla g 5l g BB Lisu e
48,5 41,8 an g3 Dyg0 yiaS cuwl 0392 0lpad lgn (glod Al o (]38l L aS” clamd p3 ohsds il sla Jlo » JSis Kgy Jdoo
W20 &) JLSis (3 Glss g (G658 Candg | (655580 panal Kilgi oo VeVT Jlo B b Julow Slwyseyas cycl 5l

il 25 )5 s slaaly (opme 53 Sy oll Bolie 0SS S (S clsis lieash 5 M ol
ol atild Sl e Cucial g dbaidl ((g5)5liS p a2 BB iyl caglaie (pl 50 b JLSis @ud 9 Slolyd il .l 03l
ol Ol @lie Il o pde g siyaeby (glp JSis Sloj— S slagSl 5bs calis o)yl 5| .(Omidvar et al., 2024)
b Glash g Gl (bl > (olidlgr JLsSis (la Sty Jdoo Bua b pol Ghagh (elel e sl (6598 Gl
9 89y (ylol (olayges] S8 @ IS Ol yuis gy wyp b olyors SPEI § SPI (gl jas s jl esliwl b Y- V¥ VA% o)
o8l Ll o gl (6ylidy STy b ol Sen Gl s i b dilie Sloj (slapelie 3 apadls cpl (Situsen Julos
Gl 0 plool ddlaio

L igy g osls

axllao 390 atlaio

pal8l cls (LS galie Vo0 Joleo) )] Colue 5 o yd SF/V dgis a8 (S a ol odd gl len Suid ajeS )5 oyl
powcSy jl geS olpl o AVl Su)b wSke (Mirzavand & Bagheri, 2020; Talebi, 2023) cosl Siddos L Sis
.(Bahrami & Mahmoudi, 2020; Saemian et al., 2022) >,ls 3166 mje G 9 loj Jlas il 5 0090 s 1wSke
O 9 355 a0 3203 |y 3 yiaghS VAVYE ga 3 il 45 sl () slaylinl o iagling J (S gl 5 Sl il
BOA® B g Jod (o,e TYTYV LYY Sldlpe claoye o bl opl 0gd o Jolis 1) 198 cnlue JS 5l duojd VY )
b oyls J ol slaglinl 0301305 0yej )3 Canen a5 I gl ol 45T 3529 b el 0ad @ly By Job 577 VY
5 2l S Ol cage & ey We (sladly b g o o JuSiis g5yl grag) (easte amocan; il
Ol bl bl ol g 535 o sl Gl (Sl g (b Ll 3 g (k295 JB e Gl g oo aee (StS 05
Olasuie J(Siasar et al., 2025) (V ) 2,5 oo )8 Sble g i slaliwl oy0) 13 joutS auldl gubdils > liwssl g
ool 005 B Y Jgdn )3 adllae 3 )50 S g oK) i LSl 3

1Mann-Kendall
2Pettitt



Vool v owlbido (Sunod 9 K0 Floj BN dunlio 1], K02 9 (show (i3 — (sole)

SSYOW'E SYOV'E GOWO'E  GIO'E QYWYE @WYE  MW'E

Legend

Q\mm-

I Mavince . 8
DEM

Valge : 3
 High : 390938 ‘x@

ITVOCN NN 2NN NPT RN et avanes

90NN NN TN ZENONN 20NN NPT SIS 12NN SYeets

Mwe*™SN  meerN

-
Low:0  Chabahar e e 20

e

ﬂ'("“"l ."'(”0"’ Wro"E nl‘ﬂ'o"l n:-n'n"r_ o\!‘o'\)"[ {,l‘("\)"l

(BaiS (bl 1 aie) axlllan 390 (SolUn! g alhie (o1l i by ) JSuo

axdlbo 45 03lw] 390 Sy g (508K Oiladuin .Y Jgaa
(m) g, () oy ()b Rl oyl s,

FAA/Y - ¥1/-a #\/IoF FAAYR B )
WY/e Ya/fv Fela £ ADF ol ¥
VEYY/e e YAIYY VA FAAV- IS ¥
VAAY/ -+ \ZAR! FYIvY £+AVA gl oo ¥
VEFY/0- YEIV- £2/\0 FLAVA iyl 0

A YO/YAN 5150 FAAIN Jeols 5

osls (g 5Lwoslel

il oo St giam o] i 4 bgyyo Bl Slelos g 3L cae puo ¢ s Cogboy yiSlas 9 J8lis (clod ¢ y3,b 4iljg, (slmodls
(el Jide 4 deg b ol (ol 3)5 8Ly )9S cwlidlon (lojlo JIV-YF B VAL 09 (b (liwrgly 5 Gl
oduieS (glaodld Tl ¢ Sloj (sbd gy CutsS g (Siwam jl liseb] jolaieds .iuds CLesl oy cod JolS adilus 5 03l ylinebol il
CoheS S e 00 (3Ll oS 2lygyd gy 3l ookl b g (lelid ead e ol 1) Wmodly S a0 )3 0 I a8 oS
@bl (3 .cd )3 sl claodly Lol gy MAD Ll ¥/0 alil 5 (MAD) aile sllas Gliol g, 5l ool b laosls
(SNHT) " iSon Jloyp 3yl gofl 51 odlizal b ubislyn ool Jl S o alable oy oy (Ko
S Jb o wdg (Red bolKiw] der 0 oled sbagyw b i) Moy A0 lueb] xaw 4> (Alexandersson, 1986)
W93 ieio sy sSanls (50 5 (sl (KB @) sl 4y A 03l aeds (Renl By g g (e Sl (Slas o
[(Bickici Arikan & Kahya, 2019) .i «8,5 )5 & Sed jlgomed sbolSiuw! ;1 odlawwl L (Double Mass Curve)  seos
D545 03 el (Kek Kab g B45 wyp SNHT s0j] b Ioasme oaszMol o) ccloie p ¢ oMol ctlys Jlos! 5 s
8,5 51,5 o3lisl 3y90 SPEN 5 SPI JluSis (ola jadls dulce (gl oadosle] oy (olis s ccules

Wl osb plool (V0,0 a5unsd) (5oL mngideliy 5l odlatnl b Limgs cpl )3 bodls Julow g (g5loodlel ol  soles

1Linear Interpolation
2outliers
3Standard Normal Homogeneity Test



(‘:w.é’}’— u-olc) \f’anj‘f b)w QY 8,9 Q,‘,j“ Jl&gui Oldsg Yeof

Cay 03]
Gz galio 4l o903l ol sl Sloj Sy 3 i Al lolid el s ymlUb g, (Pettitt, 1979) oty (g0l
sl o iy y25 5 S0 4y lbgranl Sloj (slaigpms Gy duglio Cul 005 U ¢ Jloj (Slbgreali b g dluogy (g
Upr = Niza ZJT':t+1 sign(x; — x;) 1<t<T () dal,
b plp cate polie (glp oS codle pb sign (i<j) 9 Clanlie JS dlaxs T b los p3 jai dyg0 pito Hlahe Xp o], o
] o Conday i abaily 5l Ky o 90l (2l o)lel Canl (ol yho b ply 55 sh0 Hlade (glp 9=V b plp ke polie (cly o)
Ky = max(|Uer|) (Vv
oS Gl e 51 (Kp) o5l oylel 51595 o aruslmo (V) abasly 51 Syl s ol ()l sime 0,10 glisd (41,
D9 o dBpdy (G 53 )3 dne Cend dla D92 pie (155 bl
Xy = [— ln(a)*6(n3+n2)]0.5 (¥ dka,
Gl g0l Slyzu jlade Xpg 9 (o) bxe pdaw @ odld dlass N o > &S
JINS= g0 o903
Starandsd S99 oS bl 108 )15 )0 3590 sl Jgl i po (Sturamdgs: Il ¢ gloj (slags pu Slyds g (215 pslatoss
5 oline (Stuuendss 2929 G > 9 JS= e (g0l )3 (8g) paeli ) OO cute) Jgl g5 sllas 4 ke Wlgi e
A pe (Stmendsd Sl e igy ol ) 3,5 eslazwl Von Storch (1999) Luwg sid &1yl 5,509, (wlol 17 53,8 dbus i (g,
Sgdie Jlosl Ve a6y 59y JMS—(0 (gl s 9 005 Bl (ol gy 51 Ve = Xy = 11X ]y ) oolizal b gl
Gl diliste Sladllas )3 (905l cpl 3,8 03,8 Jleel lyuss gy (el lp JIuS= e 6yl ) LU 905l @Ml opl 5l ue
o § M5 (Byre (VAFD) e by ybg,y opl 4yl sl (Guhathakurta et al., 2010) col 4l 5 xS Ky, Gausuls
2 dnwgi g eSS 1y o] (YAVA) s
S yiahl g oad duwbro laoalie slagy) plos Gl NS Lol 2395 0 plxl s & 5 Jolpe (03l cnl sl sl
Gk 318 ojlel by @gde Jlasl M g9y 2 (8) abuly Billas ceode @b g s L0 Cundes (F) abasly Bollas
D9 se oy (V) dlatly 51 oolinul b Z o)l Lules .33,5 so dssloxe (5) aba),

S= Zk—IZ}I:kJrI(Xj‘Xk) (F b,
15X > Xy
Sgn(X;) =410 X=Xy (0
-l X <Xy
Var(s) = @(@m-1)@n+5)- 21%1 ti (t; - 1)(2t; +5)) (5 il
(,/Var(S ‘
7 = { ; 5=0 (v dlal,
S+1
L/Var(S) ;<0

g & X 9Xj g pll 0g)S )3 (61,5 slmodls sl By ¢S5 (slaodly (slmog S slax M claalie JS Sl )] (5 &S
S 2950 &ply Syge 0 o o) dbedld (g 2lg) Cap ALl g3 Ggeil S ) s Gloj gy plhg plf (laosls
A8l 58 o alad
1ZI<Z (A L,
Egmo B9y LS Z o)lol o Hlade .ol /2 pdaws y3 3,85kl Jloy @95 lpmu ke Zg g 6l gxe gdaw o )] (> oS
ol o35 9 Lt o i ke

1Change Point
2Pre-Whitening
3Mann
4Kendall



YooV .. ‘:w‘.:io M 9 u.;&.o—‘:;'.o} dl@gi“ M&o :&‘)&oﬁ 9 S (u.w.bg)a - ‘soJ.C)

O s 53 59 5
Syl Caliseo dlazel zglaw )3 ool Caunddy cud (615 gxe 3590 55 glad ¢ Sloj gy sy Bl b o dmolxe p g, o
D9 oo odliiwl 55 dlasly | clodalie oold i 2y s dnole (gl sl
Q= _X;-Xs (A b,
-

Q) abaly Jloel bl 5 ooy 5l am loj anly Gt g5 gt slaglej o (closnlive claodls sy & Xg 9 Xy o) ) &
G Sloj (g ol Sl dpule 5l aS S oo Jols odddule b 5l Sl S glodalin oaly can 93 sly
Ll Loy O Lf‘?)" 2 Jl.) L)T B0 )lJ.B.A 9 N9y (O ($dgme )] L;ﬂ.'> Qmed <o )LLSA Juiuo Canddy (Qmed) L) Ls

O3 ) (Nt
oolde a8 Cuwl oolatwl LB Jloj ybgy oyl b &l ) yuaie 90l Jad  Siuwod duslre J&")é\o?“)f:’.. ANy Jl o

Al o cundts (Vo) abasly 5 o g (Stimsed oy bl s b (lalols dmodly (¢ 501l
nYxex;yey XY~ Lxex X) Tyey ¥) — Cov(X)Y) (\. 3&:4‘)

y —
J[nzxexxZ—(zxexx)Z][nzyeyyZ—(zyeyy)z] 7xoY

ol Vg X oolad (gla o 5 ikl Gl ool oy g 0y tcwl Vg X bolad gla i il )lsS Cov(X,Y) )] 3 &S

Tx

Iy paxio 90 (Swmod GAd ¢yl Hlade g Can  (Siwwed s Codle plply WS o s +) U =) ol )0 Sisod oo
& bl &X V) aloi polde > gloj slasymw oy a5 0,5 &l McKee et al. (1993) Luwg )b ols) (asls o)
ol Jeinlen zobaw 1> (SH)b Jlade ya 4 bgsge SPI Solas piie g osd o3l b3l (WU et al., 2007) LS (¢l
SPI-6 SPI1-3 SPI-1 i e gloj o8 )la (gl SPI jasli (uols i 10 005 o zlymcl Jloy oo &Y lais]
3 SPl jasls (olp JlSis cnd g olib bl do bgs ololis wlilen cla Jlsis b cul ous 59l SPI-12 4

ol 0kel ¥ Jgd>

(SPEI) 3 ylaibiaw! Jauuniliy (5525 paini— 40yl (s Ll
3 (SPEI) 31l Jouily 3,55 5= sl (omelil JLSits (sl o gonlil Sllugs olojon o jglaio & adlio (ol 53
L5 8 yme Vicente-Serrano et al. (2011) lwg \b cpiwss lp (adls cpl 00,5 dusle anlo VY 55 ) Sloj (sboo s
wilale (glaodls 4 duloxe (sl g Col porldl O (gaiof] 5 dmslos 1 itoo (a3l (] 3,5 (e oonldl (a3l S lgisws
il 00 iy 5 Oyg0s ol Ol (gainj] 5 Alalao 3,15 55 iy 5y e g (S50
D;= P;-PET; (V) dba,
Df = YiZg Paoy — PET,_ (VY dy,
D olie dslos 1 ey ol S5 3y90 olo 0ylad i g byl GMS] D (il 3,555 PET ((Swi)b P ool 3 a8
D gy Jlgie polio gaeze Il (pslaio pl (gl dgus oo oolaiuw] SPEI duwlore (sly (SPI) o jlisbiwl i)L (s ls ailen  8la,
Ll OBl X gy 2 el e Sywad=Sg) Jlais] g5 So i als o )3 g dplons (X () cilien Sloj sl oy 5
(Vicente-Serrano et al., 2011) 53 5 .o gl 5wl 3 kil Jloy a595 & Shitwd=Sg) 595 Joinlor 145 L SPEI jluds 4
aS Jygo y> 3,15 3939 SPEI (el d9ame byl 51 <Sopm 5l odlal )3 a8 515 3439 PET dulre (¢ly liste Lailg,
2 0dld Cudgdme 390 4y dxgi b g oo odliwl | §yal yuond dwlre (gl Colgiyel gy bl L piwd )0 lab (glod (glaodly laas
G5V B3 Ayl ) &) s 4 sl s ool (Allen et al., 1998) g5 caslem yoiy ooy 5 PET 3550 el Limog o
Cawl 0 &)Y Jgas 3 SPEI jaslis usby (sla S .5, (Thornthwaite, 1948)

1Pearson
2Climatic Water Balance



(‘:w.é’}’— u-olc) \f’anj‘f b)w QY 8,9 Q,‘,j“ Jl&gui Oldsg YeoA

SPISPEI Lasli (wlwl p JUuSid (gaiaih ¥ Jgua

SPI/SPEI u""l‘"’ QJW ‘.5'""'45*"
YSPI/SPEI > 3 sy oy
V/Aa< SPI/SPEI <V/o wis Joy
\/$a< SP/SPEI <\ bsie Jlug
+/aa< SPI/SPEI <-./aa Joy & Kosp
~V/fA< SPI/SPEI < -\ lgie JLsid
-V/2a< SPI/SPEI < -V/b wad Jlasis
—YSPI/SPEI < 5 s JLSiS

B e 9 o3 )t Floj S g yU3; oo
5 oslatal b ¥YF LA (g)lol 0,90 (b lag g b liwl ) dlale 5yl gaeme 5 dilale (slod (uSile By, o)y
Gl ool Jloges (Y JSi8) 423 o il it ] oulil (5l S J) (555 (9 S (solitlsn olStugl 5 (sloodly
olel 090 SLL (sla Jlo 5 Loy polie a5 (g ygbo 4 ©jlur s 5] 43S amd dw (b (5 1) dilale slod (pSilo dtwgn ¢ 0,0
Jlo p)5 slaolo 1 o s a8 ¢ il 8l By oyl )l 51,8 (YAAF=3AQ4) 093 gl 5 YL a9 B yobo 4 (VY -=Y- YY)
llwg Cul Gliwl cpl o Gaends (glod [iul38l sniad lis g 00y guen Lisle S Sles g (gladlaie OIS Ll bles s
S o b esily 1 1) 56ke (slod Liul3al (IS K4, Lol 039y b b limen 15 Lad oled

Sl T 59y M5 3,138 oo kel 411y Sloging 5 ory 555 0390 (e 53 lale )L ggeome @i« Jlio
JBs 5 i s> sbodlg, yibicos buas o coul Gletily jasein Jop b (9gmo gy Sy 886 oliwl ) 55 3k dod
OiSe b e asly ke 31 VL (gla il (s )lel 0)9 lgl )3 05 4 oSl g laole (S0 45T Jb 53 00 )15 iy
aasude ol L9y 329 pae g LS (SASTy cpl sl ol (G s & S35 5 05 sl D)k plie b (sl 090 51 S5
Gy ) 92 U slodligy g (6)US slagbyb 4 ol s (Sianly o ol linesh 5 Gl dilate SiSdas 5 St o]
Cul )55l Omidvar et al. (2024) s b cond oyl zols 53k oo

w25y e B3 YooV BNRAA ol (b bl (ool 5T )3 5u55ke (slos 4 3l lis (F Jgis) Cus (ye5] b
Bahrami et al. 4 Golian et al. (2015) Keshavarz (2025) Siasar et al. (2025) (sla y5);5 L oS cpl g osds I xe
&S Conl (gladlaie wlie o 1518 o8l IS SO QUL daolKin] 581 )3 lojen canslls bl oyl go8g .ol )55l (2019)
PSR g rpad 3 Sa Vo) B 00 o i pe oLt lastingy bl wldeS)p el a8 5 ) Sl
(Golian et al., 2015; Barlow et al., 2002; Barahooie et al., 2025) cul 0d¢; )l pl go,b > JlSis slao,gd

S5 50)S agSl s 4 a8 (La Nifia) gudl 5w 1 uus g abloghis alis ) (] 1) as)le o8l 135 opl Lol Jolge
dayly S byl 4 e &S gladlaie 5L seeSl o s (o (Golian et al., 2015; Barlow et al., 2002) soll adlaio
(z 5 (Barlow et al., 2002; Deldarzehi et al., 2024) 1 Ll e Cgin g din woildl 555 1> (o)L oo (598 woSae
Barlow et ) suelol aihaio so, p liale Juidy oyl 4 45 liasye JLidy a5l olidecS) o5 sabols 3 olbals
ol Sllogs g 039 5 sme puuss abads 28 —VAAA Jlo p> blj oS! s )b Jlis s (al., 2002; Karimi et al., 2019
dalaie gla yo)l ) asuie (g B ke Loy 355 5)Lyd (VFev) hKen 5 (629)0 (slaadl b &S cadg0 9yl anb Conle yuiy
gl g i ogildl B8 Joas (i Bamd L (V¥ Jlo) Jleely 53 Consis dlas a3 £989 ol p ogMe )5 Slgeen
1a weildl g olos sbyd Gl YU Syl pr 505 Oyle a4 sl 31 gblie 4y cans ale (slg el 18, ool
L Sl Glale)S Slag a5 Wload cage 03 (gom I liali b )3 ((yguige) (sowge sladl (S8 s DIl g g S ]
Sl L ik g Loy, 3 Sl slacglis ol (IYAS (), Kan ¢ yiolyg) 395 bles Llolo adhaio o)y (syin pbb
Slsis ol a5 wiles S7 4,158 5.5 Lotfinasab Asal et al. (2018), Siasar et al. (2025) .cwl )5l 1 JusSis S
WS (o0 425 1) 6y 9 Al (Bl byl Jled Gaolunl 5 conl G Jlod (LS S bl plpl Brdeg



Yool .. ‘:wlﬁj.o M 9 u';‘s“’_u';"’} dbsi" M&o !a‘)&o& 9 S (u‘"‘@sf - ‘soJ.G)

Ol gl 9 Gl sl (gl 1) (65550l g2yl D)l 105 Sllug g lod (lojen (I3l im gy 95 (| oS

2 ogh JuSis ud g ggdy Jlinl (Rl g Ol 2908 LAl (505 3Bl 4 e Wlgi e Lo (I3 S e a5

dilcee 5)lghd 1y (et o pte g o glke (55)sltS (slasise 13 (320005 (o)L ol g Bliee 53 sl pie oS >

lagadls jetme b5l 5 )l cng slabyy dag (ol Cliis b ()55l slaylSaly 4 0hg 4o g5 gy il ()l
Siloge dtazp ol cpl gl 1y Jlusiis

| | | - Ll , u' \l ‘
i) i Ad N iy A ! I A ¢
RO 157 N W = i R i e

b 1)

1902 1996 2000 2004 2008 2012 2015 2020 2024

(Buios gaaidly cma) YoYF U122« 0,90 (b b gy g oyl Ll dilalo (4i,b g dilale (1SSl slod (Floj wig, Y JSUS

PPET ko .55 1y jlade o yiaS liae) 10 5 o picdir bl Juad )0 olSiuw] don 0 PET polis (¥ SG5) aed o oyl
D) olKiw] oy 3 1) oy (pyieS g Cunl it il > F/AA mmM/day sgus b liwsj 4o Y/FY mm/day 5l jlls oS
GSlysl yolde 5 039 £/VY Mm/day b a/3F mm/day o il 13 PET Sk ¢ ylgl o g (515 ¢ lial « gl ) (gloolSia] )

Ol 1Sl 9 FIAY MM/AAY e 1Ske Cunl 03y €l Jomad olod o |y PET Jlide cpyiin Jlj ol
s dald (o e o] cpl S o 3ol VY MM/daY 550 (S 3 o] (Juad (cladinia g 034 A/SO mm/day
e yhei] ol oSl jd lodly my5e5 6yiwS a8 aad o s S Hla oy D)5 1) (o) 0 o deo O U F/Y dg0s) Jlxe CBlyscl g
b odalie 5o peetilil 9 B 53 )5 Jgad )3 0fga o LB 352y .l L I a8 g sleoly 5l iy plglye g (21 ¢ laal

Gl 55 pu5us Ailyd S ) ddlaie (Seoludgey Jolse dws p i by oK olod > sddosnliv Jad ¢4l
O Ay MBS 5 00 PET s (ilisl el 2,5 sla Juad > ud Cugby Sials 5 5y Jobo cgiudyon il dod )8l
Slglan YL cuob, o Jolu ouldl byl s | [N el > Olyuss deld 5 polie D9 oS Cunl 03,8 dbul 1y lius 5 oyliwsls
Sl B baolSiun] 4y Cond (g O3 g 0§ yx5 e L ili8l wile bal il pl il gy fles (gl 0aiS oass
ol cdlys s 4w I8 Sis g Siddos bl 0 &S ol 9 ol laaly cpaiil ) oS! « Jlis ;5 .08 o
s &S A o Gl gl pl e o Ui (g i by aiely 5 55,5 PET olde 5WL (slod ¢ 5wl Cogboy ¢y
Dy 3959 5% s Lol wud ey BB S ga bl S 950

Jole wis oS5 30 SSlo o ol s Zawg aiold 9 YU jlay 0lie funl jloie bolSiuw] plu jl zsly jebay ful; ol
9 o3l> w])ﬁl ]) Lo; 9 P> JLLJ‘ Ce pw &S ol 0}9)\Y' dl.b.)‘u L)*’)9 o))9d,\ 9 cud 939 LSLOJ AMs c]}b VAW ngwu> 4\.l.o.> )l
i bl goBy oaimd )Ll )5 Jouad )3 pogada dusie Gy blE d92g 9800 Jlo slajg) 5l sl 1 PET (e cge
duglie ol g ogMe IS (oo J1 55355 e 2 plline jobods & Canl 3h (hjg 0t slaoygd b )5 Hhur slajg, Sile
g Sutddos (cloolKim] oo 4 (Fogh po maldl L) Hlools Jolo o] 5l 8o b a5 35l o )51 55 o] o S ls
O] 380 Lodly (gl s diold cyliwl Jlauds 3 Jil5 S 548 oSim] & Coles 3 5 (gl 5 OB (ol el pl) (Bl Sis
Ay ! e 3blio (o |, o &l 005 SSE Cy pe e aSL sl coulBl gles [} S0by s ataly yil38l cpl .l o
Gl ol ity Cupmlas 5 lalS 3V o 5l eaimalis petill 5l albsioe 5 5 o ofaga PET (oW ppolio |5 048 oo



(‘:w.é’}’— u-olc) \f’anj‘f b)w QY 8,9 %,‘,j“ Jl&gui Oldsd Yol

Gl (Siid (i5 &

N Zabw

N anshahy

! | Khasr

; ,_
f 9 s fi "
P i g 2
' ey | 8
feae BRE BEEE Rl
(i3 2 i ' ]

Antar Spang ummne Autumn
Sensons

Lad L 5 dibw sai2d s bawrg s ((IQR) (5l cym wiold sk L dxsr) diljgy PET haad duany o CoMy— STl 13905 .Y S
1) VAR =Y o TF 5,93 b yliam gy g (5 Uinnapuns Ll (U0 0Run] 55 (S5 lo ot 4i0ld jal 2 /D B) oy pud 5UBOBIS  yian Dk Dy LS
Bl slaaidly

(P) Js ol (Tmean) orlbo glod ai¥lw (Jloj b gpw 30 puti LG o lwlid gy oy OS‘}‘ =Y Joas

K( C)Tmean - - P (mm) — KT
yY. o Yoo VAY*® YaaA H
YYA® Yoo ¥ Va3A Shal;
Vyye VaaA e Va3A el )
VIA® Yoo VYA YaaA S
YeA® Yoo mq. Y34 Ol s
vos* YoV my\$ Y4 Jleels

S ine pae M g o /o0 o )3 (o)l me ¥ o/ o) o )3 (6l me *F S dats BP wuny o)lal :K

rliailgh Sl JUusis vl
AVlo oy sl wlido > a5 BB 5L Gllug b dilaie 45" dad o oyl 4ale)Y wlide ;0 SPI [adls Sloj (sl gy (wyy
WVl ol Jols g a5 j2 ol Uses ploa (219 5l ol 9 lpl 2 ol @lie Copte sl 4 g5 bl 039 d2lge dlotia
SlSis slroygd a8 amd o oyl saddodnlin (ol gSl .cusl ouds 3 yato (wlie ped (£5) p Judod GEagh cpl 53 Cunl gl
logas Lol loass yalls Vb cuds b 2l st yo ¢ Jlo g slooyd g amd o JuSis 1) ddlaie ol jld, Ll iz 8108 enily
g Suid puldl o)yl Cooli g o8l olide 0 ek (g)lul EalS s lis oK pl ledgs LU 5 alade «ieolisS
(¥ JS5) conl i3] slaans o adlaio Siiddos

(o3 LY S5 53 sleely 9 (BB (bl ool sl guls) bolins] &S )3 (pw cand (g L oddaslone (slasy,
£995 9 SPI 2o ydlde U o (glaoyed Jlolyd cuwl aidly iol58l Voo v and jl o by JLuSlis polas g conds a5 aad o ()l
G g Sde ¢ Jlglyd Jas il $5e 5L sladilebs camss I Sl cddlllas 09 jl a9 BB isu ;5 (SPI<-2) s slaslas,
Jilgl 9 VA% amd Blgl 55 ol s S goBg a8 ol HE Lo 55 i oyge5] 53 ord plolid (o)l Lo @l i b ¢S ol ol
loyed il oS byl mass 51 Lol eilonds oambivo ayas Iy (cladlisy Yo Ve 51 s (sloy Lo 55 a5 51038 o all, Yo v v amo
Sisd slanaddl 3 ol ol )65 iy il llis &S eguige S B 1) SiiS Wy, Sldiuslys g odg cdesi JluSis
.l e Firoozi et al. (2020)  Mahmoudi et al. (2020) Omidvar et al. (2024) zols b asdl oyl .cowl

dilaie )5 JluSid Gl (6,538 pgad AS o Blod 55 1) 505 p5us g bed Olyass o 5)b y 09Me S SPEI-12 a3l
Sl bl Cugboy B s o lis g atily SPI & Cowd (655 )5 aald oysd 3l (g5l > SPEI e joolie o o 1))



AKD | I wl‘»‘io M 9 UJ‘S«O—UJLO} dlk,ﬂ' Mu”&o Z&‘)m 9 oo (u"’*‘bs)" - ‘solﬁ)

SPEI > o JLSis pglis 5 ud cday 4 13+ dad Slol 51l atsly 130 gla JluSis Luls (3 (glodisS o i« yisle S
cradlye L35 5 Sb solss blE 3 5 Pl paas o 5 deolSia] sl > SPEI Lie (clasiy, ol asbly i3l
13 SPEI (6, 5k caidly dauas 5,k &8 ol Jlos 53 3 oo &) dilate cosodily (gln Jlusitd Mals 53 5ym5 poesd 5 Lo b Lo o
Vicente-Serrano gl b 45" e gdge (sl (i)l bawgi 55 poed Olyil s le aiddgaone snmd lis Wlgs o (i jiolie
023l SPI & s dlod adlye 3 SBlxd s 4 SPEI Wlos S ST &S el 5L Salimi et al. (2021) s etal. (2015)
ol JluSid ad Dbyl glp 538

SIS (g it 3505 SPI 3 a5 (YA 5 ey 03094s) yedl oy ccloolis ) a5 wiS o ST (yizman SPE 5 SPI auuylio
Cogo ddbaie sl )S Lol ciload gy Bge in]38l o dx )T GdeolisS g i (gba o)l 1y s Aty ieS SPEIL )
3 Uil s sl )3 (> Sl walf] o 8300 (LS ggdgn (] ol 00d i 3lin & SPEI asls g pw il
3 5138 )l gk 5 cod

adlze a5 cusl o1 5 LSl nled 5 5l S 5 ienle dilate (slo JluSiis &S canl o LSl SPEN gl (IS jsboay
Al andh e JB i (Sid blpd a5 53 5k Shleg IS 0 wles e gy LS RalEl g ialeS L Ly
sl SPEN 5 sl (65900 ol o Coppe g JuSitd (ialy )35 Gl gl SPED o SPIJ lojom o0lazsl el sy
Nouri & Homaei (2022) gl b cusl yr ol oo @l (K g )5 clapaldl )3 5ym5 ks 5 S Lyl 51 sl Sadly
e lpl S e e 31 Gipsei= il 1 (e Slo Sl oyl B 35S0g) IS g o )0 lssean 3

Llod )f

Zabol - SPEI 12ementh Tume Seres with Sen's Trend Zabol « 88 12:month Time Sertes with Sen's Trend

SPE! Viue
& Value

2P Valoe

SPE) Valun

1w “0q o e ) e ne xn bl x4 he 5} e Xea b aes ng nwe o prend
Time Nime
Chatahar - SPEI 12-month Time Senes with Sen's Trend { Chabaar - 521 17-manth Time Secies with Sea's Trond

€ 3!
2 3
p . I
= B -
w i
[ b
[ i

o 0 e e e tol) ny 2gs wed 1%%) A0 0 N6 0 aw X
Tyma Time

((3aiosd sWaidly tae) (VAR =Y+ YF (5, bl 2,90) jkals o (WS (bilj sWolKiuu] 45 SPEI-I2  SPI-12 s i Jloj o punts F S5
FLSuis Kig, Julos
Glo (clp 59,5 Mbw i gy Jleel L) aalo)Y 95 & ) Sloj wlhie Jlas )3 SPEL 4 SPI cla yasls sg, oy905] gubs Juloo
L.,).m o) ylel oyl sime Lol el il anllland ygo (ol 5> JUuSiis g, LI (6631 4 a0 Lt ( Sumadrdgs
o (¥ Joie) Cusl (SPI anls jis wlio 1) Hleols dile 39z (63,150 13 o (edily sla jwlido 10) Jl; oK) & juais
356 51 (St SPEL j3 e oy cd din b ki jbline pué [RERERW slasg, daolSiw! plo p> 4 sad o Ui Z ool
WS o s 1y Sl Giole S 4 ddlaie Cuwlus adly pl .cwl bod



(onidg sy — sode) YF+D 35 oF 0o DY 5,93 iyl ol S g of eiliaiizs Y+ )Y
Ry F IO NS) 392 ¢l 52 9

ol»lj oKl 45 Jbs jd ol jboline Jo3 59, 515 SPEI g SPI (23l 95 yo y> Jlj oK) canle)Y wlide )
olize e glol JLas 5l anle)Y ol y g, oyl Lol it SPEI a3l )3 dte cyw cud (slyls an )31 paiil ol g olglypm 315
ooty St st il 5 5] o g bl S5 b M 3 JLSS G 45 amd e ol (61, i gl
SPEI a3l )5 baes Jop Ngy il o olglpms o 51 o lanly (slaolSiws] j3 ¢ Jolie o .l 4Bl zals” jlub o g kLo
i 4 e ekl wlie p 1 ol Lol ecuwl JUSits 505 5 5y e g Lo Liulil Qe 131 o Lis &S Cowl dgpaiie
s dibato (ola JUSiid LaES (D 5y wsd g Lod iul3dl (i a8 amd e LS laadl ol b Hbline (g )lol yas I 48 oduw
o3 By Gl wlie ;5 55 (SPEI) b e (o8ld cuns olime )b Loy a5 SlolKiws] 3 oo |yj canl S5y
gy @glas a5 wlosls )lis b <l 15510 Nouri & Homaei (2022) zuls b sl oyl .and so oLis |y (jholiane e s> y2)
Cool PET &l jl acwls , SPEI 4SPI

LoolSiu] (soled )> Wby w51 ¢)3,8" dudoo iy Gy Jlosl | g 45 20300 (L5 (AaleY 9 V) CdaoliS slagpolido (o)
3 Sl ity ©oooligS (sl JLuSiis o5 08 o 48T g0 ol (¥ Jgie) Lt 1) 5 Slogi 5 0352 (5)lel (5l sime 150
36 w5 plosl g yidin €8 bl (o)lel gl Julo (Gloj gy sloodls 1> (Stumandgd 2929 > 4 5 S5k Bge Sllugs
odalie jblize bio Loy b5 oSius! > g SPEI [adli o lasd i 4 dale i wlide 5l g (635 gl> Cowpdb (ol yunnd
L) 5,3l ol psbicos baes 9 4, ygdle bl dilais Cpl )0 Gleybe sl JluSiis oS dad o lid oSyl g 0
0l 39808 By b iz (505 5

2 bl wcwl jblize cute L9y glyls SPI dnlo i wlie )0 wyly (gyda Cugby 9 dine muldl &5 Hlgls oK)
Lol canily (o381 %59) Jlaole 5> () o )ST s o i oy cpl (bline e 9 (J95) Cons Joline 359) cul SPEI jaslis
2988 Brdoga > b JLSis Lats 3 (leS (gygme QB p & (Eedge 1S (5 1) ()L Cute IS anadly s (138
cuwl Kinlen Lotfinasab Asal et al. (2018), Siasar et al. (2025) alo> ;I i sl i)l 5 L olad mje ol )l Vs
ilosly s ddlaie cpl 5 Jled (2lg o 1) guad gl JsSis o

ol llanys8 5 i LnolSianl o 5 SPEL sl 55 (o cd oF sz (bl 2 55 on 2 1y 50 ) 35 (o
Gl (=+/++¥0) SPI-12 oy dus 395 (=+/+« YY) SPEI-12 yo s ol oS! j3 cigos (slys ol 55,5 SPI 5l 2gud54
—+[+++ V) SPEIF12 (yo e c)lopls j3 bl go —/o ) g—+/e ¥ 5l& g —e/ee eV g—+/e o) iy &y polde oyl olaalj yo
ssb 4 SPED 5 o ced 3llae)a5 canlolV ey V51 Sloj (obie [l 33l Ll (Jobo oil8l 3 (8 W59y eiad LS 5 52l
5 ol il Jlo 5 5l Lol atwal e b adllas 090 b JluSiis oud oS 1S Wb Cardg opl b o Lilj8l polis
A o I 5ol o6 el gla yolde 13 SPEI [aslis )3 o394 gy oy

A=Y +Y¥ 5,95 b SPEI g SPI s yad Ll (gl oo i 9 JINS =0 (39051 gl .F Jgus

SPEI-12  SPEI-6  SPEI-3  SPEI-1 SPI-12 SPI-6 SPI-3 SPI-1 yalyb o Kianns!
SYAEC SFDAET AT SvNaT YRR VSN s —. v z .
By DO Ry 108 Y JOV Y R 7 S O . . Sen S
SV SVSYYR SYVTAT F/SOET e FVAT YOV VDS VS z

S Y P e R T A0 2N Pt S PP . X Sen el
Y v Y N A AR VALY B TS AL LU z -
ey e A e NS —efeNd —efee) . R . Sen o
ANV VER OV EEE Y ARy o[y A S z

v TR Y T Y . . . . Sen ol
LN 2. VY ST I 70 LY SR VAN O U \/SOAT Lja0am . /fsns zZ

B TR Ry JUR Y WY SR VS SRRV e AT A . Sen el
CRYRYVR YRR RRER AN VAR VAR AN z

feey Y PR Y FO A R Y AR ees . Sen el

S ime pas Mg o /o maw )3 (g)ls gxe ¥ o/ prdaw > (gl dxe **



YeyY .. ‘:wlﬁj.o M 9 u.;&o—u.;lo} ‘5'.&9;" M&o !a‘)m 9 oo (u""‘@s)" - @J&)

SPEI g SPI oy Siwwmod § SWigsed Jaloo
0L 53 ol Hl8) o amd e i il Sloj slaplide > SPEL 5 SPI (slayadls e gy (Kisod colps Jilos
polde cdalodw 9 S GroolisS sl wlide )0 (O JSE) Conl dtunly WolKius! o8l bl yl 5 olide ojlul 4 (g)blne Hsboay
By o> Sllogs iy i ik 390 () 255 on 8 <1 B +I¥Y oy (slosly > Bitas 5 0392 (s B (Stuuson
5l 4t SPI j1 sglize (o lib, baoygs el 5 SPEN B9 on el 48 Lelge sl oS lej sliojly ) SPEI s JSui 3
Obo 0 1) (Siod ol pd Cpiomb /YN 9 </YAY polio b sy @ bl g )lols (cloolSiiu] canlodaw (wlio ) ciged slp
Cagby 5 555 Sblags St o b gbye sl 3blie 55 & ol ] oximdlits pmly polie cpl blosls Lt LnolScu]
L badl cpl wed adld 90 gle b oISl coge o wil sl SPED (oS pon Lid Al o (oo
wogbye Sl 33 SPIL Lad yy itea SPED Stson canlo\Y yoliia > 45 313 ol (g9 el IS Bazrafshan (2017) s

e il )l sladilie 4 Lasls yiin Camlue udod S gblie 15 Lo 0392 Y

ohlj loolSin] olide cpl 3 b oo (Il (2P S Hsbas o Stuen caloyiud aw 4 Sloj (plide (1381 L
i stasSl i Ll 3 s s Sl ialS ] Slo o i e o ol ol gt (+1915) 5l (+1551)
S8y 9 Sgy000 YU (5 loline jobods by Staod & ol a0 395 gl 4 anlo)Y polide )3 L9) cpl ol (aSLs 93 1 (a5
G815 T 5] e el (YY) 3l olSial 4 by oliie cpl 33 Simsas ke 3 yidis 95 a |, Kt by SPEI  SPI
L5 g0 g ks sl 5yl il ecroril cola JLuSiis ol 5o & wims e ol Vb polie ol ol )3 +AVYR e b
5 oo )B sy slacs)loial g (bl Sesily oS 5 psbicos st

sl plio 3 1) o Stuson (1S dlsgy yoboas slaply oSyl A8 o SN ) oo slosSl 55 SIS (slocglis (g
©slis 5 3V (e Cashy (bl bulyd )3 plgiee | o Jis & (©aeoliss” sl puliio 3 05294) amd o (Ui 295 5l il
Wlord &Bly oS g jSuis slagddl 3 457 B g hslj ol (hlie ).0)5 gxine (B (2lg 4 S (35 55 555
ol GBI L sblie cpl ) (olad SISl oS dimy o (LS g 35S (o 8 (VL sl sl St oty glagpolido 5
Shrod ghaw Lz ja wind oo G5 1) (elie (Ll Bl 6o 55 B g Glgl e et ] loolKin] 90 slgen puin Sloj
Slogo (Bl pomly haly 5 GHB 4 Cons o]

o Jl&zs bl 15 SPEI 5 SPI 48 amd e i cokedidy o otaslisS (sl puliin )  Kiasers (ool 33l g, ¢ S ysbots
ol «rosils 5 el sla JLSiis byl 5o bl wiyls (g pcglate Hld, 5y ped | SPED (6 sl Jusdy cseolisS
oSain ) gl Grboga weldl 55l (Shy S los s ol Db e e (a2 g LB jgbas o] k3, ¢l 8 ade
il (glagwlio ) adld 93 (Slbgren (f5e 1 O9liS g SblumJolo wlbl g (alod (gb) Gl oS 5 oS plo 1S e
g 0

ey

((3aiod S aidl auin) axlllae 3590 8| Lyind (5l AliSte o s wlde 43 SPEI g SPI p Siuwnod oy o O puntd O JS



(‘:w.é’}’— u-olc) \f’anj‘f b)Lowv QY 8,9 ‘ub.j“ Jl&gui Oludsg Y+ F

Lolgiin 9 (5 5 40
Sblide ;3 SPEL 5 SPI (a3 ls 93 cpliwarsly 5 Gl Glisl 3 JluSits Sl Sloj slogSJl s Sua b gy cnl 5
Ol oS slaply s Jdos ool g (B el e bl el el ol oBas] (i (gl g dslne anlelY 5 5 Slej
il pj gy 4 aalllan

(haly (Bl 53 ot daolius] plos )3 PET il (ial38l ol 0ad jomo g5yl (gloalis psboay adlate )3 Jlusizs ()
sl 037 331 (slo JLSits ()l ol (st (gpd Gl 5 (daw (651 )L oS sl ] oaimd Lt plglm g BB
3g)50 slesdty dibaio ()l 25) et )3 dlas abab b Cob Sty G903l Gy 14 A dm Bl elddl IS

o) g ¢ Simaddsd 5l Bl 5l Ly Laud o odaliie dolily wlie )0 das g 3gimwe  JluSis jbolixe slassg, (¥
(B laaly) ol ple ;0 3935 (pl bbb o SPEI g SPI jasli 55y 43 jblize Jo3 89, slyl aale)Y Lulide o blj
9 1S (633, Glomen aaolyS Sl sl SPI asli Sl 555,50 5 5ogatio SPEI (adls )3 (o35 59 (el nl 5 olgl
29094 SPEL [asli 3 5 ons L ki 13y 5 PET Lialsél g ialeyS 3] cdas ) oot ol 51 el ol jlis L 1308
el o3y 5

O Yk (Sloj saojl 3 o8 e e (Lt oS pl il oo el el 4y oligS” ulide I SPEI o SPI (Siran (¥
A8 amd oo i obgS slagpulida y3 108 1Sy Jlopl b 598 00 | San S0 Cuowts (aBld 93y 9 3980 LE ()1
3 s (OB 5 Glaaly) (31 s slaolSinnl )3 95Ul cpl S (00 J ST (20 S adgl Jolye 3 1) (Jlusis (oo 55
el looly

Ol () sl (salS T3 s lagran ol pliagsl § g > JWSits o 3jls o ST lnaly (S jsboa;
OBl (Vg 2 s Lol wais o (PET) Jewsly 305 9 poed Jholine (]l 59, (Y (5> s s 9 )bl slo
(Samdy Wload 0198y 65yl (JuSiis Sy (5SS Cage w b Jole dw (pludesitly Cogby slal )3 ()L (elil o3l
e 5o ol oo 1> s slacs,buial 5 2505 1) (Kts G Joas ls 38 sboye biswd sla L i o] 2 &

b wlg e 51 slopimgly i o ] il I pumslio s (iudey &8 Sitygipes o] (iud (gloodls 3l oalatsl d924 |
b piegg cnl bt WS Julod gy Sl L) Jlasiid e g5 (lojlgale (slaosls jloslazul b (] aSud (58
St dos 9 Sid blie plo 4 prani Cebl o ooldl Ll (sLail g laodly (Stuansgp g (oo (ow)p o (sl b cole
Sloidns e opl g djlo oo 0T 1) il 1Sy g Bldasl o pte Cuonw 0 (i (103,555, 51 IS o jg 0 laaidly ¢yl dgmg b 3yl
Sosigy &5 bl e pleollisl coglgl L) 398 (b 5 cloadlye L SPEI 5y e plindg; jliia g (ol alol 5950
ly) SPEIFI2 5 (ol @ loisySmeeal 1) SPEI3 S5l dnalre daodly ditwgn (il (35,1 ()lidlo Jo5
(Sl oMbl yis g (¥ Jgio) Jasitd a5, bl (gandils polul 2yl gladliol cipo5 (f wlio oIS lagssytaby
205 & g b ol cY 5 sl SPED 5)lliul yslia  aate (bd L 5 k5 cawgie ooMlo) jliin (sladili]
b culite S (66801 ) (65553 yelas Slidas (S8l ol oayay (ol b ablio (imgly ool s ) jeomecs) bl gla Jlusiis
ol sl Gl slapis 4 palie pl)l g5 5 s Ll lae car bl lasiPess () e So3PsST ol
Db Cghs o155 0y el l 0 re el (55l (b

W ol o

b o

sl 03,85 28l (elil b o)l (9> sl 3 Jlo el slaplojlo ) pols o oS g 3aios

@b g SleMbl yuuds 5 o daodly (gyl] o g 4550 wluolxe plul l38le 5 daodly (6,915,5 cgmiily 1 greme asla
whlrg 5 o (8BS



Ve VD .. ‘:w‘.:io M 9 u.;&.o—‘:;'.o} dl@gi“ A o :&‘)&oﬁ 9 S (u.w.bg)a - ‘soJ.C)

5 il @l @l S g ) (piogk pbsl Jolye )l (iagl (bl @slpbly (slaial) sl spladl)d, dlg*
lio gilo ol

5 il ol @bt JymS g (wp cphagh pbul Uolye p ollas (imgh (b @slibly (slaal) sl :liadigib o5
lio giloales

Alie il g adlas laghy p oyl yinggy (Sl > <8 )lie ebinbly jolie bl i oxd) (ald

cybg g e gilopgrde ;0 (golue yobds B A g dod Nilod)S ciblge 1 L g okilgs |y Allie odd yuiiio aStas S diun g den
Slashy oS Hlie a9 Lol b g i

oIS Aaly8 )3 (Egan (gd p1 (e S5 H9ld g Wge (Eoan (g dadls]
wlodgeis osliiul dllie cpl (5,55 ly (=gan Jhgr laylil 5l Bty
B3l d (o yiasd by

el (g o> BB (Bt gi | sy Bk Iyl gl slaesls

Sl Sl

fsom ) oyt oSl gy Cslan 11y 355 0308 1SS ilm (g el e plonil g5 oSS Cglon by 3o ol
) Seslps losans 505 0l |y Simg3 ol Sl 3y90 uolitln (sloodls & 508 lidlon olojlus 5] pizean

oRRgi BB Sl 5 s
&8o o,

&bw
©3,59) b ol Gpd i o oSt Ko 5 les oS ol (VFF) 03 gl 5 . pins s lodses el e gl
AAVY (V) OV s oneb (sl (sl ying o 59y Sl (SIS gy 3 (e
WYY ) 0 oo 5 o Sl (sl gy sl 5 Qs Gl lolp ol o
NFFNED (V) VA o laxo o) doliy 5 Lilyis )5S
FVY=FAS (¥) YV (B 5 o] (SPEI) sas 5 luli] 5 ym5— e
ul.m.o}b 9 uw uL.w‘ Jr ‘_;o...lsl JAI}C 9 ‘_;lw Ny u‘).u;u =Y .(\\c") Ao guazo cu_’LQ(w 9 dolro cL;QL.«J?).Mo c.d.)l.m €890
Ol 55T Sl 5 LSt 53 e (olys gy JS1 (oS5 (VF-F) ogaone sy 5 -l scs3pane ol ol
5 Ol bl (slalisgy 163 )50 addllas) C8oS ko 0yu505 5l oalatwl b JluSlis go8y Jloin! i (V) ol <6y Yo 5 . o0l ol
YAY-¥.Y c(\") e ‘uff[:“’ﬁ) dewgi (slod o), (UL“>9L
YYY=YOO () VY (g i dolip 5 Lslpis .ol (o)L b ol bls,l g Sl

REFERENCES

Afshar, M.H., Bulut, B., Duzenli, E., Amjad, M., & Yilmaz, M. (2022). Global spatiotemporal consistency
between meteorological and soil moisture drought indices. Agric. For. Meteorol. 316, 108848.

Ahmed, K, Shahid, S., & Nawaz, N. (2018). Impacts of climate variability and change on seasonal drought



(‘:w.é,}'— u-olc) \f’a”;‘f b)Lowv QY 8,9 ‘u‘).j“ Jl&gui Oludsg Yo VF

characteristics of Pakistan. Atmospheric Research, 214, 364-374. 10.1016/j.atmosres.2018.08.020.

Alexandersson, H. (1986) A homogeneity test applied to precipitation data. Journal of Climatology, 6(6), 661
675.

Allen, R. G., Pereira, L. S., Raes, D., & Smith, M. (1998). Crop Evapotranspiration-Guidelines for computing
crop water requirements-FAO Irrigation and drainage paper 56. Fao, Rome, 300(9), D05109.

Bahrami, M., & Mahmoudi, M.R. (2020). Rainfall modelling using backward generalized estimating
equations: a case study for Fasa plain, Iran. Meteorol Atmos Phys. 132, 771-779.

Bahrami, M., Bazrkar, S., & Zarei, A.R. (2019). Modeling, prediction and trend assessment of drought in Iran
using standardized precipitation index. J Water Clim Change, 10(1), 181-196.

Barahooie, D., Hamidianpour, M., & Shoja, F. (2025). Identification of Spatiotemporal Drought Patterns in
Southeastern Iran Using a Graphical Trend Analysis Approach. Physical Geography Research Quarterly,
57 (2), 77-98. http://doi.org/10.22059/jphgr.2025.398145.1007893 (In Persian)

Bazrafshan, J. (2017). Effect of air temperature on historical trend of long-term droughts in different climates
of Iran. Water Resources Management, 31(14), 4683-4698.

Bickici Arikan, B., & Kahya, E. (2019). Homogeneity revisited: analysis of updated precipitation series in
Turkey. Theoretical and Applied Climatology, 135(1), 211-220.

Bozorgzadeh, M., jahantigh, H., Rigi, M. & mohammadi, M. (2024). comprehensive assessment of drought
severity with multi-indicator approach in saravan city-sistan and baluchistan province. ournal of Climate
Change Research, 5(20), 19-32. (In Persian)

Dai, A. (2011). Drought under global warming: a review.Wiley Interdiscip. Rev Clim Chang. 2, 45-65.
https://doi.org/10.1002/wcc.81

Darroudi, H., Khosroshahi, M., & Shahabi, M. (2022). Investigating variations in climatic factors and drought
trends in Sistan and Baluchestan Province. Desert Ecosystem Engineering, 10(32), 15-30. doi:
10.22052/deej.2021.10.32.11. (In Persian)

Dashtpagerdi, M. M., Kousari, M. R., Vagharfard, H., Ghonchepour, D., Hosseini, M. E., & Ahani, H. (2015).
An investigation of drought magnitude trend during 1975-2005 in arid and semi-arid regions of
Iran. Environmental earth sciences, 73(3), 1231-1244,

de Medeiros, F.J., Gomes, R.d.S., Coutinho, M.D.L., & Lima, K.C. (2022). Meteorological droughts and water
resources: Historical and future perspectives for Rio Grande do Norte state, Northeast Brazil. Int. J.
Climatol, 42, 6976-6995.

Deldarzehi, Z., Mahmoudi, P. & Khosravi, M. (2024). Arabian Sea’s Moisture Transfer Mechanisms in
Pervasive Dry and Wet Periods of Iran. Geography and Environmental Planning, 35(1), 45-72. (In
Persian)

Du, W., & Wang, G. (2013). Intra-event spatial correlations for cumulative absolute velocity, arias intensity,
and spectral accelerations based on regional site conditions. Bull. Seismol. Soc. Am, 103, 1117-1129.

Fawen, L., Manjing, Z., Yong, Z., & Rengui, J. (2023). Influence of irrigation and groundwater on the
propagation of meteorological drought to agricultural drought. Agric. Water Manag, 277, 108099.

Firoozi, F., Mahmoudi, P., Jahanshahi, S.M.A., Tavousi, T., Liu., Y., & Liang, Zh. (2020). Modeling changes
trend of time series of land surface temperature (LST) using satellite remote sensing productions (case
study: Sistan plain in east of Iran). Arab J Geosci, 13, 367. https://doi.org/10.1007/s12517-020-05314-w

Golian, S., Mazdiyasni, O., & AghaKouchak, A. (2015). Trends in meteorological and agricultural droughts
in Iran. Theoretical and Applied Climatology, 119(3), 679-688.

Guhathakurta, P., Menon, P., Mazumdar, A. B., & Sreejith, O. P. (2010). Changes in extreme rainfall events
and flood risk in India during the last century. National Climatic Centre, Research Report, 3, 1-20.
Gurrapu, S., Chipanshi, A., Sauchyn, D., & Howard, A. (2014). Comparison of the SPI and SPEI on predicting
drought conditions and streamflow in the Canadian prairies. In: 28th Conference on Hydrology and the

26th Conference on Climate Variability and Change. American Metereological Society, Georgia, p7.

Hoover, D.L., Hajek, O.L., Smith, M.D., Wilkins, K., Slette, 1.J., & Knapp, A.K. (2022). Compound
hydroclimatic extremes in a semi-arid grassland: Drought, deluge, and the carbon cycle. Glob. Chang.
Biol, 28, 2611-2621.

IPCC. (2013). Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation.
Special Report of the Intergovernmental Panel on Climate Change (Field, C. B., Barros, V., Stocker, T.
F., Qin, D., Dokken, D. J., Ebi, K. L., Mastrandrea, M. D., Mach, K. J., Plattner, G.-K., Allen, S. K.,
Tignor, M. & Midgley, P. M., eds), Cambridge University Press, Cambridge, UK and New York, NY,
USA.

Karimi, M., Khoshakhlagh, F., shamsi por, A. A. and noruzi, F. (2019). Arabian subtropical High Pressure



http://doi.org/10.22059/jphgr.2025.398145.1007893
https://doi.org/10.1002/wcc.81
https://link.springer.com/article/10.1007/s12517-020-05314-w#auth-Taghi-Tavousi-Aff2
https://link.springer.com/article/10.1007/s12517-020-05314-w#auth-Zhihua-Liang-Aff5
https://doi.org/10.1007/s12517-020-05314-w

VY .. ‘:wl:j.o M 9 u.;&.o—‘:;'w) ‘5'.&9;“ M&o :C},)&oﬁ 9 S (‘:w.bgf - ‘_@J&)

circulation patterns in the middle troposphere and its relationship with Iran's Precipitation. Journal of
Geography and Planning, 23(69), 233-255. (In Persian)

Kendall, M.G. (1975). Rank Correlation Methods, 4th edition, Charles Griffin, London.

Keshavarz, A. (2025). Trends in Meteorological Drought in Iran Using the SPI Index and Mann-Kendall Test:
A Comprehensive Review. Journal of Asian Geography, 4 (2), 79-83.

Kheyruri, Y., Nikaein, E., & Sharafati, A. (2023). Spatial monitoring of meteorological drought characteristics
based on the NASA POWER precipitation product over various regions of Iran. Environ. Sci. Pollut. Res,
30, 43619-43640.

Kousari, M. R., Dastorani, M. T., Niazi, Y., Soheili, E., Hayatzadeh, M., & Chezgi, J. (2014). Trend detection
of drought in arid and semi-arid regions of Iran based on implementation of reconnaissance drought index
(RDI) and application of non-parametrical statistical method. Water resources management, 28(7), 1857-
1872.

Liu, L., Liao, J., Chen, X., Zhou, G., Su, Y., Xiang, Z., ... & Shao, H. (2017). The Microwave Temperature
Vegetation Drought Index (MTVDI) based on AMSR-E brightness temperatures for long-term drought
assessment across China (2003—-2010). Remote Sensing of Environment, 199, 302-320.

Liu, Y., & Chen, J. (2021). Socioeconomic risk of droughts under a 2.0 C warmer climate: Assessment of
population and GDP exposures to droughts in China. Int. J. Climatol. 41, E380-E391.

Lotfinasab Asal, S., Dost, G, A., & Khosroshahi, M. (2018). Assessment and application of geostatistics in
identifying and analyzing drought characteristics of Jazmourian watershed. Watershed Manage Res.
1(18), 12-25.

Lotfirad, M., Esmaeili-Gisavandani, H., & Adib, A. (2022). Drought monitoring and prediction using SPI,
SPEI, and random forest model in various climates of Iran. Journal of Water and Climate Change, 13(2),
383-406.

Mahmoudi, P., Rigi, A., & Miri Kamak, M. (2019). A comparative study of precipitation-based drought indices
with the aim of selecting the best index for drought monitoring in Iran: P. Mahmoudi et al. Theoretical
and Applied Climatology, 137(3), 3123-3138.

Mahmoudi, P., Shirazi, S.A., Firoozi, F., Jahanshahi, S.M.A., & Mazhar, N. (2020). Detection of land cover
changes in Balouchestan (shared between Iran, Pakistan, and Afghanistan) using the MODIS Land Cover
Product. Arab. J. Geosci, 13, 1-14.

Mann, H.B. (1945). Nonparametric tests against trend. Econometrica: Journal of the Econometric Society,
245-259.

McKee, T.B., Doesken, N.J., & Kleist J. (1993). The relationship of drought frequency and duration to time
scales. In Proceedings of the 8th Conference on Applied Climatology: American Meteorological Society,
17(22), 179-183.

Mehdizadeh, S, Ahmadi, F, Mehr, AD, & Safari, MJS. (2020). Drought modeling using classic time series and
hybrid wavelet-gene expression programming models. Journal of Hydrology, 587, Article
125017.10.1016/j.jhydrol.2020.125017.

Mirzavand, M., & Bagheri, R. (2020). The water crisis in Iran: development or destruction? World Water
Policy, 6(1), 89-97.

Nouri, M., & Homaee, M. (2020). Drought trend, frequency and extremity across a wide range of climates
over Iran. Meteorological Applications, 27(2), e1899.

Omidvar, K., Nabavizadeh, M., Rousta, I., & Olafsson, H. (2024). Remote sensing-based drought monitoring
in Iran’s sistan and balouchestan province. Atmosphere, 15(10), 1211.

Pearson, K. (1897). Mathematical contributions to the theory of evolution. on a form of spurious correlation
which may arise when indices are used in the measurement of organs. Proceedings of the royal society of
London, 60 (359-367), 489-498.

Pettitt, A. N. (1979). A Non-Parametric Approach to the Change-Point Problem Journal of the Royal Statistical
Society Series C (Applied Statistics), 28, 126-135. https://doi.org/10.2307/2346729

Pourasghar, F., Ghaemi, H., Jahanbakhsh, S. & Sarisarraf, B. (2017). Variability of Precipitation in Southern
Part of Iran and Linkage to Indian Ocean Sea Surface Temperature. Geography and Environmental
Planning, 28(2), 145-166. (In Persian)

Qutbudin, I, Shiru, MS, Sharafati, A, Ahmed, K, Al-Ansari, N, Yaseen, ZM, Shahid, S, & Wang, X. (2019).
Seasonal drought pattern changes due to climate variability: Case study in Afghanistan. Water, 11 (5),
1096.10.3390/w11051096.

Raza, A., Mubarik, M.S., Sharif, R., Habib, M., Jabeen, W., Zhang, C., Chen, H., Chen, Z.H., Siddique, K.H.,
& Zhuang, W. (2023). Developing drought-smart, ready-to-grow future crops. Plant Genome. 16, €20279.



https://doi.org/10.2307/2346729

(‘:w.é,}'— u-olc) \f’a”j‘f b)Lowv QY 8,9 ‘u‘).j“ Jl&gui Oldsd YA

Saeidipou, M., Radmanesh, F., & Eslamian, S. (2019). Metreological drought monitoring using the
multivariate index of SPEl (case study: Karun Basin). AUT J Civ Eng, 3, 85-92.
https://doi.org/10.22060/ajce.2018.14740.5494

Saemian, P., Tourian, M.J., AghaKouchak, A., Madani, K., & Sneeuw, N. (2022). How much water did Iran
lose over the last two decades? J Hydrology: Reg Stud, 41, 101095,

Salimi, H., Asadi, E., & Darbandi, S. (2021). Meteorological and hydrological drought monitoring using
several drought indices. Applied Water Science, 11(2), 1-10.

Sen, P.K. (1968). Estimates of the regression coefficient based on Kendall's tau. Journal of the American
Statistical Association, 63(324), 1379-1389.

Sharafi, S., & Ghaleni, M. M. (2022). Spatial assessment of drought features over different climates and
seasons across Iran. Theoretical and Applied Climatology, 147(3), 941-957.

Siasar, H. & Salari, A. (2023). Predicting the probability of droughts using SPI drought index based on Markov
chain model (Case study: Villages of Sistan and Baluchistan province). Rural Development Strategies,
10(3), 387-402. (In Persian)

Siasar, H., Salari, A., Bahrami, M., & Hamidifar, H. (2025). Integrating remote sensing and meteorological
analysis for monitoring drought conditions in arid regions: a case study from Sistan and Baluchestan
province, Iran. Theoretical and Applied Climatology, 156(5), 291.

So'nmez, F.K., Koemuescue, A.U., Erkan, A., & Turgu, E. (2005). An analysis of spatial and temporal
dimension of drought vulnerability in Turkey using the standardized precipitation index. Natural
Hazards, 35, 243-264.

Svoboda, M., & Fuchs, B. (2017). Handbook of Drought Indicators and Indices Thornthwaite CW (1948) An
approach toward a rational classification of climate. Geogr Rev, 38, 55. https://doi.org/10.2307/210739

Tabari, H., Abghari, H., & Hosseinzadeh Talaee, P. J. H. P. (2012). Temporal trends and spatial characteristics
of drought and rainfall in arid and semiarid regions of Iran. Hydrological processes, 26(22), 3351-3361.

Talebi, M. (2023). Water crisis in Iran and its security consequences. J Hydraulic Struct, 8(4), 17-28.

Theil, H. (1950). A rank invariant method of linear and Polynomial regression analysis, Part3. Netherlands
Akademic van Wettenschappen, Proceedings, 53, 1379-1412.

Thornthwaite, C. W. (1948). An approach toward a rational classification of climate. Geographical review,
38(1), 55-94.

Torabinezhad, N., Zarrin, A. & Dadashi-Roudbari, A. (2023). Analysis of Different Types of Droughts and
Their Characteristics in Iran Using the Standardized Precipitation Evapotranspiration Index
(SPEI). Water and Soil, 37(3), 473-486. doi: 10.22067/jsw.2023.81322.1257 (In Persian)

Trenberth, KE., Dai, A., van der Schrier, G., Jones, PD., Barichivich, J., Briffa, KR., & Sheffield, J. (2014).
Global warming and changes in  drought. Nat Clim Chang, 4, 17-22.
https://doi.org/10.1038/nclimate2067

Tsakiris, G., Pangalou, D., & Vangelis, H. (2007). Regional drought assessment based on the reconnaissance
drought index (RDI). J Water Resour Manage, 21, 821-833. https://doi.org/10.1007/s11269- 006-9105-
4

Ullah, I., Yuanjie, Z., Ali. S., & Rahman, G. (2020). Rainfall and drought variability in spatial and temporal
context in Lop Nor region, South Xinjiang, China, during 1981-2018. Arabian Journal of Geosciences,
13, 1-13.

Valenzuela-Morales, G., Herndndez-Téllez, M., Fonseca-Ortiz, C., Gomez-Albores, M., Esquivel-Ocadiz, A.,
Arévalo-Mejia, R., Mejia-Olivares, A., & Mastachi-Loza, C. (2023). Climatic and socioeconomic
regionalization of the meteorological drought in Mexico using a predictive algorithm. Nat. Hazards, 117,
1381-1403.

Vicente-Serrano, S. M., Van der Schrier, G., Begueria, S., Azorin-Molina, C., & Lopez-Moreno, J. I. (2015).
Contribution of precipitation and reference evapotranspiration to drought indices under different climates.
Journal of Hydrology, 526, 42-54.

Vicente-Serrano, SM., Lopez-Moreno, J-l., Begueria, S., Lorenzo-Lacruz, J., Sanchez-Lorenzo, A., Garcia-
Ruiz, JM., Azorin-Molina, C., Moréan- Tejeda, E., Revuelto, J., Trigo, R., Coelho, F., & Espejo, F. (2014).
Evidence of increasing drought severity caused by temperature rise in southern Europe. Environ Res, Lett
9, 044001. https://doi.org/10.1088/1748-9326/9/4/044001

Visente Serrano, S.M., Lépez-Moreno, J.I., Drummond, A., Gimeno, L., Nieto, R., Mordn-Tejeda, E., &
Zabalza, J. (2011). Effects of warming processes on droughts and water resources in the NW Iberian
Peninsula, (1930-2006). Climate Research, 48, pp. 203-212.

Von Storch, H. (1999). Misuses of statistical analysis in climate research. In: Analysis of climate variability.



https://doi.org/10.22060/ajce.2018.14740.5494
https://doi.org/10.2307/210739
https://doi.org/10.1038/nclimate2067
https://doi.org/10.1007/s11269-%20006-9105-4
https://doi.org/10.1007/s11269-%20006-9105-4
https://doi.org/10.1088/1748-9326/9/4/044001

Y4 .. ‘:wl:j.o M 9 u.;&.o—‘:;'w) ‘5'.&9;“ M&o :C},)&oﬁ 9 S (‘:w.bgf - ‘_@J&)

Springer, pp 11-26.

Wang, T., Tu, X., Singh, V.P.; Chen, X., Lin, K., Zhou, Z., & Tan, Y. (2023). Assessment of future
socioeconomic drought based on CMIP6: Evolution, driving factors and propagation. J. Hydrol. 617,
1290009.

Wu, H., Svoboda, M. D., Hayes, M. J., Wilhite, D. A., & Wen, F. (2007). Appropriate application of the
standardized precipitation index in arid locations and dry seasons.

Xu, J., Zhou, G., Su, S., Cao, Q., & Tian, Z. (2022). The development of a rigorous model for bathymetric
mapping from multispectral satellite-images. Remote Sens, 14, 2495.

Zarch, M. A. A., Sivakumar, B., & Sharma, A. (2015). Droughts in a warming climate: A global assessment
of Standardized precipitation index (SPI) and Reconnaissance drought index (RDI). Journal of
hydrology, 526, 183-195.

Zhang, F., Cui, N., Guo, S., Yue, Q., Jiang, S., Zhu, B., & Yu, X. (2023). Irrigation strategy optimization in
irrigation districts with seasonal agricultural drought in southwest China: A copula-based stochastic multi
objective approach. Agric. Water Manag, 282, 108293.

Zhou, G., Lin, G., Liu, Z., Zhou, X., Li, W, Li, X., & Deng, R. (2023a). An optical system for suppression of
laser echo energy from the water surface on single-band bathymetric LIDAR. Opt. Lasers Eng, 163,
107468.

Zhou, G., Zhang, H., Xu, C., Zhou, X., Liu, Z., Zhao, D., Lin, J., & Wu, G. (2023b). A real-time data
acquisition system for single-band bathymetric LiDAR. IEEE Trans. Geosci. Remote Sens, 61, 1-21.



