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Drought is one of the destructive phenomena with adverse impacts on water resources and
water needs. Machine-learning models are among the helpful tools in time-series prediction
that can provide suitable results without the requirements for basic information about a
system. In this study, adaptive neuro-fuzzy inference system (ANFIS) and least square
support vector regression (LSSVR) models were utilized to predict the standardized
precipitation index (SPI) as a meteorological drought indicator and streamflow drought index
(SDI) as a hydrological drought indicator for a period (2001-2019). Ajabshir, located in the
northwest of Iran, was selected as the study area, where the data of Qaleh Chay
meteorological and hydrological stations were used to calculate SPI and SDI, respectively.
The precipitation and flow rate data were considered input variables of the machine-learning
models in predicting the SPI and SDI, respectively. The results revealed that during the period
under review, meteorological drought was more severe in 2004-2011. While in this period,
hydrological drought was more severe in 2007-2011 (SPI<-3). Moreover, the prediction
results of the indices showed that the performance of the LSSVR model was better than that
of ANFIS for both indicators. Using LSSVR, the RMSE and MAPE error evaluation criteria
for SPI were 0.74 and 0.59, respectively, while these values for SDI were obtained as 0.62
and 0.46, respectively. The findings of this study show that machine-learning models are
suitable tools for predicting drought indicators. Therefore, it is suggested to use such models
in predicting drought indicators in other similar regions.
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Foq

O3 5 9525p0ly3 /o i SiS slapad i (yivgt 40 bl (5550 slabo (b))

Legend

Rivers

m Ajub-Shir Aquifer
B vk
DEM (meter)

Value

— High : 5505

Low:0

37°30'30"N

37°1930"N

45°52'0"L% 45"57;30"]." 46°8'30"L

33030°N

45°46'30"E 45752'0"E 45°57'30"E 46°30"E 46°830"E

e oyl dbgs Cusbye ) JS

Checking the drought

: p Initial assessment
situation

The Case study

Meteorological Hydrological
drought index drought index

(1380-1398)
SPI (precipitation)

SDI (river flow)

SPI& SDI simulation via

machine learning
LSSVR > Test deta
(30%)
ANFIS Training data
(70%)

Are the results
acceptable?

Yes
Production SPI and SDI index

s gloasls ot e Sifled glai S




1F+F qogw 6 ylos o0 699 4 559)5 )it 55T Fle

il gd JSis Lasli ¥ .Y
seite oxozs Jlain] e b 5] mazs Jloin] e o 5,00kl Jlais) guj alb 51 opmito 1) canl yle aslis oy
Sy slalis @ly o] okl g gplydllanl s & (adls ol il LSy saelcunsay b @i 5l 5 390
il e olsl y aikio ya (sly SPI Lasls [Yo] cul 48,8 3 e ) oolan 405 3yse cilise
0313 53l S0k tonily Lol (gl canlin (£3lol 565 1l el gl Auuslino (elys 395 o dmolino ) a5V b
5 0Bkl o5 (gysb 4 gd o0 Jodd Jloy @ig 4 sslus VL] Sl odlinul b @5 (oS @l e 5 9000

D95 o duoloee V Aol 3l o3kl b SPT el [VY o V+] 54 yhuo dalllas 3590 590 g dblaia yo ¢l ol Lawgio
spr=for2Pimu ()

n

Vgl sl o read ()L Slire Slyoil 8y g olo N (gmeas () 56SSke Hn (S olo y3 end Loy ()L

[Y-]SPI jasls sanail .Y Jos

SPI 43l Ediwd
2 <SPI L s Sy
1.5< SP1<1.99 b (Jloy
1< SPI <1.49 oMo Loy
-0.99 < SPI <0.99 Jley
-1.49 < SPI <-1 Mo JloSis
-1.99 < SPI<-1.5 L (Jlesas
SPI<-2 B L Jlesis
<58y Jlusis 2ol P LY

lodly 1 eolawl b aS” cowl SDI jad s g4 o 03litw] ddlaio S JwSid dalllao (slp &5 ol jadli 5l oo (S

Do 0 Ao ¥ )y illae SDI jad i g o duwloee ailBdg, 03

SDI; =V, =V /S, (v)
3k

Vie =20, i=123,... k=1234 j=12,..12 (¥)

Jj=1
> plie Q (Sl VY sue j5 b gl g ) dae o olo (sl il 5 &S) olo j ((Sejglgpaee Jo i gy ol
9 a5pshe) Casl (2 (2025 godl Hlme Slixl g Sk a5 sl ezmen 5 e Gl e

[¥¥] SDI Lasls ussti ¥ Jois

SDI y:5li (SN AL
2 <SDI L (s Sy
1.5< SDI <1.99 L (Jloy
1< SDI <1.49 oMo Js
-0.99 < SDI <0.99 Jlbey
-1.49 < SDI <-1 oMo Jlwslis
-1.99 < SDI <-1.5 b Joslis
SDI<-2 b s Jlesas




1 K0 9 51,0l / . Hw K sl yad b e it g0 Grilo 5500 b0 Jbo b,/

Gl odbaisly y LS-SVM 5 ANFIS Jie 9 o i 4 daldl o

il g wF3b s O Y

@by slasts) £95 ) ezmen g 3 485 55 53 o )3 laosly canle &Sl s 4 eile 6353k sla e
» 4l s 4 LS-SVM 5 ANFIS Juo 53 s250 (slasbyy o 23 05850 o8 4295 090 o At o5
2 by S lalgy g st b pu il (sl dagi 3y50 yidy w@dld )] lolu S o il awlie guls calisee (sladise;
ol 04yl dsld] 55 b ybgy oy

S mas &S Jo N D Y

s 355§ S5 Jde ol a8 @) [YY] Lawg VARY Lo 5 (ANFIS) s (66 _ s grlizil &lobu Jio
5ok oSl 31 45l 'S g @i ANFIS e 5 jgel (g oo ialy ol 536 glittal Bl 5 2gime
5 Sugeno gg | (Xp001) (63959 93 (sl S o 00atsl Jo gl yskato dy (56 i slo ol e STy Sig
555 o D 5 bl 255 4 i |y ANFIS Jlilo sy g  dfithen (656 olsd

Rule 1. If (x4 is A1) and (x, is By) than f{ = p1x; + q1%, + 11 (%)
Rule 2. 1f (x, is A,) and (x5 is B,) than f;, = px; + qux, + 1 (@)
Ngdiee iyl (sl Al ye 1> 4 it Jao A oyl T 9 P g q it 458 sladsgere ciiu A 9B &S
Cagas B g 55 oo e Cilisee Cygis alyi j eedsys 23505 2Y) sl &Y )5 .cosl 4Y 0 Jols ANFIS ksl
aS o)y el glgl Cogie mle Db 0 (atuie Cogie mle il ealatwl b (g5l calisee (slaojl 4 (6395 (slro S
ol o odlatl woS Cogac mb 3l s pl 10 0,8 6Ll slalsSS; b g (weS gladjed ¢ o il 4 g o
Cawd 4 ol a3 59 45T Jols g ol Gy v 43 0,5 yb 4y (63959 pdlie ] )3 a5 eaclE 6,5 L pgd LY 5 [YY]
A58 o o lep 1y gl e aY ! slo,S pgw LY sl o odlitwl "TANDY Slae 5l 4Y cpl > bl e
oS sl 4 BY 08T ooty LY bl e Cusd 4y gl Y () )3 5 35800 038l il Y &S axe (glae )T
2 @l Y (A8 e dslowe |y s SIS (295 ol 4 (939)9 olie ded (3 2en b g 0352 0SS Sy ol
IVFT o o0 USG5 505 53l (2905 & sil 53858 S8 (b1 )6 (58

bty 10 39 Homw ¥ 5 (ilo Ol o Sl Jo .Y D .Y

Jse [Y7] o)Ken 9 Chen VAR Jlo )5 (e VO] 4 ks (sVm) ‘uw Dy owile Glee bl Jao oyl
Sacydgie SVM b auglio ;5 LS-SVM Jao .353)S byme |y (LS-SVM) " bty jp1 opple lasye s
o {0, Vi k=1 Wlo Bjel (sloodls dcgasme 3yl> (650b; s g B (jieS Slabre (Saummn bl o)y Sl
lad ) (b pd oSy @b cplpll ede (Byme Yk ER (29 sloodls 5 X € RN ol ol (399 831>
IVV] L] o cawd 40 5 Ay & jgo 4 adgl (3059

y )= "p(x)+b )
Lncs535 b s @) i o3l B 5 S &8 bl Ao Sl ctyior T, by W ol 5 o
sl U B Y (53ldinge Al Lausgs onboly sy g,y sl Y olul b Sy slsd

. . 1 2 1 < 2
, _- — +_ )
min j (W ,e) 2W /4 2}/2 e, v)

k=1

1. Sugeno
2. Support vector machine
3. Least-squares support vector machine



1F+F qogw 6 ylos o0 699 4 559)5 )it 55T FIr

eyl ydgioe 4 dsgi b
v, =W o(x)+b+e,, k=12,.,N )
‘wu“ «.J)"S |) w)‘” C‘fu °)‘9"Jz’ 14 )L\'s"’ AR oo UL“’ I) s Ol}ﬁ‘ €y ol s L)“"" 5"\"‘50““"“' )“"I)L‘ 14
dkly 5l g ol an &b 5 3, SY S5 5 sl b s S oo dbul 6y cslas w3L i ST ol e ol il
2l oo Cawd &
L(w,b,e,a)j(w,e)—ﬁl:ai e +b+e, -y, } @)

Ve daly Sogo 4 ey @l yslate 4 LS-SVM Jao 'S — o8 Lalys Lolul ol '$15Y cupi g o] 5 o

Dgul g0 AL
N
y(0) =2 K (2 x)+b (V)
k=1
D9 g0 dpwle V) dbaly 3o ) 10 g 39 oo 0l 5y a5 K (X, %)
2
K(z, Zk)=GXP(—H107f"H ) ()

ol 01 o3lisl o (sl ol a0l B @b 5l Baios ol 5o

Glae Sk 20y 5 (RMSE) “clayye (5:5ke yia slad 51 gl iomis sl o)) sl jlno LasSIl 25 (sl
S 3o ki 3yee Jae oS sl 5S35 sio 4 MAPE § RMSE jlde juis o .cawl o ookl (MAPE) las-

Lol

N 2
RMSE= M (\Y)
n
X, X
Zt:l - (\Y‘)
MAPE = ¢ %100
n

5505 1y dlote A 0 g jludund 9 (Bly (slmodld Hlaie cui 4y Xp g X0 ] p3 oS

bast .Y

ol LI F o ¥ ola IS5 50 cilodids duwloee (05 9 iy slaoals 1 eslatl b &8 SDI 9 SPI JlwSis (sla sl gl
ly Jly a4 Soop dundg WAF U YA o Jlo (b Sllllas 83gu0me SPI adlis sadisl sla S sillas .ol
Wole (3 p 50 WA+ 5 WAL AYAZ AYAD lo Jlo o o iyl o plaiel b ey 4y WYWAY Jlo 51 Lol il 03,57 (6 yauo
SPI ol b )b oy b ool slo Jlo > (ogasas cdlllas 590 690 (b .l oS> il L8 JwSis
Cundy by VWWAZ BAYAL Jlo 5l a0 ol 30 SDI (adls s o i 1) Jy Ciow 4 Jloy Cundy 3
050 2ls! sl b jo sl oud alls  Soiddesne JlwSKis 55 WA BAYAS ol o Cool 039 oS Jlo s
sl 0391 gbye Cuos r Jlogi (Sajglg e JloSis Cundy i

1. Lagrangian

2. Karush — Kuhn- Tucker

3. Kernel function

4. Radial Basis Function

5. Root Mean Square Error

6. Mean absolute percentage error



1y K0 9 51,0l / . Hw K sl yad b e it g0 Grilo 5500 b0 Jbo b,/

SPI

SPI el gl ¥ JSodd

1382
1382
1383
1383
1384
1384
1385
1386
1386
1387
1387
1388
1388
1389
1389
1390
1390

o~
=)
"
-

1381
1381
1385
1391
1391
1392
1393
1393
1394
1394
1395
1395
1396
1396
1397
1397
1398
1398

Year

SDI st gl £ JSWS

TS sl s B i i S Jobo ol Y .Y
b 03] (a5 SDI 5 SPT JlucSiis slayasls LS-SVR 5 ANFIS Jun 45 ;) oolicual L adlllas 3,90 olSzunl (sl
oolie b a8)S oy yn 9> ‘_'le‘.c & 50 SPI adls g v Jao & (52959 O‘?‘.& a4 oyl laedls SPI o>l LS‘)‘?
Py e ol Ao laie a5 ol Y 962 yall 93 (s LS-SVM g 3 (wglS &twn LS-SVM (gl yzal L diino
Bl 5B Cogas b oy sewlie Gleis 4 wglS Cogac @b ANFIS Juo gly del cund 4 WWE/-Y 4 0/Y50 L
A5 obsl Jae (298 @b cpyie oleis 4 Jas @b wiS e odlatul Sugeno-type g, ;) ANFIS o bl )i
a5 sy NS o by LS-SVR 5 ANFIS o 45 5 ooliul b 1, SDI 5 SPI (sla sl cpmass golis ¥ i
&y MAPE 5 RMSE ,ylie LS-SVR o ,5 35 ANFIS & Camu 5y 5 LS-SVR Jae SPI _asls
b Sl gl eejl slaodldy (gl polie cpl a5 Jbo )5 sl odal Cuwd 4 +/OY 4 +/5F Ll g jgel (slaodls
99 Lol </0A 9 <IV¥ )glﬁ [SVSVEY uyo)j dleo.)l.) d‘)g MAPE 9 RMSE )J.)Lo.n PLY d)9.‘o L 5.))‘._\5 u»)yoi le.mo.)‘.)
b Jdo 3,5dec .l ool Cawd 4 «/AY 4 V/Y L5 i 905] sloodly (sl ANFIS Jao cly o asli cpl jlude Jlie
& S35 g0l 5 ubiael slmosls (sl ot ) cslislme polia sl SPT Lasls ulis § coglize SDI sl



1F+F qogw 6 ylos o0 699 4 559)5 )it 55T FI¥

!y RMSE jlage .5)ls ANFIS & ¢ (g 3,8des LS-SVR Jas 5 (a3 ls op) ;3 SPI (o3l asles .l on
Caol +/YA yly ANFIS Jao (glyy 9 +/5Y ul LS-SVR oo

4 SDI 4 SPI jas3lis 45 51,y LS-SVR 5 ANFIS (cla Jio b oads gjludndds 5 Slalio claodly Jloj (g 415505
Iy odls gloj p8 i ;3> ANFIS Juo SPT asdlis (ol & USG5 Gollas sl 0dds @311 £ 5 0 s IS5 > sy
ol 00 odalie oS glacans pix LS-SVR Jie p3 Lol ccunl 035 pos0 (Blg jlade | S b aly jlade )y
A drg bl aih ams 5 Slae Sl slaplS 3 jogasdy (et w i ;3 ANFIS Jus SDI es3ls
ol 423l (o yia0 3,5dee LS-SVR Jio (adls 93 ya (el a5 55 by ol oo odelcandds guls

RMSE MAPE
Drought index Models Training Test Training Test
@ LS-SVR 0.66 0.74 0.51 0.59
= ANFIS 0.79 1.03 0.62 0.84
%) LS-SVR 0.58 0.62 0.44 0.46
S ANFIS 0.74 0.78 0.54 0.61
37 Observation -------- LS SVR

[¥]

1
0
=
7]
-1
24
-3 4
4 1
= AU o A O e B e T~ VL T T e T - LT T T S T O e B el O T T T el T LT T B ]
—qv-qummgvnre\arnr-mmmooﬁmmnnvu‘u‘eehmwe\a\o—q—qm
EETR S RS e G s e I =B BB Ry~ I S RN |
Month
Observation -------- ANFIS
3_

-3 4
_4
ﬂhmmu‘—qhge\rv—qt‘wr’)e\lrv-qr\(')e\lrHht’aﬂ\l“ﬂl‘-ﬂﬁ\l“ﬁl‘-ﬂa\?ﬁl‘-ﬂ
- -t L I e T e e e I T T I e - I - O O e e
IS J— Qi e - Rl R R E R R R R R e S R IR SIS IS
Month

LS-SVR.5 ANFIS (sla e 5 o3lisial o sjlodsns 5 SPT asls sanlie claosls iloj sy 303 -0 JSWS



F14 K0 9 51,0l / . Hw K sl yad b e it g0 Grilo 5500 b0 Jbo b,/

37 Observation -------- LS-SVR

iy 0
Ahne\u‘ﬁhge\u‘.-qhme\u‘ﬁrw-na\lrv-qr-«:a\lr-qrnna\lr—qr-manlr—qr\n
- - el R R e e R I B I T I e - - e B
e e B I I B B I I e B B )
Month
R
25 4 Observation -------- ANFIS

i
-1.5 4
2

e W - S W S e W e P W e Bt AW e B ) O WG e

LB B BT T R T T I T e - - O i — I B I O T I L T T - - I O T e e B |

B I B I B I I B B I I I I I I O o

LS-SVR 4 ANFIS (¢la Jao | ookl b oas g5lodus 9 SDI Lasls sanlie (slmodly Sloj gy jloges 1 JSS

V USS 5 oasls 1Sy il o guls 5 ous plbsl ks pl,SLs 5l eslizul b b Jae fuglie (i oy sl

5 (0> &y S5 sloyS) RMSD (63908 joxo) jlme lyzuil jlixe dw b b Jio duslio pl,SLo ol )3 sl 00l oyl

Shalio claodly Caxdge 4 ) Cuxbae 45 Jao ya S pl ollas 395 o plol (o) @y lS) (Siused oy

oy  Siod Copd dojadls 4 baye IS 50wl atdly JwSis sla 23 ls 1 oty omess bl 5S35

5 Byl 5ol +/0 390> ANFIS (slaodly (glp copd opl &5 Il j5 canl /A 4 +/Y 50 LS-SVR Juo jl Juol>

ol 42l SPT (23l 5l (g0 (a5 LS-SVR Juo copl ol .l 55035 Slualin (slasdls 4 LS-SVR cusése
ol las b5 (sl lns guls 800l ol oSS gl ool by



1F+F qogw 6 ylos o0 699 4 559)5 )it 55T F15

Standard Deviation
Standard Deviation

observation observation

SDI 2L (b SPI ad s (a yob lages .Y S

e . f

LS-SVR ¢ ANFIS (ypile (55530 Je 95 51 SDI 5 SPT  JloSis jadls ¢ (posd jolaie 4y pols Gudod )
Wjee owesd |y JwSis s jasls owlie ¢y b uile (65500 sla Jae b )l Baios (pl gls b edlatl
4095 3:55 53 [YA] e g (ouleS cpnizman Cunl [YA] (sl 938 (ldowo 3:50 @l b guad 3055 ol ol
| e JwSis (adls 90 cwia 0 LS-SVR Juo 5 Slas (5udzd opl 53 1009 a8l cawd b Jso opl oL
pld & 5l bl Wlgs o ST M o LS b i )0 (erd 0)Sles ol 51 S ;3 ANFIS Jus g ANFIS oo
plo 3 3Sles ol Gins D9 o o B LialS el a8 sl Jowe &S bl )3 oaimd jbj9el (slapis jo3l bl
03B 3l e it 3 (VYY) ohan g 31T Slidos 4 Gl o 45 01 55 (Slgyden Slus > lidos
Jde (3uiins ol 40 Sl dgg b [YY Y] 0)8 oyl By (650l mpie 0 (VoVY) ohKer 5 eler S dasw
9 CuwgdJS 35 i L et (ien ANFIS Juo glis 009 )10)68 0 apadld (e ) (YL (2 51 ANFIS
a9l ooy YU oS 5l syl cuss jd SPI Lasls wyiw sl ANFIS Jae tidly (jLis a5 g [YV] Slbew
oanls e (olp 8ed a8 gl lgie 49 LS-SVR Jas sdelcusddy gl & aogi b g gycpl 5l .Cand jlayss 5
Sl J5e calises o yisy lpse slp Jaorecun; clibliw g Plus o pie )0 Slg o S Ab Byme  JlocSis
o35 gl owlidlad GleMbl plo I olgi o a8 3es Cllgy by liee o (o)l Badod (pl 50 edlatwl dyge (slaosld
o35 50 b Jde ple 1 eolatwl pible (6,80L (sla Jde I (o0l ol dg3g b puimad 38 odlitul o yasls yolie
G5 opl oo b b pl zols dunlie g o dlppuiey (o Sis s jasld Lo o yizmen 9 SDI 5 SPI j5lee
pie 385 (pl @l Wb plo & pobglen bl die () odle (0L cuslie Jae QBRI 3 S50 (B Sl
&y e 1 s oanlie (g0l ) basye coodls jd (ogasds 45 dg b jasli polie wess ;> ANFIS (YL ,Ulgs
5 o3k ANFIS )3 39250 s sloo 55 sl & JolS5 (slain s J (giose (sl i

S 0
$x5ob Jae 90 il edlaiwl b pudcoxe Sl 83gu5w SDI g SPT JlucSis slajadls pess Gua b Gaios oy
0a>ls e WAA U IWAL gl Jlo (b 00 9 o)L Slale laools 1 edlatwl b lal .ai plosl LS-SVR g ANFIS yils
oidly (gla s ls LS-SVR g ANFIS yile (6,50 Jao 90 5l edlaiwl b cdols] )d .0 dwloee SDI g SPT  JlucSlis
W okl W Jde 4y (63959 laie 4y (20 (slaedls SDI yasd (gly g o)k (sloodls 51 SPT uasd (gl a0 (ymesds



F1y K0 9 51,0l / . Hw K sl yad b e it g0 Grilo 5500 b0 Jbo b,/

28l 40505 5 Sloj (s 905 MAPE g RMSE (sl )lso 5l oolaiiol b la st b sw i (sl b Jde 3 Sae cculydy
2,5 ol 25 dylge Sy A g o 1) sdelcunddy gl .cd)S )l\8 dunlie 3)ge
Gl WA g WAL AYAS AYAD (sla Jlo jd  Slalllas B39z 3 ol lis SPT JlwSis jadls mls )
ol 0359 (o3 Caoms 4y g Jloyi 4y (0055 Cumdg (g pr 350 (2ol sl Jlo o Lol il 009y oS> (g0
ol 0358 gy 1y (SO5elg)hn il JloSKis WY B IYAS 590 ;o Jlalllas 83400t SDI a3l gillas Y
5)as LS-SVR Jao ¢ adls 93 dwiim lp b i oS dwpin b Jie obj)l slbaybes mls ¥
2,0 ANFIS & Cuns (650
ool cusBgo 4y LS-SVR I Jols (slaodls caxdae ol Lis 35 sk pl, Lo 51 eolatwl b b Jdo o duglde ¥
LS- Jas o 2dls 90 jo glp Slwbw o Shalic glaoh o (Suwed Gl cwl j3SGos  Shalie
g ANFIS 5l g o jadls s i > LS-SVR 5 Slos <gy0p) il 050 /AL +/Y 4 SVR
SlocSiss sla yadli pess (gly canlio )3l O lgic 41y LSSVR (155 oo odalcunsas ol 45 a5 b oyl pls
Sl @ angr bl plool 5,800 Jao 90 3l eolatwl b gaass pl il alie gladie) plo o Ll LB & 58" 320
ol 55ise dlaiey s syl (B yme 5 e o Sibdost 5 S5 3blie )3 (ogady el b e
@l sz )3 wia)oUl ol 3 8ee U sl 3Y  (JolSS (sl )90l 2us5 & a9 b cmioman 39 48)5 jlai )3 5 oy
ol JlocSid gl jasls plo e 6l (silwosls b8 5,So, cpl 008 518 Sbj)l 5590 3,800 (sl e



1F+F qogw 6 ylos o0 699 4 559)5 )it 55T FIA

&b

[1]. Tyagi S, Zhang X, Saraswat D, Sahany S, Mishra SK, Niyogi D. Flash Drought: Review of Concept,
Prediction and the Potential for Machine Learning, Deep Learning Methods. Earth's Future. 2022
Nov;10(11):e2022EF002723. https://doi.org/10.1029/2022EF002723

[2]. Ray DK, Gerber JS, MacDonald GK, West PC. Climate variation explains a third of global crop yield
variability. Nature communications. 2015 Jan 22; 6(1):5989. 10.1038/ncomms6989

[3]. Bahrami N. Forecasting SPI drought index using Wavelet-Neural Networks and Support Vector Regression
Models (Case study: East Azerbaijan province). Master thesis. University of Tabriz. 2017; 10-120. [In
Persian]

[4]. Ahmed K, Shahid S, Chung ES, Wang XJ, Harun SB. Climate change uncertainties in seasonal drought
severity-area-frequency curves: Case of arid region of Pakistan. Journal of Hydrology. 2019 Mar 1;570:473-
85. https://doi.org/10.1016/j.jhydrol.2019.01.019

[5]. Pande CB, Al-Ansari N, Kushwaha NL, Srivastava A, Noor R, Kumar M, et al. Forecasting of SPI and
meteorological drought based on the artificial neural network and M5P model tree. Land. 2022 Nov
14;11(11):2040. 10.3390/land11112040

[6]. Mishra AK, Desai VR. Drought forecasting using stochastic models. Stochastic environmental research and
risk assessment. 2005 Nov;19:326-39. 10.1007/s00477-005-0238-4

[7]. Shamshirband S, Hashemi S, Salimi H, Samadianfard S, Asadi E, Shadkani S, et al. Predicting standardized
streamflow index for hydrological drought using machine learning models. Engineering Applications of
Computational Fluid Mechanics. 2020 Jan 1;14(1):339-50. https://doi.org/10.1080/19942060.2020.1715844

[8]. Liu WT, Juarez RN. ENSO drought onset prediction in northeast Brazil using NDVI. International Journal
of Remote Sensing. 2001 Jan 1;22(17):3483-501. https://doi.org/10.1080/01431160010006430

[9]. Han P, Wang PX, Zhang SY. Drought forecasting based on the remote sensing data using ARIMA models.
Mathematical and computer modelling. 2010 Jun 1;51(11-12):1398-403. https://doi.org/10.1016/j.mcm.2009.10.031

[10]. Moreira EE, Paulo AA, Pereira LS, Mexia JT. Analysis of SPI drought class transitions using loglinear
models. Journal of Hydrology. 2006 Nov 30;331(1-2):349-59. https://doi.org/10.1016/j.jhydrol.2006.05.022

[11]. Paulo AA, Pereira LS. Prediction of SPI drought class transitions using Markov chains. Water resources
management. 2007 Oct;21:1813-27. https://doi.org/10.1007/s11269-006-9129-9

[12]. Rostami M, Pahlevanravi A, Moghadam Nia A. Comparison of artifial neural network models and adaptive
neuro-fuzzy interface system in predicting the drought Mond basin of Fars province. Journal of Natural
Enwiroment Hazard. 2016; 4(6): 21-32. [In Persian] https://sid.ir/paper/259188/en

[13]. Nguyen V, Li Q, Nguyen L. Drought forecasting using ANFIS-a case study in drought prone area of
Vietnam. Paddy and water environment. 2017 Jul;15:605-16. https://doi.org/10.1007/s10333-017-0579-x

[14]. Mokhtarzad M, Eskandari F, Jamshidi Vanjani N, Arabasadi A. Drought forecasting by ANN, ANFIS, and
SVM and comparison of the models. Environmental earth sciences. 2017 Nov;76:1-10.
https://doi.org/10.1007/s12665-017-7064-0

[15]. Jalili Galgachi B. Prediction of Spi Drought Index Using Soft Calculations (Case Study of Synoptic Station
of West Azerbijan Province). Master thesis. Saba college of higher education. 2017; 132. [In Persian]

[16]. Yacoub E, Tayfur G. Evaluation and assessment of meteorological drought by different methods in Trarza
region, Mauritania. Water Resources Management. 2017 Feb;31:825-45. https://doi.org/10.1007/s11269-016-
1510-8

[17]. Ghorbani H, Vali A, Zarepour H. Prediction and Investigation of Meteorological Drought Using SARIMA
Time Series and SPI Index In Isfahan Province. jwss 2020; 23 (4) :313-328, URL:
http://jstnar.iut.ac.ir/article-1-3840-fa.html [In persian]

[18 Shokrikochak S, Behnia A. Monitoring and Prediction of Khuzestan Province, Iran Drought Using SPI
drought Index and Markov Chain. Irrigation Sciences and Engineering, 2013; 36(3): 1-12. [In persian]
https://dorl.net/dor/20.1001.1.25885952.1392.36.3.1.6

[19]. Amiranipur M, najafzadeh M, Mohamadi S. Forecasting Drought Situation by Standardized Precipitation
Evapotranspiration Index and Artificial Intelligence Models (Case Study: Kerman Synoptic Station). Journal
of Meteorology and  Atmospheric  Science, 2021; 4(3): 260-71. [In persian] doi:
10.22034/jmas.2022.356011.1184.

[20]. Mashayekhi M, Zakeri Niri M. Meteorological, Hhydrological And Agricultural Droughts Prediction Using
Wavelet Method In Tehran. Iran-Water Resources Research, 2020; 16(3): 120-32. [In persian]

[21]. Achite M, Jehanzaib M, Elshaboury N, Kim TW. Evaluation of machine learning techniques for
hydrological drought modeling: A case study of the Wadi Ouahrane basin in Algeria. Water. 2022 Jan
30;14(3):431.

[22]. Nalbantis I, Tsakiris G. Assessment of hydrological drought revisited. Water resources management. 2009
Mar;23:881-97. 10.1007/s11269-008-9305-1



F14 K0 9 51,0l / . Hw K sl yad b e it g0 Grilo 5500 b0 Jbo b,/

[23]. Jang JS. ANFIS: adaptive-network-based fuzzy inference system. IEEE transactions on systems, man, and
cybernetics. 1993 May;23(3):665-85. https://doi.org/10.1109/21.256541

[24]. Milan SG, Kayhomayoon Z, Azar NA, Berndtsson R, Ramezani MR, Moghaddam HK. Using machine
learning to determine acceptable levels of groundwater consumption in Iran. Sustainable Production and
Consumption. 2023 Jan 1;35:388-400. https://doi.org/10.1016/j.spc.2022.11.018

[25]. Cawley GC, Talbot NL. Improved sparse least-squares support vector machines. Neurocomputing. 2002
Oct 1;48(1-4):1025-31. https://doi.org/10.1016/S0925-2312(02)00606-9

[26]. Chen LH, Chen CT, Pan YG. Groundwater level prediction using SOM-RBFN multisite model. Journal of
Hydrologic Engineering. 2010 Aug;15(8):624-31. https://doi.org/10.1061/(ASCE)HE.1943-5584.0000218

[27]. Van Gestel T, Suykens JA, Lanckriet G, Lambrechts A, De Moor B, Vandewalle J. Bayesian framework
for least-squares support vector machine classifiers, Gaussian processes, and kernel Fisher discriminant
analysis. Neural computation. 2002 May 1;14(5):1115-47. 10.1162/089976602753633411

[28]. Samadianfard S. Prediction of SPI drought index using support vector and multiple linear
regressions. Journal of Water and Soil Resources Conservation, 2017; 6(4):1-16. [In Persian]
20.1001.1.22517480.1396.6.4.1.4

[29]. Komasi M, Malekmahmoudi M, Montaseri H. Drought forecasting by SPI and EDI indices using ANFIS
method based on C-mean and SC clustering (Case study: Kohgiluyeh and Boyer Ahmad Province). Journal
of Agricultural Meteorology, 2017; 5(1): 36-47. [In Persian] doi: 10.22125/agm;j.2017.54982

[30]. Goldust A, Sobhani B. Studying drought and evaluating its prediction possibility in Ardabil province by
using SPI index and ANFIS model. Geographical Research, 2015;30(116): 135-52. [In Persian]
https://jgr.ui.ac.ir/article 18102.html?lang=fa

[31]. Steinemann A. Drought indicators and triggers: a stochastic approach to evaluation 1. JAWRA Journal of the
American Water Resources Association. 2003 Oct;39(5):1217-33.
https://doi.org/10.1111/j.17521688.2003.tb03704.x

[32]. Arya Azar N, Ghordoyee Milan S, Kayhomayoon Z. Predicting monthly evaporation from dam reservoirs
using LS-SVR and ANFIS optimized by Harris hawks optimization algorithm. Environmental Monitoring
and Assessment. 2021 Nov;193:1-4.https://doi.org/10.1007/s10661-021-09495-z

[33]. Kayhomayoon Z, Arya Azar N, Ghordoyee Milan S, Berndtsson R, Najafi Marghmaleki S. Application of
soft computing and evolutionary algorithms to estimate hydropower potential in multi-purpose reservoirs.
Applied water science. 2023 Sep;13(9):183.https://doi.org/10.1007/s13201-023-02001-5



