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Figure 2. A three-layer Bayesian neural network overview
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Table 1. Statistical properties of qualitative variables for Belkhviachay river
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Table 3. The values of variables used in Bayesian neural network
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Table 4. Theresults of Bayesian neural network training and validation
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Figure 4. Diagram of optimal values of Bayesian neural network model for recorded data in validation phase
A) the observed and computed values over time B) scattered plot of observed and computed values
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Table 5. Equations for four sets of mathematical operators of gene expression programming
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Table 6. Theresults of gene expression programming training and validation
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Figure 5. Diagram of optimal values of gene expression programming model for recorded datain validation phase
A) the observed and computed values over time B) scattered plot of observed and computed values
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Figure 6. Diagram of optimal values of artificial neural network model for recorded data in validation phase

A) the observed and computed values over time B) scattered plot of observed and computed values
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Table 8. The results of Bayesian neural network, gene expression programming and artificial neural network models
training and validation
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OP9e0 A @b (2l SKed gy 5> @S o il
Ok @S (izren D9de &Sl lad 2l 5 by
Jobee dale dlge b (03 yel)l oyl (Stuon > & 31>
Je 3 48 3yl eyl cn) o 53 (558 b ol o
sSles 4 g b bulgy @l L o5 ol gjsaby
) TDS (a5 o ayielyly 51 S 2 5B 59 sl
Lol cnl g cwl dgrtia yol pl am3 e ol 35
blas 3905 (o Blgee 9 2)1> Sloren (W) (slaingy
oo (Bl oSy f ol sl Jel
oe daly ST lple Bl cwn gly g laleey
oS &N laSlos g 23l hd o255 5 loisd9)
205 Ol Siytebn 98 QL g dsgeme )3
&S .\;fse oslawl u)bwl L;Lm)ﬂo.c ol 51y Cl)zm:\
Oikoss opl 50 &S 20d o Jdo iy LialS el yol ol
58 w9 €COS SN o Slae Juo cdy ili8l cas
e 5l Jols Jao (Sl g cEh dagi L g5 5 )l
2 Jslome plo dlge (e (35 Cap (23 ol Jos

Car @ladie 3Sles ub o]y (r GelS ol

osliad b ol > Jloe e Slge plise (giloded
Sy30 Jady) 5 celrolsdly wlisg, oSl alale (glaosls
S ol onias 5 5 4 slo e 3,5 8 b))
GEgan (mas by of ol htaby njm (mas
Sas b glaalio Ol o Joloro tols lgo yolds il 0
)5 3e slade )3 odd 035 S Ol > Jolxe ol
ras &S g 0f by hteby (nim (as 4S4)
8 alie )90 2bj)l slajlre ) ookl b o guae
L 905 40Ms ) gt Ol |y 3ei5 @l 1265
P9y A p & b @l bl el 4 a2y
Lol dlge e oYL Lmu CE b ailgi o e w90
wsmas 4Sb o opl 0 Al i 1) ol s
ool 2 Ay g 4o polie ezt jd oYL CEd
O 50 ool @il callas (VY) slaingh b pls
booese res @baSs p oS Gl @l o
Gk (62959 Gyt 1 Sy ym 4 sl (jy polas]
OEomen D9 e aSud slad Gl RS el g (98
Sbyie dwbre Cax Fa o8 Gl 1 el



http://dx.doi.org/10.29252/jwmr.8.15.13
https://jwmr.sanru.ac.ir/article-1-838-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-17 ]

[ DOI: 10.29252/jwmr.8.15.13 ]

Y WA Ll 5 )le 110 o)lod [piin o el s> upute dsliagsy

&b

1. Dastorani, M.T., Kh. AzimiFashi and A. Talebi. 2011. Estimation of Suspended Sediment Using
Artificial Neural Network. Watershed Management Research, 6: 61-74 (In Persian).

2. Dayhoff, J.E. 1990. Neural Network Principles. 1% ed., New Y ork: Prentice-Hall International, 621 pp.

3. Dehghani, R. and S. MahmoudiVanalia. 2013. Performance analysis of gene expression programs
related to chemical parameters in river flow rate (Case Study: Siminehrood). First International
Congress on Science Earth, pp: 111-120 (In Persian). _

4. Dogan, E., A. Atesand E. Ceren. 2008. Application of artificial neural networks to estimate wastewater
Hggtngt plant inlet biochemical oxygen demand. Environmental Progress & Sustainable Energy, 27:

5. Faryadi, S., K. Shahedi and M. Nabatpoor. 2013. Investigation of Water Quality Parameters in Tadjan
E(ia\r/e'r L)Js'ng Multivariate Statistical Techniques. Watershed Management Research, 6: 75-92 (In

sian).

6. Ferreira, C. 2001. Gene expression programming: a new adaptive algorithm for solving problems.
Complex Systems, 13: 87-129.

7. Fithriasari, K., N. Brodjol, U. Sutikno and H. Kuswanto. 2013. Prediction of Hourly Rainfall usin
Bayesian Neural Network with Adjusting Procedure. The Third Basic Science Internation
Conference, pp: 1-5.

8. Foresee, F.D. 1997. Gauss-newton approximation to Bayesian regularization International Joint

Conference on Neural Network, Houston, pp: 1930-1935.

. Gazzaz, N.M., M.K. Yusoff, A. ZaharinAris, H. Juahir and M.F. Ramli. 2012. Artificial neural network
modeling of the water quality index for Kinta River (Maaysia) using water quality variables as
predictors.Journa of Marine Pollution Bulletin, 64: 2409-2420.

10. Ghorbani, M.A., V.P. Singh, M. Kashani and A. Kashani. 2012. Modelling pan evaporation using

genetic programming. Journal of Statistics: Advancesin Theory and Application, 8: 15-36.

11. Ghorbani, M.A., R. Khatibi, H. Asadi and P. Yousefi. 2012. Inter- Comparison of an Evolutionary

H’é)}grarnmigl% Model of Suspended Sediment Time-series whit other Local Model. INTECH.doi.

©

0rg/10.5772/47801, 255-282.

12. Ghorbani, M.A. and A. Salehi. 2012. Use of the Gene Expression Planning in the study changes in
groundwater quality whit fluctuations of the water level on the plains Barkhar in Esfahan. The Sixth
National Congress on Civil Engineering Semnan, Iran, pp: 131-141 (In Persian).

13. Khanna, T. 1990. Foundation of neural networks: Addison-Wesley Series in New Horizons in
Technology 1% ed.New Y ork: Addison-Wesley, 521 pp. ) ]

14. Khan, M.S. and P. Coulibaly .2006.Bayesian neural network for rainfall-runoff modeling, Water
Resources Research, 420: 56-67.

15. Khatibi, R., L. Naghipour, M.A. Ghorbani and M.T. Aalami. 2012. Predictability of relative humidity
by two artificial intelligence techniques using noisy data from two Californian gauging stations.
Neural computing and application, 23: 2241-2252.

16. MacKay, D.J.C. 1992. Bayesian Interpolation, Neural Computation, 4: 415-447.

17. Ngah, A., A. Elshafie, O. Karim and O. Jaffar. 2009. Prediction of Johor river water quality
parameters using artificial neural networks. European Journal of scientific research, 28: 422-435.

18. Singh, K.P., A. Basant, A. Mdik and G. Jain. 2009. Artificial neural network modeling of the river
water quality-A Case Study. Journal of Ecological Modeling, 220: 888-895.

19. Tabatabai, S.A. and P. Daﬁshtlzadeh. 2008. Introduction to bayesian neural networks and use to the
géai ?teganqe (3f bridges.14™ Student Conference of Civil Engineering. University of Semnan, pp: 85-

n Persian).

20. Tokar, A.S. and P.A. Johnson. 1999. Rainfall-Runoff modeling using artificial neural networks.
Journal of Hydrology Engi neering, 4: 232-239. ) o

21. Yarmohamadi, A., M. Chitsazan, K. Rangzan and J. Mozafari Zadeh. 2006. The use of artificia
neura networks in modeling water quality Karkhe. First Conference on Environmental Engineering,
pp: 107-115 (In Persian).

22. Zhu, Y.M., X.X. Lu and Y. Zhou. 2007. Suspended sediment flux modeling with artificial neural
network: An example of the Longchuanjiang River in the Upper Yangtze Catchment.
Geomorphology, 84: 111-125.


http://dx.doi.org/10.29252/jwmr.8.15.13
https://jwmr.sanru.ac.ir/article-1-838-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-17 ]

[ DOI: 10.29252/jwmr.8.15.13 ]

Journal of Watershed Management Research,Vol. 8, N0.15, Spring and SUMMEr 2017 ...........uvuuiiieieeieeiiniiiiieeen s iee e 24

Comparison of Bayesianneural Network, Artificial Neural Network
Gene Expression Programming in River Water Quality
(Case Study: Belkhviachay river)

Mohammad Ali Ghorbani' and Reza Dehghani?

1- Associate Professor, University of Tabriz (Corresponding author: ghorbani @tabrizu.ac.ir)
2- Graduate M.Sc. Student, University of Tabriz
Received: December 26, 2014 Accepted: May 17, 2015

Abstract

The amount of total dissolved solids (TDS) is an important factor in stream engineering,
especially study of river water quality. This study estimates the TDS amount of
Belkhviachayriver in Ardabil Province, using bayesian neural network-, gene smart and
artificial neural network. Quality variables include hydrogen carbonate, chloride, sulfate,
calcium, magnesium, sodium and inflow (Q) in monthly time scale during the period (1976-
2009) as input and TDS were chosen as output parameters. The criteria of correlation
coefficient, root mean square error and of Nash Sutcliff coefficientwere used to evaluate and
performance compare ofmodels. The results showed that however the models could be used to
estimate with reasonable accuracy the amount of dissolved solids in water deal, but regarding to
accuracy, bayesian neural network model with the highest correlation (0.966), minimum root
mean square error (0.094pﬁm) and the Nash Sutcliff 39.998) were put in the verification phase.
The results showed that the bayesian neural network model to estimate high minimum and
maximum values of dissolved solidsin water.
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