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J(�) 5�� ����	 2��0b .(�� ��b��� J(� H#� �	 �� ��!1 ����	 
� l1 �E�#�	 H#� �,�G
 �
�� 	�� C�� �	 �M ��M%1995 

 �! �	 �  ��#	%/ e�%�23  	��Q C��8  H#� �	 �E�#�	 f���� ��! �� ��� 5-j ^�K�� �� �'�+ �� wK�� �	 .5�� ����	 5$� %��

 5$� �� �
��,�� %�V� C�� 5���40  �	 �� �E �M 
� �E�#�	 Z0� �� 5�� �M "5�� �Y�� ��
M ��� .5�� �	�� �'��� �%�� ��
��

�b�� %j� �+ �M 5Y� � 5�� %�0� _+�%� �� ��#	%/ Jo�Q NM 
�%+ �� �E�#�	 %��� �	 �%�d-+ ��*�
�� %#�� � `0
 5��


"����(0b � `,) 5�� ��� �(0
 �n� �� �E�#�	 J#�-+ � NM ��$�2 �b�� _-� ��� �� �� 5�� %�� ��E �+ `# H�� �#�%-�� 

1390 :344�n+� �	 ������ �E�#�	 �	 %T�Q C�Q �	 .( 5-�
 ��� %b NM O.� e�n+�� H�)
��� �(�#� 5�d
 :5�� �	�	 }� C�Q �	 ~

�� �b�� C�Q �	 J-K C�� �	 ����� ��� �� J]$ �	 NM 
�%+ ��
���
 �(
M %)#	 � ���� 5�� �#�G$� C�Q �	 G�
 `�V � %+

)��#��	��04� � �
�+�V" 1390 :75(.  
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E+� 2 .�D2D ;:�� 3� ;*��
2 ;,�:
D O0 H23  PB� �b�> 123**4 �
2
��� �J8�H23  ��� �2TOPEX, Jeson-1, OSTM and Jeson-3.  

�D2D6*=_  `�
 � ��  

�D2Dc3> � ���D����2 D

� ���
25�2  

Z�74+ H#� �	 ����b�� %#��]+ 
� ������ �E�#�	 ��G(0
 � �YQ�� fV ��%��&+ ���%� ��%�5���, �� )MSS-TM5-

ETM+-OIL �(#%�M ����� H��
 ���
�� 5#�� 
� ��()USGS( ��� 	�Y
�	 �	�n��� J#|	 �Y0' 
� .5�� ��� �	�n��� "�
�

 �� 	�0
 ����� �%�� G#�� J�(�1 �
��
� G�
 � ���([
� G�%K ��	�� � �3%� �	��4� �	 ��b�
�� �	�� ���	 %#��]+ H#� 
�

������ �G' �� �M���K �� ��b ) C��' .5�� �	�	 ��%K f���� `�(n+1�� ���
 �� ��� �	�n��� %#��]+ ��]d�� ( .�b	

 �$�%/�1�+ ��7
 
� %#��]+ ����b O�4]+ ��%�25000/1 ����b�� %#��]+ 8
�	%1 ��%� � �[,�.� 	��� �7.�� ��,�+ "��

�#|^%
 
� ��7
 ��*+ � �+�� !� ��b ��b��G$�Arc GIS10.3 "ENVI4.8  �ERDAS  
� `# %b 5�Y��K �� _�����

�M.�#	%/ �	�n��� �YQ%� %b �	 �b  

 ��)/1 .�D2D 1�dS<��23� �D����2 D

� ��� �)8J8� ���MSS �TM5 �ETM+  �OLI :Xb8�)USGS(.  

`�(n+ ���K C�� ������ ����b�� 

60  %�� 1976 MSS  5���,2 

30 %�� 2011-2006-1990-1985  TM  5���,5 

30 %�� 2000 ETM+  5���,7 

30 %�� 2015 OLI  5���,8 

�*�3:��d  `H2D3�  
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 ����b�� %#��]+ �	%� �	��M ��%��YQ%� �	 ����1 JQ�%� "8
�	%1 � "����b O�4]+ :5�� ��� ^��
� %#
 8
�	%1

�
�0
 � ̀ �3�
�� "�%n�0+� O�4]+ �#��
 54o %� ����b O�4]+ 5K	 5�0b� �� %S
 .	��� ���	%� ��%��&+ �
����(�M

����b�� %#��]+ J�(�1 �� J�(�1 ��#�7� J�,	 �� Z-.�� %)#�(# %� ����b %S
 
�  ��� �#�� %#��]+ H#� "%)#�(# �� ��

��7
 
� �	�n��� �� %#��]+ H#�%���� .����� �$�%/�1�+ �25000/1  ��]�d� ����� �	 ��7
 �� %#�]+ 5-j 8�� ��

WGS84  %#�]+ ����� �UTM  ��
38  ��.V ��RMSE  
� %�0�5/0 C��') �
�� O�4]+ 2.(  

 ��)/2 ��BC �25*� .RMSE ��� �23� �D����2 D

� 3:��d  ��)8� P*_d (3��) h?�S� ���  

2015  2011  2006  2000  1990  1985  1976  C��  

7  11  10  8  13  15  40   5*' �	X 

10  9  11  9  12  13  25   5*' �	Y 

20/12  21/14  86/14  04/12  69/17  84/19  16/47  RMSE  

Z��.� �%n�0+� O�4]+ �	�%(��)1 "2006 :18( ) J�(�1 %b ���K� ���7� ����� "�� ^��
�DN ������ �	 �n�! ���+ �� (

 O�4]+ ^��
� ��%� "�� J#�-+ (�/����+
��) ������ �	 z�([
� �� ���M 5�	 �� l
�#	�� lI� � �� J#�-+ (l
�#	��)

 8�� 
� �%n�0+�FLAASH �7.�� �(�#� J�,	 �� "JQ�%� H#� ^��
� 
� �[� .5�� ��� �	�n��� JV�	 �	 �[,�.� 	��� �

�7.�� J��� ���1 ��%� C��%b �� u��%� %#��]+ "5�� ��$%)
 ��%K 5���, %#�]+ `# �
�� `�3�
�� �[,�.� 	��� �

J(�) 3`#	G
 8�� �� %#��]+ ^�0+ 5#�*
 �	 .(�
�0
 �#��0b H#%+�� ���	%�	�2 .�
��  

  
 E+�3. �
2
��� 3:��d ��� �23� �)� i*�2H
� �2;F��B� D

� ��� )RGB MSS: 4,2,1; RGB TM & ETM+: 7,4,1; 

RGB OLI: 7,5,2(  

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  
1 Schroeder 
2 Resampling 
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��:

j�2E@�� [C � 
25+�> �H��2)/ ���  

��V �%#91 `�(n+��� �	�	 f��+ NM ��/g#� �� ��	 
� ���� ��b�M �n�! N�+
�� ��b��%� �b �	��4� H#%�*� .		%/

�� G�%K ��	�� � �3%� �d� ��G(0
 � JQ�� fV �
����' ��%� ���!��&��%�(,� q���� 
�"����(0b � ��0Q�) ���� 

1393 :67 H��
 � NM H�� ���V 5��%��� ��G(0
 f��+ �M 	�#
 ���+
�� � NM f��+ G�%K ��	�� q���� ���+ N9' .(

�� 	��#�J(�) ��� 4 %#��]+ .(����b���	�	 G�%K ��	�� � �3%� �	��4� �	 �G�� ��b�
�� �	�� ���	 J�,	 �� 5���, �� ��b

�� �b�%$ ��S�� H#� ��%� �-���� .���� 

 
 E+�4 .R
� �
7 
D O0 � i<C i�> �O
73� i�> ��*7 O� H�� 
2D
�>h?�S� ��� (��a)>
�j> :Xb8�) 

 rV�� 	��� 5���, %#��]+  ��%� ��V ���� � `0
 �
����(�M �� u�-+�� �	 �	�[�� ��[,�.� �	 ���� t�! ��b

��$%/ ��%K ���%� ���� rV�� �� 
� �[,�.� H#� �	 .�
�)NDSI, SI1, SI2, SI3, SI9, SI14 ( 5�� ��� �	�n���

C��') 3rV�� H#� �	 .(�b  _�+%+ ��R "NIR "B "G "MIR "SWIR  "��M "`#	G
 G�%K ��	�� �
�� "G�%K �
�� 
� ��+��-�

.��+�� G�%K ��	�� � �
��� G�%K ��	�� "G-�  

��)/ 3. %C�� 1�dS<�;8.� ��� ;F��B� D

� ;=B8� 
D �D����2 D

� �

� �)8� 

w-��  �,	�[�  ���� rV��  

����(0b � ��V1 "2001 :7  

  
NDSI=

(�����)

(�����)
  Normalized Differential Salinity 

Index 

 "����(0b � ��V2001 :7   

SI= √	 × �  

Salinity Index 1  

����(0b � �1��2 "2005 :356  

  

 
0.5)2+NIR2+R2SI=(G  

Salinity Index 2  

����(0b � z�-�3 "2013 :46  

  

 

SI3 =
(� × �)

	
 

Salinity Index 3  

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  
1 Khan et al 

2 Kappa et al 

3 Abbas et al 
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����(0b � �%�
��1 "2008 :2803  

  

 
(���×��������×����)

���
= SI 

Salinity Index 9  

 "����(0b � ��V2001 :7   

SI= 
(�×���)

�
  

 Salinity Index 14  

 �
��
 �
�� �	 ������ �E�#�	 NM O.� ��%��&+ ���%� ��S�� ��1976  �+2015  ���o �� %#�]+ %b �	 �E�#�	 NM O.�

 ��%� .�#	%/ q�%d��� �
�/��'rV�� "��� H#� ^��
�rV�� �Y0' 
� �nY�d� ��b C��%
 ��� C��%
 rV�� "NM ���

5��!�2��� O�4]+ NM ��� C��%
 rV�� "3NM 5-�
 rV�� "4�b��/ ���1 ��� C��%
 rV�� "5 q�%d��� rV�� "

NM ���	�V6 C��') 5�� ��� �	�n��� 4.(  

��)/ 4. %C�� 1�dS<� 3:��d  H2 �)� R23S��2 ����
2
��� ) -�)8� 3:��d  H2 O0 R23S��2 �23� �2 :H2 �)� kl&2

 ��2
�+�� � �8�
2014 :4178.(  

O�T�+  �,	�[�  NM rV��  

  

 5-y� NM ���7�

5��  
  

Normalized 

Difference Water 

Index 

  

 5-y� NM ���7�

5��  
 

Normalized 

Difference 

Moisture Index  

  

 5-y� NM ���7�

5��  
  

Modified 

Normalized 

Difference Water 

Index  
  

 5-y� NM ���7�

5��  
  

Water Ratio Index  

  

 5-y� NM ���7�

5��  
  

Normalized 

Difference 

Vegetation Index  

 5-y� NM ���7�

5��  
  

Automated Water 

Extraction Index  

 ������ �	MSS `#	G
 G�%K ��	�� �	��4� �	 �
�� �	  �
�� 
� �[,�.� H#� �	 �� 	��	 	�'�7 )0,8-1,1 ��� �	�n��� (

 ������ ��%� � 5��OLI �
�� 
� `#	G
 G�%K ��	�� �
�� �/����+
�� 
� �	�n��� ��' �� )7 ��+�� G�%K ��	�� ()SWIR( 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  
1 Bannari et al 

2 Normalized Difference Moisture Index 
3 Modified Normalized Difference Water Index 
4 Water Ratio Index 
5 Normalized Difference Vegetation Index 
6 Automated Water Extraction Index 

-Green NIR

Green NIR

NDWI
ρ ρ
ρ ρ

=
+

NIR MIR
NDMI

NIR MIR

−=
+

Green MIR
MNDWI

Green MIR

−=
+

ReGreen d
WRI

NIR MIR

+=
+

Re

Re

NIR d
NDVI

NIR d

−=
+

4 ( ) (0.25 2.75 )AWEI Green MIR NIR SWIR= × − − × + ×
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rV�� C�0�� 
� l1 .5�� ��� �	�n���rV�� �#��
 5K	 %#��]+ ��� %� �b J/�/ ��� 
� �� �
�0
 u�7
 
� �	�n��� �� �b

 ��S�� �� � 5�� ��� N�d�
� ��G(0
 � JQ�� fV q�%d��� ��%�  _���� rV�� 5#�*
 �	 .�� ���#
�� ��� ����	%� m��

 H����� 
� �	�n��� �� %S
 	��� %#��]+ ��G(0
 � JQ�� fV �
�� ��'Model Maker  ��G$� ^%
 f�4� �	ERDAS  ��

%S
 �	 J(�) 5�� ��� �%�#�� �
���M�Q H�$%/ 5��7
 J#�-+ �� lI� .( ��%��&+ J�Y4+ � ���%� ����� �� �%��� ��b

^%
 f�4� �	 %S
 	��� ��G$�Arc GIS10.3 .5�� ��� ^��
� 

  
 E+�5.  [*_� 
D �0 �D3� �38:�� � O0 �)� ���3> %C�� ;b��_� c�J>2 E@23�ERDAS (��a)>
�j> :Xb8�) 

) J(�6 (�� ���
 �� Z�74+ i��b� �� ����� ��%� �[,�.� H#� �	 �Y� 8��.�b	  
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 E+�6 .6*=_  �?&2 E@23� 1
�,
?�  

W:��> � m_�  

rV�� C�0�� 
� �[� ����� � �*� JQ�%� 
� �(# �#��
 5K	 ���#
���� �b.����  
� ��S�� H#� ��%�195  ��%� �
�0
 �.7


 � NM218 ��G(0
 ��%� �
�0
 �.7
  m�� J/�/ � �7.�� 
� J��� 5V��� �� �'�+ �� %S
 	��� u�7
 .5�� ��� �	�n���

) J(� ���o �� ��*+ �[,�.� 	��� �7.��7) C��' .5�� ��� �	�	 ���
 (5) � (6 ( _�+%+ ��rV�� 5K	 ���#
�� �#��
 ��b

 �� ��G(0
 � JQ�� fV q�%d��� C�� ��%�2015 �� ���
.�b	  
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 E+�7. ;>
�> A�=> �8�23� ��� �23� �
2D3�2015 
25+�> � E@�� [C R23S��2 -TD ���:H
2 -./  

 ��)/5 .%C�� -TD ���:H
2 W:��>E@�� [C R23S��2 ���  ��� �23�2015  

WIR  NDMI  MNDWI  NDWI  NDVI  AWEI rV��  

174  163  178  191  185  180  �
�0
NM ��b  

30  24  41  7  51  36  �
�0
���� ��b  

89/0  83/0 91/0  97/0  94/0  92/0  (%) �Y� 5K	  

 ��)/6 .%C�� -TD ���:H
2 W:��>
25+�> R23S��2 ���  ��� �23�2015  

SI14  SI9  SI3  SI2  SI1  NDSI rV��  

197  190  205  214  200  165  �
�0
 ��b����  

28  18  24  12  36  60  �
�0
 ��bNM  

90/0  87/0 94/0  98/0  92/0  76/0  (%) �Y� 5K	  

 rV�� �[,�.� 	��� �7.�� ��%� ���M 5�	 �� �#��
 Z-!NDWI ��K�� NM q�%d��� ��%� rV�� H#%+ �� ����

  �� ���!191  
�  �  5�� �	%� q�%d��� ����	 �� �� NM �
�0
 �.7
218  f7$ ���� �
�0
 �.7
7  z � �	 �� �
�0


 H�� rV�� H#� %#	�7� .5�� �	�	 ��%K NM1-  �1�� + %/� .����NDWI>0  %/� ��� NM ���1 e�
NDWI<0  �����

�� NM %�a ���1 e�
���� `�)����(0b � %��$1 "1996 :1428 "����(0b � �' h2009 :1307 .(t�[T "rV�� H#%+

 rV��NDMI ����K ��G(0
 q�%d��� ��%� .���� rV�� "rV�� H#%+SI2 �� �� ���! �� ����214  �
�0
 �.7


BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  
1 McFeeters et al 
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� �� ���� 
� � 5�� �	%� q�%d��� ����	 �195  f7$ NM �
�0
 �.7
12  � 5�� �	�	 ��%K ���� z � �	 �� �
�0


t�[T rV�� "rV�� H#%+NDSI �� .���� 

����b�� %#��]+ J�Y4+ � �#G�+�� ���
 ��) C�� 
� �
��,�� z��7� �	 ������ �E�#�	 NM O.� ��%��&+ �� �b	1976  �+

2015�� �'�+ J��K (���	 ��%��&+ .5) J(� �	 �M i�%!� ��b��G(0
 � ������ �E�#�	 NM O.� ��8 ��� �	�	 ���
 (

) J(� �� �'�+ �� .5��8�� �#�G$� C�Q �	 �b��G(0
 5Q��� � �b�� C�Q �	 ������ �E�#�	 5Q��� ( ���! �� .�����

 
� _�+%+ �� ��G(0
 � �E�#�	 NM O.� 5Q��� ��5216,30  �106,18 �Y�� C�� �	 w�%�%��1976  ��1519,12  �

3777,50  C�� �	 w�%�%���Y��2015  �b�� �#��
 H#� .5�� �����70,87 �#�G$� � �E�#�	 NM 5Q��� ��o�	 

3457,63  �! �	 �� �[,�.� 	��� �7.�� ��G(0
 �T��� ��o�	39 �� ���
 �� ���9/ C�� .�b	  

  
 E+�8 .
25+�> � �?@�� A
BC 123**4  ;<=>  ��� H2 ;F��B� D

� ;=B8�1976  � 2015  
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) J(�9�� ���
 %S
 	��� �
��
 �
�� �	 �[,�.� 	��� �7.�� ��G(0
 � NM O.� 5Q��� () J(� .�b	10 ��%��&+ ��G�� (

�� ���
 �� �[,�.� 	��� �7.�� ��G(0
 � NM O.����%� �#��
 .�b	 ��b�� �
�� NM O.� 5Q��� �� 5�� H#� %)
��� �b


 � NM O.� �� ���! �� .	��	 ��#�G$� �
�� ��G(076/72 C�� H�� w�%�%����� ��b1976  �+1985  "02/101  w�%�%���Y��

C�� H�� ��b1985  �+1990 "384,55 C�� H�� w�%�%���Y�� ��b1990  �+2000" 85/565 C�� H�� w�%�%���Y�� ��b

2000  �+2006 "97/1310 C�� H�� w�%�%���Y�� ��b2006  �+2011 � 03/1262 C�� H�� w�%�%���Y�� ��b2011  �+

2015 C�� ^�0+ �	 ��G(0
 5Q��� ��� .5�� ��$�# �b���� ���! �� 	��	 �� ��#�G$� �
�� �[,�.� 	��� ��b 53/59 

C�� H�� w�%�%���Y�� ��b1976  �+1985" 57/110 C�� H�� w�%�%���Y�� ��b1985  �+1990" 19/344  H�� w�%�%���Y��
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