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Abstract

Bostan Abad aquifer located in East Azerbayjan Province is
the main supplier of water in the region. To predict the
groundwater level changes, numerical models have some
limitations such as high complexity, money and time
consumtion, and demanding of a lot of data. For this reason, in
the present study the artificial intelligence models including
feed forward neural networks (FNN), recurrent neural
networks (RNN), and gene expression programming (GEP)
were used. Classification of parameters was carried out before
modeling, due to the heterogeneity of the aquifer.
Precipitation, evaporation, discharge of Ojan River, and
groundwater level at a previous time step (to-1), were used as
input parameters in the models. Despite the acceptable results
of all three models, based on the average RMSE of each cluster
in the training and testing steps, combining the artificial
intelligence models using a non-linear neural network as a
combiner was adopted to achieve better results than the three
individual models. The results showed a decrease in the
average error with a value of 17% in the RMSE for each
category in the Supervised Intelligent Committee Machine
(SICM) compared to that of each individual model. The SICM
was adopted to evaluate the effect of reducing 30 and 50
percebt of the extraction well discharges on groundwater level.
The results indicated that the increasing water level in most of
the piezometers are remarkable. This reflects the higher impact
of pumping in the amount of groundwater fluctuation relative
to the climate change effect in the study area.
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Table 1- Comparison of different types of functions and operators applied in the central piezometer
modeling

B35 0 3095 53w de 33 0l 03] 5l o g &algi BliSeo OVl dglio - Joua

Train Test
Functions Mathematical Functions Set R? RMSE(m) R? RMSE(m)
= x5+ 0.99 0.47 0.98 051
= {eX,Ln, x, +,—, +} 0.97 0.67 0.91 1.12
Es {X3, X2, 3Rt, Sqrt, x, +, —, +} 0,97 0.67 0.91 1.11
F. {Ln, e X3, X2 3Rt, Sqrt, x, +, —, +} 0.96 0.66 0.91 1.08
Fs {Arctgx, Cosx, Sinx, Sqrt, 3Rt, X2, X3, &%, Ln, x, +, —, +} 0.97 0.65 0.91 11

Table 2- Genetic operators and optimal rates applied in the modeling of the central piezometer of
Bostanabad Plain

3Ll b S (G35 30 Jiogin g 5we 43 03l 3)90 disg 55 9 S5 S Rhos =Y g

Genetic operators Value Genetic operators Value
Mutation rate 0.044 One point recombination rate 0.3
Inversion rate 0.1 Two point recombination rate 0.3

IS transposition rate 0.1 Gene recombination rate 0.1

RIS transposition rate 0.1 Gene transposition rate 0.1
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Fig. 6- Scatter plot obtained from central piezometer modeling a) training step and b) testing step
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Tabele 3- Relationships obtained from each sub-tree to predict groundwater level in selected piezometers
S (S legin (Su0jp ) ol e Swpde i E8 3 25 B 5l e Jols Ly, T Joa

Piezometer Relationships obtained from each sub-tree to predict groundwater level
Shirvaneh deh GWL= ((2.33-((d1-3.35)+0,))+da)+d)+ ((((3.85+do) +da)+(ds-do))- ds)+ ((-9.59+d,)-ds)
Agcheh kouhoul GWL= (7.32+d,)+(d,/d,)+ (-8.46).
Kheir Abad GWL= (-8.73*(dy/(d1+((dy+dz+dy)))) +((9.99-(ds-((19.98)*9.99)))/dy) + da.

Bostan Abad- pol
Bostan Abad- anbarjahad
Helan
Gareh ovneh
Zegloujeh
Mousa Qayeh
Charzeh khun
Gareh baba
Benh kouhoul
Akin Abad
Kargan

GWL =dp+((((d+d1)*-8.21)/4.45)/(do+dy))+(-7.88 /(((dy*d3)+(d-7.88)/-7.88)).
GWL= ((do+((-9.43%d3)*d1))/(dz*(d+dy))) +(((-4.85+-4.85)* -4.85)/d,) + ((((d-2.49)+2.49)*2.49)/2.49).
GWL = ((-0.99-do)-(((d1-ds)/ -0.99)/dy)) + (d2+do) + ((di+d2)/d2).

GWL = (-1.27-(((do+ds)*6.5)/(( -1.27+d5)+do))) + da+1.66.

GWL =((((do*d1)*5.39)-(ds+d0))/do)+((ds-da)/((dotdy)+do))+((7.91 /(((d3*-8.02)+d2)+ds))+dy).
GWL = ((1.87+((0.26/(d;+1.87)))+dy) + (-1.97-do) + (do-(da/(((d-0s)-dl3)+( -0.54+dy)))).
GWL = (-4.46™(((do+d1)-d3)/((d1-d1)-d>))) +(-7.37/((((ds+d0)*d3)-9.52)-9.52)) + d
GWL =0.31+(((((5.62+d3)+ -9.40)*-9.40)/d,)+d2)+(-2.35 /((ds-(d1+d3))-d3)).

GWL =((((ds-7.80)-do)*do)/(-3.90 *d,))+d,+(8.33/(((ds*+dy)+dy)+dy)).

GWL = dy+(7.55/((do-((d1*d1)*do))/7.55))+(((d3/-5.64)+5.64)/(d2/(d1+5.64))).

GWL = (2.68/(2.91+d,)) +((-6.55*((d3+2.80)~(d1/-2.80)))/dy) + .
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Fig. 7- Comparison of the models results for selected piezometers a) R? : training step b) R? : testing step c)
RMSE(m) : training step d) RMSE(m): testing step
(& Ollejl dlo po R* (2 g0l Al po R (U (o151 (gl yiagat (512 0k 4385 )15y (S uto a S duany o - JSCd
il 3l als o RMSE(m) (3 9 (i 390! al> yo RMSE(m)
VYA L ¥ 0 lows o s Jlos e 0] O i Coligions
Volume 13, No. 3, Fall 2017 (IR-WRR)
oy



bugio Cunslys oad Ll s Jio don sblje 5l 550y b Joo
GF a0 F XY laws gply aws » o i RMSE
Oole @S cpizmed ad el o lo Y gV O X ¥ ¥ iy
wlale Lawgio Ol s 481y ol iog s O pdaw da Jse a5 sl
ol )3 S oo o 5PVl €B L)l (g8 O s
L2l <8 50 (egan ybgn Jie 5l Jol> i qlis Sl oolial b
Sygo 3 b togin )3 dwejp) O pdaw dndind den (gly ol
Silodnd @b pope sloly jl jley shop 0 5 ¥ JialS
Syiogin plos )0 ielb cpl Lials a8 ol lis gls W ,S
S ol sl 0dds aojj o s Gl s 5
4 G o tagie gl Cumlipe Cubd ol 3 Ol @lle Cy e
Sogo Sty ol ool g 298 aBS 55 > bylyd s
S Sleoy p2lie (VU 30 020 LS (ined £9d90 (25
ey Ol sgbainen Lbl oo dilais )3 2lsm 5 Ol Sl 4
Ol o Gl s9) (o5 L il il o iblie oS
@ Cod Sy (ool yix (03Kl slp (lie Jore il

bl o Mt 9y 4 9) 2V b b &S K05 bl 3

S5 4o -0
5 oolimnl b bl b cusd gwejp; ol maw adlbe cpl 4
5 S gpln ras 4Sud Able eglan Shea slagds
2 o )b gl el LS ot oF ol @iyaeby
alsie 4 (o) olej ) wejpj ol o g ologl ABdgy (295
aiwd ya RMSE Sle (wlal b0 edlaiwl b s (69,8
PP ooy e &Sl (Gl (nl 3 0ad Il Jas el
A Jde &80 dtwd g 3y iSp b aolie gl &5 ) dtwd
b Jho 9 4 G |) § 00 @l il 035" Joo e (125
Oty Syl 03,8 Sl 03 Gl (65ya0l 5 g (IS (oas
olyis 4 Jho aw o oLl 5l eoliul pimen g jieS glad &
Plue i 9 0ty Plus (gilw s o Sl 8 cla Jos
o &S o Fouae Ghor e | (Suidgiene o (Suiglg)e
Sy (Sguas Jher o sl ly adlas (pl > ad wiB S
J3o 655 4l Joo dus Laogs 00 ey (o)) o s
@ LS @l Bad oS 5 (ad el Ojg0 4 s 40
ol sl e 503 0 Lal Jie dws 4y s (SICM) o 5L

Table 4- The impacts of reducing withdrawal from pumping wells in the area on groundwater level
o &l g i dilaio ;3 39290 Slooy Soly I S HIAE i -F Jgur

Average variations of groundwater level simulated by SICM model (m)

Class Piezometer Redgzggafgz/" of Reducing 30% of discharge
1 Shirvaneh deh +0.36 +0.22
Agcheh kouhoul Zero Zero
2 Kheir Abad +0.35 +0.29
Bostan Abad- pol +0.28 +0.21
3 Benh kouhoul +0.99 +0.55
Akin Abad +0.06 +0.02
Kargan +0.17 +0.08
4 Gareh ovneh +0.73 +0.44
Zegloujeh +0.18 +0.11
5 Mousa Qayeh +1.58 +0.95
Charzeh khun +0.55 +0.33
Gareh baba +1.38 +0.84
6 Bostan Abad- anbarjahad +0.15 +0.09
Helan +1.14 +0.7

11-Nash-Sutcliffe Efficiency of Coefficient
12- Hierarchical Clustering Analysis

13- Euclidean Distance

14- Levenberg-Marquardt

15- Tansig

16- Purlin

17- Expression Tree

18- Linking Function

1- Artificial Intelligence

2- Artificial Neuraal Networks

3- Gene Expression Programming

4- Genetic Programming

5- Supervised Intelligent Committee Machine
6- Feedforward Neural Network

7- Recurrent Neural Network

8- Genetic Algorithm

9- Cauchy's Inequality

10- Root Mean Squared Error
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