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Abstract

Recognation of performance and prediction of how climate
change and human activities affect the groundwater resources
is necessary in Groundwater resources management.
Groundwater resources play an important role in supplying
domestic, agricultural and industrial water in semi arid regions.
In such regions, increasing population and water demand along
with the climate change, causes negative effect on groundwater
guality and quantity. In this research important factors
influncing groundwater quality and quantity changes has been
investigated. In the first step, GMS10.05 software was used for
determining and simulating characteristics of Mahabad
aquifer, in western Iran. After calibration and validation of
model, we researched about effective factors influncing
groundwater change. To this aim, results was obtained without
human activity factors in the first run. In this condition average
of groundwater level was obtained to be 3 meters higher than
the groundwater level observations. Investigating the
constraction of dam as an anthropogenic activity factor showed
that the dam construction causes groundwater level to be 1.11
meters lower than the pervious condition. We then predicted
the groundwater EC and SAR using GEP as a function of
groundwater level. We concluded that anthropogenic activities
in comparison to the natural changes are the primary force
which demolishes the groundwater level and guality and
changing the irrigation of groundwater class to C3S1. The
result of this study is applicable in developing criteria for
adaptation groundwater resouce management in future.
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Fig. 2- Variation of EC and SAR in Mahabad plain groundwater resources
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Table 1- Spatial distribution of obseved well in Mahabad

plain
Shlo Cudd > glosalin ol (Ko -Y Joua
Piezometer Piezometer Piezometer Piezometer
location number location number
agrigash 12 Kose kahriz 1
Ghom ghale 13 Kose kahriz lands 2
laj 14 Ghere gheshlagh 3
Ghare khan 15 Kohne deh 4
fakhrigah 16 Ghere gheshlagh 5
Ghare khan lands 17 Ghezel gapi 6
hajikhosh 18 Ghezel gapi lands 7
gerdgorvi 19 Darlak lands 8
gabazle 20 gapis 9
Gorg tape 21 darlak 10
daryas 11

Shyeliy Joo > &Bly ) laJgerd (5l piomis sl bl
SaS & lapgigeg)S Curer gas 2 ()55l b 2L 0f ole
el 3 olaal y90 (3l @0y e S8 2Lyl 050 )l @6

Dol e Ly g Oygo d (3a80

n
fi= > R- |(u100)| ")
i= Tj

=1

alowg 4 0dd oy Hlde Pij o o5l edgaze R YL alayly 4o
SMde T g casl (03152 3590 N e 31) T b3l 2590 (sl T el
Gl 4 gyl @ Jles slacle Bls 5 Jyp clacly o

g S935 gllas

Jloinl emar ojll) asbyy (slyal 04 I8 (sloyial)y (oo ¥
slhalabaye Koo laje g (Suif slodes 6350 4 by
Mg s o) el slpl @l il s Obl Jhee B (2ol
P18 bdged (il sl paseie e G (e el Cumex

(595 cibgio Lol Jludo o 5l s b ple (B3l Oliee

(s o oI =YY
ol ©yg0 4 05 oo s3paaby Jhe p5 4 p5 ]2l a3
Hadsess cnl a5 e b | adsl cumen o Mg =) icanl 5
o Y ctigd o ol U S 5 ol 42 goen 2 a5
5 iyl 390 Uil st 3 oolital L ysSie cammes sl )
Sl s dole o do g b 5l ade Cumen S W9 =V 0,5 0
slSles 5l (Sl pgde S bie Coner S 2y
Mo g e Sl T e Wy g M iee (W (S
S35 Shes g g A 2l Cumar 33151 ks

Fig. 4- Obseved well in Mahabad plain
Lk Cuid glosalin ol — ¥ JSW

Al (Sgyiep Colin oy g 4l b adsS e

Oygo & adlae 350 dilale )3 ineinj ol Gl BaioS ol
a e Jdo b (gilwdnd gdm dw g B0l pe (Ren ul
S e g Cawl Jlad Jolu Veoer ghly Gudod p3 0l 00y )

ol o plodil jio Voo jd o Ver dlal yd

Ao Gygo & o GAuaSed 5 castie g & Jio Sl 5l an
WA el Jlo (gl 50le Ll )5 ysSio Jo ccgin
el a ySie o Jls o Jae lpl as Tl Y=Yy

ool o1 ploxl Jho (o jliel g gl pllS yglata

0F Ol Sty Je V=Y

o 9 b gt sl silese sl ol B9 GEP
Spgises,S S &y ol (453595 (ool 3 w2)s8l g5 (ol
i (glad LS glajlislo JS3 4 ol BB g <ol Job b (oS
b Slas jl oolital 4 39500 cg0 bapgigeg;S (Jad LSl
e e g e bl ades (S5
G cpl o eolatwl 5y Hli8leys (Ferreira, 2001)
S slyial)ly e 43 als e gl sl GeneXproTools
@ o Sl b ol jladgl cumex ag lidley ) S8 4,
Sl 1 IS W 0yS (0 0j90 bl 5 5 @ly iy S S8
Higd o s Slodde el () Ol s32020b 0 JAe 2]

Y ke ol sl @lie olayiaie) by Jline s acgero .)
&b Bl ¥ Jge )3 )3 odlital 3590 (5 (sl Slos s gomo

IFAA bl oF 0 )lows (o235l Jlws 3l pl OF golio coliding
Volume 15, No. 2, Summer 2019 (IR-WRR)

YAY



ool LlE 5 (5 l5 00 cslooly blis ¢ oo 415 ¢ Salg et
Ay Lg]oJ.mLi;.o

dooles gl GMS l58le s 50 ailbdg) dcgazms 3l Baiod ol jo
dn dls e )3 s o3l wejp; Ol g wldg,y e by SOl
09 Sye Jols (55pe blpd b oy gl bl g (6550 Ll
IS5 0 8 plia ] b B Sl 5 ages bk slasye 5 0l
dLm))A s(Y 9 \) ub}rj Jlauu) dlb))a 1.9)»0 ol ol 43‘)| [
ob @99 iy (W U T) bjpe plo g sl (295
Olpe il e ole S gt 4 o b olo (i it
plool wlalo ol 15 gjlu Jdo 5 45 ass,S s ) adsl byl
S & S )3y 06 olo > (o5 Sl Sl sl iomie 085
o8y odblge cudd ) Cunl Lasuie JS5 50 a5 a5655] .l o
ol Slea g adl ials Jlod 4 sz 5l (eojn ol Sl
Jled & gz 5l o) o PS8 cad @b 5L ()

A3l e

oy «83y9)9 el o 5l Jae sl Jb s )
b Sl o el )l plgie 4 0hg (Bl g (Sgyden colin
b0y el Comlue

2 ol el 155,80 e o odlitwl 13,8 e (gly ol Ll
20 5l eolainl b jlas y00 Jde w0 g0 3yl Lds Cures S
s e 4 Jo U pgw pl5 =¥ 950 Bly (b)) 2)90 210

b slabaly (295 9 63959 S yite (w05 Gl iydelp S
5 sweins @5 on Jelee 9 e daly 11 S e )18
Dy dalsd 5 yao 4 SAR § EC (sla il )b
SAR¢ysar = f(He Heoag - - - Heowat)
ECetsar = f(He. He—g. oo - He-wat) )
9 o (23 Cund SAR (S S oSl colan EC YL dlaly )
ol bl (8=12,...) dboo ojp; <l S5 H
W il sl Cgllas SAR 5 EC (ess xS b dad o lis
&9y sswnin; O 5l lmodls S b as cul ol sy Lis

)b ;5 At Jolgg b SAR 4 EC (pess

W g cou Y
03525 O Jse (o lis] g gaml pud 5 -3 -¥

okde Jho 4 e o Jbo silodnd 3 albsye sl
Colia lggul 5pe oSl Jols (b O jdlaie cl 4 el

Fig. 5b- Hydraulic conductivity polygons
SS9 Calid (g5l —o-0 S

1314.0

1309.8
1305.6
1301.4

1297.2
1293.0
1288.8
1284.6
1280.4
1276.2
1272.0

Fig. 5a- Boundary with general head condition
0905 b b g 50 — A0 JSS

Fig. 6- Groundwater levels
ity 315 S pode 5SS

IFAA bl oF 0 )lows (o235l Jlws 3l pl OF golio coliding
Volume 15, No. 2, Summer 2019 (IR-WRR)



Jolse 3 ol 53 ogtoo 5 ol S ot lutel 5 (2eily Sl an
syl 5 olsel (eejns Sl 5l St p Sl g o
Aalg )3 Qs g 4S9 (eyp 390 3] Jlo VY 5 S

b8

OF Ol B5yselisr Jao Y-
SAR EC LS clapiol,b o359l cawd @ jolaio 4 Gudvs ol p
ieins 2l g bl cul sl polie ) (pejns o
155 S slaoals 5l o > Ve i oalazwl (WWAV-VYAY) ola Jlo oy
Sy oolitl 3550 Jho Con jglaie 4y Ao yd Yo g ybjgal jolaie 4
23 e & (b glalos | dsgerme 93 jolate (pl 4 .c8)S
.Ca.é)f )‘).g O.Dl.é.lw‘ .3)9.6

Sy asgee= {£,X,/,V, sin, x?,x3}

9 4sgeme = {£,X,/}

& G5 ol ) oo g S Cua pY b yiall (ioren
Jsia ©)go & il 0F Ol Sjuaeb e Jao gl slapls <5
sl ¥

S Nos asgore b (gl 1 Jols gls —Y-Y-Y

93959 b
O Al ygbate 45 Vg ) sl Sloe 1 pluS ol oslizal L
P Sy Sbhpte (&S byl (eSS Cer oS
OSee Sl cp oo B Ad (B Joo & cilizes Sloj (sl polide
&b polis S 4 (Faribodnam et al., 2010) 2,5 bl
@ boye dad lupe (10ke Hlo 5 (Siused oo (bl
g ol ons bl Jae ajeel dly & lajiell e
4 oSl iy ol odds LSSl Jao i gl &S ol jielyb

Sy A5G ) b )90

© 1295

Simulated

groundwater level(m)
-
N
(o]
o

1275 1280

P g

1285
Observed grondwater level (m)

@ ohy (ahl g (Sgpis Colin polie oS cpl 3 gycnl
ssaie 4 (eiwly 5 odd 128 ol adlisl glajall g
Ul palie Juo lpldls jo 1 (pizeon 28 5 plool Ll (o5
Ol (9o Sl b sbrjpe g W39y st gl yeee il
& MAA/MAYY 5 VY /Y polde g 15,5 2ol (2905 9 (83959
QLS al Casd & B39, 5 (2955 9 (52929 Sl pe Sl
ol 0 dblee s 4y bgsye o5y (aL] iy Hlade a5 cl S5
lae (Sgyun Colin g sl Cond 4 Ao YIY b ply uiss

4035 Ao (ygpsl IS dls o (Lo OV Jgi

Table 2- Hydraulic conductivity values
W9y Syl ydle Y Joua

name Hydraulic conductivity (m/day)
KH-01 2
KH-02 30
KH-03 6
KH-04 3
KH-05 5
KH-06 9
KH-07 9
KH-08 40
KH-09 9
KH-10 0.001
KH-11 0.001

i Ol g Slwlbee (weipn Ol Sl Gepte @l
Y Jod> gAY sla IS 50 iy 4 alisee (gl yiog i 4 gy o
015 &l)) oS ia USh ;3 48 L]y fgal oy il 0 )
sole > weini ol Iy miin 1) Jae 5 Sles cul
oyl jpolie e A8 o bl jeelcudige Cilise
p3Y il calisee (slajiagin Joreyd (uejps f 5l 65lodnd

A \c Jiu’) )D D..\.u)

® calibration

R R?=0.98
validation R2=0.97
1290 1295 1300 1305

Fig. 7- Simulated vs Observed groundwater head level
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Table 3- Statistical compersion of model performance in predicting groundwater level
e0j 25 @1 15 Gt )3 S 3 Sles ()bl Al - Jga
Validation Calibration Piezometer
RMSE(m) MAE(m) RMSE(m) MAE(m)
1.05 1.21 1.06 1.35 1
1.16 1.23 1.154 1.13 2
0.89 0.755 0.678 0.544 3
0.35 0.233 0.162 0.133 4
0.866 0.78 0.708 0.611 5
0.526 0.445 0.417 0.341 6
0.986 1.52 0.716 0.704 7
0.998 0.705 0.995 0.863 8
0.995 1.21 1.21 1 9
0.62 0.56 0.664 0.597 10
0.852 1.69 0.663 0.573 11
1.67 1.64 1.78 1.63 12
145 197 1.39 0.97 13
0.45 041 0.45 0.41 14
1.39 0.97 1.37 1.15 15
1.57 1.63 0.97 0.93 16
0.87 0.835 0.62 0.56 17
0.545 0.641 0.532 0.485 18
1.85 0.969 0.943 0.752 19
0.62 0.485 0.611 0.391 20
0.285 0.256 0.188 0.143 21
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Table 4- The parameters used in GEP
OF Ol § 325800 2 Jdo 45 o o3lw! (s ol —F Jgao

Parameter Value
Head size 10
Choromosomes 40
Number of gens 5
(Mutation Rate) 0.044
(One —point Recombination Rate ) 0.3
(Two —point Recombination Rate) 0.3
(Gene Recombination Rate ) 0.3
(IS Transposition Rate ) 0.1
(Fitness Function Error Type) RMSE
(Linking Function) )
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Fig. 9.b- Simulated vs observed SAR in testing step
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Fig 10.b- Simulated vs observed EC in testing step
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Table 5- Statistical comparison between GEP Model forecasts and observed EC and SAR
OF Ol S32,%0 5 I Jols Jao €85 (bl b yal b -0 Jga

Parameter Test

Train Fitness Function

Value
RMSE MAE RMSE MAE
SAR 0.42 0.36 0.22 0.17 757.3
EC 0.17umohs/cm 0.14 0.14umohs/cm 0.33 664
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Fig. 11- Groundwater level resulted from modelling the effects of climatic factors and the obseved
groundwater level
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@ Groundwater level resulted from study of dam constraction and climate change
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Fig. 12- Groundwater level resulted from modelling the effects of the dam constraction and the obseved
groundwater level
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Fig. 13- Qualitative parameter resulted from the study of natural and anthropogenic factors
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