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Abstract

Background and Obijective: Having information about qualitative and quantitative parameters
distribution of groundwater supplies is one of most important parameters in integrated groundwater
management. Thus, in this study it has been attempted to determine a proper model and input
combination for estimation of quality parameters including electrical conductivity (EC), calcium (Ca)
and sodium (Na) ions in aquifers of Guilans plain.

Method: In this study, the data from 132 observation wells during 2001 to 2013 were used and
artificial neural network (ANN) and support vector model (SVM) were applied. In the first approach,
estimations were conducted according to five different combinations, including water level, distance
from see, total precipitation of six months and coordinates of observation wells. In the second
approach, estimations were conducted based on combination of the selected qualitative parameters of
gamma test with combinations of the best input in the first part.

Findings: Comparison of the results from the first part indicated that SVM model outperformed the
ANN mode in the estimation of Ca, Na and EC parameters. Support vector machine error values for
estimating Ca, Na and EC variables at the test period were 1.218 (meg/l), 0.867(meg/l), and 175.742
(umos/cm), while for artificial neural network these values were 1.268 (meg/l), 0.933 (meg/l), and
186/448 (umos/cm) respectively. The results from this part showed that adding the distance from see
input improves the estimation of models in all cases. In the second part, using gamma test for
measuring the nine quality parameters, the best combination of quality parameters was determined to
estimate the three parameters: Ca, Na and EC. The results from the second part show that both ANN
and SVM models have an excellent performance in the estimation of the three qualitative parameters.
ANN model error values in estimating Ca, Na and EC variables in validation period were 0.662
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(meq/l), 0.305(meq/l), and 47.346 (umos/cm), while these values were 0.671 (meg/l), 0.356 (meg/l),
and 55.412 (umos/cm) for SVM model respectively. Obviously, the results from ANN model in this
section were better than those from SVM model.

Discussion and Conclusion: Results showed that both ANN and SVM models have a great ability in
predicting qualitative parameters in the aquifers. Also, in less inputs, the results of SVM model are
better than those of ANN model and in more inputs it is vice versa. Results of the second section
showed that gamma test is fully practical and accurate in determining the effective input combinations.

Keywords: Artificial Neural Network, Gamma Test, Guilan Plains, Qualitative Parameters Prediction,
Support Vector Machine.



u)Lf Cad ol,.';o...’i sa.: ‘sl.b).}'.obl,; oS

OS5 o9, 3l ool b cdghy )0 (F) (ranx 5 O
(ANN") c4as cae st 3 (MLR) &5 wix o
il |y ohassle gl Jolow o) ol (59
Jalge aS ol lis bg, 99 52 5l el Cavss b 58,8
s ool 50 5 by 5l alol (ol oSS g4
sl Sloe (ei s 2l i Ol Shol Jelse ]
o) 2 Syah 3591 50 (Eoras orac &b LIS
Eelodgy a8 aiz (at e S by 5l Sl
ol o oS bl ol sy (0) o)l 5 (s0l0 500
Er—an gas Ad Joe S L) Gl b Seei)
3 iy 2 Sk (o) o ol Wlesged (e
ilizs aaii V) ) bgspo allus Vo liandy iun cloosls
cowlio 0, Ses ouims Las guls .ailesges eolatl oyl 45 4
() phSen 5 3l e sl 039 (£gian (oas a0 oo
P e gras aSed Joo b |y e 30l (S Dl s
Joms 59959 Sl jpiie 3ol 13 () 9550 QLA Glsm]
A eble 5 aldle (Sl elas )| ol o 5155 el
Gl Jlw yo )5 clale (Jow (9,5 piio 9 L3 Lo jo
9yt gl Al Joe oS ol lis gl Lol 0o
(RBF) sl auly &5 Jow 4 cens (MLPT) Y s
5 G ol il IS Sl (g 50 500 A
S e Eymas i sla o jleslitul L (V) e
90 1y st GeSiie s e 5 ol hans osd o)l
s—as aSb o )z Sl Badod cpl jo aisls 18 )
et 3 2L 53 e T S e 45ty
iy 2 e (i 6l CVM) Ly oy

Jolie j0 it sl Jow a5l @ dazgi b .l ool oolazul

1- Multiple Linear Regression

2- Artificial Neural Network

3- Multilayer Perceptron Neural Network
4- Radial Basis Function

5- Forward Neural Network

6- Return Neural Networks

7- Fuzzy Logic

8- Support Vector Machine
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1- Adaptive Neural-Fuzzy Inference System
2- Gene Expression Planning

3- Principal component regression
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Table 1- The statistical characteristics of the variables and input and output parameters are used
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Figure 1- The study area, along with observation wells, drainage border and rain-storm stations
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Table 2- Composition of inputs of each of the estimated models
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Table 3- The results of ANN and SVM models in estimating the quality parameters of Ca, Na and EC
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Table 4- Gamma test results in determining the input composition more effectively

EC) 29> (Na) 25,5

Ca) 2355

Vicww L Vicww L

V..’ R

LE  Jaw o culé pito oS 5 ojlody

SAYE e SYEY e[ e5F

SAYE eeeYY VB 7Y SRR N

AV e fF

EATANEERIERA & o[+#20  «/-\VF

AR YRR 2 YYD e A

S[AYD e[eeYY SOEYE ey

AYE et RS I RYIRY 2

Y SO¥AY /e aA

SYYY ) oAY

AT\ RS R <[+AAY [ YFY

AR
AINAN
<IYYYO
<IYAYY
</VEYA
AR
AN
AR
<NYYE

R RR - \
K
Na
Mg
SO4
Cl
HCOs
PH
EC

Ca \-

<[+YAA
<[+ QAF
<[+ QY'Y

& - -t =

N R

AN A

o

<]+ ¥Ya

> <

[P

<[+YT

el wlidgw Clle (e g SBLE (o oy clale
(oS (g0 cdale « S5 xSl coloa PH HCO3 (IS (s
O3 ke jlil e 5o LalS olie 4 azgi b wdli o
Wiilge Foe by g Slle 5l et oyt des o
ol oS (g0 Sale 5 il Cnl 6l e (e
O bale el e esS 5o eoliiul 550 oS 5 cnl b
HCO3 (o jie (90 cbale oS (0 il ol oy

Sl g cbale 5 oSl colan PH IS e clale

bl gl a8 ceul g0 (ol il LS (9031 b
o Jgl S 5 LS 4 cuis LalS s jlade o s
Og= oble sla il g adboe piie (n 5 Fos Olye
slasye o i PH g (S asilcbe LIS o5 clale
DS ghlo a8 Jol oS 5 gmlos Gub dyls L3 sawy
R o.Agb«))f ul;b.t‘ P g,uS).: U‘?"‘c aQ "A“'“’L‘LS'Q L& )‘».\.9.4

oy 9 cdald) 25 ol e den Joll ol oS s




Ol Bop g 00l) (s

AN olo ccliomd )1 (AY o)losds cawn § Jaxo (55815555 g pale \i4

eS8 o LaJoas 1 Sy 5 slac S 5 all o
5 o 9= Sbale e M5 e e S sla sl
0303 et (S oS 5 b o(F Jguz) (oSl colaa
5 Sl 03 3 pliol (a8 slayual il 5l Gy sl LIS
Ol 59 0 Jgaz) wlools JoSas 1) war (6995 sloeeS 5
O Shle S (g clale (&S sl al )l polie i
doae sl S 5 ol sleslatnl b (S aSUl colas 5 i
P sz o Ll s o8 Wlad S )18 (es )50 (0 J5u2)

sl 00 00l QL.M;

O3t 50 Lo fally (5 e plstedn e Sa | magete
Jsacz 3 45 pshailan el 03,5 lolids o250l cylan
O bl it g0 5l S e Bis L el oads et
LS Lie o 4 o LlS oy laio PH g cligs
> ool 5550 (S (b pxie 0y (ol iy el Al
i O Sbale Jolt (S0 S Colas el eess
el gm0 SBlE e ldS (g SBle (o fate (0 2ale

il o HCO3 5,15 s ke

Ol SLdeS 5 039331 lila bdae gl

Ll oge5]

Lol (53051 9 Jol s i 5 (gL Joho (olanl 1 00 (yons ((SnS— (o85) SBsS 5 —8 Jgurr
Table 5- Quantitative-qualitative compounds determined on the basis of superior models of the first part
and gamma test

69979 S piio P oo 29y pie
JUTMX, UTMY, K, Na, Mg, SO4, Cl, HCO3, PH, EC L s jl alols, L1 5l ANN
,UTMX, UTMY, K, Na, Mg, SO4, Cl, HCO3, PH, EC L s ;! alulé SVM Ca
,UTMX, UTMY, Mg, SO4, Cl, HCOs, PH, EC, Ca L,s ;| alols ANN
,UTMX, UTMY, Mg, SO4, Cl, HCO3, PH, EC, Ca L,s ;| alols, o1 515 SVM Na
, UTMX, UTMY, K, Na, Mg, CI, HCOs, Ca L,s ;| alols ANN
JUTMX, UTMY, K, Na, Mg, Cl, HCO3, Ca L s jl alolé, i ;1,5 SVM =C

Jsl G ¥ 3 souS 5 5 LS 9051 pléol jlosel cawday sloeus 5 (sl3las SVM 3 ANN (gla Juo gl — # Jgur

Table 6- The results of ANN and SVM models for combinations obtained from the integration of gamma
test and superior components of the first part
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Figure 4- Observed and calculated values of Na, EC and Ca quality parameters for superior model and
composition
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