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Abstract 

 

     Compared to surface water, groundwater resources are the primary source of water supply in arid and semi-arid 

regions of Iran, hence the importance of the management of these resources .  In this regard, we assessed the effects 

of land use changes on the qualitative and quantitative status of groundwater resources in Eshtehard region, Iran. 

Through processing and analyzing the satellite images, the region was divided into six different land uses, namely 

agricultural lands, Haloxylon planted area, bareland, saline lands, rangelands, and urban areas; the maps pertaining 

to these land uses were then prepared. The ground water table fluctuation was assessed via the quantitative data of 

wells in the study area during 2000-2014. IDW interpolation method was employed to study the spatial variations 

of parameters, such as EC, Na, SAR, and TDS; afterwards, the maps related to the qualitative and quantitative 

changes in groundwater were prepared. The results showed that the rangelands, bare lands, and urban areas 

increased, and the agricultural lands decreased during the studied period. There was more reduction in groundwater 

table whereas water quality dropped. Generally, water quality was reduced from west to east, and there was more 

decrease in groundwater table from south to north. It could be deduced that human and natural factors, particularly 

over exploitation of groundwater, were the main reasons for these changes.   
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1. Introduction 

 

     Water is an essential natural resource for the 

socio-economic development of human society 

and the ecosystem. Its purification and transition 

are difficult and costly and its replacement is 

impossible (Dannowski et al., 2014). Population 

growth, urban development, and cutting forest 

trees have caused significant changes in the 

terrestrial ecosystem and has raised concerns 

regarding the ecosystem and water resources 

management. Distinguishing the impacts of these 

changes on the quantity of water resources is still 

a challenge for hydrologists (Hutchins et al., 

2018).  

     Recent studies have shown that land use  
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change is one of the most critical factors 

affecting water quantity, and the study of land 

use changes to understand the elements and their 

causes over a period can be of interest to planners 

and managers (Eulenstein et al., 2016). It is 

necessary to  assess the effects of land use 

changes on groundwater resources because  

compared to surface water, these resources have 

more advantages such as better quality and lower 

pollution, and they are the primary source of 

water supply in arid and semi-arid regions(Xu et 

al., 2014). 

     The world's population has faced a water 

crisis, which is expected to be significantly 

worsened by the end of this century (Erb et al., 

2015). Problems caused by the abuse of 

groundwater resources and natural and 

anthropogenic pollutants are major challenges 

(Hua, 2017). This particular issue is conducive to 

selecting topics related to water scarcity and 
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groundwater quality in different regions of the 

world (Luczaj and Masarik, 2015).  In this 

connection, many studies have focused on the 

effects of land use changes on groundwater 

resources: 

     Using satellite images, Ranjpishe et al. (2018) 

assessed the impacts of drought and land use 

changes on groundwater quality in Shabestar 

basin, north of Lake Urmia. Their results showed 

that the extent of farming, residential areas, 

gardens and bare lands increased from 1990 to 

2015 while the extent of pasture land decreased. 

They also concluded that the amount of EC 

increased in southern and western parts of the 

area in the vicinity of Lake Urmia, and water 

quality was unsuitable for agriculture. Zhu et al. 

(2018) investigated the effects of land use 

changes on groundwater resources of the lower 

Shiwalik hills, in Rupnagar, Punjab, India during 

17 years; for this purpose, they utilized remote 

sensing and GIS techniques, images of IRS and 

LISS sensors, and groundwater quantitative and 

qualitative data. They concluded that the amount 

of groundwater increased because of natural and 

artificial recharge caused by land use and land 

cover pattern changes. Mirzo Jalilov (2018) 

predicted the impacts of land use changes on 

groundwater quantity in northern Kelantan, 

Malaysia during 1989-2014. Based on their 

results, residential areas increased by 3.9%, 

agricultural lands were reduced by 2.6%, and 

groundwater resources were lowered by 20%. 

Liu et al. (2017) evaluated the effect of land use 

changes on the water resources of Thai River 

over the past thirty years. In their research, they 

analyzed the impact of different land uses on 

river water quantity, concluding that land use 

change had a direct effect on water quantity. By 

use of satellite images, Fu Yeh et al. (2016) 

examined the impact of land use changes on 

groundwater resources in Gilan-e Gharb plain. 

Their findings showed that the depletion of 

groundwater increased during the studied years. 

Human intervention in their research was 

identified as the most crucial destructive factor. 

Using GIS software, Elmahdy et al. (2016) 

investigated the impact of land use changes on 

the quantity and quality of groundwater in Ajman 

Emirate during fifteen years. They further 

employed TDS, Na, and Cl parameters to obtain 

water quality. They revealed that water quality 

was reduced and water depletion increased due 

to the increase in the land use/ land cover classes. 

Chen (2008) assessed the effect of land use 

changes on groundwater resources using satellite 

images in Ansan city, Korea and concluded that 

the increased urban and industrial areas led to 

groundwater reduction. 

     Accordingly, land use changes affect water 

resources. In the future, Iran and other countries 

will face a more severe crisis caused by reduced 

water resources and failure to generate new water 

resources (the USA, 2015). As a result, it is 

essential to study the effect of land use changes 

on water resources (Wittenberg, 2015). 

     Therefore, we aimed to investigate the effect 

of land use changes on the quantitative and 

qualitative status of groundwater resources in 

Eshtehard region. Because of its special 

temperature conditions, economic progress, and 

urban development and its suitable agricultural 

conditions, this region was selected as the case 

study. 

 

2. Materials and Methods 

 

2.1. Study area 

 

     Eshtehard is one of the ancient cities of Iran 

located in Alborz province. Its area is 769.743 

km2, and its population is approximately 25,000 

people. Eshtehard is situated behind Alborz and 

Zagros mountains and does not receive the main 

rainfall in these regions. Annual precipitation of 

the study area is 196.4 mm with maximum and 

minimum of 266.5 and 109.8 mm, respectively. 

Eshtehard includes two units, two types, and 11 

facies of geomorphology. Water erosion and lack 

of vegetation are the main constraints on the 

north and west of the region. Agricultural lands 

exist in the southern parts of the region and may 

have salinity and wind erosion limitations. The 

area of the study region in Eshtehard is 247.28 

km2  located on 50° 29' 60" to 50° 44' 56" eastern 

longitude and 35° 43' 01" to 35° 47' 18" northern 

latitude (Fig. 1). 

 

2.2. Methodology 

 

     To determine the changes in the study area, 

we used the TM, ETM+, and OLI sensors data of 

Landsat satellite. Table 1 shows the details of the 

used images. After provision and correction, 

these images, related to the years 2000, 2008, and 

2014, were analyzed using ENVI software. 

     Some studies have been done to select precise 

classification methods. Based on the Shojaeian et 

al. (2015) and Comte et al. (2016) results, 

Maximum Likelihood Method is the one of the 

most optimal methods for classification, hence 

this method was used for classification.  
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Fig. 1. Location of the study area in Iran, Alborz Province, Eshtehard County 

 

     As far as images and study area are 

concerned, land uses, including agricultural 

lands, Haloxylon planted region, bare area, saline 

lands, rangelands, and urban areas were selected, 

and their training points were recorded using 

GPS. To enhance the accuracy of the training 

points, their modification was performed using 

unsupervised classification method. The training 

samples were matched with the unsupervised 

image, and the same pixels between 

unsupervised classes and training points were 

then determined. Next, these pixels were 

assigned to the relevant land uses in order to 

increase the classification accuracy. 

Consequently, land use maps were prepared for 

all three years, and their accuracy was assessed 

by calculating the overall efficiency and Kappa 

coefficient. 

     The quantitative data of the wells of the study 

area were used to investigate the groundwater 

table condition and its depletion during 2000-

2014. Primarily, the location of each well was 

specified with regards to the existing information 

and field visits (Fig. 1); after that, the data were 

sorted, and figures related to their average were 

designed in the EXCEL software. Finally, the 

IMDPA model (Iranian Model of Desertification 

Potential Assessment) was used to generate the 

zoning map of water table depletion. 

     Figure 2 shows the framework of the research. 

 
Fig. 2. Flowchart of the research 

 

 

 

 

Assessment of the change trend of 

groundwater resources in 2000, 2008, and 
2014  

 

Preparing the maps of groundwater resources 

quality and quantity changes 

Assessment of groundwater quality and quantity 

changes with the best interpolation method   

Assessment of land use changes using 

satellite data in 2000, 2008, and 2014  

1. Determining the training points  2. Using the 

maximum likelihood classification method 

 

Analysis and processing of Satellite 

images  

Classification of land uses and map 

preparation 

Assessment of the effect of land use changes on quantitative and 

qualitative status of groundwater resources 

Data collection and initial assessment  
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              Table 1. Images used in the research 

Sensor Row Pass Years Basis Correction level 

TM 35 165 2000 WGS84 L1T 

ETM+ 35 165 2008 WGS84 L1T 

TM 35 165 2014 WGS84 L1T 

 

3. Results 

 

     Investigation of the radiometric quality 

showed that all images had a good quality with 

no error. As mentioned above, the Maximum 

Likelihood Method was used to evaluate the 

classification accuracy, Table 2.  

 
                                Table 2. Results of the evaluation of classification accuracy in 2000, 2008, and 2014 

Overall accuracy Kappa coefficient Year 

99.2640 0.9788 2000 

100 1 2008 

98.8992 0.9667 2014 

 

3.1. Land use maps and monitoring land use 

changes 

 

     Figure 3 shows the results of the visual 

interpretation of satellite images. Table 3 and 

Figure 4 show the area of all land uses and the 

change procedure, respectively. According to the 

results, the total area of different land uses in the 

study region was 247.28 Km2. The most surface 

was related to the rangeland in all three years: 

71.56% in 2000, 71.66% in 2008, and 72.4% in 

2014. As seen, rangeland surface increased 

around 0.26 Km2 during these years. Following 

rangeland, the largest area was related to 

agricultural use, which decreased about 8.23 

Km2 in 2008 compared to 2000. In 2000, the 

smallest surface belonged to saline lands, but in 

2008 and 2014, it was related to Haloxylon 

planted areas. During these three years, 

rangelands, urban areas, and bare lands increased 

by 1.8, 1.57, and 1.98 Km2, respectively. The 

reduction pattern of agricultural lands continued 

until 2014, so that its surface decreased by 8.63 

Km2. According to these changes, it can be 

inferred that agricultural lands were reduced and 

urban areas increased during these three years. 

  
Table 3. Area of different land uses  

Class 
 

2000 2008 2014 

Area (Km2) Area (%) Area (Km2) Area (%) Area (Km2) Area (%) 

Agricultural land 37.60 15.20 29.37 11.18 20.74 8.38 

Urban area 13.71 5.54 14.36 5.80 15.93 6.45 

Rangeland 176.94 71.56 177.2 71.66 179.01 72.4 
Saline land 8.26 3.34 9.58 3.87 11.27 4.55 

Haloxylon planted area 0 0 1.55 0.63 3.13 1.26 

Bareland 10.77 4.36 15.22 6.16 17.2 6.96 
Total 247.28 100 247.28 100 247.28 100 

 

3.2. Groundwater quality 

 

     Groundwater quality was evaluated using 

IDW (Inverse Distance Weighted) method. 

Figures 5, 6, 7, and 8 show the maps of spatial 

variations associated with electrical 

conductivity, sodium absorption ratio, sodium, 

and total dissolved solid in years 2000, 2008 and 

2014, respectively. According to the findings, 

groundwater quality in the study area worsened 

during these years. Generally, for all indicators, 

the western parts of the region with agricultural 

lands had a better condition compared to the 

eastern parts, which were unsuitable for 

agriculture. Furthemore, the southern parts of the 

region had more suitable conditions in 

comparison with the northern parts. These results 

are shown in Tables 4, 5, 6, and 7, indicating the 

areas related to EC, SAR, Na, and TDS.  

     Based on Tables 6 and 7 and the Schoeller 

diagram, most of the regions had an acceptable 

and moderate condition for drinking; these 

conditions, on the other hand, were gradually 

replaced with inappropriate, entirely improper, 

and non-drinkable status. 
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Fig. 3. Maps of Land Use Changes, a: 2000, b: 2008, c: 2014     

 

 
Fig. 4. The area of different uses during the period of 2000-2014 
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Fig. 5. Spatial variations of EC, a. 2000, b. 2008, c. 2014 

 

 
Fig. 6. Spatial variations of SAR, a. 2000, b. 2008, c. 2014 
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Fig. 7. Spatial variations of Na, a. 2000, b. 2008, c. 2014 

 

 
Fig. 8. Spatial variations of TDS, a. 2000, b. 2008, c. 2014 
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Table 4. Areas allocated to EC classes in the study area 

EC classification (µ mho/cm) Area (%), 2000 Area (%), 2008 Area (%), 2014 

250-750 45.39 0 0 

750-2250 29.06 60.09 52.61 
2250-5000 23.23 29.39 36.52 

>5000 2.32 10.52 10.87 

 

Table 5. Areas allocated to SAR classes in the study area 

SAR classification Area (%), 2000 Area (%), 2008 Area (%), 2014 

0-10 40.89 40.65 40.08 

10-18 24.13 24.8 25.2 

18-26 27.54 26.79 26.85 
>26 7.44 7.76 7.87 

 

 Table 6. Areas allocated to Na classes in the study area 

Na classification Schoeller classification Area (%), 2000 Area (%), 2008 Area (%), 2014 

115-230 Acceptable 21.14 0 0 

230-460 inappropriate 35.54 33.3 32.39 

460-920 Bad 29.16 39.68 23.57 
920-1840 Almost drinkable 10.67 22.76 33.34 

>1840 Non-drinkable 3.49 4.26 10.7 

 
Table 7. Areas allocated to TDS classes in the study area 

TDS classification Schoeller classification Area (%), 2000 Area (%), 2008 Area (%), 2014 

500-1000 Acceptable 23.72 32.6 29.92 

1000-2000 inappropriate 35.7 35.71 35.27 
2000-4000 Bad 28.45 28.21 28.2 

4000-8000 Almost drinkable 2.54 2.85 5.65 

>8000 Non-drinkable 0.59 0.63 0.96 

 

3.3. Groundwater level variations 

 

     Figure 10 shows the change pattern of 

groundwater level depletion in Eshtehard during 

the 13 years. According to Figure 9, groundwater 

depletion increased from 2001 to 2008, 

decreased from 2008 to 2011, and increased once 

again from 2011 to 2013. 

 

  
Fig. 9. The trend of temporal changes in groundwater quantity 

 

     Table 8 and Figure 10 show the classes of 

groundwater table depletion in the study area. 

Based on the results, low and moderate classes of 

water quantity decreased by 0.19% and 14.61% 

from 2000 to 2008, respectively. However, high 

and very high depletion increased by 46.29% and 

10.5%, respectively. Moreover, from 2008 to 

2014, the low, moderate, and high drop 

decreased by 3.07%, 25.34%, and 60.14%, 

respectively and the very high class increased by 

65.46%. It is evident that during these three 

periods, groundwater level depletion in the 

eastern parts of the region was lower than the 

western parts. In addition, groundwater reduction 

in the southern parts of the area was more than 

the northern regions. In 2014, there was a very 

sharp decline in groundwater level in all parts of 

the study area. 

     Ground water level reduction in the study area 

indicates the overexploitation of groundwater 

and increased degradation, entailing many 

problems for the study area. 
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Table 8. The area allocated to groundwater reduction classes in the study area using IMDPA model 

Groundwater reduction Schoeller classification Area (%), 2000 Area (%), 2008 Area (%), 2014 

<20 Low 3.26 3.07 0.72 

20-30 Moderate 39.95 25.34 2.17 
30-50 High 46.29 60.14 20.2 

>50 Very High 10.5 11.45 76.91 

 

 

 
Fig. 10. Spatial changes in groundwater quantity, a: 2000, b: 2008, c: 2014 

 

4. Discussion 

 

The results showed that urban areas 

increased significantly during these years in the 

study area. In the western parts of the study area, 

where agricultural lands and gardens exist, 

population increase caused the overexploitation 

of groundwater, pumping of more water from the 

wells, and new well excavations. These factors 

led to groundwater surface reduction. Also, the 

decrease in rainfall and high temperature and the 

increase in drought caused farmers to abandon 

their lands. In the southern parts of the region, 

groundwater utilization further increased due to 

the growth of urban and rural areas. On the other 

hand, human activities and improper 

management resulted in land use changes, 

thereby reducing groundwater surface in the 

study area. Similarly, Liu et al. (2017) evaluated 

the effect of climate and land use changes on 

water resources in the Taoer River. Human 

activities caused a reduction of about 8.23 km2 in 

agricultural lands. These changes led to the 

overexploitation of groundwater resources by 

farmers and a decrease in ground water surface 

during the periods of 2000-2008 and 2011-2013.  

According to the results, the quality of 

groundwater resources decreased during these 

years. There was an appropriate condition for 

agriculture in the western parts of the region in 

2000. In the following years, the quality of 

groundwater resources was reduced due to an 

increase in industrial and urban areas and the 

inappropriate management of irrigation systems. 

This is consistent with Deshmukh and Aher 

(2016) who investigated the effect of land use 

changes on groundwater quality from Sangamner 

Area, Maharashtra, India. Moreover, the quality 

of groundwater resources in the central parts of 

the region decreased during these years owing to 

the increase in rural and urban areas, 

overexploitation of groundwater, construction of 
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industrial centers, droughts, geological 

formations, and salty river. With the rise in the 

rural regions in the southern parts of the area, 

groundwater quality worsened during these 

years. In addition, the steep slope of these parts 

and the consequent flood and erosion caused a 

decrease in ground water quality. During these 

years, there were inappropriate conditions in the 

eastern parts of the region due to the existence of 

salty lands and bare lands. The main reason for 

the presence of saline lands in these parts is the 

Saline River, which passes through salty lands 

and Marl formations and affects groundwater 

resources. In addition, the water of river is 

unsuitable for agriculture and drinking. 

According to the results of Schoeller 

classification based on Na and TDS indicators, 

only the groundwater related to one section of the 

northern parts with barren lands, and eastern 

parts of the region owing to the salty river, had a 

low quality and was non-drinkable. 

     Totally, the  results of this study are consistent 

with studies such as Neal (2010) who stated that 

land use changes  impacted the groundwater 

quality. To manage the rural environments, 

Ozturk (2013)  determined the reduction of 

groundwater quality in rural watershed. Abiye et 

al.(2018) investigated the effects of land use 

changes on groundwater quality in the 

Johannesburg region; Rossiter et al.(2014) 

studied the chemical quality of drinking water 

and indicated that high turbidity, low acidity, and 

high concentration of NO3, Al, and Cl were the 

main problems associated with different 

countries. 

 

5. Conclusion 

 

     In this research, one part of Eshtehard region 

in Alborz province was selected based on field 

observations. Landsat satellite images related to 

TM and ETM+ sensors were used to assess the 

changes in the years 2000, 2008, and 2014. Also, 

the data related to water quantity was used to 

investigate the groundwater level changes. 

Afterwards, the maps of groundwater reduction 

and the average of groundwater reduction were 

drawn for all three years, and the zoning maps 

were finally prepared. The results showed that 

the surface of rangelands, bare lands, and urban 

areas increased while the surface of agricultural 

lands was reduced during the studied years. 

Furthemore, the reduction in groundwater table 

was improved and water quality was reduced. 

The similarity of our results to other studies 

indicate the accuracy of the present research.  

     According to the results, the reduced 

groundwater quality and quantity in the study 

area was due to the land use changes and also the 

inappropriate management. In fact, groundwater 

utilization increased due to the growth of urban 

and rural areas. Therefore, overexploitation and 

decrease in groundwater level resulted in the 

further destruction of soil and water resources. 

     In conclusion, land use changes had important 

effects on groundwater quality and quantity in 

Eshtehard region over the study period. 

Therefore, it can be claimed that land use change 

is an important parameter reducing groundwater 

quality and quantity; however, it is also 

necessary to consider the climate change and its 

impact on water resources. 
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