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 ?, ����
 �� ��&� ��oy  � �!
���� ��&'. �F6&	ox 
���� �A/� �F6&	�$�! �&f �! �$ 

���� ��
�� (&B 5�5P�� 


�,����-� �F6�	 ��&'. :�5��! +� �!
���� ����� �� ~&-�$ �,��+ �� �$� �� �7 
���� �� ]/� �	 �+�$ � �F6�	 �A/� �! 


���� �� ~&-��� �,��+ �� �$� �� �7 
���� �� ]/� �	 �+�$ �,����-� �_� �$ 
���� �
 �� c,b,a ��=� 
"�!� �,��+ �� �� 

:�5��! +� �,� �$ 
���� �� ]/� �	 �+�$ θc, θb, θa �$� �,����-�:  

)2(    tanθr =
sinθa+sinθb+sinθc

cosθa+cosθb+cosθc
 

��� ������	 ��
�7 �$5� ���� ��7 
� 
��tanθr  ~&)8	�	 �&*  ��θr  .5,7 �$5� ��,��
 Q�P ��  k'� @5,�

 3)* 
� �� �!
����2 � (r6�)2@��� �� @5* @��� ��=� (Z)  k'� �T�#� �� �
���� �� �$� ��84�� �,� +� ���_

 �$� "! �� �!
������� �.&'T	 �G�� +� ���	 ��=� �
 �!
��� ��� 
���� �� �_� .5!�  5-*�� �#*�� rG#<	 ��!

 
���� 5-��	45  �135  
���� 
��
�90 �	 3`�P ��
� .�&* ������	  �� �$� �A�-	 ���	+ ��
 �,� �� ���_

:��'�  �e�� �, �,+ �,��+180 ��
� ���5�8� �_� �	� 
5-*�� �#*�� �,��+ �!
���� +�  +� ��#'� ���5�8� � �#=��� ��180 

���
� ������	 5-*�� �#*�� ��� 
�,��+ +� �#/�_�
 5�-,7�� 
����� �'� ��=� 5!�.  ���� �
 ���}G}	 s,�#� �,+ (�5�

�	 ��=� �,��+ �!
��
�)'! � �5*�	) 5!�1392.(  

5*�� �,+ X,��* �� ]��-	 5,�� ��� ������	 +� 3`�P s,�#�  (�5�)1:(  

1- ���! 5-*�� ��}	 �� �! ��� S�<	� �
&` �_((�� k�
) ���� +��� �,��+ �T�#� 3,58� ��&_ 

2-  +� 5,�� ��� ������	 5*�� �F-	 S�<	 � ��}	 �
&` �_�180 (:�� k�
) �&* "� 

3-  �� 5,�� ��� ������	 5-*�� �F-	 �� �! ��� S�<	� �
&` �_�180 (:&$ k�
) �&* k'� 

4- � �F-	 �
&` �_�  +� 5,�� ��� ������	 5*�� ��}	 S�<	360 (:
��f k�
) �&* "� 

  

 M�5T1 �*�_�_� 9�� \8� '
�VH� :
u��� � ��)1381(  
M�� \8�  Sinθθθθ>0  

Cosθθθθ>0  
;�� \8�  Sinθθθθ>0 

Cosθθθθ<0 

;��D7 \8�  Sinθθθθ<0 
Cosθθθθ>0  

;H: \8�  Sinθθθθ<0 
Cosθθθθ<0  

  

@5,5C �,��+ �_� ��� ������	 5*�� t<=	 ��� ��! �	 
��  ��$�V	 :54 ��6�� .�&* ��$�V	 �#P�
 �� 5��&�

 �6&'8	 ��5.� ��&-. �� ~&-��� � ~&-�$ s,�#� .�$� �,��+ �! ~&-��� ��$�V	 :54 ��	�� � �,��+ �! ~&-�$

�	 �AG� �	 .�&* �.&'T	 ��&� ���� +� �� �_ ]#=	 �� �
 ��8	 ��! .��� ��$�V	 5-,7�� ��!
���� ���w��� �#/

 ������	 ���w��� ~&)8	��� 
�� �	 ��=� �
 ) 5!��� 
u��� �1381(.  
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`�8 � Z ��=  

 ���	+ @+�� 
� ��
�	 ��
 ������� ��>�	 �$
�� �86��	 �,� v5! �)-,� �� ��&� ��1999  ��2015  3)* 
�$�3 

d����� =� �
 (�$ �� �,� 
� ������
 ���	�	 ��  (�$ �� �,� 
� ������
 ��*�P ���
� ���
�� >�� �	��� 
� .5!�

���
�� ����� ��>�	 � @5* �$
�� �	 �86��	 �!   ���
�� ����� � ������
 ���	 ����� ��� %���
� �
&	 
� Wp$ .�&*

�	 nV� �7 ��*�P .�&*  

  

�*��%�R� ���5�� �� @���� 
=�>��� ��� 'DT J
S=�
� ���

?*  

3� 
�  (�$ 
� ���86��	 @��5V	1999  ������
 ���	 (&B54897  (�$ 
� � �#	2015  �� �����55532  @�&� �#	

�>��	 ������	 ��A� �$
�� ��-N'! .�$�1  (�$ +� ������
 �>��	 ��A� �� �86��	 �
&	 @
�� �� 
� ������


1999  ��2015  �� �����180 ���� �#	 � ������
 �G� ��� .�$� @5* �� ���R Z&-� Z�R �� d�* 3,�'� ��
�

��� ������	 ������� �}��5P .�$� �	 ��=� >�� ��
�	 ������
 
��  ��5#�� 
� ������� �,� ��>�	 �,�#=�� �� 5!�

 @+��16/447  @+�� ���#�� 
� � �$� �#	64/568 �$� �#	  3)*)3  �4  (�5� �2 (�5� .(2  � �5#�� ������� ��>�	

� @+�� �! ���#�� �	 ��=� �
 ���	 3� � @+�� �! �>��	 %�A� �,�T��� ��>�	  @+�� .5!�4  � �,�T��� ��>�	 �,�#=��

 @+��1 .5�
�� �
 �>��	 ��A� �,�T��� ��>�	 �,�#'�  

  

'DT J
S=�
� ���

?*^  �C�8 �� 
=�>��� ���  

 (�$ 
� @+�� �,� (&B1999 ��5P 5004  (�$ �� � @�&� �#	2015 D!�� �7 (&B �, �� � �#/4722  @5�$
 �#	

 ��5P @+�� �,� ��5#	� �&',+7 .�$�8/196  (�$ 
� ��
�1999  (�$ 
� � �$�2015  ��5P8/198  ���� ��
�

(�'* D<� �,� ��5#	� .�$� �#*�� ����� ������
 ���	 �	&'. ��� � �$� �,��/���� (�'* �� Z&-� �� d�*

��� ������	 ������� �}��5P .�$� �� 
� 
�� @+�� ��5#81/99  @+�� ���#�� 
� � d�* �� �#	48/109  Z�R �� �#	

���� 
�5A	 .�$�  (�$ +� @��5V	 �,� �>��	 ������	 ��A� �,��1999  ��2015  ��5P32  (�5�) �$� �#	2 .(

 (�5�2  ��=� �
 ���	 3� � @+�� �! �>��	 %�A� �,�T��� ��>�	 � @+�� �! ���#�� � �5#�� ������� ��>�	�	  .5!�

 @+��4  @+�� 
� �>��	 ��A� �,�T��� �,�#'� � �$� �,�T��� ��>�	 �,�#=�� ��
��1 �	 @5!�=	  
�7��, �#�6� .�&*

�	 ��N�C ��58� �5* "� � ������
 (&B D!�� @+�� �,� 
� �&* .�$� @��� �
 �!��
  

  

  

  

                                                      
1- mean center 



  

  

  

  

238  -----------------------------------  �� 5�!6�7� 
*8��# 96�:��  ��� ;�<�  ��=� �17 � ?�%�@1397  

 

 M�5T2�� ���

?* @��
� :  @��
� � �C�8 �� 9�D�=� � �5�8�
8�T �� �C�8 MH� ���

?* � 9�F�� J
S=�
� a�&= � �T  

 ;�=

�C�8  
M�: ) MH�m(  �H� CE 

����8 9�F�� 
R&= ��O�	�  
 @��
�


8�T  � �T

) 
R&=m( 

 ���

?*

�C�8 �%H� 

)m(  

) ����8 � ��8�T @��
�m(  

x �
S=�
J Y J
S=�
� 
�5�8� �D�=�  

 
1 

1999 5004  8/196 437438 3395900  
32 282-  81/99  48/109  

2015 4722  8/198 437411 3395880  

 
2 

1999 23969  4/256 427341 3392710 
58 22  84/32  53/91  

2015 23991  3/256 427283 3392700 

 
3 

1999 11975  8/266 412821 3392640 
60 381  26/196  96/292  

2015 12356  8/266 412770  3392670 

 
4 

1999 13949 1/301 404158 3393960 
88 514  40/353  88/420  

2015 14463 3/302 404203 3394040 

  

WF  

1999 54897 1/268 419070 3393280 
180 635  16/447  64/568  

2015 55532  269 418894 3393330 

  

  
 W6�3 : �=��C �C�8 �� �� 
=�>��� �
L� d��R=�1999 � 2015  

  

 ���

?*'DT J
S=�
� �� �C�8 �� @���� 
=�>��� ���  

 +� @+�� �,� (&B23969  �� �#	23991  D,�>/� �#	  �,��/���� (�'* �� ���� @+�� �,� �&',+7 �$� �#/�,265 

 �� �$� ��
���5#	� �	 ��=� �
 ���R Z&-� Z�R �� d�*  .�$� �#*�5� ������ ������
 ���	 �	&'. ��� .5!�
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 ������� �}��5P��� ������	  @+�� ��5#�� 
� 
��84/32  @+�� ���#�� 
� � Z�R �� �#	53/91  .�$� Z�R �� �#	

 (�$ +� @+�� �,� �>��	 ������	 %�A� �$
��1999  ��2015 �	 ��=� ���� ��>�	 �� 5!�  �,��58  �$� @�&� �#	

 (�5�)2  3)* �5.(  

  

'DT J
S=�
� ���

?* 
: �C�8 �� 
=�>��� ���  

,� (&B +� @+�� �11975  �� �#	12356  D,�>/� �#	  @+�� �,� �&',+7 .�$� �#/�,266  (�'* �� ���� ��
�

 �,��/�����$���� ������	 ������� ��>�	 �}��5P .�$� ���R Z&-� Z�R �� d�* @+�� �,� ��5#	� .  ��5#�� 
� 
��

 @+��26/196 �#	  @+�� ���#�� 
� � Z�R ��96/292 @�&� Z�R �� �#	 ���� 
�5A	 .�$�  �>��	 ������	 ��A� �,��

60  (�5�) �$� �#	2 �  3)*5.(  

  

  
 W6�4M�: �� �C�8 ��D7 �� 
=�>��� 'DT J
S=�
� ���

?* :  9��1999  �2015  

  

'DT J
S=�
� ���

?* ��D7 �C�8 �� 
=�>��� ���  

 +� @+�� �,� (&B13949  ��14463  (�$ 
� �#	2015  D,�>/� .�$� �#/�, +7,�&'  @+�� �,� ��5#	�1/301  ��
�

 (�$ 
� �,��/���� (�'* �� ����1999  �3/302  (�$ 
� ��
�2015  Z&-� 
d�* (�'* 5��
 ��
�� � �$�

��� ������	 ������� ��>�	 �}��5P .�$� Z�R  
��40/353  � @+�� ��5#�� 
� Z�R �� �#	88/420  
� d�* �� �#	
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 %�A� �$
�� .�$� @+�� ���#���	 ��=� ���86��	 @
�� 
� @+�� �,� �>��	 ������	 ���� ��>�	 �� 5!�  �,��88  �#	

 (�5�) �$� @�&�2  3)* �5.(  

  

 
 W6�5 �� @���� 
=�>��� �%H� ���

?* :4  9�� M�: �*��%�R� �C�81999  �2015  

  

�[��� 9�8��F ���

?*  

 3)*6 @
�&!�	 �,&;� �=A�  ��! (�$ ��1999  �2015  �
�	 ��=� �	 @5!�=	 3)* 
� �� ��&���'! .5!�  �&*

���
��  ��!��*�P  
� ������
@+�� ��! 3  �4  (�$ 
� � �$� @�&� ��h�$ �*�2015  �
 �A�-	 �,� �!��_ D*&C

 @+�� 
� ������
 ��*�P ���
�� .�$� @5��*&C1  @+�� 
� � �,�� ��	+2 ��	+  ���	+ �G`�/ 
� �� �$� �+
��=� ��!

1999  ��2015  @+�� 
� �#�6� .�$� �#*�5� ���5-f �����2 ��	+ �#*�� �������� �+
��=� ��!  ����� 3�6� �� �� 5��

��	+ ?�)F� �, � @�&� �=� [&� � �=� �&�6�  @5��	 �4�� �+
��=� ��'! ���
�� 3� 
� �6� �$� @��� �
 �!

.�$�  
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 W6�6���H��� � HO* : �[��� 9�8��F �5<�� B ��= 9� M�: �� 
=�>��� 

��G  9��1999  �2015  

  


�
�= 9�
Y  

@��� �$
�� �	 ��=� �! @+�� �'! �� 5!�  (�$ @�>��* (&B 
� � .5������ ��
�� �!635  �/��� ������
 (&B �� �#	

 ���� ��>�	 .�$� @5*  ���86��	 @��5V	 3� 
� �>��	 ������	 %�A� �,��180  ��5#	� ��� .�$� @�&� �#	

 ������
268  (�$ 
� �,��/���� (�'* �� ���� ��
�1999  �269  (�$ 
� �,��/���� (�'* �� ���� ��
�

2015 ��N�C ��58� .�$� @�&�  +� �86��	�
&	 @��5V	 ��!��
56 ��N�C  �� ��
79 ��N�C  �B 
� ��
16  (�$

��N�C �5* �/��� .�$� @����5�C D,�>/�  @5-!� ��=� (�$ @�>��* ���	+ �G`�/ 
� ���86��	 @��5V	 
� �!��


���
 �1&6&/
&	 ��������	 ��=� �
 ������
 �
�5,�C�� � ����� � @�&� ��� @+�� 
� .5!�  �6&B ������� 
��f � �$ ��!

D,�$�/ ��!5�+�$ � �#*� ��P�� 
� �#/�_ 
��4 3�6� �� �� �$� @�&� �#=��  @�&� �#=�� ������� �,� �A�-	 �,qC

�	 ������
 ���	 ����� .�$� ��	+ ���� 5��&� $��� ������
 ��*�P ��!��	+ �#/
 ��� +� Q�&	 � 5*�� +�  
� �!

 �-�=� �� � D,�$�/ �'$ ��*�P���&$
 @+�$ ��-N'! .�&* �
�q��&$
 �'$ ��*�P 
�  Z7 � 3C 5-��	 �,�!

��N�C 3V	 
� >�� 5-� �	 ��� 
�f� ��
 ��)	 
� �86��	 �,� s,�#� +� 5,�� �� 5�&* @+�$ 3��4 �,� ���,  �&$ �!

.���  

+�� 
� �,����-� @16 ��N�C ��58� �� � �#/�, D,�>/� ������
 (&B �$
�� �
&	 �6�$  
� .�$� @5* @��>/� �!��


D<�  ������
 ���,�* ��!��>�	 ��	+ X,��* .�$� �#=�� �������  ��*�P ���
� ���
�� � 9�� W-� � �$�-*

 (�$ �,&;� 
� .5��Y�	 �7 ���	 ������� 
� ������
2015 
� ������
 ��*�P 
� @+�� ��!3  �4  �!��_ D*&C

�	 @5!�=	  (�$ �,&;� 
� �� �6�P 
� �&*1999 �	 �
 �	� �,� 3�6� .�$� @�&� ��h�$ �*� �,�� ��	+  �,� ��&�
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��N�C �5* �T��� +� WC ������
 �',54 �#�� �� ��� ���&� ��&_  ��!��_ � @5	7 
� >�<G`�P ��	+ �
&` �� ��


5*
 �7 
� 
�+ �=�� � �8��	 .�$� @���  

�	 ��T,� ��	+ Q�* 3����#C ����� �Y� 
� �� ������
 �=,�$�/ �
54  
� � ������
 ��*�P D,�$�/ 
� >�� �&*

��N�C 3V	 ����� �T�#� �	 ���-=�C .�
�� �����/ ��'!� �!��
  D,�$�/ �� ��,�� �
54 �Y� ��86��	 �	��� 
� �&*

 ����� ?,1&6&�� ���Y� .�&* �86��	 ������
 5��m� �7 �� @5-,7 ��86��	 
� 5,�� �� �$� �.&�&	 >�� ������
 ���	

.�&*  

  

�6U* � � 5&*  

 +� .�$� ��=	�� �,�,
� �&-/ � :&G. @��=��� 
� �#/�, �'��� 5*
� �$�-*
�� �	�� ��,�C +� S�<#�	 �6�A	 �,�

5�5* �6�A	 ��F�� �&��� n.�� �&� 5-'*+
� ���O� �,�
� �� �� :�#V	 ��
���  
����.",
�>�$�p$  

  

 \8�<�  

) .�,56�
5` 
�6&#	 .�5�	5'V	 
@��+ ���P .��
 
�G�.�'$�1390.( ?�-)� ������
 �1&6&/
&	&01 
� ���5�	 ��!  ��
�=#�� :����� .��

 .(�� ��f 
�&!e228 �VF`.  

) .����	 
�G�&� .���P 

54� .�'B�/ 
�
�,5'V	 .��
5�'P 
+���
&C1394 ��),�
 .((5	 
� �=,�	7  ���
� ���
�� ������� �+�$

�� �� ������ ��#$��* @
�&!�	 �,��;� ���_
�����	+ 5-f ��
��	+�$ D,�	7 �GT	 .��7)1 .t` (207 -187.  

) .u��� 5,&,� � �6 
��1381 �� �
�	7 3�GV� � �,>T� .(Arcview GIS���P �'��� 
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Abstract 
There are many different methods for identifying meander changes and river landforms and prediction their 
movements. In this study, 55 km of Maroon river route changes in Behbahan district is studied in 16years time 
interval by using Landsat 7 ETM+ and Landsat 8 OLI satellite images for 1999 and 2015 respectively. In this 
study linear directional mean method is applied. This method represents general direction of vectors, that line 
and vectors are river routines in this study. River route is digitized and divided into four parts according to the 
geology of the study area, and then the linear directional mean of each part was calculated. All of four parts 
showed changes in length and direction. Results show that river length was 54897 min 1999 and changed to 
55532 min 2015 and the movement of the mean center point of the river in the study area is about 180 m. Main 
changes in length are in 4th part about 88 m. A length change for the whole river in the study area is 635 m, 
which most of it occurred in 4th part. Land use of riverside in parts 1 and 2 have no changes, but the bare soil in 
parts 3 and 4 changed to rangelands and bushes in the study time interval. 
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