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Abstract 
The assessment of environmental flows in a river ecosystem is a new practice in Iran. The main aim of the 
present study was to use different Eco-hydraulic-hydrologic methods to determine the environmental flow 
requirements in a typical perennial river. The ecological needs of the transboundary Zab River (located in the 
northwest of Iran) were investigated in three different reaches along the 160 km length of the river course using 
the hydraulic-wetted perimeter method (and taking advantage of the two different algorithms of slope method 
and maximum curvature), the synthetic habitat simulation method, and the water quality control method. The 
results were compared with those obtained from different echo-hydrologic methods. It was found that the FDC 
Shifting method (considering Class B: ecologically important rivers despite water resources development) is 
well adapted to the conditions in the upper reaches of the river (Derabkay Khaneh). The synthetic Eco-hydraulic 
method is to be recommended for the middle and downstream reaches (Grezhal and Pol–Sardasht) providing the 
ecological requirements of the Barbus Capito fish (as the bio– indicator species) are met. The mean annual flows 
in the three river reaches are determined as 2.3, 7.6, and 7.9 m3/s, respectively. The potential monthly flow rates 
are also proposed for preserving the riverine life. 
 
Keywords: Environmental Flows, Eco-Hydraulic, Eco-Hydrologic, The Zab River. 
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�3�� ��)��� �4-/ t(	 ����* 5�E 
��3�� ��* )�
�4-/ F%	.�	1-� 0���* ",	 t���4� ��4�	� p��� 0�	�	 ��, ��4-/ ��


�3�� o#3� b#\ �1>f0
�� ��#e#� 1�	\ �� ��� ��4-/ 
�/	�3�
F%	]�[

2
3

2

2

2

)
dx
dy(1

dx
yd

k





 +

= )p(

������� 
8#���1���#� &�6���%�3� �� 51���� �	 ����]/ ������ ������ 
HEC-RAS N�3� ��� 0)�,�! 51� 
i�%	� �	�� .1> ���:�%	 ����

 ��� 
�V�� ��4-� ��% .1�> ��!* ������1�#� ��$��2,	 ��#��	�G
"#,�R � ��$�2,	 N3� 0F%�M�� tE��� ��.� 1���2� ��$�2,	 F%�

 �,��e/ 7�%	 �� .1> ��(�� �]/ �� 
*�.��4� ���� �% �	 Y,�� �	��
s�� ����/�� � F,�,1��� )�����% 0��e� �'��,� �� &����:* �S�	1���

 �1> ��6#��� �� ����	�*s�
�/�% F%	 �1> �#=* ���]p}[u	�� .
 51����� �� ������#/�� @,�����V 
i����%	�HEC-RAS 
����%��� �

F3= ��$��2,	 �	 Y�, ��� N>	 N3� �� �� t � 0�n/� 
i�% ����

���� ������ 7���%	 ���� ������1��#�f�� )������% �	 
�(���,�� N��>	

�-4�� t � �� 
��? )�i,���9� �	 N3� �� 051� �	 �1> �6%�3� ��
�e-/ �� �i/� �	 .1> 
%��� 
�� �� �	�� N>	 ��#��	�G )<�R ����

�e-/ ���e� o%* �	� �/�\��� 
(	��R* �5�% �� 0�	���ps�� 
��� 0F�%	 �1> �#n* 
��� ����� �	 051�� )#�%	�6#��� ��]��fN�>	

 5���% ���� C�����ps�� ���*APHJ ��$���2,	 �� ��.��4� ����� ����� �
5�1! .1> ���:�%	q���� �	�� �1> ������ ��#/�� �1� ���� ����

 
�� )��e/ 	� �.��4� 51�� �	 ���:��%	 ��� .1���HEC-RAS o#�3� 0
�	��� 0�	� ��/�\��� ����� ��% @�y��� 
V�� �4-� �� �1> b#\


�� ��4-/ 0��4�	� ",���n� ��	�� 7�%	 �� .1> �6%�3� x��y� ���
,� o#3� )�,�! )� � �, 
/	�3��� 
�2 .1�� F%� 

s�w�3��: ���M�) JD� /�W�+�0 0�� 


��� ��� l\��> 
��\ �	��� &	��`	 ",1��W) &1��1��� � (����% 
����2� &	�##�* 
4#3� ��
� �� > ",	 .1/�� ��	 ��N#�� 5E �� �
���62/ ��,� �n/� 0F%	 	�,� �	�	� F#(�w 
�2,� "#� 
/MEp���*
AB 5�% F#. ! .1��2� 
���� ���� ��, ��/�\��� �M� .� N���>

 ��/� ���� 
�:��y� F�%	 ��� �	;4�% ��,��* 
*���:�� ���:��%	 

� .1�,� / ���\�% 
$/$W 
��� �����,o#3� �$/�e/ F�<�% 
)� o#3� 
� �F%	 �/� ��y�/	 N#�� 1/	* �� 
���� l\��> ���

 1��>�� ���/�\��� 
���2,� o#��3� )���,�! 
����,��	]p�[��	'��� �� .
o#3� &�.��4� ��V� � �	� ��/�\��� 
�2,� )�( 0����i� ����

�� �	� �/�\��� )�#��� 5�1! &�=s.F%	 �1> 
,�%��> 

]D�2sf���� �	�� �1> ������ ��#/�� �1� �.��4� ��� ��� 

/�W�+�� 5�. 

�� S��n@��N:� 
N#$ � �B�%�$ h	�

��.��) N:� (��$ 
gn�6�o�1)�� 
��.��)(��$ 

�%�.�$ ��
�C. � $ �� 

(3�.�G �� =*O$��$)
N:�
��.��)(��$

��8�	�� �/�\ q/q�p�� pps ps�{�/�

5	z�� �/p�p p�} p�� q� ��}/�

F>��% NR �/q�} q}� qs� qp��}/�
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]D�2wf�	� �/�\��� )�#��� )(]pI[

5�. ����� �	�� 5�. /� .�6 


� .� �r�Cyprinus Carpio Cyprinidae 
�/�\��� 1#:% 
��� �	Leuciscus 

CephalusCyprinidae 

��� ����Barbus Capito Cyprinidae 

��6%	Silurus GlanisSiluridae 

s�w�l�(g�� 3. a) ��+�0 x6�: K�E�.� 

�/� � � �� .1��2#/ )�2�, F# �	 �]/ �	 �� &���<E	 ��6 � N�#��
�/� 
8,z��	 �� x��y� ��� ��/� |_\ �4�% �� 0
��� ����

 ���:��%	 l\�> �/� ��	/�\ 
8,z��	 ������	��R �	 ��� � )�n!

� ��h	�	 
,��/	* ��� ��> ���y�/	 l\��> ��/� F�%	 c�M .�>

	 
�2,� o#3� ��n� �� #% "#�#.* �	��� .1�>�� ���>	� 	� �/�\��� �
���	 ��� �	 0l\�> �/� ��� 	� )� 
\�� �� ��	��add-hoc 


� �1#��/ '#/ 0��!� &��#��i* � ����� �� �!* �� .1> ���:�%	 0�>

��� ����p�� 1�> ���y�/	 l\��> ��/� )	���]pp[&��_ye� .

 5�1! �� @y��� l\�> �/� 
8,z��	{F%	 �1��]pd[.
51��� �	 ��� "��,	 �� 
���2,� o#��3� )���,�! �������� �	����

 
8#���1#�HEC-RAS ��	 ������	��R .1> ���:�%	f
8#���1�#�
�� 0t � � F��% 
�., 0
�2,� l\�> �/� ����� o,	��> )	���
���� �� 51� 
i�%	� �� .1/1> ��(�� �]/ �� ��� � 
*��.��4� ��� ����


�� )��� @.8���� Y, �	 x��y� ��� ��4-� ���	�� 
��� �* �#/�` ��
 �� l\��> ��/� 
8,z���	 ������#/ 1/	�� �� 
/�,�! NG	1� 0�R

��� O�y* )����) 
�/	�3� ��� 01��� "#�k�* 	� 
�/	�3� ��#? � (�'�,�
�� .1> "##.* 
�2,� o#3� 
�� )	�� 

s�u�K� -�1�M ]��%M JD� 
1���	 0�� F�#:#� 7��%	 ��� 
�2,� o#3� ��#/ "##.* 1�,	�( �� ��� 	


�j,� �� �!* 
�� ��#/ 0O�2#%�	 
8,z��	 � 
8,z���1#� ���
�� 
� "##.* 
� � ��3� ��F�#:#� 5����� 01�.� c��� �� br% .�>


� c�i/	 5����� � ���n�e#R )�,�! O,z� �� �,� �> 
%��� �* .�>
 
1 Barbus Capito 


�� ��!	� N8�e� ��� �� ��6�� 0�1��,M� ����� �,�% .��#\ ��, ��>
On� 	��R ",�*O�2#%�	 ��� &	�`	 �]/ �	 0�� F#:#� ������ ����

&��6� 
�� 0���� :�	 1/	TDS 0DO 0BOD ) ����� �	�� 0N�P� (
pH ���:�%	 
:��y� ��	� �� F%	 "8 � 
�� �6�� �8�,	 �� �!* �� .

 ���2� �1�> ��, ������	��R �� ��<� ��$,� �,�R ������	��R 0�>
 0O,1% 1�/�� 0�� ��_� L/ ��COD ��#? � 
�y% 01��	��G ��]/


��� 1��/�#�]pp[o#��3� )���,�! �� �� F��#:#� ���`	 
��%��� �	���� .
 �4�	� �	 0
�2,�q����.� )	�� �� Q
� ���:�%	 �>]p�[

(Q1+Qc) × C0 = (Q2×C2)+ (Q1×C1 )q()

�4�	� ",	 �� �� 
Q10�#��	 
��Q20�,/�` 
��Qc���� ��* �> �(�V	 1,�� �� c�M 
�

 01#��%� ����4� F��]�?C10���#��	 F��]�?C2� ���,/�` F��]�?C0

.F%	 ��4� F]�? 

s�y�JD� �O�� 4D���� ��� 
��� �	 N=�� Z,��/ 0���jR ",	 �� Fe� Z,��/ �� �1> ���>	 ���

��� ���� �� �#/� �������R ��� 0F�/��* N���> 
�z���1�#� ���
" 2*q"#�y %	 0sl\�> 0O� )�,�! ��� 
��{���� F�:� NG	1��

 F�e���� ���� ���B�p�) 5��%7Q2&10 c�	1��* 
��3�� '#���/� 0(
)���,�!}��,���R�##�* ���1��3� 0��'��#��� ����#\9 51��� 0�5���-�/	 �

1> �2,�-� 0)�,�! c�	1* 
�3��]pp[��� "�,	 �	 
\�� . 1��/�� ���
 ����% N#�3* N�	�� 0"#�y %	 � " 2* 0F/��* 	� ���* 
�\�� � ���>

 0)��,�! c�	1�* 
��3�� 5��-�/	 � ��,��R�##�* ���1�3� ��� 1�/��
�1#+#R ���! &��<E	 �� ��#/ � 1��2� �* .1/�	� ��* 

2 Tessman 
3 Smakhtin 
4 Low-Flow Index 
5 Flow Duration Curve Analysis (FDCA) 
6 Range of Variation Approach (RVA) 
7 Desktop Reserve Model (DRM) 

 

]D�2uf�/� )�#��� l\�> �/�\��� �	� �&��<E	 
�#���1#�f
�2,� f
�w�:� 

F�� 3. a 3. a o . &�$0�E) �i�� 
/�$)(�.��#� ��� 

/�$ � h	� ���
(��$) �.��#���? 

/�$ � h	� ���
(��$) �.��#� 

&���2 -��� 
��$)��(3�.�G 

p
��� ���� 
�� �* ",����( � #/ �	��\ �\	�	 �/�pq/p
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"#�y �%	 o%* 0)�,�! c�	1* 
�3�� 5�-�/	 ��� )	���8 � �
5�% ��q����� 0�/����% �� 
��2,� o#�3� )��,�! 
��,��	 �]��

 
8,z���1�#� O�,z� Y�, ��� "�,	 .F�%	 �1�> 
�(�.� �/�\��� 

� �h	�	 ��4� 
8,z��	 F#.V� �� �/�\��� Fw�:� �	�� .1��

c�/ �	 ��� ",	 �� �	'(	GEFCpc��/ "�,	 .F%	 �1> ���:�%	 �	'�(	
 5����% ��q��� o���%*"#���� ����2%� ��F,�,1���� 
����� �	q��

 ��V� �� 
��2,� o#3� ��#/ �,�% � �#��	 
��,��	 �	�� 0�8/<,�%
�/�\��� O�2#% N#�3* ���� ���8 � �� �� � �#/ ��$e/	� 
�� ���

 
1 Global Environmental Flow Calculator 2 International Water Management Institute (IWMI) 

�#>sF%	 ��(�, �.%* �8,��� .��	� "�,	 ��� ����� ���#/ ���� ���
c�/ ��	� 0�	'(	 NG	1�) &1�1��� ���q�(5�% .F�%	 ��/���� )�,�!

 
��=	 ������ ���nW N���> )�,�! c�	1* 
�3�� 5�-�/	 ��� 7�%	
 :F%	 �,�pf�#6> F#.V� ���% 0��!� 
8,z���1�#� ����qf

7<� x,�.* 0
��2,� o#3� F,�,1� ���sf
��3�� 1�#�* ����
 � 
�2,� o#3� )�,�! c�	1*{fo#�3� )��,�! 
/���� ��% 1#�*

��� .�/���� 
�2,� ���� 
��2,� o#�3� )��,�! 
��,��	 N�	�� �
&��W�( N8>sF%	 �1> ��	� �,� /]pp �q�[.

3 New Hampshire University 
 

NO:wf�	� �/�\��� �� 
�2,� o#3� )�,�! 
��,��	 &��W�( 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

77 ��������	
������� � ��

w�Z#� D [���. 
�#6> ��� ������ �	�� 0��$�2,� ��%�� 
��� ���� �/� ��/� )	�� 

5�1! t6E .1> 
,�%��> �/�\��� �� 
�2,� l\�>{��/� "�,	 0
c��i/	 �	��� 
�=�\ (F���% � t� �) 
�#���1�#� o,	�> 1����#/
 F���% � t� � �2,�-� �� .F%	 �/�\��� �� �\ 
�2,� ���1�,	�(
 F���% � t� � � 0
���� ���� 
��., l\��> ��/� �	�� ��#/ ���

*�6%�3� 
��2,� o#�3� )��,�! NG	1�� 0����� ��% �	 Y�, ��� �� 

�/M��% )�,�! ��	�� 
�� �� �	� )�e/ Z,��/ .1> 
��,��	p����� �� ��

 "#,��R � 
/�#� 	� 
�G	1�� o,	��> 0(F�>��% N�R � 5	z���) F�%� 

� O�	�( 
��� ���� 
*�#� F#��.( �	�� 51�� �	 ���:��%	 ��� .����% 

HEC-RAS 
�� �	�� 0�� Y, ��� ���	�� 
��� ��* ��#/�` ��� @.8��
) �1> b#\ o#3� 0�R �4-�P�� ( ) 
�� �	 
.��* &�=Q�6%�3� (

 .1���> 
/	���* ��	����� ��������	� / 
 �,�����$� )P-Q 0(@,����V
 
$�26 � 5�1!) 1/�	� ��*M��}
/	�* ��	�� �	 N=�� o�	�� .(

 N� �1> b#\ o#3� � 
�3�� @#> O�,�$�	 �� �	�� 0
 �,��$� �
�� 1> 5�1�! �� ��� �� ",	 �	 
�2,� o#3� 
�� ������ Z,��/�

.F%	 �1�� 

�� 0
/	* ��	�� �� ��� �� ��� �� 
�2,� o#3� )�,�! ���

���� �� 0��3/	 �S�	1� � 
�3�� @#> ���8�	��) F%�M�� ��� 0(��/�\
)�#� "#,�R � (5	z��) F%� 
�_ye� 1�/�� 0(F�>��% N�R) F�%�

�� .F>	1/ ���� �	 �� 
*�= ��8�	�� 
�e��� 1�/�� 5	z��� ��* ��/�\
 ��� ��!* �� 1/�� ",	 .�� 
e,	'(	 F>��% NR �* 5	z�� �	 � F>	�
 
1 Mean Annually Flow (MAF) 

N#�3* ���� �� 
8,z���1#� ��� 
��� �,	'�(	) ��.��4� ���� ���
 o#�3� 
�� 	�,� vF2#/ 
��(�,�R (�/�\��� 5E �� �/M�% o%��

8,z���1#� o,	�> �	 �� #-�2� ���� �� �� 
�2,� ���� o�%�� � 

0
/	�* ��	��� �� 
$�26 � @,	�V .F%	 �`k�� ���� )� �� �/M�%
 ��]/ �� �� .F%	 
 �,��$� ��	�� 
$�26 � @,	�V �	 �#� 
�1/	

 ����� �� �/M��% ���� o�%�� � 
��2,� 
��� "#�� �4�	� "�(�� 0���

� ��]�/	 ����� �� 
��2,� o#�3� 
��� �	1-� ��� ����>	 ���� ����

�� �R F %"#, �	��� Z,��/ ",	����� .1>�� ��>	� 
e,	'(	 1/�� 0F%�
 ���� 
 �,��$� ��	�� �� 0��3/	 �S�	1� � 
�3�� @#> ��� �� ��

 5�% �� )%��	#�%	 � Nr#� .F%	 56Gp��� �/�� � 
�8> �
5�% �� '#/q�pp���jR �� 0�	��� 
 �,���$� ��	�� �	 �\ ���

 ���:�%	 
�2,� o#3� 
�� �6%�3�.1/��� 

���� 0����3/	 �S�	1��� � 
���3�� @#��> O�,���$�	 �� "#��� �	 �����

 o%�� 
%��� �� 	�,� vF%	 
��(�,�R ��3/	 �S�	1� ��� �	 N=��
���� �� �/���� ���� 0
��3�� @#�> ��� �	 �1> �6%�3� �,��-� �� ��

��� 
\�� �� 1> lye� 
�� o%�� �	 ��e#� 
�2,� o#3� 
�� ��
.F%	 ��� �/���� �� Z,��/ ��6�	 �� ���3/	 �S�	1�� ��� �	 �1�� F%�

��8�	�� ���� ��� �� �/���� o%�� 
�� �,��-� �	 0�/�\ �,�n�> ����
 ���8�	�� ����� �	��� ��� "�,	 � F�%	 ��e#� " n� �* �#�=* ��/�\


 / ��� '#/ F>��% NR � 5	z�� ���� �� �� .�> �,���-� ��8�,	 N�#��
��� c� * �	�� ���n�e#R ������)O� ��� 0F�%	 )�28, (
���R � 
��

.��	� ��� � )��# E	 @,�V 

]D�2yf�1> b#\ o#3� 
�3�� ��	�� �	 N=�� o�	��f�.��4� ��� ���� �% �� )�,�! 
�� 

/0�� 5�. 

�.� ) J0��� �	����W4 J0��� 

/�: J0��� 3>��� 
���*) =��; 

)R2(�8� 
/�: J0��� 3>��� 

���*) =��; 
)R2(�8� 

��8�	���/�\P= dJ/d Q BH/J��P= HU/B ln(Q) B/H+��
5	z��P= dU/AB Q BB/J��P= UB/T ln(Q) ^/AA+��

F>��% NRP= BH/AB Q PI/J��P= TT/AJ ln(Q) d/I+��

]D�2zfo#3� ��� �	 �1> ������ 
�2,� o#3� )�,�! 
��(�#/�` �� @.8����) �1> b#\ 

/0�� 5�. 
�%#%$ =�: �%#.� ��M��
 

�.� ) J0��� �	����W4 J0��� �.� ) J0��� �	����W4 J0��� 

��8�	���/�\�/s�/q�/p�/q
5	z���/s}/{s/pq/s

F>��% NR�/pp{/p��/}{/�
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���	 ��� ��� �	� �/�\��� 
*�#� l\�> �/� ���� 0��	���
��� .1> lye� 7���� ��%� �	 
��� �� 
���� ���� ��g� ����

 ��� 
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