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Abstract
Population, salinity, and increasing water consumption have caused high pressure on groundwater resources in Iran. The 
study reported here investigates the change of groundwater quality in Zrebar lake basin and the relationship between it with 
land-use change and precipitation rate from 1992 to 2018. To achieve the intended goal, chemical parameters of water from 
wells around the lake, bicarbonate  (HCO3−), sulfate  (SO4), sodium absorption ratio (SAR), and electrical conductivity (EC) 
were analyzed. Then, four methods including interpolation in the ArcGIS environment, Wilcox and Schoeller Diagram 
in Aq.QA software and Ground Water Quality Index (GWQI) were used to indicate the trend of water quality from 1992 
to 2018. To detect land-use changes from 1992 to 2018, three Landsat satellite images covering the study area were used 
to identify land uses and their changes during the period that shows a significant area of forests that has been replaced by 
agricultural use, the dominant cover in 2018, while the area of forest has declined sharply. In this study, the precipitation 
patterns over the past years were showed to assess the relationship between rainy and low rainfall years with water quality. 
The results showed that forest area in 1992, 2003 and 2018 was 70.6, 62.5 and 50.2 hectares, respectively, which shows a 
significant reduction, 22%, during this study period. On the other hand, the area of farmlands and human-made construc-
tions has increased by 20% and 200%, respectively. This study additionally revealed that although there was a decreasing 
trend in the rate of rainfall and the agricultural lands have increased, the quality of water was still suitable for drinking and 
agriculture consumptions. Changes in groundwater quality were not justifiable by rainfall rate and land-use change because 
there was no significant relationship between them with all the groundwater quality parameters.
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Introduction

More than 40% of the water used for worldwide irrigation 
systems is deducted from groundwater resources (Siebert 
et  al, 2010; WWAP 2009) and represents a substantial 
amount of freshwaters from the globe (Nistor, 2019). Over 
the past decades, the natural, semi-natural, and human-made 
areas would be negatively affected under improper land-use 
management (Nister and Mindrescu, 2019). Groundwater 
is the primary source of potable water supply for roughly 

half of the world's population (Riedel, 2018) that has also 
been effected by land-use change. It means that land-use 
change as an important stressor impacts both groundwater 
quantity and quality (Yidana et al, 2010; Rajaei et al 2021). 
Land-use/land-cover changes such as deforestation, agri-
cultural areas expansion, urbanization and other human 
activities directly impact water resources condition primar-
ily through modifications to watershed hydrology processes, 
including soil moisture, runoff, infiltration of surface, and 
evapotranspiration (Labat et al., 2004; Sadeghi et al., 2018; 
Bounoua et al., 2018). For example, the increase in global 
temperatures due to human-made emissions of greenhouse 
gases, in particular, carbon dioxide (CO2), which has not 
only raised the ambient temperature but has also lowered 
the pH of water-bodies and changed precipitation intensities 
all over the world (Solomon et al, 2009; Adham et al, 2011; 
Hasan S.S., 2020). In some cases, the dramatic increase in 
groundwater is caused by overusing fertilizers or it is due to 
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converting forest to farmland and consequently increasing 
in the use of chemical fertilizers (Rajaei et al, 2021). Some 
studies show that climate and land-use change bring about 
groundwater quality changes by the rise in pollutants and 
a decrease in groundwater level. (Prasad et al, 2008; Peña-
Haro et al, 2010; Velazquez et al, 2015).

The ability to spatial analysis of groundwater quality 
changes is critically important in the decision-making pro-
cesses for environmental managers. Several studies have 
been carried out on surface water and groundwater to under-
stand water resources and their management better (Mala-
kootian and Karami, 2004; Tayfur et al 2008; Houben et al 
2009; Elci and Platt 2010; Ketata et al 2011; Mohammadi 
et al, 2011; Vousoughi & Dinpashosh, 2013;), the process 
of temporal and spatial land-use changes using remote sens-
ing and satellite imagery techniques (Karimi et al, 2018, 
Hyandye and Martz 2017; Du et al.; 2017; Kourosh Niya 
et al., 2019), and the relationship between land-use/land-
cover changes and groundwater quality (Singh et al 2010; 
He, et al 2020; Li et al. 2019a; Rajei et al. 2021; Henri 
et al 2021). Houben et al. (2009) examined the groundwa-
ter quality of the Kabul watershed in Afghanistan during 
2001–2005. They found out that the groundwater hardness 
and salinity of the groundwater in this region increased due 
to the prolonged droughts. Ktata et al. (2011) also assessed 
the trend of changes in some groundwater hydrochemical 
variables of Gabès groundwater in Tunisia in the statistical 
period 1995–2003. They concluded that salinity and other 
chemical variables in the direction of groundwater flow had 
decreased over time. Elci and Platt (2010) evaluated the 
trend of changes in water quality of Nife groundwater in 
Turkey. They indicated that the concentration of chloride in 
the rainy seasons had decreased compared to the dry sea-
sons. Furthermore, temperature and nitrate had increased, 
but phosphate and total hardness showed the opposite 
trend. In addition, the studies, which have been performed 
in Iran, showed a decrease in the quality of groundwater in 
Iran plains. The results of the reviews on the trend of the 
qualitative changes of groundwater in Bam and Baravat in 
1998–2004 suggested a decrease in quality of the under-
ground water (Malakootian and Karami, 2004). The results 
of investigating the spatiotemporal variations of groundwa-
ter quality in Qazvin plain in 2003–2007 revealed that the 
quality of the groundwater had decreased in wet seasons, 
indicating the rainfall effect on the groundwater quality 
(Mohammadi et al, 2011). Assessing the trend of groundwa-
ter quality changes in Ardabil plain between 1995 and 2008 
presented a drop in groundwater quality (Vousoughi & Din-
pashosh, 2013). The results of the study of Singh et al (2010) 
indicated natural and artificial recharge led to increasing 
the quantity of groundwater due to change in land-use and 
land-cover pattern (increased area of fallow land). However, 
fertilizers deteriorated the quality of groundwater. He et al 

(2020) investigated the relationship between groundwater 
quality and land-use change for Xi’an City from 2005 to 
2015. The results of this study revealed that the forest has 
positive effects on the groundwater quality, while land used 
such as industrial land, urban land, and farmland, negatively 
impacted on groundwater quality. Rajaei et al (2021) con-
sidered nutrient reduction in a watershed located in north of 
Iran aiming to inform future land-use planning. Their results 
show that deforestation and agricultural land development 
have led to an increase in groundwater nitrate concentrations 
over the past decades, and if this trend continues, groundwa-
ter quality will deteriorate.

A few studies have been conducted on land use and water 
quality changes in the study area (Yusefi et al. 2011; Sah-
rifina et al. 2013; Imani et al. 2015 Imani et al. 2016a, b) 
In one of these studies conducted by Imani et al. (2015), 
the SWOT model was used to simulate the impact of dif-
ferent land use on water quality with a focus on spatial and 
temporal assessment of nitrate and phosphate pollution 
loads. In this study, the amount of nitrate and phosphorus 
discharge to Zrebar Lake was calculated for both dry and 
irrigated farming. Imani et al. in another study analyzed 
the impacts of the various management practices (BPMs) 
in critical areas to reduce water pollution with the lowest 
implementing costs. They developed various strategies that 
were prioritized through the TOPSIS multi-criteria decision 
method. Sharifinia et al (2013) assessed the water quality of 
Zrebar Lake using physico-chemical parameters and NSF- 
WQI indicator. In this study, quality parameters including 
nitrite, nitrate, orthophosphate, NH 4 + , NH 3, iron, salinity, 
electron conductivity (EC) and pH were measured. Most of 
these studies have focused on the quality and quantity of 
Zrebar Lake, and the quality of groundwater resources in 
the watershed and their relationship with land-use change 
have not been assessed.

The objective of this study was to investigate the relation-
ship between land-use patterns precipitation and groundwa-
ter quality for 4 parameters including bicarbonate (HCO3-), 
sulfate (SO42-), sodium absorption ratio (SAR), and electri-
cal conductivity (EC). In this study, land-use changes in Zre-
bar Lake watershed during three time periods, 1992, 2003, 
and 2018, were detected using remote sensing and satel-
lite imagery. Then to investigate the change of groundwater 
quality parameters, four methods including interpolation in 
the ArcGIS environment, Wilcox and Schoeller Diagram in 
Aq.QA software and Ground Water Quality Index were used. 
The present research examines different methods for ana-
lyzing groundwater quality and selects the best one which 
presents the more accurate results.
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Materials and methods

Case study region

Lake Zrebar is aquatic habitat located at the foot of the 
Zagros Mountains in north-western Iran, 5 km from the city 
of Marivan (Fig. 1). It has been designated as a Ramsar Site, 
one of the 25th Iranian wetlands of international importance, 
in early 2019. i). Zrebar, a freshwater ecosystem supplied 
mainly by springs from the lake floor, provides a suitable 
habitat for a different range of birds and other animals, and 
29 plant species, 74 birds, nine fish, two mammals, three 
reptiles, and three amphibians have been identified in this 
aquatic ecosystem (Ramsar Convention, 2019). The case 
study is the lake basin, an area of 3229.5  km2. The highest 
precipitation rate is in late winter and early spring, and the 
lowest amount is in summer. According to information of the 
24-years derived from synoptic stations of Marivan, average 
rainfall in this region (1989–2018) has been 940.2 mm per 
year, with the highest and lowest rate in the late winter and 
the summer, respectively (Fig. 2). The change in precipita-
tion shows that the amount of rainfall was decreased from 
1992 to 2018, but it was the lowest between 1994 and 1996, 
1998 to 2002 and 2008, which is a sign of drought in these 
years. The average annual temperature for the studied period 
is 13.7 °C. 

Methodology

The present investigation aims to assess and map groundwa-
ter quality changes from 1992 to 2018 by several methods 

that present the trend of groundwater quality based on time 
and spatial analysis. Since land use is one of the main factors 
affecting water quality, land-use change for the given period 
was also detected to recognize the areas in which land-use 
change has caused groundwater quality change.

Land‑use change detection

To detect land-use changes from 1992 to 2018, three Landsat 
satellite images covering the study area were obtained from 
the American Geological Survey (U.S.G, 2018). Table 1 
shows the characteristics of the data source. The data were 
analyzed in terms of radiometric errors such as stroke, the 
hexadecimal classes' error, and double pixels. To classify 
land use, visual interpretation of images was applied. Using 
ENVI 5.3 software, the bands 2, 3, and 4 of Landsat images 

Fig. 1  The map of the location 
of the study area in Kurdistan 
province, Iran

Fig. 2  The trend of precipitation in the Zrebar Lake basin (Iran Mete-
orological Organization, 2019)
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were processed, and different classes of land use/land-cover 
were detected. Land use was categorized into other classes, 
and the accuracy of the classification of land-use maps was 
investigated using Google Earth images and control points. 
Then, Kappa coefficient was calculated to evaluate classi-
fication accuracy, which was 0/83. As it is above 0.75, it 
indicates high classification accuracy.

Detecting water quality change

In this study, the chemical analysis of 11 wells located in 
the Zrebar basin was used to assess groundwater quality 
change between 1992 and 2018. The measured parameters 
include acidity (pH), electrical conductivity (EC), total 

dissolved solids (TDS), sodium adsorption ratio (SAR), 
some anions such as bicarbonates  (HCO3−), chloride (CL), 
sulfate  (SO4

2−), as well as cations such as potassium  (K+), 
magnesium  (Mg2+), calcium  (Ca2+) and sodium  (Na+). To 
achieve this aim, the study uses different methods of analyz-
ing the groundwater quality changes, interpolation methods 
for mapping the changes, Wilcox and Schoeller Diagrams 
for quality assessment in agriculture, and GWQI index for 
quality assessment of potable water.

Determining the most suitable interpolation method

One existing operational methodology for the spatial inves-
tigation of the water quality change is an interpolation, 
which can be conducted differently. Thus, cross-validation 
was used to compare the functions of interpolation methods 
and choose the best-fit interpolation model. The accuracy of 
interpolation is verified by this statistical analysis method. 
The original dataset can be classified into the train set and 
the validation set by the cross-validation method. The vali-
dation set is used to test the model obtained from the training 
set, which is the indicators to evaluate the model's accuracy. 

Table 1  Data source to detect land-use changes in Zrebar Lake basin

Satellite Sensor Datum Acquisition date Path Row

Landsat 4 TM WGS84 20/06/1990 168 35
Landsat 4 TM WGS84 20/06/2003 168 35
Landsat 7 ETM WGS84 19/06/2018 168 35

Table 2  The most suitable 
interpolation method for 
groundwater quality parameters 
in the given period

Period Parameters

EC RAR NA HCO3− SO4
2−

1992 RBF RBF Kriging (Circular) Kriging (Circular) Kriging (exponential)
2003 Kriging 

(Circu-
lar)

Kriging (spherical) Kriging (exponential) Kriging (Circular) IDW

2018 RBF Kriging (spherical) Kriging (exponential) Kriging (Circular) Kriging (Circular)

Table 3  Standards of quality 
for drinking water, according to 
Schuler  (mgL. l)

Quality TH TDS SO4
2− Cl- Na + 

good  < 250  < 500  < 145  < 175  < 115
acceptable 250–500 500–1000 145–280 175–350 115–230
medium 500–1000 1000–2000 280–580 350–700 230–460
poor 1000–2000 2000–4000 580–1150 700–1400 460–920
very poor 2000–4000 4000–8000 1150–2240 1400–2800 920–1840
non-drinking  > 4000  > 8000  > 2240  > 2800  > 1840

Table 4  Operating weight, 
relative weight, and 
the proposed measure 
concentrations for each 
parameter of groundwater 
quality

* Csi. The benchmark concentration for each ion According to the World Health Organization and (Indian 
standard, drinking water specification) and (IS 10500)
Wi: Operating weight
Wr: relative values of each parameter in GWQI index

pH TDS EC TH Cl− HCO3− SO4
2− Mg2+ Ca2+ Na+

*Csi 7.5 500 1500 300 250 45 250 30 75 200
Wi 2 5 5 3 5 5 4 2 3 4
Wr 0.05 0.13 0.13 0.08 0.13 0.13 0.11 0.05 0.08 0.11
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The error being the minimum is also the evaluation crite-
ria for the best-fit interpolation model (Dashtpagerdi et al, 
2013). Cross-validation is based on leaving out one data 
point and determining how well we can estimate this point 
from the other data.

The accuracy of interpolation methods is directly depend-
ent on the number of samples and their spatial distribution, 
and this issue should be considered in each study. So, three 
methods of IDW, Ordinary Kriging, and RBF were used to 
analyze groundwater quality (Table 2) spatially. These meth-
ods are the GIS-based interpolation techniques for estimat-
ing the spatial distribution compared to the other two meth-
ods, and Kriging has the slightest error because it is a linear 
method showing the spatial distribution of the parameter's 
concentration (Bucene and Zimback 2003; Hu et al, 2005; 
Osati et al, 2012,) so that this method were used concerning 
most parameters.

Wilcox and Schoeller diagrams

Several methods have been proposed for water quality 
assessment in agriculture, mostly based on the total soluble 
salts and the ionic compositions of water (Lokhande and 
Mujawar, 2016). Methods of representing the chemistry 
of water like Wilcox and Schoeller's diagrams used in this 
study show the proportion of ionic concentration in indi-
vidual samples.

Table 5  Classification of groundwater quality for drinking based on 
GWQI

Groundwa-
ter quality 
based on 
GWQI

Excellent Good Bad Very Bad Non-
Drinking

50 > 50–100 100–200 200–300 300 < 

Table 6  The change in land-use area over the three time periods 
(Hectare)

Use Lake Canebrake Human-made 
constructions

Agricul-
tural lands

Forest
Year

1992 8.76 9.87 2.78 68.18 70.59
2003 8.41 11.01 6.37 71.88 62.51
2018 8.72 10.68 8.32 82.25 50.21

Fig. 3  Land-use types of the 
study area
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In the Wilcox diagram, two parameters of salinity (EC) 
and alkalinity (SAR) were analyzed by the Aq. Qa software. 
AqQa is software for water analyses: unit conversion, ion 
balance, sample mixing, basic fluid properties calculations, 
water chemistry diagrams (Piper, Stiff), and more. A spread-
sheet that knows how to convert units, check your analyses 
for internal consistency, graph your data in the ways you 
want it graphed. The classification of the irrigation water 
can be determined through graphically plotting these param-
eters’ values. In this way, water quality is divided into C1, 
C2, C3 and C4 types based on salinity hazard and S1, S2, 
S3, S4 types based on sodium hazard. The significance and 
interpretations of quality ratings are summarized as follows: 
very good (C1S1), good (C1S2, C2S2 and C2S1), medium, 
or acceptable (C3S3, C3S2, C3S1, C2S3, and C1S3), and 
bad (C4 or S4).

Schoeller diagram is a semi-logarithmic plot representing 
the concentration of major ions in milliequivalent per liter 
and demonstrates different hydrochemical water types on 
the same property. It is based on five chemical parameters 
of sodium, chloride, sulfate, total dissolved solids (TDS), 
and hardness. Water is categorized into six classes: good, 

acceptable, medium, poor, very poor, and non-drinking by 
this method (Table 3).

GWQI index

The water quality index (WQI) is used to assess surface and 
groundwater quality for human consumption (Khangem-
bam and Kshetrimayum, 2019). Groundwater Quality Index 
(GWQI) is a rating technique to prepare the combined effect 
of individual parameters on the overall groundwater quality 
calculating based on human water consumption viewpoints. 
In this method, the weights of different quality parameters 
are assumed to be inversely proportional to the correspond-
ing parameters (Wu et al, 2017). A weight factor is then 
determined for each of the ten parameters, including  K+, 
 Na+,  Ca2+,  Mg2+,  SO4 2−,  HCO3−,  Cl−,  NO3

−, TDS, and 
pH based on their effect on health. This index integrates the 
groundwater quality parameters and compares them to the 
international standards such as the World Health Organiza-
tion (WHO) and IS 10500. In this way, a numerical weight 
(between 1 and 5) is driven for each parameter regard-
ing their priority in affecting groundwater quality. Then, 

Fig. 4  The areas which changed 
in terms of use
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according to Eq. (1), the relative weight ( wi ) is calculated 
for each parameter.

where (wi) and (Wri) are, respectively, the weight and rela-
tive weight of each chemical parameter.

By dividing the concentration of each parameter ( ci ) 
on the concentration of the proposed measure ( csi ) in 
Table 2 and Eq. (2), qualitative rank for each of them ( qi ) 
is calculated.

The quality rating of each parameter is calculated using 
Eq. (2), in which the concentration of each chemical param-
eter (Ci) is divided by their WHO standard values (Si).

Finally, the GWQI index is calculated according to Eq. 3. 
The results of this method are shown in Table 4.

(1)wri =
wi
�

n
∑

i=1

wi

(2)(qi) =
cc

si
× 100

(3)GWQI =

n
∑

i=1

(wri × qi)

In general, the quality of underground water resources 
can be classified into five categories of excellent, good, bad, 
very bad, and non-drinking (Table 5).

Results

Land‑use change

The total area of the basin is 160.18 km2. Land-use types 
were classified into five categories including, human-made 
constructions (towns, villages, industrial facilities, mines, 
etc.), lake, canebrake, forest, and agricultural lands. Inside 
this region, there is no rangeland except a few tiny patches 
used by farmers to feed livestock, so they were considered as 
agricultural lands. Table 6 shows the change in land-use area 
over the three time periods. Forest area in 1992, 2003 and 
2018 was 70.6, 62.5 and 50.2 hectares, respectively, which 
shows a significant reduction, 22%, during this study period. 
On the other hand, the area of farmlands and human-made 
constructions has increased by 20% and 200%, respectively. 
As it is shown in Fig. 3, the dominant use covered a con-
siderable part of this area is oak forest. Although the forest 
was the most extensive land use in 1990, the development of 

Fig. 5  Spatial variations of EC 
(µSiemens.cm) in 1992–2003–
2018
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agriculture and the city area has reduced this natural cover 
during the given period. These changes mainly occurred in 
the east of the basin in 2003, while the central part of forest 
lands in the west of the basin was allocated to agriculture 
in 2018. As a result, a significant area of forests has been 
replaced by agricultural use, the dominant cover in 2018, 
while the area of forest has declined sharply (Fig. 4).

Groundwater quality

Interpolation

The results of interpolation of groundwater quality param-
eters (EC, SAR,  SO4

2−and  HCO3−) based on choosing the 
best-fit interpolation model are shown in Figs. 5, 6, 7, 8. 
Therefore, three methods of IDW, Ordinary Kriging, and 
RBF were used to analyze groundwater quality based on 
the least root-mean-square error (RMSE).

It is clear from Fig. 5 that the amount of EC (Electrical 
Conductivity) on the north and southeast of the study area 
was lower and higher, respectively. In 1992, EC was higher 
on the southeast side of the area (more than 680) than the 
areas around the lake, at about 500. This parameter's Figs 
decreased almost for the entire region, significantly on the 
east side of the basin in 2003. This trend remained the 

same in 2018 which due to the change of land use and also 
the decrease in rainfall, the study of a single parameter 
(EC) does not show the correct trend of total groundwater 
quality, which may be due to the drop in groundwater level 
and the passage of geological layers.

As illustrated in Fig. 6, the spatial variation of SAR 
amount (Sodium Adsorption Ratio) was remarkable dur-
ing the given period. In 1992, SAR was less than 0.2 in 
the area around the lake while Fig. 6 for the north and 
the south of the study area were higher, more than 0.6. In 
2003 and 2018, this indicator increased around the lake to 
0.2—0.4 and decreased on the north and south of the basin 
to 0.2—0.4 and less than 0.8, respectively.

The concentration of sulfate anion  (SO4
2−) fluctuated 

widely from 1992 to 2018 (Fig. 7). This parameter's con-
centration varied in spatial distribution ranging from less 
than 0.1 to 0.6 mEq/L while the entire area had the same 
concentration (less than 0.1) in 2003. In 2018, Fig. for SO4 
rose and was 0.3–0.4 in the central part of the basin, includ-
ing around the lake.

The concentration of  HCO3− fluctuated between 1992 and 
2018 (Fig. 8). In 1992, this parameter was 300–330 mEq/L, 
while Fig. varied from less than 0.2 in the north and south 
of the basin to more than 360 on the east side of the basin 
and around the lake. The amount of  HCO3− significantly 

Fig. 6  Spatial variations of SAR 
in 1992–2003–2018
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decreased in 2018, especially around the lake in which the 
concentration fell, at 270–300 mEq/L.

Schoeller and Wilcox diagrams

The chemical parameters of the area's groundwater were 
compared with the standard guideline of values published 
by the World Health Organization (WHO) standards for 
irrigational suitability. In this way, hydrochemical data was 
plotted in standard graphs Schoeller and Wilcox's diagrams 
(Figs. 9 and 10). According to the Schoeller diagram, the 
groundwater quality during the given period was suitable for 
drinking. As presented in the Wilcox diagram, most wells' 
groundwater quality is good (C2.S1) in the three years. And 
it is categorized in a very good class (C1.S1) for Ney well 
in 2018.

Results of the groundwater changes regarding drinking 
consumption (Schoeller diagram) and agriculture (Wilcox 
diagram) show that changes in the qualitative class of water 
were low. The groundwater is suitable for irrigation.

GWQI index

GWQI index was calculated based on the chemical anal-
ysis of 11 wells in 1992, 2003, and 2018 to evaluate the 
change of groundwater quality for drinking (Fig. 11). The 
GWQI index results for all stations show that the index has 
increased, which means that the groundwater quality has 
decreased in almost all stations in 2003, which was a dry 
year. In 2018, this index showed a significant decrease com-
pared to other stations in Stations (Serah Ne), which is the 
downstream of residential areas. After a severe and long 
drought in 2003, the GWQI index shows that the quality of 
water in Serah Nei point (like most wells in this region) has 
been high. However, in this station, changes were regular. 
In 2018, when rainfall was close to the standard conditions, 
water quality increased compared to 2003; however, it was 
worse than in 1992. It can be attributed to this well's loca-
tion at Marivan downstream that is affected by significant 
changes in land degradation and the development of residen-
tial lands. Contrary to other stations, the GWQI index for 
Nei and Lenj Abaad has been reversed and has decreased, 
which can be due to local causes.

Fig. 7  Spatial variations of 
 SO4

2− (meq.l) in 1992–2003–
2018
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Discussion

Spatial analysis of the groundwater quality parameters 
of Zrebar lake watershed basin (Kurdistan province/Iran) 
from 1992 to 2018 shows heterogeneous trends. The trend 
of change in some groundwater quality factors has been 
fluctuating, and some of them have a direct tendency, com-
plicating the interpretation of the causes of groundwater 
quality change in the area. However, comparing the results 
of groundwater quality changes with drinking consumption 
(Schoeller diagram) and agriculture (Wilcox diagram) stand-
ards revealed that water quality changes have been low, and 
groundwater of the area was classified in well and medium 
categories. Additionally, in 2018, the quality of water has 
upgraded to a good grade and to top-level in Nei well, due 
to the local causes.

Therefore, GWQI index was used in order to better ana-
lyze the trend of qualitative changes in terms of drinking. 

The values of this index show that changes in this index 
have been occurred along with climatic change and land-
use change meaning that in 2003, after a significant and 
severe period of drought, the quality of water has deterio-
rated. Since there are a number of parameters affecting water 
quality, in some cases, the qualitative changes are difficult 
to interpret. After a severe and long drought in 2003, GWQI 
index shows that the quality of water in Serah Nei point (like 
most of the wells in this region) has been high. However, in 
this station, changes were regular. In 2018, when rainfall 
was close to the normal conditions, water quality increased 
compared to 2003; however, it was worse compared to 1992. 
It can be attributed to the location of this well at Marivan 
downstream that is affected by significant changes in land 
degradation and the development of residential lands. Con-
trary to other stations, GWQI index for Nei and Lenj Abaad 
has been reversed trend and has decreased which can be due 
to the local causes.

The greatest change in the quality of groundwater 
resources was in areas where the area of agricultural land 

Fig. 8  Spatial variations of 
 HCO3− (meq.l) in 1992–2003–
2018
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and residential areas significantly. For example, the concen-
tration of SO4 and SAR has risen around the lake, where the 
forest was destroyed for agricultural purposes. However, a 
significant relationship cannot be recognized between land-
use change and the trend of EC and  HCO3− because EC has 
reduced between 1992 and 2018 in the areas with the most 
change of land use, and the concentration of  HCO3− has 
fluctuated in these areas. This is because the rate of fertilizer 
use increases as a result of agricultural land development, 
resulting in increased concentrations of nitrate and phos-
phate contaminants in water resources.

The results obtained from detecting the trend of land-
use change in this study was similar to other studies 

conducted in other parts of Iran and the world (Geist 
and Lambin, 2001, Holmgren, 2006., Václavík and 
Rogan 2009, Hosonuma et al. 2012., Hansen et al. 2013., 
d’Annunzio et al. 2015). For example, about 32% of the 
world's tropical forests were destroyed between 2000 and 
2012 (Hansen et al. 2013). Direct causes of deforesta-
tion include agricultural expansion, timber extraction (for 
example, logging or harvesting for fuel or charcoal), and 
the development of infrastructure such as road construc-
tion and urban development, of which agricultural land 
development is the most important. In order to develop 
agricultural lands to meet food needs, large areas of forests 
in Africa, Asia, and South America have been destroyed. 

Fig. 9  Schoeller diagram in 1992–2003–2018
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More than 70% of the trees cut down in these areas was 
in order to convert forest into agricultural land (Nepstad 
et al. 2008; Guitierrez-Velez et al. 2011; d’Annunzio et al. 
2015). Similarly, various parts of Iran's forests have been 
destroyed over the past decades and have become farm-
land (Mohammadi and Shataee, 2010, Jorabian et al. 2014, 
Rajaei et al, 2021). For example, in a study conducted for 
Tajan watershed, located in north of Iran, about 1.6% of 
the forest have decreased during 1986–2010 (Rajaei et al, 
2021).

Evaluating of the Zrebars Lake water quality by WQI 
(Sharifinai et al. 2013) revealed the similar results to this 
study. It showed that the lake is slightly polluted and could 
be placed in average quality class. However, most studies 
conducted for the case study area have mainly focused on 

quality parameters such as nitrate and phosphate and their 
results show that agricultural development is one of the 
main reasons for increasing the concentration of these two 
parameters. Since the main cause of nitrate and phosphate 
emissions in agricultural fertilizers, the proposed solutions 
to improve water quality were mainly focused on agricul-
ture, such as changing the type of cultivation, the amount 
of fertilizer used and farming management. None of these 
studies considered upstream–downstream relationships, 
including deforestation and increased agricultural activity.

Fig. 10  Wilcox diagram in 1992–2003–2018
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Conclusion

This paper presented land-use change, groundwater quality 
change and the best way to study these changes as well as 
the relationship between land use and groundwater quality. 
This study revealed that GWQI index is the most appropri-
ate method to measure and assess the trend of groundwater 
quality in the area because all quality parameters were 
rated based on their value and importance, and groundwa-
ter quality changes were matched to land-use changes and 
drought. According to the complexity and the number of 
the parameters affecting the groundwater quality includ-
ing human factors and climatic fluctuations, determining 
the role of land-use changes on groundwater quality is 
significant challenges for researchers. In addition, in order 
to more accurately study the impact of land-use change on 
groundwater quality, it is necessary to measure other qual-
ity parameters, especially nitrate and phosphate because 
the development of agriculture and subsequent use of 
chemical fertilizers increases the emission of these pol-
lutants. Since Zrebar Lake fed by groundwater resources 
and no river comes in this lagoon, pollution of ground-
water resources leads to pollution of this ecosystem and 
affects the life of animal and plant species. Therefore, it 
is suggested that other quality parameters of groundwater 
resources are studied in the future and not only their past 
trends but also their changes in the future be modeled. 
Different scenarios could be developed for the future with 
focus on conservation principles and land use and ground-
water quality changes could be modeled to help pollution 
mitigation efforts.
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