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ABSTRACT

Drought is one of the most complex meteorological phenomena that can occur in most
parts of the world; however, its impact is more pronounced in arid and semi-arid
regions, making its study crucial for water resource management. In this research, the
meteorological and hydrological drought status in the Qom-Kahak, Neyzar-
Salafchegan, Marvdasht-Kharameh, and Beyza-Zarqgan basins located in the Central
Plateau basin was investigated using the SPI, SPEI, RDI, and SSI indices on 1-, 6- and
12-months timescales during the statistical period of 2004 to 2023. The results indicated
that more than 95% of the study stations have experienced all conditions from very wet
to very severe drought. SPI index on 1-month time scale in all study stations and SPEI
index on 6-month time scale in 83.3% of stations and on 12-month time scale in 67.7%
of stations showed drought more severely than other drought indices. Examination of
the occurrence frequency for the SSI hydrological index classes on a 12-month
timescale also showed that the highest drought classes were observed in Shadabad and
Kharamah stations. The comparative analysis of meteorological and hydrological
drought indices in each of the basins showed that showed that the highest cross-
correlation between the SPI and SSI on a 12-month timescale was observed in
Salafchegan and Qaleh Cham stations with a forward time lag of 12 months equal to
0.574, and the highest pearson correlation coefficient on a 12-month timescale was for
Salafchegan-Qaleh Cham stations (r = 0.309 and p-value = 0.001).
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Extended Abstract
Introduction

Drought is one of the most complex meteorological phenomena that can occur in the most diverse regions of
the world and is not confined to any particular area. However, its impact is more pronounced in arid and semi-
arid regions (Sobhani et al., 2019: 181; Timouri et al., 2022: 17; Hosseini Saddiq and Jalali, 2024: 95;). From
an evolutionary perspective, drought encompasses various types of meteorological, hydrological, agricultural,
and socioeconomic droughts, all of which are influenced by various factors within the water cycle (Das et al.,
2022: 2483). Meteorological drought refers to a prolonged period of below-average precipitation. If this type
of drought persists, it can lead to hydrological and agricultural droughts (Janbozorgi et al., 2021: 2) and during
hydrological drought, the quantity and quality of river water decreases (Parchemi et al., 2022: 21). Extensive
research has been conducted both domestically and internationally on various types of droughts, particularly
meteorological and hydrological droughts. This is because drought has emerged as a significant challenge for
managers in global community (Novidtalab et al., 2020: 107) and has even become a permanent feature of
Iran's climate in recent years (Masoompour Samakosh et al., 2024: 82). The current study aims to investigate
the meteorological and hydrological drought status in some arid and semi-arid sub-basins within the Central
Plateau Basin.

Methodology

To achieve the study objectives, precipitation, temperature, evapotranspiration, and streamflow data from
synoptic and hydrometric stations located in the Qom-Kahak, Neyzar-Salafchegan, Marvdasht-Kharameh,
and Beyza-Zargan basins were utilized to compute the SPI, SPEI, RDI, and SSI indices on 1-, 6-, and 12-
month timescales during the statistical period 2004 to 2023. The DrinC software packages, and the R
programming language were employed to calculate these indices, and Excel software was used to generate
corresponding graphs. Also, to investigate the temporal relationship between meteorological and hydrological
drought indicators, Pearson and Cross correlations were used.

Results and Discussion

The analysis results of the SPI, SPEI, RDI, and SSI index values at the study stations revealed that over 95%
of the meteorological and hydrometric stations within the study basins have experienced all conditions ranging
from very severe wet to very severe drought. Examination of the maximum and minimum values of the SPI,
SPEIL and RDI drought indices indicated that on a 1-month timescale, the SPEI index depicted wet conditions
with more intensity and the SPI index depicted more severe drought conditions among the maximum and
minimum values across all stations. On a 12-month timescale, the SPI index estimated more severe wet
conditions and the SPEI index estimated more severe drought conditions in the stations of Qom, Kahak, and
Takht-e-Jamshid. On a 6-month timescale, the SPEI index captured the most severe drought in all the stations
except for Zarqan, whereas, within the same timescale, the most severe wet conditions in the three stations of
Qom, Salafchegan, and Zarqan were represented by the SPI index and in the stations of Kahak, Dorudzan,
and Takht-e-Jamshid, by the RDI index. Therefore, it can be concluded that the SPI index on a 1-month
timescale in all stations within the study basins and the SPEI index on a 6-month timescale in 83.3% of the
stations and on a 12-month timescale in 67.7% of the stations indicated drought with greater severity
compared to the other drought indices. Examination results of the minimum values for the SSI drought index
revealed that the minimum SSI index values were observed in Pol Khan station on a 1- and 6- month
timescales, and in Shadabad station on a 12-month timescale.

The results regarding the occurrence frequency of meteorological drought class types for the investigated
timescales during the statistical period also indicated that for all indices and study meteorological stations
(except for Kahak station in the two indices of SPI and RDI) on 12-month timescale, the occurrence frequency
of drought classes is higher than the occurrence frequency of wet classes. Additionally, for all indices and all
stations (except Zarqan), the occurrence frequency of the moderate drought class is higher than that of severe
and extreme drought classes. Other findings obtained from the calculation of meteorological drought indices
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on a 12-month time scale indicate that the highest frequency of drought classes occur in Droodzen and Takht-
e-Jamshid meteorological stations (located in the Morvdasht-Kharameh basin) and the lowest frequency of
drought classes has been observed in Qom and Kahak stations (located in the Qom-Kahak basin). The results
of examining the occurrence frequency of SSI hydrological index classes on a 12-month timescale during the
considered statistical period revealed that drought classes are more prevalent in Shadabad and Kharamah
stations than in other study stations. The hydrometric station of Pol Khan has also experienced more wet
conditions than drought conditions. Additionally, in all study hydrometric stations, the occurrence frequency
of severe wet was found to be higher than that of other wet classes.

The results obtained from plotting each meteorological and hydrological drought index for 1-, 6-, and 12-
month timescales at all study stations indicate that the duration of wet and dry periods is longer on a 12-month
timescale, and the identification and separation of periods are better. Furthermore, the beginning and end of
drought and wet periods are more consistent across all meteorological drought indices on a 12-month
timescale. Yan-Jun et al. (2012) also examined the evolutionary trend of SPI drought in Haihe River and
concluded that drought severity increases on long-term timescales.

The compliance results of the meteorological drought indices SPI, SPEI, and RDI with SSI hydrological
drought in the meteorological and hydrometric stations of each basin showed that, in general, the trends of
the meteorological and hydrological drought indices were consistent with each other, and streamflow
fluctuations were influenced by the amount of precipitation and evapotranspiration, such that with a decrease
or increase in these two parameters, streamflow also decreased or increased. Additionally, the highest cross-
correlation between the SPI and SSI indices on the 12-month timescale was observed in Salafchegan and
Qaleh Cham stations with a forward (positive) time lag of 12 months, equal to 0.574. The highest pearson
correlation coefficient on the 1-month timescale was observed in the Takht-e-Jamshid and Kharamah stations
(r=0.041 and p-value = 0.529), on the 6-month timescale in Salafchegan-Qaleh Cham stations (r = 0.152 and
p-value = 0.023), and on the 12-month timescale in Salafchegan-Qaleh Cham stations (r = 0.309 and p-value=
0.001). Other findings also indicated that only between the SPI and SSI drought indices in the Salafchegan
and Qaleh Cham stations on 6- and 12-month timescales, there was a significant correlation at the 5% and 1%
levels, respectively.

Conclusions

Based on the obtained results, drought is a natural disaster that gradually develops over a long period.
Meteorological drought initially occurs due to long-term decreases in precipitation amount, and if it persists,
hydrological drought occurs, leading to a decline in surface and groundwater levels. According to the
conducted investigations, all meteorological and hydrometric stations located in the study basins have
experienced alternating periods of wet and dry conditions during the statistical period from 2004 to 2023; so
that, On a 12-month timescale, the end of the last wet period in all meteorological stations except Takht-e-
Jamshid and Zargan was in late 2021, and currently, the stations of Qom, Kahak, Salafchegan, and Dorudzan
have been experiencing a drought period since 2021. Examination of wet and dry periods on a 12-month
timescale in the hydrometric stations of the study basins also indicates that all hydrometric stations are
currently experiencing a wet period, highlighting the delayed impact of meteorological drought on
hydrological drought.
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Table (7): The highest and lowest value of SSI index in study hydrometric stations
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Table (8): The occurrence frequency in different classes of meteorological drought indicators in a 1-month time scale in study synoptic stations
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Table (9): The occurrence frequency in different classes of meteorological drought indicators in a 6-month time scale in study synoptic stations
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Table (10): The occurrence frequency in different classes of meteorological drought indicators in a 12-month time scale in study synoptic

stations
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Table (11): The occurrence frequency in different classes of SSI index in 1-month, 6-month and 12-month time scales in study hydrometric
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Figure (2): SPI index graphs in time scales of 1, 6 and 12 months in study synoptic stations
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Figure (3): RDI index graphs in time scales of 1, 6 and 12 months in study synoptic stations
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Figure (5): SSI index graphs in time scales of 1, 6 and 12 months in study hydrometric stations

1.8



VE ¥ Oliwsy FY oyle g\\.ajjatéjj.‘_p)}ajj;)u\?h

VPV Gl « FY Loylosds )Y L0909 S59999 90959 joud

SST (1S3 3ls 8 3 SPT puslilyh JLuSis ol o b

SPT sl asls (o (Soaod (n yidon ol (atiio gbliie 5 (gm p Sla et 4 by o (VV) Jgizr mls 5l a5 j5bilen
Sley 8 o3l 4 (Sue) gl @y gy Sloj 2B yo e aald 5 (rale slaolSins] jo aale VY 57 ) Gloj slaulde )3 SSI
olie it wiia Slo et B 40 el g dniian 5 (gloolSig] o el +/BYF o <O /IVY L ply s s ol VY
el Cewads “VAF 9o/ NOY e NYE L s anlo VY 58 ) e colopolidio ,0 Siuncon

259908 9 (wleblgn Glaoluus | SS9 SPI (o (ygm g 9 ol (Swrod g i :(VY) Jga
Table (12): Cross and Pearson correlation results between SPI and SSI of meteorological and hydrological stations

aol > —apien s ez aals - o Koales et

aals VY als £ aslo ) asle VY als £ aals ) Sl p8

NE e e fe Y- VAT SRR

AN BRINA JY¥ AR </YAY <[\Y \
AR of-0f ARNY <IYAA <IYY. </eXY Y
ATAR o8y </-Y¥ <JEYY AN o[-V Y
ANAY o[« AY ofe -9 AR ARNY <[+ YY ¥
\A¥ +/-qY —+/-FA <[fYY AR A SARIA N
AR ARAS —+/-#) AR AR AT 4
ARNY AR -/ 50 /O AR <[+ AF \4
AR ARRN —+/+YA <[OYD A4 </-aY A
SARIN AT -/ 0F <[OYA AR AR a
AR AT —+/-fA QINA g AT <AYY \-.
AVIVA DANE o[+ VA INaY < IYOA V0N AR
ANAY <YY /- VA INAT DAY VY \Y

el —apdior C55 ol 4 bgape anle N (Sloj o5 50 (gm p (Shnren jlade (i (1Y) Jgu 4 4258 b (raizmen

g (p-value =+/-YY g1 = +/VQV) pzrasld - Boralus sloolinsl 4y bgs o anle # gloj pl5 )0 «(p-value =-/0Y g1 =+/-¥))
51 S 5 el ple ivel Cawsdy (p-value =+/+ + ) 5T =1/Y+ Q) g>aald - Kol oSisl & bgsyo aale \V Sloj o5 50
@alo VY 5 F Sy lowlie 1o pzaald 5 Bowls sloliwy! ;o SSI g SPI JlSlis sl psls oy L oS cul oyl
(a2 | ion 19506 ol (o Jlawlre (Swied a5 |z 00 0429 w0 ) 5 0 maw jo i o pme  Sen

Sl Cewdds Jga

~ 5 laasg> o SSIy RDI SPEI SPI sloas s 5l ealiinl b Syjslsyimd 5 coliblon JuSis Comdy pols Gios 5
ppl aosm 30 g8ly By —Lan 5 asl,> —cibog e slaasg> 5 S azl,0 ¥ oaz e ppl ass> o @8l Bamale - 155 5 oS
el 5 7 @bl angezr &5 WS ey ol 5 QS —SEL Y a0

loelSia] 4o 30 51 Lo 45 ol a5 Slalllae slaelSzuyl o SSI , RDI SPEI SPI slo ol polie )y gl -
4,2 ) 0ol Jles JLSis U apud s Jloy Glacands oled (Gldllas slaasyg> 0 Ss2g0 (5 0g 000 5 (oolidlsn
ilos ,S

1.9



ol)Se2 g (oo oSl b g owlidler Jluslis carsg 255

als o aele V Sloy elde jo a5 slo Lis RDI g SPEIL SPI JLSis slajazls jlade (p5eS g 0 yidin ow)p gmls -
UL‘“" LDUJJ...QSB Lmu.;)....“.’ u.u)é)...mu.: s L: |) GILM&..M} SPI yusw A L$ ‘) ‘;Lw)) SPEI ua.‘>l.u ‘Lbolimu‘
SPEI ua.‘>Lw 5).A.w.u A L: ‘) LSIL"“)" SPI ua.‘>Lw VWO S 9 &S.QKS ‘r(,_‘i LngoLi..w.:‘ 5o als VY (S’LA) u,ul...o.o L) Sl 03ls
OBy e bolliwl als o JLSis lade op ol ol £ gloy wliae jo .Cwl 05405 3590 g yin A Ly SlSis
Lo )5 9 o Bamils o8 o] as 10 Jlu i o oo ¢ Sloj ol (et )0 a5 Il )0 el Cawsay SPET asli bawgs
FLY 09.0.: Lg)..fc\m.u u‘ysn UJ‘)JLA.) 2wl RDI ua.‘>Lm LE) Jay).n VWO S 9 009y “S.QS LgLQ:oliMM.:‘ o BSPI ua.>-Lw L
AYIY j0 aale & Sley wlie ;0 SPEL aslis 5 Sldlhs sledsg> slaolliwsl S o asle V Jloj wlids jo SPI jazls
sarle plo 4 cos i Gud L) JLSles doolSiinsl s jo PYIV o aale VY Sley whide 0 5 bolSis] as o
Lol oslo lis JLSis

SSI asli Jlade oy yiaS oS ol lid Sldlae (g yieg, 000 solKiws! ;o SSI JlSis asls jlade op feS cw)p @l -
SLTols o] yo aalo VY Sloj wlibie 40 5 (Al 3 —Cubdg o ddg 4o @dly) 5 olfiwnl jo wale # gV Sloj sl wlie yo
e Cawoa (OBl - |50 a9 4o &8ls)

Gl 3l S 5 )kl o) (b (s 3550 Sloj slolibe sl sulitlsn JLSis il elgl 8y Jlglh8 @ bg e gl -
5 SPI ozl g0 ;o S5 o] 1) Sldllae cwliilgn slaoliins! 5 b asls plod jo anle VY gloj wlde o a5 ol
olSis] plos sl g b axls plod o puzmen el Jlo g Olab £435 Jlol)8 5l s JlSes olids g48y Sl 3 «(RDI
Cwdds ol plo el Cawody ayad Hlws 5 2uads JlSas Glab )l i huogte JLSas aab g485 Slgl8 (6,5 3>a)
Slib 485 Slold o in a5 canl (ol 51 S anle VY Sloj wbdie jo owlbidlse JLSis slajasls a5l sl
] 00 ondline (SS -8 Adg> (0 é§|9) M VARPIN ol jo L;L«i..p

lis o 813 5L 85t 5Ll 90 b 4nle VT laj oliie 5 SST Sy ies (sl i £y 5 oo ol -
).)l....: )‘ )...«.......: (4.4‘).‘> _A:A.:.’ij.b 4..09.‘> aQ .1054).4) d..o‘)_‘> 9 (uli.?u.l.m —)‘)...’ 4..05.‘> 4 .‘05.’).4) .bLJ.)L..: (_gl.aol.i..m;‘ ) ‘5|LM.S.......’>
a0 JLSis 5l i |y Jle g s (ael )3 —Ciling e adgx 4 by o) B L (60,0 o] el Sllllas slaolSns|
Dal Cewoty Jlo g Slids plo 51 s asad o g585 Slglys  Sllllas (5 29,000 laolKins! adS o pizan .aSlos S
2l WV 57 O Gloj slapls )3 (Sojelg oum 5 (ulidlyn JlSis slaasls 1 SG pa 4 bgpe Hloged po i 5l Jol> @l -
Cowl i gVsb anle VY Jloj wlie 10 Stz g b e slro,50 polad a5 Cewl g9.590 ol 5 olo ( Slllas slaoln,l ads jo
SPI JLSies JolSS yws 5 (FYF Y \Y) (1 ISen g a2l iyl Glbail oo 0 yiin caale VY oy (wlidie jo owliilse
Db oo il JSas Db caeads Glo wlde 10 45 Gow, 4l (pl g 13,5 s,y 2F Slga ailB0g, yo |,

slrolus! ;o SSI SG5e0g 000  JlusSiis L RDI SPEL SPI _wlislgs JLSis sbo axls polie Sllail cw)pm ol -
w0 b (Seigdeyned g (oulidlen JLSis o asls Wy, (5 jobar a5 ols (las leadg> 51 G e (65,08 g (oulidlen
LS 50 @9 090l IRl L g el b oS (5 9k el 3,09 p05ud 5 (000 Gl 51 Sl Gl (o0 Sllag g atils Bl
YoV O)ohKen g JOF N F)) LKen 5 oSl VYV Y2 10) S gSBT wlalllas sloadl b (s pwSamss oplaS 040 o oL
Sl cillas JLuSis £45 90 o blil g2y 50 (b (V2 VF) )62 5 99 9 (VY2 YY) )L Ke2 g codes (QAF

! Yan-Jun 2. Huaihe River

\AE



VE ¥ Oliwsy FY oyle g\\.ajjatéjj.‘p)}a}?j;)»\?h

VPV Gl « FY Loylosds )Y L0909 S59999 90959 joud

15 pzranls 5 Somile gloolSing] o aal VY oy Lobie 1o SSI g SPI (gla sl oy ablite Siarad oy s (prizeod
o a5 45 el ol 51 S s laatily e ] ooty </OVE ol VY oo ol 03l &) (Cario) sl 4y 5, oo b
o A o dae (Sad ol VY g F Sy sl uliie o pxdald g o Borile sloolSiiny] ;o SSI 4 SPT Jlusiis slo asLs
oolidlen JLuSlas bls)lais; 10 095 hagh (b (VFr o) ooy b g a5 )3T ae) (et 100 18 8929 woy0 ) 90 mhaws o
0 10 45 Wi 425 ol 41 895 ol il o jael ady> FY 10 VYAF B IYAF loj ok b SDI _S5s0s,0un 5 SPI
w0lo VY g 15b o loadgs jl oS olutas Laih 50,05 3525 554k sloailis s (g oline bl ¢ Slalllae sloass> do o
gy Oloj et jsbaieds ()0 &8ly SISY 5 4ld SOL oy sladilsog) o0guzme )0 55 (V- VF) ol San g g9 diita jlo e
Sl a5 Wdas ) 425l @ 5 w0503 o0litil (gus sy (Siwos 5 SPT liilgn JLuSias 4 SSI (Sujglspues Jlusias
20 g (ol Ws, slre s i (Safsls s JLSis 4 polidlse JlSis Sl lesil aliul g Yl o SPT 4 SST ey
oleblsn gl piie 28,5 )l ( JLuSis lasil gladilinl § Lly) (o) plie (ol plis ool Doglie cwlidlsmg] (slo yoiie
5 ok (OVAR) ) Sgmge 9 mSlex Glagiaghy ;o idn dSone | JLSas adgl jlate wilgh oo ) Olpess arulee o
sl 00 0S5 SST 5 SPI (glo 3L pms oo abul 5 JolS GLail 1 55 (VF- 1) o Sam 5 Sl 5 (T- YY) o San
] o 9z gds aeads Sloj o3l ;0 (08 Oygods a5 Cal b LYl (S JLSis odn] Cawsds @l 4 4z b -
Sl Jlsis (T psls & jg0 50 5wl oo Gl Cae GYsb o (Sl rals b oulidlse JLSis Tl oS (s5bay
5 oledlsr ool adS ol Josar slaom) b 05800 (sei ) 9 b Sl gl (2al5 4 e 4T Sed o0 €,
MBI s iy |y ISz 5 Il 5 ogliio glooygd Y- YY B Y- F (g Lel )90 b Slalllas (gladsgm o aBly (6 ying oun
s comlitlyn slaolSi] o 13 o 0,9 01,51 bl wasle VY iles ol 3 SPL sl il Jie i 45 5 st
ol Loy BV VY Jlo 5l 0505,0 5 Bapbles S48 o8 sloolSin] ol Jlo j3 5005 VoV Jloo 2ol ()5 5 stz w5
Soliwsl o aals VY 47 O Jloj sbo wlide jo JLSis 5 Jloy oo g0 (cwyp 0iiS oo G 1) 095 (JLuSis 0,90
Ol g A0S oo gy 1y 055 (Il 5 090 (509,000 ol adST a5 ol (pl 5 (S 50 Slalllas slbasy> (5 ey 00
el (sl paen JUSis (55, oulitlyn JluSis 3b 3l sataslis ggoge

Se aid)§ s JSis glaaslin] g Loy, coany| ciogh Slidsd [0 00,5 oo olpiing wode] Cavods mlil 4y azgi b ol by
3525 gy Ol jo SIS ko 0aty] 50 b 0,5 Ojpo Hlaingaoy sgzge o wlis ) eolitul Cyz lagg S praai ;0 (rizeen
Lol 5 ad e Zo e Jolis O mlie molz oo il S0 Ojlear il (1al8 g590 ol 5 (A6 Sl 5 0l asly
CAS e Glaisd 5 GLSLe (elanal cgolandl Bl (28,5 Jlaips b SVl g 5 00,8 Lzl dilate )3 sur jsbar o
053 55 sz aibte 5 pol glio (308 515 0l 2al8 ol 65)5laS Y5

29 GrSg s (ol Glojps 9 Dae Yok slaosls 392 pae wiile jol> Bdod slacasgaone 4 azgi L aS Sl S8 (LLS
Egdse Gmod S5 o8 Soe Vb o (Sjls e 5 wlidlyn JLSiS sl atlh pw)n OBGl (Sllllae laase> s
SlSis sl jaslis gloil anle [0 cashad pac e o) .0l ol jor Coxlad sae b ol Cawods gulis a5 00 5 0 > g0

25 18 ke b Of mlie siyael 5 Cu e jo ol asa g

&L
Azarakhshi, M., & Farzadmehr, J. (2022). Assessment the relation of meteorological and hydrological drought
in Khorasan Razavi province. Journal of Range and Watershed Managment, 74(4), 689-702.

Abramowitz, M., & Stegun, [.A. (1965). Handbook of Mathematical Functions, with Formulas, Graphs, and
Mathematical Tables. Dover Publications, 1046 pp.

ARR



ol)Se2 g (oo oSl b g owlidler Jluslis carsg 255

Alemu, G., DestaSh. & Tareke, K. (2024). Characterize and analysis of meteorological and hydrological
drought trends under future climate change conditions in South Wollo, North Wollo, and Oromia Zones, in
Ethiopia. Heliyon, 10(8), €29694.

Azarakhshi, M., & Farzadmehr, J. (2022). Assessment the relation of meteorological and hydrological drought
in Khorasan Razavi province. Journal of Range and Watershed Managment, 74(4), 689-702.

Choubin, B., Malekian, A., & Sajedi-Hosseini, F. (2016). Lag-time and effect of meteorological drought on
the groundwater level. Iran- Watershed Management Science & Engineering, 10(34), 35-43.

Chan, S.Sh., Seidenfaden, 1.K., Jensen, K.H. & Sonnenborg, T.O. (2021). Climate change impacts and
uncertainly on spatiotemporal variation of drought indices for an irrigated catchment. Journal of Hydrology,
601, 126814.

Choubin, B., Malekian, A., & Sajedi-Hosseini, F. (2016). Lag-time and effect of meteorological drought on
the groundwater level. [ran- Watershed Management Science & Engineering, 10(34), 35-43.

Das, S., Das, J., & Umamahesh, N.V., (2023). A non-stationary based approach to understand the propagation
of meteorological to agricultural droughts. Water Resources Management, 37, 2483-2504.

Ebadi Nehari, Z., Erfanian, M., & Kazempour Choursi. (2023). A new method for evaluation and
comprehensive drought monitoring in the Urmia Lake Basin using a Synthesized Drought Index (SDI).
Applied Researches in Geographical Sciences, 23(68), 243-257.

Eghtedar Nezhad, M., Bazrafshan, O., & Sadeghi Lari, A. (2017). Adaptive evaluation of SPI, RDI and SDI
indices in analyzing the meteorological and hydrological drought characteristics (Case study: Bam plain).
Water and Soil Science, 26(4.2), 69-81.

Faraji Amogein, A., Kanooni, A., & Hasanpour Kashani, M., (2024). Investigating meteorological and
hydrological drought characteristics and their propagation relationship under the influence of human activities
in Ardabil plain. Journal of Water and Irrigation Management, 10.22059/jwim.2024.371936.1141.

Gumus, V., (2023). Evaluating the effect of the SPI and SPEI methods on drought monitoring over Turkey.
Journal of Hydrology, 626, Part B, 130386.

Hosseini Seddigh, S.M., & Jalali, M. (2024). Analysis of Iran’s Drought Changes with Palmer’s Self-
Adjustment Index. Journal of Drought and Climate change Research (JDCR), 2 (1), 93-106.

Jahangir, M.H., & Mousavi, M. (2020). Comparative study of meteorological (SPI) and hydrological drought
index (SSI) based on the best cumulative distribution function in Tehran Province. Iranian Journal of
Watershed Management Science and Engineering, 14(48),1-10.

Jahangir, M.H., Asghari Kaleshani, F., & Sataryan asil, K. (2022). Comparative study of drought
meteorological (SPI) and hydrological (SSI) indices based on the best cumulative distribution function for
Urmia Basin, Water and Soil Management and Modeling, 2(4), 53-63.

Janbozorgi, M., Hanifepour, M., & Khosravi, H. (1400). Temporal changes of meteorological-hydrological
drought (Case study: Gilan province). Journal of Water and Soil Management and Modeling, 1(2), 1-13.

Javan, Kh. (2021). Identification of hydrological drought trends in the Lake Urmia basin.
Hydrogeomorphology, 7(25), 119-138.

Karatayev, M., Clarke, M., Salnikov, V., Bekseitova, R., & Nizamova, M. (2022). Monitoring climate change,
drought conditions and wheat production in Eurasia: the case study of Kazakhstan. Heliyon, 8(1), €08660.

Li, M., Feng, Z., Zhang, M., & Yunhang, Y., (2024). Infulence of large-scale climate indices and regional
meteorological elements on drought characteristics in the Luanhe river basin. Atmospheric Research, 300,
107219.

142


https://jgs.khu.ac.ir/article-1-3290-en.pdf
https://jgs.khu.ac.ir/article-1-3290-en.pdf
https://www.sciencedirect.com/science/article/pii/S0022169423013288
https://www.sciencedirect.com/journal/journal-of-hydrology/vol/626/part/PB
https://hyd.tabrizu.ac.ir/article_12660.html?lang=en

VE ¥ Oliwsy FY oyle g\\.ajjatéjj.‘p)}a}?j;)»\?h

VPV Gl « FY Loylosds )Y L0909 S59999 90959 joud

Li, Y., Lu, H,, Yang, K., Wang, W., Tang, Q., Khem, S., Yang, F., & Huang, Y. (2021). Meteorological and
hydrological droughts in Mekong River Basin and surrounding areas under climate change. Journal of
Hydrology: Regional Studies. 36, 100873.

Li, Y., Luo, L., Chang, J., Wang, Y., Guo, A., Fan, J., & Liu, Q. (2020). Hydrological drought evolution with
a nonlinear joint index in regions with significant changeS in underlying surface. Journal of Hydrology, 585,
124794.

Masoompour Samakosh, J., Miri, M., & Rezaei, S. (2024). Analysis of drought characteristics (severity,
duration, magnitude) of Iran based on multivariable standardized drought index. Advanced Technologies in
Water Efficiency, 4(1), 82-98.

Mazidi, A., enayatpour, M., & Hosseini, S.S. (2021). Climate determination of Kerman province using
ambrothermic curve methods, Domarten drought coefficient, Amberjeh climate view. Geography and Human
Relationships, 4(2), 35-43.

McKee, T.B., Doesken, N.J., & Kleist, J. (1993). The relationship of drought frequency and duration to time
scales. 8th Conference on Applied Climatology, Anaheim, California, 17-22 January 1993, 179-184.

Mckee, T.B., Doesken, N.J., & Kleist, J. (1995). Drought monitoring with multiple time scales. In proceeding
of the Ninth Conferences on Applied Climatology, 15-20 Jan, Dallas, TX: American Meteorological Society,
233 - 236.

Miller, R.B. & Fox, G.A. (2017). A Tool for drought planning in Oklahoma: Estimating and using drought-
influenced flow exceedance curves. Journal of Hydrology: Regional Studies, 10, 35-46.

Mirzayi hasanlo, A., Hirad Abghari, H., & Erfanian, M. (2021). Evaluation of SPEI drought index and trend
analysis using nonparametric methods in the selected stations of Urmia Lake basin, Journal of Watershed
Management Research, 11(22), 175-187.

Mosaedi, A., & Ghabaei Sough, M. (2011). Modification of Standardized Precipitation Index (SPI) based on
relevant probability distribution function. Journal of Water and Soil, 25(5), 1206-1216.

Mostafazadeh, R., & Zabihi, M. (2016). Comparison of SPI and SPEI indices to meteorological drought
assessment using R programming (Case study: Kurdistan Province). Journal of the Earth and Space Physics,
42(3), 633-643.

Navidtalab, A., Askari, Gh., Ahmadpour, F., & Tahmasebi, M. (2020). Drought evaluation of a thirty-year
period (1988-2017) in Lurestan province using the Percent of Normal precipitation Index (PNI).
Hydrogeomorphology, 7(24), 107-125.

Niu, J., Chen, J., Sun, & L. (2015). Exploration of drought evolution using numerical simulations over the
Xijiang (West River) basin in South China. Journal of Hydrology. 526, 68-77.

Parchami, N., Mostafazadeh, R., Esmaili Ouri, A., & Imani, R. (2023). Spatial variations of hydrological
drought in different time scales in the rivers of Ardabil province. Hyrogeomorphology, 33(10), 21-36.

Pouralkhas Nokandeie, M., Amanjahani, V., Hazbavi, Z., & Mostafazadeh, R., (2024). Indicators of
estimating and assessing the meteorological and hydrological drought characteristics, Journal of
Environmental Sciences Studies, 8(4), 7499-7516.

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

Sarai Tabrizi, M., & Bariz, M. (2023). Investigation of drought management indicators downstream of
Harirod sub-basin of Afghanistan. Iranian Journal of Irrigation and Water Engineering, 13, 177-192.

Sari Saraf, B., Mahmoudi, S., Zangeneh, S., & Pashaei, Z. (2015). Monitoring and Predicting the Wet and
Drought Periods in Tabriz Using CLIMGEN Models and SP1. Hydrogeomorphology, 2(2), 61-78.

113



ol)Se2 g (oo oSl b g owlidler Jluslis carsg 255

Shah, R., Bharadiya, N., & Manekar, V. (2015). Drought index computation using Standardized Precipitation
Index (SPI) method for Surat district, Gujarat. Aquatic Procedia, 4, 1243-1249.

Sobhani, B., Jafarzadehaliabad, L., & Safarianzengir, V. (2020). Modelling, Analysis, and Prediction of
Drought Phenomenon in Iran. Hydrogeomorphology, 6(21), 181-202.

Talebiniaya, M., & Khosravi, H., (2021). The relation between meteorological drought and groundwater
quality in arid and semi-arid climate (Case study: Isfahan province). Journal of Irrigation and Water
Engineering, 11(41), 269-285.

Teimouri, M., Gholami, V., & Khaleghi, M.R., (2023). Assesment of drought impacts on rainfed wheat yield
using SPI and Agricultural- SPI indices (Case study: North Khorasan province). Journal of Agricultural
Meteorology, 10(2), 17-27.

Tirivarombo, S., Osupile, D., & Eliasson, P. (2018). Drought monitoring and analysis: Standardised
Precipitation Evapotranspiration Index (SPEI) and Standardised Precipitation Index (SPI), Physics and
Chemistry of the Earth, Parts A/B/C, 106, 1-10.

Tsakiris, G., & Vangelis, H., (2005). Establishing a drought index incorporating evapotranspiration. European
Water, 9-10, 3—11.

Tsakiris, G., Pangalou, D., & Vangelis, H. (2007). Regional drought assessment based on the reconnaissance
drought index (RDI). Water Resource Management, 21, 821-833.

Vicente-Serrano, S., Begueria, S., & Lopez-moreno, J.I. (2010). A multiscalar drought index sensitive to
global warming: The standardized precipitation evapotranspiration index. Journal of Climate, 23(7), 1696-
1718.

Vicente-Serrano, S., Lopez-Moreno, J.I., Beguer\’\ia, S., Lorenzo-Lacruz, J., Azorin-Molina, C., & Moran-
Tejeda, E. (2011). Accurate Computation of a Streamflow Drought Index. Journal of Hydrologic Engineering,
17(2), 318-332.

Wang, M., Jiang, Sh., Ren, L., Xu, Ch., Menzel, L., Yuan, F., Xu, Q., Liu, Y., & Yang, X., (2021). Separating
the effects of climate change and human activities on drought propagation via a natural and human-impacted
catchment comparison method. Journal of Hydrology, 603, Part A, 126913.

Wu, J., Liu, Zh., Yao, H., Chen, X., Chen, X., Zheng, Y., He, Y. (2018a). Impacts of reservoir operations on
multi-scale correlations between hydrological drought and meteorological drought. Journal of Hydrology,
563, 726-736.

Wu, J., Zhang, X., Wang, G., Wu, W., Zhang, D., & Lan, T., (2024). Impact of hydrometeorological regim
shifts on drought propagation: The meteorological to hydrological perspective. Journal of Hydrology, 638,
131476.

Yan-jun, L., Xiao-dong, Zh., Fan, L., & Jing, M., (2012). Analysis of drought evolvement characteristics
based on standardized precipitation index in the Huaihe River Basin. Procedia Engineering, 2012 International
Conference on Modern Hydraulic Engineering, 28, 434-437.

Yousefi, H., Nohegar, A., Khosravi, Z., & Azizabadi Farahani, M. (2015). Drought modeling and
management using SPI and RDI indexes (Case study: Markazi province). lranian journal of Ecohydrology,
2(3), 337-344.

Zhang, P., Cai, Y., Cong, P., Xie, Y., Chen, W., Cai, J., & Bai, X., (2024). Quantitation of meteorological,
hydrological and agricultural drought under climate change in the East River basin of south China. Ecological
Indicators, 158, 111304.

V¥



