
�� �����	� 
���
� ��
��� ����  ����� ������� ����
� ���� 1398  

 :
&�'� ()�*�� +*���01/07/1396  

 :
&�'� 0�*12 +*���26/04/1397  

 :���5652 - 39  

  

������� 	 
��
������ �
�
	�
�
�� 
�
��� ����� ��� 
� ����  ! �"�#$��� 

 �� %&�'��� ��LCM &�
� 
���(�)*(,-��� �#$ :   

  

���- /�0#121* 5�6���7� -�/�2 5�	 %&9��2!-� 2���&�:�3 5���0 '� 
�<=�-*4 

  

 �9
:;  

��9�� 
� 
<=� ��*(  >�� )��?=2=�� @�=A 0���? 9A�� �B9CCD �E � ��F�A=:D� �)G ����	� H��C� (�D 
�*I � ��� J�D  >�� 

K�
� �L)�*M *
�)� � �� .(D�*I '�� �� ��D��
H @�=A 0���? 9A�� �O�@� ��F�A=:D� �E  ���9��> J�D �� B9CCD  >�� 1370  ��

1394 P�� ��=�*��� 9  
�)�? ���Q� 
� ��R 0�� .(D� 
A=? �> E� P� S2 
R (D�

 ��T�*� ���=��� �>  (D9C&)5 �7  �8J�D ( ��> 1370 �

1379 �1386  �1394 2 �
M  ��T� 0P���2*�� 
'�� 
�'A 9C�> ����R> O����  ��4 @�=A WXR� ��F�A=:D�� O���� P����R>�  � ��Y��

��� Z����> J�D P� [�9R �� ��> E� �=R1�

  �9 (D�&�AG 
� S\D .
L ]�

��� ����R P� [�9R ��> �� � ��� J�D ��> 
�K���2 �=R1�  

��� .(D� �9 > �*I  J9� P� �=^C�LCM ��A .(D� �9  ���5�D�*_ '��
��' �
�FA� �*I  ��9@ J�D �� 
R (D�1/1 R
Z������=�  ��

@�=A� ��F�A=:D� �E  ���9��> 
� (D� �9  ���L)� B9CCD  �=�>   J�D �� 
R1370 @�=A `R a=���� ��F�A=:D� �E  ���9��> 

 B9CCD2/27 R
Z������=� &�@�� �(D� ��=�� 
R  J�D ��1394 �*I  
� ��9'�5/54 R
Z������=� D�
�9 �� �� S\D .(D�
� ARC 

GIS b*
 ��������2 �^A P� 
c=C�� H��C�> d=&=)�=�=ed*:� E�

 E� P� S2 .(D� �9 

 b*
 b�� a�5���) 
c=C�� H��C�> 2000  ����

  ��E<
f &�� ��  
f b��> 30 �@ �96��*� 1000 ���>  � `�?200 ���> @�=A 0���? �(
A�K���� ��F�A=:D� J�D ��  >�� 1370 �

1379 �1386  �1394 P�� 
c=C�� H��C� ��*��� ��A .(D� �9 *_ � ���D���
�FA� �*I  J�D �� 
R (D�1370  ��9@8/7 R
Z������=� �P 

@�=A� ��F�A=:D� 
�)�? ���Q 
c=C�� H��C� ��  9A� 
R *�I  J�D �� ��9'�1394  
�8/14 R
Z������=� �L)�*M *
�)� � .(D�*I  H��C�

�E  ���9�� g�Y �� h��9�c> �G ��c�5��� �� ZQ�� B9CCD
�9  �2 H��C� �
f Ci�� �
I Q�  H��C�� �@ �� ZQ�� B9CCD ���9��*� 

.9A��� ���Q 
A�K���   

  

 :>9
�R ��?d������������� 	
��
�����	  	������ �����LCM.  

                                                      
1 - �����	
� ��
��
������� ����� ������ � ����������� (!�"#� �$%#	��)  snegahban@shirazu.ac.ir   
2 - ( $�
� )�%�
�*���
��
�����+
$�� ,��-. �������  h.ganjaeain@ut.ac.ir   
3 - ( $�
� )�%�
�*���
��
�����+
$�� ��
��0 �������1 ,��-.  mojdeh.kordestani@ut.ac.ir   
4 - ��
��
����� $�
� )�%�
�*�� ��. ��������3 )
$�  ziba.sefidi@gmail.com   



  

  

  

  

40   -----------------------------------  5� 6��7��� 89:��; <7�=1� �
+� >��( �
�?� �>�#�� � ,��#��.1398  

 


�9'�   


����� ��� � 	!"#�$ �%�� �
#�& '�� 	�(�)� �#��* 	�+�,
-� .���� �!��" ��( �+�,
-� �� 
/%� ��� !��+ �( 

� 0�$�)� '�"%�
��� �  �(�)� 12� 3�
45 6%�� ����� ��)� 
�� �%�7) !��1 	2006(.  6-�� �+ ���*�� �+

�  �(��>7 	'�)$ �?� ���
��% �� ) ��
4( '�� ��)� .�@ �+�*�+2 	2012A � �B� (C" ��"   .��
@� DE� '�����

�� +��  .�� �*2050  +��@80 #�$ �&�+!" 5��� �(�)� �+ '�)$� ) ���7'�����( � �)$3 	2012.(  3�
45

 �(�)� ��2��7 � ��%?"��   ��(��>7 �+ 	!"#�$ 6%�� C%�?�� D"�+�+ .�@  �#��* C"  0�� � 0��& ��* 

�� ��A � �%��E"�) +�"54 	2005(� J  ���� 	'��%� �+ �K�� 0�@L&� '���- � M�N �+ �
#�& MLO�� P��� �  '��%� �+

>��)� 	'�����( � ���
7�"�) !�� 
�� �$��� ��"��>Q ��� �  ��"1391 
+�S
�� �  �T�� ��">��)� U%� 	(

 M�EB��� 0��V� � �K��� �� 
+�
45� !4%  �B"W��� �) +��U5 	2012 3�
45 +���� �X�  �+ U"�Y�( .(

� �B"W� 0����Z� �  �T�� ��)� ��(�[�  ���4�� 6���$ ���  �%�)*�� \�L7 � ������) +��6 	2010 .(�+ 6-�� 

�5� ����  +�T%�
��
���� �(�%�$ � 1���* '��  �  ��]!" �( � 0������ �#"2� D�� ���%���X�� ��(���"A +�"5 �� 

�+ ��2��7 ��[�- �
4%� '��+ �)��  +�$� � ���E�$�� .+��_ U%� �(���"A :���  0����Z� a(�  	�#"2� '+� 

.+�#* W�b" !4%� � .L
X� �+ ��� 0���X ���� ���  	���%��S��) ��� 1392 CZ  ��)� b"W� ���%� +�$� �  .(


+�7 .�c�� �� U"�� dB� �� ��Q�7 D���� �� ��% �  ��">��)� 	���c* 
��(+�"" !�� 
�� D%�2* �#"2� b"W�

'�����( � U�*�5)7 	2004 ���� �  (!"��#� � ��">��)� �7 f�� g% �""c* 12� �
�h5 '�- g% �+ ���4�� ��(

� i��%) !�� 
�� U"�� dB� ����8 	2013!"��#� � �)� ���O
�� 	j��� U%� �  .( �%�[� ��)A �+ '_ �  �
4 �� ��(

U"�� �k� �� �7 � !X�� !X��� � 
+�  �%�"���c$ �B�� �� ��+ 	���  �
���� ���- ����  +��� �WB� ��(�����

��('��� ��
��� �+ �[� U%� �2��$ �+� ��7 ��"���c$ ���E- �+ �(�)� 3�
45 � � �%�  � ������������ 
/%

 	!S&�+��) !�� 6-�� �+� ��71385
�� '_ �  �#� �"OW* �+ ��7h� +���� �  �$�* �  .(  �� 
+�S
�� �  �* !��


���(�� �%��,* �� !����)5 	7  �8 	
�T����( TM 	ETM  �OLI (.�� ��(1370 	1379 	1386 � 1394  � 

 3�
45 !"#K� ���� � 
+��W� ��%?"� �#��* ��k�� U%� ���  .+�� �
X�+�A l���� �)� ��%?"+��� �#��B�  �+

.�� U"  ��(1370  �*1394 ��- � �%��� +��� '�?"� �* !�� U%� �"OW* �E&� m�( 6-�� �+ .!�� 
�� �
��5 �

 ����� !�� �  l���� ��)� 
+��W� �(��
���� �@��� 3�
45
���Z� �_ ��%����������� ?"�   0��&  � ��7

 �� ���� 0����Z� � ��%����������� D���� CO� � �(�)� ��%?"� �#��* +��� �+ .+�"5 ���- � �%��� +��� �S"7)�_� 

 d%�>* �  �%� �+ �7 !�� �
��5 0��& '�)$ � '��%� dB� �+ �+�%� 0�O"OW*
��A �'_ �� �:!�� 
�� �
X�+�A �(  

                                                      
1- Kaya 
2- Dutta 
3- Jha et al 
4- Silveira & Penna 
5- Shen 
6- Sanders & Clark 
7- Cutman et al 
8- Yang & Li 



  

  

  

  

41   --------------------------------------  �
�	��1 � 8=��.�B	C1 �D7�%� 3?� 8� E��#F + �(�-...  

 

�� �$��X 0�O"OW* �E�$ ��'�����( � 0��$ �  '��*1 )2001�  �7 +�7 
���� ( ��k�� \�+ �����Q �""c* a>Q -

����� '� �" �( �+ ?7�� ���?%�_ �B��� �  3�
45 ����� 	��)� �  ?"���_ ����� ����T� ����� �� ��7 �K��� �� .�� 

1912  .�� �*1995 .�� �� �K��� �� ��7 0��""c* ���� �"2� ��k�� �  �"OW* U%� �+ .��
X�+�A Markov- 

cellular automata n%�
� .!�� 
�� 
+�S
�� a>Q �""c* a"O
4� �B �� ����"  �"OW*'� �"  ����� 3�
45 �  �(

��)� '�����( � �%� .!�� !"#�$ C%�?�� �2 )2006 ���  ��+ �� CT�� � �%�"���c$ 0��L�� a
4"� 1"7�* �� (

'_ n%�
� .��+�7 
+�S
�� U"Q i�"T"  �+ �K��� �� ��7 0��""c* ����  �$�* D �- ��� ����"  �( � ��)� �� ��7

.�� �� 6*��� C(�7��( 1986  �2001 �7 .!�� 
+� %� '�����( �3 )2014 �  (�A%C !�4- �+ �)� ��� ��(

�A����% �  .�2��
�� ��,* �� 
+�S
��%� 
���(��.�� ����( 1987 	1992 	1997  �2001 .��
X�+�A  �"OW* U%� �+

'�����( � �(�O� .!�� 
�� 
+�+ '�>� ��7 0��& �  �OB�� �+ �"X� �(+ �+ �+ ��)� ��� �#��* � ��� '�?"�4 

)2015 �  (.������ �)� ���� ��* �� 
+�S
�� � "g�(� �,� 
�(�- �OB�� �+ ��+ �� CT��  U%� �+ .��
X�+�A

.�� �%��,* �� �"OW* ��(1984 	2003  �2014  �"OW* U%� �+ .!�� 
�� 
+�S
���(����� �[� ����% ���� ��  � 

#� �� 
+�S
��"�(��� ���_�  ��?�� f�� �+ 
�� M�Z
��FRAGSTATS ?T* +���%� EW* �"D .!��5 ���- �
�%n �%U 

T�� ��2
�� �� oA 	.���	 � '�>�� �7 �(+14 5 C��A �� �&�+"(��  �4 �7 �&�+%�  .�� �+2014  .�� �*

2025 �� �(��X D%�2* �(��
���� �@��� � . �"$ � '�(5 )2016 �#��* � ��)� ��2��7 0��""c* ����  �  (

 �+ '_ �#��* ����� �� 
+�S
�� �  � �
X�+�A U"Q '���� �+ ��)�20  �� 
+�S
�� �  �� '_ 0��""c* ���� 	�
�h5 .��

�5/%� .�� ���  �B"W� ��(2025  '��p� � 
+�7 ����� �� +�X �k� +��� ��)� ����� !%�)� �+ � ��+�7 qZ>�

��
��+ �����  �7�5/%� rS@ s��  '_ ���2� �  �?%�!4%� ��(�� 
��%_ �+ �B"W� �EX�+ 0�O"OW* �E�$ �� .+��

�� ?"�  �  '��*) �X�_1393 �  �7 +�7 
���� (C"A.�� �� 
+�S
�� �  �K��� �� ��7 ����� 0��""c* ���� ��"  

LCM �S
�� �  ��
 � �"OW* U%� �+ .��
X�+�A �E ��� �OB�� �+
���(�� �%��,* �� 
+ .�� ��1367	 1380  �1390 

 .�� �� 
+�S
�� �  ot� � !�� 
�� qZ>� �OB�� �K��� �� ��7 !"#K� LCM��2� �%�A �  �2,� ��(

m�7��� 
�"T�� D"EW* � ����,�  .�� ���  �OB�� �K��� �� ��7 !"#K�1400 C"A.!�� 
�� ��"   � ���W�

) '�����(1394.�� �  	( ���� �"OW* U%� �+ .��
X�+�A '�
4E5 '�
�� �+ '�"��� '�
��)� �K��� �� ��7 0��""c*

c*""0��   �� ��7"U .�� ��(2000  �*2012 �  ��* �� 
+�S
��"g �� qZ>� ��+ �� CT�� U"�Y�( � !�� 


.�� ���  �� ��7 ��K�O*_ ��(%
�� ���  j���� " � �c*""0�� K��� �� ��7 �
�h5� �� �2��W� ot� .!�� 
 � 

��5� �� 
+�S
��"'� T�"
4"g �  �Vu� D���� CO� K��� �� ��7� ��� �  !%�)� �+ � !�� 
�� �� ��7 �����

K���� ��� �+"'�  .�� ��� 2030   .�� 
+�S
�� �CLUE-s  �"2�) '�����( � �B� .!�� 
�� ����1394 �  (

                                                      
1- jeneretteand et al 
2-wu et al 
3- KAYA et al 
4- Megahed et al 
5- Han & Jia 



  

  

  

  

42   -----------------------------------  5� 6��7��� 89:��; <7�=1� �
+� >��( �
�?� �>�#�� � ,��#��.1398  

 

���% �� A �"C "�� c*""0�� O�� C�7��A ��  �  �(�)���,* �� 
+�S
��%� .�� � ����� ��Q CA_MARKOV  �)� �+


���(�� �%��,* �� 
+�S
�� �  ��
 � �"OW* U%� �+ .��
X�+�A j���7�2�5.�� �� ��(1366 	1379  �1389  !"#K�

 .�� �� 
+�S
�� �  ot� � !�� 
�� ����  �*�#��B� 
��W� �K��� �� ��7CA_MARKOV �)� �#��* 	

 ���  j���7�"�5 .��2030 C"A.!�� 
�� ��"  ) '�����( � '�"-�
>�1395 �  (A"C "�� ���� ����  �#��* �

 �)� 
��7��A%+? EW* �� 
+�S
�� � "D�(� A"�
��> �[� �"OW* U%� �+ .��
X�+�A �%�� � A� � P�� �  '+�  �"'�? 

c*""0�� v�� �OB�� �+ 
+�+ w� ��,*%� 
���(���� .�� !���� ����� ��Q�(� 1999 	2006  �2013 ?T* +���%�  �

EW*"D �Y�( .!�� �
��5���-"U �� � A"C "�� ���� c*""0��  .�� �*2020  3�� �+ ��CA-Markov  �LCM 


+�S
�� !�� 
�� !�� U%� ����"  �"OW* n%�
� . "�
>%U �?��%C ��  �� !@�4�� � ��7� ���4�� �
X�� � �  
��

�"'�? 11/51   � �&�+"�
>%U ��  �� C(�7� ��"U � %� � �"'�? 29  �&�+��) '�����( � �X�_ .��� 1394 �  	(

 �� 
+�S
�� �  �2�5 �)� ��%?"� �#��* D"EW*RS  �GIS  ����� 
��  �+ 
+�+ w� 0��""c* �"OW* U%� �+ .��
X�+�A

1987  �*2000  �2000  �*2010 g"��* .!�� 
�� �
��5 ���- � �%��� +�����( +��� 
+�S
�� �+ U%� �"OW* D��� 

DK�S* 	�%�,* !24� ��"5�%�,*	 DK�S* �%?T* �S��� 	�E&� ?"���_ ���+�  �""c* � �4%�O� oA �� �O2� 	���  DK�S* 

qX�� C��A .�� ����� 
��  �� �+ �2�5 �)� 
+��W� �+ �7 !�� U%� ����"  �"OW* U%� n%�
� .!�� 
+�  �(�"5

 ��(1987  �*2010  � .!�� 
�� �
��7 � _ �����>7 �K��� �� U"�Y�( � 
�� 
+�?�� � _ �����>7 �K���  

  

 
�&�j� ��=� ���9��  

�  l���� �)�!"#�$�A � '�
�+�7 '�
�� ?7�� '������ M�4W� '�
�� �)� U%�* �%hA �$�)� �  �$�* �  .+��

.�� �� �+ 	l���� �)� '+� a>Q ��� �"X� ��(�- � !�� �
��+ ��"5���OB�� g% �+ �)� U%� ��"5 ��


�7 +�$� � ���
4(�7 �* 
�� 12� l���� ��)� 
+��W� M�N M��$ � M�N �+ y�?  � gQ�7 ��" _ ����� �%�(

 �+ �)� �� �>Z  �* 
�� 12� l���� �)� 1������ ����5�A�* .���  �$��� !%+��W� �  �)� U%� ��%?"� ���

% �#��* �BX z�#� �+ � 1"��A ����� �-��S�� f��_�� '�� �+ ��"5���- �  �$�* �  U"�Y�( � � �–  '��%��

 	
+�� C%��+)1370 �  l���� �)� ?"� ��"E-� �k� �� .!�� �%{�  D"4��
A ����+ �B"W� 0����Z� P�-� �k� �� (

'�
4�� ����+ �7 �7 !�� 
�� 6-�� +�� g>X ��"� a"E-� �+ 
���2�_ 3�� j���'�
4 �* � +�� ��(( .�
#� ��

 	��*�@ � �S�@) !��1392 D�� �+ .(1 .!�� 
�� 
+�+ '�>� �#��B� +��� �OB�� !"#-�� �>O�  

  



  

  

  

  

43   --------------------------------------  �
�	��1 � 8=��.�B	C1 �D7�%� 3?� 8� E��#F + �(�-...  

 

  
 `: 1
�&�j� ��=� 
'jC� (
�Q=� 
�'A :  

  

���� �� 0�� ���  

 �� f��7 �( d%�>* �  ���+� �+ �7 !�� 
�� D"�>* �E@�� ��Q �� �"OW* f�T�� ��%��� 	�k� +��� m��(� �  �$�* � 

:!�� 
�� �
X�+�A D@��� U%�  

:�O��� >����R 
�'A 

E� .�� �� �+ ��)� �#��* ����  m�( ���%� �  �$�* � �( �1370  �*1394  .!��


���(�� �%��,* �� ��k�� U%� ��� .�� �� ��(1370 	1379 	1386 � 1394  !�� �7p �  f�{ .!�� 
�� 
+�S
��

�7 !�� 
�� �#� �%��,* M�Z
�� �+ �7  �� oA .���  a( �  g%+?� ��(��� � 
�� g% �  |� �� '���� �@ �* �%��,*

 	�%��,* �")*?T* ���5�( �� D2- �%  D"EW* �
+�+ 	3��+�A � ��
��%+�� � ����( ��BX +�$� �k� �� �(  .�� ���� 

� ��k�� U"�Y�( � �(���  g* g* C%��� �  	�BX f�� �� '��"��� 7�*1" ��(  � C%��� �WS& ��� �  }E
Z� ����

�  y�? !�4- �%��� �(� 
+�+ 	�%��,* U%� }E
Z� �(�  �( '��� �+~�W��� ��(�BX ��
��%+�� ����� 
�� 
��  �5��

'��"��� � �%��,* ����( !"#K� ����  ���  .�� ����  { 	�%��,* ����( '+�  1���� ���% ��(  ���+� 


+�$ �( �OB�� �+��� �#��B�  �%��,* ��� � l��Z
��
���(�� � �� oA .!�� 
�� 
+�+ ���- �AC"   	�%��,* 3��+�A

 �OB�� �K��� �� ��7 �>O�+��� �#��B�  .!�� 
�� �")*�� �T�_ �A �%����� � g"�S* �7
�% �( ~�W� �   n%�
� i��

 ����� ��
) ���(+ 
+�+ C%��� ���D&�@ ��( S
�� �  �(���  g* �+ �(����� ��f�5 �� 
+���( ��
47�X !�� 

���%��� � �(�7)1 	2010( Mp�7 ���� �%�,* 	 .�� ���  Mp�7 ���� �%��,* �")* ���  .!�� 
�� �")*1370  ��

                                                      
1- Khoi & Murayama 



  

  

  

  

44   -----------------------------------  5� 6��7��� 89:��; <7�=1� �
+� >��( �
�?� �>�#�� � ,��#��.1398  

 

7�*1" )R:3- G:2-B:1 .�� ���  	(1379 ) 1"7�* ��R:3- G:2-B:1 .�� ���  	(1386 ) 1"7�* ��R:3- G:2-B:1 (

 .�� ���  �1394 ) 1"7�* ��R:4- G:3-B:2.!�� 
�� 
+�S
�� ( �O2� 3�� ��
�� 0��k� ���  ���  �")* �>O� -

��( C��A  �K����O2� g% '+�+ f�T�� �+ f�5 U"��� .�� 
+�S
��0��k� ���   �  �7 !�� �O���� }%�#* 
��

����� � ������  ��"E#* ��( �( jL7 
+�S
�� ��U�
��) ����1 	2006����� .( ��"E#* ��( jL7 ��)Q �+


�� }%�#* �(��
���� �@��� � 6*��� 	0�N�  	(a%+ � � _) �����>7 .�������� ot� ���-� 
�"� �  ��"E#* ��(

.���� g"�S* � �"��* �WS& ��� '+�7 ����� U""#* � �>O� 	.��
@� ��7��@ 3�� �� 
+�S
�� �  ��"E#* ��( ��(

.�� �#��B� +��� 
+��W� �K��� �� ��7��( 1370 	1379 	1386 � 1394 .!�� 
�� �")*  

  

 :
c=C�� H��C� J��c� 3�
45 � �#��* '�?"� '�� qZ>� � �K��� �� ��7 �>O� �")* �� oA
��
���� �(  �+

 ����� D&����k��� .!�� 
�� �
X�+�A ��%����������� ������ ����� �+ �@��� U%� 3�
45 '�?"� � �%��� �  	

 � ��7 U%� f�T�� ���  .!�� 
�� �")* ������ ����� �>O� ��
���   �+ ��k�� U%�ARC GIS 10.2 ��
 � 	{�%  ��(

���X+�� D��� �*��L��	 �� 
+�S
�� � ) 1"� !)$ 	1"� 	P�S*�� DEM 30 �
�	  
��T��SRTM '�����) D45 � (

U"�� �")* �� oA .!�� 
�� �")* (��>7 �����{�%  0�#��B� j��� �  	�*��L�� ��(���Z �
7 � 0��k� � �

 �OB�� ��%����������� !"#K� �  �$�* �  � '�������7+��� �#��B� �{�  P�S*�� D��� ������ ����� 	2000  	�
�

 �{�  1"� 	����� 1"� 0�)$30  a%�@ 	�&�+1000  � D45 ��
�200  ���X+�� ��
��  '����  �?T� �%{ g%

�")*  .��$) !�� 
��1 D��) ������ ����� �%{ �")* �� oA .(2 �@��� �� ��7 ��� �  ��7h� �%{ 	(

.�� �(��
���� ��(1370 	1379 	1386  �1394  �(��
���� �@��� 3�
45 '�?"� ot� � !�� 
�� 
+�+ ���-

C"A �.�� �� �+ ������ ����� !�� �  '_ ��� ��(1370  �*1394 - � �%��� +���.!�� 
�� �
��5���  

  

 J�9<1>�E  
�D=� 
c=C�� H��C� :  

k*��  ��
��  
c=C�� H��C�  

1  a�5���   >b�� H��C�2000 ���  

2  f
    P� M
� f
  >��� H��C�30 96��  

3  f
  (E<  J��  
� �� ��E<  

5  `�?   �*�@1000 >���  

6  
A�K���   �*�@200 >���  

  

                                                      
1- Eastman 



  

  

  

  

45   --------------------------------------  �
�	��1 � 8=��.�B	C1 �D7�%� 3?� 8� E��#F + �(�-...  

 

  
 `: 2 
c=C�� H��C� 
�'A :�:*d=&=)�=�=ed  

  

L��
*  :���

]� `
��� � �   ��k��  � ?"���_?T* �%  .�� �� 	0��""c* D"EW* �LCM )Land Change Modeler (

 �K��� �� ��7 �>O� �� ��k�� U%� ���  �7 +��+ ��"� �4%�O� f�T�� ���  �+��� �+ �  ��"� .�� U%� .!�� 
�� 
+�S
��

 .��1370  �1394  
+�S
��
��  �� f��7 �( C%�?�� � C(�7 	0��L�� '+�7 +��� �� oA .!��� ��7�  '�?"� 	�(

 � �%��� m�( �K�@ �"OW* �+ ���%� �  �$�* �  !%�)� �+ .!�� 
�� �2��W� ��%+ �� ��7 �  �� ��7 �( �""c*

 �+ �(��
���� �@��� 0��""c* ����� ���� �>O� 	!�� �(��
���� �@��� 3�
45 !"#K�.�� �( �1370  �*

1394  D�� �+ .!�� 
�� �")*3 .!�� 
�� 
+�+ '�>� �"OW* f�T�� D@���  

  
 `: 3H
'�� [��A� `@��� ���; :  



  

  

  

  

46   -----------------------------------  5� 6��7��� 89:��; <7�=1� �
+� >��( �
�?� �>�#�� � ,��#��.1398  

 

l�� � _*��A  

 -���=��� �*��T�:����&�j� ���9�� >� �$�* �   �"OW* �� m�( ���%� � � �%��� �� �(��
���� �@��� 0��""c*-


���(�� �%��,* ��
 � 	���  
+��W� ���#��B�+���  �+.�� ��(1370 	1379 	1386 � 1394  
�� �+ �"* � +�+�X

 !�� 
�� �")* D�� �+ �74  �  |� �� ��� � 
�� 	.�� �  |� �� �%��* �%��,* f��7 �( ��� �  .!�� 
�� 
+�+ '�>�

.!�� 
�� l�+ ��,* hX�  

  

  
 `: 4���=��� �*��T� :J�D >� >��1370 �1379 �1386 � 1394 ����&�j� ���9�� 

  

 -��F�A=:D 0���? � 
�D=� ��L
�J�D I
� �� �� >��1370  ��1394: �  ��k��  3�
45 '�?"� � �%���


��
���� �+ �
��5 0��& 0��""c* � �(� ��7�  
+��W� �K��� ��(+��� �#��B� M�Z
�� � �%��,* �")* �� oA 	

 ot� � 1���� ��(��� AC" � �%��,* 3��+�A  �� 
+�S
�� � �O2� ��  �0��k�  
�� 
+��W� �K��� �� ��7 0�O2� 	

+��� �#��B�  �+.�� ��(1370 	1379 	1386 � 1394  D��) !�� 
�� �")*5 P�� �7 (� ��7�  !@�4� � �(

f��7�(  ��'_ �(  .��$ �+1  
+�+ '�>�
�� !W& ���  U"�Y�( � !���O2� �T�� �A�7 1%�K �
��5 0��& ��� 

& ��>O� �E7 !W .��$ �+ �(2  .!�� 
�� +��_�  .��$ � �B�3 .�� �+ �(��
���� �@��� 	1370 	2/27 



  

  

  

  

47   --------------------------------------  �
�	��1 � 8=��.�B	C1 �D7�%� 3?� 8� E��#F + �(�-...  

 

7 '�?"� U%� �7 !�� 
+�  6 ���
��E" +��@ � 9  .�� �+ C%�?�� 6 ���
��E"71379  � 3/36 �� 6 ���
��E"7 .���

 .�� �+ �(��
���� �@��� !#�� 	�#��* ���� ���+� �+ U"�Y�(1386  �  +��@3/45 �� 6 ���
��E"7 �+ � ���

 .�� �+ !%�)�1394  �  �(��
���� �@��� !#��5/54 �� C%�?�� 6 ���
��E"7.� �%  

  
 `: 5 
'jC� �O��� >����R 
�'A :
�&�j���=� J�D �� >��1370  �1394 

  

 J�9<2>����R (@��� :J�D �� �O��� >�� >��1370  �1394 (Z������=�
R)  

>����R a=A  
1370  1379  1386  1394  

(@���  96��  (@���  96��  (@���  96��  (@���  96��  

�(��
����  2/27  06/7  3/36  4/9  3/45  8/11  5/54  2/14  

�����>7  1/110  6/28  1/95  7/24  4/81  1/21  6/77  2/20  

0�N�   9/33  8/8  1/17  4/4  3/25  6/6  5/24  4/6  

6*���  8/213  5/55  6/236  5/61  1/233  5/60  4/228  3/59  

  

 J�9<3
�'A (�6 ���*P�� :�9  9
&=� >��  

(�6 ���*P��   J�D 
�'A1370   J�D 
�'A1379   J�D 
�'A1386   J�D 
�'A1394  

�E7 !W&  91  90 �&�+  92 �&�+  92 �&�+  

�A�7 1%�K  3/87  8/87 �&�+  1/89 �&�+  7/89 �&�+  



  

  

  

  

48   -----------------------------------  5� 6��7��� 89:��; <7�=1� �
+� >��( �
�?� �>�#�� � ,��#��.1398  

 

 - MCR��2 ��L
����F�A=:D �@�=A  �� 
c=C�� H��C� �� ��J�D>�� 
�&�j� ��=�:  D�� �+6  �>O�

.�� �� �+ ��%����������� ������ ����� �+ �(��
���� �@��� C�7��A ��(1370  �*1394  
�� 
+�+ '�>�

 .�� �+ 	�%� �>O� � �B� .!��1370  6-�� ������ ����� �+ l���� ��)� 
+��W� �%�N .��� ����� �� �>Z 


������+ D��� ����� U%� �7 ���7 ��( �#��* � !"#�$ C%�?�� ���� .��
4( �E45 |�BX a%�@ � ��" _ 
�

.�� �� �+ ������ ����� !�� �  �(��
���� �@��� !7�@ �* 
�� 12� �(��
���� �@��� C%�?�� �#  ��(

 .�� �+ �(��
���� �@��� �� �>Z  �7 ���� �  � �%1379  ���X+�� a%�@ � l���� �)� �-�� ����� !�� � 

7�@ vL>-
+�7 ! .�� �* �(��
���� �@��� 	�#��* ���� ���+� �+ .���1386  l���� �)� � ��$ ����� !�� � 


+�7 ��"A ��
>"  �#��*U"�� +�2� � ��� ����� !�� �  �@��� U%� �� �>Z  �* !�� 
�� 12� dB4� ��(

�  ��� U%� � �� �% �#��* 1"��A .�� �+ �* 
�� 12� �%��1394 � �#��* '�?"� !�� �  �(��
���� �@��

 +��@ �  ������ �����8/14 .���  �(��
���� �@��� �� �&�+  

  
`: 6 J�D) 
c=C�� H��C� �� B9CCD ���F�A=:D �@�=A MCR��2 
�'A :1370  ��1394(  

  

 -�G �A�:� 9A�� � ���

]� L
&�AG :���   ��k��  �� f��7�( �+ �
��5 0��& 0��""c* '�?"� ?"���_� ��7�  �� 	�(

LCM )Land Change Modeler �  .!�� 
�� 
+�S
�� (�$�*  �""c* � 3�
45 '�?"� �K�@ �"OW* �+ ���%� � 

�� ��7 D�� �+ 	!�� �k� �� ��)� �� ��7 �  ��(7  	�� ��7 �""c* �>O�� ��7�  � �����>7 �K��� 	0�N�  ��(

 .�� �+ ��)� �� ��7 �  6*��� U"�Y�(1394 
�� 
+�+ '�>�  .�� �+ ��7h� ����� 6-�� �+ .!��1370  ����+

 �� ��7N�" (��
����
+�  � .�� �+ � ���1394 
�� �(��
���� �� ��7 �  D%�2* D�� �+ U"�Y�( .���8  �>O�



  

  

  

  

49   --------------------------------------  �
�	��1 � 8=��.�B	C1 �D7�%� 3?� 8� E��#F + �(�-...  

 

 ����� 0��""c* ����� ��7�  ����� �+ ��7h� �>O� � �B� �7 !�� 
�� 
+�+ '�>� �(��
���� �� ��7 �  ��(

)� 
+��W� � ��$C"  l���� �� �� ��7 �  �� ��7 0��""c* ����� ���� �*(��
���� �� �Q�( � !�� �
��+ �� �

a7 0��""c* '�?"� a%�� ��+ 
+��W�.!�� 
+�  �*  

 
 `: 6>����R ���

]� L
&�AG :J�D I
� ���F�A=:D >����R 
� >�� >��1370  ��1394 

 
 `: 7>����R ���

]� �A�:� 9A�� : 
� >��J�D I
� ���F�A=:D >����R >��1370  ��1394 


�
�A>�
? 

 �+ �
��5 0��& 0�O"OW* �
>"  ��� 	!�� �
��5 0��& �SE
Z� 0�O"OW* �(��
���� �@��� 3�
45 ��"�� �+

 ��"��'���� �% 	!�� ��)� �@��� 3�
45 ���  1���� 0�)$ U""#* U"�Y�( � U%��_ 
���Z� ����� �%����� 	

 3�
45 '�?"� � �(��
���� �@��� �#��* ����� ���� U%��_ 
���Z� ����� �%����� �  
�L� �K�@ �"OW* �+ ���



  

  

  

  

50   -----------------------------------  5� 6��7��� 89:��; <7�=1� �
+� >��( �
�?� �>�#�� � ,��#��.1398  

 

 .!�� 
�� �
��5 ���- � �%��� +��� ����� U%� !�� �  �(��
���� �@����$�* �   �)� ����5�A�* !"#K� � 

'��( l����C"A D �- �7 ���5.�� �� �+ 	+�  ��"  ����� !�� �  �(��
���� �@��� ��� �(�� �"X� ��(


+�  ��%����������� ������.a%� �� 6-�� �+ �@��� 3�
45 '_ 62* �  � !"#�$ C%�?�� ���� �7 !S5 '��*

U"�� +�2� � ����5�A�* !"#K� 	�(��
����(.�� �� �+ �* !�� 
�� s��  1���� ��
���Z� ����� �"X� ��( -

�>O� �4%�O� .���� D%�2* �(��
���� �&�O� �� ��% '���� �  U%��_�� ��7 ��( �� �7 !�� U%� ����"  �K��� ��(

 .��1370  .�� �*1394  +��@3/27  !�� 
�� 
+�?�� �(��
���� �@��� �  6 ���
��E"7�� j��� U%� � ��* '

 +��@ .�� �( �+ �7 !S51/1 !�� 
�� 
+�?�� �#��B� +��� �OB�� �(��
���� �@��� �  6 ���
��E"7.  ����� ����

C"  �7 !�� U%� ����"  ?"� 0��""c* � ��$ �@��� �  �2B�� �(��
���� �@��� �� ��7 �  �� ��7 �""c* '�?"� U%�*

�"��@ ����� !�� �  � !�� l���� ��)� 
+��W� ���� �
�7 ���O� U%� �"OW* �� m�( ���%� �  �$�* �  .+��

 ������ ����� �+ �@��� U%� �#��* '�?"� 	!�� ������ ����� �+ �(��
���� �@��� 3�
45 '�?"� � �%��� �K�@

.�� �+ ��(1370 �* 1394  .�� �+ �7 !�� U%� ����"  0�2��W� n%�
� �7 !�� 
�� �2��W�1370 	8/7 

 6 ���
��E"7.�� �+ �(��
���� �@��� �#��* �  ���O� U%� �7 !�� 
+�  1379  �  +��@3/12 6 ���
��E"7  C%�?��

�� ��"A.��7 C" �  |� �� 
��+ U%� �+ �(��
���� �@��� !7�@ '�?"� U%�*  �  6-�� l���� ��)� 
+��W� M�N

@ �  6-�� l���� 
+��W� �-�� ����� U"�Y�( � 1"��A ����� � 0���S*�� ���X+�� a%���
4(.  �  �$�* � 

!%+��W� � �OB�� ����5�A�* �@��� U%� !7�@ C%�?�� �(�� �(��
���� �@��� C%�?�� ���7 �+ 	'_ �� ���� ��(


+�  ��%����������� ������ ����� !�� �  ����� !�� �  �(��
���� �@��� C%�?�� ���� �7 ���� �  a%�

.�� �+ ������ ��(1386 � 1394 �   +��@6/13 � 8/14 .!�� 
�"�� 6 ���
��E"7  U%� ����"  �K�@ �"OW* n%�
�

 .!�� �
���� ���- �$�* +��� ��%����������� D���� �*�#��B� 
+��W� �(��
���� �@��� C%�?�� ���� �+ �7 !��

 ��"5�E$ ���  
�� 0��k� � qZ>� ��� g% '+�2� U"�Y�( � 1���� ����� '+�  +��W� 6-�� �+ �  �#��* ��

C��Q �� ��% �* !�� 
�� 12� ������ ����� !�� ����� �+ �(��
���� �@��� U
��5���- 	�OB�� ��(

�����
���"N+  .���  ��%����������� U%��_�BX � �����  U
���� 0��& �+ �7 !�� U%� 
���7 '�"  ��7h� D����

'��� �+ ������������ 0����Z� �  �$�* f�� � qZ>���%?5 
��
���� !�� �  �(��
���� �@��� �#��* ���� 	�(

�(+ �� C%�?�� �� �B"W� 0����Z� �� ���� g4%� '�?"� � 
+�7 ��"A C%�?�� '��Y�( ����� U%� J f�{ U%�� �� 

�BX ����� !�� �  !7�@ .�
�7 ��k�� �  !�� � �")* �OB�� ������������ ������ ����� �>O� ��
 � U%��_

 ot�� �B� .+�� U""#* �(��
���� �@��� �#��* ���  1���� 0�)$ � �#��* ���� '_ �   

 

Z��C� 
) d��& 	�X�_1393 .( .�� �� 
+�S
�� �  �K��� �� ��7 ����� 0��""c* ���� ��"  C"ALCM b"W� �+ GIS �OB�� :�+��� �#��B�)

	(�E ��� ��E� ����E,� �+-D��$ !]�S@ � !%��@ 0�O"OW* �>(�/A � �('��%� 6*��� �E$ 	12 
���� 	1 q& 	1 -19.  

) ��)� 	+�+��X JU"4@ 	
+�� ���� Jd��& 	�X�_1394� �%��� .( � D"EW* �#��* ��%?"� ��(�)� ���"� �  
+�S
�� �� RS  �GIS  �#��B�)

D,� 	(�2�5 ��)� :�+��� ���� �"���c$ � ����� �?%� ��)� a>Q ����� 
��+ 	j�5�� 
���� 	a
S( 26& 	 q17-45.  

��S��	���% �)��% )1392����������� D���� CO� J(g% � �#��* �+��%?" �A 	\��� �)�'�%���� ������7� )� 
��>��+ 	�����" 
>) �. 



  

  

  

  

51   --------------------------------------  �
�	��1 � 8=��.�B	C1 �D7�%� 3?� 8� E��#F + �(�-...  

 

) l�%� 	��*�@ J�E� 	�S�@1392 	()*"� E-� �>O�"�� � �� 
+�S
�� �  '�
�+�7 '�
��"a
4 ���c$ 0��L��"� 
��+ 	�)t� �ET� 	�%22 	


���� 87q& 	24-28.  

+��C%	
+�� E�� )1370�� 	(U"����� �	'��% W� !]�S@ '����� 0���>
�� 	.�� ��Qb" �	!4% '��)*  

) d��& 	�X�_ Ja"@���W� 	���(� Jf��)  	�B�1394 	(���% �� A �"C" �� c*""0�� O�� C�7��A �� ��,* �� 
+�S
�� �  �(�)�%�  ����� ��Q

 .�� �CA_MARKOV �� �#��B�):�+� j���7�2�5 �)� 	(��_ �ET�%C ���c$"��% �E� ����E,� 	�[��- >(�/A� '�
4E5 
��>��+ 	

 
���� 	a
S( .��23  

) �S#$ 	�����
�+ J�2
T� ��"�� J�"T� 	���W�1394 	(c* ���4���""0�� K��� �� ��7� ��� '�
��)�"'� �+  �����  	'�
4E5 '�
��

 
���� 	a(+��� 
��+ 	�[� C%��_ � �?%�4 q& 	141-158.  

) �27� �E� 	����$ J�E��"� 	������� Ja%�� 	'�"-�
>�1395 	(A"C  "�� ���� ����  �)� 
��7��A �#��* �%+? EW* �� 
+�S
�� � "D 

�(� A"�
��> �[� 	�%��+"U ����)� o���S�7�	 ��%�%! �)� �#��* �� 

�	���
7�" 4@ J�#S$	��" ���W��" ) U4@1393��� 	(� �% K��� 1���*� �'�" 
�� � ��  '�5�5 �)�� � �#��*'�"  �� 
+�S
�� �  �?��

.����( GIS  �AHP�)� 0�#��B� ����E,� 		�  
��+3 	 
����9 q& 	69-80.  

4@��W� 	!S&�+��U" )1385'��)* 	f�� ��Q 	!�� '����� 0���>
�� 	��)� ����� ������������ J(.  

�"�	� +�(J� �{��	� ��T�5 J����"'�	 �@"� � ���� 0�2X) �1396� 	(��% �� �����������%�� �� 1���*"U �� � �2��7 3�
45�  �)�

������ ����� .���� �  l���� 	�( C(�/A� ���c$"��% � ����� %?� �)� 	����O� 9 
��+ 	5 
���� 	1	  �WS&127 -145. 
Dutta‚ V., (2012)‚ War on the Dream‚ How Land use Dynamics and Peri-urban Growth Characteristics of a Sprawling City 
Devour the Master Plan and Urban Suitability‚ A Fuzzy Multi-criteria Decision Making Approach‚ proceeded In 13th Global 
Development Conference“Urbanisation and Development: Delving Deeper into the Nexus”‚Budapest‚hungary. 
Eastman, J. R., (2006), IDRISI Andes. Guide to GIS and Image Processing. Clark Labs, Clark University, Worcester, MA. 
Gutman, Garik. Janetos, Anthony. C. Justice, Christopher. O. Moran, Emilio. F. Mustard, John. F. Rindfuss, Ronald. R. 
Skole, D., Turner, B., Lee, C., Mark. A., (2004), land change science: observing, monitoring and understanding trajectories 
of change on the earth’s surface, Remote sensing and digital image processing, 12(3), 251-264. 
Han, Y., Jia, H., (2016), Simulating the spatial dynamics of urban growth with an integrated modeling approach: A case 
study of Foshan, China. Ecological Modelling, 15(2), 156-171. 
Jenerette, G.D., WU, J., (2001), analysis and simulation of land use change in the central arizon phoenix region, USA, 
landscape ecology, 16(56), 611-626. 
Jha, K.‚ Miner‚ W., Geddes‚ S., (2012), Building urban resilience: principles, tools, and practice‚ The world Bank ‚ p, 155. 
Kaya, S., Curran, P.J., (2014), Modeling Spatial Changes in Suburban Areas of Istanbul Using Landsat 5 TM Data, FIG 
Congress 2014 Engaging the Challenges - Enhancing the Relevance Kuala Lumpur, Malaysia, 16 – 21 
Kaya. S., Curran, P.J., (2006), monitoring urban growth on the European side of the Istanbul metropolitan area, an 
international journal of applied earth observation and Geoinformation 8(4), 18-25. 
Khoi, D.D., Murayama, Y., (2010), Forecasting Areas Vulnerable to Forest Conversion in the Tam Dao National Park 
Region, Vietnam. Remote Sensing 2 (5), 1249–1272 
Megahed, Y., Cabral, P., Silva, J., Caetano, M., (2015), Land Cover Mapping Analysis and Urban Growth Modelling Using 
Remote Sensing Techniques in Greater Cairo Region Egypt, ISPRS International Journal of Geo-Information, ISSN 2220-
9964. 
M. H., Clark P. D., (2010), Geomorphology: Processes, Taxonomy, and Applications. Nova Science Publishers, Inc. 216 P 
Shen, Z., (2012), Geospatial Techniques in Urban Planning. Springer. 393 p. 
Silveira, E., Penna., (2005), An agent based-model rural-urban migration analysis. ArXiv: physics/0506021vl, 2June2005 
Yang, X., Li, J., 2013, Advances in mapping from remote sensor imagery: techniques and applications. CRC Press, Taylor & 
Francis Group. 

  



 

 

 

  ------------------------------------ -------------------  Journal of Natural Environmental Hazards, Vol.08, Issue 20,  Summer 2019 

 
 

Assessing the physical development of cities and extending to 
geomorphological prohibited areas Using Land Change Modeler 

(Case Study: Sanandaj City) 
 

Saeed Negahban*1, Hamid Ganjaeiyan2, Mojdeh FeraydooniKordestani3, Ziba Cheshmehsefidi4 
 

Received: 23-09-2017 Accepted: 17-07-2018 

 
 

Abstract  
Considering topographic limitations of Sanandaj, the trend of spreading residential areas to hazardous areas has 
increased in recent years. In this regard, in the present study, the trend of the expansion of residential areas in the 
urban area of Sanandaj in the years 1991 to 2015 has been evaluated. The methodology is in such a way that 
after preparing satellite images (Landsat 5, 7, and 8) of 1991, 2000, 2007, and 2015 and preprocessing the 
images, land-use classification map have been prepared in four classes of residential areas, agricultural lands, 
gardens and rangelands for each of these years. Then, the analysis of the changes has been performed in each of 
the uses over the years. For this purpose, the Land Change Modeler model has been used. The results of the 
research indicate that each year about 1/1 km2 is added to the residential areas of the Sanandaj urban area, so 
that in 1991 the total urban area of Sanandaj city was 27.2 km2, while in 2015 this figure reached 54.5 km2. 
Then, the layer of prohibited areas in terms of geomorphologic parameters has been prepared in the ArcGIS 
environment. After preparing the layer of prohibited areas (Height above 2000 m, northern aspects, slopes above 
30%, 1000 m of the fault zone and 200 m to riparian zone), the expansion of residential areas in the years 1991, 
2000, 2007, and 2015 in prohibited areas has been evaluated. The results of the calculations indicate that, in 
1991, about 7.8 km of residential areas were located in prohibited areas, which increased by 14.8 km2 in 2015. 
These areas are mainly located in the western part of the Sanandaj city located at Abidar highlands and in the 
steep areas, as well as in the eastern part of the Sanandaj area located on the riverside.  
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