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 ���P�) �� &�)�- ���

k"�E��2 �2006i%1�E ���@� H�2�>� �H�2�>� �h���> W
� �� .(  ���� �! 
 ���- &]��#� L�9]N �� q �� &! ��

 0�(�� ���.�!&9]N i2D �H�2�>� i%1�E |���J� 
 ��"! &9]N W
� �� .�)�- L��S L�9]N &! ��  &! ���� ��"!

,�.�N &]��#� 0��� W
� &! �]%� ��� ,� &Z��� �� ���<! d��� x�2A� �� ,;
 ���� �a� ���  �� H
� Q�- .���

&9]N Q�A�� L��Y� ��"! &9]N ���@� 
 x�� ���@� ���� N x�� �� 
 ��! ��&9]  [�\� �J�"� '�E &�E �! ��"!

&9]N ��"! � ���� ���'�E �� .��! ������ �Y &! �J�"� &��2� ��Y"� &9]N �� ,2�=@� ��� ���� ��"!  ��������� .�� 

 
 H����  ��� ~��  \�
�� .�������J�! H���� '"���E �� ,����	 [N�"� &2� &� ��! �� �! w�) W
� �� ��

                                                      
1- Supervised classification and maximum likelihood methods 
2- Richards John & Xiuping 
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&��2� 0��! ,)���� ,� ���� �� ,S�J ��2�� H�2�>� �h���> W
� �� ,2�=@� ���  ���"E ��=D) ���!1395  ,2N�) 


 �,�O� 
1393,��2� .( ��!��� ��� ���� &9:"� &@;�:� &! d"E &9]N  ���<� ,O��� �0��%��� ����
�$� ,O���)

(��! ,O��� 
  ��� T�%9� ��"! �� .���� &. ��<� ���! ��� ���	 ���! #�&]�� �>�%� ��!��� �� 
 &�<�  &$9�

,+
�J *��"� &! Q�� ��()� ArcGIS 10.1 ���- i9�"�.  

  

�G�D�*D E>  

&!  ����!	 t�#; �� ���� ��� �� (,O��� ��!��� L����B� �! Q�a2�) ,"����� �	 ����� L����B� ��
� ���@� ��Y"�

���� �&�� q H�N �� ���
�$� 
  ,��� ���53  ��_ &9=>����$� H�� �� ��  ���1381  
1394  ������� ����

H�� �� q �� �� I��1=
 Q��-�� ���� �! ,"����� �	 ����� ���@� &! Q��\� ���Y"� ��! .�)�- ���\  ���

q�"1� �� ������� �! ���l� ���� ��� Q�� r�#� �� ���	  
� �� Q��-�� �� �� .�� ,��)��B+ L�DMN� T�%�� ��()�

��E) ,1�;
���� ���� ����EC) T�� �l+ �]%� 
 (SAR ������� ����!	 t�#; �� �	 ����� ���@� ���! (

,�  0����Xg� 
 �	 �� 0�����9� &! &+�� �! ������E 
� �� �� q�� .���- ��<_ &! ���
�$� L.��#� �! �
�-

T�%9�  ������E 
� �� [��=� �� 
 ��� ��"!16 ,� iS�> ,��� �M� �\ ���!� �� .�� *��"� W
� ��F��� �� i]

0
�� ���! �,!� ,���! ���� �
� �! ����	 ��� �� ���� ����� 
 �)�- Q�A��  �F$� 0��! �a2� 
 H���� t�#; �� ��

,-/
 ��Y"� �� ���! .���- ���� ����	 ��� Q�� �� ������� �! ��  ��()�SPSS  
 ��F$� s
�-�2=� 0���	 ��

��� s��
��2������ 0��! H� ���� 0��2� H���� �<+ I�� .���- ���@� �� .�� ������� T���a; �� ��  H�2D� �� �@!

���� �
� �! ����	 L�#�#�� 0
�� W
� ��<_ ��� ) ,��
 &=S�) ��1@� W
� i��� ,!�IDW ,D�@� &�E  !��� �(

)RBF�( ��A�k" ) ,;�2@�OK) ���� k"�A�� 
 (SKT�� H�� ��<_ �� ( ����B���� ��
�� ��2�  
 ,�2� ���

,��- ����	 .�)�- ���\ ������� ���� ���� ��� ,"����� �	 ,��� ��@O
 ���@� ���!  ,a�%]2� *�O ���

)R) L�@!�� ��a���� &$� ��:J �(RMSE) �:J [=:� ��\ ��a���� �(MAE��a���� 
 ( ��:J ) ���������MSE (

&@:\ �X� ���������E ��"P2� 
  ��)Nugget) ��Xg� x�@� 
 (Sill ���! &"�<! H�� .��	 ���! �H�� H�2D� iS�> (

����	 �����! �	 ,��� ���������E �� q ��  �� q �� L����B� &$9� ��<� �� .���- ��F��� H�� ���������E 
 ��

Q�� �� ������ �! ��� ���@� &"�<! H�� �����! ,��� ���������E  ��()�ArcGIS 10.1 �� [��=� �! 
 ���- T��

&$9�  ����!	 �@! �� ���� ��� ,"����� �	 ,��� ��@O
 ���� ��A� ��� 
 ��� ���@� L�9]N �����! ����
�$�

�M� I��1=
 Q��-�� ��  \�
 �� .���- ��"! &$9� �&@;�:� ���� &9:"� �� ,"����� �	 ����� '�E ���!  ���

=
 W
� &! ,"����� �	 ����� ,=� H�� 
� �� I��11381  
1394  �� L����B� ,=� ��
� �� ���- T� T� ��

�	 ���! ��
� �� H�N�� ��"P2� . &$9� &%�9� H�� �� ,�<� ���   !�"� &@��� 
 *�F� &$9� ��Y� ���� ���

&! ��� R:� �� �	 ,��@;�:� &9:"� �� ,O��� ��!��� L����B� ,���! �! Q�a2� *���� ��! .��	 ���  ,N

H��  ��!��� L����B� L��X� �d��� Q�p�� �! 
 �)�- ���\ ,���! ���� (�� ,"����� �	 ����� L����B� ��Y� ���� ���

.�� ,!���� ,"����� �	  !�"� ������! ,O���  
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�)�* f'�� A��  

�B��� A����@  

&! ��O�> [�9#� ��  �� ,O��� ��!��� L����B� ��
� ,���! ��Y"����� ��� �� ������� �
��� ���"; ��  
� ,N

 ��
�1381  
1394  
��"P2� ���� ��� iS�> �� ����! ,����� �� ������� 
 ���	 ���! d��� &! &+�� �! .

&$9� ������ �
��� W����E �� ��� iS�> ,O��� ��!��� ���  i1�) ��2,� (  H�� 
� �� �� &� ��2� 0��! 0���

 ,O��� ��!��� �@�
 ���2� �,��@;�:�&! ��� ���! ��! ,O��� &! ~�!�� ���N  �� &� H��1381  �! �!��!44/1 

 ��! &9:"� �>�%� �� �S�� H�� �� 
1394  &!26/1  ���� ,���� ��
� ,N ��"P2� .���� &9:"� �>�%� �S��

&! ���� ���� |���J� ��J &! �� �>�%� ���$�! 0��%��� ��!��� �,���! ���N   ,��@;�:� H�� 
� �� �� &�

 �! �!��! ��!��� �� �@�
98/51 H�� ,N ���
�$� ��!��� ,���! ��� ���! &9:"� �>�%� �S�� ���  ,��@;�:�

 H��@� ,�>�%� '�()� �! ���l� ��!��� &� ��� 0�$� �Y� ���� &9:"� ��09/0  �! �!��! &� ��� ���! 
� &!
� �S��

2736/4 ,�  !������=�� H�� ��  ��� ��!��� &9]N ��"P2� .���!  1381  �>�%� �!87/1479  &!  !������=��

 �>�%�95/1428  H�� ��  !������=��1394  ����� 0�(�� &! ��!��� �� �@�
 '��� �a���! &� ���1/1 

,� �S�� H�� ,N ��!��� �� �@�
 &� ��� 0�$� (�� ��<� ,O��� ��!��� L����B� ,���! .���!  ,��@;�:� ���

 �! H��@� ,$�()�2/1  i1�) ��� &���� �S��3.(  

) i1�2 �� iS�> ,O��� ��!��� &$9� (W����E ������� �
���  �� �� ��H��  ���1381  
1394 0�$� ,� .�"��  

  

  
 i8 2���P��� �*��Y� 1D���3 D� i5�] �B��� A����@ 
�'= :  \�K �� A�1381  �1394  
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 i8 3\�K �� �B��� A����@ ���?� 7=�� :  A��1381  �1394  

  

�G�D�*D E>  

 ��"]� �! ,"����� �	 ���������  �� ������� �! 
 I��1=
 Q��-�� ���� �! �T�� �l+ �]%� 
 ,1��1;�

q�"1� ���� ��� Q�� r�#� �� ���	 �� ���@� ,��)��B+ L�DMN� T�%�� ��()�. ) H
�+1��"]� ( &9]N  ����� ��"!

,� 0�$� I��1=
 W
� &! �� �	 .���  

  

\�7<1
'�� A�G�� : W@�8�*� 1�� 
� E> (4@ A7G��  ]"�) : �I��1=
1995(  

�8*��8&� (*�7�  �*7K E2< (��=  

lm@ )umhos/cm(Ec lm@ SAR 

C1 750-250  S1  10-0  
C2  2250-750  S2  18-10  
C3  4000-2250  S3  26-18  
C4  8000-4000  S4  32-26  

  

 H
�+)2( �M� &9]N ��� H
���� &� I��1=
 W
� &! �� ����!	 
 ���
�$� s���� ���! �	 ��"!  �� W
� ���

,� &"��� �� ,� 0�$� ����! .���  

  

 \�7<2 :lm@ W@�8�*� 1�� 
� E> (4@ A�� � �I��1=
) : ]"�1995(  

�
*7

K
 E

2
<

 (
��

=
  

�8*��8&� (*�7� ��:�  

  C1 C2  C3 C4 

S1 C1S1*  C2S1**  C3S1***  C4S1  
S2  C1S2**  C2S2**  C3S2***  C4S2  
S3  C1S3***  C2S3***  C3S3***  C4S3  
S4  C1S4  C2S4  C3S4  C4S4  
*�	 : ��J ,=�J ���  **�	 : ��J ���  ***�	 : �M� &�9! 
 r���� ��� �� :�� *��"�  
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 H
�+)3( ���
 L��F$� H�� W���! �� ,���-  ������E 
� �� ���! U=�F� ���EC  
SAR ,� 0�$� ��  �� �� .���

&@:\ I����
 H
�+ &����	 ��� ���� ��! ,a�%]2� *�O 
 L�@!�� ��a���� &$� ��:J ���  
 ��+�� ���

����  &Z��� ,"�2F� ������ H�� �� &� ��� ��K &! Q�. .���  &� ��� ,;�� �H�� ���<! �U=�F� ,���-���
 ���

 ~�� 
� �� �+�
RMSE  
 ��2�R  H
�+ d��� &! &+�� �! �l; .���! ��$�!)3( W
� ��! ��  �
� �! &� ,��

���� ���� ,���-���
 H�� �! ���� k"�A�� W
� ����- H�2D� ��+�� ���  
 ,1��1;� ���� ������E ���! ��

 ����� &� T�� �l+ �]%� ������E ���! ,��- ,���-���
 H�� �! ,;�2@� k"�A�� W
�RMSE 2� ���9� 
 ��

R ,� ��$�! .���� ��F��� ��"��!  

  

 \�7<3: n_�   �� �7  A�[ �D�7=� A��������3 A��� A��@ \7�  A��EC  �SAR \���= D� 7�� AD�K  

���	�=� \7�  �?��  (Nugget) 
C0 

(Sill) 
C0+C C/ C0+C (Range) (MSE) (RMSE) (MAE) (R) 

d
G

�
*�

@
 

�
&P

��
�

 )
O

rd
in

a
ry

 K
ri

g
in

g
(

  

A��@ 

(Spherical) 

EC 184476/0 56198/0 672/0  97/75026 0433/0 07/2019 39/1895  73767/0 

SAR 001359/0  34824/0  996/0  26/15870  0459/0-  34272/3  34483/3  79152/0  

��*�� A�  

(Circular) 

EC 186384/0  53564/0  652/0  39/62076  0428/0  11/2031  25/1893  73393/0  

SAR 031665/0  31168/0  898/0  64/14671  0309/0-  33071/3  84082/2  77048/0  

�*��=  

(Exponential) 

EC 121677/0  62659/0  806/0  53/87608  0344/0  94/1890  72/1941  77610/0  

SAR 0  37674/0  1  83/24170  0009/0-  37322/3  80924/2  77356/0  

�KP[  

(Gaussian) 

EC 263017/0  53556/0  507/0  50/70031  0398/0  40/2218  97/1807  66955/0  

SAR 099874/0  25483/0  608/0  27/15870  0202/0-  29534/3  2192/3  79791/0  

d
G

�
*�

@
 

��
�K

 )
S

im
p

le
 K

ri
g

in
g

(
  

A��@  

(Spherical)  

EC 045548/0  30802/0  852/0  10/12465  0255/0  85/1797  21/1552  80831/0  

SAR 0  32204/0  1  15832  0149/0  46359/3  7549/2  77594/0  

��*�� A�  

(Circular)  

EC 082608/0  27278/0  697/0  33/12161  0360/0  19/1782  68/1574  81232/0  

SAR 017637/0  30584/0  942/0  47/13325  0019/0  37661/3  8103/2  78858/0  

�*��=  

(Exponential)  

EC 0  35901/0  1  68/13422  0626/0  76/1860  84/1449  79799/0  

SAR 0  34224/0  1  50/19759  0579/0  50906/3  6499/2  77398/0  

�KP[  

(Gaussian) 

EC 063015/0  28839/0  781/0  04/9660  0165/0  91/1856  81/1506  78988/0  

SAR 078104/0  24413/0  680/0  37/13001  0044/0  48568/3  6977/2  77355/0  

  RBF 
EC -  -    -  3/369-  5211  1/1877  77/0  

SAR -  -    -  526/0-  568/3  94/2  77/0  

  IDW 
EC -  -    -  77/406-  2176  9/1706  69/0  

SAR -  -    -  646/0-  023/4  589/2  7/0  

  

�>�%� �M� ��� U=�F� ������E ���� ,1��1;� �� R:�  H
�+ �� &@;�:� ���� &9:"�)4(  &$9� ��"P2� 


 i1� �� ,1��1;� ���� ������E ,!������ �� iS�>)4( 0�2� .��� ��� ���
	 &��-    &$9� �� &� &"<E ���  ��"!

,� ����$� i1� �� ,1��1;� ���� ������E  ���9� ���EC  
 ��� '�()� H�> �� &9:"� ��p �2� &! ��� ��

���9� ���$�! EC &9:"� �� �� ��� ����$� ��_ &! ~�!��  ���2� 
 &9:"� ��p H�2� 
 ��p ��  \�
 ���
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 ���9�EC ��_ &! ~�!�� � ��  \�
 ���,� &9:"� ��� H�2� 
 �� &! .���! ���N  ����	 H�� �� &�1381 �6/309 

����=��  &9]N �� &9:"� ��  !��C4  
4/4128 ����=�� &9]N �� &9:"� ��  !��  ���C1  ��C3  &� .��� ���  \�


 H�� �� ���9� ��1394  &!5/392 ����=��  ��  !��&9]NC4   
 '�()�5/4045 ����=�� &9]N ��  !��  ���C1  ��

C3 ,� &� ��� &�)� '���  '�()� �! ,=�;� �����2  ������E t�#; �� ,-��;	 ��S��EC  �� ,N �� �&9:"� ��

.���! L��  

  

\�7<4: lm@ (]���  A��7=�D ( � QMK �� �8*��8&� (*�7� ������3 U��	�  


'�� A7G�  \�K  C4 C3 C2  C1 

(75��) (]���  81  98/6  3/73  92/17  8/1  

(F������P�@) (]���  81  6/309  4/3253  3/795  9/79  

(75��) (]���  94  84/8  95/62  7/22  47/5  

(F������P�@) (]���  94  5/392  6/2793  1009  6/242  

  

  
i8 4 :��� ���*  \�K �� dG�*�@ 1�� 
� 7=�D ( � �G�D�*D E> �8*��8&� (*�7�1381  �1394  

  

�>�%� iS�> �� �M� ��� U=�F� ������E �]%� �l+ T�� ��  H
�+)5( 
 ��"P2� &$9� iS�> �� 0��� ,!� 

�� ������E ,��� �	 ,"�����  i1� ��)5( ,� ����$� 0�2� .��� ��N   ,� ����$� &$9� �� &�  �� ���9� ���

 ���9� ���$�! 
 ��� '�()� H�> �� &9:"� ��p �2� &! ��� �� �����) SAR &9:"� �� �� ��� ����$�

��_ &! ~�!��  ���9� ���2� 
 &9:"� ��p ��  \�
 ���SAR ��_ &! ~�!�� ,� [N�"� ,9!�� ��  \�
 ���  .���!

&! ���N   ����	 H�� �� &�1381 �6/1526 ����=�� &9]N �� &9:"� ��  !��S2   
6/2911 ����=��  �� &9:"� ��  !��
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&9]NS1  H�� �� ���9� �� &� .��� ���  \�
1394  &!3/1773 ����=�� &9]N ��  !�� S2  
 '�()�1/2665 

����=��  &9]N ��  !��S1 ,� &� ��� &�)� '���  '�()� �! ,=�;� �����5/5 -��;	 ��S�� ������E t�#; �� ,SAR 

.���! L�� �� ,N �� �&9:"� ��  

\�7<5: lm@ (]��� 7=�D ( � QMK �� �*7K E2< (��= ������3 U��	� A��  


'�� A7G�  \�K  S2 S1 

(]��� (75��)  81  4/34  6/65  

(F������P�@) (]���  81  6/1526  6/2911  

(]��� (75��)  94  96/39  04/60  

(F������P�@) (]���  94  3/1773  1/2665  

  

  
i8 5��� : (��= ���* �*D E> �*7K E2<  \�K �� dG�*�@ 1�� 
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Abstract  
Population enhancement and consequently increasing of land use changes and excessive exploitation of 
groundwater resources, not only has reduced the number of groundwater resources but also has degraded the 
quality of these resources. The study and investigation of groundwater resources quality can lead to the correct 
management of these resources. So the purpose of this study was an investigation of the effect of land use 
changes process on groundwater resources quality and also comparison of different Geostatistical methods for 
water quality zoning in terms of EC and SAR parameters for agriculture and irrigation using Wilcox method. For 
this aim Landsat satellite images of the TM 2000 and OLI 2014 sensors using Maximum Likelihood, Method 
was used. Wilcox method was used for determining the quality of groundwater resources in terms of EC and 
SAR parameters. Also, RMSE and R criteria were used in order to compare symmetry of fitted models to data. 
The results showed that Simple Kriging method with Circular Variogram Model and the amount of RMSE equal 
to 1782.19 and R equal to 0.81232 was the best method for EC and Ordinary Kriging Method with Gaussian 
Variogram Model and the amount of RMSE equal to 3.29534 and R equal to 0.79791 was the best method for 
SAR in terms of groundwater quality zoning. The conclusion showed that an increase of the area of urban and 
agricultural uses and also 13% increase in groundwater destruction have happened in the study area which the 
most important causes were excessive exploitation and using organic fertilizer. Generally, due to the increasing 
of the area of urban and agricultural uses, an increase of 2% of pollution in terms of EC and an increase of 5.5% 
of pollution in terms of SAR has occurred in groundwater resources.  
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