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Figure 2: Discovery steps of whale optimization algorithm.
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Figure 3: Flowchart of meta-heuristic algorithms combined with ANFIS.
Ll gesls

oo &Sl Sleogs oyl 5,90 50 aalsl jo a8 sl oo soliwl (o)l Lasls paix 5l bJoe obj,l slp adllae cpl o

o



(NRMSE) sy Jlo 5 (sl bt yo (5ailn a3 3 (RMSE) ila yo (548l yir (sllas
5 ool 3,50 polie oty Sol el 4 b aglie b o Sy S obsS 8 ,Sles 3,50 o |, Sledlbl RMSE
degeze | daseine aw 3l b 1) Col bngie slas sl oliol Jlee RMSE L [YY Y] was oo @) 1) suiionalioe
O o) e deglie ol aiie 60503l ol b cosliie RMSE Jlade a5 ol 4y 4z b YVE] cl (6,08 4 s ballas
e gloosls aels 4y 1, RMSE Jlade 1) 09 aelyss Casye Sslie sboasly b uiie g0 gl sadaisls slo o
p3Y 05 anlys ol calises sla Jow awslie sl jlas ol .aisb oo (NRMSE) ooy Jlo s RMSE |, )] g 08,5 quands ainly
5 lawgio CB5 w0 Ve-Te (Jow 509 cawlio duo )0V o=V e (o (09 (385 sdioylid sy Vo 1y NRMSE oS el S

el Jde o cms dlid as o Vel s

N_ (v)

(')

(MAE) glino sl (5oSilo

MAE ‘QL.MK.{ 6Lm).>|3 b osls Gy (R b J.>|3 ool S & 6‘)% °‘)“""c5""’v‘“‘ LSLDJJ.A ‘5.).‘)[5 d...».:l.a.a 6‘;} Yw

4 e J.:Lw)‘;o J.‘B‘J.?- L ‘) MAE 45 ngl.ww LJ"’5) el 0ol )LAAAJ ‘;LMJJLZA 9 Gcs.Q‘.M )Ja..! )l ‘).:) Can| ;)):)U)J )L,..w.:

o€, 4 RMSE axcs 0 098 o0 (Sl polie ess 4 e RMSE il J8las a4 a5 Jb> 0 s aalss dil cpass
Ivol 35S oo )8 oolaiwl 0590 (slos S jobo 4y pds jo 09y Mgl

[=pe)
MAEz—Z”|n' |

(Vo)

(R?) tomes

oarle ol s bosls 6 Solwl bas 4y Jlade (3 SGoy a5 wao o lis | cald Sy9lp polie 3l (6 S oy opl

LYy Yol ol s s b Jos o, Sloe ial33l (sl g aad oo )8 owyp 8,90 1) o9 >
2

(#)

(S1) Swsty sl

oS Cewl (I RMSE &) S a3l (pl Coje 0iS co Joe 5 o] aile g eadsaisl RMSE o3l wlul 5 Lasls oy
S dwlio « Latlis pl bl el sl Con [VA] Loy asls ol b la o 25 cds 0,8 gamail 1) o] g e
g oo (gndid (2o 5 hawgie (g Jlo o Cond Foay b o o ,Slee
RMSE

Sl="2- (W)



foeol 2 gt 4 S1 ety Gulul p Joo s Slos (&S anlia [YAl @ 255 L
S1)0.3 51 5 Luwgie o,Skee 0.2(SI(0.3 51 cps 5,Skee 0.4(SI(0.2 51 . Je b o,5kee SI(0.1 31

(MBE) o )l g5 (nKilo
I¥Y] 595 o ooliinl b Jaw (e MBE) 3jlp o5 5 (Cuiie MBE) 3505 i 2b)),) sl MBE
1 n
MBE =— ) |E;-O, \A)
- ZI |
(Tstat) ‘5Ua:’>

ol 5 Al esliiul L84 o 0olitl 08 yinS jobo 4 a5 el Uas (1 Silis w0 g (uSlo oyl slallas 51 b (Tygy)'
Sy byl Wlg e (parls ol ionlplo @i 0500 sl Joe degame 5l Joo oy Caw ol GGl 4 e Silg3 so el
[va] Wl oSS 1) by Joe o Shas slazel L o

n—1) MBE?
stat :\/ ( 2) 2 (H)
RMSE? - MBE

(Ugs) 788 laseb! bauw b coplad puss

iged ojlail b alold ul oo licadsl alold dulos s sl baosly 4 ojlasl Sl coslad pac saimolis bbbl alold

S a5 )b 90 710 Cuanl o 5 720 Glipebol Aol (e 5 g0 et S 9590 (limebol (liae 5 dalllne (g S ojlail sl e
Iyl 3,10 0429 8,84 pamis alayl,

Uy, =1.96,(SD” + RMSE?) ()

ol o odaline polie 5l oo 8,9 p polie Bl ul fyols lis gl o lailiwl Bl ul jasls SD akwl, cpl yo aS
(GP1) il o ySdos aslis

b oSile o (R?) ot o oim boasLs ales blye GP1 .yl o Cows 4 o)l sl ey oy 5l Ll o)

s,les ey ol S o oS 5 1) Tor 5 (U05) olimebsl o %80 b ol pas SI) Susl,y sasls (MAE) (sllas

Coje Sy 0,8 eoliitul b Jae sanas; lr o 5l Olges crlnle s oo pLas Ty baue (09 (3 5 9 Daeaily 5 Do obsS
Ive] el (00,5 o Joe jailiogdls 5 5okl (sanaids GPI gy

GPI =MBE xRMSE xU g, T, x(1-R?) (V)

6959 2o polie 1 Silee coadodmlic Wi oul 3590 63959 & ol ply iy a ais E, Oj Ej YL Lalg, 4o
Cowl (Joe 5y Joe (398 o el b Jow o Slos duslio 10 .ol oo sdalive (slaosls o N g sodosalice g 0o 8,91
wlad oo G 00 @ Rzup'uhum,( R? bzl @) b asls aen polie o] jo aS

I T-statistictest



(S 3,5 352y nyeiie o Loy, 5 B S0 g sl y3e 0ld b, 5o «orar ASad SKaS 4 53l Jie Lbsy 52
55 plwl conl g b Jae g9 cnl e 9, 8hee sl o e 3501 55 wlidie g (sl Jboy dwosls Ll i (s, adsl Julos
s oy 125 1) o ool 5 abasl, 5l eslitd b el ol [¥1]

y =l ogx] KX Xm) 1,04 o=
" (X max =X n)

max ~ “*min

i b ools aiy dools A (Lol glaools woals Jloy sloeols ud i 4 Xmax 9 Xmin X« Xn polde
6999 sWoold Sowor 36T 4 oy Sl

» ;w)b wanSa yin Goahe G 550 e Wl 10 6,90 (b j0 05 00bw a0 00 &S osluil slaosls wor b
Sy glee > p (P > Gl can p e hgie Sl caSeste Goelie cas p S ledee o
2 S ($99)9 (20 9 Medign Juo slagdgyg Glye LS (Sile 423 iz p Led g @reieghS s 4zl Sl
V Jguz aiilge alu VO 0,50 SO (b Baios sboosls Lauo )8 Gl wiadise Jue 29,5 Gleis A S in aulis

3 ookl b eosls glo )..>;L 9 YL lo e cro 5l diedgn o slasag,g 850,068 peea slp (Siwaon T
S Sy i polie Cbl abliie Sivcon b 5l oolaiul b caslllas o) 4o I¥y] cd,8 alool YoV F ases SPSSl58la 5
Slp S (Kred 595 @bl pizen (L35 D50 09 j9) 0 53 e (639)9 (20 b (Kot (2SR SIS &5 (689
395 @b 5l Sloy sl oysln pslaie 4 00,8 oolitl ol iy polia b g, 10 53 S (53959 (20 polie alul) (s
e polie g L8 loj oamoylis ¢ saie polie) el oul ooliiwl oo A0 liwebl 5900w ¢ 59, (Y L) ).,.>l; A VDN Y
b Shy o (SNawed polie caoylid Y jeme 5 55, e 5loy 0 5 ¥ o S0 o (Gl oy by saimolis
Lojg) /2 50 duw (699,5 (20 boosls aS ols lis ablie Sivon mb @ a5 LT SS o ol Ll (5s, V¥ L) o $99,9
G (63955 (20 odly e Lole | Sed e 8 5, V0 G 35 315 g 03P p ol laosls
Soylo Ty (Sor 0 5 Gt 8 595 ST 50 (699)5 (20 Glrools L O JSb o (Scen 393 @b 4y az g5 b s, 8 )0 0g,00d
el 0 LA 1o (63559 (20 b bl (S Sle 4 caboll sl Sy 4k

lb).».m ‘S)L'A}’é| Ceodle ) lb»‘g N Jsu\a
Table 1: Units and abbreviations of the variables.
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Table 2: Descriptive statistics of variables measured by dam accurate instruments.
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Figure 4: Cross-correlation analysis of the used data: cross-correlation between inflow rate and dam inflow rate
(QI with P), cross-correlation between rainfall and dam inflow rate (QI with A), cross-correlation between
reservoir water level and dam inflow rate (QI with RL), cross-correlation between evaporation and dam inflow
rate (QI with E). cross-correlation between temperature and dam inflow rate (QI with T). cross-correlation

between reservoir volume and dam inflow rate (QI with RV).
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Figure 5: Autocorrelation diagram of dam inflow rate.
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Figure 6: Observed and predicted inflow rate by different hybrid models.
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Table 3: Performance parameters of different hybrid models to estimate dam inflow rate.
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Figure 7: Box diagram of the distribution of the error of dam inflow rate estimation in the test stage for all
models, 25%: lower quartile of errors, 75%: upper quartile of errors.
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Figure 8: Statistical index values of different hybrid models.
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Table 4: Optimal control parameters of meta-heuristic algorithms in different hybrid models.
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Figure 9: Convergence trend of different hybrid models.
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ABSTRACT
Estimating water inflows to water resource systems is crucial for effective planning and optimal allocation of water

resources across various consumption sectors. This study proposes a novel approach that combines Meta Heuristic
algorithms, namely Water Cycle Algorithms (WCA), Gray Wolf Optimizer (GWO), Whale Optimization Algorithm
(WOA), Neural Network Algorithm (NNA), and Grasshopper Optimization Algorithm (GOA), with a Neural-Fuzzy
System for training and updating parameters. The objective is to develop accurate models for predicting the daily inflow
of Sefidroud reservoir dam. Unlike gradient-based algorithms, this method overcomes the challenges associated with
training. The Autocorrelation Function and Correlation function were utilized to select four features: dam lake area,
reservoir volume, reservoir level of the dam during the previous 7 days, and inflow in the previous day. Various
statistical indicators were employed to evaluate the performance of the developed models. In the test stage, the ANFIS-
WCA model demonstrated superior performance with the lowest values of Sl (0.0736), MAE (0.05048), and NRMSE
(0.0736), and the highest value of R? (0.9840). Based on the GPI index, the ANFIS-WCA model was identified as the
best model, followed by ANFIS-NNA, ANFIS-GOA, and ANFIS-WOA models. Conversely, the ANFIS-GOA model
exhibited the least accuracy. The results indicated that the ANFIS-WCA model outperformed the ANFIS-NNA model
by 31% in terms of Sl, and the ANFIS-GOA model by 1.6% in terms of Sl. Furthermore, the GPI index revealed an
improvement of up to 11% compared to the ANFIS-ANN model, and 20% compared to the ANFIS-GOA model. The
high accuracy of the ANFIS-WCA model, compared to other hybrid models, highlights the effectiveness of the water
cycle algorithm in combination with the ANFIS model. This approach proves to be a powerful tool for estimating the

input discharge of Sefidroud Dam, as it successfully avoids local optima.

KEYWORDS
Fuzzy-neural-adaptive inference system, inflow, Meta-heuristic algorithm, Sefidroud dam, Water cycle algorithm.



