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3- Single layer feed forward neural network

4- Bias 5- Piecewise continuous function  6- Additive
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Figure 3. Results of calculated statistical indices for different SAELM models
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Figure 8. Comparison of runoff values simulated by SAELM with observed data and scatter plots


http://dx.doi.org/10.52547/jwmr.12.23.224
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.20.5
http://jwmr.sanru.ac.ir/article-1-1084-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22516174.1400.12.23.20.5 ]

[ DOI: 10.52547/jwmr.12.23.224 ]

YYY

ol sl NSC 4 S pslie g casl Ul e (g5lodons
5 VAF (sl yas s polio copl 1 opdle blokih dmslons
YAD Uy pl; s s WSAELML o (sl RMSE
Sl a8 el Js o ool aslosel cwss VIS5 4
A U (ggls i s S| 4 NSC yslio WSAELMS3
WSAELMS o (gl i) 52 odle At o +/YAY

Slodds 035 e < /YN

0.5

0.4

=

0.

)

)

"WSAELM 1 WSAELM 2 WSAELM 3 WSAELM 4 WSAELM 5 WSAELM 6 WSAELM 7

100

90

VAF

WSAEL\{ 1 WSAELM 2 WSAELM 3 WSAELM 4 WSAELM 5 WSAELM 6 WSAELM 7

0.9 -
0.8

0.7 1

RMSE
w ~

Bghosy 53208 5 98 Jorke sblad dpms o2y bl @3yl ol

VEe e bl gyl VY 0)leis /omdjlgd Jlo jusol 0jg> o e doliiimngy

WSAELM (¢l Jo
WSAELM (e en (sl i 3,8kas Ceanid ol 3
dyS anlgs 18 o)l 3s90 Sllg) sileand ol
Sl e ol gt bl
A JS—s ,» WSAELM7 Ls WSAELM1 L Ju_s
Jde o gilwdenis guli u"l“" 3 Gl 045 0diS ReaSd
SUly, e (gl B iy (gly> WSAELM7
&l NSC s VAF RMSE ;5Li (S55 & licdy o
1340 o AVFAY FAYY Ly il o 54 WSAELM7
el s 2ty els SAELM2 o ¢ blio )5 Aitun

WSAELM 1 WSAELM 2 WSAELM 3 WSAELM 4 WSAELM 5 WSAELM 6 WSAELM 7

Ilull.

l 4

) T T
WSAELM 1 WSAELM 2 WSAELM 3 WSAELM 4 WSAELM 5 WSAELM 6 WSAELM 7

" 'WSAELM 1 WSAELM 2 WSAELM 3 WSAELM 4 WSAELM 5 WSAELM 6 WSAELM 7
cilisee WSAELM (gla Jso bawgs Slly, (glodunds (sl (ylol slopadls gl -1 IS5
Figure 9. Results of statistical indices for simulating runoff values with different SAELM models.

ol S5 p3Y blosel Cowsds /AN g +/VEY L (gl
WSAELM 1 sla Jas (sl cpesd oy o oS
IV b colue i js WSAELM 4 4 WSAELM 3
aS el Jls jd ol ilodds 03 ez JASY 4 +[AS
s WSAELM 5 (g yen (sgivae jogp sbde sl
L olue cuis RZ (s)lol asls ,lie WSAELM 6

Slodel Casds +/ASY 4 < AYS

035 (silodund Qllg) G dwalie Sy j (i ol 5

Oygo Shalie pilis g WSAELM (Lo Juo buwg
la)bges ol y oy dulio ol Ve S 0 0,8 o
ool ol o 018 pgais b Jae oyl (SuS1,
SAELM 7 g WSAELM 2 (cla Jue o gjluodns zols
L (Sisan op i 5 (Sed (2 5eS ()b o iy
oadld jlde 500 by 4 s Slaalie Gllg, jolis
sy WSAELM 7 y WSAELM 2 ¢l R? ¢ L



http://dx.doi.org/10.52547/jwmr.12.23.224
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.20.5
http://jwmr.sanru.ac.ir/article-1-1084-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22516174.1400.12.23.20.5 ]

[ DOI: 10.52547/jwmr.12.23.224 |

Nghug )8 9 (oo jore sblnd S o) deal @3ljle el

YrY Sl ted B39, Ad5n 3 m Ghigal el Sl odial b Sllgy =l Lot

100 T ysAEIM 7

90

60

RunolT (mm)

)

+++ Observed B
== WSAELM 7|

93
o

Runoff (mm)-simulated
Bl

0 10 20 30 40
Month

Y o
(s <
25 y O
B
“.. .
0 k:
50 60 0 25 50 75 100

]il:lm)ff (ml-n)-obscl’\‘cd

STy slaylages 5 Slialie polie L WSAELM caliseo (sl Jio lawgs o (g jlwduds Gllg,y polde duslio =Y+ o
Figure 10. Comparison of runoff values simulated by different WSAELM models with observed data and scatter

ol (o038 Jao (4 OVerestimated gliao 4 € 04
Okl 8L S S, 5 € sl yalyb 5l ookl b ¢ pizmon
bl gy ) bwg uptn glad plie SlbI
8 O ygody +1.64S, 5l odliiwl Ly s 395 g0
pas Jebos gl el 3,5 oo lialol 6L 95% &y i
odalie JUBY o) glaJois 10 0 iy slaJso Cuyalad
0 g WUB L cushad pac 3l (e b Jois cpl 10 .ol
Ao b g oo 0d (4L 95% PEI L cuxlad pus duopd
WSAELM  sla Jus wuahad pae | log gulos ay
sl WSAELM 7  WSAELM 6 WSAELM 3.1
2 Nt (oBly 5l i (03)es Gl G5k giluaned
WSAELM 2 cono g slafioas JLs
i\t a5 ¢, WSAELM 5 s WSAELM 4
il sl o hlie 3 85l (Bly 5l a8 (63 Sles
5|y 0, Sles b WSAELM 5 Jus s Ul
U WSAELM 1 Lol La Ja o ady g cwl a8l
WSAELM 7 s WSAELM 6 WSAELM 4

Wl L 05 51 ably I yiaS (60 )Sles

plots

Cuxlad us Julod
OMMFA_CJ_J?L’&PDJIJMJ‘)D
polae a S WSAELM coao osn sla Jie 3 Slas
M8 2Lyl 2590 0B 03] (1035 gl bawgs SUly, 5 1351
M&MPMMJ;)9EMM;M‘?
odla ! [ELRE szbJ.\_a A)SJ.Q& U.gl_.{)‘)‘ S J_pl)lf
Ui gl Coalad pae oo (S0 @ )leds g o
0950 (wyy g (SN sl Jso ]a.uy ol gy sl
by IS o bay g b o lyal laJuo opl 5 Sles
)J.)LD.A l_: C) )_’]).s e J.Ln E_wy 03— (2
2olae slpso (Pi) (s30e Jiao bawgs oad (gjlwand

- n
dwlxe €= Z, L6 ©rpmew ot (niey sl
i gl polie d)llinl Gl ¢ pisran g oo
s n - 2 - -
Aib e S, =\/Zi:1(ei —e) In=1 &ygoany ords
aS aad o ol e lde (g aie & Cuwl SO 4 p3Y
Cute 9 Cuwl Underestimated (s5,Slos (sl (go3e oo

Sk 02035 5l WSAELM (cla Jao canlad pis s golis =) g
Tablel. Results of uncertainty analysis of WSAELM models for estimating rainfall values

Model # samples g S, WUB 95% PEI
WSAELM 1 ES Joeo¥ -IYYY /A EN VYT
WSAELM 2 5o =5 NARE EXVAR EIANANERYRIN
WSAELM 3 5. oese -I¥50 +./\Y —ofe5e b VA
WSAELM 4 5. —fovy -IYVa +o/oVY —/N¥ L /f
WSAELM 5 5. —/-0A Yy +o/-¥4 — WYL /oY
WSAELM 6 5. ooy -IEVY £ /\eA —/ND b /Y-
WSAELM 7 5. oo -1y +./¥0 —of XL /0



http://dx.doi.org/10.52547/jwmr.12.23.224
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.20.5
http://jwmr.sanru.ac.ir/article-1-1084-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22516174.1400.12.23.20.5 ]

[ DOI: 10.52547/jwmr.12.23.224 |

YYo

Bghugy 8 5 (st9hn jo e eolilind dm (o) denl eyl

Foo bl g lar /YT 0)loid /pm3jled Jlo sl 059> o pte doliiings

llgy 3055 (gl WSAELM (gl Jas cuslad pae Julod golis =Y Jouo
Table2. Results of uncertainty analysis of WSAELM models for estimating runoff values

Model # samples g Se WUB 95% PEI
WSAELM 1 e EARR YIVYY +)/aay =Y/Y-A G V/YAD
WSAELM 2 e B Arss NoY - +Y/Y-.- =¥/05. G —+/\5-
WSAELM 3 5 S\ PRY /005 RV RN
WSAELM 4 5o —V/AYA JAARE: +V/5YA =Y/$55 5=+ /Y\
WSAELM 5 5 —-/¥Y0 YNVY +)/AYa =V/F¥ B Y/YVE
WSAELM 6 5. RYNYS VIBAY +1/0% RV IR
WSAELM 7 e /55 ¥/aVYA +\/YAS =V/YOY B V/YY-.

de gl WSAELM 3 SAELM 1o0s 42,651 43 9 505
sle,slb St 395 xb jl oolatol b g 505 03l
o=l i edlatel b )8 Syme Sloj (g (sboodly ¢jigo
WSAELM 4 SAELM (sl Jso | S s (sl o yusl
5 5 5 40525 b (g 15 g5 il Jao i
O (o3 Slp P Jhe cEgan (hgn (slaJae 4lS
e Ll Gua pl polie Juo cpl i (Byxe Ol g
s RMSE ,10lis (Jo oylgicds 5,8 (silwand 25> jlaw
L soloe iy CUlyy (30058 sl 5 Jae VAF
Joas a8 sl )5 @ oY 00D duwle AV/FAY 4 F/AYY
S il el e JB wacu ly gl Jdo cdd clgig
(t-1) ojlos sl sl aS 5y ol 51 (S adlles pl ls
SLej s sloodls Lo pdb (g 590 (1:12) 4 (1-2)
g sl Jie 3,8Mes 0526 Ll )3 sy Ul 5 0L
(S P—an L)"H = J.Ln as edly uL.uJ S A.uﬁ)s )‘)3
Dy S e 1y Slalde pol e il eSS,

bwg Ol 5 ()b (loand @l 4 g b cplply
Ji—s WSAELM (egiiao (o 3yt Jis
s 1y 1 olwlid 5y Jae olsica; WSAELM 7
P9 Shalie polie b (Siuwes (il g lad o ieS
g Silodend 9 (o35 Glp J98 S (Ul Jae (]
(t-2) (t-1) slo,udl copl poogMe by L 25 5l B
&y Sl (lp byt o i se plyisa (12) 4
ab)S y b )3 (sgiae Ghgn Jae hawgi Sllyy 9 AL
Ol b 389 ol @l (yiere J S plgisd 0
JB S 4 1y SAELM Jus ¢y clgrg Jod oS 29
Sy il s
8 785 4o

5 oy wlej sy aedidy slaodly aslllas oyl o
aabyd o 3 48 Gl Aldg) ase (sl Uy,
DP9 S (ngs Ao S g okl @Bly 4oyl
Eg—ae hsd Jho iyl sl S (Gilodnd egias
JolS5 (ELM) siog 5 bj0l ppsilo s )sS s 55
S 5y on L (WT) Soge Joas 9 (DE) ol

&l

1. Akrami, S.A., V. Nourani and S.J.S. Hakim. 2014. Development of nonlinear model based on

o g M w

10.

wavelet-ANFIS for rainfall forecasting at Klang Gates Dam. Water resources management, 28(10):
2999-3018.

Azad, A., M. Manoochehri, H. Kashi, S. Farzin, H. Karami, V. Nourani and J. Shiri. 2019.
Comparative evaluation of intelligent algorithms to improve adaptive neuro-fuzzy inference system
performance in precipitation modelling. Journal of Hydrology, 571: 214-224.

Baba Ali, H. and R. Dehghani. 2017. Comparison of intelligent models in estimating monthly
precipitation of Kaka Reza. Ecology, 4(1): 1-11.

Cao, J., Z. Lin. and G. Huang. 2012. Self-Adaptive Evolutionary Extreme Learning Machine. Neural
processing letters, 36: 285-305.

Chang, T.K., A. Talei, C. Quek and V.R. Pauwels. 2018. Rainfall-runoff modelling using a self-reliant
fuzzy inference network with flexible structure. Journal of hydrology, 564: 1179-1193.

Dabral, P.P. and M.Z. Murry. 2017. Modelling and forecasting of rainfall time series using SARIMA.
Environmental Processes, 4(2): 399-419.

Danladi, A., M. Stephen, B.M. Aliyu, G.K. Gaya, N.W. Silikwa and Y. Machael. 2018. Assessing the
influence of weather parameters on rainfall to forecast river discharge based on short-term. Alexandria
Engineering Journal, 57(2): 1157-1162.

Ghorbani, M., A. Azani and S. Mahmoudi Vanolya. 2015. Rainfall-Runoff Modeling Using Hybrid
Intelligent Models. Iran Water Resources Research, 11(2): 146-150.

Hasanpour Kashani M., M.A. Ghorbani, Y. Dinpazhouh and S. Shahmorad. 2016. Rainfall-Runoff
Simulation in the Navrood River basin using Truncated Volterra Model and Artificial Neural
Networks. Jwmr, 6(12): 1-10

Huang, G.B., Q.Y. Zhu and C.K. Siew. 2004. Extreme learning Machine: a new learning scheme of
feedforward neural networks. International Joint Conference on Neural Networks, 2: 985-90.


http://dx.doi.org/10.52547/jwmr.12.23.224
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.20.5
http://jwmr.sanru.ac.ir/article-1-1084-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22516174.1400.12.23.20.5 ]

[ DOI: 10.52547/jwmr.12.23.224 |

Dghugy 8 9 stohns 9o eoilind dumes (o) don il yual
vve Sl e W29y ad9> )3 (ng (Bigel ol edliul b SUlg) =)k (gjlwarnd

11.Khalili, N., S.R. Khodashenas, K. Davari and M. Mousavi Bayegi. 2008. Prediction of daily
precipitation using artificial natural networks, case study: synoptic station of Mashhad. Watershed
research, 89-99.

12. Kumar, N and G.K. Jha. 2013. A time series an approach for weather forecasting. Int J Control Theory
Comput Model (IJCTCM), 3(1): 19-25.

13.Lee, S., S. Cho and P.M. Wong. 1998. Rainfall prediction using artificial neural networks. Journal of
geographic information and Decision Analysis, 2(2): 233-242.

14.14- Mehr, A.D., V. Nourani, V.K. Khosrowshahi and M.A. Ghorbani. 2019. A hybrid support vector
regression—firefly model for monthly rainfall forecasting. International Journal of Environmental
Science and Technology, 16(1): 335-346.

15. Mekanik, F., M.A. Imteaz and A. Talei. 2016. Seasonal rainfall forecasting by adaptive network-based
fuzzy inference system (ANFIS) using large scale climate signals. Climate dynamics, 46(9-10): 3097-
3111

16. Mislan, H., S. Hardwinarto and M.A. Sumaryono. 2015. Rainfall monthly prediction based on
artificial neural network: a case study in Tenggarong Station, East Kalimantan-Indonesia. Procedia
Computer Science, 59: 142-151.

17.Memarian H, M. Pourreza Bilondi and Z.K. Zinat Komeh. 2019. Parameters Optimization of
KINEROS2 using Particle Swarm Optimization Algorithm for Single Event Rainfall-Runoff
Simulation (Case Study: Tamar Watershed, Golestan, Iran). Jwmr, 9(18): 91-110

18. Nasseri, M., K. Asghari and M.J. Abedini. 2008. Optimized scenario for rainfall forecasting using
genetic algorithm coupled with artificial neural network. Expert Systems with Applications, 35(3):
1415-1421.

19. Price, K., R.M. Storn and J.A. Lampinen. 2006. Differential evolution: a practical approach to global
optimization. Springer Science & Business Media.

20.Purnemat rudsari, A., K. Ghaderi and S. Karimi. 2015. Rainfall Runoff Modeling using Group
Method of Data Handling (GMDH) and Artificial Neural Network (ANN) IN in Polrood Basin.
Journal of Watershed Management Research, 10: 68-84 (In Persian).

21.Purnomo, H.D., K.D. Hartomo and S.Y.J. Prasetyo. 2017. Artificial neural network for monthly
rainfall rate prediction. In 1OP Conference Series: Materials Science and Engineering, 180(1):
012057.

22.Shafaei, M., J. Adamowski, A. Fakheri-Fard, Y. Dinpashoh and K. Adamowski. 2016. A wavelet-
SARIMA-ANN hybrid model for precipitation forecasting. Journal of Water and Land Development,
28(1): 27-36.

23.Toth, E., A. Brath and A. Montanari. 2000. Comparison of short-term rainfall prediction models for
real-time flood forecasting. Journal of Hydrology, 239(1-4): 132-147.

24.Wong, K.W., P.M. Wong, T.D. Gedeon and C.C. Fung. 1999. Rainfall prediction using neural fuzzy
technique. URL, 213-221.

25.Xiang, Y., L. Gou, L. He, S. Xia and W. Wang. 2018. A SVR-ANN combined model based on
ensemble EMD for rainfall prediction. Applied Soft Computing, 73: 874-883.

26.Yaseen, Z.M., M.l. Ghareb, I. Ebtehaj, H. Bonakdari, R. Siddique, S. Heddam and R. Deo. 2018.
Rainfall pattern forecasting using novel hybrid intelligent model based ANFIS-FFA. Water resources
management, 32(1): 105-122.

27.Zarei, M.M., M.T. Dastorani, M. Mesdaghi and M. Eshghizadeh. 2018. Evaluation of the Efficiency
of Different Artificial Intelligence and Statistical Methods in Estimating the Amount of Runoff (Case
Study: Shahid Noori Watershed of Kakhk, Gonabad). Journal of Watershed Management Research,
8(16): 11-21 (In Persian).


http://dx.doi.org/10.52547/jwmr.12.23.224
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.20.5
http://jwmr.sanru.ac.ir/article-1-1084-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22516174.1400.12.23.20.5 ]

[ DOI: 10.52547/jwmr.12.23.224 |

Journal of Watershed Management Research, Vol. 12, No. 23, Spring and Summer 2021 ..........ccoooiiiiiiiiiiiiiiiiiin 237

Simulation of Rainfall- Runoff using Novel Learning Machine in Shaharchay
River Basin

Amir Alizadeh', Anmad Rajabi?, Saeid Shabanlou Behrouz Yaghoubi® and
Fariborz Yosefvand?

1- Ph.D. Candidate, Department of Water Engineering, Kermanshah Branch, Islamic Azad University, Kermanshah,
Iran
2- Assistant Professor, Department of Water Engineering, Kermanshah Branch, Islamic Azad University,
Kermanshah, Iran (Corresponding author: ahmad.rajabil974@gmail.com)
3- Associate Professor, Department of Water Engineering, Kermanshah Branch, Islamic Azad University,
Kermanshah, Iran
Received: April 17, 2020 Accepted: July 12, 2020

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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