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Abstract 
Declining the quality and quantity of water resources in recent years has threatened food security, health and the development of communities, 
especially in arid and semi-arid areas. The purpose of this study is to investigate the quantitative and qualitative conditions of surface and groundwater 
resources in the drinking and irrigation sections of Zayandeh Rood basin that faces political and social sensitivities in addition to the dangers of the 
arid regions of the Central Plateau of Iran. In this paper, using the integrated groundwater footprint (iGF) and for the first time integrated surface water 
footprint (iSF) indices as well as applying the Schoeller and Wilcox standards for checking quality of drinking and agricultural water, respectively, 
water resources status has been evaluated in 2006 and 2016. The average of integrated groundwater management index in Zayandehrud basin for 
drinking and irrigation purposes in 2006 is equal to 8.9 and 1.3, respectively and these values have decreased to 7.3 and 1.1 in 2016. Furthermore, in 
2006 the average of integrated index of surface water footprint for whole basin in drinking and irrigation water were obtained 3.8 and 2.4, respectively 
and these values have improved to 3.3 and 2 in 2016. However, the results of these two years show a relative improvement in water resources in the 
Zayandeh Rood Basin, but they are far from acceptable conditions, especially in the drinking water sector, which requires serious attention of decision 
makers for developing of dynamic plans for sustainable development of this basin. 
 
Keywords: Integrated ground water footprint, Integrated surface water footprint, Water resources, Zayandeh Rood basin. 



�&'( �)��* +�,� ����-���*   .�%�& �/01�*   &'2 2�%� 	���� �/2���� 

  

 ���11 �  ��	�1 � ���� 1400 

16

  

  

�����  

� � ��4- ��7�- �!�=�� ;
 ?�  �]�� � �7	` �B� �� �

��	�-  +!�  � Z
�]5 '+=���/�� ��B !
)E�� +��1 �

6, � (
 )* ��	�   ����� �� � 68�� (�� � �
�E 9��a5 9�	I

;<� �� W��	� � Z
�]5 '+=���/� � �7	` '�!B +�,

��B �� ���	� 9�8���� � ��VV<�� (L`  *�*� .�� 

�
�8�  (L`  !, 6���� �
!
�� !
�� '���	��
 � �
�E ���	� 

��,) .Mays, 2007.( �E
� �+  � �� ���	� (�� �5 � � �	C 

�� �5(
 ��[� �� �� =  ������ 
! � ����� ���( [� = �d� 

L>�( ��4- �5(  !�+ e��E �%(
 � ���,=�+ ����   � �,

��� �6�� �, � � !@�A ��A ��
��	  !�+ %��= f�A(  �

6,  !� �� ����  =  �g��>� 9�	ID���# !� �,+ B��(  = 

&�
�+ ]1�7( ����  �( %��= f�A �( �E
� � !75
h �!� 

)Mahdavi & Hosseini, 2020.(  

;,�2E F#�B +�� +��7�� � !%  ���	� +� �
�E +�,

�B � 78�"� ��  L�- =  �� Jingwei et al. (2017)  �

@�A +� �
�E  � 9�I ���B ./# 01�	� ?
!�� +�,

� 5 F#�B .��(�� ;	WSI 
1  ��� �� ��2003  �2014 

��� j"� � �� F#�B 9
  .�!� �
�[� (� +�	�  � ��B

��/�  � ��  (�� ;	5 �B� � _���� ;	5 '�� ��]�� ��	,�

� �� ���� ;	5 ;
 ?�  � ��	��  �� �
�4� ��  D !��k5 Z�8�

 � �
�E 7��5 l�C !"# '+����� U��V� ;
 ?�  � ��7�-

���� ["	� ��  .�!� ����  � 78�"�Maiolo and Pantusa 

(2019) @�A +� �
�E (��!� + !� (��
=�  � ?
!�� +�,

����� D !m l�n�  +�,  �
!
�� F#�B '@�A �� ��B

 �� ���	� � �
�ESWaM
2 (� (�!7� � !
�� �  � =  � �		�

 � ��B ��!% �� ���	� ;<� �� �E��  (3�[A ��I��4I

F#�B Z��BE +�,
���
= +   (C���-  '+��V�3  '("�>�

6, .��  �!�* �  '(C!� 9���o� =  F#�B 9
  9�	I


�E � (L� 9���o� �� (��!� + !� � Z�H/5 (L`  +�,

@�A '(L� p�"�.I�� � +  (�  !-  Z��3 !5 .�B��  

 _��5 �� +�E�� l�4��Hoekstra and Hung (2002) 

7��- � �B (�!7� (�LC. �E��+ �� 
.  6nA '��V>�

�!V� ��( 8�5 ZA !� l��5 ����  ������ �<5 ��9 �(  ��=

  �
9 � I ��V>��� ? B �� ���	� ��!
9  �� � ��/�

��  ��!� )Hoekstra and Chapagain, 2007 .( D�78�"�

=� 
��( �E��+ �� @�A j"� �� ����� 64� � + � � /[�( 

��� ( 7��5 �� �E
� � B �� ���	��!
9 � �
�2 [1�	� �� �� (

6�L3  ��� � ./# ./# 6, � !
  ��I .��   

 �� +�E��  � (�� '?]� ��  �8q� � + � �

) +!����#Hoekstra, 2009( ���, �3 � �� ?]� �� .

��  ��,��% d!��� �� � r�# ���1�.  Z��B (�� ��

�� Z��B ?�� +!����# �� � (	��=!
= � (>"� +�,

� !�* �� ���	� '���E�� � U��7� + � � � (
�,

(%��8�(� '�	��, hL�<� +�,�	B�� )Rodriguez et al., 

2021 '�� +�E�� (��!� � D�78�"� =  (�gC  ;<� .(

�  � �75 �4	5 � �# �!E '+=���/� Ds�V>� �� �2
�

=  +���>� ��  �,Z��3 �� ���	� � �[� �  -�5 d!���

��!���  ) Gleeson and Wada, 2013.(  

(	
�� F#�B � + !� 78�"� '+� �
�E ��W� +!
)E � 

;	5 � �<��  �,������  �( '��B l�4��  �� +�E��=
�=!�	(3 

(�  � (	��=!
= �� +�E�� F#�B .��  �A��� � �5

�!4� + !� =������� � �<�� .
 (	��=!
= �� =  � �
�E +� �!�

) �!� h
!75Gleeson and Wada, 2013� .( � (5��]C'!T
 

��/� (	��=!
= �� +�E��  ["	� =  (�A��� � �[� ��	,�

��  78�"����� �!4� ��-� �� �  (�� ���	� =  +� �!�

 ;	5 ��I� ����>� �� ��
= _�>� � 6������  '� �<��

) ��/�Chen et al., 2020(. F#�B 9
  7�(  ��

� ������  9�#����HB��; =  �A �� =  �,+ =
�=!�	 �� '(

C t � � 6�,��� (	� /[� .���� � 
�E !� (
�, +�,

 (H
u�8����, .�� �F#�B 9
  �[�
� �( �	�  � �[� I �

�!�� � �� �,+  �� �
 � �� � (	��=!
= ������  ����  _��5



-�/���� 4��5% 67 �809 ��7�: /-�25 ��� �� ���;&/ -/ <=�� ��� �"��� >� �?��" 67 ��� �@&� �  -�%-�'5� 

  

 ���11 �  ��	�1 �  ����1400 

17

�( ��B �� � �[� I �
�  !�+ ��� �6�� �, 3��( �����. 

6,   9�	I
9 )k5 � F#�B
 � ��n�  � �	C =  (H


8q�� +�, �E
� �+ �-�5.�� �   �� !� ��&C�(  � �� �5 � �	C 

.
 �� ���� � ?�  �� �
!
�� (	��=!
= � '��B ��!% ���

(	�C +!���5  !
= (� t �  (	��=!
= �� ���	� 6nA =   �,�

)Gleason and Wada, 2013 .(  

�� ��g	�  (	��=!
= �� +�E�� F#�B +!�%���

� .
 � �	C � ?�  �V56� +!�% ���- + !� �
!
�� ���	� 

'�� ;[� (5��A ����� �� �,+ (	��=!
= ?�� �
�� 

 -�5����� !3  ��g	� 9��, � .�!�%Kourgialas et al. 

(2018) +!T
� F#�B �  +�E�� l����GH
I �� (	��=!
= 

� +�!H
�� v�<5  ��g	���GH
I 6, (��!� �  � ����� ���=

� �<�� �����- +�,�!
?+  � '����
 �� L���  W��!5

 F#�B�8q� �� (	��=!
= �� +�E��  ���� +�,  �� ����� !%

= (	��=!
t �   � -�5 �� '��<��  ���� (��� +�,!�� ��E .� �

["	� �� (	��=!
= �� W8�* U!V� 78�"����� �� � '

 � D��8�� � D !��� '���� (��
��5 D���# � �!B ;<�

��A �� !L� ���=�� +��4	/�E =�n� ��B �4�  ���� (��4-

� KG� .��  ����>� F#�B 9
  .�� �gL* �  � (
�,

�� �� ���)� (
����B +�,!�� ��E  '��� =�n� �A =  ;�� �,

 � ?�� �� W��	�� +!���� + !� (
�,��4	/�E � F</�

F#�B +�E�� � (	��=!
= �� +�E�� +�,��GH
I  ��

k5 L�- =  '(	��=!
= .���!� t �  '�/� +�T8  !��Pérez et 

al. (2019) �� �<5�9 � �[� �B �!� =  !1
0 � ]A�V� 

]��>� � �[� )k5
 =  ���& ���	� �� �� !, �A � e��E 

,�u�8���
H'( �
�4��� � �[� �E��+ �� =
�=!�	(  � �� 

��6�� � �<�� �,+ ���B ��/� ]�L��� ����!� ���!�. Tork 

(2020) �B =  +�E�� F#��GH
I  � �<�� �� (	��=!
= ��

hn�����>� 9���
 + !� ���� +�,!�� ��E �gL* � (
�,

�� �� (
����B  +!���� + !� W��	��� � =�n� �A =  ;�� �,

� � t �  � �
�4� �� .�!� ������  '��  +=���/�  +�,���

���75 � ��A  �4- +�!����hn� � �<�� (/<� ����

 .�# �!ECharchousi and Papadopoulou (2019)  9
  �

��- � ���!� ���B  w�@���� � +��� ]��>� � �,

 Z��B '(	��=!
= �� +�E�� F#�B +��L� +�,!�� ��E

 l�C �� � !�, (/H,= � � �<�� =  �B �!� '� �<�� 
)k5

��7"3  (
�4� � �[� �� ��7"3 l�C ��n
  W-�� � �� 

 (	��=!
= �� +�E�� F#�B(� ZH/� 9
  ZA + !� .��B

�  .���]B $�� (� �<�� 78�"� + !� '�8��� ���� +=��

�� 
H( =  �,!4B+ 
����  .�!� ������  +?�!�Lin (2020) 

�  +�E�� F#�B .����GH
I  � l �3  (	��=!
= ��

�� 78�"� �
�4� �� � �!� (E��5  ��/� (	��=!
= +�,

Z�����E � 0���� ���	� (��
� + !� ��/� 9
  (	��=!
= +�,

 � (%�?� .�� ^
��� 9
  .�B +=���/� (@ �  ��n
 

6��V5 (� �� ���	� � !
�� � ��%��!�%.�		�  

?
!�� @�A ��	
 =��� (H
 =  d��A 9
!5 @�A +�, 

?
!�� ��/� � J�>8 (���� � +��V�3  � (C���-  '��  

� +��1�� � ��A !@�A ��&C !�  9��a5�� (@ �  

'+=���/�  9��a5�� �!B �� ��4I ����  ���� ) +�,

 (+?�!� � +����<� � ��>���4I '�?
 '��4�` � 6, 9�	I 

 9��a5=  +����� �� �
�	` .I�� � x�?�  � ��4C 9
  

��#��� �� . ��a ;<� !�#  (8��H/# � !>� !m  �� ����

 � (,��% (%��= � ��B ./# (��#��% �s�5 =  +��
=

�-� �� +��� .��  ��
� W��� D�B  D�78�"� ��	��5

��	
 = @�A +�� +����� .��  ��B l�n�  ���Karimian 

et al. (2020)  ��#��� �� 9�T	� D ?L� (��!� + !�

��	
 =� '���  '� !
  +?�!� D&� (�t � ��#��� �4	5 � �	C

  ��#��� � (
�- (	7
 '�=�� ["	� �� 78�"� � l �3  =

 � � �B)% ��4�`  !4B �����s�5 ��#��%(� ( '���

(� ��/� ^
��� .���� D����� �� .�	��� � ?�� �,�

 ["	� 9
  �� ��#���31 ;�� !� !�  �� �����  =�n� �A =  !5

ISQG
4 .]L- �� �;�� .�	��� �gL* �, ���8� =  !5 9
!5



�&'( �)��* +�,� ����-���*   .�%�& �/01�*   &'2 2�%� 	���� �/2���� 

  

 ���11 �  ��	�1 � ���� 1400 

18

6� ��-��� ?�� �!� �gL* .��  ��4- 01�	� =  ����!5 

��#��� !
�� =  '�� �����  �A;�� � !
  +�,  .��  !5

 ��7@� ?�� Z���!L� �gL* � l������ !V	C + !� _
 !B

���� ^
���  )8 '�� � (4��/�  + !� +��- !"# y�= !%

��	
 = ��#���� ��� 64� � �	C  D&� 9
!�B �� �]	� 9
!5

(� � !
  +?�!� .�B��Rahpou et al. (2019) �
�� �� ��

�� � ��#��� ��1 �� +!������, ��T��
  ��, +�,

��	
 = ��� �� ��� 1385  �1390  �51394  = ��!B �� 

["	� + ��4�`  (��!� � l �3  '12  � )%!�ma5 (��� !�� ��E

���5�� L�- =  '�� ���	� ��7@� ������� � �, .���� �,

B�# l�n�  �� �
�4���l!� _��5 +=�� +�	� ?� WL�� �5 '

 �5 l�I ZE +!������, ��T��
  ����>� �� � �	���
��


�G,�� (5�78�"� ����>� �� �3 �) (��#��% �s�5 

_ + !� (
����B +�,!�� ��E l��5 �gL* z�]
![5 '(+?T�

(� =�n��A =  ;�� �!B U!V� (A �� (#!� �� {�B��

 ?�� (�7	` � +=���/� U �,  + !� (|�A !
��[� 9
 

W��	���  .�	��,Torabipoudeh et al. (2020)  U�, ��

 �� (	��=!
= �� ���	� ����� D !��k5 ���� (��!�

� �<�� ��	
 = �� ���s�� +�,��� (���= �=�� �� 1374  �5

1395  � �!B U��V� !g� =  �� ����� (��!� �

F#�B (��
=�  � +=���/� IRWQIGC
6' 5�����'�, 

����� �, � !`�	C T	��9  �pH' SAR 'TDS  �EC   �

����.��� � � !3 78�"� ���� ^
��� � ��� 9
  !%  ��

� �<�� ��	
 = �� ���s�� +�, '��� 0]1 � �� ����� ���� 

=���/� ��+ �
'K��HL []1 �	�+  ��+����� ;��  �� !5

����>�   C2-S1  �(�B�� � S ���� � !%�� ? �� ���]5
�(  �

C ��/���	,�  �,
� !�H8 
H( �� =���/�+ ��  � 

��� d�� !� �	�+ ���A  
9 �� !�� ��E �� ��4I ��!% =  

��# � �� !75
h �(�B��6, .  (5�78�"� ["	� �� 9�	I

;�� �!B !g� =  Z��3 D�[]1 �� !5   ��# � ��]3�  � ?��

9�T	� !`�	C ?�� ��  =�n� �A ��	4E . � D !��� +�	�

 F#�BIRWQIGC � � � ��/� '6� 5 F#�B � �[� 9
!

� D�[]1 �� � (� � !3 �� �]�� ���3 �� �!�%  ��	- +�,

��	- � 9�t�� ~!B ��	- � ��	- � �B�����  �!*

Z4I ���3 �� ?�� � ��# 	� � +?�!� +�, -   ��	- � � � �

�� � � !3 ��%��I .Salehian and Rahmani Fazli (2018)  �

���	� +� �
�E�� ("�>� +�,����E (��!�  @�A �� ��

��	
 = ?
!�� ��� (1 ��� +�,1380  �1392  .�# �!E

$��  D !��k5 '(@ �  +!���� D !��k5 Z�L>5 +�,

�!4� �� =  +� �!�;�!E �
=�5 � (	��=!
= +�, $�� '��� -

���� +� ������ ���� +�,��/� ^
��� � ��  !"# ��	,�

(� @�A 9
  �� +� �
�E l�C +�-.�B�� 

2E =  U�, � ����� _
 !B (��!� '!@�A ;,�

��	
 = @�A (	��=!
= � (>"� �� ���	� ����� ���

+����� � �!B U��V� + !�' �� ����,(�� + 85-1384 

� 95-1394 �(�B��  �� 8�[� �� ��V�#  � �1385  �

1395 (� !�v ����� .���B +�,!�� ��E + !� =�n� +�,

�B +�,�� �����  � -�5 �� (��� ��<��  K��HL
� � !8

 F#�B ��g	� 9
  + !� .���B��GH
I  �� +�E��

��B ������   F#�B 9
  .�� _[� �� + !� +�,

 8�[� +�����  )8 .��  ������ ���� � ��B t �  (	��=!
=

� � 7��5 '!@�A  F#�B +!�%�����GH
I  '�� +�E��

�� D�78�"� �� ��� 9�8�  + !� .��  (>"� +�,� �.� 

 +�E�� 9
�� F#�B��GH
I �� ��H�  (>"� +�,

 @�A (>"� �� ���	� ����� � ����� ��7@� 78�"�

��	
 =��H�  ���(� !
)E.�B��  

  

��� � ���� �  

����� ����������  

 �� -�� (C!� @�A �� + � � � !
  +?�!� D&� @�A

(��� =  (H
 � �B��  .��  (��#��% ?
!�� @�A �,

@�A ?
!�� (��#��% �� (�7�� ���7� 41550  ��!�!���L��



-�/���� 4��5% 67 �809 ��7�: /-�25 ��� �� ���;&/ -/ <=�� ��� �"��� >� �?��" 67 ��� �@&� �  -�%-�'5� 

  

 ���11 �  ��	�1 �  ����1400 

19

 �s�� (%����� D���	L� _���� �268 (L�� (/<� '!�� =  

@�A ?
!�� (L`  D&� +?�!� � !
   � Z�H/5 �� �  �� 

 Z��B �21 (� (5�78�"� ����>� ��#��� ?
!�� @�A .�B�� 

��	
 = �� ���16  @�A =  (/<� '(5�78�"� ����>�

�%� (��#�(� ���A�� � �
� (�A���  ���7�26864 

��!�!���L�� (H
 =  64� 9
!5 ��#���+�, @�A D&� 

+?�!� � (L`  9
!5 ��#��� @�A ?
!�� (��#��% 

���>� (�'��B � ;[� ����� (�4� ��  9��a5�� '�!B 

'�7	` +=���/� � _�>� ��
= 9
�	I ����  �� �A�� 

+?�!� � !
  ��
  (��	� .��	
 = ��#���  D�C��5�  =  ���

��� � d!% = (� �/I!� +����<� �����= ��5!� +�,  �!�%

 ���A �B)% =  KE �400 ��#��� !��� !���L��  �� '+ 

(� (��#��% �s�5 � �4��  ��	
 = @�A .������ (H
 =  

d��A 9
!5 @�A+�, ?
!�� ��/� � J�>8 (���� � 

+��V�3  � (C���-  '��  � +��1 � �� ��A !@�A ��&C 

!�  9��a5�� ���A 200 � ?, ���H, =  (@ �  '+=���/� 

 9��a5�� �!B ;�� =  ^	E ���L�� !�� �� ��4I ����  

���� )� (+?�!� � +����<� � ��>���4I '�?
 '��4�`  +�, 

6, 9�	I  9��a5�� �
�	` (%�?� 6, ��I D�n��#��� ��v 

'9,� �s�� '���]� '��T/
s�E '��%�!�� '(��B�!�E (LE Z
!�  

� ���, �7	` x�?� � .I�� !T
� � ��4C 9
  ��#��� 

 .��  )8 �� -�5 � ��� ? s��+ U!V� ��%�		�  �

�!4� � � �!� 6, � � 9�	I�� ? s��+ �/%!� ���E(  �

 � ��#���
� � �<��'�, � �
�2 ���E�,+ �7	`( � 

=���/�+'  @�A78�"�5�( =  !g� ����� � ����� ���	� 

�� �>5 ��/� =
��+ �� ZHB . )1��/� ( ��	,�

��	
 = @�A ��73������>� � ��� �� (5�78�"� +�,

(�.�B��  

  

��� �����  

�� ����� � ����� ��7@� (��!� ZA !� � (>"� +�,

��	
 = @�A (	��=!
=) ZHB D��I�L� �� '���2t �  ( 

!� .��  ��BB d�� ) ZH2 ����� � ����� (��!� + !� '(

(�  ���  �� '(	��=!
= � (>"� �� ���	�  F#�B �
��

 .�H�5 � '(	��=!
= � (>"� ;<� !, ��  � �� +�E��

����>�.�!� ]��>� (5�78�"� +�, Gleeson and Wada 

(2013) +�E�� �� =
�=!�	(  � � D��` "� � )1( !75
h 

�!�:  

)1(  �� = �( �
� − 
) 

  
 +�E�� F#�B '���[� ;<� �� ��B!�v h
��75 0]1

 ������ !% �A���  �� �������
�  )8 �L
2  � W�A!�

(� ��!�!���L���B��' �  ��"� � 9
  C �B �!�  �s��

�� =  �,+ =
�=!�	(' R � �[� )k5
  =  v��� Z��B

<�� =  +���� '(%����� +�, ��
!- =  v��� '���n� � �

�7	`� �!B '(C �= '(>"� � E  (/H,=��  

=
�=!�	(  ���#���  ?�� � �<�� =  !�<]5 78�"� 9
  �� �

(� � '�B�� �� ��
!- ��
= ��#��� ("�>� ;[� �� �.  

 +�E�� F#�B 9�/�E D�78�"� �� ��  !�v � l=s

 J�>8 � �<�� =  !�<]5 �8q� (	��=!
= �� � '��� ��/�

� �n	
   !g� �� '(/H,= �8q� ��	� �� 'D��L5 � �	C

(� ��!%� �<�� _
 !B (]�� �
�[� + !� .��B � �,

6, 9�	I  +�E�� F#�B '� �<�� ����� �� ;	5 ��7@�

(� ����>� !, j"� !� 6��[5 (	��=!
= ��.��B �]�� 

�E��+ �� �,+ =
�=!�	( � �A��� ["	� � �<�� GF/A 

�  � �	CF#�B ;	5 �� =
�=!�	 (!75
h  ��B � !% :  

- GF/A>1  ��/��( �,� � U!V� �� =
�=!�	( 

�E��
� � ��  � �( �� �5 !� �!���( �� =
�=!�	( !�ma5 

�� )T�. 

 - GF/A>>1 ��/� �( �,� � � �<�� ����� �E��
� � 

��  � WL*  �>5  !B
_ L3 ��( �B)% )k5
  ��B �� . 

- �]�� GF/A <1 ��/� ��	,� � !<��  �E
� � =  

�� �,+ =
�=!�	( �� .  
  

  



�&'( �)��* +�,� ����-���*   .�%�& �/01�*   &'2 2�%� 	���� �/2���� 

  

 ���11 �  ��	�1 � ���� 1400 

20

  

  

  

 
 

Figure 1. Location of the Zayandeh Rood basin and it’s study areas 
  

 

Collection of data on the quantity and quality of groundwater and surface 

water resources in Zayandeh Rood basin (2006, 2016) 

Calculation of infected area and integrated 

groundwater/ surface water footprint 

Preparation of raster map of drinking and agricultural water quality 

parameters by IDW interpolation method 

Determination of pollution of drinking and agricultural parameters in 

each of the raster cells with raster calculations (Map Algebra) in GIS 

environment 

Calculation of GF/A and SF/A indices 

  
Figure 2. Research flowchart 
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Table 2. SF/A index & iSF/A index obtained for drinking and agricultural demand for years 2006 & 2016 

Study area 
2006 2016 

SF/A iSF/A (Drinking) iSF/A (Agriculture) SF/A iSF/A (Drinking) iSF/A (Agriculture) 

Koohpayeh 1.82 27.0 5.0 1.6 24.4 4.9 

Isfahan_borkhar 2.5 2.5 2.5 2.1 2.1 2.1 

Moorche khort 2.1 2.1 2.1 1.1 1.1 1.1 
Alavije_dahagh 2.3 2.3 2.3 0.6 0.6 0.6 

Meyme 2.5 2.5 2.5 1.5 1.5 1.5 

Najaf abad 2.4 2.4 2.4 1.9 1.9 1.9 
Carvan 2.5 2.5 2.5 2.3 2.3 2.3 

Mahyar 2.4 2.4 2.4 2.0 2.0 2.0 

Lenjanat 1.20 1.20 1.20 2.53 2.53 2.53 
Ben_saman 2.5 2.5 2.5 2.5 2.5 2.5 

Chadegan 2.4 2.4 2.4 1.2 1.2 1.2 

Booeen_miandasht 2.3 2.3 2.3 2.5 2.5 2.5 
Chehel khaneh 2.3 2.3 2.3 1.5 1.5 1.5 

Damaneh 1.6 1.6 1.6 1.2 1.2 1.2 

Yan cheshmeh 2.4 2.4 2.4 2.6 2.6 2.6 
Chelgerd 2.5 2.5 2.5 2.1 2.1 2.1 

Average 2.2 3.8 2.4 1.8 3.3 2.0 
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Figure 3. SF/A index of Zayandeh Rood basin at: a) 2006, b) 2016 

  

 
Figure 4.  iSF/A of  Zayandeh Rood basin for drinking water demand at: a) 2006, b) 2016 

  

 
Figure 5. iSF/A of Zayandehrood basin for agricultural water demand at: a) 2006,  b) 2016 
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Table 3. GF/A index & iGF/A index obtained for drinking and agricultural demand for years 2006 & 2016 

Study area 

2006 2016 

GF/A 
iGF/A 

(Drinking) 

iGF/A 

(Agriculture) 
GF/A 

iGF/A 

(Drinking) 
iGF/A (Agriculture) 

Koohpayeh 1.03 24.5 2.9 0.98 19.3 2.1 

Isfahan_borkhar 1.1 21.4 2.3 0.7 16.1 0.96 

Moorche khort 1.3 33.1 1.3 0.4 11.6 0.4 

Alavije_dahagh 1.1 11.9 1.1 0.8 7.2 0.8 

Meyme 1.1 8.6 1.2 0.5 4.6 0.5 

Najaf abad 1.05 10.1 1.2 1.5 9.6 1.6 

Carvan 1.01 1.01 1.01 0.4 0.4 0.4 

Mahyar 1.03 22.7 2.1 1.3 34.01 3.9 

Lenjanat 0.98 2.58 0.98 0.9 8.01 0.9 

Ben_Saman 0.9996 0.9996 0.9996 0.9 0.9 0.9 

Chadegan 1.02 1.02 1.02 0.7 0.7 0.7 

Booeen_miandasht 1.02 1.02 1.02 0.8 0.8 0.8 

Chehel khaneh 1.1 1.1 1.1 0.9 0.9 0.9 

Damaneh 1.1 1.1 1.1 0.6 0.6 0.6 

Yan cheshmeh 0.98 0.98 0.98 0.9 0.9 0.9 

Chelgerd 0.999 0.999 0.99 0.7 0.7 0.7 

Average 1.1 8.9 1.3 0.8 7.3 1.1 
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Figure 6. GF/A index of Zayandeh Rood basin at: a) 2006, b) 2016 
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Figure 7. iGF/A index of Zayandeh Rood basin for drinking water demand at: a) 2006, b) 2016 

  

 
Figure 8.  iGF/A index of Zayandeh Rood basin for agricultural water demand at: a) 2006,  b) 2016 
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