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(�O
 4�/ 	� (2O .��)�1377 *� �K�� R" �
�����(�K ����&"� �� �K �� +O� `�&��W��g� -�c� 
�����(�K ����&"�� ��O

%�"�; �	�O ��+� �(K��� ������ ���y �O R"�!� � S/����� %���0 �c� �� �O .��P����&"� 
�K 
�����(�K 
�K$b2X��(P 
+� I��(���� � +;���!H\ 4�/ 	� �� S30 5��$1344  4�/ �$1392 �K�� %"����O  ��(' ��) ���
��� +O�60  	� ((W��

 4�/1377  �$1392 .S/� ������ ��3$� 

  
 C,�1:  �F�� �@�+�./<K Q+?E
�0?��A�3

� 0�@
F 01�23�
�=�<+K) 3�
��/n a��@��
v7 a�4�. 
3 (��- 

  

]�
 � 3.
��� 

YC�%"�$ ������.� :	�(�$��#6 �,�' �K��; 
�K `��.� +���0�;�$ 
�K1:2000 �.b�� I� 5��	�/) 5�Z"�O�M� 5��/� 
�
���� x(+O�7��"�	 ���
��� R��T$��� 
�K�.b�� I� 5��	�/) �����.� x(+O�7 5�Z"�O�M� 5��/� 
�.� +���0�;�$ 
�K `��

1:50000  �1:25000��.� �%��	 
�K `��.� +/��P1:100000����K�� �"���$ � 
�Landsat )1985 �1990 �2000 �
2007 �2015 �(ASTER )2000  �2005 �(SPOT )2005 �(IRS )2005 � (Google Earth���� x����&"� 
�K 
�K
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����&"� X��P N�O�2��� � +]W� 
��Z� 
�����(�K
��/ 
�����(�K 
�K-�c� ���)\5�1 ���O���&"� � ��O���)*� ��\��� -

 
�Kb2$X��(P  .+;��!�\ � I��(����YC�%"�$ � +��(�� 
�K��!O�  X��P |�.*$ +K���"��	��� Y�&�/ ����/�S�2\ I�"
) +��C1GPS( ����)� ����/� ���
��� ��&O N�O�/� ����O 4(�I�0 %"� 5��1T�P ���  ����� � 4���Z"� 
�	��$+� .(�P�O

 	� �|�.*$ e�(K� 
��/�� ��-�� 
�K��!��GIS & RS -�� X��P
�K��!�� Google Earth� ENVI  �Arc GIS  �O
 +\�*�� ���)KHEC-GeoRAS ���!�� � Planform Statistics x-����!��  +T����"���(�KHEC-RAS  �-�� ��!��

MATLAB Y
 
��*�� l�2P � X._ !��� �#/�*� SC1) +��(�� 
�K��� �� S/� YC� ��T� %"� ��M .(P ����0 ��CO (�K
�O5���6 X�]*$ `�/� � �"�; I�&*� +T"����������� 
�K+� .S/� ���#� +���&� XW� %"� 	� !�� �K��; %"� � (��P

���� 
��O ��,�' |�.*$ �� �#/�*� � 
(�OD50 �	�O �� ���
��� ��&O N�O�/� ���� �� S/�k�O 
�KX�T�$�(�K� �&O �
��$()6  X��P���;n�/2  ���]\n�/3 +���]\ 9��)P 9�� 	� �(�P�O n�/�2/�$����" %)�� J/�$4 )1954 .(P ���3�/� (

�	�O �"�/ �����)� ����/� 	� ���3�/� �O ��&O N�O�/� +)Z' SP���O 9�� ��K	�O 
��O .S��0 -�Z�� I�0 %"� 5�� ����O �
��"�	 +$�2��b���]\ 9��)P 9�� ���� �� +)Z' SP���O � n�/67  .S��0 N��W jb.�  

9��4(� � +/��P 
�K���3�/����� �� �,�' |�.*$ �� +�����K�� �"���$ 9	���; {��\ �� 5��$ R����"���(�K 4(� �
�
HEC-RAS �
�P � +T"����������� 
�Kw*O���� ��� ���\ :  

- ����K�� �"���$ 9	���; 
�� �O ���c�� %"(O :+,��� 
�O��� � +K��0 �P�; ���g�/� ���Z� N����L$ +/��O SC1 
�
����K�� �"���$ �.b�� 
��2��b����� ])6��; N�� X"(#$ 9	���;DN  j"�/ ("� J
 
�3&)$� a�*�$ � ���"��� �O

{2T��O�+3�f 
�K5 )FLAASH .S��0 N��W (FLAASH  �� S/� 
�3&)$� a�*�$ ��!O� R"4�f����K
  ���(*�
 �$ +���5����!��\  |f��� � R"�!�5����!��\ �����$��  �$3µm +� a�*�$ ��) (��ENVI, 2009: 7 �� .( �K��;

+K��0 �P�; �(P 4���� +],�3$ �
�P 	� +K��0 �P�; Y���$ �#/�*� 
��O �,�'6 )NDVI � (�O��c��  I� R�T3$
�(P 4���� I� X,�3$ �
�P 	� }���6 �"�/ 	�7 )NDWI�
�P %"� .(P ���3�/� ( �K�ON��W +� �#/�*� �"	(��P 

�
)8 �2007 :1391-1381 ��
 x2006 :3033-3025`��; x- ��^�� � !����9 �2010 :468-463(:  

) �bO��1( NDVI = (NIR – Red) / (NIR + Red) 

) �bO��2( MNDWI = (Green – MIR) / (Green + MIR)  

 k�O JO��� ��NIR  (��O R"5����!��\  �R"�!�MIR  (��O R"5����!��\  �+����Red  � !��\ (��OGreen  !#/ (��O
+�.(P�O 

-  R����"���(�K 4(�HEC-RAS ��#P SC1 5��$ �#/�*� SC1 :���
��� +O^�/ SP� � ��Z� �� 5�"�1 
	�/
��C; � ���
���X�/ 
�K +T����"���(�K 4(� 	� ��0HEC-RAS ���� .(P ���3�/� 
��O 5�"�1 
�KHEC-RAS  X��P

GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG  
1 - Van Veen Grab- Bottom Sampler 

2 - Cobble 

3 - Pebble 

4 - Wolman 

5 - Fast Line-of-Sight Atmospheric Analysis of Spectral Hypercubes (FLAASH) 

6 - Normalized difference water index (NDVI) 

7 - Normalized difference water index (NDWI) 

8 - Xu 
9 - Pires-Luiz & Maillard 
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+� 
	�� J"��P � ����� J"��P �+O� N�6^f� �5�"�1 Y"��(�P�O ��)���10 �2004 :29.(  ��L�� ��0(��� 5�"�1 
��O

+Z"�($11X����; �#/�*� +]W� 9�� �+� �(���� Y�.�&� -�0 9�� �+,�6 jf�.� %�O I� ab/ 
�K]W� 9�� .��P +
 X' �O +��#� �+$�#/�*��(��P���T$  e(K �+,�6 jb.� R" �� I� ab/ l�3$�� � 5�"�1 �O �1�$ �O .S/� 
���� ����2�

 -�0 9�� 	� 
���� ����2� .S/� ���Z� +,�6 jb.� �� I� ab/ l�3$�� �#/�*� ����(���/��ON��W +� 5��O �"	�P� 

�����(�K +/(�C� !���)12 �2010 X�� �2 :2:(   

 �bO��)3(  
  

 x5� �� ��1Z  �2Z x+]W� 
��Z� d� 	��$ :1Y  �2Y x+,�6 jf�.� �� I� |)6 :1V  �2V +O�) 5�"�1 S6�/ J/��� :
 x(X� 5�"�1 S'�&� �O Y�&.$ X�1a  �2a xS6�/ +�	� {"��, :g � +]._ I��P :eh+� 
���� (K S�� : 
��O) (P�O

���
��� 5��$ .(��P �21��� ��� j#�� -�� X�� �O Nk��2�13  !���O5���6  :	� S/� N��#6 �+T"����������� -�C3� R"
��� R" ��1�� 
���� ��(.� X� 5��$ �+,�6 jb.� R" 
��O .+O�y ���� �" n�/ �I�/� +"�ZO�1 �" S��' 
��O ���


+� 4���� 4�f ('�� �� ���
��� (���$�ON��W P 5��O �"	 ��+2�#f jO��� Sr�3' �"��/)14 �2008X�� �6 :9�T�O x15  �
 �5���T)K2009 :290-280n��/ x16  �5���T)K �2014 :144-133:( 

) �bO��4(  
  

 :5� �� ��γ = ) I� (h��g�) ('�� 5	�3lb/ft  x(Q = ) +O�/s3ft x(fS = ) 
���� {�Pft/ft x(V = ) S6�/ft/s x( W 

= ) 4���� }�6ft x(d = ) R����(�K |)6ft .(  
���� N�#/�*� 
��O ��K��; %"� ��+O� �bO�� � S�0	�O 
�K- ���� 	� XP�����&"� 
�K 
�� �O j\�� 
�����(�K 
�K

 SP� � ��Z� m�TbW� {"�, j"	�$ %��2$ SC1 �%��p)K .(P ���3�/� N�O�2��� � +]W� 
��Z��.� �+O^�/ �P�; �
����K�� �"���$ 	� ���3�/� �O %��	 
�Google Earth  
�K��L�� �"�/ .(P ��C$ +��(�� N�2��b� ������	��  4(�HEC-

RAS 4(� 
�� 	� !�� 
�KTIN  �DEM C$���(P ��.� 
�� 	� `��.� +���0�;�$ 
�K1:2000  +O^�/ SP� � ��Z�
.("��0 XW�' ���
���  

- �
�P5^; +t)� X�]*$ SC1 +T"����������� 
�K:���
��� 
��Z� +#��1 N����L$ � -�� �1 +"�ZO�1 �O �bO�� �� +#�
���
��� 
��Z� ��K��W��g� 9�� ���Z� +#��1 N�1�C� ����
�P � �K ��1� N��3�� +$�#/�*� 
��#� �O +3]�g� 
�K

ST&���$ Y�/�$ 
��#��O N�#/�*� 	� +
�O .����+� ���
��� ��&� �O ��)6 +"�K +f�b
 |"�f 	� ST&���$ �K .(P�O
�"�/�� ~�b
 5���6 S*$- I�/�
��:017 +� R�T3$ �gO %"(�y �OST&���$ %"� .��P +��)$ 
��O  ~�b
 � �K

����+� +\�O SO�_ +���	 
�K �O S#&� ��Z� N����L$ � (���5��K �ON��W +� ���\ +O�"	�� ���� +t)����p"� .���0 

GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG  
10 - Merwade 

11 - Steady gradually varied flow 

12 - HEC (Hydrologic Engineering Center) 

13 - Stream power 
14 - Natural Resources Conservation Service 

15 - Baker 

16 - Song 

17 - Aggradation/degradation 
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)2001�( �	�(�� |"�f 	� �� +#��1 S��' �
�P ��Cy �� +#��1 S��' ��/ ���� ����� X� ����� J
 ���L$ ���
�� 
��0

�
�P %"� .��)� R�T3$ N�1�C� � }�6 ���L$ �O �K	�(�$��#6:  

) �bO��5X� ����� J
 ���L$ .(  
  

) �bO��6n�K� .(�(P 4���� +#��1 S��' 
�K  

  

) �bO��74�2� 4���� }�6 �� ���L$ .(  
  

) �bO��8X� 4���� }�6 �� ���L$ .(  
  

) �bO��9n�K� .(+#��1 N�1�C� 
�K  
  

) �bO��10+#��1 
��("�; �
�P .(  +#��1	
��("�;	�
�P =
���������L$	4�2�	4����	S'�&�

+]#\	4�2�	4����	S'�&�
 

 :��� JO��� ��∆r  =dr = +����O +#��1 S��' 5��	 	� S/�� ����� J
 %"�$1t  �$2t  x(���)∆l  =dl =  +#��1 S��'
+����O 	� �y ����� J
 %"�$1t  �$2t  x(���)2t =  x(+���	 ���� 
�C���) +'�&� -�� 4�/1t =  l��P) +'�&� 4�� 4�/

 x(+���	 ����1W =  5��	 �� 4�2� 4���� }�61t  x(���)2W =  5��	 �� 4�2� 4���� }�62t  � x(���)∆t  =1t – 2t =  4�f
+'�&� %�O +���	 ����4�/ �O �K xact∆W =  %�O 4�2� 4���� }�6 �� X� ���L$1t  �2t  x(���)1-actW =  4�2� 4���� }�6

 5��	 ��1t  x(���)2-actW =  5��	 �� 4�2� 4���� }�62t  x(���)tot∆W =  %�O 4�2� 4���� }�6 �� X� ���L$1t  �2t  x(���)
1-totW =  5��	 �� 4�2� 4���� }�61t  x(���)2-totW =  5��	 �� 4�2� 4���� }�62t  ���
��� 
��O .(���)�2��b����� �

���� R" ��Z"� 	� ���3�/� �O ��� JO��� +��)$ d]�g� jO��$ {���$ � ��O��"GIS  +"k�O S\� �OXO�\�#/�*� +�.(P�O  
) Y
 l�2P � X._ !��� %��2$ 
��O �%��p)K�O5���6 YC�%"�$ +0�"� N�2O�� X\�(' �����O �(�K�(��H� +/(�K 
�K

�O5���6 ����	�(�� +����$ 
�K�b
 5��)� ��(*� �" � 
��0�]1 SC1 +]' .(P ����0��TO 
��0" ����2� ��bO�� %"� �� R
) (Y
 X._ !���) !��� �O ��"��b  �a l�2P � (R �O S/��O��O N��&� � ���y)18 �2005 :252-239 ����y x2011 :47 x

�]&��19 �1992 :461-455
�0 x20  �5���T)K �1980 :184-173 �5���T)K � �HK x2009 :165-155:(  
) �bO��11(  

  
 �0�), i= 1, 2, … ni, yi(x �6�)Z� ab/ �� ���� ~�.� 	� 
�xy  �"��.� %��2$ 
��O .(P�Oa �b � �R  %�)g$ R" ��

 ��"�� R" 	� N�2O�� X\�('`�/� �O +� ����� ���� ~�.� %"�+� -�)���� �"	 ����2� �(K�:��P  

) �bO��12(  
 


��
 J/�$ ��c�� %"(O �� +"�K(� 	� +��CZ� �/ ����2� %"� X' 
��O) ���	1395 J�*� �� (MATLAB �2/�$����" 
.("��0 ���3�/� S/�  

GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG  
18 - Chernov and Lesort 
19 - Lisle 
20 - Gray 
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/��,@/4�
�

�
�	 ���  

 	� +T"YC�%"�$ +0�"����
��� 
��Z� 
�K5^; ��K +$�*b&� XTP �" -��5��K +�5^; .(P�O�-��  
�K(�"��� l��
+� 5��� �� ���
��� 
��Z� �� ��1��5^; +/��O 
��O .(K���"�	 ���
��� 
��Z� -���
�P 	� ��� +0(�)
 {"�, 
�K

 +#��1 N�1�C� �O +]��� �
!��� �"��	 �"�!�� .(P ���3�/� N�2O�� X\�(' R��T$ �O {���$ �� ������ 
!��� �"��	 �
 � +O^�/ SP� �� �K�(��H�5��� 
!��� �"��	 +��C0�� �K�� ��T6�O5��� ��Z"� �(�K���$�� � �[O� ��&� +0(P ���
��

+� ��Z� ��&� ���L$ �"�
�P %"� �"��.� �O �1�$ �O .(P�OXTP) �K 
�K2  �35^; �(��"�	 ���
��� 
��Z� -�� X"�)�� ���
+� 
�(��H� 
���� �O4���� 
�K��L�� �O �1�$ �O ��� .(P�O�����/� 
�K����� �+]*� �(�� !�� 
�XO�\�(K���  .S/�  

  
 C,�2: 0�@
F 01�23�
 �./�� �j�/� 0@�.F ;./++<= ��� F. 3�
2000  �=2015  F.) .b0  �=17  �F�� w/?� /4�
9+�1 F. x16  �=

59  �F�� w/?� /4�
9+�2 F. x59  �=80  �F�� /4�
9+�3 F. x80  �=107  �F�� /4�
9+�4  F. �107 �/4�
9+ �=  �F�� N[�5 ��*���  

  
 C,�3: 0�@
F 01�23�
 �./�� �Z*+�2 N@/O ;./++<= ��� F. 3�
1985  �=2015 .b  

) �	�O ��15^; �( 
�(��H� 
���� %�O 	�� �� ���
��� 
��Z� -���2/�$������  ��2/�$����" +� ���\�"��.� � ���0  J/���
 +���	 ���� +f �� �
!��� �"��	�2��b����� 	� �85 4�/ �]W�� �� .S/� ����� �$��� �1�� 
�K1985  �$1990  X��� �O -

5��� �� ��(
� ��O 4�/ �$ �T6�O � �K�� +�(��2000 XTP X��� �O - �+����� �(��H� �/ �2/�$ � 
��0�!���"��"�� 
 
�(��H� 
���� .S/��2/�$����" S)&\ �� ��� 	� +"�KXTP����0  +O^�/ SP� 
���� �� S/����#&� $�2/�����" +� .(P�O

%��	 ��L�� 4���� �� 
��"	 (' �$ �	�O %"� 
����������P+� +/S)&\ {]7� �� � (P�OX��� �O �K�(��H� �2/�$ ��K  ���
�O
 5��&K�� -��.� ('�� �O�(P��(*� 5��� 	� 
�_� ��	�O %"� �� �� S/� X��� %�)K �O .S/�+K�0�]0 
�K�O1 +)� �("� .��P
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2 - Riparian 
3 - Kleinhans & Van den Berg 
4 - Zolezzi 
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