A ol g i Ceblool - IVAD 3ul ¥ oyleds FF ulo cCon ) buzxo g ol o (oo 4 20

uieb.wsmw &l ool Oyl LS o (S Fan (gD Jow 3l eolaiwl

P

T ahsaS e s aniiecs ol prol  gumly aabls o u05 dbille
o5 oKty o anils pole caSasls Lol
o5 oKl ¢ aabs psle oaSasls wi ) wlid 5 sgmadls |
o5 oKy o ans pole aSasls sl |
o oKl ¢ s ple ousizils Labiwl T

WIFA ody AN -IT8 2l Jsias odiangi

onS
o s blagi g 5 aalllan oo nl 53 adbige ool Bl ol (s3lo e 1 s T ol gl 0 otn 5l (i o e
My55 5 @Y Cpenl SIVL b S L (o ol Jsam 5 55,liS Bolas «suiige loosls sl e Slalllas i 5] (e
sy Gha Jon oz i nl 53 0sbise el gheeinn T B 3l 585 SeBeRie b 50 (55,5l 5 0 pd O (sl Lol sae e
o ooliil (s ol e (Ster Sl Oleis S pceile 5 535l (53 Blate (LS (oras 4L gy (sras 4SS Sl le oS
ozl wssls &l gglite s il Joe il Jolhe 10 cilisee slo Jow a5 alis (pl s 4z g5 b g odel Cowd a5 gl (o9 S5 4 4z b
ol )L S pe (egian (g Jae 4 Joe oz (nl sh né oS5 I e o0 4 shes e e plgie 4 b o 5 (S0
o ooliiul lajen Hob 4 calisee sl Joe SUlgs 3l g oot Cugii ool Caws 4 ol b ot oolittel b Jow cpl gl S 5 (sl 9 oo o0al
R® polie Ly SCMAI Jue o5 wisls las ol .ad oolital R? g RMSE Gilises jlne 9 5l e st o bJoe <85 5 o5 b3, jslate 4
S 0 ydie Jus ez 5l pS e s o | (i G oisel alse 1Y 5 ) oled layiagi ln i 4 130 5 TAD

gy Slym deoy0 TAY 5 S ojlad g i (sl de ) 1A B ) co iy RMSE caslgs SCMAL Jos uizmen (ol 08,5 &l)] cqiae

B2 yialS g8 ojleds

S e e Ghea Joe bty oy adle (651 (e gtan cras d () ol mhawigaadS (Sl

S 4 plee ez ol 5l aloads a8 SIS 4 aid iy
-9y 3 oS eslital o [VY-Y ] pltay o slagesle
5,5 o,Lal [V0-1Y] egran Liga slo

che (o sshte & bglszl siledse oo Gl 5o
<l e e C3ld 50 0)lse sl 5l (i ]
5 ke «(55yslaS Bilae o ol (oS Copae 5 el
i sl o jo bl oo owiige slaojlu ol g o S
o3 5k 090 5 seiny 2l 9530 50 b SIS Gl e &
) sl e aSed 5l a8 ‘51‘“’@""0“""
.[\?] Cowl 00l ﬁl?;.}‘ &los yinS Slallao ) gJ C.'am

Egan omac aSd 5l [YA OY] ) Kea 4 Coppola

doddlo —)
seiny 2l gl 5l Jsel @lopos § e ol
ol woladl 5 sleix! Glacld ol arwg o iy oo
S0y 5 gumo Clid pae all anily ol id adlais
el aile il ohlud alio ol 5l as,e @)l
Pl Jals ol a0 5 V] (ej s o o s
oins 2l gy o slacdley Sl o ey Caniiy b [V]
5 s ool g3l 5 b Of Glaer i 5 [Y]
iy 2l Giledae cals walss Lo a1, [F] G
Sys0 0 Lzl BB shnae o janly anuss Gl o)l
2 il Sl e ol ) el 5 (iein slao]
Olyie 4 03,8 b 4y (egras 9a sladus 3 slaans

Siglaed apiunw (S Gl o Uy g 5 Jaw

(pie 5,0l )y moghadam@tabrizu.ac.ir (a5 .3) vahedi.fatemeh92 @gmail.com (s 4 .¢) nadiri@tabrizu.ac.ir : Jes! e ,ol

(a5 .¢) kadkhodaie_ali@yahoo.com


mailto:moghadam@tabrizu.ac.ir

e ved Jow )l solaul

AF ol IFAD 5l ¥ oyl FF Al i) uazo § ol post swkien gyt | VoY

Sibese slogns, siios o [YV] o 1Sea 5 Behzad
o s e 2l e Gwpta lr |, ANN 5 SVM
bulpd b (i) ol etz el o o JBule i
2 oty 90,8 dglio (5o 5 Ol g Sloy S 1 e
anls 98 g ilale (slaan 9o (glaian cailyy; alies 0,90 ziy
ooy o5 wisly las mls 48,8 plol oo O yloy o o
b sbodoe colls 5 il sogas 4o YU LUlg L SVM
(Do dily 0,90 b sl sin s 50 uizen g 0aiSTyy (slaosls
sheizd 50 e ASLANN 6l oe3 0350 Wil
Slp Sree s oletdy Jbon oetle oo 5l (oS5 K0
O 5 00y S & (e ol gl alale iy
ae &Sl golail gl Joe L WA-SVR S5 Juw
Sy 5k Jue g ol o Ggee S, (Eehas
Jow a5 wiols Hlas bl g ool dunlin diuon 395 ored
Slegolyail glaoe 4 Cod gpie B Sy
5 obaiis Jlop slacpale 5l [YA] o 5ea § Yoon [YA]
b e Sloj s sladoe plois 4 (egian as 4SS
05 3 ol oshes Koy i ol b (St sl
Ok i3S loj ey ol e ols )3 ealitul o5
S o el Sl e Jae slasdg g e 5 552 —zee S5
dlizee glaae [Yo] oSen 5 o 5l Slawlio oS
38 55 «GEP) o ol giymeliy e (soiae iso
Jop oeile s (ANN) esias cac a5t (ANFIS)
wol g polie 288 )13 oLl 0,00 SVM) olucsy
Olye 40,5 otz ) 92aKisn olx ollial I 1SS 5 (5L
asls lis i 5l Jol> zls asas Gl o Jow (69459
glodae a4 Ced g oSke GEP Juo &5
,lsSVM 5 ANN ANFIS
59> P latuie (eoras (g slagty, Sl S e
s 58 (B350l Jsb ) (esian orae a5l Sy )lo |,
29 e 2 oS (i ol 4 5l g g a5 L 1,
9 B slasgyy sl b akl, ok bl
Eshan gras a5 55 ool 51 VY] wes e 4l ) il
dlos (7956099 b f sl sln w03 6l
Shle Jols a5 556 Gl sl p Sl (B9, 5518 Bhate
o |y Zaalad pae b ol (lsd onl 0gd oo SLL
ey ol Sy Ddlea Sl eslitul o 4 rizres 5 098 o
@ e oleiiy oy lapaile [VO] wdlbige aiey 5)5e

3 0,8 eslitul plgs 5 Ol Cundg g ey 5l e
5 Fpae grac gladSd Glise gg Vo dod
"G 8l @ Ol 5 CB cm  (Bigel slapy Sl
S osias b wiad odseil (esn ol e s
<l gl 2l Wy, wls U 0ss (Qlubids (esras ceas
Gy Jod B slasniin 5 095 iluwand 1) (goin)
s gy 2y eslin axlllas cpl 55 S 4 eaiyl ole VA
ST ICH I P U RPCTI V [ TR NS
- olas ol v 5l 885 sl dim i g 09 00l o0y
ol o G alay bl T BP a8 Jae [14] o
GRSy sy, cuis (b e (ol slaygS g
slml plgzel il Sloadss 5 (i) ol Cullo gy (e
03,5 et g ol LT ulao (slo,giS1E dad  prw o
21y b i dilate ) 29250 &) axe (iSa) oS
b Sos iadzs 5o [F] o)l dibie o] giejn; o s
3 2b s gz ool e dle Yo slaosls ool
Foras sras &d abs & |y Ol mhaw (go9m0 Jlye
ol 5l Jols s )5 abml iy sonl Jlo Yo oy
sl 2l ¥ 5lean] jo Ol mlaw cdl a5 ols las ubos
S plaazg L[V ]o )8 walys jolos L3 Jlo ¥ 0 oad
"0 ol ol pas b (e ol Sllegi slo e
pas b ablie gl calie )l Glye @ 36 Glate il
LYY ] el oy 5 cols cusal 5l o990 (slacaalad
o Fyas (ras &b Goein 2l gl it sly
& [Y0 ¥F] 355 5 [VY] (536 Glae b (6] aumlin & 50
Sy 3By 5 638 Blhaie Gl Jas Edod o Lol s, 8
Sl sy g s i) 5 a4 e ol mlae mie
Oy 4 Jl 5 4388 ooy g ein o e s
adlas cpl yo a8 3 18 colaiul 0,00 b Jaw slasogys
aisls &)l (36 laie 4y s (5 @S 550 55 slaJae
[v#]

el 65253k (595 ol T oleiiy oy slagasile
ol gl anwg g Sl S,y giluaeS Jaol g
Iy odnline LB & gloosls b o5l o 0B 1) SVM sl
5 oaiSTy slaols b s o) 5le s 5 08 (gilu sopas
VY] sl o5

1- Feedforward neural network
2- Back-propagation
3- Support Vector Machine (SVM)
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1. Introduction

Groundwater is an important water resource supplying agricultural, domestic, and industrial needs. Hence,
studying and investigation of this vital source is necessary. Over extraction of groundwater cause adverse effects,
such as major water level declines [1], consequently water-quality degradation, land subsidence [2], and saltwater
intrusion. Therefore, accurate prediction of groundwater level will help planer and managers of water resources and
prevent the mentioned effects. The literature shows the success of using artificial intelligence (Al) models in the
field of groundwater level such as artificial neural network (ANN) [3], fuzzy logic (FL) [4], and support vector
machine (SVM) [5]. Although several studies are reported in the literature that use Supervised committee machine
artificial intelligence (SCMAI) as a modeling technique in the field of hydrology e.g. [6] to combine the results of
different models to reap the advantages of all Al. This study applied a supervised committee machine with an
artificial intelligent (SCMAI) method that replaces linear combination with an artificial neural network. In the
SCMAI the ANN receives individual model estimations as input variables and re-predicts the groundwater level.
The Meshginshahr plain is located in Northwest Iran in the Province of Ardabil (Fig. 1). The aquifer of this plain is
unconfined. The prevailing climate in this plain is semiarid-cold. The average annual temperature and rainfall are
11.66 °C and 292 mm respectively. Sabalan Mount with the height of 4814 meters asml, is the highest point in the
study area
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Fig. 1. Study area
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2. Methodology
2.1. Data analysis

Based on availability of data, two observation wells in the study area were selected for predicting groundwater
level (GWL). The data of temperature (T), precipitation (P), discharge of extraction wells (D), and groundwater
level at previous month (GWL*) were used as inputs of models. It should mention that all data are monthly data of 9
years (2004-2012). 80% of data were used for training step and the rest 20% for test step.

2.2. Artifical Neural Networks (ANNs)

The ANN is predicated on finding a functional relationship that maps some specified input vector to a desired
output vector [5]. A typical ANN consists of a number of nodes that are organized according to a particular
arrangement. ANNs can be classified based on the direction of information flow and processing. In a FNN,
information passes from the input layer to the output side. On the other hand, in a RNN, information flows through
the nodes in both directions, from the input to the output side and vice versa. This is generally achieved by recycling
previous network outputs as current inputs, thus allowing for feedback [7].

2.3. Fuzzy Logic (FL)

Zadeh [8] introduced the fuzzy sets. They are distinguished from ordinary sets in terms of partial membership.
Fuzzy set theory is an excellent mathematical tool to handle the uncertainty arising due to vagueness [4]. A fuzzy
system includes 3 parts: 1. Fuzzification: The degree of membership in a fuzzy set is defined through a membership
function. 2. Fuzzy rules: A fuzzy rule-based model operates on an if—then principle [9] 3. Defuzzification.

2.4. Support Vector Machines (SVMs)

The basic concept and theory of SVM have been introduced by Vapnik [10]. The SVM implements the structural
risk minimization principle (SRM). The most important concept of SRM is minimizing an upper bound to the
generalization error instead of minimizing the training error. Based on SRM principles, SVM has two outstanding of
excellent generalization capability, and sparse representation.

2.5. Supervised Committee Machine with an Artificial Intelligent (SCMAI)

The SCMAI combines the results of artificial intelligence models to reap advantages of all Al models to produce the
final output [6]. In this study, we used a SCMAI model that employs an ANN as a supervised combiner of all Al
models. The SCMAI model consists of four individual Al models, shown in Fig. 2, to re-predict groundwater level.

Fig. 2. The Schematic structure of SCMAI model

To evaluate the accuracy of the models Root Mean Square Errors (RMSE) and coefficient of determination (R?)
between measured and predicted values were calculated based on the following equations.

RMSE = [Z=tiX0) (1)
n

n ) ” 2
RZ=1-— Zin=1(xl—)il )Z @)
21:1(Xi—xi)

Where X; and X;" are the measured and predicted value respectively. Xi and n is the mean and number of data.

3. Results and discussion

3.1. Results of FNN and RNN

FNN with Levenberg-Marquardt (LM) training algorithm was used to predict groundwater level. First data were
normalized then number of nodes for hidden layer were determined by trial and error. It was 3 nodes for both
observation wells based on lowest RMSE. This value was 3 nodes for RNN too. Transfer function of hidden and
output layer was tansig and purlin respectively for both FNN and RNN methods. The results are shown in Table 1.
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Table 1. Results of models in training and test step

Models
FNN RNN FL SVM SCMAI
RMSE 017 019 017 0.17 0.15

Observation well Step Criteria

oWl Training 22" 082 078 081 08 085
Teg RMSE 018 023 019 019 017

R 079 066 077 078 081

. RMSE 005 005 005 005 004

oWz Training g2 " gg5s 084 084 087 090
e RMSE 007 008 009 009 006

R 083 080 071 074 0.84

3.2. Results of FL

The Sugeno fuzzy logic model is constructed by subtractive clustering method. The optimal cluster radius of 0.8,
3 clusters and 3 If-Then rules were determined based on the lowest RMSE. The results are shown in table 1.

3.3. Results of SVM

Least-squares SVM type was applied to predict GWL. Selecting suitable kernel function and optimized value of
kernel (y) and regularization (C) parameters is important step in implementing SVM. The optimized value of y and C
were determined based on minimizing RMSE (Table 2). Table 1shows the results of SVM.

Table 2. Optimized value of SVM parameters

Observation well Y C Kernel function
ow1 8,57 261 RBF
ow2 6.77 230 RBF

3.4. Results of SCMAI

The aforementioned review of literature reveals that a FNN, trained with the L-M training algorithm, is more
efficient than other types of ANN, which was used in this study for SCMAI model to combine the results of four
RNN, FNN, FL, and SVM models nonlinearly. The structure of ANN for SCMAI model is 4-3-1. The high R2, and
the lowest RMSE obtained from SCMAI confirmed the high ability of it in predicting GWL (Table 1).

4. Conclusions

In this paper, first groundwater level prediction was carried out using RNN, FNN, FL, and SVM. Then to obtain
the best results, the groundwater level was re-predicted by SCMAI model. Comparing results showed that SCMAI
outperforms individual models by decreasing 9% and 17% of RMSE values in OW1 and OW2 respectively. This
priority of SCMAI is because of using the advantages of all RNN, FNN, FL, and SVM models simultaneously.
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