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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

Cﬂ"jﬁwﬂ
Patil and Mohite, ) S s Ll soed 5 sla ©f s & O 3580 5 Calia 3 wlul 5 g 5 (oo gl
o & Ol 358 Olin eoman 5 Olgul & 3l U 5 aeies Sien b Ul b 318 5 5 (2014
Lab Y &:‘J%’J@J&:‘J gl &S 15 s (Patraetal, 2018)s 15 . sSan (Sooar ol 2
Lyls Sl gl S bl > Sy oS 5 b e SRS 358 Ol 5 asl iUl o
gls,! (Agarwal etal., 2013) cils dal 01k Ol 358 gl i Ol 5 03 LS o)l sen bl S e
53 Sl sS Gbla 3 b Aol Al 3l Goad 5 e Ol (iomen 5 0L g8 5 Ol 3 oS (el 145
Jead 55 aalbs g &I@uﬂemwuqy&wmﬁ)x 3 b aS Cl Gy ot Ol fuab
D) 53 B S Ol e Lpdpn g ) )5 Sl 4 s sm 5l 5 dis Sl 0 S
s dige 3 o3 el OF Ol Sl et Bt slaesls Al e 355 ssbee Sy g Sl S s
03 5 Fasks TIAYE (g AEA Ll 5o of sl g LVl s Ol 515 cnl G ol e
FeVY/0 il 58y Jde 4 L Sadeghi (2019) .ol ol SSe3lul e Lo N44/4 (g e T4 D)
anlllas 550 adlaie olisyl Slib 42d ((GIS) oLl ar SleMbl (s Jamme )3 4 g 50 s b 5 adate
by o O gLl Sl 5 20 QN8 L 0T G 53 55 508 4 gLl Bl (¥ JSC8) 5 (VU ) s S s



http://geographical-space.iau-ahar.ac.ir/article-1-4157-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 0:59 IRST on Saturday October 4th 2025

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

Lla= 5 5505 13 e Yerer B V0 Cuj)\&:{ﬁ Lo YY.0 L s Colun o miy AL 0 2T AN

(Ydsdm) ol sl Els e Yorr SV el s d sV Las e ol

P - SIS N TSP g PR T
Table 3- Distribution of elevation classes in the Qomroud watershed

YOore < Yoero_Y0uo VOove—Yerne \Yeve—\0re <\Y~~ (J:A)Cw)‘
£ VA VoVY/$ MWoa | £ va | (kM) el clib ol
V¥ Ve £/ YY/0 WAY | (1) el olib el
49°40'0"E S50°0'0"E 50°20'0"E 50" 40°0"E t
E
2
F e £
& g
P 3
LS Y
. 964 - 1,200
B 1,200 - 1,500
= 1,500 - 2,000 =
S | m 2,000 - 2,500 g
A N 2,500 - 3,145 2
9" 40'0"R S0°0'0"R 50°20'0°8 S0°40'0°8%

3508 il ad > g CJJQMMZ.: ¥
Figure 3 : Basin elevation map of the Qomroud watershe

Olyn 358 SMis )3 (por Doy 18 5 LS o IS 1) Wlin gy S 503 Olej o (oebae OOk 1 o
et Ll Ll ad g gy e 5 e S Sl s SRl b Ol e Sl (bl
0358 Lo 5 Lollsy ozm s Bl SRS a0 Ol 5 s S5 4 O 3580 Olpe aaals
Ol e 5 s S o &S > ateaal lawgie b b >l 3 daw OUly, (Sadeghi, 2019:111)s 05
5358000 bl 6 NAs Sy, condy Gble 53 &S Jb- 55 sl e al 3 OLL ol 38 Glp 1 g rke

(Malik & Rajeshwari, 2011) S oo iy [alS 358 4z 53 5 odd 28 mhaw 55 OLL ol B nle Ol
1 g Ll Lo ys OA oL caidae (DEM 12.5M) byl o3, Jibe 55, 5| skdiplnil Slalme ol
Dy sl Glols 4 Sl i s e DL 48 Sl old BBl Aoy Ve ko glaced (3

Ll b 1y ey s 4 ol L;bsg.j O3ls 358 5 Colia Wl oo el ) (& ISE) AL o Sl seman


http://geographical-space.iau-ahar.ac.ir/article-1-4157-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 0:59 IRST on Saturday October 4th 2025

-------- 2 (e 0ylro wix i g 4 3

w2 s

al o Sl 1 b e 53 Sgme 5 sobe Sl el Slal Ll el sl i altlae gy s
5 S bl (SuS1 (Sl g5 6 350 sleda goins Ol wI 3 g Jolo el 608
o525 D s 05 5 Uy (B85 5 S e S 5 G f8 b Jeld ) alS iy
L BB alais )l g b alie 53 b3 aLS 23 b ol 508 ¢lsl (Yehetal, 2016)5,18 o b
(Aryanto & Hardiman, 2018)aas o 0L 355 51 T 358 sl 5L Josly (AL i ool o515
5Ll oSy all pls w aatyy s 1) OF (S s dsle 035 Lls s & Vyare $355LaS Sla e
AP 5 sk e 85 o Sl WS @ Rl s SaSee Ghle 3 S s e (6 0 358 Sl e
sl aig 5 ©oslES sl sble (s, opl 5l (R0 & Briz, 1991) LL o 2alS (g 03 s «obls, el
5 Lol a8 Jl 53 Nipde w85 s eedps gl RI0 gl el GO Ol «
S slangy 5 Comy 30 adke SLl 08 428 A s el Ol 408 Jeily U slages
Sl b Colen 5l dos3 VA Gl oes ool ol o3l 0LES(0) S5 55 Las 18 51 oS Uil
) by msh il 5 4Bl olantl s S 0T o3 VLl adlaie do )3 V) il e b e B b
Sy S gble s e K55 T ey 5 lo s Gl S350 0 (SsSas sble (L (ol S

EP\ LIS L;LAQTQJJG Sl G Calb laabts gy Slbl 5 5ol 6 SV alS

et sere vt sart F ot t
[ :
H Nk
{ B E
R iy i 5 !
L - 2 3 2
-.,wf >
D=
L
LB
.S
s | L :
t | e 3 3 H
-"-JJ,}J .
i rart Lkia ] sl St

Figure 5 : Land use map of the Qomroud watershed  Figure 4: Slope map of the Qomroud atershed

SA5R3 (S1 5


http://geographical-space.iau-ahar.ac.ir/article-1-4157-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 0:59 IRST on Saturday October 4th 2025

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

Nithya et al., )uuS o (8ol a o omlis 1 O 2 Jsb fsams oo L 1) 0L 2 AJUE o dlsls
Sl 1ol ctlis 10 5 034 4= 5l Olls, Ao 585 sdaasOlis 4 s> slaaal ol 4K (2019
5 G adlie sdins LS55 K 4 ,» (Alizadeh, 2007:453)c il (50550 Slles 5wl
sdns LS GlaKis ax a S 5 ik s oS O laibs s,y 4l oS15 o3l Olaa 4 A3k 543 58
Oy b (2803 (S| 5 ol oo 55 dal g 53 558 0T (slaml T asls o815 A3l R AU3 540 5 e adlaie
355 SV 5SS (SIS sy OB e 4 Sstaas Al s ol e sSee el s b sE
ol L5 S8 slaanlpl a5 oS ol GOl (S Gble 5 Of speS 3 s sl
5 e bkl by L5l oSe daly 6 i3 sh Olpe b 2S5 oS1 5 oS Ll 51 (Chorley et al., 2000)
Nl 5 3l eslinal b aadllae 5 50 adlate 2STa3 oS1 5 il on el 5 Sl 4085 b slawgy plabis

(A K)ol e 4 Arc GIS 10.5

140" 40°0"E S50°00"E 50°200"E S50°40°0"E

34°W00°N

MN

34200°N

e
C3 4
Mm0-012
m0.12-0.28
0.28-044
N 0.44 - 062
mm062-11

TN

40N

9°40'0"E 5000 E 50°20°0"E 50°40'0"E

35508 el a2 s oS15 ek S
Figure 6 : Drainage network density map of the Qomroud watershed
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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.


http://geographical-space.iau-ahar.ac.ir/article-1-4157-fa.html

