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Abstract

As a source of drinking water, groundwater is very important
in coastal aquifers. Groundwater vulnerability maps can be
used in order to protect the quality of groundwater resources.
Therefore, in this study, GALDIT model was applied to assess
and determine vulnerable areas to seawater intrusion in
Gharesoo-Gorgan Rood coastal aquifer. The GALDIT model
is a type of rating models and needs to be calibrated for each
study area. The novelty of this study was to use the Fuzzy
Logic model to modify the GALDIT model. In addition, the
weights of this model were modified by Analytical Hierarchy
Process (AHP). The Pearson’s correlation coefficient was used
to validate the results. Correlation coefficient between Fuzzy-
AHP and GALDIT-AHP models with TDS concentration was
0.63 and 0.51, respectively. As a result, Fuzzy-AHP model is
the optimal model for the study area. The results of the
vulnerability map indicated that areas in the northwest and
west of aquifer are highly vulnerable to the seawater intrusion.
The Fuzzy Logic model can be used as an effective way to
modify the GALDIT model and ensure its results.

Keywords: Vulnerability, AHP, GIS, Fuzzy Logic.

Received: May 2, 2018
Accepted: January 3, 2019

VAN Sl o) o ylowid o3 33L Jlu
Volume 15, No. 1, Spring 2019 (IR-WRR)
YIF-YYS

ll|| ”
bef
il

S
}I

Mol 5152 AHP g Fuzzy Logic s Jaw ;1 odlaiw!
ol 195l g iyl (9551 )3 GALDIT Ju

T sdlgn lobw g *T b Loy mol & Hd w50

aSx
3 o Ol oS (b i lyie 4 oo (25 53 rejs sl
i 2l phca] Gbads s ey (o) cueal
5 g oolial ey Ol e iS5 cblas clivly ) Algs e
sl (218 5 5 (25l sl GALDIT o casdllas (5 9
iy 54 yob ol Sy 4 G 29518 S—gu0 B ol gzl o
sl dibaio o 55 ¢ 13l e (sla, sl Jss ) GALDIT Jio .l
sskaie 4 Fuzzy 10gic Jse | odlizul adllae cpl (sylgs 239 0 yullS
S b edse ol s ol 52 o9 awl GALDIT oo Mo
Staad gy ) e A5 ol (AHP) o dldes oo
O (e o b gl 0035 o3kl golls (xiwylitel (1 (g
5 /5 iy 4 TDS clale L GALDIT-AHP 4 Fuzzy-AHP Jis
Jto aallla 350 4ol sly dingr Jdo o > 45 ols /D)
Sy a8 o Gl ol opbicwn] adi sl e Fuzzy-AHP
Jao 25,15 558 Ol (g9 ey 42 3b5 Syl gl 0t 5 0y Jles
Jde Mol cas 28 39, oloie & wlg . Fuzzy logic
g0 liabl ol 5 Juols ol & olgiee g 99, )15 4 GALDIT

[Fuzzy Logic GIS AHP ¢ piscul 1 gutls colals”

AVYNY :allie el ol
AN NY s bl oyl

1- M.Sc. graduate in GIS/RS, Faculty of Natural Resources and Environment,
Science and Research Branch, Islamic Azad University, Tehran, Iran.

2- Assistant Professor, Department of GIS/RS, Faculty of Natural Resources and
Environment, Science and Research Branch, Islamic Azad University, Tehran,
Iran. Email: neshat.aminreza@srbiau.ac.ir

3- Assistant Professor, Department of Irrigation and Drainage, Aburaihan
Campus, University of Tehran, Iran.

*- Corresponding Author

038l ¢ plblyi MMl s 5 393 51 yioxias 09,5 1) oot (ggorils —)
Ol el i 5 pole 1oly oMl ST oSl oy jlame 5 (x> pilie

5 b @lio oSl ( oldlys OleMbl i ¢ 590 I Lot 0,8 Lokl Y
ol ol Sladig g pgle sty o oMl 13T oKl conns jlame

ol g oSty oyl ez oS5 5 (3l (s 0SSkl —¥

J?:.uuﬁ °~\;-“i95 _*
ool p LI WA liasls (LL b dlde ol 5590 5> (Discussion) o )bl 5 ¢y

|
.|I
|


mailto:neshat.aminreza@srbiau.ac.ir

590 5l (Trabelsi et al., 2016) sos Iyl Jolo 03 yus
5 i Sl Sl g o 5l (S5 ey onl oS
&y SWlas oS (Saidi et al., 2013) cuwl o O (g4
Jao el b (ole claglsal pdicaml (b))
Recinos et al., 2015; ) cuwl 48,8 & )50 GIS 3 GALDIT

Najib et al, 2012; Saidi et al, 2013;
Jke leie 4 .(Allouche et al., 2017; Trabelsi et al., 2016

GALDIT (¢ pdscuml 4asls 3,8 4 Recinos et al. (2015)
ol gl izl cilises o csloeysd b 53 ol sl
51> o Sl VL e ol o £li5)) sl il ol Lt
bl 3 5l Gt olil s 4 byd OF (gt (&S 80
Pl 0105 Pl adbie (S5dgig ke Oluogad
¢y GALDIT 3, 5 Najib et al. (2012) wlie (glasdlas

idged o3l (iShhe 53 (ieej; Ol Spdicl (AP s
Sy Sl bl ool eplicanl & o ol Jolbs mls
s (rawcous dalllas (pl )0 Wy o Cudd (g esliS Y U 53l
sbie & obel ) cwl oais pbul GALDIT
olge widliee slas) gladse 5l Sliges 5 )15 yasls
o3latl el (6 sl b)) e (ooilye Al il g,
ol 3 ool b calises s «los blE plo 55 58h g0
shasly  gwejp; sl picml ey 4 by,
Gorgij and Moghaddam, 2016; Sener and Darvaz, )
2013; Neshat et al., 2014a; Neshat et al., 2015a;
wiwdib (S 3L 5l (Kardan Moghaddam et al., 2017
P Mbe g hey oeleln lasy pasls gty
Dy pasude Olib o e b ody o) 4 auadlb
4 Bl o jhaiels o il Cunle gl (s pdianl glapasls
R FSesS b adhaie S g hg) 4 Al D Caa (pen
Yool &8 04d 0 brasls Fomb b pYL dib 4 i S I i
povie b FUZZY (fg) 3 & (S)ge 13 Cuns 4 g 9 J5d JB
SAA5) g (b jglate 4 Cunlio by, Wl o Coguae 4

.(Malanoa and Gao, 1992) wil e o9y 4 Coms

b)) cge iz bl ) gyl Slllae ) FUZZY 35,
Cameron and aes j .cul a3, LI & olysul (o plocw]
S35 Jsmlty s > DRASTIC 1o 51 Peloso (2001)
Geili g il (sad, g 2908 o3l (eojs
&5 Ky dox ol 4 Colo o ol plosil (656 g, Ly ey
oL 355 1) (Sl Jawsliy g canl (3L 5 Gllanil (> (656 29,

doddo —)

Gblo 51 (gl 3 O glio ol izl 5l (S poj 05 sloc]
bbb |y (5,58 (S clacyled dgty 45 Lt Lid
«arer iy ol 1 (Shrestha et al., 2017) wloss odgll 505
55 4 55ygliS g Ll slacdld g9 i@y (el e
J(Allouche et al., 2017) 1S o SaS o)y ol oS 5 o5
o Sluies inte J S ein lacd (Sagl
Cool 0438 byl Sl bt dwgay a5 w5l
i) ) Cupde > Ol cuaS 49t (Neshat et al., 2015)
Neshat et al, 2014b; ) cusl odg— dvs 5 dj50 yiduw
.(Ayazi et al., 2010; Pradhan, 2009

S 3 Sl 0 (5550 SeS Wl plycamsl (Bl s
i) S ol slosy gyonl Al eejns slac
slagdgy 09,5 dw 4 &S 3 sy uaip; ol s plicuml
dgdion mands 3015 s byy 9 slel slagsby) )8 pas s
Neshat at al, 2014c; Javadi et al, 2017;)
Soltani et al., 2018; Neshat and Pradhan, 2017;

(Riebeiro et al., 2017; Jafarighariehali et al., 2012;
5 425 b Livos b ol 403 LT 51 il olT sla b,
b Jolds 1) Jlas 5)50 slaos VT el oty (sloJlos
b S e giloand b &S aloSig) 4 lie sl b sl b,
Wosy VT ] g Ly sla i o o @S o (g o] b
Ysare b )55 cul 3513 0,81 35,5 o a5 )3 1y o jlaee 53
ly il @ig o A0l 8 (giloand oo j) odlital ol
ALl e S e Al gl 5 O S bl
el gose sboas) puins jobay (515 4a3l sla s,
SlaegS 5l ormms i Sonl e ke (So38 slaceos
Riebeiro et al, 2017;) wad o (olasd] (ophoal
95 omej bl bean¥l eS8 Jlus! (Jafari et al., 2016
byl by 5l oelitel b weip; ol gl 4 i)
Neshat and ) 95 0 _asuio gwejp) o (&pdcaml
Jols gwejp; o epdicuwl cla s .(Pradhan, 2015b
Ngyeo 8 @ alizee sloodly b aS s alin sbajiolyl
&8 sl sla b, 5l S (Neshat and Pradhan, 2015a)
Oy eins 2l pdicasl L) sghtets Sligea
Chachadi and Lobo-Ferreira lawg 45" il o GALDIT
e 5l S Aje o) ol sblye jcl s (2001)
Gblie 3 wlg e 45 caul SLM] Ll gyslaen 5 o5 03l

VAN Hlaa o) o lowd (o3 35k Jlw ¢yl 1] O pilio Ol
Volume 15, No. 1, Spring 2019 (IR-WRR)

Vo



0997 93130

axdllae dy90 anli—V-Y

gzl () JSK) ol 0ad @8ly a8 il 5> addllas 390 4l
Cowg byl ogSaidy (Byd Asu p3 956 55w 05 ol
3= 55 b Cawg OV i LAl o zipe pioglS FYVA
O 0y 15l 48 ISS s ST L Sl gl
s Y93 (ol Ol sladilhsg) dluwgy (5 Jolu Sl
Pl dgd oo b 3y el 1 & (w5 63959 Ol 5
Cubd gwejpy ol @l 3l gyl 0y el o b e
Ossee Y8 Yo gyl poypy Hlae VWFS Jo o ai5- B8
Ooskee VoOVYAD AYAF-AD T e o &S o3y cKayie
jhadaie cpl > aejnj Ol CadsS sl 0ad 3)9ly ceSta e
g ke (Al )8 Cuon 4y 3y 1 g Jlod Chow 4 0gi
YYO/Y 5 OYF/A iy 4 quwoyd g 5,5 odgie o SW)b
il go oS il 4 > ¥ ddlaio glod Sl ol o Juo

GALDIT (5 p sl (b, (g, -Y-Y

Slogas ool Ll sl 6] GALDIT sy, 5
ol gy cnl smably G 29500 iyl Gl (Se3g5se
heins O g gl loel (Sdorkn colia sl g5
Uyd OF (i S b e ol bas 5l alold ) s 51 YL
Epdcaw] cou p bl e olyul cwulis § Jole Sl )
ol g )l i el Jelgs plo s S el I (S
Jolgs ol & S )l oo Sl @ a2 L el o 2y ol
039 Jole (nme 4 9o 03 polaidl Jla USG5l (s
ol ogMe 25 0 0313 S 4 g o el o5 5 ez
03ga0xe 33 yal)ly po Ngd o Gmrd (2lool 4yl 2
9 05 Epdican] VIO 45y 33,8 o sabas, Ve 9 VI B /D
023l jlie (Vi) amde (Lt 1) ob5 (pdpnl Ve 45,
4 ol 039 3 0dd (s3ad) fally o b ga3e0 | (5 s
:(Chachadi, 2005) ol oas o3l L ) alayl, ;5 45 T o Cannd

6 6
GALDIT Index = Z{(Wi)Ri}/z W ()
i=1 i=1

03l Cad Wig Rilb o el yn ()39 9 45 doxia]
Sl 13 598 Ol Sty & S o) ol sl 4
oo 0d Y 4 el o ojll led o e 1y ol

Do o a3 Dya0 L sl

39y ool symicaw] asi Dixon (2005) . m> .
Ban b g9 0,8 ans Fuzzy sl 3l edlasl b |, Mississippi
5 ool b 1y (Sogll Uyl sloais DRASTIC Jio g
O s @l Sse5 ad s3] S s SBkle cleMbl
Jao 5 03zl by (6 gl 4 5 S zelyly 5l oolizsl a8 3l
e ly Gaoie b Shue clalin b o @lks Fuzzy
CxSHb pasls cleMbl jl odliwl b oS FUzZY (¢ plscaml
odlaiol .8l dgue (5 BB e 4 gy 0l Ay Lmuufu.e]
S Lol dejls Jbo nl 2 olesd ladgs Cledlll ]
Pathakat et al. (2008) .cuol aalllae 1yl Ches bls 1 48 ccun!
oS 5l L5 DRASTIC o gulis .33gas olizsl slals’ gl
Iy ol odgame Sy b boyzally jyslie V3] sl 5y 50
2 9P slySh Gl g 05 e ol
S P FUZZY g, 88 (Jy90 5 05 (sod )35 13 1y s ey
Duhalde et al. (2018) .cul 3,8 5 paal 5 (o pbun]
i) &y EKV 5 GOD DRASTIC g, dws duslio 4
Fuzzy eSS adllas cpl i3 by b 55 (gloys (g p il
(S39F59 )k syiall 4 byye Cuslad pac b dpalye ol
Jb 03 il G Gy o 5l 9 30 S92 dilaie 36
)1 geoy] |) d)JJJw.w] FUZZy U"ﬁ) O"‘)" 05)'{; G Q@K
ol @ glpe 398 e S (e b)) Jgene slasby,
& FUZZY s g 0,bmodin (65 muonal (sl yog) 45 Sy domiis
Hgdee odlitnl p3 gl Jsb 3 3 cladse plgis
ad @l S i S plgs @ Wlge GIS (ply ogde

.)9;.» odlaiwl Lg):.»wi L;lmm

3959 GALDIT Jao Mol (gl o8 Slidios s & avg3 |
Fuzzy logic Jso 5,0,I8 & )b opdgl slys aadllan ol o500 51050
Gle glsel pdicasl 0b3) Gl Jle ol 2l
Sy omen Cusl 4y GLalS Gl 53 395155 —gu0 )3
g 438 ol (il o dlds il 13 jloalisl L Juo !
Jeel » il (2l s 5 il FE b))
o A0S 385 oa b AHP 5 Fuzzy sl i (sl
b ¢ly Fuzzy-AHP ¢ GALDIT-AHP .Sy slaaids

A dunlde g api axlllas 350

VAN Hlaa o) o lowd (o3 35k Jlw ¢yl 1] O pilio Ol
Volume 15, No. 1, Spring 2019 (IR-WRR)

ARYVd



220000

260000
L

- River
(CZ3 Aquifer
@ caspian sea

4120000

4080000

T
260000

T
220000

Fig. 1- Geographical location of case study area
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Table 3- Fuzzy functions for GALDIT model
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Table 4- Modified GALDIT model using AHP method
AHP g, U GALDIT suul go! Juio —F Jgui

Parameter G A L D | T
Weight 0.059 0.075 0.309 0.317 0.132 0.108
] 250:)00 JOOIDOD 350:)00 S 3 250.000 300:)00 350I000 g

< @
“‘,7‘

L

Impact of seawater
intrusion

[10.07 -1
0510 20 1-1.5

[ ] N 1.5-2
Kilometers .l >2

T T T
250000 300000 350000

4100000

4100000

=3 o e
g g2 L g
s re8 Ry 8
b3 Py Hydraulic conductivity(m/day] ¥
Groundwater occurrence ;_‘ib‘r'
0510 20 [""] unconfined aquifer 0510 20 pmmm10-40
. >40
, Ku?meters =] c°':""°d aquifer s K T
250000 300000 350000 250000 300000 350000
o 250000 300000 350000 So 250000 300000 350000 o
g 1 1 1 g8 f 1 1 8
2 x 2 § N —§
b \u@L 3 \v@h s
s
S
g Level of groundwater Distance from the shoreline| T
[1-311 >1000
115 0510 20 750-1000
¢ 0510 20 152 [ 500-750
. [ ] B <
. Kilometer |>2 ; - Kilometers 5[00
250000 300000 350000 250000 300000 350000
s 250000 300000 350000 ss 250000 300‘000 3501000 3
3 > 88 N 8
H T ; @ s

Thickness of aquifer -
[J<s
575
0510 20 -7.5_10
— o

T T
250000 300000 350000

4100000

Fig. 2- GALDIT parameters
GALDIT b el -F JSS

dol Cand 4 Jgome Sz S obye il adllae 590 dilaie )
» adlae 3590 4l 3 TDS (e & JSS 4 2255 L (P JSK5)
2 D990 TDS (500 sl o YAOV/FF-FVF/A Mg/l 03gixe
ot Jlod Cand > Gl Gas oS (2l 50 (uejj sloc
sl @blie plo 5l i Llole bs shisl )3 (sl ok
A5l 6y (59 ptng 0dim i TDS (YU yolio ol 45l e
allas 3)90 dilaio (535 (95 )3 TDS (e (a8 o5 Jb
g ool Gphica] adib b gosge opl oAb osalia
Cawd &y olS g 3yl pollas b Juols FUZZY  ybgy b oS casdllas
odalio ¥ JS5 j5 45 jobailen A8 o Al 1) laJae ) ol
b lis AHP 5 Fuzzy slo o) cuS i 5l ol aiids g o0

ol b 5l alol oo i o g gl (2l nl
4 Al ol Al ge LE8 Cod g9 Sl Glyml g e B0 I S
5 (V) ob5 /AY+) bawsio {A¥+) o5 (s ppdpsl (oM oz
o9y ) ekl L(BJSE) d9d e smpmds (YOZ) SLj loms

oasuine g 1y el gy o yw Glies b Fuzzy

Je (Sewwisus -)-Y
il b3)) sodgy J GALDIT (g, 4l & 295 b
o3zl TDS clale | vuwcous glp il o Jolo Slg
3y90 ddlaio )d dg>ge ol OV | odd Cudby (sladises jo A
TDS clale mje5 adis b (5 S0jl0l TDS lude Lais caallas

VAN Hlaa o) o lowd (o3 35k Jlw ¢yl 1] O pilio Ol
Volume 15, No. 1, Spring 2019 (IR-WRR)

ARA



3 oy g S a5 )3 (e o @lie 5l cbles 5 g e
aiis ATCGIS 3l Lo ;5 GALDIT Jio sloaY a5
Vol o« ob glis Jobs @l 05 4 Joo ol 2l
e 2985 g0 (SN 315 sl U o5 (gl odIS
2bj s pdicanl 45l 0 5 0 g 0pe Jlad slacions
opl oaimd i 48 3l 1 ddlaie (3 e Ol (oo 4 b Sl
5 b g s Ol (ggpi | BU (Sog dxtine anl aS ol
B b hyieS )ed Ol e el b (Al 5 s
315 sl B o8 6yl oM ez 4 35 GALDIT-AHP
dibaio C )5 oz @) Jlod opd Sy a5 035 Gl

il o 35 sl B 25 (6 gl L3S

GALDIT o pMol (clyy AHP 4 FUZZY (sla Jito 5] (oS y
‘W'{ d)JA)LM}T u»Mf )LQ> 4 FUZZy'AHP A J..:.))f ool
A (o 3L 5 Hlosy 9 9§ clawwgie

Sl eyt b 0 5 0 Gy wpled (g
R IRPEN

O (Smed Coyd jl piite 93 (Stsed (e (s sl
Copd oS ob i wcous oyl ol bt b el
clale L GALDIT-AHP 5 Fuzzy-AHP s (o (Ssod
Sl dg Jdo o > b e /A g +/FY iy 4 TDS

A obasl FUZzy-AHP . Jas adllas 550 ds

& 5 o ¥
055l iyl (e slate 4 GALDIT Jis adlliae ) 5
o] adlllae pl 5l Bus ol aib)y IS 4 35 55 S—guw 08 Islus
GALDIT sl o sl 5 (GIS) sldlse cleMb] piuw ;|
Ml slo i) 3l eolatul .l adllas 350 4l j> FUZZY 4

sl ddo ozl plgie ay Blgie spdicaml slodss oad

250'000 300I000 350I000

A S g
g : -
g 3
= Hydraulic conductivity Level of groundwater
- 1 10510 20 | | 1
Kilometers -0 T by . 0 T
g z% 3% m g 25866800 3000 35‘3%'500 400000 =
g x |8 -~ }§
. @ ;L &\
S {3
g gg g
8 Distance from the[ 8 8 -8
* shoreline % Impact of seawater g
intrusion
m'’ 0510 20 - 1
0 Kilometers -0
T KT T
250000 300000 350000 T T T
250000 300000 350000
250000 300000 350000 o
1 1 1 =1
N -§
- @
R w E
S
. -
° °
g ' 8
% Thickness of aquifer g
¢ m'
0510 20 -0
Kilometers
250‘000 300{!00 150‘000

Fig. 3- Fuzzy-GALDIT maps
GALDIT (536 sradids - S

VAN L ¢ 0l a3 35L Jlo ol o @olie eslisiog
Volume 15, No. 1, Spring 2019 (IR-WRR)

Yy



N
@
g
GALDIT E
[ TLow

[ Moderate
" 0 5 10 20 s i g
g —— I Very high | £
- Kilometers [ caspian sea| ¥
200000 250000 300000 350000 w0

400000 200000 250000 350000 400000

4150000
T
4150000

4100000

GALDIT-AHP

Fuzzy-AHP

[ TLow [ TLow

[ Moderate [ Moderate

[ | High g | High

I Very high ¢ _S:H0. 20 I Very high

g

[ Caspian sea e [ Caspian sea

200'000 250‘000 300‘000 350'000 400'000 200‘000 250‘000 300‘000 350:)00 wo'ooo

4150000

4100000

Fig. 4- Vulnerability maps
S iam] (glaadds -F JSS

38
40
32
35 30 31
30 5
25 20 0
20
14
15
8
10

Low Moderate High Very high

(€]

H GALDIT M GALDIT-AHP  H Fuzzy-AHP

Fig. 5- Percentage of vulnerable areas obtained from different methods
liteo (g g, &1 s (i aoyd —0 JSU

VAN L ¢ 0l a3 35L Jlo ol o @olie eslisiog
Volume 15, No. 1, Spring 2019 (IR-WRR)
Yy



230000 260000 290000
1 1 1

320000 350000 380000
1 1 1

4120000 4140000
| 1

4100000
]

4080000
1

0 5 10 20

Kilometers

T T
4120000 4140000

T
4100000

TDS (mg/l) (Kriging)

- High : 3957.44

- Low :476.9

T
4080000

4060000
]

1 T T
230000 260000 290000

T
4060000

T T 1
320000 350000 380000

Fig. 6- Spatial distribution of TDS concentration
TDS cdile S 22595 —F S0

Ayazi MH, Pirasteh S, Arvin AKP, Pradhan B,
Nikouravan B, Mansor S (2010) Disasters and risk
reduction in groundwater Zagros Mountain
Southwest Iran using geoinformatics techniques.
Disaster Adv 3(1):51-57

Badan Ghyben W (1889) Nota in verband met de
voorgenomen putboring nabij amsterdam. Tijdshrift
van het koninklyk Instituut van Ingenieurs 21

Cameron E, Peloso G (2001) An application of fuzzy
logic to the assessment of aquifers' pollution
potential. Environmental Geology 40(11-12):1305-
1315

Chachadi AG (2005) Seawater intrusion mapping using
modified GALDIT indicator model-case study in
Goa. Jalvigyan Sameeksha 29-45

Dixon B (2005) Groundwater vulnerability mapping a
GIS and fuzzy rule based integrated tool. Applied
Geography 25(4):327-347

Duhalde DJ, Arumi JL, Oyarzin RA, Rivera DA (2018)
Fuzzy-based assessment of groundwater intrinsic
vulnerability of a volcanic aquifer in the Chilean
Andean Valley. Environmental Monitoring and
Assessment 190(7):390

Gontara M, Allouche N, Jmal I, Bouri S (2016)
Sensitivity analysis for the GALDIT method based
on the assessment of vulnerability to pollution in the
northern Sfax coastal aquifer, Tunisia. Arabian
Journal of Geosciences 9(5):416

JMMU);9U)LJMM4§J|QUMMJ\
wcono )l Jols gl oy i )90 0V 41y (6 ]
s Fuzzy-AHP  Jao 4o (Stsed coyps &5 b oli
ABb e +/BY ¢ +/FY iy 4 TDS clale L GALDIT-AHP
(53400 2 8 S ponal 33 Wl o ol (g pdyinpl sloasis
Mbo Jolo slalgsul 3 suesps ol cuaS 5l cblis g o e
yllai g s dalaie ) @yllas Al S 00 )5 o dlpudiy il
5 2l Copde cage Bl oo yeb Ol gyt T8 polie

23,5 aalllas 5y90 ol O‘sﬁuj 2 ¥

1- Pair Wise Comparison Matrices

&lp-0
Allouche N, Maanan M, Gontara M, Rollo N, Jmal I,
Bouri S (2017) A global risk approach to assessing

groundwater vulnerability. Environmental
Modelling and Software 88:168-182

Anonymous P (1993) A methodology and decision
support system for evaluating. The Leaching
Potential of Pesticides. U.S. Environmental
Protection Agency EPA 600/S-93/010

VAN Hlaa o) o lowd (o3 35k Jlw ¢yl 1] O pilio Ol
Volume 15, No. 1, Spring 2019 (IR-WRR)

Yy



Bandar Abbas city, Iran. Journal of Geomatics
Science and Technology 7(4):217-232

Neshat A, Pradhan B (2017) Evaluation of groundwater
vulnerability to pollution using DRASTIC
framework and GIS. Arabian Journal of Geosciences
10(22):501

Neshat A, Pradhan B (2015a) An integrated DRASTIC
model using frequency ratio and two new hybrid
methods for groundwater vulnerability assessment.
Natural Hazards 76(1):543-563

Neshat A, Pradhan B (2015b) Risk assessment of
groundwater pollution with a new methodological
framework: application of Dempster-Shafer theory
and GIS. Natural Hazards 78(3):1565-1585

Neshat A, Pradhan B, Dadras M (2014a) Groundwater
vulnerability assessment using an improved
DRASTIC method in GIS. Resources Conservation
and Recycling 86:74-86

Neshat A, Pradhan B , Javadi S (2015c) Risk assessment
of groundwater pollution using Monte Carlo
approach in an agricultural region: An example from
Kerman Plain Iran. Computers Environment and
Urban Systems 50:66-73

Neshat A, Pradhan B, Pirasteh S, Shafri HZM (2014b)
Estimating groundwater vulnerability to pollution
using a modified DRASTIC model in the Kerman
agricultural area Iran. Environmental Earth Sciences
71(7):3119-3131

Neshat A, Pradhan B, Shafri HZM (2014c) An integrated
GIS based statistical model to compute groundwater
vulnerability index for decision maker in agricultural
area. Journal of the Indian Society of Remote
Sensing 42(4):777-788

Pathak DR, Hiratsuka A, Awata I, Chen L (2008) GIS
based fuzzy optimization method to groundwater
vulnerability evaluation. In Bioinformatics and
Biomedical Engineering ICBBE 2008. The 2nd
International Conference on 2716-2719 IEEE

Pradhan B (2009) Groundwater potential zonation for
basaltic watersheds using satellite remote sensing
data and GIS techniques. Open Geosciences
1(1):120-129

Recinos N, Kallioras A, Pliakas F, Schuth C (2014)
Application of GALDIT index to assess the intrinsic
vulnerability to seawater intrusion of coastal
granular aquifers. Environmental Earth Sciences
1017-1032

Ribeiro L, Pindo JC, Dominguez-Granda L (2017)
Assessment of groundwater vulnerability in the
Daule aquifer Ecuador using the susceptibility index
method. Science of the Total Environment
574:1674-1683

Goovaerts P (1997) Kriging vs stochastic simulation for
risk analysis in soil contamination. In geoENV I-
Geostatistics for Environmental Applications, 247-
258, Springer, Dordrecht

Gorgij AD, Asghar Moghaddam A (2016) Vulnerability
assessment of saltwater intrusion using simplified
GAPDIT method: a case study of Azarshahr Plain
Aquifer East Azerbaijan Iran. Arabian Journal of
Geosciences 9(2):106

Herzberg A (1901) Die wasserversorgung einiger
Nordseebader. J Gasbeleucht Wasserversorg 44:842-
4

Igbal J, Gorai AK, Katpatal YB, Pathak G (2015)
Development of GIS-based fuzzy pattern recognition
model (modified DRASTIC model) for groundwater
vulnerability to pollution assessment. International
Journal of Environmental Science and Technology
12(10):3161-74

Jafari F, Javadi S, Golmohammadi G, Mohammadi K,
Khodadadi A, Mohammadzadeh ™M (2016)
Groundwater risk mapping prediction using
mathematical modeling and the Monte Carlo
technique. Environmental Earth Sciences 75(6):49

Jafarighariehali A, Kazemi GhA, Hafezimoghadas N,
Mosaviasterabadi SS (2012) Application of GIS in
the study of groundwater pollution in urban areas
(Case study: Mashhad city). Iran Water Resources
Research 8(2):80-86 (In Persian)

Javadi S, Hashemy SM, Mohammadi K, Howard KWF,
Neshat A (2017) Classification of aquifer
vulnerability using K-means cluster analysis. Journal
of Hydrology 549:27-37

Kardan Moghaddam H, Jafari F, Javadi S (2017)
Vulnerability evaluation of a coastal aquifer via
GALDIT model and comparison with DRASTIC
index using quality parameters. Hydrological
Sciences Journal 62(1):137-146

Malano HM, Gao G (1992) Ranking and classification
of irrigation system performance using fuzzy set
theory: case studies in Australia and China. Irrigation
and Drainage Systems 6(2):129-148

Malczewski J (1999) GIS and multicriteria decision
analysis. John Willey & Sons Inc

Najib S, Grozavu A, Mehdi K, Breaban IG, Guessir H,
Boutayeb K (2012) Application of the method
GALDIT for the cartography of groundwaters
vulnerability  aquifer ~of  Chaouia  coast
(MOROCCO). University ChouaibDoukkali
(Morroco) 1223-5334

Neshat A, Dadras M, Safarpour S (2018) A GIS-based
comparative study of statistical methods for
timeworn urban texture susceptibility mapping in

VAN Hlaa o) o lowd (o3 35k Jlw ¢yl 1] O pilio Ol
Volume 15, No. 1, Spring 2019 (IR-WRR)

AR



Soltani S, Asghari Moghadam A, Barzegar R, Kazemian
N (2018) Vulnerability assessment of Kordkandi-
Duzduzan Plain groundwater using calibrated
DRASTIC Model. Iran Water Resources Research
13(4):89-99 (In Persian)

Trabelsi N, Triki I, Hentati I, Zairi M (2016) Aquifer
vulnerability and seawater intrusion risk using
GALDIT, GQISWIand GIS case of a coastal aquifer
in Tunisia. Environmental Earth Sciences 75(8):669

Werner AD, Gallagher MR (2006) Characterisation of
sea-water intrusion in the Pioneer Valley Australia
using  hydrochemistry and three-dimensional
numerical modelling. Hydrogeology Journal
14(8):1452-1469

Xu CY, Gong L, Jiang T, Chen D, Singh VP (2006)
Analysis of spatial distribution and temporal trend of
reference evapotranspiration and pan evaporation in
Changjiang (Yangtze River) catchment. Journal of
Hydrology 327(1-2):81-93

Saaty TL (1980) The analytic hierarchy process. New
York, NY, USA: MaGraw-Hill

Saidi S, Bouri S, Dhia HB (2013) Groundwater
management based on GIS techniques, chemical
indicators and vulnerability to seawater intrusion
modelling: application to the Mahdia—Ksour Essaf
aquifer Tunisia. Environmental Earth Sciences
70(4):1551-1568

Sener E, Davraz A (2013) Assessment of groundwater
vulnerability based on a modified DRASTIC model,
GIS and an analytic hierarchy process (AHP)
method: the case of Egirdir Lake basin (Isparta,
Turkey). Hydrogeology Journal 21(3):701-714

Shrestha S, Kafle R, Pandey VP (2017) Evaluation of
index-overlay methods for groundwater
vulnerability and risk assessment in Kathmandu
Valley Nepal. Science of the Total Environment
575:779-790

VAN Hlaa o) o lowd (o3 35k Jlw ¢yl 1] O pilio Ol
Volume 15, No. 1, Spring 2019 (IR-WRR)

Yys



