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ABSTRACT 

Water is one of the essential natural resources 
for the development of life on the earth. In this 
study we apply Disjunctive Kriging (DK) and Ra- 
dial Basis Functions (RBF) for zoning of ground- 
water levels. In study area the groundwater lev- 
els data have high skewness. Due to samples 
unsuitable distribution, data was normalized us- 
ing logarithmic and QQPlot methods. Also geo- 
statistical different methods were evaluated us- 
ing cross-validation technique. Results showed 
that Disjunctive Kriging (DK) compared to Radial 
Basis Function (RBF) has the higher accuracy 
and the best model of Semivariogramis Expo- 
nential model. Also the groundwater levels de- 
creases from north to south of the Shahrekord 
plain, Iran. Finally, Disjunctive Kriging was se- 
lected as the most appropriate method of inves- 
tigation for the groundwater levels zoning Sah- 
rekord plain. 
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1. INTRODUCTION 

Water is one of the essential natural resources for the 
development of life on the earth. The demand for water 
has increased over the years, and has led to a water scar- 
city. Ground waters are the major resources to meet out 
the entire requirements [1]. According to geographical 
and climatic conditions, a large part of Iran situate in arid 
and semiarid areas that in many areas, only through the 
underground water resources is possible water supply  
needs of various parts. In the recent decade, population 

growth, rising demand for food and the deficiency of 
surface water for agricultural crops have increased the 
surface area of irrigation lands in Iran and this has led to 
change in the exploitation policy of water resources and 
soil. Also, this has resulted in the excavation of many 
wells in most regions in Iran. Therefore, excessive use of 
groundwater aquifers is growing [2]. The increased ex- 
ploitation of groundwater resources can decrease re- 
gional water quality as a whole [3]. Moustafa et al. (2011) 
examined that which spatial structure measure, the semi- 
variogram or the covariance variogram, is appropriate for 
inference of the spatial structure and performing interpo- 
lation of soil-water properties from sample data sets. The 
results showed that the covariance variogram reveals the 
character of spatial structure and that it is more appropri- 
ate for interpolation than the semi-variogram [4]. Yi Ju et 
al. (2004) applied Kriging and Cokriging methods to es- 
timate the spatial distribution of soil properties from 
available large-scale survey data in Taiwan. The results 
suggested that by Kriging and Cokriging, the existing sam- 
pling density could be decreased under the large-scale 
sampling interval by nearly half and that sufficient spa- 
tial information about the soil properties could still be 
retained [5]. Kumar et al. (2006) applied the spatial sta- 
tistical technique, Kriging, for the spatial analysis of 
groundwater levels. The data set consists of groundwater 
levels measured at about 60 points in an area of 2100 sq 
km in India [6]. 

Application of geostatistic method to interpolatewater 
table altitudes was studied by Dunlap and Spinazola 
(1984) [7]. Also method of Kriging to spatially analyze 
the groundwater levels was presented by Gundogdu and 
Guney (2007) [8]. The study was aimed at finding out 
the best semi-variogram with a linear trend that resulted 
in acceptable results in predicting the water table values 
based on the monthly observation data for 2002 [8]. 
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2. MATERIALS AND METHODS 

The study plain is part of Northern Karoon watershed 
(Shahrekord plain) in Southwest of Iran. It is located at 
50˚41'17" to 51˚01'27" east longitudes and 32˚07'02" to 
32˚35'6" north latitudes with about 58,461 hectare and 
Geology of the Cretaceous limestone formation located 
on alluvial deposits and include old, new and old terrace 
deposits is related to the Quaternary. In this study the 204 
wells groundwater level data of Shahrekord plain are 
used as statistics references. 

After preparing reference maps like geology and topo- 
graphy map in 1:50,000 scales, spatial variety of ground- 
water levels investigate with different methods of inter- 
polation. Point data extend to area data with Disjunctive 
Kriging (DK) and RBF1 Methods and ArcGIS 9.3 Soft- 
ware. Then different methods evaluate with cross-valida- 
tion technique and MAE2 and MBE3 Criteria. And finally 
groundwater levels were produced.  

2.1. Kriging 

Presentation errors map and variance reduction in 
weighting for estimating is the benefits of Kriging aga- 
inst others interpolation methods. Errors in this method 
are independenency from variable and dependent to spa- 
tial location and it cause to predict the best location sam- 
pling is possible. Variogram relationship based on the 
measured points is as follows: 
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 and variogram . Variogram is similar to 
variance in classic statistic but against variance that is 
around average, variogram show two samples differ- 
ences.  
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The main purpose of variogram calculating is inves- 
tigating variability of variable ratio distance of place or 
time. For this reason, it is necessary to draw a graph with 
summary of mean square differences of pair points that 
located at h as x axis. Variogram indexes are (Figure 1). 

Nugget: theoretically, at zero sepration distance (i.e.,  
lag = 0), the semivariation value should be zero. How- 
ever, at an infinitesimally small separation distance, the 
difference between measurements often does not tend to 

zero. This is called the nugget effect.  
The nugget effect can be attributed to measurement 

errors or spatial source of variation at variation at dis- 
tance smaller than the sampling interval (or both): Meas- 
urement error occurs because of the error inherent in 
measuring devices.  

Range: in model of a semivariogram, a certain dist- 
ance that model level out. The distance where the model 
first flattens out is known as the range are spatially auto- 
correlated. 

Sill: the value that semivariogram model attains at the 
range (the value on the y-axis) is called the sill. The par- 
tial sill is the sill minus the nugget. 

2.2. Radial Basis Function (RBF) 

Radial Basis Functions (RBF) are moderately quick 
deterministic interpolators that are exact. The method 
provides prediction surfaces that are comparable to the 
exact form of Kriging [9]. 

2.3. Validation 

Validation helps us for determination the best model. 
Cross-validation uses all of the data to estimate the trend 
and autocorrelation models. It removes each data loca- 
 

 1Radial Basis Function. 
2Mean Absolute Error. 
3Mean Bias Error. Figure 1. Study area and its position in Iran country. 
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close (Median = 6.32 and Mean = 6.31). Therefore, ac- 
cording to low difference between Median and Mean, 
data have been changed to normal distribution by con- 
verting to logarithm and thereby the condition of normal- 
ity for distribution of data to use the geostatistical meth- 
ods was provided [15]. In Kriging method, different mo- 
dels such as Exponential, spherical, exponential, Gaus- 
sian and so on being used. Therefore with the use of Arc- 
GIS 9.3 software, different kind of models were checked 
and finally Exponential model was selected because of 
the least errors indicated by the model (Figure 5). Ac- 
cording to Table 1 Nugget = 1.48 and partial sill = 4.3,  

tion, one at a time, and predicts the associated data value. 
The predicted and actual values at the location of the 
omitted point are compared. This procedure is repeated 
for a second point, and so on. For all points, cross-vali- 
dation compares the measured and predicted values [9]. 
In this research MAE and MBE are used to evaluate pre- 
dicted value with DK and RBF that are calculated with 
below functions: 
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The results of evaluation of different approach of in- 

terpolation are shown in Table 2. Comparing these me- 
thods show that Disgunctive Kriging has best accuracy 
(MAE = 8.66) and least standard deviation (MBE = 
0.48). 

where  = predicted value in xi point and  *z xi  z xi  
= actual value in xi point and n = number of observa- 
tions. 

With the least quantity of two indexes, accuracy in- 
crease.  Finally, groundwater levels maps of study area by us- 

ing DK and RBF produced (Figures 6 and 7). 

3. RESULTS AND DISCUSSION 
4. CONCLUSION 

Nowadays a lot of researchs have been carried out 
about using Geostatistical methods in different issues 
related to water and soil sciences [10]. Considering that 
studies of most researchers show that Ordinary Kriging 
Geostatistical methods have an acceptable precision [11- 
14]. Therefore these methods have been used to prepar- 
ing Groundwater levels and alluvial quality maps in this 
research. The condition to use Kriging method is normal- 
ity of data. With exploring two methods, data histogram 
and QQPlot, was determined that data don’t follow a nor- 
mal distribution. So, the data was transferred to the loga- 
rithmic data. Through this, data obey the normal distri- 
bution. Histogram and QQPlot diagrams of thickness and 
salinity logarithmic data have been shown in Figures 2 
and 3 respectively.  

Demand for the world’s increasingly scarce water sup- 
ply, is rising rapidly, challenging its availability for food 
production and putting global food security at risk, even 
as demand for water by all users grows, groundwater is 
being depleted [16]. On the other hand, groundwater ba- 
lance in Shahrekord plain is negative. This study aimed 
to evaluate the Disjunctive Kriging (DK) and Radial Ba- 
sis Function (RBF) methods for Groundwater Levels 
zoning Shahrekord plain. The geostatistical analyst ex- 
tension module of ArcGIS was used for exploratory data 
analysis, Semivariogram, and Cross-Validation of ground- 
water levels. MAE and MBE statistical criteria applied 
for different methods of evaluating geostatistical lower 
MAE and MBE (MBE = 0.48 and MAE = 8.66). Accord- 
ing to the groundwater levels distribution map using DK 
(Figure7), the north of the Shahrekord plain has the high 

As Histogram of logarithmic data in Figure 4 shows, 
Mean and Median of Groundwater levels data are very 

 

Data

Frequency  10
-1

5.71 5.83 5.96 6.08 6.21 6.33 6.45 6.58 6.7 6.82 6.95
0

0.3

0.6

0.9

1.2

1.5

Count
Min
Max
Mean
Std. Dev.

 : 71
 : 5.7099
 : 6.9484
 : 6.3105
: 0.2487

Skewness
Kurtosis
1-st Quartile
Median
3-rd Quartile

 : 0.038812
 : 2.7497
 : 6.1154
 : 6.3269
 : 6.4682

Histogram
Transformation: Log

Data Source: Ec Attribute: EC  
Figure 2. Histogram of logarithmic salinity data. 
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Table 1. The properties of exponential model of groundwater levels semivariogram. 

Model type Trend type Sector type Range (m) Nugget (%) Partial sill (%) 
0

Still

C
 (%) 

Exponential Second Fourt, 334 degree 14,488 1.53 3.77 40.5 

  

Standard Normal Value

Data's Quantile

-2.46 -1.96 -1.47 -0.98 -0.49 0 0.49 0.98 1.47 1.96 2.46
5.71

5.96

6.21

6.45

6.7

6.95

Normal QQPlot
Transformation: Log

Data Source: Ec Attribute: EC  
Figure 3. QQPlot of logarithmic groundwater level data. 
 

 

Figure 4. Components of variogram. 
 
Table 2. Results of various geostatistic methods. 

Method MAE MBE 

(RBF) 10.07 −1.57 

(DK) 8.66 0.48 

 
groundwater levels (2327 meter) and, in general, the 
groundwater levels decreases from north to south of the 

Distance, h  10
-4

 
4

0 0.19 0.38 0.58 0.77 0.96 1.15 1.34 1.53

0.26

0.51

0.77

1.03

1.29

 
Figure 5. Semivariogram of groundwater levels using DK. 
 

 
Figure 6. Grounwater levels map in Shahrekord plain using 
RBF model. 
 
Shahrekord plain. On the other hand, southeast of the 
Shahrekord plain due to having a high-density residential 
and mainly agricultural, it has the lowest groundwater 
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Figure 7. Grounwater levels map in Shahrekord plain using 
DK model. 
 
levels (2014 meter). It can be said that due to increase of 
wells number and excessive water extraction in the agri- 
cultural part from north to south of Shahrekord plain 
groundwater levels is the lowest. 
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