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ABSTRACT

Groundwater is one of the most important sources of water supply in
agriculture and drinking water, nowadays. These sources are very
vulnerable to surface pollutant sources such as chemical and animal
fertilizers, then identifying areas with high vulnerability is one of the
great importance. The aim of this research is to findout vulnerable
groundwater areas in the Anzali watershed (Fumanet sub-basin)
using DRASTIC and Fuzzy-AHP models. The DRASTIC model uses
seven data layers or parameters for modeling, including water depth
(D), net recharge (R), aquifer saturation environment (A), soil
environment (S), topography (T), impact of vadozone (I), and
hydraulic conductivity (C), then it uses fixed weights for input
parameters and fixed rankings for sub-parameters. The Fuzzy-AHP
model was used to improve the weighting in the DRASTIC model.
By validating 20 nitrate wells located in the Fomanat region, using
multivariate and univariate linear regression, the output of the Fuzzy-
AHP model improved the results compared to DRASTIC. In the
vulnerability map produced, the DRASTIC method showed that
0.18% of the area had low vulnerability, 11.22% medium, 58.33%
high and 30.42% very high vulnerability. Then, in Fuzzy-AHP,
99.6% low vulnerability, 13.11% medium, 56.45% high and 23.43%
very high vulnerability were identified. Both models were successful
in identifying areas with medium and high vulnerability risk, and the
correlation of the Fuzzy-AHP model with the nitrate map of the
region was positive.
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Extended Abstract

Introduction

Waters are divided into two categories,
surface and underground. surface waters are
more exposed to pollution, but with a
general view, it can be understood that
underground waters are exposed to human
settlements so the possibility of sewage
entering them is higher. Groundwater
supplies more than 60% of irrigated
agriculture and 85% of drinking water
resources. underground aquifers in areas that
are more populated and economically rich is
decreasing. Groundwater as the most
important source of water supply plays an
important role in agricultural, drinking and
industrial uses. Water scarcity occurs in all
populated continents. The increase in
population also causes the demand for more
food resources and the use of chemical
fertilizers and pesticides. Throughout
history, groundwater has been inseparable
from human life and sustainable agricultural
production, but it is not evenly distributed
around the world.

In Iran, the best source of drinking water
supply is underground water. One of the
main human inputs for the physical and
chemical pollution of underground water is
urban and industrial wastewater, which is
increasing  with  population  growth,
urbanization and lifestyle  changes.
Groundwater pollutants include organic and
inorganic pollutants such as arsenic,
mercury, aluminum, lead, fluoride, nitrate,
iron, pesticides, chlorinated solvents, where
nitrate from fertilizers and animal waste is
the most common pollutant. Vulnerability
assessment is an essential part of land use
planning and zoning protection approaches
for groundwater protection. Identifying high
risk areas of contamination is essential for
healthy management of groundwater
resources. Generally the environment is a
phenomenon that does not exist in all parts
of the world in the same way and any model
in any area may not have the same output
according to the altitude of the area (flat,
hilly or mountainous) and the type of
aquifer. Of course it is clear that each model
has its advantages and disadvantages so the
better results of one model compared to
another model in the vulnerable area do not
mean that model is rejected.

The aim of this research is to find the
vulnerable areas of underground water in the
Anzali watershed (Fumanat sub-basin) using
DRASTIC and Fuzzy-AHP models in the
geographic information system. The land
area of Fumanat includes rice fields, tea
gardens and fish breeding ponds. The
DRASTIC model uses seven data layers for
modeling, including water depth (D), net
recharge (R), aquifer saturation environment
(A), soil environment (S), topography (T),
unsaturated zone influence (1), conductivity
and hydraulic (C). This model has a fixed
weight for the input parameters and a fixed
ranking for the sub-parameters that are
below the criterion of the input parameters.

Methodology

First, we rank and weight the input layers of
the model. The data includes the boundary
of the study area, pumping test data, the
location of nitrate wells and their
concentration, piezometric wells and the
water depth of the wells, the layers related to
the type of underground soil, the amount of
rainfall in the area along with the location of
the stations. The elevations of the area and
the slope were obtained from the ASTER
satellite data with an accuracy of 30 meters
and the soil layer of the area was also
obtained from the Google Earth Engine
system.

The map layers of water depth, aquifer
feeding, soil environment, aquifer
environment, influence of unsaturated zone,
hydraulic conductivity and permeability
were prepared using IDW and Kriging
methods, depending on which interpolation
model had the best adaptation to the area.

Results and discussion

Fuzzy-AHP model was used to improve
weighting in  DRASTIC model. By
validating 20 nitrate wells in Fumanat
region, using multivariate and univariate
linear regression, Fuzzy-AHP model had a
better output than DRASTIC.

For the Fuzzy-AHP method, the same layers
classified in the DRASTIC method were
used as input, but first, the layers were
standardized using the Fuzzy membership
command, and then they were divided into
four regions with the Reclassify command,



and finally, with AHP model and ranking, A
vulnerability map was generated.

The results of the DRASTIC method showed
that 0.18% of the area had low vulnerability,
11.22% had medium vulnerability, 58.33%
had high vulnerability and 30.42% had very
high vulnerability, while in the Fuzzy-AHP
model, 6.99% was identified as low
vulnerability, 13.11% moderate, 56.45%
high and 23.43% very high. By improving
the weighting and using fuzzy functions to
standardize the inputs and eliminate the
uncertainty in the collected data, the
vulnerability map had a better match with
the nitrate map of the area.

Nitrate does not occur naturally in the
ground and enters the ground through
surface contaminants, so it is used as a
reliable  indicator ~ of  groundwater
vulnerability. Nitrate ions are usually found
and measured in wells located in high-risk
areas for groundwater pollution. The
average nitrate measurement (seasonally in
Fumanat area) was used. The nitrate
concentration map of the region was also
prepared by interpolation method from 20
wells in Fumanat, and then the value of those
wells was obtained in all three vulnerability
maps produced. Finally the relationship
between them was discussed with regression
model.

Conclusion

The validation and comparison of the two
methods were done. The distribution of
nitrate concentration is higher in the west
and southwest of Fumanat region, and the
concentration of nitrate is higher in the
higher altitudes. The results showed that
both models were successful in identifying
medium and high vulnerable areas, but the
correlation of the Fuzzy-AHP model with
the nitrate map of the area was positive so
this model had better output due to reality of
vulnerability.

The high wvulnerability was due to the
shallow depth of the water table, the
unsaturated zone and the high amount of net
nutrition under the Fumanat basin. Based on
the results of the concentration of nitrate
wells, the areas with higher altitude had
more pollution, which was somewhat
consistent with the DRASTIC model and

Fuzzy-AHP. The cause of high pollution in
high areas can be high rainfall and low water
depth of piezometric wells, which causes a
large amount of surface pollution to enter the
underground water table.

Funding
There is no funding support.

Authors’ Contribution
All of the authors approved the content of
the manuscript and worked equally.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments

Sincere thanks to the Regional Water Joint
Stock Company of Gilan Province and the
esteemed personnel of its Groundwater
Studies Group, Mr. Esmaeil Fathi and Mr.
Fatehi, Ms. Fatemeh Nazari Mehr and Mr.
Hedieh Vakili, and the esteemed CEO of the
company for their compassionate and kind
cooperation in the country's coronavirus
situation. Hoping for the ever-increasing
progress of the ever-green Gilan, the
paradise of Iran



b SLd1 > s ing j delibad

Journal Homepage: jphgr.ut.ac.ir

24237760 2 Suig 553 Lo

(w0 g Fuzzy-AHP g DRASTIC gloJue b oiwo ) 23 ST (& a0 35
O bl Dl g 68 guano 369 590 Ardllae Oy S (4 o il 99 LS

C B e T ol Sl dass ¢ 2 T n e e ) b3 y0 JUEl doguane

masome.eghbali@ut.ac.ir :asbL], .yl pl ¢l 5 eyl o5 olRily bl s 2aSiily ¢ sLdl i SleMbl i g 5503l yioriuw 69,5 =)
saeid.hamzeh@ut.ac.ir :aobbl, . ol ul oyl 505 ¢l o5 ouily Ldlyan 0uSiisly ¢ o Ldlyan leMbl gl 5 593l iztus 05,5 ¢ Jgimo b g =Y
nneysani@ut.ac.ir :asblly . lyl « ol ies o)l olKuisly Ll g 0uSisly ¢ oldlyan CleMbl g g 93] ioxiu 09,5 —Y

argany@ut.ac.ir :asblly .yl pl ooyl o5 o)l s ol didljan 0uSiily ¢ oLl SleMbl piuw ¢ 593l yioxiuw 09,5 —F

WS> Jls OleWb!
it Shalil 0yl Ol g 6550liS )3 Ol el lie ke 31 sivejj glo] o gos
vt s Sl g lond B35S b 51 odans 01, ¥T glie &) e golio ) riagi e

(Slioss ad9> 3) I jupl adsm 33 uojing &l il cloanl (8l (iask

5 DRASTIC Js .cwsl Fuzzy-AHP 4 DRASTIC (la o 5l oolil L (el g U
(R) pall 4335 (D) O oe Jolis a5 18 o o3l (giloo S (slp o3l &Y i VEex/e0/3Y
Al e aals sl e - . ST s (63 &,
5 (1) gbslnt b b (T) LS (S) S lame (A) il gled] lans o
ol (ga45, 5 (5399 sl yell (sl ol g sl 5 18l e (C) (Sdgynn colan e g
Je > > oj9 dee lp FUZZY-AHP Juo cul o clagall ol VELY/ea/eY
alisgds «liagd dilaie )3 &Blg Ol i ols Vo tiw Cono b o o3l DRASTIC e ‘;/‘: C/"’_:‘
@ Cuws FUZZY-AHP  Juo 298 wpsie 5 g opite L s (oS,
DRASTIC g, cosmisdg s pioouwl aids )5 0l 340 1) s DRASTIC
chwgio 3oy> WITY 5 (6 plscaml (gl dilate Colun jl Juoyd «/VA oS sl o)lis
FUzzy-AHP 5 s 2559 5L (L3 (il 3o,d Yo/FY gL 0oy OA/YY
R - H i “ :‘543)5 g’s
2o YYIEY 5 0L5 duo )3 0F/¥D clamsgio 2o )0 WY (05 (6 pcuml o 3 £/A1 lude dl::ﬂ/
5 bwgle pdicul Jls b sbhasl pllid 3 Jue 9 ol plulid obj (s iy ol
Cote dbdbio olys asss L FUZZY-AHP Ju  Siwen 9 £5,5 oo 3390 ol el
o &l shesb

dlo (AS sl Sliogd 039i50 163)50 adllae (il clale i el p @l xwcows 4 Fuzzy-AHP ) DRASTIC

VYA (Y) 0F (b (clbliss clo ying
http://doi.org/10.22059/JPHGR.2024.365677.1007789

Ol ol8zily el duwge :;..J}U By ©


mailto:masome.eghbali@ut.ac.ir
mailto:argany@ut.ac.ir
http://doi.org/10.22059/JPHGR.2024.365677.1007789
http://doi.org/10.22059/JPHGR.2024.365677.1007789
https://portal.issn.org/resource/ISSN/2423-7760
file:///G:/طبیعی%20بهار%201403/jphgr.ut.ac.ir
https://orcid.org/0009-0003-0807-9294
https://orcid.org/0000-0001-9233-8460
https://orcid.org/0000-0002-4456-6271
https://orcid.org/0000-0001-6577-4443

oMo
FaghtS Y+ + Lo Lol altiS o (3ol |y bl T 00 )3 AD g (o (559l @lio Ao ) 5+ 51 S (Gnjf sl
S5 Sl G g Whadgis ulpb sbar gl ol S e S9 bl 4 4Vl (Sl JS I (1Y) e
298 ) Saelsl Ol Lol e olgicds ¢ unjpj ool (Bera et al, 2022) w5l b (g5y9liS o oylus]
Sacdled 5 Coman GBI L ) )5 5,58 pliesd Slso 5 oy 31 (36 (S5 5 pme 3 ol a5
slacl 3¢l (Markstrom et al, 2008) cul ol33l Jls 0 Sl wbeo opl 4 s YT 54,9 jhas «¢jy9LiS
5 oSl (6)lphd s 4 (S lilh g Skl wlizd aiile Same g I slooay ¥ g5 5l (30 ¢ e 0
onl bl (ol salS sla)lSal, 51 Sl )l (500000 5 5 daamsl b)) 2yl (Grenil Sl gl (S
gy 0,8 Lbyme |y siweip) S g pisonl pogie YASA Jlu > 5L (Bera et al., 2022)aius o ailie
syt Sy 4l )kl b)) e Sy w2l dnwgs EPA 13 V3AY Lo 13 L Kas 5 )1 Lawgs a5 DRASTIC
Lle (o3se slaJie (Bera et al., 2022) aad o &) il slalaso > wejpj slac] Syl s
@il s 4 bl laildnngs iwejpj o] cunS o5yl s GWM-2005 , GSFLOW MODFLOW
3 ol sl o 5l oolisol g (3blie (gl 1> Cudgazms Yl Slusls (loj 0328 (539)5 sloosl>
slp o35S yobds dzmn odl 4 5l pae g (Solo > 4 DRASTIC Jas ¢ Jlie )3 sl jlgdd o )8
3 ool slacadguome g Lljo plS o I Jao ol 3,68 (oo )8 03lisuldyge (e ] 6yl 215)]
,3 DRASTIC Ju. .(Markstrom et al., 2008; Rahman, 2008).5,)l5 _iuwejy; ol @l cople dinej 5
Ganwer et al, 2024, Karimzadeh Motlaghet al, 2023; ) cool 48,51, U551 g eolaiwls g0 (g3uaie Cilalllas
Ozegin et al, 2024; Smida, Tarki, Gammoudi, & Dassi, 2023; Subbarayan et al, 2024; Umar et
od5a313 AHP o8 jl (25 (g sladgy plo 9 Jao cnl jl Jols gls duglie 5 (2bj)l & (izeen 5 (al., 2024
, 2023; Nguedia et al., 2024; Wang . 5 Bera et al., 2022; Falowo & Bamoyegun, 2023; Li) ¢l
Karimi, 2018; Kivi, Hamzeh, ) cuwl sadpb! Jao opl jogas 3 (odixie Sllllas o ol 45 (et al., 2022
3 s (Yo 0) 5)Kod 5 (55580 bawgs iyl cudd lssul (6ol 45 (& Moghadam, 2015
vl 1> a5 4 ailate o 1 1VA 5 ZYD YA LN+ 5039y piiio WAL Vo + 5 DRASTIC asli oS
Afrozi & Mohhamadzadeh, 2011; Afrozi & ) b ollid obj 5 ob; U lwgie dawgio U oS o8
b9y 5 edlinl b 5 Saiia lgsel g plican] (woyp 4 (Y4VF) ) Ken 9 (¢l (Mohammadzadeh, 2011
o poabides Llos a8 31 L badoes g wizbl s ool podlids Lulos 5 (Stnsd (ypmn )5 ) 00z Mol DRASTIC
2 56 Sl Sl g LSl ol an 423l cpdyepl b)) 0 1y €85 YL - A (Stian o |
S s -(Enayat, Ali, & Arash, 2016)s.5 L 0.5z Mol DRASTIC s, 55 3Lal el lsiedy Sl
WRASTIC 4 DRASTIC (cla_jasls jl oslizul b laassS o mbie g pmiyaan] lij)) & (VoYF) oK o
5 DRASTIC (ela ol 5l sl b olssul (559l sl )5 sty Cosodlly (gl yial )l 45 05 Lasie 5 Aibl
DRASTIC Lasls b ¢lyi  Siued iy 315 inio 6y) 5 sweinj o o5 4 ey 4 WRASTIC
b G5 4 S YL i el 28 S 5 b dusloe < DA 5 - P i 4 WRASTIC 4
ey b SipS sl (Sl Loty wyp 4 (YOY) o, Kan 5 03lj0,8" -(Askarbuyuki et al, 2024)c.sls
ot c3sS 5l ool 5 Slamul dbul 5 YU (il b gble ;5 55,5 slgiiy ¢ ausl,y DRASTIC



\A) ... Fuzzy-AHP 4 DRASTIC slJuse b (owojpj ] (g pdscm] 2yl o, Son g 43 00 JLSI

b B bl pliwl pubcore cusd 3 (Y4V58) o, Ken 9 9, -(Karimzadeh et al, 2012)s45 (¢,ls395
SI Jso ool 1 4 oy Lt ol 9 83byy isei) o (@i (sdaiay 4 SI g DRASTIC (sla Jus
5o )> VoA i ol DRASTIC Jao bl 1 45 oy 48,5518 3L (4 prgases] 035350 5 adlaie duoyd A/
i dilate (sl 4B ) (£ yity <85 DRASTIC Jio &y o +/VF Stsod gy b SI Jio
gy Ui cdd olesel cemscal g el (Vo +F) o)Sen 5 s (RUN et al, 2017)sls
cusdy Lyt Jlad 5 @5 e bl a5 o Ui iyl (glbadis 35,8 eslizsl SINTACS § DRASTIC
(Moghadam et al, 2016 )sus yos4)]

DRASTIC el Jo jl oslizul b ;M kasl clingd dilaie 15  ixoipej ccbes] o pbscamn] ) & adllas oy
2 s 355l S o |y Sl sloddE 5 Ol Clal (o alal) g aily Fuzzy-AHP
o s ol @l S e odlisel dilaie (l ) i) sl il Jilos gl Jae 9 el S ol
S S8 i (Sogll Sl g e ol i e gt 4 Wl

B3 99,

wilale jyo dile) (93959 oY (25 (55 g ad Jeld &Sl o3l (LI Y 5 ¥ gl S > Llaghy ol
5 DRASTIC (gl Jio j) s0lisiol L (cand 5 lelisy] o S5, S puicn s yiogzm 0391 (slmols cjloa slnosls
13 5 355 g5l )yl ) US55 3 ASTER o laale (S (slailaio U1 <8 1 5 ool .ol FUzzy-AHP
285 plodl adlate @l yis 4l b Come b))l woles

ohegd plsl IS a5 L) JSS

1. Google Earth Engine



o plosl 0)lagls Y JSUS

33,5 oo Uiy 55 35 > DRASTIC o (sla el

oY1 S & Lhos plan bl gludl anl VL ghaw g e aw o dhols Sl 1m0y f Gas
oau ¥l adly 505 Gas culpl )05 Jso 3 1) Coadl 02 5V g dusyy (005 o 0pi o 42 b 08 (b sy
o 3 Sl el o Bae (I3l L (S psbots sy (e Ol 0y 0 b S 0 (o |y (s lo
.(Beraetal., 2022) 4, .

e 4 yn ol osu YT 51 el Lol Jl5l g sy o uojp; ool 4 a5 conl o] ade 1 palld ayi%s
ol sl osiy VT Joo Can (glalinsg Ol 125 0500y 358 el (Sogll al cadly iy (Al 4l
Gy o > oo 25y 13 (s 5,0 9 o S5 (oolidio sloSis 3 (o Ll L S o>
.(Saravanan et al., 2023) >4 .o

dlgo cplply imd o jpue g 4ihaSS 1) O &S cul ola SanSs g JB clalas Jols zylesul basxe

olszel b B0, 311 oW1 &8 o ol oo cal B8 o 8T o1 0190 Bl g2 sl edims St



Yo ... Fuzzy-AHP 4 DRASTIC slJuse b (owojpj ] (g pdscm] 2yl o, Son g 43 00 JLSI

oy O oyh S ((STgyd | obloy) oy ol g canle .(Mahmodzadeh et al., 2013) 1S o oy
[(Saravanan et al., 2023) 3 0 J 58 (Lblw)) oims LSuis dlge lawgs

Cowl 045 ST 03} Sl3gag0 g lgn (T gl o3lo o (slodwmn SV lailg fab 5l S pue; Ay 9y 4Y 1S
Bera) g o3¢ yuiio yi0 V0 Jl v Gos jl o] colis .l gluslpé ant j cluY «SB Lo .(Rahman, 2008)
Uy 1y glosld Lo 4y S0l jaie a5 59 oo plonil Lases ol 53 51)) 5 oaLS (slacylled plos (et al., 2022
.(Beraetal., 2022) .S’ »

Sl gy sl o5 b o iblio 53 095 g0 4l (IS5 (lsisdr o] Sy g o) s a1 1S 9098
Saravanan ) 5,05 s yuie (5391 Jumiliy cal s 090 yber Soi5 coly g oud ()& Vs e sl
(etal., 2023

23 3lgo £ 29 0 08al gludl bt lgisdy Ol o 5 (e o (e 0uESEL] dilais gLl dllate
) S8y 9 e e (Sl gml il ((Suidae e 5l (o9l o Slogas glitly ol
(Beraetal.,, 2022) x5’ o (yox

ooy Ulg5 Sl (Sg)am 2llo) g dtn <8 Jlo 50 Adpon (inej) soc] 1 Sdgyu culaa
b i) o 0yhw G Goyb )l moan Y jge cao o (Saravanan et al., 2023)cul oI Jlisl 3 o)y

(Beraetal., 2022) 555 oo (asuin (SJgyhud Colia

DRASTIC Juo
slaol (gl sty by clp oasiecsVL! cunjlasme | cblis yuili] buwg VAAY Jlo 5 Jao o)
ool bl p O GV 5 5599V B o clas, selyb e e o > a5 (Beraetal., 2022) ws )] oy

(V Jgis) a5 o3y olass! Sogll p3 s

DRASTIC Jss Lol slayiell ) Joao

sk sy s
Geins Pl Ges el a8 (Sogll Jland adly ity jaiz e &S 355 g0 48,5 5 )3 oae o e U (e s Sl os 5
(D)

(R) gzl apiss sy oo oy Ol pdaw 4 g 03,8 398 ol 4 &S Cansl (o prdaw dlg )3 O lade cyal)ly ol ¥
odmd S5 slge A ciend Cudyls a5y b o3Il )l (St oy ol (giludype g jlie 4 losul (Sogl oy ¥
(A) gz ool YL gzl
(O) Sbgs o b ootV b 4 5) S o 5 s 5 S by (Sl Sy sl (005 Cunnd 5V SB Lo v

2,148

(T) Sy ol 5 oes oo (So9ll i 3985 el 9 )05 55Vl ot (sl T (5,055 41 oles o8 b b (3blio )
oS g Vgde (o

(1) glilpe anb 51 5 o 5 ccanl ortsglsl Bske ol )5 48 5yl dgpg SB Jidg 9 olgsul (o 48 Cal ine) comd ol o
sl Lame oo Gl S 5 ol 60368 & di S by Wil szl (5ol

oyt Cala e wjie bl Slge (o915l Slodg 1) canl da g BB (Sagll (o yme > Vb culin b ol 0jhe S ¥
(C) ol v

SlaKin oy S o (b ol 133l55 s Slgo ol 315 0,L3l sitads lgsul sximd Sty a8 ST 5 Sdme dlge S 5 4 ((MEiA) ablus, .\



b s pddeds o (Sdoyied Colan gliil e anl 256 o lgsel baso «SB- Lases (lgsel 4yiss o Gos say
W daps bl |y dalaie 4 Bldasl oy yieg o 2beyd Jde plS 4ol 4 aus Kriging o IDW g 51 eolaiul
.(Saranya & Saravanan, 2021) sl e p; &yeeaDRASTIC (DI) (asls s dlee

Drasticindex = Dr«Dw + Rr+«Rw + Ar«Aw + Sr*Sw + Tr«Tw+ Ir xIw + Cr * Cw
Drastic index = 5Dr + 4Rr + 3Ar + 2S5r + Tr + 5Ir + 3Cr

ool 5 @ygots ol gl yiel)ly 5 A3l e (159 Sl W g a5y Kby o Jgeyd ol
gl 4ol J1= 1, iSug=T, S =S, ol bumo = A, lysol 435 = R, Lisejpj ol gac =D

Ois=W, a8, =T, (Sdgyan cola =C,

Fuzzy-AHP Jse

Jbo 5> (giele bug )b (gl &5 23l oo (o5lpe s Jlo b AHP (39, 0)bas diz (6 xS pread slagity, ]
593 A s yadls i lauslie (65l B9, o) (ROGiyeh, Mortezi, & Majid) sel 3454 4 YAA-
0l duw e mi U 1 jlizo dod (93 4y 93 (glduslio Ly ilo 5l odlaiinl b 20150 Cjgun paouad (s yike 45" A2 o (glad)
b (ContlnS) V51 ayline (3jlitol 5,5 o Spgeo 500 (sloylims L dlio 4y s sl (23 (59 9 (o2 49 9
Soslazal b AR ) ()3l & 55 gl o plo (i) 1 el (gl s 355 (50 S0 (Curmnl (3 y2d2)
g iy 5l oozl b 1) (65l [adls s 5 odddsslone (Apyax) (slsliio yuailonias 3y e iy
ol | (C1) )85l &5 ol ccowl 95 4 95 (glunlio o ylo (ol oyl dlawi N alaly oyl 55 ] o Cowd @
JoB b <N 5l 5SasS ()85l ¢35 nle camd Y Ut Billae RI) (Bolas (aslis p (6,55l jasLs
Gy g ordanlxe AHP &g38l L o5kl jasls ol ol 4zl (Rogiyeh et al., 2017) cul
5 edlael Fuzzy membership slapbl 5l 55 (63959 slaas¥ (g jlos ikl

Cl= (Apax — n) / (n—1)

DRASTIC _bslas asli yolie .Y Joua

by (adls gelyb olass
\

<[OA
QA
VY
VY
VY'Y
V¥
V¥
V¥4

ol>|<|v|o|=w|x|=

—
.

axllaod yg0 8390
g Sl FFOFAL FOOFA Ll wlaisen b3 (sbyd ()8 Jobo 3 @ly (oS il 3 Slingd ailaie

Ohon byl 5 sla Gl @y sbaylidls Jols dyd pdaw 5l yie Voo B =YY gl g Byd Job OFY



yv ... Fuzzy-AHP 4 DRASTIC slJuse b (owojpj ] (g pdscm] 2yl o, Son g 43 00 JLSI

oot jlaibate cpl (e 5 O] bS5yl i ueip; Ol plie 4 eulid () (Siunly 4 4295 b ol 2o
ool ls 5l oS 4wy ;3B 5 gmm Jlad o2 by S 4 () JS) Cliag .l oy il
b alys 5l ol oS g 50k 3 SNk oy ol o oo VA= LAY Wlo (S5l b jausy g oghoye

B0 Ty )9 R

S il 3 Sliegd  Slllae odgie Y IS

aazdl
<l os

lgiea o] 5xSle 5 505 oz o b Sliogh adlato (g ag i oly A llud 0)95 Ol Gas o 5} (sla IS5 sullas
Ao VOB ON ) ejs Ol Bos amd e LS ¥ S 0 4S50 e o ot o syl
€8l 5ol 455 5 3,15 (65508 (S el aj o Fi3mes sl DRASTIC (g1 5 5 ol e

! Piezometric wells



ey ol es ganas, ¥ Jgda

D) swoini o s
(20) adl  (gaas,

Vo Ve

o JIVe 1

L ¥ v

o JIa 8

Y o ¥

velo JIvy s

>Ye /0 A\

iy ol o] o Bes £ JSO
RS VREY

ilao 2)5 dwlore ddlate SB 6 pddel g cud (SH) (i 45y bl p |y Al 435V Vg
:(Rogiyeh et al., 2017) cuwl yj dlaly & g0y 5355w
Recharge value = Slope (%) + Rainfall (mm) + Soil permeability
IS0k add ool slolRiw] ol jl cad 4t (ol&5)] (o098 Jio jl Rl 4335 anlons (6l
805 (bgean g 3 SIS B3 T S sloslone ellas o)y (ol a8 s pdydshs 40 (b STS i
0Pl 4ds AY ganas, 0 JSG (Pacheco et al, 2015) 54 (sdvad, & Jodo wll p (2B 4l 4Y U

bl oo

oAl 4ds 4Y ganas) £ Jgas

S (2253) e (Foces) Sk S g pdideis
035450 43, 03945t 4, 03945t 45y  odgde A,
W <y ¥ >Aa- ¥ YL iy
WA Y Y A e Y Yk F
Al e YN Y dee Ve Y g Y
vJa oy >vy ) >0 ) us v
a Y - - - Y S O

olyel 445 4Y anas, 0 Jesa

(R) ozl i
(Focseo) odils  (sanas,
oe JI-
Voo Jlo-
VAe JIye.
Yoo JIVA.
>V

o> 0| |~

Ol 4l 4Y .0 IS



¥4 ... Fuzzy-AHP 4 DRASTIC slJuse b (owojpj ] (g pdscm] 2yl o, Son g 43 00 JLSI

olozl bye

5 e el lame 09 0o sl 4 o Sogll g o 399 (58l ol YL (6 pdydohs o amd o oLt & S5
b Sl B (loj o B S a8 cand 5 (Sgphn bl L olyen o S o J S ], oa ¥l S > Jobo
ol ool lame sanasy & Jads (RaMaN, 2008) cuul HS 15T (6 iy 2381y 5 s wile

b Y (ga45, 1 Jgaa
(Rahman, 2008). |55
(A) ol b
bazl [EZELS)
Cudyd s Y
ol G555
Sl S dunle S ¢ yann

Cudyd Sl K

awlo g oy
adlil
Cown ) Sl \e

v
s
Cudpd duwle S I
s
A
q

gzl e Y 1 JSUWS

SB Y

Aol cans ¥ S ol dsg b g SB Y canas, ¥ Jads 5

Y gaiad) ¥ Jgaa
(Bera et al., 2022)si
(S) sk gy

ail Sds)

oy Sk 3
e o) SB
S ooy S
oo pol 9 o

o) SB
S Sk

- S A

SB a4 Y PSS

Sl ey

s obusl 1 allaodygo dibato o A agd yo Yo > L ASTER o)lsmle ol og) Joo 5l (B, o5 aiii
3 o g (43) TOANY (lawgie) ZAV=5 (wdlo) 25 (dans L) Y 51 yiaS 1035 s oS g5 &
g pbl A Jgir b Gillae 3155055 &Y (e (A JS) (45 jlut) 7VA



S99 Y sxwag, A Jyaa
(Bera et al., 2022)

(T) By

(cud) oo (caa,

v - Ve

5 Y %
W s >
A Y ¥
>\A \
Sliogh dilato B S5 A JSWG
Sl o bapeo Y

o Gl A g ke 5 (3 JS3) a8 osliil (BLEST g (g ytagh slaoly 5l bl Lo Y and ol
A plodl (gana) 5 pasl

Bera et )elsl i Lo 4Y caiag, A Jgsa
(al., 2022
(1) bl 4t
lbazl §Hdd)
il 2l ¥
Sl i

Swdwlo

tole St Sal S o5 S
oo b dwle g (48

> || »| |

awlo g (5
Cany S Sl K

—

SS9y Culas 4

0S5 53 o8 g plan 5 edbasmlons Slhay talos] (sloesls 5| JS ol dplono 5| g Sl et obliy i
S5 D gasy g a0 Jdr 4 de g b Gt (Sgpa Colia gblie .l ang el oadosly (L A
il oo ©liogd ddlaie  Slgyim colan Y V-



¥y ... Fuzzy-AHP 4 DRASTIC slJuse b (owojpj ] (g pdscm] 2yl o, Son g 43 00 JLSI

ol oY (oanag, Ve Jgua
(Saravanan et al., 2023)_sJs,a

(C) sl Sdypien ol
(M/day) el (suas,

oLy I \

VY JIYA v

NS JIYR ¥

W IS 5

YEY Y A

>YE/Y Ve

g colia Ve SIS
- -

DRASTIC (g s cum] anidls

).uo‘)b » u).,.o )1 = A oalal w)ﬁ) dl.b:u] ).a..\.’w] &bt.o u.»L»L.w Lﬁ‘)’ DRASTIC )-A-A‘)L’ Can )l
9 3L chawgio oS (S Jloz 53 Slingh o0 5 dnes (V) JS8) (s sl (2o 4k gy (559 o p
LS ganaib WY ol sillae oL (LS

DRASTIC _asls ls )Y Jsua
coluw Loy (é:)ao):n’l:f) coluw DRASTIC 83945w0 dﬁbwﬂi u»Mf

/YA SR+ YOF/) VOATY N Y oS
WYY FYVYYL 54/ A WA e Lo

DA/YY YYYY - WWPFA/M TSPRALE sl

R at VVOAFSYSTE/AD VaF Jhoa sbj s
Voo FA-VE+1205/AY VAT 5 e

DRASTIC g, & o6 sl s )Y JS



Fuzzy-AHP (g 33 o] 4l
Fuzzy membership &b 3 AHP  lye aludes Ll 5l DRASTIC Juo sl yiol )l 59 50 asniss sly
O (5399 Y 5 oddp Mol (slagyjg g dnsle +, VO () 5Lb (el b byl cuenl o ps ad oslital
& dibate gdudib 4 35 VY Joae (Vasudeo, Landge, & Ghare, 2016) (VY S5 5 VY Jgds) Bud

O P IS P P SR O

(Bera et al., 2022) Fuzzy-AHP cuuas, N Y Joaa

Fuzzy- (5959 S ee gl wds ey S dlge Sk il Sey 4l 5l colan
AHP D) R) (A) sl (S) M (Debshe  (€) Sy
(D) &I Ges ) ¥ 0 i ¢ Y ¥
(R) ool aiss Anns ) ¥ ¥ 0 .10 Y
oimd LS dlge Iy <YV ) Y ¥ AL -0
(A) gl
S)sk OAYs AL -/o ) Y Al Auns
(T) B S0y DA A NAnnt -0 \ NAYZ4 A
(1) glslyut 4l 1 -/o Y ¥ 0 £ ) A
(€) Sgyken colan <I¥D .10 A ¥ ¥ ANas )

Fuzzy-AHP Jss 5 bl s 0js VY Jgoa

Sdon colin elahii el Sus (S) S gl enmaJSiiole  glel wds ClGges oy
© (I (M (A) R) (D)

J[NYEY S[yyavy S[SYVY o[+ ¥FVYY o[FYOF +[VOASD <[YOFYD

09

Fuzzy-AHP el a3l ml V€ Joua
Colus Lo )d (é))ﬁ):.b) Cobus FUZZy'AHP 03945x0 LS)?:'\i“":‘“’T U"M{

£12a FAEAYYASY VALY JVYesoR o5
W/ VEVFYSH/500  YVSYEY JI VALY Lawgio

05/¥0 FYVWEYON/ -\ Y/asAYE JIYN\SYSY sb;

YY/EY WEYLAFSY  YIERWVY I YI0SAYS s s
Voo OA-OVFYE/Y JS gen

Fuzzy-AHP (¢ picwnl ass VY JSWG



Yy ... Fuzzy-AHP 4 DRASTIC slJuse b (owojpj ] (g pdscm] 2yl o, Son g 43 00 JLSI

Ol (6 2] Al

.(Ua(j cbale ﬁbﬁa 9 Laal%- u.;‘ L/uaﬁ};o W J&u) a5 odlasl u]).a.u 0% L ob9ﬂ dl.b:ol% L;;So}]_\.?l u..isL.o )‘

ol%\ﬂ UI)W“‘JGI‘CU“L“')’WJ)JAJWIW.\Y ]; .

2951 3 505 dweip sl lyis clale b omiwlisl b g @alal o gjlwding 2 yiie DRASTIC s,

25 9 b jebas wlyws (Voutchkova et al, 2021) 50 0 48Ul L g 03l cdis b o)l )jlge Sy
il yize pa3ls S lsia clpl 9930 o5 )y (b slosi YT 5 5l 5 205 292y (0
Gyt gin g Ly, ol clale  Sasly, Y s > (Pacheco et al., 2015) 545 o o3litwl guejp; o
& & Cuwl usio ol> Ve gl (PPM VY JI ) 5l ol el gYL olelas)) o ol clale 5 pin Glogd ddlaie
,s(Beraetal., 2022) 5.5 pands (¢ plocawl sl (Yo JIV+)0bj g (Ve J10) bawgiodd JI ) o8 oS aw
a2) oyt 5 b ygns S, 5 (DRASTIC sl csly) Voo siz (s (55, sy 31 i
gyer ;i: )J.)LQA 6 puxile o> U?’”"’)f) PR ool (Fuzzy-AHP LS)JJJA.AMT WY 9 DRASTIC Ls)JJJWT
P9y ol 3 9o gl (XLX2,0 XK it (sl yeite) 1S3 jeite Az b g3 plie (g9 51 (Y b atly i)
Bera et al., 2022; ) S oo ol Lmo—l On &l S sl g eode oo b e g diunly slb pusiio oy ala)
5—+/+5AY | 4,y DRASTIC o )3 ¢ yo pmpusl sSinasold oy e 10 o> 2llas .(Pacheco et al., 2015
ailate ol > DRASTIC g, 5 FUZZY-AHP ss, ¢85 oyl ail e +/+00% | ), FUZZY-AHP Jao 5

el it

1. Multivariate linear regression
2. Univariate linear regression



DRASTIC Jw o)l b alyis 4Y oyl (SKtased oo VT Jgas Sl Y oyl (Ko o ps V0 Jod

039 Y b ol oy  Siusod Jse csla el )by Fuzzy-AHP 4 DRASTIC [l 1o L
Sl DRASTIC oyl Gy Jse

0 —- /YYD (D) b o os —/-5 DRASTTIC
¥ —+/¥Y- (R) Lo i o[-0 Fuzzy-AHP
¥ <Y (A) gl bae

¥ (S) S Lo

\ et (T) S Ses

0 —/\a¥ (1) glsl e oo

Y <[00 (C) Sdgyin colun

8k 25 ©)904 DRASTIC Jao sl ol (sl opiio iz (oS (490 )5y (bl osdiaslos Jo
Nitrate Mean = —0.071D — 0.197R — 0.54 — 0.51T — 0.3911 + 0.202C + 11.497
9 DRASTIC o (slasially i site (Stuson 5 (Slgyten Cobin Y (gl Gt (Stuuon VU sy >
Sliogd adgs oyl b duwejp; bl y3 @lyis (YU polie JWs 4 opl 45 55 dg3g ddlate > il yis clale
YL, Sagl Jlais] g o gaz Ul 45 5l olelis,) )5 DRASTIC Jao 5 48 o 3 1l oo clelis)
Jao Gniaml 42 gly oyt SO (bS g )S) elel p endanle Jao (VW USG) Gillae b
il o 0 Gysods DRASTIC
Nitrate Mean = (—-+/-¥) DRASTIC + \\/¥
25 ©ygots FUZZY-AHP Jao g plycaml 4t gly g opito SO o (ygmm)S) oll 1 ordasslo Juo
bl oo
Nitrate Mean = (V+/-&) Fuzzy-AHP +\Y /.Y

Oyl (Saads 33 Slyis Y L i sla Jio ol VY Jean

R? R jlee il e gl
VRN YR 2 £lay DRASTIC
<JON - IvES y/-ov  Parameters DRASTIC
SNYS L IYAY £I¥ Fuzzy-AHP

DRASTIC (claJao 1 cplownl 5 olis cbile o Sumer (M IS5 5 VW Joo) adlae cpl )
aoleo ¢ piron .Cuwl FUZZY-AHP 5YL cds snias lis a5 A duslis (R=+,YAY) Fuzzy-AHP 4 (R=-,-¥5)
B9y 4 Cud |y slaBldguy B> (R=1V7F) wlpg clale 3 DRASTIC (sloyial)ly (g 0 puiiodiz (y95 )5
ol |y Cualad pac (23 59 dgbo 9 odly (g5l lslinl o (65 mley | eslanwl oy lis  Jeeme DRASTIC
2,8 ol liegd ddlaie ) wlyis clale aids b oy ollay 9 00D



Yo ... Fuzzy-AHP 4 DRASTIC slJuse b (owojpj ] (g pdscm] 2yl o, Son g 43 00 JLSI

() (<)
ey s FUZZY-AHP iyl ais i da, (0) s s DRASTIC o sl il o dlal, Jsgos (i) V€ JSu

S by wlosd duglie €8> a1 (VA Joia) (wej i sl pical b)) lo by i o Sl
oy (sboodly b sblie ;3 (o YL cdd cushad pas 85 (Al 13 9 2 59 ek > 4 AHP 4 (65B y iie
S 9 Casbb pas baylpd 5 ey s ST (i 5353 L5 6l i bsy ol edoms > aimd e )|

S Seawlo baosld

St 5] 3 laingh dulis A Jgaa

dlio o9 R? S5
(Lad et al, 2019) DRASTIC - Yo ool (glaodly cuwlio dawgiio 8>
DRASTIC-AHP . av AHP a5 5o b ¢85 390
DRASTIC-Fuzzy - Cunlad pae Ll b 5YL cdy
(Saranya & Saravanan, 2021) Fuzzy DRASTIC - pe Luwgio Cyshd pas b sblie cuslio cogs <83
Fuzzy DRASTIC-L .. o) S8yl 393381 b YL s
(Saravanan et al., 2023) DRASTIC - VA o3l (sloodly cuwlio cawgio e8>
DRASTIC-AHP <MD AHP 23 59 b 8> sgu0 <85 3900
(Beraetal., 2022) DRASTIC . vE ool (lmodls cuwlio chawgio B3
DRASTIC-AHP - AHP a5 59 b €83 390
(Sresto et al, 2022) DRASTIC v o3l slaodls cuwlio cawgio B3
Fuzzy DRASTIC-L - glate 39y 9 op)l8 el 99591 L YL <
3l

(5 25 4

b 145 o) dibate Glels)] 4 g b Jro 2 cplple o Gl gl LB (oS > Cunjlaes

40 & Camd Jho Sy e @l Al 0yl (il byl 0 Slite (295 el €9 g (SnsS
5 DRASTIC (la Juo L «liog a5 3 (iwojes slocel cpdacaml (25l adliges o] (a5 (sline
Sk b 8 ) Cjao  SrwwCono ot youw)S ) g 39350 o> Vo Sl jlade b g W05 pldl Fuzzy-AHP
A Sianod wA.ZSLg)Jéo.? lodld )3 39350 Cuslad pas Dy cpo il slp 5B Glapl ledlatwl g 2D s
opl 48 g i (Sagll YL eli) b claddhaio jd wlyis slaoly clale wlul y g Slogh adgs 5 03 Y
35 (S5l caiie 3blie 3 YU Sogll e gy Gubato Mels’ Fuzzy-AHP 5 639> U DRASTIC Juo b ol

2 Bl bl plsisar ) oll )l a8 3500 (sl 29480 oty LBl o (6095 (slaoly Ol oS Bes



ANP DRASTIC AHP-DEA Fuzzy-ANP wile 25 1js sl de (lunlio b)) iman .cd,5 L

Oe) Seid laalpd ) (ol £ )5 Jie o iiSu e d9ue |) @l (A5 ANN e la3)Sa9, s OWA
ANP s 35 aolin L zuls ANP AHP DRASTIC o b duslio )3 3,5 o 51,5 s3lisuls)ge baeo o
(Beraetal., 2022) uib blie llg) bjlso 5 g bylee o oS Cunl o Sloj

b ol
el 2815 e Sglas I

dL?M. “53 CLS)LJJA

Ao il i agl douuws yidbes jlodyee (sl Julod g byl plodl i JL3] deguare w315
Ao goib g pde g bt Judoo e by 100 dprw

Wlie ol Sl Sl dess

Ao bwil: S5 pine

&8l LS
253,55 pMel 1 blis DL e Bt gs

PG g g
wa.)b ‘U’Ub 9 u_'x.B J&LAM:] ublﬁi ub LJ‘ ‘—SJ.AA))J) uT Sldleo 09; 9 L)MS uL.wl dlc\n‘am ui L;oLe(w u;)m )I AJW )iuu
Al e g liguds (g)Sen (sl €8 3 p e Jolepdo g (S 4an 9 20 (koS 4cble

&l

3 odlial b wojp; slas] (Sogll Sy (sdivaigy (WWAF) e (B0} nuy g (ol o c(Somogo Asd) )3 (o]
.Y'_\ J“—V" :91/’} JB)‘/L@EZ‘I‘} 4./?50 .(9‘)“) Caudd Zd))sﬁ chUa.o) GIS
https://doi.org/10.22069/jwfst.2017.11929.2645
035) )l oalazwl Ls .)uu‘.».w.s Cubd ul}?oi d).sJogMT L;tl.:))l (\Yl‘\\c) a9 cl.un_ﬂ.: 9 e (SR ‘)wl chJfLo d)wl
https://dor.isc.ac/dor/20.1001.1.23833254.1395.3.8.2.0 .OY-Y) (A)Y i ¢/s/s3,s0975, 40 SINTACS s DRASTIC
L uf.\?ﬂ 4 G Glaigr — byl culd O‘yﬁqi d).s.bw] Gsdigy 9 (i) (V) Loy 03] jhosro 5 Cpwdro (5593
! (ol oy yozil islas (pond il GIS e DRASTIC oasls 5 ealawl
;gv...w]).) u.uf)) dLmu»g) )] odlaw! L» uu.b)))) ui ‘_g)J.bw»] Lg’b))l ‘(\V‘\Q) U")T cuLSsLo 9 JLC A.bM.w ‘wL& Sd)l.a.A?U
-y s(Y)"V :UL‘J/ u/’} Sk u[a.&}o 2 (.) M/ w.)) L_ga..\.ud I).) u.ul)A deo L.l}u 5 9 M A U?‘W‘,)f) m..\wc)’t\ol

https://doi.org/10.22059/ijswr.2016.58333 .YV

sy 5 S5 Ll e s (slod b5 (o Jn (T WA) cdams ccgmn S j3d 5 e (s cdons ja
DO-Y0 ‘(\)A' qsrab s ol jiong N Cunsd ‘_g]o)‘ybl.c polay | eslael b alS

https://doi.org/10.22059/jphgr.2018.215259.1006930

b sy add ey O (RS il el G (WAY) e psio IS 5 dmas 050 tlage (5955 0315 o>

https://doi.org/10.22059/jphgr.2015.55343

0B 93 S 5 b inej g (raw Ol plie il (6 pdpcaml b5, (V) denl paie )18 g e (Blb (Som
AVYY-IWND (W)AF ol of 5 ST clii WRASTIC ¢ DRASTIC


https://doi.org/10.22069/jwfst.2017.11929.2645
https://dor.isc.ac/dor/20.1001.1.23833254.1395.3.8.2.0
https://doi.org/10.22059/ijswr.2016.58333
https://doi.org/10.22059/jphgr.2018.215259.1006930
https://doi.org/10.22059/jphgr.2015.55343

v ... Fuzzy-AHP 4 DRASTIC slJuse b (owojpj ] (g pdscm] 2yl o, Son g 43 00 JLSI

https://doi.org/10.22059/ijswr.2023.356270.669463
DRASTIC Juo jl oslatul b (o) sl (o phican] (gaiains [(MYWAF) g5 yopuny pdio o) ¢ >y opimss
DRA-OAY (V¥ g jalyten 557 dleo pricme s> 163 y90 adlllae) GIS las 5 Sl
https://doi.org/10.22059/ije.2017.61496

References

Afrozi, M., & Mohammadzadeh, H. (2011). Assessment and zoning of the vulnerability of the
Farsan-Junghan plain aquifer to pollution using the DRASTIC index in a GIS environment
.Paper presented at the The 15th Conference of the Geological Society of Iran. [In Persian]

Askarbuyuki, Ahmad, S., & Moghadam, K. (2024). Integrated vulnerability assessment of surface
and groundwater resources by combining two indices: DRASTIC and WRASTIC. Iranian soil
and water research, 54(11), 1715-1732. https://doi.org/10.22059/ijswr.2023.356270.669463[ In Persian]

Bera, A., Mukhopadhyay, B., P & Das, S. (2022). Groundwater vulnerability and contamination
risk mapping of semi-arid Totko river basin, India using GIS-based DRASTIC model and
AHP techniques. Chemosphere, 307, 135831. https://doi.org/10.1016/j.chemosphere.2022.135831

Enayat, B., Ali, S., & Arash, M. (2016). Groundwater vulnerability assessment using modified
DRASTIC combined methods. logistic regression and DRASTIC hierarchical analysis
(Hashtgerd  Plain.  Iranian soil and water research), 47(2), 269-279.
https//doi.org/10.22059/ijswr.2016.58333 [In Persian]

Falowo, O. O., & Bamoyegun, O. A. (2023). AHP GIS-supported overlay/index models in
Okeigbo, southwestern Nigeria, for groundwater susceptibility zonation. HydroResearch, 6,
184-202. https://doi.org/10.1016/j.hydres.2023.05.003

Ganwer, S., Sinha, M. K., Multaniya, A. P., & Ghodichore, N. (2024). Introducing reverse Multi
Influencing Factor technique in DRASTIC model for groundwater vulnerability assessment.
Groundwater for Sustainable Development, 25, 101106. https://doi.org/10.1016/j.gsd.2024.101106

Karimi, H. S. M. N. F. M. (2018). Modeling the relationship between land surface temperature,
topographic conditions, and vegetation using Landsat 8 satellite images. Physical geography
research, 50(1), 35-55. https://doi.org/10.22059/jphgr.2018.215259.1006930[ In Persion].

Karimzadeh Motlagh, Z., Derakhshani, R., & Sayadi, M. H .(2023) .Groundwater vulnerability

assessment in central Iran: Integration of GIS-based DRASTIC model and a machine learning
approach. Groundwater for Sustainable Development, 23, 1-13. nttps://doi.org/10.1016/j.gsd.2023.101037

Kivi, M. R., Hamzeh, S., & Moghadam, H. K. (2015). Determining the vulnerability of
groundwater quality in Birjand Plain using the DRASTIC model and its calibration using the
Analytic  Hierarchy Process. Physical geography research, 47(3), 481-498.
https://doi.org/10.22059/jphgr.2015.55343 [In Persian]

Lad, S., Ayachit, R., Kadam, A., & Umrikar, B. (2019). Groundwater vulnerability assessment
using DRASTIC model: a comparative analysis of conventional, AHP, Fuzzy logic and

Frequency ratio method. Modeling Earth Systems and Environment, 5, 543-553.
https://doi.org/10.1007/s40808-018-0545-7

Li, M., Gao, Q., & Yu, T. (2023). Using appropriate Kappa statistic in evaluating inter-rater
reliability. Short communication on “Groundwater vulnerability and contamination risk
mapping of semi-arid Totko river basin, India using G1S-based DRASTIC model and AHP
techniques”. Chemosphere, 328, 138565. https://doi.org/10.1016/j.chemosphere.2023.138565

Mahmodzadeh, E., Rezaian, S., & Ahmadi, A. (2013). Assessment of aquifer vulnerability by
DRASTIC, GODS and AVI comparative methods of the Meymeh plain of Isfahan. J. Environ.
Stud, 39(2), 45-60. nttps://doi.org/10.22059/jes.2013.35413

Moghadam, A. A., Nadiri, A., & Paknia, V. (2016) Vulnerability assessment of the Bostan Abad

Plain aquifer using the DRASTIC and SINTACS methods. Hydrogeomorphology, 3(8), 21-
52. https://dor.isc.ac/dor/20.1001.1.23833254.1395.3.8.2.0[ IN Persian]

Nguedia, K. D., Njila, R. N., Ndongo, B., Dongmo, A. K., Jiague, R. R. C., & Tedontsah, V. P.
L. (2024). Vulnerability of ground water to polution in the highlands by a combined approach


https://doi.org/10.22059/ijswr.2023.356270.669463
https://doi.org/10.22059/ije.2017.61496
https://doi.org/10.22059/ijswr.2023.356270.669463
https://doi.org/10.1016/j.chemosphere.2022.135831
https://doi.org/10.22059/ijswr.2016.58333
https://doi.org/10.1016/j.gsd.2024.101106
https://doi.org/10.22059/jphgr.2018.215259.1006930
https://doi.org/10.1016/j.gsd.2023.101037
https://doi.org/10.22059/jphgr.2015.55343
https://doi.org/10.1007/s40808-018-0545-7
https://doi.org/10.1016/j.chemosphere.2023.138565
https://doi.org/10.22059/jes.2013.35413
https://dor.isc.ac/dor/20.1001.1.23833254.1395.3.8.2.0

of AHP method and remote sensing. Groundwater for Sustainable Development, 26, 101184.
https://doi.org/10.1016/j.gsd.2024.101184

Ozegin, K. O., llugbo, S. O., & Adebo, B. (2024). Spatial evaluation of groundwater vulnerability
using the DRASTIC-L model with the analytic hierarchy process (AHP) and GIS approaches

in Edo State, Nigeria. Physics and Chemistry of the Earth, Parts A/B/C, 134, 103562.
https://doi.org/10.1016/j.pce.2024.103562

Pacheco, F., Pires, L., Santos, R., & Fernandes, L. S. (2015). Factor weighting in DRASTIC
modeling. Science of the Total Environment, 505, 474-486. https:/doi.org/10.1016/j.scitotenv.2014.09.092
Rahman, A. (2008). A GIS based DRASTIC model for assessing groundwater vulnerability in

shallow aquifer in  Aligarh, India.  Applied geography, 28(1), 32-53.
https://doi.org/10.1016/j.apgeog.2007.07.008

Rogiyeh, A. F., Mortezi, M. S & ,Majid, R. (2017). Groundwater Pollution Risk Zoning Using

GIS (Case Study: Sarab Plain). Soil and water conservation research, 24-3, 1-20.
https://doi.org/10.22069/jwfst.2017.11929.2645 [In Persian]

Ruhi, N., Moghadam, R., & Portu-Tohid, R. (2017). Groundwater vulnerability zoning using
DRASTIC and SI models in GIS environment (Case study: Ajab Shir Plain). Ecohydrology,
4(2), 587-599. https://doi.org/10.22059/ije.2017.61496[ In Persian]

Saranya, T., & Saravanan, S. (2021). A comparative analysis on groundwater vulnerability
models—fuzzy DRASTIC and fuzzy DRASTIC-L. Environmental Science and Pollution
Research, 1-15. https:/doi.org/10.1007/s11356-021-16195-1

Saravanan, S., Pitchaikani, S., Thambiraja, M., Sathiyamurthi, S., Sivakumar, V., Velusamy, S.,
& Shanmugamoorthy, M. (2023). Comparative assessment of groundwater vulnerability using
GIS-based DRASTIC and DRASTIC-AHP for Thoothukudi District, Tamil Nadu India.
Environmental monitoring and assessment, 195(1), 57. https:/doi.org/10.1007/510661-022-10601-y

Smida, H., Tarki, M., Gammoudi, N., & Dassi, L. (2023). GIS-based multicriteria and artificial
neural network (ANN) investigation for the assessment of groundwater vulnerability and
pollution hazard in the Braga shallow aquifer (Central Tunisia): A critical review of generic

and modified DRASTIC models. Journal of Contaminant Hydrology, 104245.
https://doi.org/10.1016/j.jconhyd.2023.104245

Sresto, M. A., Siddika, S., Haque, M. N., & Saroar, M. (2022). Groundwater vulnerability
assessment in Khulna district of Bangladesh by integrating fuzzy algorithm and DRASTIC

(DRASTIC-L) model. Modeling Earth Systems and Environment, 8(3), 3143-3157.
https://doi.org/10.1007/s40808-021-01270-w

Subbarayan, S., Thiyagarajan, S ,Gangolu, S., Devanantham, A., & Masthan, R. N. (2024).

Assessment of groundwater vulnerable zones using conventional and Fuzzy-AHP DRASTIC

for Visakhapatnam district, India. Groundwater for Sustainable Development, 24, 101054.
https://doi.org/10.1016/j.gsd.2023.101054

Umar, H. A., Khanan, M. F. A., Shiru, M. S., Ahmed, M. S., Abdullahi, J., Obute, M. A., &
Ahmad, A. (2024). Application of modified drastic model for oil spills pollution affecting

water quality system in part of Niger delta region of Nigeria. Journal of Hydrology, 131446.
https://doi.org/10.1016/j.jhydrol.2024.131446

Voutchkova, D. D., Schullehner, J., Rasmussen, P., & Hansen, B. (2021). A high-resolution
nitrate vulnerability assessment of sandy aquifers (DRASTIC-N). Journal of Environmental
Management, 277, 111330. https://doi.org/10.1016/j.jenvman.2020.111330

Wang, W., Mwiathi, N. F., Li, C., Luo, W., Zhang, X., An, Y.,... Gao, X. (2022). Assessment of
shallow aquifer vulnerability to fluoride contamination using modified AHP-DRASTICH
model as a tool for effective groundwater management, a case study in Yuncheng Basin,
China. Chemosphere, 286, 131601. https://doi.org/10.1016/j.chemosphere.2021.131601


https://doi.org/10.1016/j.gsd.2024.101184
https://doi.org/10.1016/j.pce.2024.103562
https://doi.org/10.1016/j.scitotenv.2014.09.092
https://doi.org/10.1016/j.apgeog.2007.07.008
https://doi.org/10.22069/jwfst.2017.11929.2645
https://doi.org/10.22059/ije.2017.61496
https://doi.org/10.1007/s11356-021-16195-1
https://doi.org/10.1016/j.jconhyd.2023.104245
https://doi.org/10.1007/s40808-021-01270-w
https://doi.org/10.1016/j.gsd.2023.101054
https://doi.org/10.1016/j.jhydrol.2024.131446
https://doi.org/10.1016/j.jenvman.2020.111330
https://doi.org/10.1016/j.chemosphere.2021.131601

