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Extended Abstract
Introduction

Due to global warming and the consequent disruption of the hydrological cycle, prolonged drought periods have
become increasingly evident in recent decades. Drought is a phenomenon that has significantly affected societies
worldwide and therefore requires systematic analysis and trend assessment. The aim of this study is to identify the most
appropriate cumulative probability distribution for drought assessment using the Standardized Runoff Index (SRI) and
the Standardized Streamflow Index (SSI). The Anzali watershed was investigated over a 30-year period (1986-2015)
using annual data from ten hydrometric stations. Several commonly used probability distribution functions were
evaluated using MATLAB software, and the gamma distribution was identified as the most suitable. Subsequently,
spatial zoning of drought conditions in the Anzali watershed was carried out using the SRI index and the Inverse
Distance Weighting (IDW) interpolation method in ArcGIS for the period 2006—2015. A comparison of the statistical
characteristics of the SRI and SSI indices indicated that both indices exhibit similar drought trends. Overall, the results
revealed that the Anzali watershed did not experience severe drought conditions during the study period, except at the
Kharjgil station in 1990.

Materials and Methods

To monitor and assess drought conditions in the Anzali watershed, two hydrological drought indices SRI and SSI were
selected. The Anzali watershed is one of the most important basins in northern Iran and receives the highest
precipitation levels in the country. Due to the abundance of rainfall and water availability in this region, these two
indices were chosen, as both can be calculated based on runoff and streamflow data. For this purpose, data from ten
hydrometric stations covering a 30-year period (1986-2015) were analyzed. Determining the most appropriate
probability distribution function is critical for accurate drought assessment using these indices. Therefore, three
commonly used distribution functions the Weibull, Gamma, and Normal distributions were evaluated. Each distribution
was applied to calculate the indices, and their performance was assessed. To determine the optimal distribution function,
error-based criteria including Root Mean Square Error (RMSE), Mean Square Error (MSE), and Mean Absolute Error
(MAE) were used. MATLAB software was employed to perform the statistical analyses with high accuracy and
minimal computational error. Finally, spatial zoning of drought conditions was conducted using the SRI index and the
IDW interpolation method in ArcGIS.

Results and Discussion

Based on the RMSE, MSE, MAE values, and the correlation between the indices and the probability distribution
functions, the gamma distribution was identified as the most suitable distribution for all stations. This conclusion was
supported by correlation coefficients close to one and error values approaching zero. The results also indicated that the
SPI and SRI indices present consistent assessments of regional drought conditions. Using the gamma distribution, it was
determined that no severe drought events occurred in the Anzali watershed during the 30-year study period. However,
the Kharjgil station experienced a severe drought in 2016, which was unprecedented in the region over the past three
decades. Additionally, most stations shifted from near-normal to relatively dry conditions during the periods 1972—-1975
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and 1976. In 2005, all stations experienced relatively dry conditions, with SRI values of approximately —1.25. Similarly,
drought conditions intensified in 1990. In contrast, Taskoweh station experienced very wet conditions in 2016, and an
extremely wet (waterlogged) condition was observed across the entire region in 2017. Surveys conducted in 2013
indicated lingering effects from droughts in previous years.

Conclusion

Given the reduction in rainfall regularity and duration in traditionally humid regions, it is essential to select drought
indices that are well suited to the meteorological and hydrological characteristics of each region. The findings of this
study suggest that identifying the most appropriate index based on regional conditions is a prerequisite for reliable
drought monitoring. In the Anzali watershed, the SRI index proved to be particularly effective. The results indicated that
the longest drought period occurred between 2005 and 2014. Among the studied stations, Pirsera and Kamadol located
at the lowest elevations of the Caspian Plain experienced the highest drought severity, likely due to their rural setting
and intensive water exploitation. A comparison of drought zoning maps for 2005 and 2014 clearly demonstrated an
increase in drought severity over time. Furthermore, comparison of the SRI and SSI indices showed that, since both
indices are based on discharge data, they provide similar assessments of drought conditions. However, the classification
framework of the SRI index allows for a more detailed and effective interpretation of drought severity.

Keywords: Gamma distribution function, Normal distribution function, Weibull distribution function, Standardized
Surface flow Index, Standardized runoff index

Conflicts of Interest
The author declares no conflict of interest regarding the publication of this article.

Data Availability Statement
The datasets are available upon a reasonable request to the corresponding author.

Author Contribution
Mohammad Hossein Jahangir: Writing, Methodology, Investigation and Data Curation, and Software. All authors:
Analysis, Guidance and Supervision, Text Editing, Completion and Data Collection.

Citation: Jahangir, M.H., Sataryan Asil, K., Piran, M. (2025). Comparison of different distributive functions based on
drought indices: SRI and SSI in the Anzali watershed, Technical Strategies in Water Systems, 3(3), 299-312.
https://doi.org/10.82185/tsws.2025.1214420

Publisher: Islamic Azad University, [sfahan Branch


https://sanad.iau.ir/journal/tsws

ol bbb j5 g glas aly dow
https://sanad.iau.ir/journal/tsws

YAA VPR S oS LLs

YAAFNY Fo lad caw 0,95 NFF 5l
https://doi.org/10.82185/tsws.2025.1214420

I3 5l 0390 45 SSI g SRI JUuSiid s yad b 5 Gaaio liske 29595 &9lgi da Lo

Oly oy (Jmol b Hlw g S F Sl (s oo

.Ol),v_l ‘Ol).g('v‘ ‘Ol).g('v' o Kisly WRY 09‘5 9 391; 0aSisly Ko b 99 L;Lzzdj)sl as)f

mh.jahangir@ut.ac.ir : Jytus sdiws g Juos
© The Author (s) 2025

VPN YV ol VECENYE VEF )08 s S5L VEE/ONA sl

oS>

S 093 Jobo b (JLuSis sla g0 dalds 1o 0j9 el (53905 000 a3 52 JolsS (19,95 o 4 )3 9 S b S 4 azg L
Wlie ol Ban sl iy 5 ooy diajls 03,5 5,0 395 4 e |y galyz 0550l 45 (lodiy (lyicds JuKds e
b Olyr a3l s SR (s Sy, Gasls lal y (JLSiios aralne gl snood @598 @l e (8L (oo
g 9,90 AVl wlide jo oK) 00 0 VYAF VYPD la Lo 5l JL Y b J3l ul 059> ol (SSI) sus s jlustewl
Ssiea LW s i ol Cols 5 5 Jshite mies aob aiz oy 4 e 153l o5 5l eslial b el oih 4135 1,3
SRI _asls b Jpl o) o aigy IDW pg, 51 ealiil b ATC GIS 1330 o5 15 cpmimad <ol o0 41515 53 35 ol
seie SSIg SRI Lot o)l liogas duglio b g sl 45,5 & jem VYAF (LU b 1YAD ISt 0,50 o5 I
Gad JlSas J5l psul oy o (astie ores i oo i JlSis Cuxdg 1, cpline i, asls g0 cpl ol

el 00,50 @ ,25 £l yo LS 5 oKl jo 5>

uuj) 03 Q)L.\_va‘ ua>L..u 03 O)L.\JL.....J‘ u’.‘>da..4 ula):> ua;-L..u st.o.lj &9 é'l-‘ le.A).v 7Y éal.’i LS &9 @U ‘Sw 6‘&0)‘3

15 SST 5 SRI JLSis slaasls jy eaie Gilideo a9l dglio OF-F) o il 5 08 ool 0yl czp peSlea 5Ll
https://doi.org/10.82185/tsws.2025.1214420.31Y-Ya4 (Y)Y « ol slaailel ;o 28 slas pal, . I3l 55wl oje>

(Ol 92) Hleaol axly oDl ol)"—l olKils : b


https://sanad.iau.ir/journal/tsws

..... 33 SSI 9 SRI Jlusiis by aslis y abaivo cilisin o395 aulei dumslio o)Ses 9 pSiles

dods —
(Yang et NG g8, Slsl 3 s 03 S Sl (e dls zale (gl oS 555 e sledias b Ol bl 51 SO LSl
5 Sas Slsls Gl bolpl s ssle e Sosew |y OF andlas ity i a5 350 5 oLl i s oS al., 2018)
Jelow dile e s, 5 0Lty oslaie cpl Slp ol 4Bl Sloks Coeal sdidy (pl Sy pde 5 Cld (O b LalS
syl s JSix oS 5 Sdd bl Ol oS S e eslinad SST 5 SRI 0 (53,1l (sla ol 5 (slailae S5l 8
soblsa LW Ole s JLSes (Parvizi et al., 2022) 53l 25 1y 2 sdme slaesls L bl s o of g5 Jlaz
Sl dl s 0f Gl 5 s (Gler GRb S lld Cod s andls oles 0 1 Gl Sl op xty SO3ssde
s gl 3l eslizal 4 ol bl (e mes Ol 35S 5 edddl Sl a5 s w65 0 (Huang et al., 2026) =l
OF s & o 358 o Cnb & S 5 0Ly Sl Esl 355 ol 6 0dd iy Gres (slaols i 3l slizal |
(JeSixr gla e ls 5l 6,80, b oojs el (Petersen-Perlman et al., 2022) 5,51 o 355 o |, JuSix oois
L Stz (S 5b 4338 A0l sl glaossm 5ol o e B s plulid S2s 5 5 gladle sy 20
b JLSist 58 g gsbasl elanl JLSist 5 (S35 (500l (mbidlpn JLSis £ ler 4 015
(Thomas et al., 155 o ST (Sb b, gl 5 Sl (ol 4 b e s)lse el il gl o3 TS s
ol thﬁ Sy slacd Sl 5 e JLSax Jols JLSas Olidss (s gl slagtuasb 2017)
Dol 53 age S A (slaanas ol Llosls 0L ol Sladllas S (5 bt ol alidlpn Lo 1 51 51 S
(SJSis glaaxls 45 cpiseen .(Srivastava et al., 2025) Kk ls of e 5 Lt ST s o glasly 5 JLsles b
@ S e babtay, sl 5 Gy Jlie (il sl ams aler 1 S5 5 el sla bl Sl slas sazee
(Katneshwarkar & s, osls (il malr &gy caglie LB 5 oS (s lie B 53 JLSist Conds b 35 0
Sl ol slgdy sl le op 565 508 5 o Sewsbe 31 SO CSPD) 5L el 5kl 2> Kinouchi, 2022)
4,5 )13 ale el Sl ol oy 5 esliial 350 Olgr 3 rms i 3 Sl o el L LSS anllle
23 BLE VR ml 5l eslinal L "SST s SPI .S 5 b » MSDI ¢ ssdir ,axls (ganw s (Salimi et al., 2021) <.l
5 S ST (g pi B L 1) i el Shs e Sb Cusby s Gk e et ls S ate L3l oS
O 3l St s Slllas . (Guo et al, 2025) das &1, JLSist o5l 5 ol Sl Al a0 SS glaant Ll
53 (SPI) La,L sl bl ol 5 s,ls 13 alidln JLslis 56 cou ool dm b S5 de JlSas o« ool
« .(Abu Arra et al., 2024) das o 0L CUlsy 5 0L > ot gl e la b golblnme  Saen il Jloj sla ol
Sl sl pbie 53 b O gl ax s bB Sl 5l (S 0l s (S5t JLSis patli e e Olps
.(Tayara-Zobaida, 2023) ..l Cilisee
$olass Ll o SST o3l LS 53 SRI gy w555 (nd s 0 5 oS sad (5500t lajoine oS 5 oS il )
JolS o pead 5 gla et la 5 ol apdir JLSis Sl a5 L e 0L Sl Sl | sl SIS — Sl
ool | e S .(Katneshwarkar & Kinouchi, 2022) s » U3 1, Sslawe skl SSI 5 SRI cas o
Eol s Aas e bl LS 6y s Ve Ssaodes JLSis o sl 0las Il jLasl sl S
JUisl Glos g8 a8 08 o ST anlllas ool S 55 Sl b L L Olejen Wlg e 2L 28l & e Of s
(Hong et ol 3 31 4y S5 dosben Lol 5 5 b pastls Sloy elida U SRS 4 el A e sl Jlss

! Standardize Precipitation Index

2 Standard Streamflow Index
Yoy



Yo ylous e 0590 NF+F 5l &1 sbabole jo (28 sbas maly alxo

Aol b by Ol e 5 038 eslizal Osls s 3l Ll Olge 4 by, I 1 SRI o s (gladlas sal., 2025)
&b SRI jasls cosbpa bl s 48 313 0L izmes il T s 4 SRI (slags e b S o S 5 (g5l sl
(L et das o 8l 6 5VL ablS (S5 g0ss0n 5 mbidlon JLSast Gudls (sl 5 3003 ik Sdesli S Sl oS 4 (5 m
G iz oLl 53 gadS 55 Ol 5 oblsy Sy G » it obl gladie 5 Jlax>] slags s al., 2025)
cilie Sloy gla wbie 55 (3505 slaedls 4 zaS 5L 5 Slle (Ssl Lsw SRI Lasls o3 ga tilaxils (S5 505,008
SAs S As asie (JLSis CiSHL sleess ey s J(Kartika & Wijayanti , 2023) sl g zis 5,508
55 Ll . (Parvizi et al., 2022) 5,5 o 5,51 » (g 2éw s L Pearson Type I saiols! 5 2 s sla Jlsles
SETI 5 SPI SSI SRI (seuis )l ilial (sla ol 51 aslizal b (slaadllan 3 coal o aslizal s slags s 5l Gedos ol
S b s 5 Sk (elidlpa e glaadfe GE GBS A ol s JLSUS S5 el S
L SST 3 gades Jsas jasls o das o 0l Sl (Al et al., 2022) a5 o oal s S e o ksl
iby> 53 SSI 5 SPEI (sla asls andlas 3ls s blijl 5 JLSlis gl el nle b5 SPI JLSis jaxls
Wlsad 50 laas = 55 SSI 5 SPEIL SPI sla axli dslis b .das o OLES 1) Ao 3 40 Stcens OIS Olial 35,50
ool o (Salimi et al., 2021) s sdalive S50 5 wbidlos JLSixt gl axrls YU Siaer jie 5 55,50
Sl gl Mo Ol SST 5 SPI i (S5 dsha 5 mbidlsn JLSist glaastla 1 Olojen eslizal ol lallae
(s rlie Rl L IS sk a4 oS sl UL s s S e aal 1 JLSEE LS 5 sl ods g S
Sl arls oS 5 5l et Clidss ((Jahangir et al., 2022) WL e 5053 SRI 5 SPI (sla ol olie o Sies
sslinal Cilisen bl 3 e el o 0T 50 U3l 5 goslis JLslis gduanes ¢l SSI 5 SRI wsle JLSies
$lyp b= oldles s (Katneshwarkar & Kinouchi, 2022) ool ou el L S e 55 S glanllles ASle iles S
55 4 Klesls 0L 5 o oslizel GAMLSS s Jlbl slac g5l 53 SRI 5 SPI gla axls 5l JLSles jLias) )y
et 5 SoSdada 5 el JLSis Sl s Sl sl bl ol 5 lieS 5 el sl axls
ldilpr gls JLSas oS Wlosls 0lis axsdS Sladss (Li et al,, 2024) &S o ois (ols sme sbar LOT o Lixl Ol
ls gt Obey e 5 Sl g LB sb 4 Ukl 5 il nite Ghle s sl Ol sboss S5dsde s
Lol &b 5 JLsis Sl o te s Jbow 4 SPI 5 SRI tile st 3 1kl sla 2= ls 5 SWAT (gladus 3l eslizal
S sy 53 Lo sasn (S5 a5 JSis s 6l oy ol Sl eslizal ol 03,5 S8 (65,5l 5 o s
(Tariq et al., 2024) U e3ls jaseis calio 355 o s3lital (§ed Ol el )0 LT Sl

CatS by Sdeady Sl 5l JLSas Sde 5 Sl e 55 SR e le pslis conlie @35 51 Oluadsl Cgr Gadis ol 53
5 ol 6l Vsane 5538 55 5 OF e S e 53 S5k slasastli sl Coeal 3ol s eslind wilale UL,
SeSis Larls 5l Jols mls allas cpl 5o 10 g e eslind bl JLSis glaasls 5l JLSas )y
350 ke 53 A2 awslis J5l sl o3 53 SST (55050 JLSas axls 5l Jol- = L SR 505,00
2 S Sl 0l 4> 55 "SPEI 5 SPI S'EDI JLSis a5 ls s 4o 55 5 0L L300 Olime 186 4z andllas
ol 5l Il wakae 4l 4 4 5 L (Salimi et al,, 2021) el ond wslbis SPI axla L3 Slidss i 5l jasls

Lﬁuuj)g“,.:.&«.ﬁj P8 Jﬁj)MSRI um—l.&ul}ﬁ_"w).ﬁ (el Q‘ﬁ‘;@.&w}dbbﬁﬁj)ﬂbj‘})f&?)J

! Effective Drought Index
2 Standardized Precipitation-Evapotranspiration Index



..... 33 SSI 9 SRI Jlusiis by aslis y abaivo cilisin o395 aulei dumslio OyKen 5 puSiles

NI

asdlan 5 g0 adlaie —\-Y

wrlbd B 5l as g UL oS Il end 35 e SIS Sl s b 53 4 Ol o by 51 VG — 26 5 40 4
3,8 pp 53 Ly l.l):@’l.q.:.i:‘MASb SorsS slaailisg ) agamme g atdls I3 5 Loy o8 Jele OLL js 3 pd
D e am s YAOYY Y0087 LUl as (o e s 53 4 1408 B EAOYO! Ll i Jsb o ol 4 ol
) o3 YO/ 5 GliasS Gble | OF Loy VE/E o g puje 2ok Y il 50l adsm ol Comlos ol 48 8
4 o,e ‘ol,,u"lwﬂ,,;s@dw B C’sb by J-le sl s }'l)'.’T W s o S35 Cds y ala S oy
RCP8.5 ; RCP4/5 RCP2/6 lullS slaj8 jlizl Calises sl sl 5 (CMIPS) Jler  olBl slads 51 (las azes
YV B VA s> 55 aslsl Yeeo—Y4aY & 095 4 s YOAT=Y YN o500 5 aikee VL gles wf;l.:.a Sph P S
WGV ssds 5 2als pl Ol 5 o0 AVl JioL oSke L2885 S bgsleda Cb Sl anily egendo 4 s
U3 e Olsdy 5l i kel sl jgd 3 o 4> o) 5> (Naderi & Saatsaz, 2020) <ol ol 5,50 1 2o
b v.';wl.k.a J)jﬁﬁ\.ila.w)“jlsdtu (\)Jg.l.h‘o.l,& CBU u‘-\‘j‘ 4¢:-L4 B ‘J.n.»-' W)..p‘guﬁjﬁ “_5)]:‘ cw‘) LSLAJ.@*J:JUSJU
5 ol Slosle 5l dikie o3 4 by e Sledbl 26— J3l ﬁuT w3 it oKl o3 3l eslital b asdllas ol s
NGV P eJ‘))T(\)JJJq-)J ww)kbuo@|bkyf CJL&)&‘ S| QMJ&JJ%)LAT

S S - IS

i aove <ouE wcvs sove a1 cve sove SovE i

egend

“ Qazvin City
@€ Adabil City
~ A
% Zanjan City

Ki
150 200

wmE

Fig. 1. Anzali watershed map -

Yot



Yo ylods cdw 090 VF+F 30l

GaT sabls ;o S8 o sl alxo

R EBE 6LAAL<LM5‘\ Olasiie =) JJ.,\;—

Table 1. Specifications of hydrometric stations

Bl g Job Wl A 22 gl Sl 655 dgb oo g
£4-Y1-41 FV-10-YA 0 -0 ol ol
£4—+ 0-0Y FV-Yi-yo VY 1T S EYS
£4-+1-14 FV-YY -8V A0 -0 Fs
EA-OY¥—£ ¢ YV-£Y-4 Ve AmASALY et
§A=0+ =\ YV-£V-§ Y V00 1T S il
EA-08—+A FA-+1-Y4 -0 -1 LT s
EA=0+—0A ASAREA R AO IYI-1vae e
£4-1Y-r¢ YV-1A-14 \AR AmASALY (Jovg
£4- V-1 YV-1e-1q AR \FI-Tae Jssles
§4-+¢-14 Yv-1a-ov Vo YFI-1rao o Sl

SSI 5 SRI aslee 2, -Y-Y

ol s SSdda JLslis J xS gl SST e syliliad b 0L > yestli 5 SRI sl 5 kel Obly, el
53y 3l eslaal U SSI 5 SRI .ol i &51,1 (Bloomfield et al., 2015) ;5 (Shukla & Wood, 2008) L g s el
3 Ol &S Ssl& ol b .(McKee et al., 1993) W si o asls (ool Jlie sla 2l 3 a8 SPT acile 35, L alice
Sl e 05 (s ke ik 3L Gl S8 el bl LS (el S SPL s e S0 R
1l 25t (V) el 3o b I SPT asle 55, (McKee et al., 1993)

SPI = M)

el &;Xu;uj obie 3 SaoL Sl Gl SX 5 SUoL Sle Sldie X owle a5 SU,L polie Xy alaly ool s
155 oo Anles (V) adaly 35 b 3ISRI 2l
(0 <Hg) <0/5) 3
Co + Cit+Cyt

SRI =
14 dlt +d,t2 + d3t3]

H
(X) M)
(0/5 <Hxy <1) 3
Co+ Cit+ Cyt?
SRI = + |t —
+ [ 1+ d;t+d,t? +dst3

t = |Ln(———)

(1 — Hx))?

Y0



..... 33 SSI 9 SRI Jlusis gl aslis 1 gubaie Giliidin @1 599 &olg domas o o)Ses 9 pSiles

JAL\J} a}})C,JUﬁJLdAde LB).? jﬁ;‘j))bds
Co= Y/oY00oYV do = Y/EYYVAA Ci= /A YAOY
di= +/AAQY, Co= /2 Y YYA, do=+/ +YTA

b)JL;O M (Y) J_}J}- )\ o.ﬁu.:w‘ Lo SRI u&-u onT Cowd 4.: )\v\.lld &;».w‘ M JLAJ?-l CU eH(X) e

(Zhang et al., 2025) SRI axls bl JLSox giuaib -Y Jst
Table 2. Classification of drought based on SRI index

SRI )
v=< Lt osb e
Vy/o _ /44 b e sl
Vo8 b o b
/44 - —+/44 Jb i Ks s
-V _-\/84 S b
~V/6 - -1/44 Sl
-Y>= L Jles

ML>:A J}ﬂ-_{j}db]’ ‘Lalf G)‘};)‘ b;Lﬂ;M\LJLSRI u.a;-LL)l.,\.u ‘J\.\;‘ Q;YLQMJ-‘ @)}3 cu Lﬁ'-):@-l J‘..ali)j]a.m«w)f w‘))
Ua;-(}lhﬁwgl:ﬁ LMSE C)Lt.:fwi.l:ﬁéb ;RMSE QL&:JA gﬂi‘kﬁﬂ)")‘} 6L}a}ﬁ3u°)l6ﬁ§oﬁbww‘o.x~z
4.]44\) ol 0l a.>))T (f.) d}J}- DL 4?;;:4 RGO ;{J“JJJ M %JJ}MAE LMSE wjias L ‘@)_}3 C!U Lﬁ!]:'@'.

.w‘aMeJJJT(O & nY’) LJU))J;,.:SJ:ML@.:TW&A

n (OObs _ Sim)?
[ 1=1(Q1 Ql )]

RMSE = N N
_ R @i-R& - K] ()
X, (Xi — X)2 ?:1(),(\1 — X1)?]
1 n
MAE:EEZthr-m "

(Abramowitz et al., 1965) L1 » cows 4 (V) dal, 51 LE I =t

—X

x“leB x>0 Q)

f(x) =

By
)‘ “-“’:'.’.J'.’.A"“:"“‘" U""u"j:"bliB}J‘{\”zJ’:‘\)L’. \/i'\EOL cb@cbﬂblﬂ(a)Yc&JL kgl.m;\; J&jﬁ uJ_l)bXWJ\Ji&

s n el (A GV) ok, 3 b

Y(“)J. y* le7Vdy W
0



Yo ylous e 0590 NF+F 5l &1 sbabole jo (28 sbas maly alxo

1 4A )
=— |1+ |=
“=2A 3 @)
A = In(x) - X
X
b= a
X 1 —_X
Fx=| f(x)dx =—— [ x* leB dx ()
B(X o
0 Y

b),:uda WLM (\\):da_ob)‘&odFX Q\J:.A Cf‘f‘u:‘“"é\f’ .LS‘_;M LBMJMLJ‘&)LW.A 6Lhe.>\.> LS‘J" UKMCU

Hx = q+ (1 — q)Fx V)

g daly OF) Ay Ul q e o80T ool i

m
= — av)
1 n
1 -1 Inx-Ina
— -5 (\Y)
X) = e 2 [
f@x) xGN\/ZH

1 _1 In Xi
na—NZn l
=1

_& (\¢)
f@x) = x@ P
1 -% (Vo)
F = (0.’—1) B
(%) BT (@) x e
(Y') e)w d).l}- )‘ u.,a;-u U'i‘ Jk«d )\ .]a_:b..:v J:M 6‘;,) Jj,&da ML>=A j") CJ..:' “ (\-\) ejl.a..j.: AL_:‘) )\ J,u SSI )\.)Ju
"-5"'"&5" asu.i'.w\
G5 = — Co+ C,W + C,W?
14+d,W+ de2 + d3W3
W =, -2Ilnp S
P=1-F(x) P=<0.5
P=F(x). P>0.5

(Guo et al., 2025) SSI jaxls ol JLSix gtuail ¥ Jod
Table3. Classification of drought based on SSI index

SSI Cand
V=< s Jls
/0y _ )/ (.p’u Sl
—+/0Y _ +/0Y Jb
—+/0Y _ =Y/ ﬁm SlSis
-/ > Las Jlsis




..... 33 SSI 9 SRI Jlusis gl aslis 1 gubaie Giliidin @1 599 &olg domas o o)Ses 9 pSiles

o gl -

w35 mlF b patls Ol (Soewen Olje s MAE RMSE MSE (slalls 51 (5806 5 (8) olod Jsir 51 aslizal b
ol b 5 S35 S (Ko o 13 Sl 0 3515 LS 35 b Wnelal ples 6l w358 b g il
el 035 o35 i w50 st Gllae 05 5 e Sl e 5 Sle 5 S

S,y (V) Ko )l adeie Consy 5 OLSS Jdsed o)l sa8 SRI 5 SSI 2 li a5 5 S edalin Ol g5 o oY) K3 a4 g L
b 53 1y ale 55 opl Sliteen s OG5 das o OLES 5UT i 5 0sulb ol 53 gl 2 1, SSI 5 SRI el 55
S pladlo o Lae ool 4 smladle iy 55 Olpdd emed (ol pasiie (S0l Sl asl LS e w3 asllae e
Al gy ol el 3l QB3 L S Oles Bas 55 Kos (ol o3 8 08 o e sl a0 bl 5l S
slolid 53 pasls 53 a3l bl Sl s Slabme Sltle 53 Cglis 3y b das o 0L 5 ool ge o
L Lss 03 LSS S das e 0L (1) K2 oJl e 53l plie 5 Shes V0 olde 3 55 S L glao o
Sl iy SST 5 SRI py assls vt adler 5 5 55 60 Ol posd wals O3 5 O Sre

IS8 ol Gillas s o el I3 sl 5 s slaelKaml oles slp L w55 el 1 1 SRI sl ol s (F) s
gl 53 0328 O oty ks gla JLSis @s”mu);&;:}iwwu; o3 5does 53 bl 2l 55 Lasly slie
3 e kasllis o Wles g o jen oSl dior 53 SRI olie Slejen 2alS b ladle 2 oJle s 53 2058 pad edalin 4 5
D e Ll U Sl el s s slie S et el 4 3 iS1 5 B S (slae s
S 8 4 Ol e (F) IS 53 (L) sy b cp g olol A3l e adlate 53 JLSCist SIS oKl 5 sl ey
2 S ol & ol J s oyl Sl 03l ) i JLSs b e b o Sl gl o)y adlaie s
ST il Jl 53 g gdpe opl el 03 dla g adlate sl Jle Yo b s &S ails | i JLSES 4 W L
Ll 5 A0 b 55 olasl plad pman il S alols it G 4 o S 51V Il 5 VO BVY Jl s LaelSans]
5> el o 63551 L ) s adate Lol 3 (8) IS5 s oS Wles S a2 |y (21/Y0) Tspum SRI astls Ol e b oSCist T
s Jle s Canss TV dle 5o o 5Sulb oK) Jolie 5o ol athy i pod (Sis Caas 4 adlaie Ll 3 50 40 JLo
Ll 3 AY Il 53 da s gl bl opmenn ool o sdalie T Ll 3 adlate S 3 55 VY le 3 505 S 4
e 750 (0) IS 53 Jlr cnl 53 LaolKasl Coms s oS sl 0350 ey Wi sla JLSCis JLL o o SOl ailaie
NGO P WS B

(b1 3 5 0 SKulb oK) J5t 50l 035~ sl SSI 5 SRI (gla el Sl pslie e anslio Y S

WSRISLT,: WSS i MSRI S SSl Sl

2
1.5 -

%I 11 g A

@ 05 \ - . ~d A/

N
w
)

O ; II\\\IIV/,IIIIIII\IIIIIIII/I\\I
0.5 - ' |

-1 4 \
15 4

S QAP DD DS
R R R R R R R R R DT R R R KD

Fig. 2. Comparative comparison of SRI and SSI index distribution values for Anzali watershed
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Fig. 1. SRI index values based on gamma distribution for Anzali watershed (all stations)
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