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Figure 1. Geographical location of Shaharchay watershed

83939 097 ($2909 Xik epll (e 4 (95 (65 9w
Ol 3lodld ile Hik g (o890l diges (el K (6
Sl (bjgal asged sl (gl (iSe aY (9,
sl (5 Y (slagyg,s aen ilo Jld &S5y
Sl G ple ol bwgs Jijeel 10 olaisl 350 (sladiges
H Swyle sl casdy K g g | o yile cpl )0 04 oo
Obe (as &b (o2gp (e Y G ple plgisa
295 9 e Y bagg s e sy 2ede
25 ol ) S8 4 (o) ©)g0n

HE=T ()

B=\Bo ), ®
Sbogy 9 2o aY Gap om Oy edl B oS
Slp Gun polde samd i Hop T g cawl e 4Y
Dgde ol 25 Copots & Cunl Shjgel sladiges

T=T T *)
)5 dusle pj abaly I ol oo 1) lagyje oo
B=HT v)
:OT P
__ |Gab,x) ... Gla,b,x)
H(@,b,%)= a0 s Q)
Gla.h,x,) .. Ga,b,x)|
y T
p=|: and T =|: @)
T TT

| Vo o [
a=a,.a;b=b,.b;X=x,.x «
9 obais 42Y 5 (i Y laggy om0y sP0 B
Cwl H s 5Ls Moore-Penrose ysSae 4 H’

l_g Cwl u_a.:})'yoi L;Lmdjsa.‘» d"”d)? o )b).g T e

& Jo

Y. . LN 1 &
g3 (9 jgol Cpmile
5 Slgn by ;L oyl 45 coul a0Y S o
s 45 Ly ELM cglis o5 s &) (1+) ) San
T oS s §) ool pas (SLFFNN) 'Y 5 jeoeia
o Ly (939)9 40 slagyg s ol (295 (195 sl
e Y (gla gyl bl 0 s Y glayg
il Al o spSe Kl edlizal |
bl S dge @l g0 Sl (e (slagygp
ol (ot Oypoa (295 4Y (9 lp S b
oS Nl b Y U jgomiiy (masdSid (ool oy

Dgb o Ol g G ygods (e
f,00=2>.56G(a.b,x) ")

98 ERY (255 0,5 g pli e 05 o iy Bi &S
95 G(ai, i, X) 5 iseo sloo S Jajel (slaye56 by
45) 900 ilw]lsd @b el X (63959 Sl pl T 0)5
(i, "ol i 0,5 (sl (1Bl e aksee glsil (ol
2,5 gl 3 IS5 4 olgiee |y B X)

Gla,b,x)=g(ax+h) ™
Loy, gl (2905 drmmlre jolaieas culld plss 5l
72 sl (e Y (glagygp (ilo b g 0 02litl
Y ) ey G0l L ELM a8 5 50 (g0l diged
o]y 5l e sbjgel Wgas K7 2l 5 (3909 (195 1" s
D9 Ao

ij = g(Z(\/\Ijixik)+ Bj ()
Wbl dwgy ot pe gilu Jld 2U ya Wl e 0(.) o
B eplj (e 4¥ (9,5 9 pll (63909 L9 0js Wi

1- Extreme Learning Machine (ELM) 2- Feed-forward

3- Single layer feed forward neural network
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Figure 3. Results of calculated statistical indices for different SAELM models
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Figure 4. Comparison of rainfall values simulated by SAELM with observed data and scatter plots
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Figure 5. Results of statistical indices for simulating rainfall values with different WSAELM models
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Figure 6. Comparison of rainfall values simulated by WSAELM with observed data and scatter plots
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Figure 7. Results of statistical indices for simulating runoff values with different SAELM models
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Figure 8. Comparison of runoff values simulated by SAELM with observed data and scatter plots
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Figure 9. Results of statistical indices for simulating runoff values with different SAELM models.
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Figure 10. Comparison of runoff values simulated by different WSAELM models with observed data and scatter
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Tablel. Results of uncertainty analysis of WSAELM models for estimating rainfall values
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Abstract

In this paper, the precipitation and runoff time-series data of the Shaharchay River basin from
2000 to 2017 were simulated by using a novel hybrid artificial intelligence (Al) technique. In
order to develop this Al model, the extreme learning machine (ELM), differential evolution
(DE) and wavelet transform (WT) are combined and then the SAELM and WASAELM hybrid
models are provided. Initially, the most effective lags of the time-series data are distinguished
using the autocorrelation function. After that, using these lags, seven artificial intelligence
models are defined for each of the SAELM and the WSAELM models. Additionally, 70% of the
observational data are employed for training the artificial mtelllgence models and the rest (30%)
for testing them. For WSAELM7 as the best model, the values of R?, the scatter index (SI), and
the Nash-Sutcliff efficiency coefficient (NSC) for simulating preC|p|tat|on are yielded 0.967,
0.208 and 0.965, respectively. Furthermore, a sensitivity analysis exhibits that the lags (t-1), (t-
2) and (t-12) are regarded as the most effective input lags. Ultimately, an uncertainty analysis is
carried out for the superior models.

Keywords: Differential evolution, Extreme learning machine, Lake Urmia, Rainfall, Runoff,
Shaharchay River, Wavelet transform
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