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Table 3 Control parameters related to the DE algorithm used in the W-ANFIS structure
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bound bound Maximum Number of Probablity of .
Model . - ' fitness
search search iteration population crossover .
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Table 4 Control parameters related to the ACO algorithm used in the W-ANFIS structure

Upper bound Lower bound Maximum Number of Best value of
Model - - . . -
search space search space iteration populations fitness function
W-ANFIS-ACO 1 -1 500 30 115.608
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Table 5 Statistical parameters to evaluate the training and testing of Izmir station
Smart stage models Training Test stage
R RMSE(mm) MAE(mm) R RMSE(mm) MAE(mm)
W-ANFIS-ACO 0.90 29.45 22.14 0.904 30.41 25.50
W-ANFIS-DE 0.96 20.10 15.15 0.954 22.22 17.11
W-ANFIS-GA 0.93 25.11 17.55 0.930 25.70 18.11
W-ANFIS-PSO 0.91 27.13 20.18 0.90 28.11 24.11
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Fig 1 Performance of W-ANFIS-ACO model compared to the observed data in the training and testing stages

o cds byl jshieas o5 Jols albss oo
oty oy 0 5 )lel glayal )l (gl cnl 5o 55
oSila 5 (RMSE) s claye oSl 4y, (R)
& by Lals) 5 wisd 03, 54 (MAE) " sllao (sllas
(Kisi and Shiri, <ol sass 5 a3l alie jo o jal,l oyl
Olpss Ghigal > pe mlis 5 (0) Jgozr 4 a>g5 L 2011)

=

Sirad gy il b W-ANFIS-DE a5 il

! Root Mean Square Error
2 Mean Absolute Error

Environment and Water Engineering

Sy g raidly Y

W- de (o5 5 g oo 8 Sdos oy 2 —)-F
ANFIS

ghe v g Gl 520wy xS0 b (Giagh ol 5o
gexe Yoo slls W-ANFIS  Jow «Soge Jow 4y
Joe a4l 0 5 (SH)L esd Cuz g W05 (88959
Yo JJdoas (Genfis3) pguw g4 ik licul ;56
pll b8 5 )18 axgi 0550 (6399 sl il )l pox (09
35k 990 slaatigS olass (st )3 e g (e ()
slaws W-ANFIS ag Jow Jlox 12 Gl gl al> o

Ol o 5 S banme

Vol. 7, No. 2, 2021

VF.. ut.m.aLT sYO)Lo.:J Y 0,99



YFY

ANFIS .55 Jow 5l eolital b ailjg, (o)L e

W- oS5 sl Jae )5 Gols asdllas ) caond ol jo
el ol 50 Ailis; )L Gliee ez > ANFIS
35 R omin 290 IS e slel jlone abiwsa
39 slre opl 5l eolaiwl g (Tropsha et al. 2003)
5 (YO) sleakl, &b 5l K’y Kl elb polie ol

A0,5 o dwlxe (V)

K = XN (P (Dobs; X P(O)pre)/PEpre (VD)

K’ = INL(P(Oos; X P(Opre;)/POops (V5

i aipey o 4 Selxil 00508 glatags
SSbes ol mhw 4 Goew) Sgx &5 el LA
@ Wb Ky Kogoae nolie wiadign 5 225 slaJos
—absl, LN g M glacons o DBl S5 SO lade
<88 mhaw YL 8 58y (YA L (YY) ook, sl
(Tropshaetal. osib oo /Y 5 505 solin loJae

2003)
m = (R? — R%)/R? (Yv)
n = (R?> — R'3)/R? (YA)

—os 5 (V) aaily & g0 a5 R el )b copuizmoan
ollas o Slac oaias lis /0 5l 55,50 Lol 0 00,8
(Tropsha et al. 2003) ol o 2L, Joe

R, = R? x (1 — JIRZ = R§|) >05  (Y)

() sloalal, ©yg0n ReP 5 RE byl )l ol 5o o8

RE=1-3N P()pre; (1 = K)2/ T (P(D)pre; — P(D)pre)?
RE=1- Z?’=T1[P(t)obsi X P(t)Prei]Z(l — K2/ X (PO ops — P ops)?

Al oS 5 sl e plo b dglie )0 (g0
W- sieiisn Joo 50 MAE Gl polis yiomen
0yl S ANFIS-DE

cés Hlsabl eac- g3l Jae b GA jlodigjloaigy,
mm s RMSE = Yo\ mm L ailjs, i,k owess

3 )5 caalol jo g ail o poo 4, slls MAE = VV/00
Joe 3le ;0 ACO 4 PSO  jluagy slaps Xl
5 o slods, 4o B0 mhw 5l YYNE 5 Yo/IA
Joe JYL 8o 5 Glale] galpe jo ils 13 pslex
oy Laie L W-ANFIS-DE .55 waige
L iy RMSE lalbs 5 /08 Ly  Stees
aile o,Skae gl Yl glls diadsn slode
Yo/¥ mm g R=-/aY sl L W-ANFIS-GA o
oigp Joe 9o b awslie o 55V cds sl ls RMSE=
s RMSE = YANY mm) 3 W-ANFIS-PSO _csias
RMSE = Y- /f\ mm)) W-ANFIS-ACO (R = -/a-
» MAE slbas polis (ioen Sl (R = +/2-F
2 DE (LSS Jos 0 )l5 (oo 55 ales] al>p
ooyl polie Bk sl aes oo olas W-ANFIS Ll
S, ol S5 wedgr Juw lwg odd acubre
5 Ohisel al>ye 90 s sl W-ANFIS 5 sluasy,

el 0als oaly oylas (V) S o u;';..).l.o)']

S gl (S (2w sliel BT -Y-Y
Ol
(X
V)

il Sk oy ailis; 1)l GredS gz dieder sladoe S (mie JLiel mls —F Jga
Table 6 Results of general validation of smart models to estimate daily rainfall in Izmir rain station

debgr sl Joe R>0.8 0.85<K<1.15 0.85<K’<1.15 m<0.1 n<0.1 Rm>0.5
W-ANFIS-PSO 0.88 0.83 0.79 0.092 0.055 0.65
W-ANFIS-DE 0.93 0.92 0.82 0.023 0.062 0.81
W-ANFIS-GA 0.89 0.72 0.62 0.011 0.078 0.63
W-ANFIS-ACO 0.91 0.79 0.67 0.045 0.080 0.70
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Abstract

Nowadays, due to the high uncertainty in estimating precipitation in different geographical areas, the
use of computational intelligence methods based on optimization algorithms to accurately estimate
daily precipitation has been considered by water engineers. In the present study, the combined

Adaptive Neuro Fuzzy Inference System and Wavelet transform (W-ANFIS) method was used as a
pre-processor for daily rainfall data to estimate precipitation values. The structure of the W-ANFIS
hybrid model was developed using the Fuzzy Clustering Means (FCM) method in the training phase.
Moreover, constant coefficients of membership functions applied in the ANFIS model were optimized
using four optimization algorithms including Genetic Algorithm (GA), Particle Swarm Optimization
(PSO), Differential Evolution (DE), and Ant Colony community (ACO). In the present study, rainfall
statistics of Izmir basin in the western part of Turkey were used. Through applying five-time delays in
daily rainfall statistics as well as decomposing each time delay in the three levels of wavelet
transform, each of the W-ANFIS optimal models had twenty input variables. The results of the
statistical analysis for both training and testing stages by the Root Mean Square Error (RMSE) and
Mean Absolute Error (MAE) showed that the application of the DE algorithm into W-ANFIS
structure had the best performance (RMSE = 22.22 and MAE = 17.11mm) than other combined
models with PSO (RMSE = 28.11 and MAE = 24.11 mm), ACO (RMSE = 30.41 and MAE = 26.50
mm), and GA (RMSE = 25.70 and MAE = 18.11 mm).

Keywords: Adaptive Neuro Fuzzy Inference System; Clustering; Evolutionary Algorithms; Rainfall
Estimation; Wavelet Transform.
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