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ABSTRACT 
Exploiting groundwater resources requires an awareness of quantities especially those of 
groundwater. Therefore, appropriate methods such as geostatistic methods must be employed for 
mapping qualitative groundwater amounts in order to move towards sustainable development 
through accurate scientific planning. The present study explores geostatistic methods used for 
mapping potential hydrogen (pH) of groundwater sources in Pasargad at northeast of Fars 
Province. The methods examined in this study were Inverse Distance Weights, Global 
Polynomial Interpolation, Local Polynomial Interpolation, Simple Kriging, and Ordinary 
Kiriging. Finally, the best method of mapping pH content variations was determined and the 
desired map was plotted using Arc GIS 10.1. The results indicated that Simple Kriging with a 
higher R2 value (0.77) and a lower RMSE value (0.001) was preferred over Inverse Distance 
Weights. Therefore, it was selected as the final method of pH variation mapping in the region 
under study.  
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INTRODUCTION 

 
 Groundwater is one of the most important natural resources in the world. At present a major share of water 
consumed in Iran is supplied through groundwater resources. As such, the optimal use of groundwater resources 
requires an awareness of quantities especially those of groundwater (Sajedi, 2015).  
 Changes in groundwater quality and salinity of water resources are regarded as a serious danger facing the 
development of our country especially in arid lands. As is the case with surface water, the groundwater quality 
is always changing. However, such changes occur much more slowly than changes in surface water. Actions 
taken in Iran concerning the supply of agricultural, urban, and industrial water have mainly focused on water 
production and supply management and little attention has been paid to water consumption management 
(Moghimifard Ghiri, 2013). Therefore, appropriate methods such as geostatistic methods must be employed for 
mapping qualitative groundwater amounts in order to move towards sustainable development through accurate 
scientific planning. To this end, the present study explores geostatistic methods used for mapping potential 
hydrogen (pH) of groundwater sources in Pasargad at northeast of Fars Province. 
 
Geographical location of the region under study: 
 
 Pasargad County is located at northeast of Fars Province with an area of 1754 km

2
 at a distance of 115 km 

from Shiraz. The geographical location of Pasargad is 52 50' 04'' to 53 33' 32'' E and 29 59' 45'' to 30 20' 32'' N 
(Fig. 1):  
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Fig. 1: Geographical location of region under study. 

 

 The average height of Pasargad County from the sea level is about 1700 m with a population of 33000 

persons. Approximately, 72% of Pasargad area is made of highlands and the remaining 28% (470 km
2
) consists 

of three plains: Sa’adatabad, Sarpaniran, and Madar Soleiman plains. Climatologically, Pasargad is 

characterized by a mild Mediterranean climate with relatively cold winters and temperate summers. The average 

annual rainfall in the region is 352 mm and its average temperature is 21 ºC (Sajedi, 2015).  

 

Method: 

 First, a total number of 51 wells were identified randomly inside Pasargad aquifer boundaries. It should be 

mentioned that since the region under study is a mountainous area and there is no well is such areas, the most 

selected wells were located at the same boundary that was the main aquifer in Pasargad. Then the selected wells 

were logged using GIS. Fig. 2 shows the geographical location of the wells under study. Fig. 3 also shows how 

the geographical location of one of the selected well was logged. Then, 1.5 L bottles were used to sample water 

supplied from the wells (Fig. 4). Finally, the samples were taken to a laboratory to determine their pH content. 

Figure 3 shows the sampling procedure.  

 

 
Fig. 2: Geographical location of wells under study. 
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Fig. 3: Logging geographical location of wells under study. 

 

 
Fig. 4: Sampling procedure. 

 

 After collecting the qualitative date, the data normality test was performed using Kolmogorov-Smirnov test. 

Then, SPSS (Version 16) were used to determine round and variogram analysis. In addition, variogram plotting 

was conducted through Arc GIS 10.1. The zoning maps were prepared using interpolation methods such as 

Inverse Distance Weights, Global Polynomial Interpolation, Local Polynomial Interpolation, Simple Kriging, 

and Ordinary Kiriging. The resulting zoning maps were compared based on RMSE and R
2
 values. Finally, the 

best pH variation mapping method was selected and the intended map was plotted using Arc GIS 10.1.  

 

Results: 

 Table 1 shows descriptive statistics for pH data:  

 
Table 1: Descriptive statistics for pH data. 

N Min Mean Max SD Skewness Kurtosis 

51 7 7.7 8 0.45 -1.01 -0.98 

 

 Based on pH variogam analysis, it can be suggested that the obtained variogram model is a spherical model. 

This parameter (pH) has a nugget effect with a value of 0.38. Fig. 5 shows the pH empirical varigarm of the 

fitted model on it. Table 2 also presents pH variogram parameters:  

 
Fig. 5: pH empirical varigarm. 
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Table 2: pH variogram parameters. 

Model Nugget Effect Sill Range of Influence 

Spherical 0.38 0.23 3570 

 

 Tables 3 and 4 shows R
2
 and RMSE values for determined and Kriging methods.  

 

Table 3: R2 and RMSE values for determined methods. 

Method R2 RMSE 

Inverse Distance Weights 0.564 0.311 

Global Polynomial Interpolation 0.452 0.344 

Local Polynomial Interpolation 0.560 0.447 

 

 As can be seen, of the determined methods used for pH variation mapping in the region under study, 

Inverse Distance Weights with a higher R
2
 value and a lower RMSE value (0.311) is more appropriate than 

other determined methods. In addition, as evident in Table 4; Simple Kriging with a higher R
2
 value (0.77) and a 

lower RMSE value (0.001) was preferred over other Kriging methods.  
 

Table 4: R2 and RMSE values for Kriging methods. 

Method R2 RMSE 

Simple Kriging 0.77 0.001 

Ordinary Kiriging 0.575 0.322 

 

 A comparison of Inverse Distance Weights and Simple Kriging suggests that Simple Kriging with a higher 

R
2
 value (0.77) and a lower RMSE value (0.001) was preferred over Inverse Distance Weights. Therefore, it was 

selected as the final method of pH variation mapping in the region under study. Fig. 6 shows pH variations 

based on Simple Krigning:  

 
 

Fig. 6: pH variations based on Simple Krigning. 

 

 The results of the present study are in line with the results observed by other researchers (e.g., Moghimifard 

Ghiri, 2013; Moustafa & Yomota, 1998; Kravchenko & Bullock, 1999; Hu et al., 1999; Wang et al., 1999; 

Campling et al., 2001; Johansson & Chen, 2003;  Russoo et al., 2005; Barnes et al., 2006; Fattani, et al., 2008; 

Nas, 2009; Samson, 2010; Sarukkalige, 2012).  

 

Suggestions: 

- It is recommended that future research focus on other qualitative and chemical properties of water.  

- Other interpolation techniques such as TPSS and surface dynamics are encouraged to be used and results be 

compared with the results of the present study.  
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- Future researchers are recommended to replicate similar studies in other regions with similar climatic 

conditions and to compare their results with findings from this study.  

- New and advanced techniques such as geostatistic methods are suggested to be used more frequently for 

zoning purposes and studying (surface or ground) water resources and potential findings are used as a basis for 

planning and decision-making by managers and executive bodies in natural sites.  
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