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! groundwater potential recharge zonation
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! Analytic hierarchy process
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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
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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

g yoas S| S L g 5L sby A | beag sl
Yo . . \ VY 1 ol sl
Voo g g A §A £ doss

50°0'0"E S50°20'0"E 50°40'0"€

:

&

s 3

* s
CIaapm 4
—
[ PRI
)
By

£] mme z

ol mms e s

S 3

50°0'0"E 50°20°0"E 50°40°0"E

T V- P\ PRI U - Y [PV FX i WO AP | g L
Figure 13 : Map of groundwater recharge potential and wells in the basin

S5 wom

Jlow 3 der bt S aeas ik olea (GIS) bl ax Sledbl i 5l eslizd
Sl e ol o,td osill bl plulis ¢l LS 5 das a8 (gl 5l Olye 4 (AHP) 51 jealode
DS 25,03l s a5 ST 05 il B e oMo 138 e aalllas ol 3 355 00
(S5 A atla Al S 1 s 3)se 8 bl SNl e 5 (5 Al o
b o 3 ) Al andlln 5550 ad 5 53 (S ool st ¢ 2S5 oS5 ol (5 lS (S ok plisl
s 3 S b5 038 el s alie OLuli)S Sl 5 el law 5 odd S Jsdr Sl esliz
ldimed 5 p A el as e LIS edal Gzl LS s GaslE e 05 (Sl abid il

L;"}“‘j"’ oliseo LSLA‘U”Y .,\.MJ;L:L;G d)j uijw 6\)‘3 L;.,\.:)L:j aJ‘}ja;'- 6U°g4>'uj asls ‘) d)‘) JJLL.:‘.;

17


http://geographical-space.iau-ahar.ac.ir/article-1-4157-en.html
http://dx.doi.org/10.83252/geospa.2025.2.4157

[ DOI: 10.83252/geospa.2025.2.4157 |

Downloaded from geographical-space.iau-ahar.ac.ir at 6:05 IRDT on Sunday June 14th 2026

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

5 wobl Gl (Sl b 31 S 5 slaadd (lolyale glaosls 51 Easn ) 45 edd esliza
okd 4 gy Sheakde Lo 5l ol oty el sl oLzl (GIS) Lljakp 5 ae 53 ol g
YEXY/Y dhols 4l ol el sy i 5 slacol wdis oy a2 5 3 S plesl 5 (5108 oa (555
YOI a5 a3 ks kst 5l s ) e ] wdis el b gy s ads Sl e e skS
j\a:@\@oﬁ%éudﬁﬂwww.whﬁéb(.SJL:}}?S%LGQ&@.;JJGJAJIA}J:S
S Ol e At 53 LBl e 0 plnil (Shudigy S oS Al 1 cadlae 3 3 g e T slaelr ond e
Ll o s s Sl i Jots sla el 5l eslizul ol jon 4 (AHP) 51 padkodes o 51 eslizul &S

AL e ST Lls Gl ol slang ik g Gl ol K,

Sl ple posata O mbe OGSl 5 Olsael y Slp o)l 18 LIS o Jlash onl =l
5okt 3pp | gees s o] mle Candy S e e st sl 35 00 SUSH Bl e 2

.M)&.\P\J@q—jjﬁuo\ﬂ4.3‘)M&ﬁwum\é‘ﬁwﬁsjs%jﬁooi%)b


http://geographical-space.iau-ahar.ac.ir/article-1-4157-en.html
http://dx.doi.org/10.83252/geospa.2025.2.4157

[ DOI: 10.83252/geospa.2025.2.4157 |

Downloaded from geographical-space.iau-ahar.ac.ir at 6:05 IRDT on Sunday June 14th 2026

14

-------- 2 a0 0 lone wix ol 3 4459

References

—  Abijith, D., Saravanan, S., Singh, L., Jennifer,J., & Saranya, T.(2020). GIS-based multi-criteria
analysis for identification of potential groundwater recharge zones - a case study
fromPonnaniyaru watershed, Tamil Nadu, India. HydroResearch, 3 ,1-14.
Do0i:10.1016/j.hydres.2020.02.002.

— Agarwal, E., Agarwal, R., Garg, RD., & Garg, PK. (2013). Delineation of groundwater potential
zone: an AHP/ANP approach. J Earth Syst Sci, 122(3),887-898. DOI:10.1007/s12040-013-
0309-8

—  Ahmadi, H.(2008). Applied Geomorphology,Volume2 (Desert), Tehran: Tehran University
Press. [In Persian].

— Alai Tagalani, M., Shafiei, N, & Rajabi, M. (2018). The effect of geomorphologic factors on
feeding udergroundwater resources Kermanshah Meyandareh plain. Hdrogeomorphology, 13(4),
21-41 . https://sid.ir/paper/516715/fa. [In Persian].

—  Ali khan, M., Elkashouty,M., Zaidi, F.,& Egbueri, J.( 2023). Mapping aquifer recharge potential
zones (ARPZ) using integrated geospatial and analytic hierarchy process (AHP) in an arid region
of Saudi Arabia. Remote Sensing Approaches to Groundwater Management and Mapping,
15(10), 2567. D0i:10.3390/rs15102567.

— Alizadeh, A.(2007). Principles of Applied Hydrology. Mashhad: Imam Reza University Press.
[In Persian].

— Aneesh, R., Deka, P.C.(2015). Groundwater potential recharge zonation of Bengaluru ur ban
district — a GIS based analytic hierarchy process (AHP) technique approach. International
Advanced Research Journal in Science, Engineering and Tech nology, 6(2), 129-136.
Do0i:10.17148/IARJSET.2015.262.

— Arshad, A, Zhang, Z., Zhang, W., & Dilawar, A.(2020). Mapping favorable groundwater
potential recharge zones using a GIS based analytical hierarchical process and probability
frequency ratio model: a case study from an agro-urban region of Pakistan. Geosci, 11(5), 1805-
1819. https://doi.org/10.1016/j.gsf.2019.12.013.

— Aryanto, D., & Hardiman, G. (2018). Assessment of groundwater recharge potential zone using
GIS approach in Purworejo regency, Central Java province, Indonesia. E3S Web of Conferences
31, 12002(2018). DOI:10.1051/e3sconf/20183112002.

— Bhattacharya, AK. (2010). Artificial ground water recharge with a special reference to
India. Int J Res Rev Appl Sci, 4(2), 214-221. https://hdl.handle.net/10535/6566.

— Bhave .H.D., & Katpatal ,Y.B. (2019). Identification of grand water recharge potential zone for
watershed using GIS and RS. International Journal of Advanced Research in Engineering
and Technology, 10(1), 121-135. D0i:10.34218/1JARET.10.1.2019.012.

—  Bhunia, G.(2020).An approach to demarcate groundwater recharge potential zone using
geospatial technology. Applied Water Science, 38, 1-12. D0i:10.1007/s13201-020-01231-1.

—  Chorley, R., Schumm, S.,& Sugden, D. (2000). Geomorphology (Slope, River, Coastal and
Wind Processes), translated by Ahmad Motamed, Volume 3,Tehran: Samt Pub. [In Persian].

— Colson, G., & Bruyn, C. (1999). Models and methods in multiple objectives decision making.
Math. Comput Modelling,12,1201-11.

— Das, N.,& Mukhopadhyay, S.(2018). Application of multi-criteria decision making technique for
the assessment of groundwater potential zones: A study on Birbhum district, West Bengal, India.
Environ. Dev. Sustain., 22, 931-955. Doi: 10.1007/s10668-018-0227-7.

— Dehghani, A., Banihabib, M.E., & Javadi, S. (2018). A framework for evaluating the performance
of recharging and flood control by artificial recharge systems in arid regions. Scientific and
Research Journal of Watershed Engineering and Management, 10(4), 537-551.
https://doi.org/10.22092/ijwmse.2017.114878.1336.[In Persian].

19


http://geographical-space.iau-ahar.ac.ir/article-1-4157-en.html
http://dx.doi.org/10.83252/geospa.2025.2.4157

[ DOI: 10.83252/geospa.2025.2.4157 |

Downloaded from geographical-space.iau-ahar.ac.ir at 6:05 IRDT on Sunday June 14th 2026

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

Doll, P.,& Fiedler, K. (2008). Global-scale modeling of groundwater recharge. Hydrol. Earth
Syst. Sci, 12, 863-885. https://doi.org/10.5194/hess-12-863-2008.

Echogdali, F.Z., Boutaleb, S., Bendarma, A., Saidi, M.,& Aadraoui, M.(2022). Application of
analytical hierarchy process and geophysical method for groundwater potential mapping in the
Tata basin, Morocco. Water, 15(14), 2393. https://doi.org/10.3390/w14152393.

Etikala, B., Golla, V., Li, P., & Renati, S.(2019). Deciphering groundwater potential zones using
MIF technique and GIS: a study from Tirupati Area, Chittoor District, Andhra Pradesh, India.
HydroResearch 1, 1-7. https://doi.org/10.1016/j.hydres.2019.04.001

Feki, M., Ravazzani, G., Ceppi, A., Milleo, G.,& Mancini, M.(2018). Impac nfiltration process
modeling on soil water content simulations for irrigation management. Water, 10(7),850.
D0i:10.3390/w10070850.

Frappart, F., & Ramillien, G. (2018). Monitoring groundwater storage changes using the gravity
recovery and climate experiment(GRACE) satellite mission: a review. Remote Sensing,10(6),
829-842. D0i:10.3390/rs10060829.

Ghodsi Pour, H (2011). Analytic Hierarchy Process (AHP). 9th edition, Tehran: Amir Kabir
University Press. [In Persian].

Guppy, L., & Uyttendaele, P. (2018). Groundwater and sustainable development goals, analysis
of interlinkages. UNU-INWEH Report Series, .4, 10-26. https://hdl.handle.net/10568/99044.
Hashemi, H., Uvo, C.B.,& Berndtsson, R.( 2015). Coupled modeling approach to assess climate
change impacts on groundwater recharge and adaptation in arid areas. Hydrology & Earth
System Sciences, 19(10), 4165-4181. https://doi.org/10.5194/hess-19-4165-2015

Hutti, B.,& Nijagunappa, R. (2011). Identification of groundwater potential zone using
geoinformatics in Ghataprabha basin, North Karnataka, India. Int J Geomatics Geoscience, 2(1),
91-109. Doi: 10.4236/0jg.2017.7111009.

Kastning, E. H.,(1977). Faults as positive and negative influence on groundwater flow and
conduit enlargement, In Hydrologic-Problem in Karst Regions. Kentucky: Western Kentucky
University, Bowling Green pub.

Kumar, A.,& Krishna, A. (2016). Assessment of groundwater potential zones in coal mining
impacted hard-rock terrain of India by integrating geospatial and analytic hierarchy process
approach. Geocarto Int, 33, 105-129. D0i:10.1080/10106049.2016.1232314.

Kumar, T., Gautam, AK., & Kumar, T. (2014). Appraising the accuracy of GIS-based Multi-
criteria decision making technique for delineation of Groundwater potential zones. Water
Resour Manage, 28, 4449-4466. D0i:10.1007/s11269-014-0663-6.

Malik, S., & Rajeshwari, D. (2011). Delineation of groundwater potential zones in Mewat
District. Int J Geomatics Geosci, 2, 278-281. D0i:10.20546/ijcmas.2018.701.030.

Moradi, A.M., & Akhterkavan, M.(2009). Multi-criteria decision analysis models’ methodology.
Armaneshahr, 2, 113-125. https://www.magiran.com/p899426.[In Persian].

Nirmala, R., Shankara, M., & Nagaraju, D. ( 2011). Artificial groundwater recharge studies in
sathyamangalam and Melur villages of Kulathur Taluk, Pudukottai district, Chennai, Using GIS
Techniques. Desalination, 7(1),1592- 1608.

Nithya, C.N., Srinivas, Y., Magesh, N.S., & Kaliraj, S. (2019). Assessment of groundwater
potential zones in Chittar basin, Southern India using GIS based AHP technique. Remote Sens.
Appl. Soc. Environ., 15(c). D0i:10.1016/j.rsase.2019.100248.

Parizi, E., Hosseini, M., & Sadeghi, A. (2023). Assessing the sustainability of groundwater
resource management for aquifers in Iran’s central plateau basin. Iranian Water Resources
Research, 19(3), 136-153. https://dor.isc.ac/dor/20.1001.1.17352347.1402.19.3.10.9. [In
Persian].

Patil, SG., & Mohite, NM. (2014). Identification of groundwater recharge potential zones for a
watershed using remote sensing and GIS. International journal of Geomatics and Geosciences,
4, 485-498.

Patra, S., Mishra, P., & Mahapatra, S.C. ( 2018). Delineation of groundwater potential zone for
sustainable development: A case study from Ganga Alluvial Plain covering Hooghly district of


http://geographical-space.iau-ahar.ac.ir/article-1-4157-en.html
http://dx.doi.org/10.83252/geospa.2025.2.4157

[ DOI: 10.83252/geospa.2025.2.4157 |

Downloaded from geographical-space.iau-ahar.ac.ir at 6:05 IRDT on Sunday June 14th 2026

AR

-------- 2 a0 0 lone wix ol 3 4459

India using remote sensing, geographic information system and analytic hierarchy process. J.
Clean Prod, 172, 2485-2502. https://doi.org/10.1016/j.jclepro.2017.11.161

Phoemphon., W., & Terakulsatit, B. (2022). Assessment of groundwater potential zones and
mapping using GIS/RS techniques and analytic hierarchy process: A case study on saline soil
area, Nakhon, Thailand. AIMS Geosciences, 9(1), 49-67. doi:10.3934/geosci.2023004

Rahmati, O.,& Melesse, A.M.(2016). Application of Dempster—Shafer theory, spatial analysis
and remote sensing for groundwater potentiality and nitrate pollution analysis in the semi-arid
region of Khuzestan, Iran. Sci. Total Environ, 568, 1110-1123.

Doi: 10.1016/j.scitotenv.2016.06.176

Rajmohan, N., Masoud, M. H. Z., & Niyazi, B. A. M. (2021). Assessment of groundwater quality
and associated health risk in the arid environment, Western Saudi Arabia. Environ. Sci. Pollut.
Res. 28, 9628-9646. Doi: 10.1007/s11356-020-11383-x.

Rao, B.V., & Briz-Kishore, B.(1991). A methodology for locating potential aquifers in a typical
semi-arid region in India using resistivity and hydrogeologic parameters. Geoexploration, 27,
55-64. https://doi.org/10.1016/0016-7142(91)90014-4.

Raviraj, A., Kuruppath, N., & Kannan, B. (2017). Identification of potential groundwater
recharge zones using remote sensing and geographical information system in Amaravathy basin.
J Remote Sens GIS, 6(4),1-10. Do0i:10.4172/2469-4134.1000213.

Sadeghi, A.R., Hosseini, M., & Yamani, M.(2022). Site-selection of groundwater artificial
recharge in Sharif-Abad aquifer with emphasis on hydrogeomorphological characteristics. Earth
Science Research, 13(49), 116-100. d0i:10.48308/esrj.2022.100768. [In Persian].

Sadeghi, M. (2019)."The Role of land morphology in flood management of Qomrud," PhD
dissertation, Faculty of Geography, Kharazmi University,. [In Persian].

Senthilkumar, M., Gnanasundar, D., & Arumugam, R. (2019). Identifying groundwater recharge
zones using remote sensing and GIS techniques in Amaravathi aquifer system, Tamil Nadu,

South India. Sustain Environ Res, 29,15-31. D0i:10.1186/s42834-019-0014-7.

Souissi, D., Msaddek, M., Zouhri,L., May, M.,& Dlala, M. (2018). Mapping groundwater
recharge potential zones in arid region using GIS and Landsat approaches, southeast Tunisia.
Hydrol. Sci. J., 63, 251-268. https://doi.org/10.1080/02626667.2017.1414383.

Yeh, H.F., Cheng,Y., Lin,H., & Lee, C. (2016). Mapping groundwater recharge potential zone
using a GIS approach in Hualian River, Taiwan. Sustainable Environment Research, 26(1),33-
43. https://doi.org/10.1016/j.serj.2015.09.005.

Zareei, S., Zareei, A., & Nekooei, A. (2019). Locating suitable lands for artificial nutrition of
groundwater aquifers using regional data and satellite images in Yazd province. Environmental
Science Studies, 4(1),1130-1141. https://www.jess.ir/article_87149. [In Persian].

Zarei, B., Parizi, E., Hosseini, S. M., & Ataie-Ashtiani, B. (2022). A multifaceted quantitative
index for sustainability assessment of groundwater management: application for aquifers around
Iran. Water International, 47, 338-360. https://doi.org/10.1080/02508060.2022.2036930

21


http://geographical-space.iau-ahar.ac.ir/article-1-4157-en.html
http://dx.doi.org/10.83252/geospa.2025.2.4157

[ DOI: 10.83252/geospa.2025.2.4157 |

Downloaded from geographical-space.iau-ahar.ac.ir at 6:05 IRDT on Sunday June 14th 2026

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

GIS-based multi-criteria analysis to identify potential groundwater recharge areas - a case study
of the Qomrud watershed
Mansour Sadeghi”
PhD in Geomorphology and Environmental Management, Faculty of Geographical Sciences,
Kharazmi University, Tehran, Iran.  Email: mansadeghil400@gmail.com
Ali Mohammad Noormohammadi
PhD in Geomorphology and Environmental Management, Faculty of Literature and Humanities,
Ferdowsi University of Mashhad, Mashhad, Iran. Email: geomorphology.a@gmail.com

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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