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ARTICLE INFO ABSTRACT

Article Type: Groundwater is the main source of fresh water in arid and semi-arid regions,
which make them resilient against lack of rainfall. Considering the great impact
of groundwater quality on water and soil health, its evaluation is important. In
this study, the assessment of the quality of underground water resources of the
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based on the WHO standard, a normal and rank map was prepared, and by
extracting the weight of each component from the rank map, a qualitative index
map was prepared. Also, the time analysis was analyzed by Mann-Kendall and
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EXTENDED ABSTRACT

Introduction: Groundwater sources are considered as the main source of drinking and agricultural water supply
in most regions of Iran. Considering that natural and human activities lead to changes in the quality of
groundwater, it is necessary to monitor the quality of these valuable resources in order to protect them,
especially for drinking. Groundwater quality assessment using Geographical Information System (GIS) and
Groundwater Quality Index (GQI) is a cost-effective way to evaluate and control the quality of ground water
which has a variety of qualitative parameters and quantitative values, and it can be used as to be a useful tool
and method for water planners and decision makers in monitoring and managing the quality of groundwater.
Several quality indicators (such as GQI-GWQI-FGQI) are used in different researches that combine different
parameters and compare them with global standards (WHO) in investigating the spatial changes of groundwater
quality from different perspectives. In arid and semi-arid areas like Shamil Ashkara plain, ground water sources
are obviously considered the most important source of water supply, if the quality of these waters is suitable,
they can be easily accessed by digging wells. The purpose of the present research is to determine the quality of
the ground water of Shamil plain in Hormozgan province.

Methodology: To carry out this study, from the results of qualitative analysis of 10 chemical parameters of
calcium, sodium, magnesium, potassium, sulfate, bicarbonate, chloride, electrical conductivity, total dissolved
solids and total hardness in water samples of 9 wells located in Shamil Ashkara Plain, obviously in the period of
2008 It was used until 2018, which was obtained from the regional water company of Hormozgan province.
GQI index was used to estimate water quality and their spatial changes were displayed using GIS and IDW
technique. In addition to estimating the spatial changes of each variable in the study area, their temporal changes
in two periods of wet and dry and the trend of changes and the point of change were investigated with the Mann-
Kendall and Pettit trend analysis test. The geological formations of the plain include Bangestan, Aghajari,
Gachsaran, Asmari; Razak, Hormuz, Gurpi, Mishan and alluviums of the Quaternary era, the studied aquifer
was formed in the Quaternary alluvial formation and it is surrounded by the Bakhtiari and Aghajari
conglomerate formations. The average annual rainfall in this plain is less than 200 mm and the potential
evaporation is 2640 mm per year.

Results and Discussion: Based on the results of the EC variable from 2008 to 2014 (Figure 1), it shows a
significant increase in the dry period of the year and with a smaller slope in the wet period of the year, and this
decrease continues in 2017 with a greater slope and a noticeable change. According to Hormozgan regional
water report (HWRC, 2023), artificial feeding plan was implemented in this plain in 2017 and its first water
withdrawal was carried out in March 2027. Yu and Wang (2004) also reported the increase of some elements
such as F, Cl and SO, in the study of the effects of artificial nutrition after several years in a region in China.
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Figure 1- Temporal variation of EC in dry and wet period in case study

All groundwater quality variables in the dry and wet season have a decreasing or negative trend, among the
investigated variables, K in the two investigated seasons and Cl in the wet season have a significant decreasing
trend in the desired confidence level. Based on the results of GQI in both wet and dry periods, there is a
significant increasing trend at the 95% confidence level. According to the results of the Petit test, most of the
variables except potassium, chlorine and sodium do not have a significant breakpoint or mutation, and in most
of the variables, the breakpoint was recorded in 2013. According to the results, the rain variable has a positive
trend in both wet and dry seasons, but it has no significant trend in other months except in November. The Man-
Kendall statistic shows higher values in the wet period of the year (February to June) than in the dry period of
the year. The increase in rainfall in many studies in the south of the country and Hormozgan province, especially
in the wet period of the year or the second half of the solar year, especially from March to April by researchers
such as (Mazidi et al., 2022, Bazrafshan et al., 2017; Nazem Alsadat et al., 2006) has been reported. For most of
the months, the jump time has been reported by Petit test in 2010 and 2011.

The spatial changes of all variables except bicarbonate and potassium are similar, so that the concentration of
most elements increases from south to north. The average changes of three variables, EC, TDS and TH, were
found to be higher than the WHO standard. The maximum hydraulic slope is in the eastern areas and the
minimum is in the northern and western areas of the aquifer (Bahari Meimandi et al., 2023).

Due to the minor changes of the variables in the wet and dry season, the average values of the data were used to
calculate the GQI. The range of changes of this index is between 96 and 97, which puts the water quality in the
appropriate category.

Conclusion: The followings were concluded from this research:

* Spatial changes of the ten qualitative variables under investigation have a similar trend in the plain, except for
bicarbonate and potassium.

* The group of variables with similar spatial changes on the level of the plain has the lowest concentration in the
southern parts of the plain, and its concentration gradually increases in the northern parts of the plain.

* The results of time changes and Man-Kendall trend analysis showed that all the variables have a decreasing
trend in two wet and dry periods, which started from 2013 and the rainfall is increasing in this period, and the
rainfall changes started from 2015. It has been since.

* According to the zoning map, the quality of the aquifer with the GQI index of Shamil plain is clearly in the
right category. Also, considering the sensitivity of the model to the TH factor compared to another parameter.
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Figure 1- Location of case study in Haji Abad County (a), in Iran (b) and Shamil Ashkara aquifer and sampling wells
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Figure 2- Changes of aquifer level and precipitation in the study period (a) and (b) total annual precipitation and
long-term average in Shamil-Ashkara plain
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Table 1- Descriptive statistics of quality variables in Shamil Ashkara plain

Parameter Unit Samples Min Max Average WHO(2011)
K* mg/| 178 0.40 0.49 0.47 12
Na* mg/l 178 453 38.3 16.57 200

Mg mg/l 178 2.53 18.95 7.10 30
Ca** mg/l 178 1.92 12.77 4.41 75
So,” mg/l 178 3.44 58.90 11.43 200
Cl- mg/l 178 3/30 37 14 200
HCO4* mg/l 178 1.20 40.80 2.5 300
TDS mg/l 178 1104* 4284* 1801* 500
EC ps/cm 178 1725* 6694* 2814* 750
TH mg/l 178 240 1440* 580* 500
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Table 2- Classification of water gquality based on GQI

Water quality Very unpleasant Poor Medial Acceptable Good
GQI 0- 25 26- 50 51-70 71-90 91- 100
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Figure 3- Temporal variation of EC(a), TDS(b) and TH(c) in dry and wet period in case study
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Table 3- Analyzing the trend of physicochemical variables of underground water quality in Shamil-Ashkara plain

Period Parameter Z-Kendal P-value U- Petit P-value Change point
Wet K* -2.01 0.001*** 53 0.05* 1393
Na* -1.274 0.068 98 0.02** 1393
Mg2+ -1.262 0.081 67 0.36 1393
ca® -1.07 0.633 56 0.26 1394
S0,” -1.227 0.132 81 0.09 1393
Cl- -1.99** 0.03* 99 0.01*** 1393
HCO4> -0.98 0.575 31 0.99 1396
TDS -1.288 0.059 84 0.07 1393
EC -1.97* 0.05 84 0.07 1393
TH -1.222 0.139 64 0.26 1394
GQI 1.99** 0.04 71 0.18 1393
Dry K* -2.147%** 0.02 32 0.07 1392
Na* -1.54 0.1 21 0.38 1393
Mg?* -1.57 0.11 22 0.44 1393
ca® -0.06 0.8 19 0.62 1394
S0,” -1.32 0.19 24 0.13 1393
Cl- -1.3 0.19 24 0.31 1393
HCO4* -0.27 0.81 11 1 1396
TDS -1.56 0.2 23 0.21 1393
EC -1.57 0.22 26 0.229 1393
TH -1.09 0.23 21 0.44 1394
GQI 2.19%** 0.02 32 0.07 1393

*Significant at 90% level; **significant at 95% level, ***significant at 99% level
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Table 4- Analyzing the trend of monthly rainfall in Shamil-Ashkara plain

Period Month Z-Kendal P-value U- Petit P-value Change point

Dry 4 0.34 0.72 56 0.72 1391
5 0.87 0.38 50 0.92 1391
6 0.27 0.87 39 1 1396
7 1.27 0.55 50 0.95 1390
8 1.97** 0.06 87 0.21 1390
9 0.16 0.87 26 1 -
10 1.45 0.14 80 0.3 1384

Wet 11 0.29 0.74 48 1 -
12 0.73 0.40 66 0.58 1387
1 1.09 0.23 62 0.64 1387
2 1.31 0.18 86 0.22 1390
3 1.36 0.71 86 0.21 1390
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*Significant at 90% level; **significant at 95% level, ***significant at 99% level

Dry period Wet period
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Figure 4- Mann-Kendal plot of some water quality variables (a, b) EC, (c,d) TDS, (e,f) K and (g,h) GQI in dry and
wet period
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Figure 5- Spatial zoning of ground water quality variables in Shamil-Ashkara plain
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Table 5- Correlation of EC with anions and cations in the Shamil Ashkara plain

Parameter/period TH TDS HCO,> Cl So,*- ca® Mg®* Na* K*
Dry period 0.76 0.98 -0.08 0.85 0.85 0.63 0.81 0.86 0.09
Wet period 0.81 0.95 -0.22 0.77 0.78 0.45 0.56 0.54 0.45
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Figure 6- Spatial mapping of GQI in the Shamil-Ashkara plian
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Table 6- sensitivity analysis of variables by remove univariate (percent)

Parameter Unit Min Max Average Standard Deviation

K* mg/I 0.16 0.25 0.21 0.02
Na* mg/I 0.15 0.20 0.17 0.01
Mg?* mg/l 0.05 0.10 0.08 0.01
ca® mg/l 0.17 0.22 0.19 0.01
So0,% mg/l 0.17 0.21 0.19 0.01
Cl- mg/l 0.16 0.21 0.18 0.01
HCOZ* mg/l 0.19 0.28 0.23 0.02
TDS mg/I -0.55 -0.48 -0.51 0.02
EC yis/em -0.56 -0.49 -0.52 0.02
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Figure 7- Spatial mapping of GQI without one variable in the Shamil-Ashkara plain


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.3.5.5
http://jircsa.ir/article-1-513-en.html

[ Downloaded from jircsa.ir on 2026-05-27 ]

[ DOR: 20.1001.1.24235970.1402.11.3.5.5]

A ST Jeonsd s 9l (o 0§ 1 CaleS (Sloj 9 (S0 oo

S 5 4o
s oS’ 3t Ly S curolty res Jold s O (S sl yite Gl g Sloj Sy oy B b ol 30
Ui ol .l B ply Sygo Bieum il ) HISET- Jued cusd 1 WIS 5 Gldgw (Jgle dols dlge JS (S SU colam (S
b sl yuio diod st Cudd 53 gy S iy 9 SlupSy bl gy 350 e 03 (&S (Slajpite Ko Sy o>
ol clale oy cuy Jles slaisu j g clale o 5aS 6l cubd g claisu o cid maw p alie e Oy
P9 S Cbd (f IS dess ) el CLE sl e ple Sl (1S el 9 Ol S Sl (ogad 3 290 03938
Jlas Cons ty €483 stz 3y IS oty > Tl S (18 5 55ty e (s (51 e > Ol S 9 sVl By o
S Gl GRIBEN b > (0 o 4 Gp8 Jled | by (Sdgpie cud b Gl polie ) o)l ClalE gy e
el ) 33 amig A gy o el ol gl op g atle )3 (il pe e slasly 3503 g9dse cul ol e Ve
sl oAb (g (5 ) polie ClIE LI o g Cusl Foo 3 polie ClAlE (b3S 00 p Ol aw ad C8l p ogMle

Wy oyl &S Niwd KB g )5 090 93 40 (bl Loy (ghyld b jusie den wld L JlS= e Mgy Julow g (Sloj Ol s gl
2 Cawl 0dgy dxs 4 WA Jlo 5l 5, @l g &S Cunl Giolial Jls 03 0590 cpl 53 iyl 5 Gl ol g5 WWAY L ]
aw dill ol 35 KT Juoss cadd )3 sl 36 L ojlgen uoip Ol p wlidlgn JLusiis Ll Slul ¢ pbise gols olul
adlas cpl il ol ols i oy aswds WHO skl s 5l 5Lyt dw @lypuss bawgio o JS jobdy Cawl oads (55155 o
bl g Gl 039 WHO (im0 3505 10 blas 581 ,0 TH 5 TDS EC jody awyp 3y50 (sl puaio o ST clale &S dad o oyl
4 Jdo Cumlus @ dog b cpiored ol 48,5 )18 Cuslio 03 sl oo cus> GQI ol b 01950.1 CautsS (gAdiny Adld
9 el 85 85 b S et cpl el Y il gl & s IS 5 j5510

ol gy 2 3590 s> )3 Ol oS (gloosly JlSo g Jloj (B wiges ol pus 3l imgly clacadgime o ieke | S
O canS G low pizen g JUS= e 5 Sy glooylol 359l 55 (Sloj Jeloiyd b pie (LBl s Cdgaome oyl oS
Olposs g 3945 odlitwl FGQI-GQI-GWQI sile uejyj ol (vuwcaasS slajmdli plo 5l wad o dliuin Coled )3 g4 0
ol Ial eoian i g AVAY Jlo (3 dalllas 5y90 cudd 0 ()b | b dunlio GQI L o yog) cdd 500 9 S0 5 Sloj
cbale il comw aSh @il cutsS D90 5 Cute Bl LGA yols Jls )3 g0l p Ggw) 5l S0l (Sl bais 5w a8 ol
5 e giny Sllllae )3 (poj) Ol kS g CunS Syt )3 398 b bl b)) g Sty Wl 0ud ol S
25 )3

S ol

285 anlgd )18 Las] )5 Jetue odiuag b aslSe Guyb 5l Gimgd cnl o 0 eolitul gl 5 baesls (sl 4w ywd

sl 03,55 ookl Jlo Colas zun I Gimgsy ol 1 Jlo o los

sleinly soladhdy udlpl Wlie adyl wus 3,155 cs )l o) lidlp s slaulos ploxl ccsilopotdo D)5 jymyb iy F o 5 S yLie
el bl 58 e il 5 sl

L85 gy opl ol g Cllas il g ()5S ogad 3 (blie ST digSgun oS 5B e pMel dlde (! (Bt 1y 5 S g8 28l LA
Oi Jgte lLimd oaige Bl 5 05500 el (gl O &8 08 (03,08 Cliios 1oly o )5 mye 75 WIS 5165155 b
Ll Josds 15,08 9 Szs JloS Lol

&bw

LT = o olgze] wnpsol paw Olpsd p eoums s zyb ! @l il VF-Y) Biepm (ladbie O )

VE N SE 5 o e 5 gilo Jto g onslyg ebd 1> iy ol S Sy o (VF0)) Loy e qsaanl Y
doi: 10.22098/MMWS.2021.9356.1037 .\ ¥


https://doi.org/10.22098/mmws.2021.9356.1037
https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.3.5.5
http://jircsa.ir/article-1-513-en.html

[ Downloaded from jircsa.ir on 2026-05-27 ]

[ DOR: 20.1001.1.24235970.1402.11.3.5.5]

Q. 1T ol iz (g8l (o305 P CodeS Sloj 9 (S0 Julod

Skl iyl pasls elel p JWSis Ol gy 0bjyl (VWA0) sl Lidlyds g cjes odljdgee ¢cpilpl ¢ lidlydy
doi: £A-0F (A lle cupde olpl ogn J3lew 0 ead dlulel B8 - pasls g el
10.22034/JDMAL..2017.24662

aalllao) WYY Jlo o i of e (&S Cumdg p (S e i) (IYR0) e pME iSS) pgutanme g o) iy
http://jircsa.ir/article-1-201-fa.html \Y=\ (¥) ¥ b oo/ polow (slodilols o )laae b s (y9ds3 Cabd 18390

g b s Jole 15U )y (VF+Y) s ¢ Sloj 5 e po « IS5 s «pma s lows] ecpidllpl ¢y Lidl)d ¢ pien (sdione 55kee

doi: 10.22034/JDMAL.2023.2000814.1412.\A-\ (M) «5bly Cu o colive € > swoj ) o 0y <l Sl
Cid wojp ol S g oS Olpds By ob5)l (VYA) Crte paiis g (e (So i Loy pME loliay DU ¢ Sbls
doi: 10.22092/1JRDR.2019.119334 NOA-\VY (Y8) \ ¢/ sbls 5 &ise clivio iz ,S

sl )3 pymd ji5ul ddgs e ol CudS e oS Sl 30 bj) (V) L JSB gyl g ) oy
doi: 10.22098/MMWS.2022.11367.1123 NA-=\50 (MY (5B 5 o o pto 5 (il o o)

CCME-WQI _asls jl oozl b 5,%uie cudd opssul cutsS byl (1F++) (8 qoole 5 s (oulS daud (olols,
https://civilica.com/doc/1322695 . y/u/ Ky bt puisdS” peaiiass

Wb g od come Cudd e ol @lie cuisS oL (WYAY) sal wdgin 5 e b Lo yines @il pabae g o wls
N b qbe 5 ©5glS 5 053 psle) ST 5 S psle bl S Wbl o (GQI) ixesn o (&S a3l
doi:10.29252/jstnar.22.4.99 .\ -A

023l 5l oolatul b b pyl K5 g 3gpm0 dilate uejp; o wle cusS Uil (VFer) Lol gyl g cutge (sks

doi: 10.30495/JRNR.2022.66817.10240 NF\-\OY cotiaus o0 asels oo ol aleo (WQI) T oS

w}x} kTJT ‘.5"1:7{ ub‘w) PP .(\\NQA) O)I}T £L§J9)Lé») D)I}S.Lo 9 ‘JM cszL‘\.:.A cwm 5&‘)3; d)%}bﬁ > ‘dw .

o35 5 ol 1 o llis ML) ple o islad st lgps Jlod Siedl 2ledl ailaze GIS e 5 (GQI)
d/““")w‘

doi: 20.1001.1.2345332.1401.10.1.3.2 S0-¥Y (N )\ ( ibly sblio  olilis (ol igls . o)) Gy g

iy & S pals 5 Gl (Sl )l 5 g (W) nlsb pe (oo 5 alayd slal ()l s
SipgliS  slopiucinsS] 5 Cawy Lo o py lo a8l Lol epe el cud (GQI)
https://civilica.com/doc/586377

o8 5l lpl oy Cain g i 0 a8l ok (VWAY) dlaias oS5 Vg0 g )39 ¢ Slobw iz dozee duw Ll
Nee=AY (YA ippliss Loy Slley sl e b iSea 0 050 clwlie
https://www.sid.ir/paper/24825/fa

lge Cubd 63y90 alllas) (pojs ol S g oS Slyds gy (g (VTR0) G (B g did el L e
http://jircsa.ir/article-1-209-fa.html .0+=Ya (¥)d « /b oK/ Fobow (clo ailolw (]

References

‘'Y

AY

NY

N

1. Abbasi, Z., Azimzadeh, H., Talebi, A., & Sotoudeh, A. (2019). Evaluating Quality of Ajabshir Groundwater
Resources Based on Groundwater Quality Indicator (GQI) and Geographical Information System. Journal
of water and soil sciences (Sciences and Technological of Agriculture and Natural Resources), 99-108.

d0i:10.29252/jstnar.22.4.99. [In Persian]

2. Ahmadi, A. (2021). Investigation of groundwater quality changes in Varamin Plain of Tehran. Water and

Soil Management and Modelling, 2(1), 14-26. doi:10.22098/MMWS.2021.9356.1037. [In Persian]

3. Babiker, I. S., Mohamed, M. A., & Hiyama, T. (2007). Assessing groundwater quality using GIS. Water

Resources Management, 21, 699-715. doi: 10.1007/s11269-006-9059-6.

4. Bahari Meimandi, J., Bazrafshan, O., Esmaelpour, Y., Shekari, M., & Zamani, H. (2023). Study the Effect
of Natural and Anthropogenic Factors on the Ground Water Falling in the Minab Plain. Desert

Management, 1(11), 1-18. doi: 10.22034/JDMAL.2023.2000814.1412. [In Persian]


https://doi.org/10.22034/jdmal.2017.24662
https://doi.org/10.22034/jdmal.2023.2000814.1412
https://doi.org/10.22092/ijrdr.2019.119334
https://doi.org/10.22098/mmws.2022.11367.1123
http://dx.doi.org/10.29252/jstnar.22.4.99
https://doi.org/10.30495/jrnr.2022.66817.10240
https://dorl.net/dor/20.1001.1.2345332.1401.10.1.3.2
http://dx.doi.org/10.29252/jstnar.22.4.99
http://dx.doi.org/10.29252/jstnar.22.4.99
https://doi.org/10.22098/mmws.2021.9356.1037
https://doi.org/10.22034/jdmal.2023.2000814.1412
https://doi.org/10.22034/jdmal.2023.2000814.1412
https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.3.5.5
http://jircsa.ir/article-1-513-en.html

[ Downloaded from jircsa.ir on 2026-05-27 ]

[ DOR: 20.1001.1.24235970.1402.11.3.5.5]

Y

1T ol iz (g8l (o305 P CodeS Sloj 9 (S0 Julod

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

Bazrafshan, O., Mahmudzadeh, F., & Bazrafshan, J. (2017). Evaluation of temporal trends of the SPI and
SPEI drought in dices in the Southern coast of Iran. Desert Management, 4(8), 54-69. doi :
10.22034/JDMAL.2017.24662. [In Persian]

Bazrafshan, O., Parandin, F., & Farokhzadeh, B. (2016). Assessment of hydro-meteorological drought
effects on groundwater resources in Hormozgan region-South of Iran. Ecopersia, 4(4), 1569-
1584.doi.org. 10.18869/modares.Ecopersia.4.4.1569.

Biabani, L., Zehtabian, G., Khosravi, H., & Hanifepour, M. (2019). Investigation of qualitative and
quantitative changes of groundwater resources in Karaj Plain. Iranian Journal of Range and Desert
Research, 26(1), 158-17. doi:10.22092/1JRDR.2019.119334. [In Persian]

Borna, R., & mohamadpourzanganeh, G. (2017). Assessment of Rainfall Quantity on the Quality of the
Groundwater Resources in 2012 (Case study: Zeydon plain in Behbahan city). Journal of Rainwater
Catchment Systemss 4 (4) :1-12. http://jircsa.ir/article-1-201-fa.html. [In Persian]

da Silva, M. I., Lima, M. T. V., da Costa, C. T. F., Firmino, P. R. A., Menezes, J. M. C., Del Carmen Paris,
M., & de Paula Filho, F. J. (2023). Groundwater quality assessment in a peri-urban Brazilian semi-arid
microbasin. Environmental Earth Sciences, 82(3), 73. d0i:10.1007/s12665-023-10752-2.

Dehrami, R., & Amiri, F. (2023). Impact assessment of land-use changes on groundwater quality in Dahram
watershed of Fars province. Water and Soil Management and Modeling, 3(1), 165-180.
d0i:10.22098/MMWS.2022.11367.1123. [In Persian]

Eidi, M., & Amiri, F. (2022). Groundwater quality assessment of Dehroud and Tang Eram regions of
Dashtestan using water quality index (WQI). Journal of Renewable Natural Resources Research, 153-141 .
doi:10.30495/JRNR.2022.66817.10240. [In Persian]

Gorai, A. K., Hasni, S. A., & Igbal, J. (2016). Prediction of ground water quality index to assess suitability
for drinking purposes using fuzzy rule-based approach. Applied Water Science, 6, 393-405.
doi: 10.1007/s13201-014-0241-3.

Han, Z., Huang, S., Huang, Q., Leng, G., Wang, H., Bai, Q., & Du, M. (2019). Propagation dynamics from
meteorological to groundwater drought and their possible influence factors. Journal of Hydrology, 578,
124102. doi: 10.1016/j.jhydrol.2019.124102.

Hormozgan regional water (2023). Monitoring the effects of the implementation of the artificial feeding
plan on changes in the underground water level of the Shamil aquifer - clearly. Publications of Sahaim
Water Regional Company, 21 p. [In Persian]

Jha, M. K., Shekhar, A., & Jenifer, M. A. (2020). Assessing groundwater quality for drinking water supply
using  hybrid  fuzzy-GlS-based  water  quality  index. Water ~ Research, 179,  115867.
doi: 10.1016/j.watres.2020.115867.

Kendall, M. G. (1975). Rank Correlation Methods. 4th ed. Charless, Griffin: London.

Majidi, H., Mahmudy Gharaie, M., Minaei, M., & Malekzadeh Shafaroudi, A. (2019). Groundwater Quality
Index (GQI) in Geographical Information System (GIS) environment, Ophiolitic Afchang Area, N
Sabzevar. The first national conference of geographic information science: Basis and Trans
interdisciplinary applications. [In Persian]

Mann, Henry B. (1945). Nonparametric tests against trend. Econometrica: Journal of the econometric
society: 245-259. doi: 10.2307/1907187.

Mazidi, A., Salamati Hormazi, V., Omidvar, K., & Mozafari, G. (2022). Detection of the spatial-temporal
variations of the precipitation trend in the southeast of Iran. The Journal of Geographical Research on
Desert Areas, 1(10), 47-65. doi: 20.1001.1.2345332.1401.10.1.3.2. [In Persian]

Meresa, H., Zhang, Y., Tian, J., & Faiz, M. A. (2023). Understanding the role of catchment and climate
characteristics in the propagation of meteorological to hydrological drought. Journal of Hydrology, 617,
128967. doi: 10.1016/j.jhydrol.2022.128967.

Mojarad, Z., Pazira, A. R., & Tabatabaie, T. (2021). Evaluation of groundwater quality in Dayyer city
Bushehr using groundwater quality index (GQI). Journal of Nature and Spatial Sciences (JONASS), 1(2),
75-90.

Mosleh, A., Ehya, F., & Sadeghi Mehr, F. (2016). The Regionalization and the Evaluation Of nitrate
pollution and groundwater quality index (AQI) of Basht plain. The third conference on new findings in the
environment and agricultural ecosystems. https://civilica.com/doc/586377. [In Persian]

Nazem Alsadat, S., Samani, N., & Moulaei Nikou, m. (2006). Climate change in Southern And Southwestrn
Iran From Preciptation Observation, Interaction With EL NINO Southern Oscilation Phenomenon.
Scientific Journal of Agriculture, 28(2), 81-100. https://www.sid.ir/paper/24825/fa. [In Persian]

Pettitt, Anthony N. (1979). A non-parametric approach to the change-point problem. Journal of the Royal
Statistical Society, 28(2), 126-135. doi: 10.2307/2346729.

Rajaian, S., Kitabchi, H., & Ebadi, T. (2021). Evaluation of water quality in Hashtgerd plain using CCME-
WQI index. The 20th Iran Hydraulic Conference. https://civilica.com/doc/1322695. [In Persian]


https://doi.org/10.22034/jdmal.2017.24662
https://doi.org/10.22034/jdmal.2017.24662
https://doi.org/10.22092/ijrdr.2019.119334
https://doi.org/10.22092/ijrdr.2019.119334
https://doi.org/10.22098/mmws.2022.11367.1123
https://doi.org/10.22098/mmws.2022.11367.1123
https://doi.org/10.30495/jrnr.2022.66817.10240
https://doi.org/10.30495/jrnr.2022.66817.10240
https://doi.org/10.1016/j.watres.2020.115867
https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.3.5.5
http://jircsa.ir/article-1-513-en.html

[ Downloaded from jircsa.ir on 2026-05-27 ]

[ DOR: 20.1001.1.24235970.1402.11.3.5.5]

ay

1T ol iz (g8l (o305 P CodeS Sloj 9 (S0 Julod

26.

217.

28.

29.

30.

Verma, P., Singh, P. K., Sinha, R. R., & Tiwari, A. K. (2020). Assessment of groundwater quality status by
using water quality index (WQI) and geographic information system (GIS) approaches: a case study of the
Bokaro district, India. Applied Water Science, 10, 1-16. doi: 10.1007/s13201-019-1088-4.

World Health Organization (WHO). 2011. Guidelines for Drinking Water quality. VO01.1:
Recommendations 3rd., WHO, Geneva.

Yaghoobi, S., Amini, D., & Fathizad, H. (2017). Investigating the Quantity and Quality Change’s Trend of
Groundwater (Case Study: Musian Plain, llam). Journal of Rainwater Catchment Systems, 5(3), 39-50
http://jircsa.ir/article-1-209-fa.html .[In Persian]

Yue, S., & Wang, C. (2004). The Mann-Kendall test modified by effective sample size to detect trend in
serially  correlated hydrological —series. Water resources management, 18(3), 201-218.
doi.org. 10.1023/B:WARM.0000043140.61082.60.

Zhang, H., Ding, J., Wang, Y., Zhou, D., & Zhu, Q. (2021). Investigation about the correlation and
propagation among meteorological, agricultural and groundwater droughts over humid and arid/semi-arid
basins in China. Journal of Hydrology, 603, 127007. doi: 10.1016/j.jhydrol.2021.127007.


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.3.5.5
http://jircsa.ir/article-1-513-en.html
http://www.tcpdf.org

