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0�78 T�U��!* .*�$ �:� ,* 1JK>. V/�*�C+�(�1?%) ,* ;'3". �$-�/�W�X#-75B Y/�W �%-Y
2/Z%�W-), ,*�1?%)��$-1��G�+� EB��W-(��5�5B +�W-), ,*�1?%)��$-�W%XI0�2 -2��* /;(

�!* .;#C�$-X]* �U�� +��(=". -��2%>E 1>.*��^%0%��%.%_^ ��`B 1& ��*� �%E+ �� ! -;2�< 
�E%	�121"8*�C �E(�* .(� ,*�F(�$-�%"'	%��%. /�!�>8 F(7U 9��. F(8 �F�� 12 �*%	�$-KG�Y

1$*�2B a*�b�*Y�$1"3� �$-�c2�E YF(>>&�+(#. ��1>'�* d+�I. 173W + �$�$-�(=. ���& F��8* .

. F�+� ,* �� ! ��"#$%& 1W�C*/X]* d+�I. �.* F�%2 6�=� V!%�R �� �B �'3	 ���	*%& /;
�!* F(8 )��.,�����Q�(* *�0 Y�. 1JK>. V�eE (�*%	+�%"'	 6�=� fR�>. /'�(8�2 .!��2 ��E�

+�CA��$-	�%"'/,�* + �*%E 9�2��./0�=� �*e/=! Y1JK>. �� �B ��gG�8 ,* �!* F(8 �$-
��%.%_^ �(="./�"� �	 �%8 F��h"!* 9�b] i/b�* ����%8 1"��C ��%. V.gG�8�$-F(8 F��h"!* 

��j	 ;.�8���"#$%& 1� E k)Smf(2 � #� Y/�>�� V-�B l�h	�* 12 F�� m& )Vf(;'8 � #� 
3'$, 1?%)�)Bs(�*�C%�%	 ���J	 n(U gG�8 Y�)Af(Y�*�C%�%	 ���J	 ;.�U �)T(gG�8 +

1o�8,%.B F+�C ��/3�*�-^%0%��%.%_^e�� 	 F�p3�*� .Email:mrajabi@tabrizu.ac.ir. 
2o�=/ R ���/�*�LE (8�* �!�>8��q )-^%0%��%.%_^ .( 
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,�*�2�� #� �0�=� /��$-�%"'	 /'�)IAT(.�(8�2 .*�gG�8 V'h	 12 �$/�� 9O1?%) 
3'$,�!��2 ��%. 1JK>. �1"��C �*�< (�* .�"��gG�8 i�$-)Smf ( +)Vf(*�2-�0�) 1?%) +� 

*�2 + 6�=�-� 1?%) +���8 �p*�� s/17. ��3� 6�=��($� .*�2 ;'8 � #� gG�8-.�7	 �
1?%)*�8 �$��%"'	 6�=� s/'�. gI3. *� ��,�! .�"��gG�8 i�$-���J	 n(U + ���J	 

�*�C%�%	�	 t$ u/��"� F(>>&(�gG�8 i�$-�!* v%� .��� ���=! ��gG�8 ,* �!* F(8 IAT 
�/�%8 F��h"!* e.>"hC�gG�8 �!* IAT s!%". ,*w�&�$-gG�8 mX"I. �$-��%.%_^ /9
21. �!��B�=?+ + (/X& ��0�=� /��$-�%"'	%D� /'�. gI3. *� fR�>. ��,�! .�"� f2�K.�i
*�*�*� 1JK>. 1?%) ���W ,* 1?%) 1! YgG�8 V-0�=� l%� /, ��n���W 1?%) + �� )2/Z%�W-(

*�*�-0�=� /�!* s!%". �.*�2�>2�2%>E 1>.*� V� ! ��"#$%& 3I2 �*%>U 12 ���()*+ ;& ,*
^%0%��%.-�%"'	 �:� ,* Y��"#$%& +/'��!* 6�=� t$ ,%>$ .

���� �!��":�%"'	%��%./��%.%_^ ��`B Y9/;#C 9�%"'	%D� Y�$/gG�8 Y9�$-��%.%_^ /Y9
2%>E 1>.*���� ! .

���$� 

8*oB�� + 6�'�o�$(>��!%2 1& /0�=� 1X/�+�� ��.,/V��%"'	 �/�� 9., xK!/* V���c
.�^%0%��%.%_^ �*%>U �b	 (�%8-�%"'	 /'���%"'	%��%. �/.�� 9/. F(��%8 .� + �X&/�"> 
)���� (^%0%��%.%_^-�%"'	 /'�., 6�'8* 1=0�K. ;.�8 *� />�!%2 1& /� 1X/�$+�-

�%"'	/'�F(.B �%E%2 ��%.%_^ 6%]* ��2��& + (�*/*�2 9-8�� ;_�#. ;) �0�=� ,* /�
�%"'	/'�.�(>�*� .�%"'	%��%o./B�o� M*�o`* 9��$(>-�%o"'	 6�=� /'�)Y@X#C (>��.

W/VC��%G�C(o.By�2 Y�3�+�o� Y/>�+(...+� *�-., 6�'8* /!��2 V�.�(>& .�%E+
;z8 �//L	 (>��. {�^%0%��%. ($*%81��G�+� �/#. ;z8 �� -��U�/5 -�$ M*�//L	 Y-*

//L	 Y1>z�* d+�I. �� -��U�/51��G�+� w*�	 �� -��U�/5 M*�1p>	 �%E+ Y-* Y�X#C -�$
+ �*%E M�2%!� �� �eL0 ��`B + �$�/���� �%E+ ... + �z/�%"z	 -�$+�/� ��zX7U �2 -($*%8

 �?�) ��., �� �$+�/� V�* ��%2 6�=��!* .�z/�%"z	%��%. M�=0�K. V�*�2�>2)^%0%��%.%_^-
�%"'	/'�(n��(>0 �!��2 ;.�8F(�(� + �$ gI3. ��E -(/Xq �*%>U 12 �bK! -�$
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�!* �z/�%"z	 �/0�=� �%E+ ���q .>|7$/�. Y1=0�K. l%� V�* �2 V�2 }�" #� �)*%� �*%	
�G�! gI3. e/� *� �z/�%"z	 6�=��/5 + M� ` .

�/0�=� Y{/�%"z	%D� tXU�. �*�< �!��2 + ~b2 ��%. *� �*%E �z/�%"z	 -�$($� .
#� �B ���., F�+(b. Vz/0 �!* M+�h". 1JK>. �$ 12 � )Y��%. ����mc� ,* ;J� 12 F�*,

 Y�2%�P�.(gG�8 �!��2 �2 {/��%.%_^ -�$)3'$, 1?%) ;'8 � #� gG�8�Bs +
�B l�h	�* 12 F�� mq -�>�� � #�VF +(...�.�/0�=� + M�q�) l%� + �*(J. �*%	 -�$

��q ���!�>8 *� fR�>. �z/�%"z	%D� .>"hC��!* gG�8$,* �z� �z/��%.%_^ -�
-�$�*e2* . ��78 12 {/�%"z	 -^%0%��%.%_^ M�=0�K. 1]�U �� (.B��q�B�()�*� + 6+
�*��'7$Y���r.(1G�8 ,* �z� �*%>U 12 �z/�%"z	%D� + �z/�%"z	%��%. M�=0�K. -�$

�. + F�%2 s 	�. }�.�q ��#�* �C(�, s/b. �2 YV/., n%XU �2 s 	�./h. M�U�R* (�*%	 ,* -(
�/0�=� �p�%pW�/0�=� V�* ,* �8�� ��`B + 6�) ��., + 1"8�C �� �B -�$ V/., xK! �� �$

n��(>0 +t3W ;/z3	 �� �`%. -�$(>�B�� V/>|7$ Y���B ,* ;]�) -�$ + �=/ R -�$,*(�*
�/0�=� V�* �2 1K2*� �� �KG �*e/. V//=	 F�Gy�21.���2 ��/"G* �� �$($� �*�< 1/)�� �*e��.

0�=� F(7U ��:. �� ! F%&/��$-�%"'	 /'��%"'	 %D� +/'��%3& 4�5 6�78 �� 
+ �%>&�	 1& �!*�CA��$-%��%. ��%"'	 /'�gG�8 w�!* �2 �B �$-^%0%��%.%_^ -

!��2 ��%.��!* 1"��p� �*�< .0(2/, �=!+ ;�2 1& Y�� ! ��"#$%& ��/,* @���� 
&/�".%X. �2�.�Y(8�2 * ���!��2 V�*�2%>E 1>.��!* F(8 4�I"�* �B .2�I"�* @I2���

<�8 6�78�2�L0�78 + 4*�! ��"!��8 �� ��"!��8 /�+(b. �� + �F�*�LE /���′��°OP �	 
′��°OQ + �<�8 6%R S�′°�P �	 ′�O°�Q 0�78 T�U�l%7c. �� + F(8 �<*+ S�� 
&/��*� �=!+ �2�. �".%X .1?%) ;.�8 1=0�K. ��%. F�+(b.�$-�2B �� e/�W�X#-2 Y/Z%

�W-75B +/�W �%-, ,* �1?%)��$-EB��W-�W ��5�5B +-, ,* �1?%)��$-
�W%XI0�2-.�(8�2 .0� 12/^%0%��%.%_^ ��%. �� tc#>. �3$+A� �*(J� ;-�%"'	 /'�+
8�� ��`B��?�) @$+A� Y�� ! ��"#$%& �� �*%E {/�%"z	 ,* .�!��2 (�*%	�	�.(J. �

+ �%NG ���CA��$-2%>E 1>.*� {/�%"z	%D� + {/�%"z	%��%. �(8�2 �� ! .
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%�&�$'( �)�*

@I2 1W �C*�$��1>.*� �]%NG �� ! ��"#$%& ,* �$-0�78 �<�8 +�+ �:� ,* �CA��$
*�� +��$(>-��%.%_^ /� �.* �!* 1"��C �*�< 1=0�K. ��%. 92%>E 1>.*�*���"#$%& V

!��2 ��%. �%>&�	�* + 1"��p� �*�< �+ �:� ,* �� ! ,* @I2 V�CA��$-^%0%��%.%_^ -+
�%"'	%��%./. M�U�R* (<�� 9�(8�2 .

�$ @$+A� + M�=0�K. ,*-@I2 + l%?%. �2 d� 	�* �� 1"��C n�c�* �$-1JK>. �+�c. 
.���*%. 12 �*%	-��& F��8* .� �G*+* ,*/�*�p3$+A� 1E%	 ��%. �� ! t$�,%� ��< n+� 17 

E��G�6�! �� �!* 1"��C �*�< �QQ�.,/V!�>8�Y��C%! n�� 12 6�! �����P + 92%2 
6�! ����P����"&� 10�!� �� V.^ + �+(-XNh. ��8 �%G ��>! F��2�� !�>8�+

8%_^/7���'. +/1"8%� �� ! ��3� @	B �*�%� t#(�* )6y� ,* ;J�X5+*�Y��Q� .( ()%.
 @�*�)���P(+ �� ! M�=0�K. ��R �� �CA��$-^%0%��%.%_^ �'�., Y/V!�>8�+

0/^%0%"->.*� 12%>E �!��2 *� �� ! ��!* F��& .�X0*(!*��*A�)��P� (^%0%��%.%_^ 6%b	-
�/�W �-)�W ��5�5B-(*��!* F��& 1=0�K. .G/n�)��P�(10�J. �� *-�*%>U �b	 

38%&���7"G�! �?+ ��R �2 �^%0%��%. +-@	B ��3��* M�� �	 �2 �*�u&/�%	 �2 (F+
��'0/'�., ��7"G�! Y�� ! /V!�>8�1�*+� Y1JK>. �$-��'. + ��$y /t#�$-�*�C�c2 -

!��2 ��%. *� ���B��!* F�*� �*�< .2�b!�)��PQ(10�J. �� Y*-!��2 �*%>U �2 �@	B ��3�
'3	 (�+� �2 ��G 1E%	 �2 �� !/., �2�>. ;/�.�C V��p3. /V�2��* /!��2 V7? ;�

;#C�$Y.,/F,�0 V173W + �$�$-�(=. �p�%pW Y1JK>. �^��* ,* F��h"!* -�.�C ���%E%. 
0%	 ��E *� 1JK>. ��/^��* (-!��2 v�2 ��!* F�%7� .6y�X5+*�)��Q�(!/t"#�$-

>.*� e�^%�%. 10�78�+ �� ! 8o;'C/�-p3. �8� /!��2 *� ��8 Vo��!* F��& .
_�E����e-)��Q�($/8%_^+�(/7�173W �$-2�I"�* �<�8 4%>E 1>.*� �*� �� ! 
!��2��!* F�%7� .(>h!*���-)��QS(!/t"#�$-<�8 1>.*� �� e�^%��%. ��%	 F@	B ��3��

!��2 *� �� !��!* F�%7� .
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+���,�-.� /��0�$1)� 

2%>E 1>.*��3I2 �*%>U 12 �� ! ��%	 ,* F��"#$%& �<�8 6�78 �� �� ! ���"!��8 
�2��B �� 4*�!�<�8 ��c�� ��"!��8 4�5 6�78+ /�2��* ��"!* ��/�� + F(8 �<*+ ;

l%7c.S��&/��*� �=!+ �2�. �".%X .*��*�LE F�+(b. �� 1JK>. V/���′�� °OP �	 ′��°OQ 
<�8 6%R�+′S�°�P �	 ′�O°�Q0�78 T�U ���*� ��"#C .�#��	�4%>E �� 1KJ� V

<�8�� ��8 �� /��"�* Y�-�W ��5�5B 1?%) -�+() ����(>X2 + ��*� l�h	�* �". �	�V
1X< �B 1KJ�OO���". -. �� ! 1X< 4%>E �� �(8�2 .13J� ,* F��h"!* �2�$-�*�C%�%	 �

+�N	 +�F�*%$�. �*-�,�2 +��$(-./�*(�+ ��"#$%& ()*+ +� 12 1=0�K. ��%. F�+(b. 
���#J	 F%'/2 ��"#$%& ()*+ 1& (8 t/�"3��%G 12 *� 1=0�K. ��%. F�+(b. �=!+ V

,* + F�*� ��N"G* l�h	�* �����". -�	OO���". -* �� �. �*�< ()*+ V�C/()*+ + ��
���U�h	�* F�+(b. F%'����� �	 �����". -. ;.�8 *� ��%8 .$ 1' 8 �:� ,*/�*�C+�(�

EB 1?%) +� ;.�8 1JK>.��W-, �2 �1?%)��$-�/�W�X#-75B Y/2 + �%/Z%�W-1?%) +
�W%XI0�2-2�,���5�5B 1?%)��W-.��2. ,* 1& (8/1?%) ���$-1=0�K. ��%. ��5�5B 

�W-�)�#. �2 �/���&/��e2 Y�2�.�".%X�	�. 1=0�K. ��%. 1?%) V�+ (8�2 1?%)
�/�W�X#-�2�OS/��&/9W%& �)�#. �2�. �".%X�	�. 4%#b. 1JK>. 1?%) V��%8.

�23 )5(,�-��%�( �&$����)� �)��7 ��8�� 
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9 �  7���:

�%:>. 12* n�c�*�13J� Y@$+A� V�$-�*�C%�%	 ��S����:�. + �$* /13J� + 1���$-
�*�C%�%	�S����:�y-0,*� Y/�W n�.* Yf-13J� + 4*�! +�$-.,/V!�>8�+ 4*�! 

p3./J. �2 V/w�������:�k'U +�$-*%$ ��+�N	 +�F�*%$�. �*-F��h"!* ��%. 1JK>. 
1"��C �*�<(�* .!�	 ��E/13J� t$#h	 + �/k'U �n�� ,* �$�$�*e�*-Spss, ArcGIS,

Excel 5 +/�!* F(8 F��h"!* F� .

!��2 �%:>. 12�� @J� /�$+�-�%"'	 /'�%2 Y�., %� FA/gG�8 ,* �G�! V�$-�(=". 
,�*�2���%"'	 ��'X7U /�!* F(8 F��h"!* 9.

��( ;<30=0� ���)��>?:�! �@�� �(Smf) 
Smf=Lmf/L Lmf �� E 6%R 1��"#$%& )8*�!/ ���"#$%& (>	 (2 () ��/��"#$%& V

��$%& +�1
L�� E �*(".* �� w�7. sG 6%R 1��"#$%& 

� /�?� ;<3�)@% A"�B C�(�� �� ��7 D! �(Vf)

Vf=2Vfw/[(Eld- Esc)+(Erd-Esc)] Vfw ��>�� -�#) �2 F�� m& m

Esc���2B xK! ,* F�� �"#2 s!%". l�h	�* -�*,B 
Erd�h	�* #J	 sG s!%". l�/�#) �2 F�� �!*� �7! �� 4B tm

Eld�#J	 sG s!%". l�h	�* /�#) �2 F�� �W �7! �� 4B tm

&2:E �F�G �23 /�?� ;<3�H(Bs)

Bs=Bl/Bw 

1- Mountain Front Sinuosity 
2- Ratio of Valley  Floor to Valley Height(VF) 
3- Drainage Basin Shape Ratio (BS) 
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Bl�1?%) 6%R F,*(�* )�	�+��E+�G �	 1KJ� V�1?%) (
Bw�1?%) T�U F,*(�* )V�� F,*(�*�	�1?%) �� @I2 V(

��$( I�J ;<3,�-��%�(��(Af)

Af = 100 (Ar/At) 
Ar =X]* 1$*�2B �!*� �7! �� 1?%) �)�#.��� a�R 12 /�1?%) �!� V
At =1?%) ;& �)�#. 

,�-��%�( ��$( ��J��(T) 

Dd
DaT =

Da =2 �. �*%� 1X]��/. sG V/���. sG �	 1?%) /���� �+� /6�=� �

Dd =. sG 1X]��/���?%) 1?%) ,�. �	 1

E��0���?� ��
, �/:"��>2( �2�(Iat) 
Iat = S/N 

S=w�& l%7c.�$-gG�8 �$-��%.%_^ /F(8 1 !�b. 9

N=gG�8 �*(=	�$-F(8 1 !�b. )�+(7)��! +���YV���Q� + �X& �/Y�"> ����(

0�>,:"K0>�  

;#Ct3W ;/z3	 �� �`%. ��/#2 -�$+�/� ,* �z� �$,*(�*�$-(>"#$ V/., xK! )-�+ �/X2
�0%.�Y���� :��� .(F�*%$�. ��+�N	 + ��*(/. M�=0�K. w�!* �2 1=0�K. ��%. �+(b. �� -*
�S8 F�*� g/I3	 ;#C o� ,* 1q (o;#C �"3/2 tq*�	 �:< �0*%) �� �$o�� + �*��N

 
1- Asymmetry factor (AF) 
2- Topographic Symmetry Factor (T) 
3- D. Belich and Moller  
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1?%)1"��C �*�< -�W �%/2 + �%/75B -�$ (�*);z8�.(;#C tq*�	>. �� �$ �+() 1JK
���/��. �2�.�".%X/q �$ �� �".%X/q (8�2 .�/0�=� ;/0� 12 1" 0* �� ! ���3� @	B -�$

 %/X� ���F,*(C ����E + V#"!%/X� 1>.*� �� �$;#C ,* -��/#2 mX"I. -�$13J� �� �$ -�$
V/.,�7� g/I3	 ;2�< �!�>8(8�2.

�23)L(�?� �&$�:"��)� �)��7 ��8�� 
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