Physical Geography Research Quarterly : .ﬁi :

Online ISSN: 2423-7760 Institute of
Journal Homepage: jphgr.ut.ac.ir Geography

Identification of Spatiotemporal Drought Patterns in Southeastern Iran Using
a Graphical Trend Analysis Approach

b=y

Danial Barahooie ', Mohsen Hamidianpour > , Faeze Shoja ®

1. Department of Physical Geography, Faculty of Geography and Environmental Planning, University of Sistan and Baluchestan,
Zahedan, Iran

Email: brahooeidanial@gmail.com

2. (Corresponding Author) Department of Physical Geography, Faculty of Geography and Environmental Planning, University of
Sistan and Baluchestan, Zahedan, Iran

Email: mhamidianpour@gep.usb.ac.ir

3. Department of Physical Geography, University of Tehran, Teheran, Iran

Email: faeze.shoja@pgs.usb.ac.ir

Article Info ABSTRACT

Article type: Southeastern Iran, characterized by an arid climate, has recently
Research Aticle experienced acute drought conditions and significant water
scarcity. This study examines the spatiotemporal dynamics of
drought and associated climatic parameters in the region.
Minimum and maximum temperature and precipitation data from
20 meteorological stations (1995-2018) were obtained from the
Iran  Meteorological  Organization. The  Standardized
Precipitation—Evapotranspiration Index (SPEI) was subsequently

Article History: calculated, and its time series analyzed to quantify drought
Received: characteristics, including intensity, duration, severity, and
2Ri C‘:f’vr;l dzi(r)lzi:vise A form: frequency. Trends in climatic parameters were assessed using the
3 July 2025 ' Innovative Trend Analysis (ITA) method. Results show that the
Accepted: region experienced pronounced wet conditions until the end of
11 August 2025 1997, followed by increasingly intense and prolonged drought
Available online: events from the late 1990s onward. Within this period, the most

16 September 2025 extreme drought was observed in Chabahar in 2009 (SPEI = —

4.4), while the wettest condition occurred in Anar in 1996 (SPEI
= 2.5). Additionally, the greatest drought intensity was recorded
at Bam (—1.48), the highest frequency in Khash (18.75%), and
the most severe drought conditions in Baft, Qeshm Island, and
Bam (-12.06, —11.65, and —11.35, respectively). These locations
represent the most critically affected zones within the study
region. The ITA results further revealed a significant upward

Keywords: i k .
Desertification, trend in summer temperatures and a pronounced decline in
Albedo, precipitation during the cold season. The observed decline in
Mond Basin, SPEI values across wet categories underscores the direct

Environmental Changes,

Google Earth Engine influence of climate change on regional water resources.

Cite this article: 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

© The Author(s). Publisher: University of Tehran Press


https://portal.issn.org/resource/ISSN/2423-7760
file:///G:/طبیعی%20بهار%201403/jphgr.ut.ac.ir
file:///G:/طبیعی%20بهار%201403/jphgr.ut.ac.ir
http://doi.org/10.22059/jphgr.2025.398145.1007893
https://orcid.org/0000-0001-7389-172X

Extended Abstract

Introduction

Drought represents one of the most
persistent and insidious environmental
hazards confronting arid and semi-arid
regions worldwide. It develops gradually,
often without a distinct onset or
termination, yet generates profound and
enduring socio-economic and
environmental repercussions. Unlike abrupt
extreme weather events such as floods or
cyclones, droughts unfold silently,
progressively undermining ecosystems,
human livelihoods, and economic stability.
According to the World Meteorological
Organization (WMO), droughts accounted
for 34% of all disaster-related fatalities
worldwide between 1970 and 2019.

In southeastern Iran—a region marked by
aridity, elevated temperatures, and highly
variable rainfall—the frequency, intensity,
and duration of drought events have
intensified in recent decades. These
changes are driven by climate change,
atmospheric circulation anomalies, and
insufficient water management
infrastructure. Given these challenges,
understanding the spatiotemporal dynamics
of drought is crucial for effective resource
planning, evidence-based policy
formulation, and the development of robust
disaster mitigation strategies.

Methodology

This study investigates the temporal and
spatial dynamics of drought in southeastern
Iran through a quantitative framework
grounded in climatological and
hydrometeorological analysis. The study
area covers approximately one-quarter of
Iran’s territory, including the provinces of
Sistan and Baluchestan and Kerman, along
with parts of Hormozgan, South Khorasan,
Yazd, and Fars. This region is characterized
by hyper-arid to semi-arid climatic zones,
with mean annual precipitation ranging
from 68 to 214 mm and average
temperatures between 14°C and 27°C.
Climatic data—including minimum and
maximum daily temperatures as well as
total monthly precipitation—were obtained
from 20 synoptic meteorological stations
across the study area for the period 1995—
2018. The Standardized Precipitation—

Evapotranspiration Index (SPEI) was
employed as the principal drought indicator
because of its capacity to integrate
precipitation and temperature anomalies.
SPEI values were calculated on a 12-month
timescale to represent long-term
hydrological drought conditions. To
examine the temporal characteristics of
drought events—including severity,
duration, intensity, and frequency—the
study applied Run Theory, which identifies
uninterrupted sequences of negative SPEI
values exceeding a defined threshold.

In addition, the Innovative Trend Analysis
(ITA) method was employed to detect
trends in temperature, precipitation, and
drought behavior. ITA offers a non-
parametric  graphical approach  that
circumvents assumptions related to data
distribution, autocorrelation, and
seasonality. By dividing time series into
two sub-periods, independently ranking the
values, and comparing their distributions
against a 1:1 reference line, ITA yields
nuanced insights into concealed or
nonlinear trends that conventional tests
(e.g., Mann—Kendall) may fail to detect.

Results and discussion

SPEI-based drought monitoring revealed
that, wuntil 1997, southeastern Iran
experienced moderate to extreme wet
conditions, particularly at stations in
Kerman Province such as Anar, Shahr-e
Babak, and Rafsanjan, where SPEI values
exceeded +2.5 in 1996. From the late 1990s
onward, however, the frequency and
persistence of drought events increased
markedly. The periods 1998-2002, 2006,
and 2008-2012 emerged as the driest
intervals within the study period. Stations
in Sistan and Baluchestan—such as
Zahedan, Zabol, Zahak, Iranshahr, and
Khash—exhibited the greatest SPEI
fluctuations, with prolonged drought
durations of 5 to 7 years.

The most extreme drought was recorded at
Chabahar in 2009, where SPEI dropped to
—4.4, signifying an exceptional event. By
contrast, Anar experienced the wettest year
in 1996, with an SPEI of +2.5. Run Theory
analysis  further  quantified  drought
characteristics: average intensity ranged
from —1.15 to —1.48 across stations, while



magnitude values extended from —4.5 to
below —12, with the most severe conditions
recorded in Bam, Baft, and Qeshm.
Drought frequency varied between 10% and
19% across the region, with Khash,
Saravan, and Zabol exhibiting the highest
recurrence rates.

Spatial analysis revealed a clear pattern:
lowland coastal areas, including southern
Hormozgan and Sistan, exhibited the
highest drought susceptibility due to
elevated  temperatures and  intense
evapotranspiration, whereas upland regions
such as Kerman and its surroundings
experienced comparatively more favorable
moisture conditions. Seasonal maps of
SPEI distribution corroborated this spatial
contrast, particularly during winter and
spring.

Trend analysis using ITA revealed
significant ~ increases in  maximum
temperatures, particularly during summer,
consistent with broader global warming
patterns. Minimum temperatures increased
during spring, summer, and autumn, but
declined significantly in winter. Winter
precipitation exhibited a pronounced
declining trend, particularly within the 80—
120 mm range. These shifts in temperature
and precipitation patterns culminated in a
downward trend in SPEI values,
particularly within categories denoting
moderate to extreme wetness. These
transitions reflect not only increasing
aridity but also the weakening of
historically wet periods, underscoring the
intensification of drought across the study
region.

Conclusion

This study demonstrates that southeastern
Iran is experiencing pronounced climatic
shifts, characterized by  declining
precipitation, rising temperatures, and
increasingly severe and prolonged droughts.
These trends pose serious risks to water
availability, agricultural sustainability, and
the overall resilience of the region. The
findings underscore the urgent need for
adaptive climate strategies and sustainable
water management policies to mitigate the
intensifying impacts of climate change in
this highly vulnerable region.

Funding
There is no funding support.

Authors’ Contribution

Authors contributed equally to the
conceptualization and writing of the article.
All of the authors approved thecontent of
the manuscript and agreed on all aspects of
the work declaration of competing interest
none.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
We are grateful to all the scientific
consultants of this paper.



b Sbdl yi> s 31 aolibad

Journal Homepage: jphgr.ut.ac.ir

2423-7760 1 Fuig 5S4

Ol Gv w2 30 JSis S g b e bl
Wigy Julond (Sd1 5 (ig g 99 (o (5958995 b

Telrd o3l ¢ T g lhises cowime ¢ (galys JUls

brahooeidanial@gmail.com :asbl, .l ] ¢ ylalj o il o bt oS ¢ Jae (6315400 5 Ldlyia 0uSKisly ¢ aubs (sLdl s 09,5 —)

:A.cLili\) ~Q|)-Ll ;L'Jl.ubl)‘ ‘QLM%9L 9 ULMM» oKl ‘u_la.pm d)‘._{)duo‘.;).g 9 le);o 0l ;u,n:.,lo dl:_él);q c”f ‘mewo oLy g5 =Y
mhamidianpour@gep.usb.ac.ir
faeze.shoja@pgs.usb.ac.ir :aebL]y .\l pl ¢l p5 el 5 olRuiily (bl s 0aSLiily ¢ rado (Lidlyan 04,5 =V

ke Ao ol
o > & 3500 gume Sitd g bl oS (Bl olel Gb i dibaie i g3
orn sgbaieds Gimghy cnl 3 sl 0AB g)dgy wad oS g Jleslis L 3 e s
ol > oeeldl syl 8y cald g Glnl B8 g it (el
okl 093 o Sitpginns oSl Vo ()L (izman g Lod Al 5 dieS ppolie ceilate
5 SPEI a3l asloeo b yugus 05 8l 508 clidlgn lojlo 51 12%0-Y-1A el 3 .6
wWdd dor I JocSiis Gl gladasuin (yadls opl Sboj o Judoo ‘ii/bwt
Ly 0ige3 2,8 b aebl 53 008 s JlocSizs (glaolgy Slold 5 (S5 s \ii)/)ic/v\)r
3y Ui gols )5 1,8 obsyl 590 (cenldl (ol ol ,b X9, ()5 sixe (ITA) &l yglgs ol &0
an> 3131 5 0352 2005 o Jlog b5 Cod AV Jlo 0Ll b allassygo ailata o TN
SIS o ol 3 o, e pld s b b bUlaKis A gr o
b cunsdy (npogbye g ke »» Vert Jlo 3 —F/¥ SPEL jlade L JlucSis
C b oSl pmen el own S cud LU 3 VA Lo 3 VIO asls
bl g (Lo VAVO) Slolyd oy i (51 ((—V/FA) JlecSis Gud (ppady
WLE Gy ) JsSis (S)p padls pole i b s g odB o> s 553l
O905) ol il dmgh edgde ) |y Cumdy sl (-VVYD g —VV/EO el i s
Dgize (il g Gl )3 bod b ine (il L9y 5 Cute cud Sl 5 ITA sz’;jﬁ
b yo Sk )3 SPEL Jo33 %59 13 zadgas Sl ol 9992 Jlo 3y 0593 )3 )k 4TA
ol s il > e A Cundy 6 prcal ,Silo &5 035 sanlis asls o
Cowl i3 K5

L oolpl Gpb o Juid S g Gy el olols (VF+Y) 036 glnds g e aucbdees (WIS ¢ Sonly Ul

WAAAY) OV ool sl (slajing iy alo gy Julod (SBS gy 30 (e (62509,
hitp://doi.org/10.22059/jphgr.2025.398145.1007893

Ol ol&usily el il Ao :)...SU By ©


mailto:brahooeidanial@gmail.com
mailto:mhamidianpour@gep.usb.ac.ir
http://doi.org/10.22059/jphgr.2025.398145.1007893
https://portal.issn.org/resource/ISSN/2423-7760
file:///G:/طبیعی%20بهار%201403/jphgr.ut.ac.ir
https://orcid.org/0000-0001-7389-172X

CY R
VY- 0y 5 e b il ) TN csalamhelaza] 03,08 glasoly b e (slosny o JlocSits
WS ¢ 205 o )bl pl (Tabari & Willems, 2022; WMO, 2021) cuwl oy plaidl 35 4 1, Y411
2ol Jsbo 4 o) U laatin Sitdaeg 5 s bl ) Wi 5 0l pasuie (bl 5 ST WM plo
Uile,S p g 03g uli8l 4 gy b JluSis wuls g Jlgld sl Jb > (WMO, 2023; Kartal, 2023)
lodxy Jolse (Thomas & Prasannakumar, 2016) 3,5 425 b6 p5b Il dewss o bl sl o Sl
Gblie ) JoSis o (ol (505 5 (ISix lie dg)0 alad o bis glaofyy dnug pie (pszan
(Min et al., 2011) 15,35 Lo b Kis Tyas

Slodasuio | 38> Sledbl wojls (glablis slacusluw dawg ((JloSis g8y loj Cuslad pic 4 @25 L
(08 UsS slo yadlis jl eolatwl b JluSis 5987y 9 il ((Burton et al., 2013; Jain et al., 2015) cul Qi
Chandrasekara et al., 2021; Verma et al., 2021; ) ¢l (5900 OT ollasl @l 3l yials 5w i olp
Patel ) xad o &)l 1) (o300 130lis ¢ soslBl-g,0m (sl yiol )l 5l odlitnl b o yadls oyl (Verma et al., 2022
SPI) (McKee ) 5,lsilenl i)l (asls wgsge (asls VO« I i ole yo (et al.,, 2021; Mehta et al., 2022
;| (SPEI) (Vicente-Serrano et al., 2010) oadd)lslinl 5y 9 s o)L jasls 4 (et al, 1993
i By 53 )8 2

wilisee loj (glagplie )3 (o2 (Wb g 0sill 35 9y o Ogli5 (8,5 )3 5 b SPEL jasld
Vicente-Serrano et al., 2010; ) col JlocSis @ad p b ilil 18U obj)l (6l cuwbe aasls
9 Sl (oS «ld il (glp o35S jgbay a3li opl (Begueria et al., 2014; Manzano et al., 2019
Potop et al.,, 2012; Asong et al., 2018; ) 545 0 odlaiwl (o polyw > JwSis sla Shy Jdoo
(2019) S jsPolong et al. (2019) alax jl (g0l (sla yimgi, (Pandzi€ et al., 2020; Wang et al., 2021
5 Jweis il 1y SPEL ¢y ¢! ,>Bazrafshan et al. (2019) 4 d& 81 5,5 > Nguvava et al.
SlocSis 605 G 50 1y bd cuenl 0 (Fung et al. (2020 .xlosly lis ol Clyoss & Pa o (0555wuly
Azl ol Gledily g Gaobe sla JlocSis ¢y |y SPET g 65,8 aul slos wlie il33l L

Sl a8t Jlesis b Shy ep 9 SPEL Cuenl 35 olpl 0 e sbapiagy
W0)S o)Ll pny glamd (3 b JlucSis JSlgld g s w8l 4 ,eol joHailesilassie et al. (2023)
(2023) .xoly iyliS s amy (b |y )b bl JlecSid cud 8y, GiljélParsamehr et al. (2018)
Iy olpl ey e g ylals Jolow coye o oy JSis i Jlglyd Torabinezhad et al.
ol b Sleld mals 4 olpl gl JwSis She Jdoo Lo Rezaei et al. (2024) sl oL
5 G5 oy Jlsis Slslhd adn optmen 3,8 o)Ll Cad g (S psls SRl g Sloj sla i
sl oadosnlie olal 0 g g (Jlod Jolgw )3 ol aie 5 5588 5,5

Gl & e 5 IS il (Soidokn S g xSain bt Sl ol Sl e sl
015 oo yuilym )3 g oSS ()l oSl > i dod (I3l alex Sl il glaslyyg, gl g ol
G g adhaie Strzepek et al., 2010; Cai et al., 2014; Haile et al., 2020; Philip et al., 2020)) ¢!

5 Jlockid oy 505 b sl el ) ogde wmome 43S JhleS 5 Sis sy g3 B a5 ol



va e By g 3 JwSis S5 5 oy glaeRl alolid | o 5on o Soal s

A8l 56 (&g Sl aSly conis aBgio LSd Loy cpl &S dad o i il la )55 ] ouls aslge u.ﬂpf
il Colus I ZAVIA 30 OF-Y ol LT 4 aite Al SPEL asls Lolul 5 wiges olgcds ol
S JlocSis™ b ol ZFF/A (loo cpl 51 a8 aily )8 JlocSits dilisee Olapd 131 cod linegh 5 ¢l
& S Gyl o Jlo ) Uk ey A ials b & <Gl blpd ol S e p doxipgcans Mk
Wy ol ool 1S o ol 1y (lams 93 51 i otenih JUocSis )90 Sy polis 039 olyor osilh ke
gl p endlohe Sl Wlgee (Jly 4 Cand lon slod ghazd Y BV Gl ngia b olojen
WY bl ol es) sl i o ke e cul (LS
ly JwSis oSl 38> Jdow cuenl dalus cpl (/https://www.isna.ir/news/1403100402606
dulie &y (S 0lo3)S g5lSTy |y oy (nl 5l il slaass adlate cpl 3 iy Clalllas S oo (luizgd
aliwoj o)l glded oo 5 K> Sy (Hejazizadeh et al., 2021) wlaslyyy o)l p biwe sl jasli
Gk 9 o> T slasisy st 4 (oaill sloJas 5] o3isl U 35 a8 5 (Moradi, 2020) wlsy 5 e
oslawl b (V¥-Y) Kashki & Ghorbani 35 ]).o| [(Farzaneh et al., 2021; Safarzaie et al., 2023) ulasl,,
30,80 )Ll o JlucSis Gde 5 ad ol 38l Mgy a0 (S3glg ) sla s ls
Flosis S g Sloj slagSll @ele Jdowi )3 slofy (lmgl Bl S wiedyl sl imgd cnldexsl
N hdms Sy ey 2N So LU 3l I gyt gl ) 3929 adllaejge ddate )3 ol
oanls il eslawl b JleSis poliy sladasuin cuss duly cpl o e &)l ddhis o JlocSis Sl
b souldl (sl o)l Sl K59, (Simggy ol (ol jolos dg (lgisds ¢ 33,5 (o0 &l il oy (6595 9 SPEI
«SeudlS L9 (slagygoil BUS 2 ¢ bgy cnl b sals oyl (ITA) wliglss g, Joos (SIS (b, 5l oolitl
6 5 230 ST (35 g awgio S (glaosly) poolie iliseo (glmojly 3 1y (S g laiy (sloy, ol 2B
g > JloSis jl antia Jlos So Al gyt adllae Ban plpln s Gl Ol I 355 9 (6

SoS Ol @lio Copto 5350 oyl b 4 b cusl odomn gy ol plulis p 3505 b olpl 58

Sl
GRR9H W9,

S sl yauiS wlidlen ylojlo 3l aodly oyl abl o Sldllas ddlaio )d 8ly Covie Sl ginmw olKw! Ve (gl
ol oddodly Hlis V JSKS pd adllasd yge St g (oS! STy

Ol sladigy Jlos g olpl 38 o > Jlocsis Gl 5 Sloj oSl plulid Baa b (hagh ol
@ g iz ) el ool 5l S e S Sl oadplonl 5 a5 4 g ol Al ye dw )3 < colld]
1 Al &) S
sled o deS slod (o)l Jold u"-‘b‘ slaodly jl eslawl b cunss e ;3 SPEI JlosSlis asld avwlo
S Glgisds Gaslis cpl o) dubre Cotin ool (glp anle VY Sloj (wlie ;3 SPEI a3l v
S o Jos JlSis hdasuio Jbj)l slp oS 13



V€& UMU Y 3,‘.@& oV 3)53 5‘;&&‘9 ‘_gl.ﬁﬁ‘)» dl.huuhs)am A+

o5 9 @lelid lp SPEL jadls plie glisenl | w i0ly 6098 polwl p JlwsSids s Shg Jdod
2 2l Sy alsye cul )3 0b 485 0y () )95 359y i JleSis laslyg) wre Shuogad 5l
oes JwSias el (Frequency) lglys o (Intensity) cads (Severity) 5,5 (Duration) b jcse
Cajo DpS 0 I8 oolaiwldyge axsld glaolyygy slols gly '-"94" (Run theory) -, &l .6us b 4
3 8 kb pie g ol SCind ) oS el atigs Woaliyg, (ol (g3l )lS3g5 ol 3 ksl Lol
anld Dy S 0 )Sgy opl ool o .(Jin et al.,, 2023, Sun et al., 2023b) &S o (5 pS o> dwd Cgliad
e Slejiste gy Candy cnl gl ptalS jastie bl S 5 4 (asls o 295 e (A 0l Sl

(Ling et al., 2024) x5 lag aol]
SR 3 ) gme (Slaig) (o)1 sliteds ¢ 2les Al po 53 HITAT) &ilygl5 (y9051 b codldl Ol s g Julos
ITA 3051 5l ellinn el 5 SPEL (ol (iopan 5 (s 5 4iza8 (slalod () (ool cslosisll Sloj
Ails aseis B b ey pmlo b cul (See a5 1) (das i g oleis bty ol B 905l cpl s ool

SPEI JloSuid abls

ol 855 (o0 )18 oolituldyge (Jlocsiis (il ly el 53 0328 j5bas SPEL o SPI (sl el
eyl ypno plS 2 45 3,5 dloes olo YE 5 Y & & ) wiile Lilisee iloj el poliio 0 s |y b yasls
SscSits il el (ol ¥l ole 1) ooy o ol ) e ISt Lial o it JlocSis Cilisce
&S Jbyd 09y 00 5 @ (55)5liS JeSis 4y \19’*’“’ b F Ll ¥ by wlis g oo oolaiwl wliilss
Gl owlie of mlie 5 (Sojdortn JosSis Gog gl ol YF LY anle 55,5 Sloj sla b
3 SPEIL a3ls pols Limgh ) cadlllasdyge ddlato p3 ol aline Cuenl 4 4345 b (Mishra & Singh, 2010)
ol 48,5148 odlazly yg0 dale VY Sloj wlide

B35 9 35 9 Sk om Sl w o (Mo odle dbles I Gl Sloj slalie )> SPEL asls
o ol (PET) Jewily 555 5 ped (5355 55 )5 b e comd & Culy €6y95 3,509, (ol Jousliy
33,5 oo ) ey 3l () sl sl Sy G5 5 55 3 (P) (S5
D; = P, — PET; (V) dla),

:Ai—lL;o Cad & Y akly il 55D yolds

150 (Pa—i — PET,)) (¥) s
duobre (gl (g elyl dw mje7 Sl duwlee (3 Jlaidjge slo N g Jaidyee Sloj whie (Wole) k o alayly jo
255 &b oppcmle bl puls e Gide 1) D glaodly )3 die polde Wilgn U conl 5o JlwSis s ls
K6 o)l calises Jloj (sl yolide )0 Wodly Sloj (w0 p (095 0l ooty Siiwsd @l oS cawl 00ld L

:(Vicente-Serrano et al., 2010) aib o ¥ aayly & jgods b opl Jlois! J&s 6 K

1. Innovative trend analysis



AY e By g 3 JwSis S5 5 oy glaeRl alolid | o 5on o Soal s

-2
¥ — g B-1 SN (V) kel
F(X) = E(—y) [1 + (—y) ]
a a a
sl ooy > D < 00aisls 13 Di polie sl ol 5 S5 (wlie sl yialil 5 4 (s 0t )] o &
33,5 s gl sl SPEL (adls puolie Jloy polie & QT Bas 5 (208 @5 @b dmlxe I G 5 ops
ua}'.w (_)" Cawl c_j UM“J OO9 L:Q‘“’ DMJuLMJ Um )J)Lmo 9 uj UM"’ Py Cude )-iJL-’ Cudo dL‘”u*’))l &S

oadls @l iV Jada 0 (WWAY ¢ S pal) Ll o aasls OT O Cato b g dwp S e 4y Sl

sl 01348],| SPEI

SPEI JlwSuid sl olib ) Joss

Mositure Category SPEI
Extremely wet =2
Very wet 1.5t01.99
Moderately wet 1to 1.49
Near normal -0.99 to 0.99
Moderately dry -1to -1.49
Severely dry -1.5t0-1.99
Extremely dry <2

(Theory of Runs) o, )95 »1 (e (JlwSuld s 559 Judod

5 Ve Jlon s (slosliys, K8 5 ookt (sn plS SPEL JlanSis sl oloj (s dwloxs 51 g
oS 5400 odlil (Theory of Runs) )y )65 5l yghate ol (sl vl by Lol cladastin (gjlo oS
2,559y onl » (Yevjevich, 1967) cuol (S5edgyiad (oloj (sbagpwo Juloo (gl dioi a8 g 5 jlsbiwl hgy S
op o JoSis Sldlhae ;5 395 0 duslie asuie bl pdaw o b (SPEI dlale polie) odly  Sloj (s yw
e ol S s ol bl dedie 48,8 5 () wile) e (gplie b b Ysexe i
rdaw I SPEL el lude a5 395 0 5lEl Jloj — canl JUoKiss dlag, G Jole 45" — (Negative Run)
) Oy 6095 e ol oo Aol 3,555 Wil el (VL & (el e oS Sloj b g 4B il i
el gy o5 Sy J> ) Slataps 5 ae oty it slaslizgy 45 3jluise pal 1y IS
S 4 85 3o bl Jlocis Sligy o sl ol (Sip sl dmelone (ISel gy il (2 g
(Wang et al., 2022) a8 o SLls oS 00y (pl 5l (gmiis

) (t) L B (tn) £, 5 JlocSis | g s S, 58 lajote {Duration) JlucSits Coae
(¥
Duration = t, — t,, (F )

Oy oyl JloSis sleoygs Job ;o SPEI (aslis olie ggeome 4 (Severity) JwSis 5,5
ol JlncSs 0350 Jgo 55 Sl bl 5 ed 5 il Byl oljam ssimaglis Jlaciss 55 S bees
(0 alayly)
Severity = 2§; (SPEI) (0 akayly)



g aas o s 1) (obo) Sloj oy yo > JeSis (55 lawgie cuasuin ol Intensity) JloSis ous
(5 ) .5 o cuwd 4 (Duration) ] cae 4 (Severity) JocSis (55 Cos

Drought severity (;, 4]0%‘))

Intensity=
y Drought duration

SlocSis gladlyg) sl cans flges o o 0 1) JwSis Slglys s(Frequency) JlwSis  JSlglys
2,8 iy 45 dsllland g0 050 (sla o dlaws Sy

Kisi, 2015; Wu ) cul a3 ,5 )8 oolatwly jge 3blio 5 (gylams 3 cwlidlon o (So5elg)n (sl yusio Lo adlllas
538 (g0 g 03l gy ! (s yiel )bl (slad,Sgy plw b dwslis ) (et al., 2017; Caloiero et al., 2018
Swain et ) Cuol bodly w5 Jloj (6w (Niwmod ¢ Juad slroygd ¢ e slo 158 3| Jitue 9 0)b g5 IS
odlatiol b o ) Is] SewMS” JaiS— e yg05] 51 ookl b oS (class bl (clasig, 51 By cywiomen (al. 2022
Alifujiang et al., ) s (aoswis BB bl o slpu i bl g 039 (olwlis bBITA Lwlis b, jl
(2023

$u45) 9wl G 2 9 & (lidedlilgiia by e redh anadl ATA By 3 p5 oyl
290 4 b edly (ol Jloj sy o wITA Jlasel 5 LS #8ly ;5 .(Wu & Qian, 2017) cuwl beodly Jaius
L )lged ol y ogMle Nigdie cipe (J95 L) 5350wy & ) 22 Slo0dd s N9 (el (5o
b (oYL colun) iolj8l Wg) sniad lis 45 33,5 o pudd dlBlas clio 93 4 Wg) sl (40 ¥O) Vi) jeoce
o> bl (51« g,le « (Aher & Yadav, 2021) cul Sloj (spmw sboodly (Vi) bad 5 colus) inls g (V)
Lo Ngy S JLE Vi) b ol e Cuend 3 (ST Cutio Mgy 5,8 L8 Vi) b oYL e Cowd )
s (gl Vi) b5 gl ydses (59 pooddedly sl ouiSTy bl (Sen & Aksu, 2021) d4i 0 o3l lis
dolomo 25 g0ty Siraeylel gy (ast (gl Ngd oo s Y g baglo (ol (oM 4dsd 4 4y Jrols
:(Roy et al., 2024) 544 .0
G 2(X; — X;) (v abasl)
ITA n
L2l B Sloj lacs o 53 5l ine 839y S 3929 (Ha) (njS0le 4n 8 45 Jlb > 5873, (g oed |) 6l ixe 09
ols 51555 o o3laiwl ITA cuenl b5, sl (PDF) Jlis! xje5 @b ¢yl p ogMe .l s >Sypp ,S1 .Conl
olSST sl @ (g)l5 sme o )3 ITA s (8s) 3,)l5kiwl Bl sl g yho 1Sike (gl 3,l05kwl PDFS lselo!
A o i 1) K9, (CL) yluebl s (A) dbles
CLi1—a) = 0 £ S17465s (A aaily)



AY e Gy Drgien > JwcSuis 10 5 loj G lwlid | o, Sod o el

axllaod yg90 23ga5w

b aads 00 45,0 YO oldl e Slaiw (3 4 5,5 op 0 ) ol pilhe S Gidoh (pl )0 adllasdyge ddlais
ool sl aB)S 5 (Bpb Jsbo diBd Yo g an)d PV B 4GS0 00 g 20 OF 5 Jlad (5ye diBd Ve 5 a0 YV
slagll | gewd 5 Jol5 b |y la)S 5 liwarsl g Gliwew Gliel 93 (ool slajye Bbd I e39000e
OB 93 4 (oedldl Bl I Glpl 558 g () JS) e Jold 1) )8 9 35 g el (5500
o Ol 2> Sl 5 yto oo VE BFA (it ol () (Silie tul odbsuipail Siibdass 5 StSl
aslllaod ygo dilaio oy 4y By Coows jl dnyp i o ingh b Gillae Al o pusiio wgealw a0 YV VY
sdalie Glyice 1y hl Gl g o> Gl gz 4 Jlad Caous I g lod a5 g 03k ialjdl 03,5 (gt
5 Qs ol > Ll adlate @8l )5 S50 ol dbl g3 ol lpl 358w o) Clib e
S Shy 3l dyse o YV & gl eyl cjes & col oS sl 3 53k Jla oSt 5 (sl
b g Oyl lle (Gl Cudd (g2 iuodes g S gowg sladlly ()18 (lpl 38 ogir )5 (b
395 (nl &S ABl e dmoyao bod iy 9 ()b keSSl g 3503 )8 350k (slaogS ) Jolgd )3 oS Cul Clise
(Vaziri Mehr, et al., 2022) cuol lag)] 3 s oalBleann j Lol o oSl sy Lis

56°29'30"E 60°30'0"E 64°30'30"E

nar

30°20'0"N

RafsanjanKerman
ahrebabak A A
A

Baft
A

Kahnuj
A

Iranshahr

27°19'30"N

— — 1

0 50 100 200
ar

56°29'30"E 60°30'0"E 64°30'30"E

adllland yg0 dilaio Condye Y S

sl
SPEI Laslis (bl p Gldlas dlhie ;3 JUwSuid (o1 lid Ol il 5 Sl Sy, Juloo

YoOA VA0 093 b asdllandyge (slnolin] S8 4 1y ondd luilinl 5y poes (asls @l ¥ S0
ol yiiy a5 ol cpl Sl SPEL jasls slie p JlocSiis Sloj Olpss oy 2030 L
o> e o dasMe ¥ S 53 4 &5 len 03,8 a0 1y JlecKid ) gobie s (o5l caitbata
J5 > Jlosiis (glaoygs acsls g LT g ool adllasdyge Sloj ojly (b oglite Sppoty gboye 5 SUiS
bl jl Sk cote Saguw oS! gl SPEI jasls Jbj) 5l Jobs zuls .cwl 0dg lojer ddlaio
oS ol yuia VIAY 53/00 5l 095 oyl > SPEIpolin 555k ol VAAY Jlo (bbb dilaio p b yo Laslys

03l e oyt g o (o uad Adb e lpl B0 Cgix )0 WS b huwgie sla Jlo 5 gg8y ;ST



25 e onlio (oxindy 5 oS o) S 8l) olo il 5 @ly sloolSiunl > bl ol 53
ol ylid a8 oy ¥ 3l Lio 4 o] pl 3 SPEL oo A8 Jlo | aa e BB isw > &S g )sbay
I (i g YAV B YA VoY BV o o K00 (gow jl .l Bble pl 0 wad jlws o Jloys
S |y asls polie pyieS g Sldg ()bl (glaJlo o 5Sis SPEL Lasls clulbe Lol 5 Yoo
oolislgn oS! (piman (sl b Jlo cpl 3 (SH)L avg BB ials saimslis el cpl iledly jolaid]
ool plo b dugliio j3 (BB 5 jretilpl (lglpw S5 (bl lals aloa 51 liwarsly 5 (b il > &8y
ilod S a5 1y (gt (oSl ud g by

o JlocSis sy Sl 5 58l pd! o Sl ;5 &S amd o L5 SPET [adls olyuss Slej (sym (owyp
(ot Sl (SloolSial 4y bgypo  JlocSis polas (glooy9d (3 yidey sl 03,8 N0y 55 (i poldS 0dd ik
s 5 SPET (el oy aely wcawl Jlo V B O L 2o 5 sl ylanly  blj ol pl o« Swls ¢ 51
Do o 0nliie (6 iy Olyesd LolSiuw] (S )0 (Jbrpll ) H1E Y ) p0dy50 Silyginw (ool
Byxe oS 35 SPEL oo p gVl .l o3l Yoo Jlo )0 5 o0y adhain » JloSis clls op puid
VIY copd b Sobyaed ol s 9 Y10 o pd b )bl olStus] & bgyye il o dalllandyge Jlo oy ob yo
oleyS ol g Sllas adleio Gy Jlob ;3 &8ly ool ¢ IS )sbds .ol odld] 5l VA5 Jlo j> a5 Col
)b poglas blpd (050 g pliaash 5 laes Glaglvl) Cga g 3p8 Con laolinl 4 o
Wb cov (olol 0y 0 addledyge oo slaolKiuwl ploi & dmd o Gl ()bl bl oM Hebay
ol 0355 ighs o (glaoyed 5l 5 Yo Siid (slroygd g wlanily 1,8 sasio sla JlucSis



e G g 3 JsSuts e 5 o} SgR aloliad [ ol f5h 5 (g8l

Ao

97t 97T 97 97T 97T 97T
11z 1 a4 a4 1¢4 1 ¢4
96T 961 961 96T 961 961
18T 181 181 181 18T 181
991 991 99T | ¢ 991 991 991
£ 1| 8 ISt st | 8 s | o 1e1 MM
g 9€T 96T [— o1 | '® ot | & 9€T
E | a |8 w8 w | E | 1
m 901 ..m 901 h 201 | = 901 | @ 9201 |, 901
= 6 |™ 16 6 |8 6 [ 16 16
9L L 9w |@» 9L 9L oL
19 19 9 19 19 19
9% 9% 9% of 9% 9%
1€ 1€ 1€ 1€ 1€ €t |
91 91 91 91 91 91 %b
1 T ! 1 T 1 m
N - © - e e Lo IR B B B NAON NS an N N - S - e e LS G B S ] N N e e e e o]
1} h v o — ] < - « o i r ]
(144 07z 91z 144 072 szz |
11z 112 11z T1e 11z 117 |«
961 06T 961 961 061 961 |
181 18T 18T 18T 181 s |2
991 991 991 991 991 @ 991
ISt = ST IST ISt 5 ST |2 IST
8 9EL [ @ 9T | B %I | = 9l | & 9T |9 9€T
2 | s 1w |2 w | ur | = |k 1w
= 901 | oo [< 91 (M 901 |2 %01 |o N o mo o
3 16 16 16 16 6 |5 16
9L 9L 9L 9L 9L (M 9L
9 9 9 9 19 9
oF o 9w oF 9% 9
1€ € € 1€ e 1€
91 91 91 91 91 9T
1 1 — 1 1 _ —— 1 I 1 |a
L e L R L ] WS D e L B R I ] DO R R ) ” L B T R ) m
DR A L ' =
144 244 97z [ 144 it - =
11g e 1z 11z e L61
961 961 961 961 961 €81
181 181 8T 181 18T o
991 991 091 991 091 | oeT
= Ut ST L IST | 2 w1 |5 Tat
= o1 | 2 9¢T | 96T | & 9T |3 %1 @ il
8 Ul | & I (5 1t = 11 m w |2 EIl © & = © ~ & e
= 01 | @ 901 (M 91 |[§ %21 |8 901 .m 66
£ s I 6 | 65 |5 6 |9 <8
(&} 9. 9L 9/ [~ 9/ Z oL m‘ L
1t) 19 19 19 19 LS
97 9 9% of o £
€ 1€ € 1€ € 67
91 91 91 91 9T N
I L I — 1 — T — —— 1
N mI@ mtaeien N M N= e Q0 LU (G S B N - D e e O N - O e W e S e

R

(13dS) xapuj uoneadsuenodeay uonejdidald pasipiepuels

Months (1995-2018)
Cgbye g Suid (slmoygd (slwlis g coiie (slaolKius) ;> SPET asls cilblwg ¥ JSd



@ 90 ddlate )3 (058 ()] Jro b 2 g Ggw)S) SYole (e SPEL asls (S s ¥ S

Ll oyl jhe Jly clls jo adlaie ouldl byl dawgio jsbay an )31 ¢ IS 00 S§ p0 ol oadodly lis
P xS Jd 4 & drn ) S Gla Jlocsuis st (ol b3 (69 @l ool 5 g slapdye
Jad )3 ohagh pre il WS o w5 |y (PSS balpd i 55 9 w3 9 YL led il olel)]
(Plp cnl 2 508 () b S el oaalio BB zodga (SWlas adge | (w2 BB (i ) (e
ool g Fomb sbled s 4 (B 5 b b Ul plxind) loyS sl pd SLbI SliagS 2y sile
JS8) (lad slaaids )5 oS e3900m0 (pl )3 3 jaw () b (B8 amd e U5 |y sk e Ll yd il

Caol 0213 olaid] 558 & b fad plu & Caus |y (65 i Corwg o)log Juad D (ogadds digg

56°29'30"E 64°30'30"E 56°29'30"E 64°30'30"E

: Summer N Spring N |,

z 8

= 2
8
B

z

X

2

£ 2

=3 o

2 8
&
]

z

=

£ 2

= o

2 S
!
a

Winter N Autumn N z

s

z 8

= 3
8
3

z

£

0

£ S

5 2
5
b

z

s

£ 2
T
b

56°29'30"E 60°30'0"E 56°29'30"E 60°30'0"E

SPEI 5 0.044-012 T 022-0.28

2 0.0027-- 0,043 T 013-021 I 029-036

OIpl Grd gz 3 SPEL (asls Sl (s pdypss V' JS0



AY e By g 3 JwSis S5 5 oy glaeRl alolid | o 5on o Soal s

& Wlae ailais 43 (118 ¢ )32 e ) JlwSulid SS9 e 5!

(Sghd Jold (ol aaseiio jloz cilaio )3 (JlocSiis cunls jl Bras S g (S (ol lolid jolaioa,
S w30 ol B Shy ol 42l o 03,5 Julod g glsel ol 6y9 5l ool b i 9 (S5 e
SacSis ) glite sla Sh ol 35 Ly e Bblie 5 0395 (S e aadein Ko gy by
€89 Slolp VL &5 ams oo Ui oo () gl Cunlaadlhe (pl (oS 5 (g Miajls &5 WS (0 2 |,
Plio 5 olaid o b5 il gl sloolSisl (3l o Cul 103 VAVD L 315 oSyl 4 3lato Jlosiis
2 LS sl JlecSis ol & Al Gien cnl @ gl lp Ll )15 )13 (300 WIB B (g Sloly3 L)
JlocSeis e ySilie Y ol 395 (5 olStum] 3 8,5 155 )3 55 |, nduasie plo b oyl iunle
oy g )5 sl JlocSis cuaSls by o ol )y J13 Sl claod,y j3 (-V/V0) o @ o (sbo Y/5)
YL Gl alesas slugy o Loy Lol ccawl anlye (Sid (glaoysd b polie jsbody dilaie a5 Line sl 4t
S (oo 2l w3 (5509l g (s Ol e ol il Sy ) i pols S SV s b b a2

b ol Ol oS e ol dibaio o LB plo 3 slise SlS 35505 %0 55 cul Jlia
Pl (nioVsk b b omr g Cdl i opjr Wil pbelRi] el €l g BAlr o Jlucsiis
e S Jlold b g Vb o) Bile ] b o attie wuoy o 0l V g MY AD &) iy 4 oS JleSlis
o] sl hles (S5 9 Cad slrdasuie ) gadgd 990 (nl D90 55 Bres CSlpeds ()5 Sl 4
b (Sop pdlie cpyide S Lo g @i opfe Bl slaolKiul 5 (FV/FA) dlale bawgie cpsnad cl b o
D o Ui |y Cuxdg cp i sl (FVVYD o =WVEO ANV F g d) (reod Coldg

Jled ( By oo Ay > Jlcsis culdy g ol cpyidn & Sl Glye (G g S 2
slagluo ) ()8 Jlod (g5 4 bgye plie (iS85 Jlops cunl 300 Slllae a9 (655 yo 9 (S
S e Cope > 2V Sl I Jlocslis (Shg 0 gl cul dlpe (el 9 )1 plomind) olo S
Uil 5 EoaolgS Sany gyt (sl o 5l 15le) Ko IS (6580 (gt 5 < Jlio (slyy 2,15
224l 3 503 i 5 o 2iile) Sl JloSits (58U L 3blie 53 S Iyl Cadgl 3 (55,9l o9l
Jibs ol il ety > O (opgopne il g by U8 (eing ol wlie Sl copie

DD 0 ﬁ])l L;‘M.o L;Lmd)]fwl,,w 9 L;)'i)ub'ﬁ Lgl).g )Sda)g)lfa )Jénl> Epyas > duasein C)'.’-‘ u‘""{)"



55°23'30"E 60°24'0"E 55°23'30"E 60°24'0"E

30°15'0"N

30°15'0"N

'N

26°14'30'

26°14'30"N

Intensity A 132--122- A 144--137-  Km Severity A 7.30--6.01- A 11.34--8.05-  Km
—_— —_—
4 121--1.16- A 1.36--1.33- A 1.48--1.45- 0 65 130 4 6.00--4.53- A 8.04--7.31- A 12.07-- 113540 65 13(

30°15'0"N

30°15'0"N

r4
a )
z &
) b
n o
S S
o
o
a

55°23'30"E 60°24'0"E 55°23'30"E 60°24'0"E
Frequency A 10.1-12.5 A 13.8-15.0 Km Duration A 3.76-4.67 A 5.61-7.00 o
4100 A 126-138 A 15.1-1838 0 65 130 4 291-375 A 4.68-5.60 A 7.01-850 0 60 120

1220V VA 090 )3 JoSis sla Shg olad e £ S

adlacs ;90 259 43 Loy U8, (lwlind Coa ITA (K15 (905
sladlaio (ke (Sloj sbacspw Tl caihate gaw )3 Sl B oS ololid 5 S 59, oS jslaiee
(alale) sloj pB8 12 13 )5 cpl (gly )5 auslrs (SPET ¢ i)l dod) addllasdyge (slopio 1 S 2 (sly
8 Gl onles 5 asly (Sloj oy SU U D (6525 (ke Spgines olRin] Ve plod )3 yiiio jo 4 bgyyo 3lie
Jlosl ghitbio :Siko Sloj sl il g9y 22 ITA ppgejl sl o ol Cans 4y ol 558 Cgin dilaie
s (VOA BYRAD ) Al VY (g 05 99 4 SPEL [adls g (o)l g Lod slaggyw Ban ol gl )5
sl (pwypdyge (Sloj Sy )3 gy Cundg odimd Ui 42> YO bt slutal > LIS (SusS1y (0 Jsi) 025
S asl 59 b cpl ) aosliz 5 pite laglog cp S HS0ly ditas 5S35 V) bad 4 LB o« ol
ol o ylis ks 5 bla Wload i pe (g3smo O )yguods dlael aSol @ da g b piored bl o b Ol ypuss



A e By g 3 JwSis S5 5 oy glaeRl alolid | o 5on o Soal s

sl deldl jd .l polie il Sy wibl s (sYU 814 Canl Jgl 0)90 4 Cand pgd 0y90 Jluw VY ;3 polds
2355 w5 @l yie Jelow ] e 58 0oy Ve 9 0 el

3 el Jlo e gl b 53 sl ool a5 bB 55 51 (Sl iy (slod (SIS o D S5 3ilas
@3 Ve 5l YL lales (ol o blio ,d .l Slod ojb ol 55 Led yal)b I gxe (oylel Jg35 K9y odimd L aS
ool cybianls jd Wyl dals @lypuss ds )0 YV gYL slaled § 35 o sdalie zadgd Y/O B YAy oled
]917: uwl.o)f G g dindon slod 4>9;J;l9 u_u.ul)sl RYP'S) o,\;:b.)ol.\i;} oS ,\:ld&s;)b.s 40 ¥0 b oYL losls bl
y s 3blio 3 oS gyl S 5 IS G 5 Slar Ghle)S K5y b @l )l Juab ]
9 05 polde aS sy ol b fad plu i dalllasd yge ddlais 13 Lod Sllwgs Hlg ;0 .0, Slozan Siddos

a5 B Cute b 0dimd L an )0 FO b oYL 50l g lieol lp Jaad o aieS slod polde (505,18
Glodgizs plod liwe; o blie 0 sl Jlo p)5 Joad )0 o394 aineS slod 2w )b Liolidl o jielyl oyl
gy odidd i o5 Wilad,S )18 wopd Ve liabsl WLl sl (g xe jebds g did bie cud )b oled
alos 5l abisee Jolse 51 iU Wilgs o cybime Juad ;3 dineS (slod idlS pl .l dieS slod (548 &bl Loy
28l 2 agas (93,5 SlagSl )3 St L g s Cogoy IRl o by sl

ool & bare glooly bl olod ¢ jliws) jd 90,5 0 odaline Kb ek a0 iyb glp sddol Cundg
sk 5 Ol Jpad )3 (hlie ) Cun LSy () laol plad 3 J2alS (ul b iz e el Jo 3k
(B JS5) 25 ood 0amliie  astiie Mgy ¢ iyl slaojl plw

8,5 905l gl cawl o3l S35l cou ) 5 g 40 |y SPEL [asls Wy, j98ie pite dw Ol yuss
95 Ny hdd Jlo g U cute Jloy 03905 3 0394 ¢ Slalllas ddlaio ) Hlaidyge asld a5 dad o ol X9,
s e yobas w0dgze pl 4 basye (closls bla oled wanl 03,5 a5 3l sla Jlo b 1y (o)l gxe (o)l
Slolyd g s ioli8l g SPET s li do gy LB jtals snims )l a8 wilad 31,8 oy Ve liabol L 51 50000
o oy 035050 .l dilaie 3 5% g o Gl g SWL Eals Sl o Jop Lgy cpl ]  JlucSis
w2305 GUiS |y (ool K9, Gliwe) 9 july )3 9 (8B gy il 5 ke Juad 53 3



V€€ uum.’u Y B)Lw.s oV B)Qb‘ﬁbdlg},)ie lehumbg).’d.bu Qe

Winter Autumn Summer Spring

°
b = I s 7 | v - [
- s - ~ o - - >
e e R w 2 e B e 5 g
£5 81 e E o 5 = 25
g 2 A 3 - g W @ e il . 1 2 -~
=& % o 9 57 . = b - 7z
ZE e 5 B o 3 e L 2. % & e ¥ 7 o 4
- R e = i 54 e B 7 i
g - / & i L o e g
8 5 o = I =
i | & e | - e | -~ 85t
S T =5 T & T T T i T T T T T T T T T T T T
17 18 19 20 21 290 295 300 305 310 37.0 374 378 382 27 28 29 30 3
[ o
E) & Q ? P g = o ) 7
S & " Ve ~ RS ¢
§ g = p oo 1 : ey
N Ep 2 G ~ 7 © . WL
) ] 52 © . 7~
e EE = 7 o o o 7 TS e
~ 2w < ~ w0 - - L
- Ef o - ~ o & .
g = ] = Tl A e 0 e & =
2 & e - pe g 7 ”,
2 2 A S & -
: & & /// . S
g T T T T 5 T T T b2 T T T T
k- 150 165 160 165 17.0 245 250 255 145 150 155 160 165 17.0 175
o
= & 0 >
& ‘ 31 A EE o 3
& g 24 E - ] o
& o 5 & 7 g
= 8% 84 ® -
». | Q
§ s 1 & o 2 ° = 8. &
L] L)
& L 81 e "V’W ol i 8
= o« T T T T T L] T T T T T T T T ®
0 10 20 30 40 50 0 5 10 15 20 25 30 35
“ g
< - °
o -
- #E 24 L) 1
R 5 - g o 3
s
b= < . 2 ’,./“ . °
. P 3 /,V i
4 b g o
) 2 ? e %
< b #*
T T T T - : R | 4
T T g T T T T T T T |} T T
05 0.0 05 10 15 05 00 05 10 15 20 10 05 00 05 10 15 05 00 05 10 15

First half of the time series (1995-2006)
------------ +10Percentline  ------+5Percentline ~—— No Trend
o py90 Syt (sl B9y (SIS sl gl 0 JSud

s |y JwSis 5l olie oS 33 oo (3 0dd awyp loolSiw! & aad o lis adlles oyl

omed Caol 039 lojan la JlocSiis LL g 5El g odlsg, Gglie &gty g po g S (clnoyg3 iled S
0938l Wl ol plo 4 Comd (g yday JoSis a5 Gllug liws sl 5 ol il laolSw]
Slasy Slglyd ioli8l 1 eaMe ¢y gl Jlo > &S w2 o lis SPEI (adls olyuss Sloj (gymw Judod ol p
51 a8 wols lis (VF-F) o), Kan g Youw odljcage 0)biplys canl o 5 5Vgb 55 o)l olojcuse da JluoSis
sladseys Slhas gylul g F SVsb Juad gpSeds jeba olpl o b JSis ww 4 Yoo am
Gl il Ul ble o uiomed Wilea ST WS 1) syd bl g ol gpledl 5 5550 JleSis
Beheshti Rad, 2015; ) i sl ingh o5 Jbyd Dad o sdalin «uud 5 Buly b JloSis
b yidg cpl ailes,S WS b g 2o (Ao nad JwSis 4 sw)yda (Kahkhakohan et al., 2019
ol Cung sy @i 3ble )0 sy ol Cdpw a5 db lis JuSis b Shy 4 LS oo
Ol Nad o (astiio (olo V g AIY AD iy ) JlocSid pglts p 5 Yo Cud b v 5 Bl could 0 5 diilo
RS Gl b e o] 03gds D)l olpen 4 (65 Bres ) Il eS Slgl3 b s YU o Bule
&S Bdwy aeS cpl @ (YoVF) oh)en g (g39000 Liwly cpon (0 d o L |y (g5 olyu candg (VV/YD
ool a5l a5 6 B S5y ol G55 5 (Brb s b Gblie 3 ehgn JluKis
azdly oyl sl odpuny Al £F 0,95 Jobo 5 «/YVA & (6 JloSiis Lol cud (2l (S )0 S g gk
e opl Whad g SYeb 9 yilul aSl solgld bhoa sble pl b JSas &8 sas o olis



9 o G g ) JSis GG g Gl s alwlil [ ) Ke o Jodl

SV slaoygd 15 )y O Sl 28 5 e sloo] wlie p puitus 1 ate SYsb (gl Jlosiis
25 (Sidaren phlohe chlud 4 e Wlge 5 038 wdo laglsel J 1 bl cop ol gia8
.(Rajabzade et al., 2021)

b, 565,50 oS waby Ui s dTA alygle g, 5| cpSose b JucKid gy wyp
Zare 3ile) dilaie > ety (sl yimgly S 1 3, pwnds caslil clopsulSia yhaie 1 lgiee |y b oSS
Julow caszsls a8 Sl gl g Lod iljal 5 oS (Y+VY (o), Sen 9 Darroudi &30 o, Sen sAbianeh
13 SPEI aslis Jloline inls 10 pxie w5 ooy 698! S it & ITA gl 51 oolisal b g3 ol
S sla Jlockis | gies aiaie &5 3830 ot 258l ) sl 42548 (el a5 1 45 scoghye slaol
o3l3cuwd]] (6 pSaty yobots 3 o wlie bl 5 oy sloeygd 4 3955 sl ]) 28 allg 4l il 42 se
i (slad i3l g 3y sla b 1> (SHb il b olyan cogbye (slaoygd (5lblo 5 205 ialS
sheogs g 1 1) (odlfl Gl 4 b ol @l (pl W9l 5)lub g Saad (FSYsb I JlucSis oad coge
A3 o )] cole (sl g5l (Sitee g (Jelod aw 4

S 35 o

Llse (el g2 (b o Shg Sl (S led g )k dex I celBl (sla el )l ) 53 (lugi g ()il
1 6yl 4 At Sblusgs ol 5 b DL I JlocSts sl o ombs (cloptanssS] 3 M| e go a5
oy sl Bua b ol gl S cop 5> dleps e caoad b Loy Siiddes 5 St 3ble
olrl 38 o ) Jusis (oSl Hemapilie 5 gamiia S5 S Bl g pgwye (o sladidos
baasio ghwwl ¢l oly )98 SPEL (adls Jold (oS 5 550, o gslaie cpl lp 0 plox]
Sl it 48 31 GUis LIS gl A5 48,8 IS 4 s e ol ol gl ITA (SudlS cygesl o oS
e Coows 4 (VY Jlo b ohsd) wobye Bies Lyld 5 aslil oo, e Sy sald 3%+ and 3l
Olieash 5 Gliwss bl )3 &ly slaollunl &5 pobody fcunl 0392 Sde (Yol 5 il b Jlucsis
Sl jela (ol )3 (Jlo ¥V 50) JlocSiis (glaoygd (5 5V sk g Wlod )3 4055 1) (5 5 bl
SPEL -) lol> o) 0 Voo Jlo o JocSiis slasgy cp s @il opl 50 0 sdaline Swls g ol o
Wy ES 4y (SPEILL 2.5) ,Ul oS! 13 VA8 Jlo 53 Cumdg o yosb o o (4.4

lolid g S 50 tmehy ol 03938155 5 ol 6slys oy sl b IS guen ol 5 5l
B oSl )3 I 5ol ¢ Jlto (el atis atlato g 3 JloSiiS Cglite cunlo 5 €I (glagSID
2 e lde )3 D9 o (asuin bawgio polii g s Lol YU Jlglyd b oS cunl €80 gy sla JlwSis £4d4
L oS g 0 iy yoi €Yl g i ool gty LI (6o (puid 0y 5 il (o Aile o laolSKiiu)]
(HlocSiis ilisee SlogSll Gl S pl sl olpon Vb (oS Culg 5 (SYsb jli pols Ll 58 Slgl 5
ool sy 0,805) S sl b Sy oo lag el a2 o (L5 oS Cand (03)8 g > Bl S
High (g5l oh)law adaie o )3 JluSiis QI 651 5 jls Ly



Jios Slo 4ol cps BB ITA (g05l gols bwg Heomep iilKe & ygods ¢ JlocSKis cunle 13 poss o)l
PSS Jo p Lsa dilaie a5 dmd e LS L doui ol ol I e Jlaas (6yle] L adlis b e
op A e Cand syt 5 1y O e b3k g Jlo i (slaoygd sl 293 cud )l aSl ol A
bl s bl o Lod wds (]38l g 5 Jawad (0 o, ials JUST 13 cob e (sl 90 Sidladtums Cunas
@l ol cwl 5yBxk lacdls cow 4 gl canle s g JwSis glaslyg, s pauss 9 5 SVeb
W2 o a7 Hemep ilSe Jdow SO d B po ssaline S 5l ddlaie (3 ol yom Seold Gl L ST
b laes 595 (B g (Sl 45 0 olis gty o o 1) b gy g ol iggeone )3

9 Faad b JlSis g4y 4 oxie o5 Wied g9y o) Sl g Cunle 3 i b Sl (Jlucsits nais
lods s shal g g 45 1S o 1T (oS g sligS igmas Sy cpl 45 Jblgd 5 e Vb
5 Sa9rd ol oty cpl Gilisee slal il 3 dibate (g pdycanl SEaLST jglateds (uldl s L () 5lo el

Cal (598

o o>
S5 o ol dlie oy

OB S g e

Bl 2255 0 pasetio o g 4 (B Mg pres 2blioo (s290lp JUl GBI 3] i) Al ) gy5is oS Simgly ol
dlﬁi 9 Cawl disly olgs l) M W?"U‘W UA)K: 9 L_)LMM[DDO Pl?ul 9 Laosls u»)].)).} dosls 6)3160 J&iw.n 6:9.&‘)) Jl.ul.)
b compotn O leialy (wlidydy) (298 (agide (b 53 (sglie Slil) glond 0315 o (leal) Sbinl) g2 ldwes (pune
lazily ¢S lie pglai agd g (oxwliel (halng 5

X8l alas
5005 Wl il b S b b)) 3 oxblio Sy geum 45 15 5o M) S iy

P gy
9 CatsS W) coge 95 oiile g paass la pleialy b oS b cldlsa claingh dbme  alibl gd pyme gl
)Rl dilasouns (SAE kg cpl ole clie

&be
MY NA (F)D ool o 5 ylof pokigo 4 i o )S

093 g e «dd Juow 3 RUN (695 51 oolimel L(WAY) Uynj ¢ Slgpud g Cpwrdodre <o § s peof ¢ polioyls
https://doi.org/10.22059/ije.2018.234602.621
SAS-FVY (WY B/ (SPEI) sads)lubid 0 G- bk gedls
https://doi.org/10.22067/jsw.2023.81322.1257


https://doi.org/10.22059/ije.2018.234602.621
https://doi.org/10.22067/jsw.2023.81322.1257

ay o G g ) JSis GG g Gl s alwlil [ ) Ke o Jodl

e omS g ol (JloSits (adls dix dulie g (5l8Ty (100 sl LSS 5 2l5 gy fiaj 0dlj (gl
N0 PN () lihe pend el wllas) L ol Gt oge ol
https://dor.isc.ac/dor/20.1001.1.27172996.1400.19.1.1.3

ol 53 (ol Lelge g Jlocsiis K9y Sl yp (IF0)) dogane (b g dexe by s fela (539
doi: 10.22052/deej.2021.10.32.11 X'+ =V (YY) + « yblo pismenwssST aodigo . lms sl o <l

(YIWA SBo] il (VABV-Y VD) 5,5 (slo JuocKis sladasuin Julow (WWAY) dow ¢ Slad g Cgn wgipd
AANZAN

g Siglgpn (oulidlon o Jlasis oyl (V) daome cggu GUE 5 Jaillsl saslus tdaw wdljce,
V=00 (VR 5hb ] rplaes slodlols ySuS b o] LUyl (g 5 5Sesdys 9 podlS €03 3 (i)

2 Ol (S e ) JocSiad (la Shg Jdow (V1) (o po (hoSlows yg2 pguane g jam s ee o (2L2)

AAAY (Wl gepe 0 iy slapls opse e JSas el el
https://doi.org/10.22126/atwe.2024.10319.1114

o (WAF) oall ¢ oBlS 5 alad oges c(s3gmumeysn 143 )d ¢ ol o (Bgpme Il g e o> Wil )5
ANV g fhaeo (5/5lpiC 5 pole - (liazgly 5 (b dibate (wlidlon (JlocSis (il

g b lopS pliw) )3 (N Sis Slys' o (MYAF) cdidee )92 038 9 105 (808 S po diin Moo £y o3l (Blpe
el s sl 5 anb @lio jl colus o Gisled (pegd o S o o s i oolizwl b 45,0 5 Lo gy

o] (olmamy ouldl Loyl b 51 oledyes (V¥ =+ ) comyd (bl g cpall Jlesduw ¢ gbl 0 03131 (6 )lg3m (b)) oo il b
VWY (FF) ol sloying o )9S 555 g dig

srase » w5 JwSis albbu hdasuie Gl Gl oL (VFY) e (b8 9 Lo Jlae ( SSK
https://doi.org/10.30488/ccr.2024.461031.1224 V¥—00 (VA « 2o g of Oty slo jingss .ol p) 50 Cgi 3oyl

P JwSid abg @bl (W) (alie (Jy 5 comins (gauge 1l (998 525 (gloteme (RSS
! Sl 5 @ire liizr (2000-2015)MODIS  glo lsale (slaosls 1 aslizl b lissly 5 b ool
https://doi.org/10.22092/ijrdr.2019.120029 .VAF-YYY (¥)v$

(W ol Lol 5 L o) 5y gtz 5 iltins) Gl s)bmial s 5 (63l ST (VWA daee g3l p0
https://doi.org/10.22034/gahr.2020.109953 .\ VY

b olesS gl (ot 5 e obio > 0l e 5 sl dod g, adllas 1F+) s (St bl 5 05 o
NOY-YYS (V) Gl Ly, 5 Lehes omelbb s oyl clagge;l 5l el
https://doi.org/10.22034/gahr.2021.296784.1587

b olpl p» Jlocsits 025 o 9 e I (Vo¥) aagie 0lj 28 5 Chug (o) Jg8 Blo> Vw03l (ot
doi: 10.22067/ge0eh.2025.94525.1597 AY=VVO (YNY . oo hibbio o L8> . (gamdw (sdbddss 3,55,

Sloalil 5 JlncSits glolis g (SPE) oaissiliad 555 5 s ol ol i) (IYRY) o8 5
VE-SY (DY o Lo pale .ol ilieo

F o soygd g 2 (83,5 GlagSl(1F ) cpen sy lad g 5000 syt fimre yor lides e RS 0 g
doi:  FEV-F0F (YFA a5 e SSiolpl Gpd s gl b Sid
10.22059/jesphys.2022.327069.1007337


https://dor.isc.ac/dor/20.1001.1.27172996.1400.19.1.1.3
https://doi.org/10.22126/atwe.2024.10319.1114
https://doi.org/10.30488/ccr.2024.461031.1224
https://doi.org/10.22092/ijrdr.2019.120029
https://doi.org/10.22034/gahr.2020.109953
https://doi.org/10.22034/gahr.2021.296784.1587

References

Aher, M. C., & Yadav, S. M. (2021). Assessment of rainfall trend and variability of semi-arid
regions of Upper and Middle Godavari basin, India. Journal of Water and Climate
Change, 12(8), 3992-4006. nitps://doi.org/10.2166/wcc.2021.044

Alifujiang, Y., Abuduwaili, J., & Abliz, A. (2023). Precipitation trend identification with a
modified innovative trend analysis technique over Lake Issyk-Kul, Kyrgyzstan. Journal of
Water and Climate Change, 14(6), 1798-1815. htps://doi.org/10.2166/wcc.2023.413

Araqi-zadeh, M., Salajeqeh, M., Najfi, Z., & Arabpour, M. (2015). Analysis of drought changes
in Kerman Province considering temperature and precipitation trends using the Mann-
Kendall test. 2nd Conference on Conservation Natural Resources and Environment, Ardabil.
[In Persian].

Asong, Z. E., Wheater, H. S., Bonsal, B., Razavi, S., & Kurkute, S. (2018). Historical drought
patterns over Canada and their teleconnections with large-scale climate signals. Hydrology
and Earth System Sciences, 22(6), 3105-3124. hitps://doi.org/10.5194/hess-22-3105-2018

Bazrafshan, O., Mahmoudzadeh, F., Asgari Nezhad, A., & Bazrafshan, J. (2019). Adaptive
evaluation of SPI, RDI, and SPEI indices in analyzing the trend of intensity, duration, and
frequency of drought in arid and semi-arid regions of Iran. Irrigation Sciences and
Engineering, 42(3), 117-131. hups://doi.org/10.22055/jise.2017.22113.1585. [In Persian].

Begueria, S., Vicente-Serrano, S. M., Reig, F., & Latorre, B. (2014). Standardized precipitation
evapotranspiration index (SPEI) revisited: parameter fitting, evapotranspiration models,
tools, datasets and drought monitoring. International Journal of Climatology, 34(10), 3001-
3023. hitps://doi.org/10.1002/j0c.3887

Beheshti Rad, M. (2015). Spatial variation of drought using geostatistical methods and the
standard normal distribution index in Kerman Province. [ranian Journal of Water
Engineering, 5(4), 118-130. [In Persian].

Burton, A., Glenis, V., Jones, M. R., & Kilsby, C. G. (2013). Models of daily rainfall cross-
correlation for the United Kingdom. Environmental Modelling & Software, 49, 22-33.

https://doi.org/10.1016/j.envsoft.2013.06.001

Cai, W., Purich, A., Cowan, T., van Rensch, P., & Weller, E. (2014). Did climate change—
induced rainfall trends contribute to the Australian Millennium Drought?. Journal of
Climate, 27(9), 3145-3168. nttps://doi.org/10.1175/JCLI-D-13-00322.1

Caloiero, T., Coscarelli, R., & Ferrari, E. (2018). Application of the innovative trend analysis
method for the trend analysis of rainfall anomalies in southern Italy. Water Resources
Management, 32, 4971-4983. hitps://doi.org/10.1007/s11269-018-2117-z

Chandrasekara, S. S., Kwon, H. H., Vithanage, M., Obeysekera, J., & Kim, T. W. (2021).
Drought in South Asia: A review of drought assessment and prediction in South Asian
countries. Atmosphere, 12(3), 369. hips://doi.org/10.3390/atmos 12030369

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/decj.2021.10.32.11. [In Persian]

Dinpashoh, Y., & Shafaei, S. (2018). Analysis of Drought Characteristics of Tabriz (1951-
2015). Water and Soil Science, 28(3), 117-130. [In Persian].

Farzaneh, M., Arbabi Sabzevari, A., Daryabari, J., & Asadian, F. (2021). Climatic variable
forecasting for future decades in South East Area of Iran. Journal of Climate
Research, 1400(45), 97-11249. [In Persian].

Fung, K. F., Huang, Y. F., & Koo, C. H. (2020). Assessing drought conditions through temporal
pattern, spatial characteristic and operational accuracy indicated by SPI and SPEI: case

analysis for Peninsular Malaysia. Natural Hazards, 103, 2071-2101. hitps://doi.org/10.1007/511069-020-
04072-y

Haile, G. G., Tang, Q., Hosseini-Moghari, S. M., Liu, X., Gebremicael, T. G., Leng, G., ... &
Yun, X. (2020). Projected impacts of climate change on drought patterns over East
Africa. Earth's Future, 8(7), €2020EF001502. nttps://doi.org/10.1029/2020EF001502


https://doi.org/10.2166/wcc.2021.044
https://doi.org/10.2166/wcc.2023.413
https://doi.org/10.5194/hess-22-3105-2018
https://doi.org/10.22055/jise.2017.22113.1585
https://doi.org/10.1002/joc.3887
https://doi.org/10.1016/j.envsoft.2013.06.001
https://doi.org/10.1175/JCLI-D-13-00322.1
https://doi.org/10.1007/s11269-018-2117-z
https://doi.org/10.3390/atmos12030369
https://doi.org/10.1007/s11069-020-04072-y
https://doi.org/10.1007/s11069-020-04072-y
https://doi.org/10.1029/2020EF001502

0 e Gy g > JwcSiid 1Ko 5 loj g lwlid /| o, K0n o Sedl

Hailesilassie, W. T., Ayenew, T., & Tekleab, S. (2023). A comparative study of drought
characteristics using meteorological drought indices over the central main Ethiopian
Rift. Hydrology Research, 54(3), 313-329. hups://doi.org/10.2166/nh.2023.091

Hejazizadeh, Z., Pajooh, F., & Shakiba, H. (2021). Analyzing the accuracy of drought indicators
and determining the best climatic indicators in southeastern Iran. Geography, 19(68), 5-21.
hitps://dor.isc.ac/dor/20.1001.1.27172996.1400.19.1.1.3 [ In Persian]

Jain, V. K., Pandey, R. P., Jain, M. K., & Byun, H. R. (2015). Comparison of drought indices
for appraisal of drought characteristics in the Ken River Basin. Weather and Climate
Extremes, 8, 1-11. nhups://doi.org/10.1016/j.wace.2015.05.002

Jin, H., Li, X., Zhang, Y., He, L., Zhang, G., & Ma, W. (2023). Prospective evolution of
meteorological drought in the Haihe River Basin and its connection with large-scale
atmospheric circulations using CMIP6 multimodel ensemble. Journal of Geophysical
Research: Atmospheres, 128(23), €2023JD038954. hitps://doi.org/10.1029/2023JD038954

Kahkhakohan, M. S., Rajbar Fordoie, A., Mousavi, S. H., & Vali, A. (2019). Assessment of
drought dynamics in Sistan and Baluchestan province using MODIS satellite data (2000-
2015). Iranian  Journal of Range and  Desert  Research,26(3), 754-771.
hitps://doi.org/10.22092/ijrdr.2019.120029 [In Persian].

Kartal, V. (2023). Assessment of drought using different tests and drought indices in Elazig,
Turkey. Water Science & Technology, 88(7), 1767-1794. htips://doi.org/10.2166/wst.2023.315.

Kashki, A. and Ghorbani, H. (2024). Faculty of Geography and Environmental Sciences, Hakim
Sabzevari University, Sabzevar, Iran,. Climate Change Research, 5(19), 55-74.
https://doi.org/10.30488/ccr.2024.461031.1224. [In Persian].

Kashki, A., & Ghorbani, H. (2024). Faculty of Geography and Environmental Sciences, Hakim
Sabzevari  University, Sabzevar, Iran. Climate @ Change  Research, 5(19), 55-
74 hups://doi.org/10.30488/ccr.2024.461031.122449. [In Persian].

Khaleghbakht, A., Mishiri, S. R., & Mahdavi, M. (2014). Assessment of climatic drought
characteristics in the Larestan region. Regional Planning, 4(13), 103-120. [In Persian]

Kisi, O. (2015). An innovative method for trend analysis of monthly pan evaporations. Journal
of Hydrology, 527, 1123-1129. https://doi.org/10.1016/j jhydrol 2015.06.009

Ling, Z., Shu, L., Wang, D., Yin, X., Lu, C., & Liu, B. (2024). Characteristics of groundwater
drought and its propagation dynamics with meteorological drought in the Sanjiang Plain,
China: Irrigated versus nonirrigated areas. Journal of Hydrology: Regional Studies, 54,
10191 1. https://doi.org/10.1016/j.ejrh.2024.101911.

Mahdizadeh Soula, J., Ghavidel Rahimi, Y. and Farajzadeh, M. (2025). Structural Analysis and
Regime Shift of Drought in Iran Using a Three-Dimensional Clustering Approach. Journal
of Geography and Environmental Hazards. 14(3), 93-115. doi: 10.22067/geoch.2025.94525.1597. [In

Persian].

Mahmoudi, P., Maity, R., Amir Jahanshahi, S. M., & Chanda, K. (2024). Changing pattern of
drought proneness across Iran. [ranian Journal of Science and Technology, Transactions of
Civil Engineering, 48(December), 4709-4729. hitps:/idoi.org/10.1007/540996-024-01579-3.

Manzano, A., Clemente, M. A., Morata, A., Luna, M. Y., Begueria, S., Vicente-Serrano, S. M.,
& Martin, M. L. (2019). Analysis of the atmospheric circulation pattern effects over SPEI
drought index in Spain. Atmospheric Research, 230, 104630. hups://doi.org/10.1016/j.atmosres.2019.104630

Mazidi, A., & Bahaaddinbeygi, H. (2021). Study of temperature, precipitation and wind speed
trends in the northern and western regions of Kerman province using parametric and non-
parametric tests. Geography and Human Relationships, 4(2), 246-254.
https://doi.org/10.22034/gahr.2021.296784.1587. [ In Persian].

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 (pp.
179-1 83) AMS_Relationship_Drought Frequency Duration Time Scales 1993.pdf


https://doi.org/10.2166/nh.2023.091
https://dor.isc.ac/dor/20.1001.1.27172996.1400.19.1.1.3
https://doi.org/10.1016/j.wace.2015.05.002
https://doi.org/10.1029/2023JD038954
https://doi.org/10.22092/ijrdr.2019.120029
https://doi.org/10.2166/wst.2023.315
https://doi.org/10.30488/ccr.2024.461031.1224
https://www.google.com/url?sa=E&q=https%3A%2F%2Fdoi.org%2F10.30488%2Fccr.2024.461031.122449
https://doi.org/10.1016/j.jhydrol.2015.06.009
https://doi.org/10.1016/j.ejrh.2024.101911
https://doi.org/10.1007/s40996-024-01579-3
https://doi.org/10.1016/j.atmosres.2019.104630
https://doi.org/10.22034/gahr.2021.296784.1587
https://www.droughtmanagement.info/literature/AMS_Relationship_Drought_Frequency_Duration_Time_Scales_1993.pdf

Mehta, D., Waikhom, S., Yadav, V., Lukhi, Z., Eslamian, S., & Furze, J. N. (2022). Trend
analysis of rainfall: A case study of Surat City in Gujarat, Western India. In Earth Systems
Protection and Sustainability 2 (pp. 191-202). hitps://doi.org/10.1007/978-3-030-98584-4_8.

Min, S. K., Zhang, X., Zwiers, F. W., & Hegerl, G. C. (2011). Human contribution to more-
intense precipitation extremes. Nature, 470(7334), 378-381. htp://dx.doi.org/10.1038/naturc09763

Mishra, A. K., & Singh, V. P. (2010). A review of drought concepts. Journal of
Hydrology, 391(1-2), 202-216. nttps://doi.org/10.1016/j jhydrol 2010.07.012

Moradi, M. (2020). Detection and analysis of winter precipitation over south east of
Iran. Geography and Human Relationships, 3(1), 96-113. nps:/doi.org/10.22034/gahr2020.10995349 [In
Persian].

Moradi, M. (2020). Detection and analysis of winter precipitation over south east of Iran.
Geography and Human Relationships, 3(1), 96-113. ntps://doi.org/10.22034/gahr.2020.109953. [ In Persian].

Nguvava, M., Abiodun, B. J., & Otieno, F. (2019). Projecting drought characteristics over East

African basins at specific global warming levels. Atmospheric Research, 228, 41-54.
https://doi.org/10.1016/j.atmosres.2019.05.008

Nosrati, K. (2014). Assessment of Standardized Precipitation Evapotranspiration Index (SPEI)
for drought identification in different climates of Iran. Environmental Sciences, 12(4), 63-74.
[In Persian]

Pandzi¢, K., Likso, T., Curi¢, O., Mesi¢, M., Pejié, 1., & Pasari¢, Z. (2020). Drought indices for
the Zagreb-Gri¢ Observatory with an overview of drought damage in agriculture in
Croatia. Theoretical and Applied Climatology, 142, 555-567. nitps://doi.org/10.1007/500704-020-03330-0

Parsamehr, A. H., Mobin, M. H., & Khosravani, Z. (2018). Using run theory to analysis of
drought severity — duration — return period (Case Study: Fars Province). lranian Journal of
Ecohydrology, 5(2), 471-481. hups:/idoi.org/10.22059/4jc.2018.234602.621. [ In Persian]

Patel, P., Mehta, D., Waikhom, S., & Patel, K. (2021). Analysis of rainfall variability and
drought over Bardoli region. In International Conference on Hydraulics, Water Resources

and Coastal Engineering (pp. 245-255). Springer Nature Singapore. hitps:/doi.org/10.1007/978-981-19-
8524-9 20.

Philip, S. Y., Kew, S. F., Van Der Wiel, K., Wanders, N., & Van Oldenborgh, G. J. (2020).
Regional differentiation in climate change induced drought trends in the
Netherlands. Environmental Research Letters, 15(9), 09408 1. https://doi.org/10.1088/1748-9326/ab97ca

Polong, F., Chen, H., Sun, S., & Ongoma, V. (2019). Temporal and spatial evolution of the
standard precipitation evapotranspiration index (SPEI) in the Tana River Basin,
Kenya. Theoretical and Applied Climatology, 138, T77-792. hips://doi.org/10.1007/500704-019-02858-0

Potop, V., Mozny, M., & Soukup, J. (2012). Drought evolution at various time scales in the
lowland regions and their impact on vegetable crops in the Czech Republic. Agricultural and
Forest Meteorology, 156, 121-133. https://doi.org/10.1016/j.agrformet.2012.01.002

Rajabzade, S., Mosaedi, A., & Ghabaei Sough, M. (2021). Assessment of meteorological,
hydrological and groundwater droughts in the Kashmar and the Bardaskan plains and their
relationship with each other. Journal of Rainwater Catchment Systems, 9(1), 55-71. [In
Persian]

Rezaei, S., Masoompour Samakosh, J., & Miri, M. (2024). Analysis of drought characteristics
(severity, duration, magnitude) in Iran based on multivariate standardized drought
index. Advanced Technologies in Water Efficiency, 4(1), 82-98.
https://doi.org/10.22126/atwe.2024.10319.1114 [In Persian]

Roy, S. K., Morshed, A., Mojumder, P., Hasan, M. M., & Islam, A. S. (2024). Innovative trend
analysis technique with fuzzy logic and K-means clustering approach for identification of
homogenous rainfall region: A long-term rainfall data analysis over Bangladesh. Quaternary
Science Advances, 15, 100227 nttps://doi.ore/10.1016/j.qs2.2024.100227

Safarzaie, N., Entezarree, A., & Saheb zadeh, B. (2023). Analysis and study of future
atmospheric hazards in southeastern urban areas of Iran., 1(2),
€174156. nups://doi.org/10.22034/mpsh.2023.379557.1030 [In Persian]


http://dx.doi.org/10.1038/nature09763
https://doi.org/10.1016/j.jhydrol.2010.07.012
https://www.google.com/url?sa=E&q=https%3A%2F%2Fdoi.org%2F10.22034%2Fgahr.2020.10995349
https://doi.org/10.22034/gahr.2020.109953
https://doi.org/10.1016/j.atmosres.2019.05.008
https://doi.org/10.1007/s00704-020-03330-0
https://doi.org/10.1088/1748-9326/ab97ca
https://doi.org/10.1007/s00704-019-02858-0
https://doi.org/10.1016/j.agrformet.2012.01.002
https://doi.org/10.22126/atwe.2024.10319.1114
https://doi.org/10.1016/j.qsa.2024.100227
https://www.google.com/url?sa=E&q=https%3A%2F%2Fdoi.org%2F10.22034%2Fmpsh.2023.379557.1030

ay e Gy g > JwcSiid 1Ko 5 loj g lwlid /| o, K0n o Sedl

Sen, K., & Aksu, H. (2021). Trend analysis of observed standard duration maximum
precipitation for Istanbul. Teknik Dergi, 32(1), 10495-10514. hitps://doi.org/10.18400/tckderg.647558

Strzepek, K., Yohe, G., Neumann, J., & Boehlert, B. (2010). Characterizing changes in drought
risk for the United States from climate change. Environmental Research Letters, 5(4),
044012. nttps://doi.org/10.1088/1748-9326/5/4/044012

Sun, H., Sun, X., Chen, J., Deng, X., Yang, Y., Qin, H., ... & Zhang, W. (2023). Different types
of meteorological drought and their impact on agriculture in Central China. Journal of
Hydrology, 627, 130423, hups://doi.org/10.1016/j jhydrol.2023.130423

Swain, S., Sahoo, S., Taloor, A. K., Mishra, S. K., & Pandey, A. (2022). Exploring recent
groundwater level changes using Innovative Trend Analysis (ITA) technique over three
districts of Jharkhand, India. Groundwater for Sustainable Development, 18, 100783.

https://doi.org/10.1016/j.gsd.2022.100783

Tabari, H., & Willems, P. (2022). Trivariate analysis of changes in drought characteristics in the
CMIP6 multimodel ensemble at global warming levels of 1.5, 2, and 3 C. Journal of
Climate, 35(18), 5823-5837. https://doi.org/10.1175/JCLI-D-21-0993.1

Thomas, J., & Prasannakumar, V. (2016). Temporal analysis of rainfall (1871-2012) and
drought characteristics over a tropical monsoon-dominated State (Kerala) of India. Journal
of Hydrology, 534, 266-280. nitps://doi.org/10.1016/j jhydrol.2016.01.013

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 (SPEY). Water and Soil, 37(3), 473-486.
https://doi.org/10.22067/jsw.2023.81322.1257 [ In Persian]

Vazirimehr, M., Hamidianpour, M., Khosravi, M. and Nazaripour, H. (2022). Atmospheric
circulation types and winter extreme dry/wet spells in the southeast district of Iran. Journal
of the Earth and Space Physics, 48(3), 641-656. doi: 10.22059/esphys.2022.327069.1007337. [In Persian]

Verma, S., Prasad, A. D., & Verma, M. K. (2021). Trend analysis and rainfall variability of
monthly rainfall in Sheonath River Basin, Chhattisgarh. In Recent Trends in Civil
Engineering: Select Proceedings of ICRTICE 2019 (pp. 777-790). Springer Singapore.

http://dx.doi.org/10.1007/978-981-15-5195-6_58

Verma, S., Prasad, A. D., & Verma, M. K. (2022). Time series modelling and forecasting of
mean annual rainfall over MRP complex region Chhattisgarh associated with climate
variability. In Recent Advances in Sustainable Environment: Select Proceedings of RAiSE
2022 (pp. 51-67). Springer Nature Singapore. hitps://doi.org/10.1007/978-981-19-5077-3_5

Vicente-Serrano, S. M., Begueria, S., & Ldépez-Moreno, J. 1. (2010). A multiscalar drought
index sensitive to global warming: the standardized precipitation evapotranspiration
index. Journal of Climate, 23(7), 1696-1718. htps://doi.org/10.1175/2009CLI12909.1

Wang, Q., Zeng, J., Qi, J., Zhang, X., Zeng, Y., Shui, W., ... & Cong, J. (2021). A multi-scale
daily SPEI dataset for drought characterization at observation stations over mainland China
from 1961 to 2018. Earth System Science Data, 13(2), 331-341. https://doi.org/10.5194/essd-13-331-2021

Wang, Q., Zhang, R., Qi, J., Zeng, J., Wu, J., Shui, W, ... & Li, J. (2022). An improved daily
standardized precipitation index dataset for mainland China from 1961 to 2018. Scientific
Data, 9(1), 124. hups:/doi.org/10.1038/541597-022-01201-7

World Meteorological Organization. (2021). Atlas of mortality and economic losses from
weather, climate, and water extremes (1970-2019) (WMO-
1267) https://library.wmo.int/index.php?lvl=notice_display&id=21930#.YubOcnZBzIU

World Meteorological Organization. (2023). Guidelines on the definition and characterization of

extreme weather and climate events (WMO-No. 1310). Deutscher Wetterdienst.
https://rcc.dwd.de/DWD-RCC/EN/overview/documents/01_wmo_guidelines.html

Wu, H., & Qian, H. (2017). Innovative trend analysis of annual and seasonal rainfall and
extreme values in Shaanxi, China, since the 1950s. International Journal of
Climatology, 37(5), 2582-2592. nttps://doi.org/10.1002/joc.4866

Yevjevich, V. M. (1967). An objective approach to definitions and investigations of continental
hydrologic droughts (Vol. 23). Colorado State University. hups:/hdlhandle.net/10217/61303


https://doi.org/10.18400/tekderg.647558
https://doi.org/10.1088/1748-9326/5/4/044012
https://doi.org/10.1016/j.jhydrol.2023.130423
https://doi.org/10.1016/j.gsd.2022.100783
https://doi.org/10.1175/JCLI-D-21-0993.1
https://doi.org/10.1016/j.jhydrol.2016.01.013
https://doi.org/10.22067/jsw.2023.81322.1257
http://dx.doi.org/10.1007/978-981-15-5195-6_58
https://doi.org/10.1007/978-981-19-5077-3_5
https://doi.org/10.1175/2009JCLI2909.1
https://doi.org/10.5194/essd-13-331-2021
https://doi.org/10.1038/s41597-022-01201-z
https://www.google.com/url?sa=E&q=https%3A%2F%2Flibrary.wmo.int%2Findex.php%3Flvl%3Dnotice_display%26id%3D21930%23.YubOcnZBzIU
https://doi.org/10.1002/joc.4866

Zare Abianeh, H., Sabziparvar, A., Marofi, S., Ghiyami, F., Mirmasoudi, S. S., & Kazemi, A.
(2015). Analysis and monitoring of meteorological droughts in the region of Sistan and
Baluchestan. Environmental Science and Technology, 17(1), 49-61.[In Persian].



