Downloaded from geographical-space.ahar.iau.ir at 22:47 IRST on Monday December 22nd 2025

Qe 0 ylould (p2Riy § ot 0990 aobidad yal usly oSl of3T olKisls
NE-1Fe Oolmiuo AF+F ylianls il i glab ke
ol jpate

Y .
Soeo 9 doow Gle

abg> (5990 axllan — (Lo 15 ST 4045 05l Gblie (Ll 13 GIS y (ciiwn 0)luno i Jlxd g 4y 525
59503 sl
VECE VIl g VEY O el b

US>

(S G las 5 e (55l alaxr 1 Sl slac s et 53 OF 35S s 4 el sladle s
Sl Gerind 2l esill Ghle Glubd € 5l el cpl el wBl SR8 Dty ey n5 sl ol sl
Lo 5 ol 5338 o e b 0 32500 b3l (S0 uni s Gl ol 03,8 Oz 53 15 2 5o 4,055
G i s ST el Olgr i 5> ST el ol e 5 313 s eed e ) Sl s o
(Sl Glan egdle sls Se SV b St glae, s J3 e 5 SHOL JIs o 0L bis 3 e
A aiesls o h ST O 4 VB 5 aasl s dadlbis s der Sl aptau ST Ol 51 (6o
O b ol andlas ajls (g3l Saeols ey ol e gl a g addlls 5 pe adlis OLSL S35
i Sl e Sleslinul b g 55503 ol a5 5> (GPRZ) e 25 Ol opill wlss sble plulis
(AHP) 5l ek o aT 3 S5 ol 2 (MCDA) o jlnsdiir (6,8 woond Jebo 5 0525 5 (GIS)
SIS (S| 5 S e i/ (Bl (5 et o bd S il se le & Lol 0l ol
255 el e bl wlis s Sse Jelge Olye 4 AUl 550 5 U1 p ) (ol o) st
Losodd 83055 (AHP) 51 e ade Jdo S L e jmell ool oz S 513 o 5550 GIS105 Lass
Pl L plesl (WLC) 35 st oS 5 by bl 2 (ACGIS) bl i ledbl s 51 oslizu
S s il Jols s 5 sl wdis o 5dll Gble (GPRZ) SIS ey 4 adlaie ool s 4y s
(NLIA) g o s 5hS AVEN 350 48T s o DL il L G oS oS Sl 5 oS oo 0l b

- . Al
mansadeghil400@gmail.com (Jimms 00ty 39) 03l pol e 55 e sl95 oSzl « o Ldlyaa pole 0uSiasls clazme Cu e g (555098 590955 09,5

A E o . B - &l - o - £a Al
Ol dgeine guwgo,8 olKiils ¢ il pole g lool 0aSiils clae Cu e 9 (558058 ,90555 09,5


https://geographical-space.ahar.iau.ir/article-1-4157-en.html

Downloaded from geographical-space.ahar.iau.ir at 22:47 IRST on Monday December 22nd 2025

VFe¥ Lol Qe o losds poxdy 9 St 0590 ¢ 2 Ll y2> gLad code aolilald Y

YY) o ra SYVYIV VL Joedly b a3 (REE/E) mpm 20 skS VOONT VL Sl pdas Lol L b
Loaib 5o (IV) mopm e kS YEE) 5 oS Jouily b oakl (V) o e kS 0/Y v Lol b akbs s
5ol 2l ey 53 IS b OV s gl L5 o s ] sal s 5 3005 13 S sl il
Sl s s ad s O mle o e g Sl 1 sl SNl Oladisd sl 5 Sy Lo (S

25k el aaleio

(AHP) o Lrsti

FRV-PY

OF O3 Sas oS 3 13 033 s gz go plu 5 0Ll S5 53 Sl 58 ank diad)l S Olge & ol
Crdn ) Of 6l Lol ¢635lES 5 G anw s 5 g 5 xS (Camax (i3l 5 8 e Sesl S5
5 Sl b st e KL Ol S w5 S wilaie 5o Ol [53S 65015 ol e VU
sial 33 LS ol 033 sbrml OF mbie el 3 1) s o tllr (S0l SIS 5 Sl il S]
b i s 2l b Gob 5 Als e Ol 5o s3latl 5 oleanl ((Son b slasls oy 6l Ol 6l SsS
Sorl Bt a5 il gate S i sl sl alie b ocplaly 358 ol ol
S s Sl Ol a5l S s Olge 4w 5 el (Guppy and Uyttendaele, 2018) uixus
Gl 53 o5 4 4l cnl «(Frappart & Ramilien, 2018) ol Ol L& 5l (ol U3 e ST (ol g
Sl dos 00 imen s ) saol (Arshad et al., 2020)s5, 0 Jleda Gl YlS Sistaas 5 Six
= « (Rajmohan et al., 2021) S o el 1, Olgr nno ol sl Sl aes £ 5 Ol swelal O b
<1 b . (Frappart & Ramilien, 2018) el Olgzr el e 3 5 35Lks 1/0 51 2 (5 Shelal ol Lol
e Gl e s 4 sl s e LS5 1) Six gladas o ;_j@u“-\ Qo3 Ve 5l e 4S s
(Aneesh & Deka, 2015) ..l pladl 4 55 Cumarr Sl 5 S (608 Sl i (ol 4055 s >
32 s 53 5 03 58 w355 (S0 ol i mns 53 S sk B by s w4 e glac]
Bhave and )l (s5,5liS 5 o (S oyl ozjjﬁ sl g'l i (sl oS b an
ian 6l T L 38 s il gl wdis o3l 4 es 5 O e 51 ST (Katpatal, 2019
Gy s Ol 2alS e o,8 Opse il Wl 5l wdss i S Sose o3 bl Ad dalys Lis
Gl 3 s Sl b Sl s e Gols e bl A e Gludis OlE s et 0305 LY (St
3 e ool ol
sl S 5 s ST bl mhaw 38 Gl 4 e Ol Sl 5 S bl 53 Grasand
b pl oy e RS Jols ad s OF b et 68 nl s pete sladaly s e adlae s
Ll oo e 5 LS dadaion bV OAs Kast (s b o op e 5 s ol 215 Rl 5 CudS 2als

Copde 4 L O ol 515 il &K dslaze 5 s ny ol O3bs (6,8 Ol gl (Zarei et al., 2022)


https://geographical-space.ahar.iau.ir/article-1-4157-en.html

Downloaded from geographical-space.ahar.iau.ir at 22:47 IRST on Monday December 22nd 2025

-------- 2 (s 0t Wiy ol 3 4y 35

Sl oo i o310l 3 G 311G s O 4dis GRIB L G e alS Gy b 1 s s T b
Copde 5 anws Glp el SL e wes ool adss (Nirmala et al., 2011)s S (5,8 g ns 05
5548 Sl 0l J 55 Wi o e ) slacl i (Bhave etal., 2019) ol s 3 ol e Lalls

spdie gl s S mlie GRIBH Gy e a4 sdn SIS 5 35k gl e gl O
el o3t 4 b O 358 au 3 0T 3 45 ol (gladleve «o gt anb 4055 aileie(Bhattacharya, 2010)
oo o UL O adss ol s Ol @ s alee 558 L e el & sl O 5 e
0313 358 b 35 oty (Nasution etal, 2019) 5,138 oo 30 5 o I8 1 oditens o b 4 ol ol (S
W opl b dals S ailaie Oles 3 sl Bi 4 e g8 5 S e el by,
dsa 5 T sla Sis aler 5l s3daze balse a5 ool 51585 sl cmbin 4085 il b slacule plabis
LSl sl 5 sl s (ol e (eSS ey ((SailaGas (el Ol (SIS 5y
; Ravirgj et al., 2017)s)ls Sas ) s/, o S 5 e s SE (a8
plmsl Ol a3 e 2 Glaol i a3 SWles =l gla Jle s (Senthilkumar et al., 2019
RIS S | sl sudss (s 458,5m 585 belye S s 4 Alai Tagalani etal (2018) .ol o
e 5o e 4 Slesliial b5 A S Bl o2 — S5 el 5 (blazad )y Sl eslanal b oliile S0 5l
sp5 b Dehghani etal (2018) .65 S oyl (654 585 505555 0ea Sladsly 4 4 > sy wgy 4 GIS
Ghle Cdw o e 5 LaOlal Ak s egiae wdis slle 3 Shas L3l 6ln ool Olse b
wlis bl 5 Slas s Slp o 0SS F5 5 wdis bkl i 25 b et ls bl eSS
L s ol Gloe a2 goms 01i5 5l clie ol oLOKs 4 Zareei etal (2019) .axstls o yons
L0« Sadeghi et al (2022) s S Bl 5 Okl 53 Slolsale sl 5 (sladlae slaesls 3l eslizal
b aidate S5 9058 5055050 Sa S AST L o sll iy 8 ot Ol oo sme a0 diS s (sla e
Sl cedys St 0 Lls (slaSSl by e lamme p Golae OIS (el olal 1 3 g0l o131 jlae 0
R R P R NPT P P IS S
sleaxls 5l eslinal b b et ls 55 awslie s PROMETHEE) LSS (¢ .8 S L Parizi et al (2023)
sl plBl Ol (655 0 NS b sOlpl s i il mbe oo oL oL & &S
el L S sl ﬁ)ﬁ;gi s osdl >y RS 5 GIS O eslaeal L Bhave & Katpatal (2019)
5 B S it (ALl s /o) S (S 58,5055 Slaskas Sl S0 g s Sl
GIS , sawe o)lmadinr i 5 25 Olpe b iS4 Abijith et al (2020) .05 o5 eolil o)l sl (ST 5
Lol ) eslinal U Lol zstls s (3l el ol a3 e ol wdis osall bl Ll ol
053 S Sl eslire dim (658 e $las Sy (MIF) &Sk 36 o 5 (AHP) 31, alids Jidos
Aslsy (GPRZ) wad sl ontd sl gble glabs s L8560 Ll sl

! groundwater potential recharge zonation


https://geographical-space.ahar.iau.ir/article-1-4157-en.html

Downloaded from geographical-space.ahar.iau.ir at 22:47 IRST on Monday December 22nd 2025

VFe¥ Lol Qe o losds poxdy 9 St 0590 ¢ 2 Ll y2> gLad code aolilald ¥

Sheslital b s ol wdss fewily gils easdoes s (sl (93,50 5,5 Olge L idss Bhunia (2020)
(S35 85 (IS Jols 25 5m Y A 1 S 03 sdne a5 OLE] 3l il S (558
S o casn 5 3 Ol e gl INDVIE (ol oy bl o5l 8 oSl (25085 oS5
5 e o 03 el b SIS Y a adlae sl sty il il e gad e3litul pemng 1
A3 5 eslizad L (ARPZ) 0l ol adss o5l bl (sduag « Al khan et al (2023) .o sdwaib oS
el (63 5m Ol oS53 Okl 55 (AHP) 3lealid Jd 5 (Geospatial) S1e o slas oledlb
(SI5 weslsha (S5 (Sl il s Wl ge Julss 5 OGS b e sl T e
3 LS o8 Skl s ged eslizad (NDVI) o Jbo i oosles A el 5 S G (S
5058 Sos Bk Sl al mle w 0s35s, Gl bl pes 4 Aile 538y rlee a0l
$oladl ann g £ slasls el G 1y S5 6&;:)1 GL;A Sl eslinal ¢ la Lgl.m:j Gtﬁ Slla g
L st Sl s i Sl w85 Gl Co e wsne Sl el 035 Aok il
Lo 528 S ol Oley s b e fwed s slaol s @ Sl adlae ol sl Sk (el gl LS
RS K3 Bkl s a8 5 Ll WS 5 i adlaie 53 Bk Sl aS anlllas )50 adlae alexl g
bl gluli b 2alS a4 b jsb 4 e glao] Ll Ol 5ot Sde GY5b JLSax
B3 Blg e s ol Slaeha i g bl ool 5l eslinal 5 ued 5 slel wdis S dane
L e ol wlis gl dmias bl s S 205 Wlis opl 53 olad ol 5 il LSl ates ol
sl laosls asgaze 5 Siddosdes lassly cdiie o5 50 saais WS LAHP ls g 5l eslac]
asdllas ool 51 Jool Sl 5 old s fes ) sl £dn il glaald 3, e slnl s oLl

Ll 5550 SKaS ol 3 Olssal Sl anw g 5l cbli> s Kl s
asdlan :J}ad.k.'.ogéﬂ

saolul o 5 el Ol Ll 51 (LS Y“oo/\u)cfﬂ,l:smw\ Corw g b andllas 5590 03 5de
YA YA JIYYO OV YV 5 35 dsb 00008 YA SN0 Y XY oy Ui Sasdse 55 5 03 5 S
5l e YVE0 0T L) S e ANE as e gyl Blus () ISKE) el s Bl Jled e V80
adlae 550 4 s Sl 51 Aoy OA ol 20 5kS 0TV 55 > Lame 5 do s WY/ 0T oo e

Qm‘c.)n}ébéjsfdm|)bcffﬂ)l:5\iqo WJLQTM)J inr:OQUM|)JCJ.Aj:.AjL:SY'-V\b

! Analytic hierarchy process


https://geographical-space.ahar.iau.ir/article-1-4157-en.html

Downloaded from geographical-space.ahar.iau.ir at 22:47 IRST on Monday December 22nd 2025

-------- 2 (s 0t Wiy ol 3 4y 35

4800 m 4909 m so*ooTm sy oo srroo m saxtooTm

ny

g
BN

N

14

%

f
N

A e 5 .
;

......... wallhos o4 po auds g g
s oo e dJ9 0o e so*oo e arroo e sr~oo e sa3“oo e

Ol 5358 5 o3 Olwl 53 35038 ol 4 Cond g ) IS
Figure 1: Location of the Qomrud watershed in Qom province and Iran
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Figure 2: Weight of each indicator based on the AHP method
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Table 5 - Area and percentage of area of zones with different permeability potential in the basin
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Table 6 - Number and location of water wells in the area
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Figure 13 : Map of groundwater recharge potential and wells in the basin
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Abstract

In recent years, due to water scarcity as a result of human activities including agriculture, industry and
domestic use, groundwater extraction has increased dramatically.This has increased the need to
identify potential groundwater recharge areas. Groundwater is one of the most valuable natural
resources of any country and is present almost everywhere under the earth's surface and is the main
source of water supply worldwide. Groundwater plays an important role in maintaining the flow
between rainfall sequences, especially during long dry periods. In addition to human needs, many
ecosystem life such as rivers, lakes and wetlands depend on groundwater flow. The lives of the
residents of the study area are also highly dependent on the extraction of groundwater resources. The
present study aimed to identify the groundwater recharge potential zones (GPRZ) of the Qomrud
aquifer basin using Geographic Information System (GIS) and Multi-Criteria Decision Analysis
(MCDA) based on the Analytical Hierarchy Process (AHP) technique. Nine influential factors
including lithology, slope, land use/land cover, soil, drainage density, geological lineament density,
landform, elevation and annual rainfall were identified as influential factors in groundwater recharge
and analyzed in GIS10.5. These parameters were weighted using Analytical Hierarchy Process (AHP)
and integrated using Geographic Information System (ArcGIS) based on Weighted Linear
Combination (WLC) method. Based on the results, the region was classified into five classes (GPRZ)
of groundwater recharge potential zones including very high, high, medium, low and very low
recharge potential. The results show that about 1.874 km2 (24.8%) is in the very high recharge
potential category, 1558 km2 (44.4%) is in the high potential category, 7.773 km2 (22.1%) is in the
medium potential category, 2.59 km2 (1.7%) is in the low potential category and 1.244 km2 (7%) is in
the very low potential category. The results of this study can provide policymakers in the fields of
water and soil resources, environment, and other stakeholders with valuable information to improve
groundwater resource management and sustainable development of the region.

Keywords: Qomrud watershed, groundwater recharge, geographic information system (GIS), multi-
criteria decision making (AHP).

Introduction

Water, as a valuable natural resource, plays a vital role in the lives of humans and other living beings,
without which life becomes practically impossible. Population growth, urban expansion, and the
development of industry and agriculture have greatly increased the demand for water. Iran's location in
the arid and semi-arid region of the world with one-third of the global average rainfall and irregular
temporal and spatial distribution of rainfall has created serious challenges in providing water
resources.

Qom province is one of the provinces that are prone to migration, therefore, the increasing demand for
water resources and on the other hand, the shortage and fluctuations of surface water resources have
made the use of groundwater resources inevitable to meet the needs of the people and the economic
development of the region. Excessive extraction leads to a decrease in the groundwater level and
subsequent consequences. In order to sustainably supply the water resources of the region,
groundwater recharge is needed. At the present time, when our country, including the study area, is
located in a dry and low-rainfall region on the one hand and is involved in a long-term drought on the
other hand, and the possibility of groundwater recharge has decreased naturally, identifying areas
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susceptible to groundwater recharge and using these areas to recharge groundwater aquifers can be a
solution to this problem.

Materials and methods

In this study, 9 criteria including lithology, slope, land use/land cover, soil, drainage density,
geological lineament density, landform, elevation, and annual precipitation were used to identify and
determine potential groundwater recharge areas in the Qomrud watershed. Considering the diversity of
the criteria considered, the Analytic Hierarchy Process (AHP) model was used to achieve the desired
result.

The Analytic Hierarchy Process (AHP) is one of the most comprehensive systems designed for multi-
criteria decision making, and it is based on pairwise comparisons. The pairwise comparison matrix
significantly reduces the complexity of the decision concept, because only two decision elements are
considered at a time. Its main steps include: 1. Constructing the pairwise comparison matrix; 2.
Pairwise comparison of options; 3. Determining the weight of options; 4. Calculating the
incompatibility rate. The Analytic Hierarchy Process (AHP) is a multi-criteria decision-making
method for weighting criteria and selecting the optimal option based on pairwise comparisons. In this
method, expert opinions are used to determine the weight of criteria and prioritize options. The AHP
approach uses spatial data more efficiently and reliably in groundwater management systems. In this
study, first, using the paired comparison table provided by Saati, the variables used were compared
and evaluated in pairs according to the opinions of eleven experts and specialists in the field of
groundwater recharge.

Discussion and results

After standardizing the nine layers of landform, lithology, elevation, slope, soil, land use, drainage
density, lineaments, and rainfall, the selected indicators were prepared for each layer and the score of
each layer was determined based on the analytic hierarchy process. Each layer had sub-sections whose
scores were also determined. In the next step, each layer was multiplied by the weight of that layer and
combined with other layers. Finally, the resulting map was created as a basin zoning map in terms of
groundwater recharge potential.

To validate the results, the layer of groundwater well points in the region, which was prepared from
the provincial regional water organization, was used. At this stage, by superimposing the layer of
groundwater well points and the zoning map, it was determined that the prepared map has high
accuracy. Of the 25 wells in the area, 2 are in the medium-capacity range, 12 are in the high-capacity
range, and 11 are in the very high-capacity range, indicating the appropriate accuracy of the map.

Conclusion

The use of geographic information system (GIS) along with multi-criteria decision-making methods
such as analytic hierarchy process (AHP) is considered a powerful and efficient tool for identifying
potential groundwater storage areas. In this study, in addition to preparing a map of groundwater
storage potential in the Qomrud basin, the efficiency of analytic hierarchy process and geographic
information system was also examined. First, 9 indicators, landform, lithology, elevation, slope, soil,
land use, drainage density, lineaments, and rainfall were extracted in the studied basin, and then, using
the table provided by Saati and expert opinions, a pairwise comparison was performed, and the weight
of each indicator was determined using the analytic hierarchy process. The results obtained show that
the landform and geology indicators have the highest weight, and the lineament and rainfall indicators
have the lowest weight. The various thematic layers used in this study were satellite data, topographic,
geological, soil, land use and meteorological maps in the software environment (GIS). The weights
obtained from the hierarchical analysis of the layers prepared on were combined and merged, and a
groundwater recharge potential map was obtained. Based on the resulting map, 2432.2 square
kilometers of the basin are located in the zone with high and very high groundwater recharge potential,
and about 303.3 square kilometers are located in the zone with low and very low potential. The result
of the validation of the maps prepared using the location of water wells in the region also confirms the
accuracy of the zoning. As a result, it can be said that the use of hierarchical analysis (AHP) along
with the use of indicators involved in groundwater recharge can be a suitable solution for preparing a
map of suitable zones for groundwater recharge. The results of this study can serve as a management
tool for water resources planners and policymakers, especially groundwater resources. It is expected
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that the implementation of recharge management practices will improve the status of groundwater
resources and, as a result, significantly increase the volume of water available for use by the local
population.
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