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Groundwater resources play a critical role in supplying drinking water, particularly
in arid and semi-arid regions. Therefore, accurate assessment of groundwater quality
is essential for sustainable water resource management. In this study, groundwater
quality in the Moghan Plain was evaluated and compared using the Water Quality
Index (WQI), the Analytic Hierarchy Process (AHP), and geostatistical techniques
within a Geographic Information System (GIS) framework. Water quality data from
29 exploitation wells, including pH, electrical conductivity (EC), total dissolved
solids (TDS), total hardness (TH), calcium, magnesium, sodium, potassium,
chloride, sulfate, bicarbonate, and nitrate, were analyzed. In the AHP approach,
criterion weights were determined through pairwise comparisons and expert
judgment, whereas geostatistical analysis was performed using variogram modeling
and cokriging interpolation with electrical conductivity as an auxiliary variable. The
results showed that the cokriging model with a coefficient of determination (R?) of
0.96 and a root mean square error (RMSE) of 0.2 was more accurate in estimating
the WQI index than the hierarchical method with a coefficient of determination of
0.93 and a root mean square error of 0.3. The AHP results indicated that nitrate, total
dissolved solids, and electrical conductivity were the most influential parameters
affecting groundwater quality. Spatial distribution maps generated by both
approaches revealed that the majority of the study area exhibited poor groundwater
quality for drinking purposes, with more than 94% of the plain classified within the
poor-quality category. Comparative analysis showed that while AHP is an effective
tool for identifying the relative importance of water quality parameters, geostatistical
methods provide more accurate spatial predictions due to their ability to account for
spatial dependence and estimation uncertainty. Therefore, the integration of multi-
criteria decision-making techniques and geostatistical approaches is recommended
for groundwater quality assessment and management.
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Expanded Abstract

Introduction

Groundwater resources are among the most vital
components of the hydrological cycle, particularly
in arid and semi-arid regions where surface water
availability is limited and highly variable. In such
environments, groundwater serves as the primary
source of water supply for domestic, agricultural,
and industrial uses. However, increasing
anthropogenic  pressures, including over-
extraction, intensive agricultural activities, and
land-use changes, have significantly altered both
the quantity and quality of groundwater resources
in recent decades. The Moghan Plain, located in
northwestern Iran, represents one of the most
productive agricultural zones in the country.
Extensive irrigation-based farming systems,
coupled with  uncontrolled  groundwater
abstraction, have placed considerable stress on
aquifer systems in this region. As a result, a
continuous decline in groundwater levels, along
with progressive salinization and contamination,
has been reported. These conditions not only
threaten drinking water security but also reduce
soil productivity and agricultural sustainability. In
order to effectively manage groundwater
resources, reliable assessment of water quality is
essential. The Water Quality Index (WQI) has
been widely used as a comprehensive tool that
transforms multiple physicochemical parameters
into a single numerical value, facilitating
interpretation and comparison. However, the
spatial heterogeneity of groundwater quality
necessitates the integration of WQI with spatial
modeling techniques such as Geographic
Information Systems (GIS) and geostatistical
approaches. Moreover, the incorporation of
Multi-Criteria  Decision Making (MCDM)
techniques, particularly the Analytic Hierarchy
Process (AHP), allows for the systematic
weighting of hydrochemical parameters based on
their relative importance. Therefore, integrating
WQI, AHP, GIS, and geostatistics provides a
robust framework for groundwater quality
assessment. This study aims to evaluate and
compare the performance of AHP-based WQI and
simple cokriging approaches in mapping
groundwater quality in the Moghan Plain
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Materials and Methods

The study area, Moghan Plain, is characterized by
a semi-arid climate with low annual precipitation
and high evaporation rates. The aquifer system in
this region is heavily exploited for agricultural
irrigation, making it highly vulnerable to quality
degradation. A total of 29 groundwater samples
were collected from production wells distributed
across the study area. The physicochemical
parameters analyzed included pH, electrical
conductivity (EC), total dissolved solids (TDS),
total hardness (TH), calcium (Ca?*"), magnesium
(Mg?"), sodium (Na"), potassium (K"), chloride
(CI"), sulfate (SO4>"), bicarbonate (HCOs"), and
nitrate (NOs"). Laboratory analyses were
performed  following  standard  methods
recommended by APHA and WHO guidelines.
The WQI was computed using a weighted
arithmetic index method, where each parameter
was assigned, a weight based on its relative
significance in determining drinking water
quality. In the AHP framework, pairwise
comparison matrices were constructed to derive
normalized weights, and consistency ratios were
calculated to ensure logical coherence of expert
judgments. For spatial analysis, geostatistical
techniques  were  applied. = Experimental
variograms were constructed to evaluate spatial
dependence of groundwater quality parameters.
Simple cokriging was selected as the interpolation
method, with EC considered as a secondary
variable due to its strong correlation with salinity-
related indicators. Data normality was assessed,
and appropriate transformations were applied
where necessary to satisfy geostatistical
assumptions. Model validation was conducted
using statistical performance indicators, including
coefficient of determination (R?) and root mean
square error (RMSE). Spatial distribution maps of
WQI were generated using both AHP-weighted
values and cokriging interpolation within a GIS
environment, allowing comparative spatial
analysis

Results and Discussion

The comparative evaluation of the two modeling
approaches revealed that both methods are
capable of capturing the general spatial variability
of groundwater quality; however, their predictive
accuracy and spatial interpretation differ
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significantly. The simple cokriging model
demonstrated superior statistical performance,
with an R? value of 0.96 and an RMSE of 0.2,
indicating high predictive accuracy and strong
spatial dependence among variables. In contrast,
the AHP-based method yielded an R? of 0.93 and
an RMSE of 0.3, reflecting slightly lower
predictive precision but stronger interpretability
in terms of decision-making. Spatial distribution
maps derived from both methods revealed that
groundwater quality in the Moghan Plain is
generally poor, with more than 94% of the area
classified within the 100-200 WQI range. This

indicates a widespread deterioration  of
groundwater quality, primarily driven by
salinization  processes and anthropogenic

pressures. The northern and upstream regions
exhibited relatively better water quality, while
central and southern parts showed significantly
degraded conditions.The differences between the
two approaches are fundamentally related to their
methodological structures. Geostatistical methods
such as cokriging rely on spatial autocorrelation
and mathematical modeling of spatial continuity,
making them highly effective in producing
smooth and statistically optimized prediction
surfaces. On the other hand, the AHP-based
approach incorporates expert judgment and
assigns weights based on the perceived
importance of hydrochemical parameters. This
results in more differentiated classification
outcomes, particularly in identifying localized
zones of varying water quality.

Hydrochemical analysis indicated that EC, TDS,
and sodium are the dominant parameters
influencing groundwater quality deterioration.
Elevated concentrations of these parameters were
mainly observed in intensively cultivated areas,
suggesting a strong link between agricultural
practices and salinization processes. Nitrate
contamination was also observed in several
locations, particularly in proximity to agricultural
fields, indicating the impact of fertilizer
application and irrigation return flows.
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The spatial patterns derived from geostatistical
modeling suggest that groundwater flow
direction, evaporation intensity, and land-use
patterns play significant roles in controlling the
distribution of dissolved ions. Low-lying areas
tend to accumulate higher concentrations of salts
due to limited drainage and higher
evapotranspiration  rates.Comparison  with
previous studies confirms that salinization and
nitrate contamination are common issues in arid
agricultural regions worldwide. The integration of
GIS and WQI proved to be highly effective in
identifying pollution hotspots and providing
spatially continuous information for management
purposes.

Conclusions

The present study demonstrates that integrating
WQI, AHP, GIS, and geostatistical techniques
provides a comprehensive framework for
groundwater quality assessment. The comparative
analysis revealed that although the cokriging
method offers higher predictive accuracy and
better spatial continuity, the AHP-based approach
provides more meaningful classification by
incorporating the relative importance of water
quality parameters.The results clearly indicate
that groundwater quality in the Moghan Plain is
predominantly poor, largely due to salinity and
nitrate contamination. These conditions are driven
by a combination of natural geological processes
and intense anthropogenic activities, particularly
agricultural  practices.Overall,  geostatistical
methods are more suitable for spatial prediction
and mapping, whereas AHP-based models are
more appropriate for decision-making and
management applications. Therefore, a hybrid
approach combining both methodologies is
recommended for sustainable groundwater
management in arid and semi-arid regions
Therefore, an integrated approach combining both
methods can provide a powerful framework for
sustainable groundwater management in arid and
semi-arid regions.
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Table 1- Weights and relative weights of water quality indicators in the WQI method (W.H.O, 2017).

Relative weight Weight

Wi Wi Unit Chemical parameter
0.105 4 - pH
0.105 4 uS/cm EC
0.132 5 mg/L TDS
0.053 2 mg/L TH
0.053 2 mg/L Ca**
0.026 1 mg/L Mg
0.079 3 mg/L Na*
0.079 3 mg/L Cl-
0.105 4 mg/L Sos*
0.132 5 mg/L Nos-
0.079 3 mg/L HCos
0.052 2 mg/L K*

! 34 - SUM

.(Adimalla and Qian (2019)) WQI ig, 30 o] cadnS guisainb —Y Jgus
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Table 2- Water quality classification in the WQI method (Adimalla and Qian, 2019).

More than 300 200-300 100-200 50-100 Less than 50 Index range
Inappropriate Very poor poor Good Excellent Water status
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Table 3- Scale for performing pairwise comparisons in the AHP method.

Very

Strong
Judgment Strong strong and Very to superiority Moderate Moderate  Equal to Equal
of .2 somewhat to Strong .
superiority strong  very Strong L Equal Moderate  superiority
preference strong stron superiority
superiority &
Numeral 9 8 7 6 5 4 3 2 1
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4Coefficient of Determination 2Root Mean Square Error
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Table 4 — Statistical characteristics of various chemical components.

HCO;

EC T.D.S Ca Mg nNa K 3 COs Cl S04
Parameter — (Somy  (melh)  PH et M el el TEY el mell)  (mel)
Mean 41573 2910 736 431 552 3245 007 371 017 826 30.14
Standard 3627.6 2539 1.72 381 472 3185 037 213 064 1199 2998
deviation
Coefficient of 87.2 8726 233 884 855 9815 528 5741 3764 1451 9947
variation (%)
Maximum 16070 11249 95 127 202 142 2 82 25 531 143
Minimum 464 3248 0 01 04 165 0 0.5 0 0.7 0.8
Mode 826 07 24 e 0 4 0 15 452
Median 3330 2331 7.66 3 39 234 0 3.6 0 3 237

1 - Globa GPI | Performance Index
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Range 15606 1092 9.5 12.6
Skewness 1.58 1.58 323 0.61
Variance 1.3E+7 6E+6 2.95 14.5

19.8 1403 2 7.7 2.5 524 142.2
1.38 1.69 5.37 0.49 3.59 2.5 1.95
223 1014 0.14 4.53 0.42 143.7  898.7
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Figure 2 - Map of the total solute value of groundwater in the Moghan Plain.
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Figure 3 - Calcium isovalue map of groundwater in the Moghan Plain.
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Figure 7 - Groundwater quality of the region using the WQI index and the simple cokering method.
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Figure 8 - Cross-validation method for evaluating the simple co-kriging method.
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Table 5- Relative Weights of Water Quality Parameters in hierarchical method.

Parameter Relative Weight (Wi) Unit
pH 0.113 -
EC 0.113 uS/ecm

TDS 0.194 mg/L
TH 0.028 mg/L
Ca? 0.028 mg/L
Mg* 0.012 mg/L
Na* 0.059 mg/L
ClI- 0.063 mg/L
SO 0.113 mg/L
NOs~ 0.194 mg/L
HCOs~ 0.056 mg/L
K* 0.028 mg/L
Total 1 —
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Figure 9 - Groundwater quality assessment map based on the hierarchical method.
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Table 6- Model Performance Indicators.

Evaluation

RMSE

MAE €

2
model EF () (1) % R
geostatistical 0.92 0.2 0.28 5.6 0.96
method
Analytic
Hierarchy 0.81 0.3 0.21 3.7 0.93
Process (AHP)

SalsT 8 L (gl (o1 y0 Alikus S39) &1 Bblio WQI (oL jyolie — ¥ Jguir
Table 7- WQI-based Classification of Drinking Water Quality.

Area by Area by hierarchical
geostatistical method Water Quality WQI Range
method (km?) (km?)
0 320 Excellent <50
35 159 Good 50-100
634 90 Poor 100-200
0 75 Very Poor 200-300
0 25 Unsuitable >300
669 669 — Total

Y4



VPoF limn ¥ 5lecd o JLuo 53805550 0000
Hydrogeology, Volume 10, No. 2, Winter 2026

1R dilate 1o g)lal (65,000 5 5 (leard Glo0sS B pas
5l bl gy 9,5 w0 Glgs oo (S jebos 00
et 2l EBs (alE carge da el )y (20055 )
CrSpaoai gl gy 3l oolaiwl as ols las 4 ol
S gl 1) b fdow jo coslad sue Wlg oo o) lreaiz
F&8 Gl GBI WQL LS )3 GIS (6,5 )54 Goizees
Ssleloms @b wale pal b ) Of cuas e slasSll
Gy 5 2V QUlg Sz S by, a5 Sls (lis 5
cda by Sl bl g g g 0yl OF CoinS atugy
boad corge by, ool caSy oS ololid ol
Sl ST kS comds 5l g polezel LB 5 Jpelz b))
&S awd e plis Gaios ol slaamdl (5 ek 09
aslllas 5,50 ailate po (giein ol mlie Jlnl Copos
9 looed sloogS Bran Lo pae idloy J S aiejls
N TS A P RO PR S M PYPES
Ol el 5 Sl @lie Gl sl 6008 &)l Dlseas
O wsllash S s oy plolis o adhe
8 oslical 350 bliz SLladl gancuglyl 5 (e
e oty cebie Gs) jl ookl rizman 0 S
Sape ool e Gl sipaalin 55 6350 (R Wl e
2l kS 8l (L2 Dbl 1al8 5l 6l e

Aok abls e

S 3wl
3 ko)) Bae oRisls simgh coles b alis oyl
zhzeenl VY FIANTYTET olo)l,8 o,leds b Jiwgh )b
80,5 oo S8 g S lagl il aewsinas g Conl oays S

&b

ol ceas byl YA cg csea,S ) (g
Jelse plobid 5 ol Sasans Glacis o cuejn)
N FAL N )l O solie Slidios aloma .yl 5 S50

(Sl ¢55) )LJM)' AYVY g Sb g
Oyt olRidls ol e

RY S RS S PVOS [P P
oolawl b Joo )l e som )y ol corS olad Jdsw
A )yl G jlamo alme WQL ja3ls 5 GIS
JEF-TYY

& 5 ol
Gl b i cuo (o y ol ColS Ggly nl )
lreabades Julos 5 (s 5lelime; by, WQI sl
o9y 90 2 a8 ol las bl ol aslie 5 ob 5,1 (AHP)
Conle Lol it O CoinS Sl g g5lojly 4y 06
Jdo a0 ool Kz 565, ol Oglate oyl 0515
Colan SaS jeiie g Wosls lad isle 5l o,eon
St Gl g 0 YL kel cBs sl ls o SO STl
Sosy 4xsST b byl ceslie WQI asls glalais
i 0,Skoe (6,lT sla sl ulul ool iz S5
olie Bl e b g bl slajlas Lol wls olis
S0 paiged bl jo 1) slodslive slaosls b ool gom jin
b e 558 ol e Sl gy 5 5 on 3
Sipm S5 by M ol CoiS p S5e slaanl
loosls S Staen iSle eluly boee
I 3o S s Jae (EC) SaS jaiio 5 oadis peSojlail
w0dl s S ol slaosls poodle AHP 55 st oy, a5
Ol «sy9d aile T CutS 3o Jelge o Conanl
alp 5o 5o 1 a8 glayelly ple s Jsle olse
S STAHP (59, (650 el plo 088 (oo Blod (suiary
Fobemade Lulg, (2355 Jlai s Jds 4 S 2l S &8l
Ol kS S LS Jelse o)l lid S ils
S3lasl 53 VL Ul Kims 555 %o e &
Cowl B AHP a5 Jl> 50 o)ls eols a3l Ll jo j0lae
@lad anaiy o 1) ol coas n S5 Jelse coms il
2ogdle b celie By, Sl g ycnl kel oS
hls b oal oSl by bl glagasls
29 plodl i adlaie p @S sloanTd 5 (S5l an
Jolse ine Sl 9 9t (2l ms liln
3 e g s (lie S e 5 ol CheS 0aiiS S
sdalie Wag gWii Wi slaol> Glbl o Gallasl  >lgs
4 Bro Sl AT v o las by, 90 lee B0l
Fo5 1) 2l (B r cuiS Wlgoe bl ey (2bioysy
o loradiz (2305945 b 0 S 350 @8l 5l 5k b
ool iams oo uals ol a> U 1) Cusgase ol AHP o

JrsS o bla> slacoglgl s Glue Wil o 0 S0,



VPoF limn ¥ 5lecd o JLuo 53805550 0000
Hydrogeology, Volume 10, No. 2, Winter 2026

COFY ol (65,5laS pole alome ol ] Kt das 5 S
Y00

oS IS el AYAA (b gsmnn op w0k
41.?:0 WQI 9 GIS )‘ oolazw! Lu 4.».405)‘ Cd ‘5....4)).») uT
NOA=VE (VY ]! ol &ls

References

Ababakr, F. A., Ahmed, K. O., Amini, A.,
Karami Moghadam, M., and Gokeekus, H., 2023.
Spatio-temporal variations of groundwater quality
index using geostatistical methods and GIS. Applied
Water Science, 13, Article 206.

Adimalla, N., and Qian, H., 2019. Groundwater
quality evaluation using water quality index (WQI) and
GIS techniques in a semi-arid region of South India.
Environmental Earth Sciences, 78(3): 1-14.

Agyare, W.A., Park, S.J., and Vlek, P.L.G., 2007.
Artificial neural network estimation of saturated
hydraulic conductivity. Vadose Zone Journal, 6(2):
423-431.

Ahmadi, R., Karimi, A., 2019. Assessment of
groundwater quality in Iranian dry plains and
identification of two factors on it. Iranian Journal of
Water Resources Research, 16(2): 89—104. [In Persion]

Al-Ghamdi, S.G., and Al-Zahrani, M.A., 2020.
Assessment of groundwater quality in arid regions
using WQI approach. Journal of Arid Environments,
178: 104166.

Al-Mashagbeh, I.A., Ghadban, A.N., and
Shatanawi, M.R., 2022. Spatial distribution of
groundwater quality using GIS and water quality index
in arid environments. Environmental Monitoring and
Assessment, 194(6): 412.

APHA (American Public Health Association),
2017. Standard Methods for the Examination of Water
and Wastewater. 23rd Edition, Washington, DC

Ardabil Regional Water Authority (ARWA),
2014. Hydrogeological Report of Ardabil Province
Aquifers. Ardabil, Iran.

Chen, Y., Li, X., and Wang, J., 2021. Improved
water quality assessment using AHP-based weighting
and GIS integration. Journal of Hydrology, 603:
127123.

Cressie, N., 1993. Statistics for Spatial Data.
Wiley, New York.

Derdour, A., Guerine, L., and Allali, M., 2021.
Assessment of drinking and irrigation water quality
using WQI and SAR method in arid regions.
Sustainable Water Resources Management.

Fetter, C.W., 1999. Contaminant Hydrogeology
(2nd ed.). Prentice Hall.

A

Lngbws) O).:)ls Avay “p ‘Lg").ols s& ‘L;W
NESE IS I R JOWK QPN CEI PR WES SR ROy
VY00 ()Y el oo pole

o AYAA T 4GP ) ‘LSO")S ‘.& “5....».«?
O3 e ey ol mlie (Sodl jo oz s
AVASY ) (XY ol S 5 T wdige 5 pole 45 5

GMJL&)...A [ ‘)éb‘) “To¥ 5k5)‘L».bLJ0 5.Q ‘(5'9’5)-' Q‘)
Ol i lojeiie By adlllhs VF-F L cgobliizu
sl Yo (g)lel 090 S5 0 05 0l S o) )
V=YY OO (59l 0
alzma )lauly (518 0 0 Sl 5 o)ln! (e o e
TN OV ol xeebs ilio

)J‘ \f’\ [ ‘6)QU TP ‘(S‘Lb) P ‘J.S‘S!LAL!

Maj @ AYF..

A=Y (IA el T sl slo gy dlo . cimo i

Ol ceiS Ll NFe e Bolo wG e,
sleciss ;o GIS § WQI asls sl eolawl b cey )
£ OOYY ol o arlio aloms ] St aass

Sl s giw@l{})l.\f‘\’ oz o ¥l
g Lél s> alxo GIS. 3 WQI azls 5l ool b 5l0
AYAIY - (DY o ame s34l

Jelosi g,y 00,8 AVAY g (5 aio wp «soblS
iy 2l kS ganaigy 5o (AHP) (ol pealdes
VAT ) (YD oyl S g o wkige dlmo

S AHP o GIS 546 V¥R o) ap, of (bl 3
i 255 lnl Gleeids (grei s ol CukS )
ANY=20 (VY oo, GIS 5 450

ST b oy AT e oot e e S
ol S bl )3 grejny ol Sk (oolidiies;
AFVY D oyl 0,8 (sl e alomo

S g,y dnlio AYAY @ ¢l poo v LS
oo . gioj ol kS (ganaig 5o lelone; il
BT (R oyl O psle

Jols byl NPT LB (098w osljuesme
Olyzal po o 5 ol (2a5Ts lasiy T 5 (alordiss e
YT O - S5999859,0m 0,08 5559 55

ATz (2ley cg (e p ()R e
Ghle 3o ooy ool CoiS n 655laS glacolls



VPoF limn ¥ 5lecd o JLuo 53805550 0000
Hydrogeology, Volume 10, No. 2, Winter 2026

Mehdinejadiani, B., 2025. A novel inverse model
insensitive to initial guesses for estimating parameters
of continuous time random walk-truncated power law
model. Journal of Hydrology, 658, 133206.

Merdun, H., Ozer, C., Meral, R., and Apan, M.,
2006. Comparison of artificial neural network and
regression pedotransfer functions for prediction of soil
water retention and saturated hydraulic conductivity.
Soil and Tillage Research, 90: 108—116.

Mirshekari, M., Hosseini, A., Rezaei, H., 2011.
The effect of agricultural activities on groundwater
quality in arid and semi-arid regions of Iran. Iranian
Journal of Agricultural Sciences, 42(2): 55-70. [In
Persion]

Mohammadzadeh, H., and Fanoudi, F., 2025.
Hydrogeochemical evolution and  water—rock
interaction processes in the Dargaz border aquifer.
Hydrogeology, 10(1): 12-34. [In Persion]

Naderi, M., Mousavi, F., 2019. Mechanical
analysis of groundwater quality in Urmia plain using
GIS and WQI. Iranian Journal of Water Resources,
24(2): 140-158. [In Persion]

Noori, R., Maghrebi, M., Mirchi, A., Tang, Q.,
Bhattarai, R., Sadegh, M., Noury, M., Torabi Haghighi,
A., Klgve, B., and Madani, K., 2021. Anthropogenic
depletion of Iran's aquifers. Proceedings of the
National Academy of Sciences of the United States of
America (PNAS), 118(25), €2024221118.

Pashacifar, M., Rezaei, M.H., Naderi, S., 2010.
The effect of excessive extraction from aquifers on the
reduction of groundwater resources quality. Iranian
Journal of Water Resources Research, 28(3): 67-85.
[In Persion]

Rad Boroujeni, N., Tabatabaei, S.H., Radfar, M.,
and Mirabbasi Najafabadi, R., 2025. Study of some
groundwater quality variables in the Shahrekord Plain
over a 20-year statistical period. Hydrogeology, 10(1):
77-91. [In Persion]

Rezaei, M., Zare, M., and Ardejani, F.D., 2021.
Impacts of groundwater overexploitation on water
quality in arid regions. Science of the Total
Environment, 754: 142186.

Rezaei, M.H., Pashaeifar, M., 2009. Studying the
status of Iran’s groundwater resources and the
challenges of sustainable exploitation. Iranian Journal
of Natural Resources, 73(1): 15-34. [In Persion]

Rostami, F., Sadeghi, M., 2011. Groundwater
quality analysis using WQI index and GIS in semi-arid
plains of Iran. Journal of Iranian Water Resources,
22(1): 45-60. [In Persion]

Saaty, T.L., 1980. The Analytic Hierarchy
Process. McGraw-Hill, New York.

Y

Farahani, A., Rahimi, R., 2019. Comparison of
GIS and AHP in groundwater quality assessment of
Iranian plains. Iranian Journal of Remote Sensing and
GIS, 11(2): 95-112. [In Persion]

Isaaks, E.H., and Srivastava, R.M., 1989. An
Introduction to Applied Geostatistics. Oxford
University Press.

Ghorbani, S., Karimi, A., 2019. Studying the
effect of geological characteristics on groundwater
quality in arid regions of Iran. Iranian Journal of
Applied Geology, 15(3): 77-94. [In Persion]

Guleria, A., and Mehdinejadiani, B., 2025.
Groundwater quality evaluation and human health risk
assessment of nitrate using deterministic and
probabilistic approaches in Qorveh—Dehgolan region,
Kurdistan province, Iran. International Journal of
Environmental Health Research.

Hassani Pak, A. A., 2000. Geostatistics
(Geostatistics). Tehran University Press. [In Persion]

Hassanalipour, M., Ahmadi, R., Ghasemi, S.,
2012. Spatial analysis of groundwater quality in the
Ardabil plain using GIS and WQI index. Iranian
Journal of Environment, 18(4): 233-244. [In Persion]

Hoseini, Y., 2023. Optimization of saturated
hydraulic conductivity estimation using kriging in
drainage networks. Appl Water Sci 13, 94.

Hosseini, A., Karimi, R., Mousavi, H., 2019.
Studying the role of nitrate in groundwater resources of

Qazvin plain. Iranian Journal of Water and Soil Science
and Engineering, 32(2): 101-118. [In Persion]

Hosseini, A., Kamrani, M., 2018. Application of
geostatistics methods in the analysis and zoning of
groundwater quality. Iranian Journal of Earth Sciences,
21(1): 55-72. [In Persion]

Karim, M. R., Artham, M. A. A., Shorif, M. J. U.,
Ahsan, A., Al-Ansari, N., Islam, M. S., Rahman, M.
M., and Hasan, M. M., 2024. GIS based geostatistical
modelling and trends analysis of groundwater quality
for suitable uses in Dhaka division. Scientific Reports,
14, 17449.

Kazemi, H., Mansouri, A., 2018. Application of
Analytic Hierarchy Process (AHP) in groundwater
quality zoning. Journal of Water and Soil Engineering,
25(4): 201-218. [In Persion]

Malekian, A., Mirdashtavan, S., 2013.
Comparison of different geostatistical methods in
groundwater quality zoning. Iranian Journal of Water
Sciences, 9(1): 33—50. [In Persion]

Masood, M. U., Rashid, M., Haider, S., Naz, I.,
Pande, C. B., Heddam, S., Alshehri, F., Elkhrachy, 1.,
Ahsan, A., and Sammen, S. S., 2024. Exploring
Groundwater Quality Assessment: A Geostatistical and
Integrated Water Quality Indices Perspective. Water,
16(1), 138.



VPoF limn ¥ 5lecd o JLuo 53805550 0000
Hydrogeology, Volume 10, No. 2, Winter 2026

\al

Saaty, T.L., 2008. Decision making with the
analytic hierarchy process. International Journal of
Services Sciences, 1(1): 83-98.

Salari, H., 2012. Groundwater quality assessment
of Shiraz plain using WQI index and GIS. Journal of
Geography and Environmental Planning, 30(2): 120—
138. [In Persion]

Todd, D.K., and Mays, L.W., 2005. Groundwater
Hydrology (3rd ed.). Wiley.

Tsai, F.T-C.,, and Li, X., 2008. Multiple
parameterizations  for  hydraulic  conductivity
identification. Groundwater, 46(6): 851-864.

WHO, 2017. Guidelines for Drinking-water
Quality (4th ed.). World Health Organization.



