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Abstract 
Groundwater quality control is of great importance in (semi-)arid zones due to the water deficit in these regions. 
Geostatistical models are techniques commonly developed for the interpolation and spatial prediction of 
groundwater quality parameters. In this study, IDW, Kriging, and CoKriging methods were used in the 
geostatistical, LS-SVM, and MLP models to predict the spatial distribution of groundwater EC. The models were 
then compared in terms of their efficiency. For the purposes of this study, data were collected from 120 wells in 
the Mashhad plain. Variograms were then drawn after normalizing the data for application in the geostatistical 
models. In the next stage, the lowest RSS value was used for selecting the one model that was suitable for fitting 
the experimental variogram while cross-validation and RMSE were used to select the best method for 
interpolation. Comparison of the three models in question was accomplished by using 25% of the observation 
data and the statistical parameters of RMSE, R2, and MAE were determined. Results showed that the CoKriging 
method outperformed its Kriging counterpart in the geostatistic model for interpolating groundwater quality. 
Finally, the most accurate values for the quality parameters (i.e., R2=0.932, RMSE=367.9, MAE=265.78(

cm/mosµ ) were obtained with the MLP model.  
 
Keyword: Variogram, Multilayered Perceptron (MLP), Least Squares Support Vector Machine  
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1 Artificial Neural Network (ANN) 
2 Radial Basis Function (RBF) 
3 Adaptive Neuro-Fuzzy Inference System (ANFIS) 
4 Least Square Support Vector Machines (LS-SVM) 
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1 Cokriging 
3	�� xA0� ����� �#��/3 ���6 ����#� �
#� -�D�&G> �
�#� ��6�� ��?�#� _c
0� ��� 

B
���	
	�#$W K,���7��, K,��R2RMSEMAE���I
LS-SVM2RBFsimplex0.678739.78540.014.33
LS-SVM3*RBFsimplex0.949393.67307.3444.52
LS-SVM3Polynomialsimplex0.6411096.2605.06123.46
LS-SVM2**Polynomialsimplex0.623789.54579.330.0098
LS-SVM2***Linearsimplex0.0791203.36938.561.44
LS-SVM3Linearsimplex0.967351.81305.280.23
LS-SVM3Linearlinsearch0.967354.50305.790.308
LS-SVM3RBFgridsearch0.948392.79308.51342.24

*5 �> _%#! *�3�?6 �
** 5�/:0
U _%#! *�
*** �B" _%#! 
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4�59x@0��G� # ��z� Q
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#> �
��/% @�
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#� �
���# � =� �� #&�<
 ( 
0� C #` �
 @06����#� # ��z� #�
#� �� @06 �
#� ('$ ���

MLP2 �MLP3 �JLS-SVM *LS-SVM 3 A0� ����s
�^ #!�! ) _z&'� ���#��y&� �
#� *X*Y.(#�! �
����) @06 @0��G� ���6 �
#� @06 ;�
#� �" � #&�� -�G% k��% �" � -���#9� -�G% ��,` �"X����) @06 5D���� � (Y(

3	��9x��% ���#&�
��> A0� �� �
���# � =� ���6 �
#� i
#9� �
�s
�^ #! 
�
��� i��� 3��(��$��C��Z�6�� ��AY%7�,
%/
Z@� |7�Q#$8�@AR $1�Lag size���!��RMSERMSS

A0� 

@# 
��
0.0421729287.51.07811680.7451
��#!0.0363619287.51.096411830.7467
� �/%09287.51.110411960.7396
����90.161239287.51.0782-28.89-0.00663
(��g0.153599287.51.3522-7.954-0.01021
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A0� 

@# 
��
0.040337388.60.84838432.40.4283
��#!0.0337227388.60.860164450.4313
� �/%07388.61.018712.30.4981
����90.150367388.60.491867410.7586
(��g0.150387388.60.558828650.7602

3	��MxA0� ����� �#��/3 A0� �
 �� ���LS-SVM �MLP �
���# � =� ���6 ����#� �
#� ����� ���� �
3��R2RMSE(µmos/cm)MAE(µmos/cm)

MLP30.93367.98265.75
MLP20.93369.83267.03

COKRIGING0.82343.37452.9
LS-SVM20.67739.78540.01
KRIGING0.80635.55450.07
LS-SVM30.96354.50305.79
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