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Abstract

Determining the proper locations for groundwater extraction in
a region by using field observations, geo electric, geophysics
and other similar methods, requires considerable time and cost.
Determining the appropriate range and locations using existing
data can play an important role in managerial decision making.
In the current research, required data from organizations, field
studies, and Geographic Information System (GIS) were
prepared. Then, the potential of groundwater resources was
obtained using the ArcGIS software, DEMATEL and
Analytical Network Process (ANP) as powerful Multi-Criteria
Decision Making (MCDM) methods. ANP and DEMATEL
methods have been used to determine the weight of different
themes and their categorization classes to identify the potential
groundwater abstraction area. Consequently, the study area
was divided into seven sub basins in terms of potential of
groundwater resources and change in groundwater
consumption, using GIS software. Results showed that 1.94%
of the basin has very weak potential, 21.5% weak potential,
39% average potential, 22% good potential, 11% very good,
4.54% excellent and 0.11% of it has a very high potential for
groundwater extraction. Moreover, results indicated that land
use change to agriculture and urban areas, which reduces the
level of groundwater resources recharge, and high agricultural
exploitation from groundwater sources were identified as the
main causes of groundwater resources threatening in the
studied basin.
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Fig. 1- Location of studied basin and geological
view of Ardebil

48)9 slod g anllhe 390 adga Cuprdge - JSu

510 810 1110 1410 1710

Jd,l owld oy

YA, ln o) 2 ylowd (o3 3L Jlw oyl il o galio ol

Volume 16, No. 1,

Spring 2020 (IR-WRR)
¥¥a



heins ol glie ) el slajee ) (55l 5 oo 4 5l
0I5 > ey Ol Bpae S pei g o) ) el ol
slooly 81y T (65pslaS slagme; (BS)E 5 (5598
Cygo dy &S dwo) s ol mlie audd (38l 03950 jd Ol cuily
WWigdh Cypde g Cudldy digs Gygo 4 Ll L)b dg5g dgae
coly don Ly ccanl 0 o3b lis ¥ S 5 o5 wisSilan

At @Bl cobd Byl e3game )3 Cudd jlre st g jbre

iy ol gl Jpmily 095 o0 osalie 0 JS5)0 45 655 plan
wigns L3 la Junily b adlate can 4y Jod)l cuds ol asgs
(St Y o ol 5 e gt g cagin i
s ol gl cuby 1o)d VA g o s Cudld
sty 13 $/¥0 cogs L bty 153 V) s il
O ey ey Yo e ey sl 2oy <Y 5 Jle
ol adg il b5 3 Jeuily Coglis > Al o (o5
DS el b5 ) o ogli5 zalan ) ilike Laloe w3
Bl i gl g (93 (rei) ol alie Sl
G il glaoglaS 5l ond S5 (slanylisl) ool e
Jos d K wile wiby, clacdpl wsun S (gplidels
oydd el & Wb weinj ol Gl sge e g WS e
A8l (1595 (ol (o) 3L 5 ] S5 e 3
canlio Jomiliy (gl b o 8] a5 Jod )l cusd (635 10 4l
Ol 3 38 5509liS Sl g Waoly ST g wibice (6130 0

A5y 548 edgae

gxugor ¥

e Jud)l Cubd )3 (65,538 slaime) Canmg (939059, (Al
4500 e Jl g 05 5ogliS 5> o pan g 5l Sl
coond8l Gy sdas Gl oy ddbaite ol mle Lials cle
b adlise Jud)l il 2ol gie o ytage & (g5l i
b el (sl Sty ] 4 el 005 Anlga U (g 918
Cuiopd (&S g o5 BLY Sl o i 5,90 Ol el > g i
eins ol e sl g gy loodliel Sl e )|
bl 5l (gl oy ol gl (e (M carge i ()
ool Canddy (gAudigy Add pae (slaCw o jl S Cawl 0l Cud
Gl oy ol gl Jamiliyp S50 5 goite sloyial)ly odlisl
03)5 wal |y el (pl g ol 00l S 5 &Sl il g, b oS
A8l Bl dg2g Jhe 3 55 435k b (G9y0 by oS

S J5 gy g le deobre (8) oSl sl csibolp
s € g wabiune baslg) 539290 ound GAD o ilo p5 ol
D950 JSI 0nj Jge b 4 225 L (S)

()

N(1-NY) _N _ N(I —

I-N I-N

S=N+N24+N3 4.4+ N' =
Nt
lim N* =0

t—o0

(v)
fpaiimo i bilgy 51 Ko GAE dlxe
FHRSe 239250 polis ) e i Lally) 5l (Son
duwloee o Jd alie JYaswl b ;5 wdid delad goome Gusb

Dgud 0

Tinoo = N2+ N3+ N* 4+ -+ N' =N2(I-N)"t (V)
5 ol byl (b gon R 1 3 a8 ol Ly 5lo Lboss ()
3590 iaegs polis s 2 o] (63550 lje Byno ole s (4l
o g i polie plo e Jolo (00l s
5 g b 5o g 039 881 )15 & Canl (5 a0 RHD g ol
RHJ e dzyp ;505 Sole a4 sl plpun )y jlaisjge Jole
i polie plo b (e Jolo Jole o] adl yuin ol
(WU, 2008) ol yidus i 1 Jole (Caodl) 559 13 )l

ad el o &y 1y bay S 5 ganad, 4 DEMATEL (S5
e o S)lne Sy Sl g IS BT Blise e sl 4
S5 ol 215 555,18 (398 0 a5 Jole ] 4 g, sl 3 4S)
I ebey ») lys &Sl WS b oo Jilue O g e

sl 484 Jos sl yp Logas K05 (ala b,

U g g s -Y

Cawl 033 935y (lins] paw CEl L il g Jlo b Sl cuds
Sweing ol @le 1 $3e s adlas ol )3 yglate cpl sl
P8y s BLS lubey (owlidiyn] comd Ca conpd slady ¥ ol
S o5 S (Sgpien Calan i Gl Sl el
cslio (gla S (gainaing Aol y3 5 48,5 )18 () 590 )b g
Cawd 4 o gl ol oud ans gwejp; ol Jlastul cus
9 8l ol oad o ¥ USS )3 o) 5l plaSya (gly ol
oo s (o) Ol @lie 40355 ¢ 3e8 cow j3 )l cubd
5 el y gt W5 4 ey ol plie cuily cou > Ll
o Ailo oS IS Bres g Bros dass laoly lial 5l

ITAR 5l ¢ 0,lond e 3L JUo ¢y ol o golie coliyling
Volume 16, No. 1, Spring 2020 (IR-WRR)

fa-



Here are the priorities.

Icon Name |Normalized by Clus‘(erll.imiting
No lcon| Precipitation [ o066 [nooe3es
Nolon|  Aspect 001220 [0003426
Nolcon| Digital elevation 008026 0022544
028549 [0080187
003041 [0008541
No Icon|Groundwater depth 0.34829 |0.097825
No lcon| Hydraulic conductivity (k) 009040 [0025391

t Nolcon|  Vegetation 0.08322 |0.023375

No Icon Geology
No Icon Slope

Nolon|  Fault 003101 [0008709
No Icon| Topological factors 018020  [0.129586
016527 [0.118849
029397 0211401
036055  [0250288
000000 [0.000000

e Piezometer GEOLOGY B+ B nce [ asp
© Qanat two I Av | EEN Ly lam
e Qanat one B o s Blnev [l or
o
°

No Icon| Geological factor

Spring I o [ kcs Il ree [ ™R

Legal well [l €18 [« [ Pev [ avc

o THigal well I E2a B NG [ Pekvt [T ser
_ geology [ Elvs [Circ EE™

[ | <all other values> [JI E3T [ Inet [ Joar [ RA
- GHA E ~nes [N asi =3 v,

Fig. 4- Legal and illegal wells map Fig. 3- Priorities of the nodes in the Super Decision
o g jlne sLdols s -F JSUS Super Decision 413810 4 45 Lo yS swwglgl -T JSWd

No Icon| Environmental factors

No Icon| Hydrological factors

|
|
!
|
|
|
!
Nolon| Land use | o007 jooodsts
|
|
!
|
|
|

No Icon| Groundiwaterpotential

Wi 3 Gueips &l @lie Jlasil Il Copie (giya0by

Cuound 3| cudd 5L5 090 ol bl 5l 294 o oy cddllas )90
by 305 bl jl g o 15558 pe5 Jud) iy olgsul byl

g4 00\l

ySid 9 ).3.:.35 -0
)bbu J:J..))l LSIAB.L:.;.A cJ o)bl £y Obu)lf c::lgp)‘ )'l gubb »

D90 !

55 275 0

- I=m= »—1 }—{
1-Remote Sensing 7
2- Geographic Information System B Very weak [ | Good N :':2;1 high groundwater |
3- Inverse Distance Weighting 11| W Weak 5 Very good -
.. §|| =1 Middle ] Excellent
4- Kriging
5- Spline

6- Lineament : :
. Fig. 5- groundwater potential ma
7- Analytical Network Process 19 - grouncw P ! P

8- Fuzzy Logic Jud )l Clid (gimo 35 1 gl Jaaaniliy anldi -0 JSWo
9- Analytical Hierarchy Process
10- Decision Making Trial and Evaluation Laboratory 4 e b duglio s dilate 5l gy sy Sbomy] sl byl oy

CR> 2D (0 4:1)] |) )l g;‘),o A dhbu"% )l oJ..a‘ Cuwd
YA, ln o) 2 ylowd (o3 3L Jlw oyl il o galio ol

Volume 16, No. 1, Spring 2020 (IR-WRR)
AA)



and West Bengal. India Using Remote Sensing and
GIS Techniques Environmental Earth Sciences
70(5):2115-2127

Nico Amal Kermani M, Pour Asgharian A, Nahvi M, and
Dehghani A (2012) Evaluation of interpolation
methods in groundwater estimation (Case study of
Sarkhoon Plain). In: First National Conference on
Desert, International Center for the Study of the
Desert of Tehran University (In Persian)

Vaezi Hir A (2013) Investigating the potential of
groundwater resources in the hard formations of
Ardebil province watersheds, Case study: Baliglou
Chay basin, Saien branch. Applied Research Project
of Tabriz University (In Persian)

Wu WW (2008) Choosing knowledge management
strategies by using a combined ANP and DEMATEL
approach. Expert Systems with Applications
35(3):828-835

Zabardast A (2011) Application of Network Analysis
Process (ANP) in urban and regional planning fine
arts. Architecture and Urban Design 41:71-90 (In
Persian)

Zamani B (2013) Investigating the potential of
groundwater resources in the hard formations of
Ardebil province watersheds, Case study of
Aghlaghan Chay Basin (Nir). Applied Research
Project of Ardebil Regional Water Company (In
Persian)

&lye -~

Asghari Moghadam A and Kurd M (2014) Numerical

modeling of Ardebil plain aquifer and its

management using optimization of Ardebil plain.

Applied Research Design of Ardabil Regional Water
Company (In Persian)

Cheng EW and Li H (2004) Contractor selection using
the analytic network process. Construction
Management and Economics 22(10):1021-1032

Dar | A, Sankar K, and Dar M A (2011) Deciphering
groundwater potential zones in hard rock terrain
using geospatial technology. Environmental
Monitoring and Assessment 173(1-4):597-610

Gheshlaghi H A and Feizizadeh B (2017) An integrated
approach of analytical network process and fuzzy
based spatial decision making systems applied to
landslide risk mapping. Journal of African Earth
Sciences 133:15-24

Grimaldi M, Pellecchia V, and Fasolino | (2017) Urban
plan and water infrastructures and DEMATEL
approach. Sustainability 9(771):1-23

Malek Mohammadi B, Azizi A, Amini Parsa V, and
Alipour M (2015) Investigating the environmental
impact of underground water damage in Ardabil
Plain. Applied Research Project of Ardebil Regional
Water Company (In Persian)

Nag S and Ghosh P (2013) Delineation of groundwater
potential zone in Chhatna Block, Bankura District,

ITAR 5l ¢ 0,lond e 3L JUo ¢y ol o golie coliyling
Volume 16, No. 1, Spring 2020 (IR-WRR)

Yoy



