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The global increase in water demand, along with its limited and declining supply, 

has caused the water crisis to threaten almost all parts of the globe, making it one 

of the greatest challenges in the present century. It is predicted that if the current 

trend of exploitation of these resources continues, more than 21 percent of the 

world's population will be exposed to severe water stress by 2050. Therefore, most 

countries have tended to adopt new policies related to water demand management 

instead of water supply management, as well as developing market-based 

mechanisms as a sustainable, flexible, and efficient method in managing of water 

resources and redistributing it between different uses. However, the effective role 

of water markets in strengthening the use of very limited water resources, 

increasing opportunities to improve productivity and efficiency of its consumption 

is well understood. However, the ability of the market to efficiently and optimally 

allocate water depends on the establishment of special conditions, and the use of 

this method in Iran requires knowledge of the necessary conditions for the 

formation of a water market as well as its economic consequences. The present 

article introduces a new approach to demand-based water management with a 

review-analytical approach, explains the theoretical foundations of the water 

market, its concepts, and features, and explains the requirements for its 

implementation in practice, examines past experiences of the water market in Iran 

and the world, and, depicts its advantages and challenges, then proposes solutions 

for reform with emphasis on the economic, social, and legal conditions governing 

the management of the country's water resources.  
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21 �L�� �� 4!MD  #��  �� N�M� 9�= �"� �$�B ���I .���!� �� F$� ��� 9!" �= �?�	�� &" O�P=� 
4�! ��? �$�  �� E�A=�� �" 4$�$�� ��<�-= �� &" ��  4$�$�� &<�� �� 9$��� &Q;�$ ��� � &M	= 

��?������ ��QA� �" ����" &" #�	�� R$ S�� ����$�J T�UM�� �$VJ � ���� �� 4$�$�� 8"��� �� � 8$�	=��" 
#� F!" T��W� �X
QP� Y�U� .4� &H��� 9-� �Z[� ��?����" �� �� 4$	-= ���\Q� �� 8"��� ��!(" 

���>� ��� 9$�:;� 4L�; �? ���" �	A�" ���" ��� � �$���� T�W� #� &" �"	7 FB�� ��B .4� ��� 
�$���	= ����" �� ]!WP= ���� � &�!�" �� �� ��� ����I�" ^$��B �L�7 �� �B�" � ���" ��!� �� F$� 
S�� �� #��$� �:
Q(� 47��B ��?�Q(" ��_ ���" `!��= R$ ����" �� � a? F!�H ��?���!J ���WQI� 

#� �� �B�". &,�-� �<�6 �" ���$�� �����- �
!
>= FD< �;�M� ���$�� �$�  4$�$�� �� ��QA� �" 
T�c ��<�-= &" F!!A= ���A� ��d� ����" ��� a!?�\� � ��e$� ��? #� &Q7���J � �" f$��= K���:,� 
���!J ��� #� �� �`D� K�!"�g= &QBV� ����" �� �� #��$� � #��  �� ��	� ������ ���I ���� � �$�:� � 

9,�H ��? #� �� &" �$	W= �� ��� � �" F$� h�� �?�����!J � ��� `6 �$�? ���" YiL� �" �!�j= �" 

^$��B ����WQI� ���DQ � � �I	-6 a��6 �" 4$�$�� 8"��� �� �	�� &k��� �� ���.  
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1. ���	� 

��dQ�� �� ��� �= )� 2050 ��<�-= ����  ��� 55 �L�� 9$�:;� &Q;�$ � �� �	 ��$� &<�� ���>� � �� )�6 �9?�� 
��� )��M= 8"��� � T��W� �� �� �� ���!(" �� E�-� �!�� &" )�A�� �?�	7 4B�� )Wheeler et al., 2021.( �� F$� ��� 

#��>" �� ��$ �� G�:" F$�= 9,�H ��? #�I �<�6 �	(>� ��B &� �� ���	= j��� ���!(" �� K_	>= #��  �B�" 
)Matchaya et al., 2019; Wheeler et al., 2021.( 9P" ��D� �� �� ��� )��M= �� 8"��� �� �B�� �� 4$���>� 

�M!Ac � 9P" ��$� �ZjQ� �� K����I� � 4!,�M; ��? ��" �� E�A=�� �" ���\Q� �� 8"��� �� 4� &� �� @,�I ]!WP= 
&�!�"�!p � ���\Q� ���WQI��!p �� 8"��� �� �?�q �� �	B )Wheeler et al., 2021; Easter and Huang, 2014; 

Hart, 2016; Schwabe et al., 2020.( K���< ]!WP= ������ 8"��� �� F!" T�W� #������ �X
QP� r��" ��B 
4�  ��!� �? �� 4D 4�! ��? &<�� �	>� &" 4D 4�! ��? 4$�$�� �<�-= � 4q�\6 �� 8"��� ���>� �� 

9$��� .�"�$ �� F$� ��� &" ����= ��?������ 4$�$�� �<�-= �� &
D  &���� ��? ��QA� �" ����" � ���$�� 4D!I ���V� ���" 
4!D��6 �" 8"��� ��� & 	= ���$� �� �� �	 4�! #���V� � �$� �O #�M\� &" �	7 T	UM� ���� 4� )Bajaj et al., 

2022; Prieto, 2022.( �� ��?�	�� &M	= &Q;�$ ����� ��!,��Q� F$� ���$�� �� sc��� a� �� �� ���Q"� #�I aQ(!" 
)�A�� �� .�	B &���� ��? ����" �� �� ��?�	�� &M	= &Q;�$ C��� �� &?� 1980 4!D� .4;�$ �" F$� �)�6 &�	Dg� 

F!��	I ����" �� �� ��?�	�� X
QP� &" `!,� &���� ���$t	,	kt���!? ��Q7� ����DQ � ��Q7� ������ 9��� ���; 
�$���	= �,�� � ��Q� &" K��ic� K��\Q� 4� )Varady et al., 2016; Wheeler et al., 2016.(   

9$�:;� ������ �� ��	� ���$� 4!��� ����  ��� a? #��� �" a� u�� #�B 9-� �	A�" &<�� ��� ��!� &" 9$�:;� �?���" 
��$:!; � ���WQI� T�W� �� F$� ��	6 �� 9!" �� &QBV� u���J �� .��� �	�\� �?���" ��$:!; `��B 4A(� 8;��� `L�6 �� 

�!,	= &" `� �� T�W� ��B ���" #� �4� ��� �?���" ���WQI� �	�\� ���Q(� ��= &QB�� � &" ���M� #�!� &" F$�=_�" 
S��� ���WQI� T�W� �� 4� )Wheeler et al., 2021.( &" �	c ��
� �� ���$�� X
QP� ���" &
"�-� �" �U7 �	AD� �� � 

]!WP=��" �	 � ���� &� `��B 1 - 4$�$�� T�c �<�-=1 � 2 - 9$�:;� &<��2 4� )Renwick and Archibald, 1988.( 
4$�$�� T�c �<�-= `��B K����I� �B�	�� &") #�	�� �)�v� &k���  K��ic� �� ��	� ���	�H 9?�� T�W� �� �� 

�(w��:�/)���� ��?��$��; �=��d� � �$ &����" �:$� &") #�	�� �)�v� K��!!x= ��	��I ���D? �" Y�c �? �$ 4$���>� ��? y��QB� �� 
�� (&<	6 � 5	�� ��? ���WQI� 4� &") #�	�� �)�v� 4D!I ���V� ���" ��!�	
  �� ���\Q� 9!" �� ��6 ���\Q� �� 

&����$ �$�? &� �$���� T�W� ��; �� �� 9$�:;� �� �?� � �$ �$�?������ &� #���� �Q���� 4L�; ��? ���>� ���" ���\Q� 
�� �� �� a?��; �� (��� )Matchaya et al., 2019; Wheeler et al., 2021.( 4$�$�� T�c &<�� :!� `��B 9$�:;� 

&<�� &") #�	�� �)�v� 47� 9!" �= (� �$ ���\Q� �� 8"��� F$:�$�  &") #�	�� �)�v� F$�!B #��� �� (�	B 4� � �� �g�� 
9-� �D�� �� 8;� T��B ��? &<�� � �<�-= &k��� �� ��?� ���D? ^	= 9?�eJ #��� � a!DW= #�����!� z$��= ��B 4� 

)Wheeler et al., 2021.( �� 4,�6 ��$� �)� �? �� {�J �<�-= � &<�� �$�" ��p�� ���	B ��� @
p� F$� �	c ��	A� � ���" 
u�?�D? #��� �<�-= � &<�� �� ��!� &" @=��� Q!D��6� �:g� 4� )Sadoff et al., 2015.( �� ���!(" �� sc��� �#��  

&M	= 8"��� �� �� s$�c 4�! ��? T�c &<�� &" �v���6 ���-� 4!;�q �	7 ���!� &�$:? ��? �$��� F!�j= #� ��� &" ��� 
�� )�6 9$�:;� 4� � �" 9�|� ��$VJ�� &<�� #� ���:;� �� �	B. �� F$� �^$��B &����" #�:$� 8"��� �� �� ���!(" �� E�-� 

#��  &" F$� y�� y�Q�� ��!� ��� &� ��$� C�;�L &!�= �" 4�! ��? T�c &<�� 8"��� ��� ���I &" #����}J T��B F!" 
&<�� � �<�-= ��	A� � �$�" �" &����" �:$� &H��~�$ 8"��� �� &!�= ��� &� �� #� &�$:� ��? �\
QP� �� 4$�$�� 8"��� �� ��$� 

��B �B�" )Wheeler et al., 2021; Wheeler et al., 2016(.   
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&" �	c ��
� ]!WP= �� `��B &�	Dg� �� �� ��?������ F�D� ���" 8$�	= 8"��� �� � �" �� FQ;���d� 5	-6 
4!�,�� �� F!" T�W� #������ |X
QP� �	-,�" �� Y	U X
QP� ����� )�
>�� &<	6�$� ��� &<	6 ��� �
� � 

F!" (�

D,� 4� )EC, 2011; EC 2012( &� �� �	H��H #� a!DW= ��? E	"�� &" ��?�	g� 4B���" � T�W� �� 
�&�	�H) ^	= &H �(� � �" &H &$�J � (��� O�P=� ��	B )Turner et al., 2004 Le Quesne et al., 2007;.( 

��?���$�� �
L� ]!WP= �� �� 8"��� `��B 1- )�Q�� `��� ^	= ��?���� ��	D� �$ �4,�� 2- �A!��= �� ��d� 
]!WP= ����" � 9P" ��	D� � 3- ��d� ]!WP= @,�p ����" �� �B�" )Meinzen‐Dick and Ringler, 2008.( 
]!WP= ��QA� �" ����" F�D� 4� ���" ��?�	�� �� )�6 &M	= @����� ��B�" ��$� C��	D� �� F$� sc��� 5	-6 �� 

�]P���� ������J � �I�; �4$	,�� F!��	I �=�!
D� �]P���� 47��$� ��? F!�j= � 8$�	= �� �;���� � ��Q� &" 
4!D��6 #	��I �"��"�� 4� )Marston & Cai, 2016.( �� F$� ��� �� �$�?�	�� &� 4$	,�� 4$�$�� �� �" 4,��� � 
`$	>= �� &" ���I� X!M< � @!� �$VJ ��	" � K�d6i� 9$�:;� �$���� � ���" ��� �� #� Y�U� �4(!� F�D� 4� 

��?���$�� ]!WP= ������"�!p ��� � a� �&�$:? @��� �= ��B�" )Wheeler et al., 2021.( �,�6�� &� �� ���!(" �� 
��?�	�� �#��  �	AD� #�:;���� ��� ������ ��? 4($� �U!>� � &�$:� ��? ���>� �� 4$�$�� T�c �&<�� �!�j= 

9!" �= �" 4�! ��? ]!WP=��" �� T�c ��<�-= &") �e$� 4D!I ����V� &�$:? �? � ��?����" (�� �� & 	Q� 	=��	� ���I 
���� 4� )Wheeler et al., 2021; Bajaj et al., 2022; Griffin, 2016.( #����;�c ��?����" �� )_�Q� �� ���� 
&� F$� �?������ �� &g!Q� �	AD� �� �$ 8$�	= �"��"�� �� �$�J ���� � F$��"��" T�? #� �? 9?�� T��B F!" ��<�-= �� 
&" �B� � &<�� ���>� �� �� sc��� a� �� 4� )Matchaya et al., 2019.( a? �F!�H �$�� F$��?�� ���" 

]!WP= �� ��!(" ������ � �Z[� ��	" � �� ���	= �� S��� ��? ���DQ � � 4($� �U!>� :!� 4d;�6 ��� )Chong & 

Sunding, 2006; Crase & O'Keefe, 2009.( �� �`"�-� #��-Q�� �����!J �� ���� &� ��?����" �� �� &" �$_�� )�" 
�� ��� �= #���D=��Z � #���D=��I �� #� �	 ���" � ���I� @!� ��$VJ 8��	  �$ ^!>� 4($� ���"�I ��	B )Barlow & 

Clarke, 2002; Goldman, 2007; Segerfeldt, 2005.( �" �	 � #� &� �?����" &" �	c ��D� F$�Q�" ������ ���" 
&,��A� � ]!WP= ��?_�� ��!D� ���Q(? ��� ��e$� ��? �� � ���!�!J ��? #� r��" �� �	B &� ��PQ�� ����" ���" 

]!WP= 8"��� �� � �6��c �����" &� ���	Q" F$� T�? �� ������" ���� ��	  �MUI � ��� �� &QB��� �B�" � ��?����" 
�� G�:" h�!-� C_	DM� �	7 &" �	7 ��g$� ��	�� )Goldman, 2007.( T�L �d� �� F$� �����$� 4� �"�$ &" 4!��� �� 
a? #��H R$ 9,�H G�:" ����  4� � &" F!D? `!,� ��?����" �� a? #��H &" #�	�� R$ {�J �,�DQ6� �I�" ����� 

.4�  
#��$� �" ^	Q� K_�:� �	  260 �
!� �Q� �� )� �� ��?�	�� R�7 #��  &" ��DB �� ��� � 8"��� �� ����>� 

.���� K_�:� �	  &" �	c ��D� E	"�� &" )�DB ��p � ��p �	�� �� �B�" � 4D(I ad�� 5�B � �	�  �I�B �	�� 
�B��" a� �= �� 100 �
!� �Q� �� )� ���� )Abolhassani et al., 2019.( a? �F!�H h���" ���� &k��� ��B �� F!Dg�J 

����\�� F!" �

D,� ��WQI� ������� ��!� #��$� �J �� )� 2050� &" ��$ �� ��?�	�� &��= �� �!�� `$�A= �?�	7 �B 
)Abolhassani et al., 2019.( 4B���" 9!" �� �6 �� 8"��� �� ��!���$� � 4;� fU �$�Q($� ��	��  ���" �����" 

���$�J �� 8"��� �� �� &" ��c�P� &Q7���� .4� &" &�	� �� &� F!���!� ��
"K�� 4;� fU �$�Q($� �	�� 51 �Q�� �Q� �� 
)� ��	" &� F$� ���-� �� )� �"� 87-1386 &" 114 �Q�� �Q� ��!� 4� )Jefreh and Alizadeh, 2009.( �� 
&?� ��? ��!7� �B� �4!MD  S�Q(� �<��� �������� 8$��L � �	A�" fU 4B���" � ��;� ��	D� �� ���� 4$���>� 

8"��� �� �#��  &<�� ���>� � �� )�6 �9?�� ��� )��M= 8"��� � T��W� �� �� �� ���!(" �� 4B� ��? �	�� 
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&" )�A�� &QB�� 4� )Ahmadi et al., 2018.( 8$�	= 47�	��$�!p ����� � ����� ��� ��� #��	= F!" &<�� � ��<�-= 
��� Ti=� 9!" �� �6 �� &" �e$� �� 9P" �������� #�	"��$� �$��-� �� &" ��(6 ����!� �� 9P" ��? ���B � 

4D!I ���V� @����� �� &
D  �=i��� ��Q(? &� 4$�$�� 8"��� �� �	�� �� �" `��� & �	� &Q7� ��� )Yousefi et 

al., 2014.( F$� Ki��� &���� �$�? �� &
*(� ��!(" s!D� �� 4(�B 4�! ���V� ��? ��� K_	>= ������ � ����" 
���" &M	= � 4$�$�� 8"��� �� �	�� 4� )Madani, 2014�( �� F$� �� ���" 9?�� Ki��� ��	 	� &" ����= ���\Q� 

�� ���$�� ����" �� �� fU �
� 9!" �� 9!J & 	=��	� ���I &Q;�� .4� �� )� ��? ��!7� �� F!��	I &����" ��? &M	= 
���WQI� ��	�� & 	= &" S��� ���WQI� �� � s$	�= ���;� &" `!��= ����" �� ��	� �!�j= ���I &Q;�� 4� )Jefreh & 

Alizadeh, 2009.( K�M,�U� ��g�� ��B :!� #��� �� ��?� &� &H��� `!��= ����" ��� &" �e$� �� fU �
>� �$ 
&-U�� �� ��i� �" ��g$� )��M= F!" &<�� � ��<�-= �� ���!"� @A 9$�:;� ����" &����" ��? #������� ��B � �� 

4;���? �� ��? �;�<� 4M��D� �� ���� ��� 9!J E�B �$�? :!� �$�" ���" ��g$� F$� ��?������ �Q$�$�� a?��; .�B�" 
a? �F!�H ���	D? ������ �? � �=�d6i� �� E�A=�� �" �$���� ����" �	 � &QB�� .4� �� 8"��� ��e$� ��? ���WQI� 

&"�W>�� ��; ��� &" �	c ��D� �B�� �� ��e$� �$�? �� �� a? #	H ����< �#�	" a!g6 �#�	" ��"�!D� �" ��� �#�	" 
&7�H ��� ��	D� �#�	" &�$:? �_�" �!,	= � �&,��A� F�D?�!p �#�	" 4(�B ����" �� �&<�� K��Z� �� T�W� � �!,	= � 

`"�I�!p K��g= #�	" �� `L�	; ��_	c ��O ��B 4� )Barlow & Clarke, 2002; Nazari, 2016.( &H��� 
K�M,�U� ���MQ� �" &A�  ��? X
QP� ����" �� �� #��$� :��D= &QB�� ���� ��� ���" �M��  �" 4!M<� �	 	� ����" �� � 
������ &"�g= ��? &QBV� �� �	�� �� h�Q� .4(!� �F$��"��" &,�-� �<�6 FD< f$��= a!?�\� ���!�" ����" ��� 

��?������ ]!WP= 8"��� �� �� ^$��B a� �"� � �	H��H ��? ��	��I ^A=�� �" �#� K�!"�g= &QBV� ����" �� �� #��$� 
� #��  �� ��	� ������ ���I ���� � �$�:� � 9,�H ��? #� �� &" �$	W= �� .��� �� F$� &M,�U� �" 9-� ����" �� �� 

4$�$�� :��DQ� �� � ��e$� �? � ��?���� #� �? �� �� &-U�� �!�j= ��B � a? F!�H �" ��?��Q7� Q!D��6� ����" �� � 
9,�H ��? #� :��D= �� .�	B   
  

2. ���� �� �� ����� ������� ���� ������ $�% &	�  

2. 1. '�()� ���� �� 

�	AD� �� �� &A�  ����WQI� &" #�	�� &�$:? �!(\= �� ��	B �,�6�� &� �	AD� �� 9!" �= &" ���M� &�$:? �=_�" ���" 
4� �"�$ &" �� .4� K�B �	AD� :!� ��Q(" &" 4A(� ��<�-= `� &" &<�� `� ���� )Zetland, 2021.( `��	� 

���MQ� �� &
D  �?���� F!��	I) �D� � ��?������ ����� � ��?��g�? (�D��!p &� 8"��� � T��W� �� �� 4$�$�� 
�� ����� #�:!� T�W� �� 4A(� &" 8"��� �
M; � �	-,�" � ... �" �	AD� �� �!Zj= �� ����V� )Zetland, 2021.( &" #�	�� 

�)�v� ��������� �� �� �d� �$�!�" &�  ���" ���\Q� �� R$ ��\  �� ��!���$� &� &" 4�� &!
P= �� ��	B 4"�I� 
�� .���� �� ��!p 4$���>� ��? t�~DJ �$ �$� F!��	I ���������" &!
P= a� �= 8"��� �� ��!���$� ���" ��D= #������� 

����	 ��?�	7 ��	" ��� �� F!�H �U$��B �!? ���� �:!��� �� ���" t�~DJ a� �= .������ �� F$� ��� #��" ����$�� ���" 
#�$�J #��� &" F$� �`�M� ��<�-= `� �� &<�� `� ��!J �&Q;�� �	AD� �� ���" ���� � K_	W>� R�7 �� ��	B 

)Palanisami, 2009; Zetland, 2021.( �� F$� ��� ������" &" &"�v� ���:"� ���WQI� &" �e$� �� 9P" ������� � 
��� �
6 9P"�!�� ���" 9$�:;� �$���� ���WQI� �� Y�U� ��B 4� &� #������� �" 4L�; ��? ��B��g$� �� #� �� 

s$�c �	A�" �	!B ��? 4$�$�� F!�j= ��� ���" ��� � � S��; �� ���I� �� ��$�D� )Keramatzadeh et al., 2016.( 
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��� ��_ &" ��O 4� &� `!��= ��?����" �� ��Z[� &" 4!?�� �?����" � ��?��Q7� Q!D��6� &-U�� ��Q(" ���� 
)Bjornlund and McKay, 2002(.  

��?����" �� �� �� #�	= &" #�	�� �$�7 � S��; &��A
c��� �� &" �
�B `"�I ������ ��!� X$�M= ��� )Wheeler et 

al., 2016.( K_��A� �� ��? �>U � ��!���$� �� ���	= �$ �� #��� R$ &<	6 ��g�� ��B � �$ `��B K_��A� 
F!" &<	6 �� �B�" )Easter and Huang, 2014.( �$�7 � S��; �� �� F$� �?����" &" & K�	L `��B X,�- )�-Q�� 

4I	� ���" ���\Q� ���	; �- ��� � #�!� K�� &"�-6 &" T�W� ����� � � - s6 �� �Dk�� �� R$ ���-� 4"�Z ��	" � 
a? F!�H �	>� &,��A� �� ���	= �D��!p @=���) �	 	� F!" ���" (#�����" �$ �D� �?������) � 4$�$�� ��B ^	= 

(4,�� �B�" )Grafton et al., 2020; Le Quesne et al., 2007.( ����" �� &" ������� �� ]!WP= �� �" ���A� 
&,��A� &"�-6 ���" T�W� �� &Q\� �� �	B &� &" ]!WP= &�!�" �� �� .���g�� &" ��
��	c ����" �� ����$�� 4� &� 

�� s$�c #� #������� �	g� ���" �����" �� ��� h���" ���	I ��WP�� 5	-6 �	7 �� �" ��$��$ �$ �" #�!<�-Q� �$�  
&,��A� �� ���� )Zetland et al., 2021; Alarcón and Juana, 2016; Wheeler et al., 2021.( �" F$� �h�� 
��e$� �
L� &� @ 	� �;�M� ����" �� �� ��	B �$���	= #� �� ]!WP= ��g� �� F!" T��W� #	���	� 4� &" �	>� 

&� F$� ]!WP= & 	Q� #� �$�? �?�	7 �	" &� S��� ��? �	-,�" ��=_�" �� �� ��g$� �� ���� � �� &g!Q� 4!"	
U� 
�-U�� 9!" ��= �� 8"��� �� �� T��W� �	7 &" 4� �� ����� )Goldman, 2007.( F$� ����" �� ���	= ����� �? ����" 

����$� �" �\6 5	-6 4!�,�� � �� �J #� ����I�" �7�" ^"�	< ���" ���" #�����" ��� � &,��A� &��A
c��� �� �� `"�-� 
47���J ���WQI� (4D!I) �� �?�" )Alarcón and Juana, 2016.( h���" F$� �X$�M= ����" �� �� ��!�� �MI�� R$ 

����" F�D? 4(!� � ��!g�� �� �� ��?��Q7� �=i!��= X
QP� �� #� �	D� ��!J �� .��� ����" �� #���� ���� 
T�W� #������ &" 4$�$�� ����" �� a?��; �� �$�D� )Nikoei and Najafi, 2011.( �� F$� ��� ��g$� ��?����" �D� � 
���Q(� �� ���" #� &� ���	Q" F$�Q�" ������ ]!WP= �� &k��� �?� �!��� 9,�H �$�? ��  .4� 4!D?� ��!�� �MI�� 

����" ]I�	�) (����" � 4!?�� �� &" #�	�� �_�� ��	� &,��A� �� ����" ���6 �� F$� 4� &� ����" ��� &" ��	7 �	7 
�D� ���	= ^$��B �$���� �� F!�j= .��� �� F$� K�	L ���=� `��� � ��D= &" ����" ���" F!!M= S��� �� �,�7 �� )��B� 

4(!� � �=��c�P� �	 � ���� &� F�D� 4� �6��c �@����� ��Q7� ����" &" 4(�B ����" �g�� �	B )Bjornlund 

and McKay, 2002.(  
�" ��g$� ����" ��� �;��?� a? #	H 9$�:;� ���" ��� � ��-=�� S��� ���WQI� ��� ����I�" )��M= �� ��d� �4D!I 
&<�� � ��<�-= ��� @
  4����� 9P" ��? �Q,���!p ���" &$��� ���V� �� 9P" ��� 4$�$�� � ���" �����" �� 

K�(!j= �"� )�A�� �� �	B )Zetland, 2021; Varghese, 2013.( ����" �� �� �$�?�	�� &� �" �	AD� �� & �	� 
��Q(? � �$ 47� �t��J ��? F!�j= �"� &" 4
� &�$:? ��? F!�� � �$ &" 4
� `k�(� 4($� �U!>� #���� �$VJ 

�D� ��B�" & 	=��	� 9!" ��= ���I �� ��!� )Zetland, 2021(. a�H �$�?����� #	H K�d6i� 4$�$�� ��<�-= 4$�$�� 
T�W� �� � ]!WP= &�!�" �� ���	= �" `!��= ����" �� ������" ��	B &� &QA,� F$� ��� K��d� 4,�� �? �� :!� �� �A
c 

)Varghese, 2013.( �" F$� �)�6 �� ���
D� @��� ��?����" ��� F$��H 9,�H ��D� :!� �	 � ���� &� �� #�	= &" 
������ ��!� ��� X$�M= F!��	I �� �� ����� &� ���-� #�$�  �!xQ� �� ��B�" ��� � F!��	I ���" �����" ��� &$��� ���V� 
���" `-� � �K_�-Q�� S��; �� ^	= #������� ��!-; � �� 4$��� K��Z� �A��  � @$�P= ^!>� 4($� ���B� ��� 

)Bjornlund and McKay, 2002(. )�-Q�� �� �� ������� &" ��B F�D� 4� r��" 9?�� #�$�  �Q���" �	B � 
T�W� ����� r,�Z �� 4>= �!Zj= ���I �?�. ��i� �" �F$� 9$�:;� T��W� ��B � �QM�L �� �=�	L &� ������ ��!� ��? 
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��_ ���" ������>� K�M$�< �i<�; &!\W= ��B #� �? 9!J ��!" ��	�� F�D� 4� @A 9$�:;� ���	,� �? �	B 
)Jefreh and Alizadeh, 2009; Griffin, 2016.( &��g���� ����" �� �����) ���!(" ��$� �� (�?����" `��� ��	A� � 

4(�B #� R$ 4!MI�� &Q7��B ��B �� ��	*= ��? ���WQI� �4� ^	= 9?�eJ #��� �X
QP� �� &A�  ��? �\
QP� 
��	� &$:g= � `!
>= ���I &Q;�� .4� �� `$_� ��D� 4(�B ����" �� �� #�	= &" 4!?�� �� &" #�	�� R$ �_�� 

���	D� &�$:? ��? ��� � ����" �� � #�W-� K��ic� �� �	W7 8"��� ��� K��Z� �A��  �B�� �� ��� � ����" ��� 
4$���>� 8"��� ��� a� #�	" �,�DQ6� � �A(� �?���" ��� � ����" �� � )�DQ6� ��� 4$��� 4,��� ���B� ��� 

)Varghese, 2013.( &QBV� �� �F$� )�-Q�� �� �� �Q(" ����" �� C_	DM� �g�� &" �=i��� `v� K��I ����W>�� K��Z� 
]PB r,�Z � &�$:? ��? &
��M� _�" �� .�	B ��i� �" �F$� F�D� 4� @ 	� ���" �=i��� �� ��?��WQI� �
>� 

��B � �� &g!Q� �" ���!�!J ��� � #� �?�	7 �$�:;�!" )Zetland, 2021;Varghese, 2013.(  
&H��� K�M,�U� &QBV� �" 9-� �Z	� ����" �� &" #�	�� ��:"� �A��� ���" ]!WP=��" �� ���B� ����� )Wheeler 

and Garrick, 2020; Bajaj et al., 2022; Garrick et al., 2018�( ��� &" `$_� ����$� ��?����" �� &" �$���= 
�D� ���	= &" ��>, w	� 4!?�� �$_�� �� �� 8;� ��D= `k�(� ��� ��� �B�" )Jackson, 2018.( �
k�(� a? #	H 

��?���!J � ��7 �\�� T�W� ��� )�! #�	" �� � a? F!�H �=�!6 #�	" #� �� �\6 �	" ��d� � ����$�J &<	6 :$�"� � 
4$	,�� ��� #�	" �7�" ]!WP= �? �� &
D  4!��� �$�Vp � T��W� ����!��B� ����	� 4� &� �$�" �� ����" �� �" #� �? 
K��d� ���� ��$� �� �!p F$� K�	L ����" �� ]I�� `D� �� ��� � �=��U7 ���" &M	= ���$�J �sc��� &" �e$� �� 

��?�	�� �� )�6 &M	= � 4!Av= 4!M<� �	
U� &" �	 � �� ���� )Wheeler et al., 2012.( �� F$� ��� ���" ��!� 
���$�� ����" �� �:
Q(� ����I�" �7�" ^$��B �� &
D  F!��	I �=��d� �� �B�" &� #��" #� �? ��?����" �� �D� ����	= 

&" `!,� �	 � ��?���!J �\�� 4B���" � T�W� ��� ���� `D� ���� � �V, `!��= ��?���� �q�� ���" ����� � K��d� �" 
���
D� F$� w	� ��?����" ��$ �� �
L� F$�= K���:,� &" ��DB �� ��� )Matchaya et al., 2019; Ahmadi et al., 

2018.( �� &���� a�� F$�= K���:,� 4�  `!��= ����" �� �$	J � ���$�J �� ��H �	>� &Li7 �� .�	B  
  

2 .2 .��* �(��
 �+�� ���� ��  

#�:!� ��Q� &" �� � @=��� ]!WP= #� ���" ��g$� ����" �� &" ^$��B �
>�� &���� ��?	$��� ���$� �) #�:!� 47��B 
#� (�? � ���DM� �=��d� �	 	� ��Q(" ���� )Grafton et al., 2010.( &" #�	�� �)�v� )�Q�� #���� �$ #������>� ���PQ� 
�� ���" ���!"� z$�� �4� ��� @=��� ��Q� ���" 4�� �� ���	= h���" #��� ��!(" K��\Q� .�B�" �F$��"��" K��\= �� 

��?���$�� K��g= �� �� #��� ��? �X
QP� �:
Q(� �"�$��� �7�" 9!J 4�?��!� )Easter and Huang, 2014.( ���" 
��g$� ���"�$� @��� R$ ����" &� #���� 47��B 4$���>� ��? ������ � 9,�H ��? ��� � ��?����" �� �� a?��; ���� � 

���
D� #� �? �� �d� 4$�$�� &H��~�$ 8"��� �� ���" �� ���� ���$�� �	H��H ��?����" �� &H��~�$3 )IWMF( .4�  F$�
�$���� �� R$ h�!-� &������H `��B ���"�$� ������ �$���� ����WQI� ��"��" ���(=) (5	-6 � ����$�J �U!>� `!��= 
��B &� ���" ���" 1 - �$���� ��?����" X
QP� ��� 2 - ������ ���
D� #� �� )	c #��� � 3 - �$���B ��� �$�? ���" 

�	A�" ��?����" &" �	d�� 4� �"�$ &" T��?� �d���	� a!d�= ��	B )Grafton et al., 2010; Grafton et al., 2016; 

Wheeler et al., 2021.( &��g���� ������ ��?����" �� � ���" `��	� ���?��	A�" � ��������" #� �:
Q(� 47��B 
47��$� ��? ��g$� ��?����" �� �4� �� &���� �M �� �	B &� �? R$ �� `��	� &������H ��g$� ����" �� &" R!�\= f$��= 

�	B � FD< �;�M� �,�D � &�	D� ��? s;	� ����" �� �� �#��  ���" �-!AU= �?��!M� :!� &k��� .�	B  
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2 .2 .1 .������ ��,
  

���$�� �	H��H ��?����" �� &H��~�$ �� 4�? ��!M� ���" �"�$��� ���"�$� ����� ��?����" �� ���\Q� �� ��� &� `��B 
���	� �$� �4� 1- &" 4!D� FQ7��B 8;��� ��	D� 47��B) �I	-6 � �
D� 8;��� &�����H �� 8"��� �� � ���I� ��? 

��!���	� ���" 8;� �(�?���= 2- 4!;�q ����� ��!Q7�) ������ 8"��� � K��ic� �;�� ���" 4$�$�� �Z[� 8"��� �(�� 3 - 
��?��	!J �-;� &M	= &Q;�$ ^"���) ����� �	I � FB�� �� fU ��!M� �� �(4�	�6 4- ��?��	!J ��	D� &M	= &Q;�$ 

^"���) ����� �	I � FB�� F!" Y	U X
QP� �(4�	�6 5- 4!;�\B /�I	-6 ����� &") �e$� �� &U"�� �" 5	-6 �� � 
@=��� ����� ^A=�� �" �(#� 6- ��?������ `6 N��M= ���) �$�?��� @��� � �	I ���" `6 N��M= F!" 

T�W� #������ �(�� 7- 4$�$�� �-!AU= �?���� 4!;�q) ������ (����� � 8- #�	��/4AZ ��?��$��;) �;�� ���" 
)	W6 #��!Dc� �� 4AZ s!I� � &" /��B��� #�	�� 5	-6 (�� )Grafton et al., 2010; Grafton et al., 2016; 

Wheeler et al., 2021.(  
  

2 .2 .2 .-���� ��./0�  

��$ �� ��e$� ��? ��!
� ��?����" ��� �$���	= #� �? �� )�-Q�� �� �� T��W� F!$�J �= &" T��W� �" S��� �=_�" 4� 
)Albiac et al., 2020.( )�6 ��� ��Q7� ����" 4"�I� `��� ��B�A� ��$�" 4� &� 4D!I F!!M= ��B �� #� ������ 

�?�	P� �	". F!�H �QD!I &� ��$��; ]!WP= � �!,	= �� &" `�B ���������� s->� �� ��� &�_��� �?�	P� ��	" ��$� 
&;�L�" F$�= `�B _�� �!,	= ���� � &" S����J F$�= T�W� :!� ��!�� 4�. &" F!D? 4�  �	�6 �Z[� 4,�� ���" 
K��d� �" ���
D� F$� ����" � 4$��? #� &" 4D ^$��B &�!�" �$����) ����WQI� 4"�I� � &�_��� (#�	" ��	� &!L	= 

#������WQI� 4� )Wheeler et al., 2021; Grafton et al., 2010(. ���" �D� #��� �$���� ��?����" �� & ��!M� 
`��B 1- ������ ����" ag6) �� &
��M� ��B �� &"�-6 �Dk�� � 4I	� &" #�	�� ��L�� �� `� �(&"�-6 2- �����" �	 &�_� 

�� ��g$� ����" �� � 3- ������ �$�7O &�) #���� K��g= �� �� K�� #��� ��_	c ��= �� a?��; �� (��� �	 � ���� 
)Albiac et al., 2020; Prieto, 2022; Grafton et al., 2010.( ��i� �" �F$� ��?��!M� �\!� �$���� ���WQI� 

����" �� �!� `��B ���� �$� �4� 1- 4!?�� 5	-6 �� #�:!�) R!�\= #� �(�? 2- 4!\!� ��	��I ���:!�) &� 5	-6 �� 
#	��I � �� `D� &" 4!D� &Q7��B ��B �(4� 3- 4M� ����" 4!;�q) K��g= �� F!" &<	6 ��? �:$�"� �� &
D  )�-Q�� 

F!" �(��P" 4- K�AZ `�B ��!� 4D!I #����) 9!J ��!" 4D!I �? �" & 	= &" �!!x= �� h�Q� #�	" (�� � 5- �� 
h�Q� #�	" K��ic� 4D!I ����" ��Q�) � `"�I #�	"��DQ�� K��ic� (4D!I )Grafton et al., 2016; Wheeler 

et al., 2021.(  
  

2 .2 .3 .��2� 3�	4  

5	-6 ���" #�����" �� �� �� #�	= F$� &�	� X$�M= ��� &� &H ��(� &H #�:!� �� � &H ����� 4;�$�� �� ���� F$� 
w	<	� R$ 9P" ��!
� ���" ���
D� s;	� ��?����" �� �4� ��$� y�� 4���� �� F$� �	�\� � 8$�	= &�_����� �� 

]!WP= &!,�� �� �� ���	= 4!����� ����" �� �� X!M�= ��� )Alexandra and Rickards, 2021.( a? �F!�H 
��"��"�� �? F�D� 4� ����" �
� �� &" �U7 &Q7���� � @ 	� 9$�:;� »4B���" ��	��I�!p« �� �$ �-� K���-� �� .�	B 
���$�� �	H��H ��?����" �� �&H��~�$ z�J ��!M� ���" �"�$��� ���(= 5	-6 (��"��") &k��� �� ���� 1- ���\Q� ����	 

�� 4B���" ��� 2- F!�j= ��?��!� ��� �#�(�� 3- 4$���>� �� K��I �����" 4- 47��B K��Z� ]PB r,�Z � 5- 
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��?������ ]!WP= &!,�� &�) `��B K�d6i� E	"�� &" 5	-6 ���" #�����" (4� )Grafton et al., 2016; 

Wheeler et al., 2021; Palanisami, 2009(.  
  

2 .2 .4 .�����* -6�7�  

��?����" �� ����$�� �� ���" ]!WP= �� F!" ���" #�����" � T��W� ��QA� �" ����" a?��; �� .��� �" F$� �)�6 �= ����� 
&� & 	= s!I� &" ���\Q� ��? �����"�!p &") K��A� ��$� FQ;���d��� 8;��� ��	D� �� (�� �	 � &QB��� ��B�" �?����" 

F�D� 4� T��?� ���DQ � � ^!>� �Q($� �� ������" ����� )Grafton et al., 2020.( K_��A� �� F�D� 4� �� 
�d� ��$t	,���!? &" `!,� �Z� �" 4!\!� �� :!� a�� .��B�" )�-Q�� 9!" �� �6 �� �� a? F!�H �� ���	= Ki��� E	"�� &" 

��	B � ���?� �� �� ��g$� ��� )Wheeler et al., 2012; Zhuang, 2016.( �7�" �� #�!��6 ^!>� 4($� �����!J 
���� ��� &� )�-Q�� �� �� s$�c �����" 4q�\6 �� ^!>� 4($� �� �$��= �� ���� ��H &� aQ(! ����" �" ��� � #��� &" )�-Q�� 
9!" �� �6 �� �� R$ #��� &" #��� ���$� F�D� 4� 4$���>� ��? 4($� �U!>� �� X!M�= ��� &� ��?���!J 

���DQ � :!� �� �J �?�	7 4B�� )Zhuang, 2016.( ���!(" :!� a!" ����� &� �� R$ aQ(! ����" �� ��������� 8;��� 
&$��� #��V� �L	W7 �� T�W� �� &" ��< 8��	  �$�Q�� � aQ(!	�� �? �?�	7 �	" )Bjornlund and McKay, 

2002.( �� F$� ��� 9!J E�B ��? ���MQ� ���" ����$�J 4($� �U!>� �� 4$�$�� �� �	 � ����� �� &
D  K��ic� �;�� 
�� ��?��!� 4($� ��U!>� `$	>= �� ���" 8;� F$� �?��!� � ��$��; �-!AU= ���" 4$�$�� F$� K���:,� �" �!!x= a!
I� 

�� �B�" )Palanisami, 2009; Garrick et al., 2018.( F$� 9!J E�B �? �� ��?��!M� ���$�� �	H��H ��?����" �� 
&H��~�$ �� �d� &Q;�� ��B � `��B 1- ���� ��? �D
� �;�� ���" F!!M= ��?��!� ��$t	,���!? 8"��� 4($� �U!>� 

��QA� �" ��� 2- K���-� �;�� ���" #�$�  ��? 4($� ��U!>� 3- 4$�$�� �-!AU= ��?��!� ��U!>� �� &
D  4!;�q 
K��d� �" �^!>� 4 - K�d6i� 4!\!� �� �� &����" �:$� � ����" �� � 5- &����" �:$� )�-Q�� �
!D�= � F!" &<	6 �� �� 

����" �� 4� )Grafton et al., 2020; Alexandra and Rickards, 2021.(  
  

3  .��8&� ���� -
,9 ��  

3 .1 .�(��:� �8;�� �/<�  

3 .1 .1 .�=��/;�  

����" �� �!,��Q� ��$ �� Y�U� F$�= ��?����" �� �!�� 4� &� 9P" �Dd�� �� #� �� &<	6 ��	�- u�!,��� �"	� 4 
��g$� ��B �4� a? F!�H @=��� ���g= ����" �� ��!,��Q� @
p� &" #�	�� �$	�,� ���" �$� ��?�	�� #��  �� �d� 
&Q;�� �� �	B � �� �d� ���M= �Ki��M� ���M= #����$�7 � #����B��; ����" � ag6 �� &,��A� ��B `"�I & 	= 4� )Ann 

Wheeler and Garrick, 2020.( &<	6 ��	�- u�!,��� �� &-U�� �� a� S��" � C�QA(� R�7 8I�� ��B 4� � �� 
&?� ��? &QBV� ���� ��? R�7 �,� ��$�B �� &"�g= ���� .4� �	 � R$ aQ(! @��� ���" ��!7O �� �� 

��?��� �
L� &-U�� �g�� &" )�Q�� � 4$�$�� #�	� �� F!�j= �� ��B �4� &" ��	c &� 4!;�q `� #��P� �"��" 
22611 #	!
!� @M���Q� � C�A$�-= �� �"��" F!���!� ����� &�_� &" &<	6 4� )Hart, 2016.( F$� &<	6 `��B 

4,�$� ��? ���,:�!k	� 	!� K�� �:,� ��!,��Q� ��"	�  �$�	Q�$�  � ��D
I 4PQ$�J �!,��Q� .4� &���� ����" �� �!,��Q� 
&" K�	L �Q,�� � 4>= s;�	= y�Q�� 4$�$�� �� .�	B R$ 8 �� `-Q(� )	*(� &����" �:$� �� fU &<	6 � 

4$�$�� T�W� �� �� ����>� ��? s;�	= ��B 4� )Hart, 2016.( 4,�$� ��? �!,��Q� ��� � )�-Q�� &"�-6 �� s$�c 
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�?����" �� &" #�	�� �P�J &" �	AD� #�:;���� �� ��p� ����� )Bjornlund and McKay, 2002.( F!DP= ��� ��B 
4� &� )�-Q�� �� �� ���Q�� &<	6 &��7��� ��	�- u�!,��� &� 9!" �� 2500 �Q�	
!� ���Q�� ���� �g�� &" 9$�:;� `"�I 
& 	= ����� #������� ��B .4� �� )� 89-1988 F$� 9$�:;� ����� �� s$�c )�-Q�� 85000 �Q!,��� �� �"��" �" 5,6 

#	!
!� �_� ��$��� .�	" �� )� ��? 1990-1991� F$� 9$�:;� 10 #	!
!� �_� ��$��� �	" &� `��B 120000 �Q!,��� 
�	" )Ann Wheeler and Garrick, 2020.(   

�� a�� F$�= K��!!x= ������ �I	-6 ����" �� ��!,��Q� R!�\= 4!�,�� �� � F!�� � &Q� ���" �? a� �� &" ��H 
9P" �:g� 4� )Bjornlund et al., 2011; Wheeler et al., 2016.( S�� ��� :!� &" F$� K�	L 4� &� �? 
&"�-6 &" & 9P" �
L� `��B s6 ��Q� &" ��5� #�:!� ]!WP= ��6 � �	g� ���\Q� �� ��7 a!(-= ��B 4� � 

�? 9P" #� K���-� �L�7 ����. s6 ��Q� &" �� �"��" ag6 �"� 4� &� ���" R$ &���� )�-Q�� �� �� &<	6 
:$�"� �� �d� &Q;�� ��B 4� &� ���\Q� �� #� ���= ���" #�D? &���� �"� �(!� ��	" � #���� �Q���� :!� ���" F$� 

9P" �� �d� &Q;�� ��B 4�. #�:!� ]!WP= �� :!� �D� �� `� �� �� h�Q� &���� �"� 4� &� �" & 	= &" 
^$��B &<	6 :$�"� �� ���Q"� �? �`W; &" K�	L ��L�� �� `� a� �? �"��� F!!M= �� �	B. �	g� ���\Q� �� �� :!� 
���" �? �9P" &" K�	L &�����  X$�M= ��B � &" �"��� ��� � �� �?� &� �� �� ���" #�D? w	� T�W� ]P�� ��B �� 
�	g� ���\Q� ��� )Wheeler et al., 2014(. 4!�,�� 9P" ��� �$ #�:!� ]!WP= ��� �� 4!�,�� F!�� ��  ��	" � 
#���� �Q���� �� ����" �� ����. ���� ���" T�W� #� �� 9P" ������� ��_ 4� s6 ��Q� &" �� � �	g� ���\Q� 

�� �� �� &���� �"� �d���	� :!� F!�j= �	B. �� F$� w	� &Q� ���" &"�-6 �" ��g�� �Ki��M� &�$:? ��? ���" �����" ���" 
�$� #��"��� #� &���� �"� �!!x= ����� � ���= �=_��A� ��g�� �� �	B &� �� #�:!� �� �� h�Q� `� &-U�� �!Zj= 
�\�� &QB��� �B�" )Grafton, 2014(. �� �;�c ������ ��? �	 	� ���" K��Z� �A��  �B�� �� )�-Q�� �� &" `!,� ���" 
w	� � �	>� �T�W� �� ���� ���L ��?�	g� ���\Q� �� ��� �= ���6 ���$� T�c�" ��B 4�. �� ��$� K�6iL� ��� 
����" �!,��Q� �� #�	= &" &M	= 9P" 4$�$�� � K��d� �" Ki��M� ���B� ��� )Wheeler et al., 2014.( �� 

��?������ z$�� �� ����" �� �!,��Q� �� #�	= &" ��?���$�� �	
"�= K��i��8 � ��$�:� &;�c��9 ���B� .��� �� S�� )�� 
�	
"�=) (K��i�� #����$�7 � #����B��; &"�-6 &" K�	L ��!���Q�,� ��?�����!J �	7 �� 4AZ �� ���� � �� �=�	L 
&
��M� ��g�� �� �	B &� F$� �?�����!J �� �d� ag6 � 4D!I �" ��$��$ sAU�� ��	B &� F$� �&
*(� ���" ��� ���WQI� 

����" �� 9?�� �� ��?� ��� �� ���$�� ��$�:� �&;�c�� #��"��� ��?�����!J &Q("�� ���" 4D!I � ag6 �WP�� �� �� 
&k��� �� ���� )Grafton et al., 2019.( #���:���� �����" 4D!I �$��� �� �� ��	c F!!M= �� ���� &� 9!" F$�= ag6 
�� F�D� &,��A� .�	B �� F$� ����$�� ������B��; &� �QD!I �=_�" �� 4D!I �$��� ����" �����!J ���� ��� � ������$�7 �" 

4D!I ������!J a� �= �� 4D!I �$��� ��� �� ����" ���� &QB�V� �� ��	B )Grafton et al., 2020.( 4D!I �� ����" 
�!,��Q� C�A$�-= 4"�Z 4� � TiQ7� ���$� F!" sc��� X
QP� �	 � ������. &QA,� �7�" 4$���>� ��? Ki��M� 

F!" &-U�� �� �g�� &" K��\= ����� �� 4D!I F$� Ki��M� ��B 4� )Wheeler et al., 2014.(  
 

3 .1 .2 .�����  

����D? ��!,��Q� K_�$� �"�p ��$��� :!� �� #�����!J ����" �� �	(>� �� ��	B. F$� sc��� R�7 � &D!� �R�7 
F!�j= ����� �
L� ��	� �$�Vp #� �	�� ��Q(? )Schwabe et al., 2020.( &-"� `!��= ����" �� �� 4,�$� ��? 

h�:�=10� �!��\!,��11� ���:$��12 � ����
�13 ��$� �� .�	B �� �h�:�= K��g= �� ��? ��!���$� �� &($�-� �" ���:$�� � 



�5-$ -� 8#� 9:�
��� �� ;
�7	 5���-% 
-� �$�-�+ <��7$ �� 3=)�� -� 
->�? 
�;
-  917 

�!��\!,�� ��!(" &Q( �" �= .4� &" #�	�� �)�v� C�A$�-= 69 �L�� �� `� S��� Ki��M� ��" �� �� h�:�= F!" )� ��? 
2010 � 2014 �� ��\ �� ��!���$� �������14 ��	" �4� F$� ���\ R$ ����" )�M; ���" S��; � ��� � �� ��? 

��!���$� 4� )Bruun et al., 2017.( F!" )� ��? 2009 �= 2016� ag6 K��g= �� �� h�:�= &�_� �= R$�:� &" 
240 #	!
!� AM���Q�@M�D 9$�:;� �4;�$ &� ���6 2,4 �"��" ���-� &
��M� �� )� 2009 .4� ��i� �" �F$� h�:�= �� 
)� ��? 2009 �= 2011� �" S��; &�_�  R$�:� &" 120 #	!
!� �_� 9!" F$�= S��� K��g= �� �� &QB�� 4� 

)Schwabe et al., 2020.( ����" �� �!��\!,�� �� s6 )�-Q�� ��=	� K�� a�) �= �� R$ ()� �$ ��
"K�� 9!") �� R$ 
()� �� ��\ �� ��!���$� ������� `!��= ��B .4� 9P" ad�� 5	-6 �� �!��\!,�� �� ��!Q7� 9P" ������� .4� 

&" ����= :!� 4!,�M; ��� � 9$�:;� � �" a� ����" �� �d� ag6 � S��� Ki��M� ^
(= &Q;�$ 4� )Ralph and 

Dettinge, 2012.( ���:$�� :!� ����" K��g= �� �,�M; .���� �� )� 2009 �= 2018� &�_� R$�:� &" 151000 �Q!,��� 
�� &,��A� ��B &� C�A$�-= ���H �L�� �� `� T�W� �� #� �� �� )� `!��= �� .�?� �� �d� w�	�� Ki��M� :!� 92 

�L�� �� Ki��M� �� &" K�	L ��� � � ���= ag6 �D� 4�?) (�L�� &" K�	L S��; �Dk�� ��	" .4� #�$�B ��O 
4� �� )� 2018 C�A$�-= 20 �L�� �� `� �� F!�j= ��B E	"�� &" K��g= �� ��	" 4� )Ralph and Dettinge, 

2012; Schwabe et al., 2020.( �� F$� �F!" ����" &-U�� �,�DB ����
� �� �d� ���M= �K_��A� )�M; F$�= ����" 4�. 
F$� &-U�� ���6 2600 8"���Q�	
!� 46�(� ���� � ����" �
L� �Q���� #�!� 9P" ��? �������� 4M�L � 9P" 

���B 4� )Schwabe et al., 2020.(  
&"�-6 �? �� 4,�$� ��? �I�B ��$��� �	�? h���" #	��I a$�6 8"��� �"�15 F!!M= �� .��	B &" F$� �@!=�= ���\Q� �� 

8"��� ��� s6 R,�� F!�� ��? ���g� �� �d� &Q;�� �� �	B � �� &g!Q� ��!�\= F!" 4!�,�� �� � F!�� `k�I �D� �	B 
)Grafton et al., 2019.( ��� �� ��p ��$��� �J �� �D� #�B ����" ��� �=�6iL� ��g�� �B � #	��I 4$	,�� R
D=16 

`�B .4;�� h���" F$� �#	��I &" F!Q(P� ��"��� &� ����� ���\Q� �!\� �� 8A�� �"� �� &QB�� ��B�" &"�-6 s
M= 
�� .��!� �� F$� #	��I ��i� �" ag6 ��� `>� � w	� �T�W� �	>� ��Q� &" 8A�� � K�:!�g= �	 	� :!� ]P�� 
�� �	B � �= ����� &� 8A�� �� �d���	� �� h�Q� �B�" &"�-6 � �"�J �?�	7 ���� )Varghese, 2013.( ��?������ 

)���Q� ��?����" ��$��� `��B 1- R��" ��� 2- �	
"�= �K��i�� 3- &
��M� ���!Q7� � 4- 5���L ����� �� ��Q(? 
)Schwabe et al., 2020.( R��" ��� �:��� ���" �$�7 � S��; �� 4� &� &�$:? ��? �B�� �� �	�� ^A=�� �" #� �� 

4D!I �$��� �� ���� ��B � 47���J #� �" ���� ���$�7 4� F$�) :���� &" �� �	!B 4I	� � ak�� 4!,�M; �� .(���� 
���" �)�v� R��" �� �!��\!,�� ��$ �� &�	D� ��? 4I	� R��" ��� �" T�? ]!WP=��" �� �� ^$��B �,�(��7 4�. 
����" �� �����
� �,�DB :!� �� ������ �	
"�= K��i�� ���" �� ��!� � �� s;	� F$�= &�	D� ��? F$� ������ �	(>� 
�� �	B. ���$�� ��	 �:!���� &
��M� ���!Q7� 4� &� �� F$� w	� �Ki��M� �"��� ���" �$�7 ag6 �WP�� �� �� �" 

4D!I �� 9!J F!!M= ��B �� ����$� ���-� �WP�� &M$�� �� ��!Q7� ���B��; ���I �� �?� � �� ^$��B ��!� �=� �� ���	= 
���" �$�7 �MUI �� ���I� ��� � �$ ��� � �?� ������I ��-�� �	B &� �� F$� K�	L �
A� &M$�� �:� ���B��; �I�" 
�� ����.  F$��$���� &H��� R($� Ki��M� �� ��!(" 9?�� �� ��?� ��� a� �= z$�� ��	" � C_	DM� �� ���� ��? �
!7 

R�7 ���\Q���	� ���I �� ��!� )Howe, 2015.(  

�" �	 � K��!!x= ��"��� ����Q(� �	�? a? 9P" �������� G�:" F$�= 9P" ����" �� ��$��� �� `!��= �� �?�. �� 
F$� ��� Y�c ��? ���MQ� �� F$� &�!�� &" �� � �� ���� 4� �= ���
D� #� �� �	A�" ���P". �� �;�c �" S�Q(� T��W� 

���B 4A(� &" �&QBV� &����" �$�? :!� ����� ��WQ7� &����$ ���" �	A�" �����; &���� �� ���B �� �d� &Q;�� ��B 
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4�. ��$ ��$� �� ��� ��?��� ���\Q� � 4$�$�� a? #��� 8"��� �� �>U � ��!���$� �4� &" ��	c &� �� ���� ��? 
R�7 �� 8"��� ��!���$� ���\Q� �	B �= &" 8"��� �� �>U �QL�; ���" ��!6� ���"�� ���� �	B. F$� ��� #���� ��? 
�,	Q� ����" �� �:
� �� ��� �= 4$�$�� �? ��� F$� 8"��� ^	= R$ 9P" K�	L ��!� )Grafton et al., 2019.(  
  

3 .1 .3 .�
>;� 

����" �� �!��~� @
p� &" #�	�� �6�c ���" ��?����" ���$� �� �� &$��>=� �J��� &Q7��B �� �	B )Hernández-Mora 

and Del Moral, 2015.( ��?����" �� �� F$� �	�� �= )� 1999 &" K�	L �D��!p � �
>� 4!,�M; &QB�� .��� �" 
YiL� #	��I �� �� F$� �)� ����" �� �!��~� `�B �D� &" �	7 4;�� � �" ���A� �#� #������� &"�-6 �� ����	= &" 

�Q���� ������~" )Wheeler et al., 2021.( &<	6 &��7��� �$	!�,���	�17 �� �!��~� R$ )�v� ���"��� @,�  �4� 
��$� 9-� �D�� �� &M	= � S�Q(� ����" �� �	�� &QB�� �4� F$� &<	6 ����� ��_	c F$�= &��7��� �	�� ���) 

�$	!�,���	� &" )	c 666 (�Q�	
!� 4� &� `��B 12 #�Q� `-Q(� � ���H &M��  ���!"� `-Q(� 4,��) &-U�� (�� 4� 
)Hernández-Mora and Del Moral, 2015.( �� #	��I �!��~� 8"��� �� s
MQ� &" �	D� &M��  ��	" � &�	��? 

���\Q� ���; �$�" �d��$� R$ #���� �Q,�� � �$ �" V7� ��?�	g� ��	��I ��_ K�	L .��!� &"�-6 �� �!��~� &" 
T�W� ����� ��� � 4B���" �� �� ��!���$� �$ �� ��? �>U �� �� �?� � &" �� K�	L ��	D� � �L	W7 &<�� 

�� .�	B a? �F!�H �� #�	= &"�-6 �? �� &" �� &Q� �;�W� � �;�W��!p &Q� ���" .��� F!��	I �����" &,��A� F!" F$� �� 
w	� &"�-6 �� w	�D� ���� 4�. 4$	,�� ���" T�W� :!� �� Ki��M� �d��� &Q;�� �� �	B. �� �!��~� T��W� ����7 
a�� F$�= 4$	,�� ��Q(? � �J �� #� 4$	,�� T�W� �" 9P" ������� � 4M�L 4� )Hernández-Mora and Del 

Moral, 2015; Wheeler et al., 2021.(  
�M" �� ��g�� R$ �&
��M� #���� 4$�$�� &<	6 :$�"� Xq	� 4� �c �� ��� )�DQ6� ���" `��� �� &<	6 �� 
���" .�$�D� �� K�	L ��� �	 � `��� &
��M� ��g�� ���B �$��� �?�	7 .�	" 4!,	*(� F$� ��� �� Ki��M� F!" 
&<	6 �� �" #���� ^!>� 4($� ��	" � ���� ����� �"�$��� #� ���H ��� �?�	7 .�	" 4$���>� ��$� �����" ag6 � ���� 
����� Ki��M� 4� &� �$�" ���" .�	B )	c ���� &
��M� �$�A� �� {$��= ��	��I &"�-6 ���g= .��� ag6 �� &,��A� ��B 

:!� �$�A� �� F!���!� T�W� �� )	c z�J )� &QBV� 9!" �= �B�" )Palomo-Hierro et al., 2015.( S��; �Dk�� �� 
#��" F!�� �� �d� ��	��I #���� �$VJ 4(!� � �$ @$	W= #� �� s$�c @=��� 4$�$�� �MD  ��	B� .4� �" F$� �)�6 �? 
&"�-6 K�!k:  ���\Q� �� 8A�� �� #�!" �� .��� ����	� ����� `>� 4B���" � w	� �T�W� ��� �?������ � 4$�$�� 

Ki��M� �� ��	B� � &�$:? �" ���� 4� � �� E�-� �\�� ����" �� �!��~� &" ��DB �� ��� )Garrido et al., 2012.(   

8��	� � 9,�H ��? �	 	� �� ����" �� �!��~� �� �� #�	= ���	� �$� �4(��� 1- �$��= #��"��� ������� 4A(� &" 
K��g= �� � ������ ��? ���DQ �- ���WQI� �� ��	� ��?���!J �#� 2- ��� & 	= &" &����" 4$�$�� &H��~�$ 8"��� ��� 

�Q,����� �� ]!WP= ��? &!,�� � 4,�7� ���� ��? ��! �� ����" ��� 3- &�$:? ��? �=i��M� _�" #���) ��? ��_	c 
���" �"�$��� � �!$j= `-� � K_�-Q�� ���� � ���D? �" ���!(" �� K���:,� � 4$���>� ��? (E���� � 4- #��-; K��ic� � 

��?�Q(" ���g= �WWP= )Garrido et al., 2012; Hernández-Mora and Del Moral, 2015.( �" F$� �)�6 
F!������ &����" &<	6 4$�$�� �� F$� �	�� �� �d� ���� F!�H `k�(� E	"�� &" &"�-6 �� ���" ��� � F�D� 4� 

X!c �M!� �� K�6iL� 5	-6 4!�,�� � ����� 9!" �= �� �� � ��� )Wheeler et al., 2021.(  
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3 .1 .4 .?�@  

F!H �� &
D  �$�?�	�� 4� &� ��" &" `$_� ���MQ� �� &
D  �B� 4!MD  ���$� &M	= 4M�L � 9$�:;� #�:!� T��W� 
�� ���B � ��QM�L &" ���$�� ����" �� 4$�$�� 8"��� �� �	7 ��!� ���� )Zhuang, 2016.( �� ����" �� F$� ��	�� 

#���� �Q,�� &c	"�� �� ���	= �� ��	� fU @��� ]!WP= �� ���" �? ��"��� �� fU &<	6 a!DW= ��!� .��� 
&" �	c ��
� ��?��!� �� ����7 � �QM�L �" ��<�-= �� ������� 4$	,�� ����� &� F$� w	<	� &" #�	�� ]!WP= 

��	D� &Q7��B �� .�	B ]!WP= ���	D� aQ(! �
L� X$�M= 5	-6 �� �� F!H .4� �" F$� �h�� 5	-6 �� �" 
�	g� R!=�����	" X$�M= �� �	B &� �� #� 8"��� �� ������; �� s$�c R$ ��$��; &����" �:$� �� _�" &" F!$�J 4>= 
^
(= K���-� &<	6 :$�"� � 4,�� ��? &-U�� �� &" sc��� �d���	� ]!WP= �� �"�$ )Jiang et al., 2021.( ��i� �" 
�F$� &"�-6 � ]!WP= �� &�_� �� sc��� ��"� &" `!,� 4$���>� ��!7O �#��P� &" )� ���$� `-Q�� �D� .�	B �� 

�F!H ����" �D� �� �J �� )� 2000 �� s$�c R$ �� �t��J ��? ��$���� ]!WP= 5	-6 �� � K��g= ��g$� �B 
&� ^	= 4,�� �:��� ��) _�" &" (F!$�J a!d�= �B )Zhuang, 2016.( K�6iL� ����" �� �� F!H #	��� &" R$ ���Q"� 

�
� &" ��A?� K���� 8"��� �� `$�A= ��B .4� �� )�6 ��<�6 �v�� ���	� K��g= �� F!" ���\Q� #������ ������� � 
���\Q� #������ 8$��L �� ���Q�� &��7��� �? .4� �&H��� �$��-� &,��A� �� �� F!" #������� ��!(" a� �4� ��$� &" �	c 

��D� ���7 ��,�� � �������J sc��� ������� �g�� &" &�$:? �_�" K��d� �" T�W� �� � F!!M= 4!D� &;�L �$	  
�� �� `"�I K��g= ��B 4� )Zhuang, 2016; Jiang et al., 2021.(  

  
3 .2 .�(��:� �� A4 �8;��  

3 .2 .1 .-B�   

�
!B �" y�� 4!D?� K��g= ��� 5	-6 �� F�� � `"�I )�-Q�� �� ��g$� .��� �" F$� �5	-6 ���;� �� ����	= &" �Q6�� �� 
���P" �$ ��� � .���� T�? #� :!� 4$	-= 4!�,�� ��L	W7 9$�:;� )i-Q� �L	W7 �� ���\Q� �� �� � 4$�D6 �� 

��?����" ���� �� �� 4� )Hearne and Donoso, 2014.( 5	-6 �� �� �
!B #	��� Ci��� �� 4!�,�� F!�� 4��  � 
�� #�	= #� �� &������ ��$�7 �47��; F?� ��� � ����� �? 9P" ���$� �� yi�� � �KixQ(� `-Q�� .��� &"�g= �
!B 

�" ��?����" �� ��$ �� s;	� F$�= ���	� �� ��?�	�� �� )�6 &M	= 4� � �� 8"��� �� #� &" #�	�� �$	�,� ���" �$� 
�?�	�� ��$ �� �	B )Bjornlund and McKay, 2002.( �� ����" �� �
!B T�W� #������ ��� &" K�B �� 9$�:;� 

4!��� �I	-6 &�) 5	-6 4!�,�� �L	W7 ��  ��g$� �� (��� 4$�D6 �� .���� &� ���= 5	-6 4!�,�� �	I �= r��" 9$�:;� 
)i-Q� FDg�� ��? �
>� ��B �4� &�
" &$��� ���V� �� ���\Q� �� �� �������� &" �e$� ^	= ���(� &� 

K_	W>� �=����L �" S��� ����� �	!� �? �� S���J �� ���?� s$	�= ���� 4� )Bauer, 2012.(   
`�B ��!� � &M	= &"�-6 �? �� ��
!B &�P$��= �� ��!(" ��_	c ����. F$� ���� �" 4BV� #��� YiL� ��B 4� � 

�� )� 1951 &� � ��	��I ��!J ���. ��g��� �� #	��I �
� �� F$� �	�� �� )� 1981� �� &" #�	�� R$ �_�� �
� 
�" 4�!
"�I �Q���� �� ����" &" 4!D� &Q7��B �B. �� &g!Q� &"�-6 �? �� �� ���� &"�-6 ��? �;�W� � �;�W��!p `�B 

��Q;�� )Bauer, 2012(. ������ 9!" �� 4000 FDg�� T�W� #������ ��18 �	 � ���� &� �? ���� #��"��� ���MQ� 
`!��= ��B .4� F$� FDg�� �? �" 8$�	= � 4$�$�� �� &" s��� ������" �
!B RD� ���$�B ���� ��� � 9-� ��Z[� �� 
9?�� &�$:? Ki��M� &QB�� .��� ������ z$�� �� �����" C��	D� �	
"�= K��i�� ��	" 4� � a� �= �� �$� ��?������ 

�Q���� ���\Q� �� �	B )Hearne and Donoso, 2014.( F$�7� K�6iL� K���-� ����" �� )� 2005 �J �� 15 
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)� �!!x= ��d� ��! �� �
!B �� ��� &� �� #� �v6�A� ����� 9$�:;� 4!;�\B � 4I� �� X$�M= &"�-6 ��? 4$�$�� 
8"��� �� ��!���$� � FQ;���d��� ^$��B ^!>� �Q($� & 	=��	� ���I .4;�� &
*(� � &D$�  ��� ���\Q� �� 8A�� �� 

:!� ��$ �� a�� F$�= K�6iL� �	" &� �" T�? ��!�	
  �� ���Q6� � �	 ���\Q� �� &"�-6 ��? &" �e$� &"�-6 ��? 
�;�W��!p Y�U� �B )Hearne and Donoso, 2014.( &" 4
� ^$��B ���WQI� ���7 &"�g= ����" �� �� �
!B �� 

#�!� ��?�	�� �� )�6 �&M	= &"�g= �� �e$� 4�. 4!��� &"�-6 ��? �D� ����" � ��� )�D�� 4$���>� �� �Ki��M� 
r��" ��B 4� �= �� �� F$�=����	 4!M<� ���WQI� F�D� &" T�W� ��". ��g$� &"�-6 ��? �;�W��!p :!� K��Z� 
�QAv� &QB�� 4� � �g�� &" �V  &$��� #���V� �L	W7 ��B 4� )Bjornlund and McKay, 2002.( �" ���" 

����" �� �
!B �� )� ��? 2008-2005� S��� `� ���6 24000 &,��A� �"��" �" 4,8 ���!
!� �_� F!DP= ��� ��B 4� 
)Hearne and Donoso, 2014.( &H��� ���!(" �� �8"��� �� ����" �
!B &" #�	�� R$ &�	D� s;	� �� ��?����" ���� �� 

��� �� ����" ��� �" 47��B s!I� ^$��B �
!B � ���" ���
D� ����" �� #�	= 4;�$�� &� #� #��H �	�,� �-;	� ��	A� 
.4� F$� ����" �� �� #�	= �" ���A� & `L� �� �d� 4;�� &� `L� ��WQI� #� ��!(" a�>� � ��	Q� ��	" ��� �� `L� 
��$� #� &� ��M"� ���DQ � � ^!>� �Q($� ��Q(? s;	� ��	A� ��� � �� w	Dg� R$ )�� &� #���H ���$�J &" ��(6 �� ��� 

)Vahedizadeh et al., 2018.( 

z$�Q� �
� `L�6 �� ���� K�M,�U� ��?����" �� s;	� �� #��  �� )��  )1( &k��� ��B .4� �� �v�� F$� �K�M,�U� 
&" z$�Q� 4Av� `!��= ����" �� �� &
D  �	A�" �$���� ]!WP= ��� 9$�:;� �	 ���WQI� ���" #�����" � 9$�:;� 

���" ��� T�W� �� ���B� ��B 4�.  
  

Table 1. Comparison of the most important water markets in the world 

             Country 

Item    Australia America Spain China Chile 

Time of market 

formation 

1970 1959 1985 1988 1976 

Water exchange 

rules 

Licensing of water 

rights exchange in 
1980 

Permit to buy and sell 

or rent water since 
1960 

Liberalization of water 

trade in 2001 

Formation of official 

water rights in 1988 

Definition of tradable 

water rights since 
1981 

Dissociation of 

water and land 

ownership 

Dissociation of water 

and land ownership in 

1980 

Water ownership has 

always been separate 

from land ownership 

Dissociation of water 

and land ownership in 

2005 

Establishment of water 

rights trading system 

in seven provinces of 
China in 2011 

Dissociation of water 

ownership from land 

in 2005 with the new 
definition of water 

rights 

Market supervisor ‘Watermove’ 
organization 

Government system Association of water 
users consisting of 

beneficiaries 

Government system Government 
institution and 

people's organization 

called consumer 
organizations 

Important aspects 

of water market 

structure 

Separation of each 

water allowance into 
three parts: the right to 

access the water 

source, the 
consumption license 

and the amount of 

water allocation; more 
activity in temporary 

water market; Decision 

making at lower market 
levels 

The law of priority of 

ownership in western 
states and Dissociation 

of water and land 

ownership; Law on the 
protection of water 

resources in eastern 

states and the 
separation of water and 

land ownership; 

Willingness of users to 
participate in the 

temporary water 

market; Strict 
monitoring rules 

The definition of water 

rights as consumptive 
and non-consumptive, 

and the prohibition of 

their exchange; the 
activity of informal 

markets, predicting 

periods of drought and 
lack of water in the 

future; Establishing 

detailed 
implementation rules 

for exchanges 

Differences and lack 

of coordination in 
market management 

due to decision-

making in the central 
body and its 

implementation in 

local departments; 
Stability of water price 

due to pricing by the 

government 

Definition of water 

rights as forms, 
consumptive and non-

consumptive, the 

specific definition of 
water rights, the 

formation of a private 

institution in market 
management, 

reducing the cost of 

exchanges. 
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Table 1. Comparison of the most important water markets in the world 

             Country 

Item    Australia America Spain China Chile 

Time of market 

formation 

1970 1959 1985 1988 1976 

The main 

mechanism of 

water market 

- Bulletin Board 

- Double Action 

 

- Bulletin Board 
- Optional deal - Water 

bank 

-Water Trust Fund 

- Water bank - Bulletin Board - Bulletin Board 

Benefits of water 

markets 

Controlling and 
verifying the amount of 

harvesting, proper 

investment of the 
private sector; 

increasing market 
profits in dry periods 

compared to normal 

and reducing losses in 
drought periods; 

Attention to 

environmental needs 
and allocation 

management based on 

consumption priority 

Fixed price of water in 
the temporary market; 

consumption 

management programs 
in the urban sector to 

control the price in the 
market; Allocation of 

subsidies to improve 

urban water system 
technology by 

expanding the need of 

the urban sector to 
reduce per capita 

consumption, control 

the quality of water 
resources, and manage 

minimum 

environmental flow. 

improvement of 
environmental 

conditions such as 

restrictions on the 
volume and time 

period of transactions 
in the market; 

Improving the 

efficiency of water 
reallocation in the 

agricultural sector 

Attracting private 
investors in agriculture 

and industry; 

Providing a specific 
program in each 

province by the 
government to solve 

quality problems 

Consumption of 
water in the most 

profitable economic 

situation due to the 
security of the official 

market water rights 
and no restrictions on 

transactions, 

attracting private 
investors, developing 

water treatment plants 

to improve the water 
quality situation. 

Unwanted 

problems and 

consequences of 

water market 

There is no specific 
side effect and 

problems in the 

Australian water 
market, due to the 

existence of strict laws, 

Reduction of the 
market efficiency due 

to the restrictions on 

the consumption of 
purchased water 

 

Injustice in primary 
allocations; lack of 

information and 

sufficient knowledge 
of users about the 

performance of the 

market; the cost of 
transactions; 

Decreasing reliability 

and creating 
uncertainty in the 

market situation due to 

the government's 
authority to extend, 

modify and assign 
water rights 

ack of transparency of 
market information; 

small volume of 

exchanges and 
exchanges between 

basins; Creating 

problems in allocating 
water to real people 

due to the existence of 

a system of communal 
irrigation areas; 

Absence of 

appropriate criteria to 
meet environmental 

needs 

Lack of appropriate 
enforcement 

mechanisms, lack of 

sufficient 
infrastructure for 

water transfer, 

creating a monopoly 
in the market, 

increasing the 

consumption of 
underground water 

  

4. ��8&� ���� �� �� �����  

4 .1. ����� ��+� ���� �� �� �����  

4 .1 .1. ?+�   

����" �� Fg� R$ &�	D�  &"�W>�� ��; �� ��g$� ��?����" �� �� �	�� �	(>� �� �	B &� �� #�!� w�	�� &"�g= ��? 
�	 	� �� �v�� ��?����" �� �&M,�U���	� ^$��B � �=�WQP� ���� &� &Q(��	= FD< ��g$� �:!��� ��? ��_ ���" 

���" �����" �	
U� �� 8"��� ���>� � ��DB��� �� �� &-U�� �Fg� ^$��B �$���� �� �� ��$��; ]!WP= � 8$�	= �� 
������� ���" ���" #�����" ���I�" .��� `>� `!��= F$� ����" ��B Fg� �� +
L�; 35 ��Q�	
!� )�DB ��p 
#�Q��B ���?�B � �� 2070 ��Q� �� fU �$�� ���I ���� )Behloolvand et al., 2014.( F$� 4B� �� ����>� �� 

8!� �= ����>� ��?��B ���?�B � ��U(" &���� .���� 4M� `� �<��� `"�I 4�� #� 6600 ��Q�? 4� &� �� F$� 
#�:!� &�_� ���6 2200 �= 2400 ��Q�? �$� 4�� @! ��!�� ���I �� ��!� � �� ���6 1400 �= 1500 ��Q�? :!� &" �$� 
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4�� ���� �"� �� ��� � ���6 200 ��Q�? :!� `��B 4�� K_	W>� ����" ����� h�� � �	P� �� �	B 
)Behloolvand et al., 2014.( ����" �� Fg� �� �J �!!x= ���Q7� �� �	!B 8$�	= �� � `!�(= K_��A� �� )� 

1341 `!��= ��B .4� �� F$� )� K��ic� E	"�� &" 4!�,�� F!���� &-U�� �� K�	�I � &��7��� 9!J ��� 4AZ � 
^A< ��B � s"�U� �" #� ���" �? ��; R$ �� 4!�,�� �:g� �� F!�� ���L �B. a? #��� �" �!!x= �� ��d� 8$�	= ��� 

4��B ���� ���!"� � ������� Fg� �� )� 1341 4�  4$�$�� 8"��� �� � ��� � �	!B �$�  ]!WP= �� 
�!j= �B. F$� 4��B &" #�	�� ���� �$�� � �����" &\!q� 4AZ � ^A< 4!�,�� &"�-6 ��? 4AZ K_��A� �Dk�� &"�-6 ��? ���PQ� 

���� �"��!� � K��d� �" 4�!,�M; #� ��? �!DM= � ������� ��?�!(� �
L� )�-Q�� �� � �!DM= � ������� ���H &-
6 ��H s
MQ� 
&" 4��B � 8;� K������ �,�DQ6� F!" ���� �� �����" ���� )Behloolvand et al., 2014; Kiani, 2008(.  

�� ����" �� Fg� h���" K�� #��� ���\Q� �� &"�-6 & w	� &,��A� �� )	c )� ����� K�	L �� ��!� &� `��B 
K_��A� ��Dk�� &�_� � ����� .4� �� )i7 )� ��? 85-1381 &�_�  &" �	c ^	Q� R$ �L�� �� &"�-6 �? 

&" K�	L �Dk�� &,��A� ��B ���. �� F$� ����  ^	Q� &�_� T�W� �� ������� �� fU R$ &�	D� )164 (�\� �� F!���� 
&-U�� 2,4 #	!
!� @M���Q� ��	" &� �� F$� ���-� 550 ��:? �Q� @M�� �� K_��A� &�_� � 48 ��:? @M���Q� �� 

K_��A� ����� C�MD ) 25 �L�� �� `� �� (�;�W� &!�= ��B 4�. ^	Q� 4D!I �? 4�� &"�-6 �� �� K_��A� 
�Dk�� 9 #	!
!� )�$� � ^	Q� 4D!I �? @M���Q� �� �� K_��A� &�_� � ����� &" @!=�= 684 � 885 )�$� � ^	Q� 
���� #� 698 )�$� ��	" 4� )Kiani, 2008(. z$�Q� #��� �� ��?� &� `!��= F$� ����" �� 4B� Fg� r��" ��B 4� 

&� ����� #����$�7 9,5 �L�� � ����� #����B��; 72 �L�� 9$�:;� �"�$. �� )� ��? ��Q�� &" ���� &M,�U� ��	�V� 
F!���� �� �Fg� 60 �Q�	
!� �� &�AB )�-Q�� �� �� ��H ��? �L	W7 �= w��:� �� &,	, ���V� ��	D� .��� F$� �� �,�6 4� 

&� �� �$� E�-� �	�� &" `!,� F!$�J #�	" 4D!I �� ������� � a? F!�H �J ��c�P� #�	" &$��� ���V� �� Y�c ��? 
)�-Q�� �� �������� &$��� ��V� 9P" �L	W7 �:!��� �;�� ���" F$� w	� &$��� ���V� �� �	7 #��� ����� .4� 
z$�Q� �"�$��� F$� Y�c �� ^$��B ��c�P� #��� �� �?� &� &" 4
� `!��= ����" � �MI�� #�B 4D!I �� �� F$� &-U�� 

&$��� ���V� ��g�� ��B ^	= 9P" �L	W7 �� &�AB )�-Q�� �� ����� &! 	= ���WQI� ��	" 4� )Kiani, 2008.( 
&Q;�$ ��? 9?�eJ Behloolvand et al. )2014( #	���!J 9-� ����" �� Fg� �� 4D!I ���V� � ]!WP= 8"��� �� 
#��� ��� &� �� )� ��? 1381 �= 1383� &" @!=�= ���M= 206� 208 � 212 &,��A� K�	L &Q;�� 4� &� ag6 
&,��A� ��B �� #� �? &" @!=�=650� 664 � 858  ��:? @M���Q� � S��� #� �? 371� 440 � 552 #	!
!� )�$� ��	" .4� 

���" ���� F$� K_��A� #��� �� �?� &� ���6 30 �L�� ��!� ������� �� &-U�� �" 4����� �� ����" F!�j= �� .�	B   
�� &-U�� Fg� 8$�	= ��� ���(�" � �!DM= � ������� &�AB ��? )�-Q�� �� ^	= 4��B ���!"� &") ����$�D� �� 
&"�-6 (#���� K�	L �� .��!� F$�" �	d�� 4��B �	�V� &" ���� �? @M���Q� ��� 76 )�$� �� s$�c 4;�$�� &��� � 

S��; �� 4;�$�� ��	D� .4� #��H &H 4,�� &" ��  4��B ���!"� 4$�$�� 8"��� �� �� �� F$� &-U�� �����" 
�� 4;�� �" & 	= &" #	��I 4!Av= �� ���" ����� � �	�,� 4�� &-U�� �v���6 42 )�$� &) �L�� S��� (K_	W>� 
&" #�	�� �� ��" �� F!���� 4;�$�� �� .��� &" K��A� ���$� &" `!,� 4����� ���� �� 4$�$�� 8"��� �� �� F$� &-U�� 
&" ���� �? @M���Q� �� 8$�	= ��B 34 )�$� �� &�$:? ��? 4,�� &Q�� ��B 4� )Kiani, 2008.( �� R$ 8D  ���" �� 

��?���!J ���WQI� ����" �� �� Fg� �� #�	= 4\� &� F$� ����" r��" 9$�:;� ����� � 9?�� R($� ����� ���" �#�����" 
9?�� &�$:? ��? 4,�� �� 4$�$�� 8"��� �� � 9$�:;� �:!��� 9P" �L	W7 4�  &$��� ���V� �� &�AB )�-Q�� �� 

��B 4� )Kiani, 2008.(  



�5-$ -� 8#� 9:�
��� �� ;
�7	 5���-% 
-� �$�-�+ <��7$ �� 3=)�� -� 
->�? 
�;
-  923 

4 .1 .2. ���� �� -B7� C�����  

9?�eJ ��? �&QBV� &" �"	7 4!M<� &,��A� �� ^	= F!���� 4B� `!"��� �� ���"��	� ���I ���� 4� )Kiani 

and Bagheri, 2008; 2012.( �� F$� K�M,�U� �J �� ���" &!,��� 12 ��Q�� 8I�� �� 4B� `!"��� &� sAc 
���" �? 9!" F$�= ag6 K_��A� �� �� #� �? K�	L �� �4;�� &" #�	�� 12 &-Ac �� �d� &Q;�� ��B � �� �? R$ 

&" �	c �;��W= &�	D� ��!� .�B �� w	Dg� 256 w��� ����"��	� 128 w��� �� )� ����� 89 -1388 K���A� &" 
�$�7 �� ��	D� � �-"�� �Q����� �� ����" �� &QB��� ���. �� 4B� `!"��� �� &" & K�	L �ak�� &�_� � �$�7 �� 
)	c )� &,��A� �� .�	B �� F$� &-U�� :!� ����� �$� ��?����" �� �#��  ag6 K_��A� ak�� a� �= �� �$� 

K_��A� �� .�B�" ��� � &�_� �� :!� &" �� K�	L ��� � &�_� �" F!�� � #��" F!�� K�	L �� .��!� &" �	c 
^	Q� 4�? �L�� �� F!���� &M,�U���	� K���A� &" ��� � &�_� �� �" F!�� ��	D� ��� � ^	Q� ��� � �? ��Q�? 

F!�� �" �� 5/13 #	!
!� )�$� ��) )� ����� 89 -1388( ��	" .4� &" �	c �^	Q� &� �L�� F!���� :!� K���A� 
&" ��� � &�_� �� #��" F!�� ���� .��� ag6 �� ��� � ��B �� fU &�	D� ���6 214 ��:? @M���Q� � 4D!I �? 

@M���Q� �� �� F$� w	� &,��A� 682 )�$� ��	" .4� 9!" �� 32 �L�� �� F!���� K���A� &" �$�7 �� �� )	c 
)� ����� ��	D� .��� ag6 �� ����$�7 ��B �� )	c )� 679 ��:? @M���Q� � 4D!I �? @M���Q� �� 891 
)�$� ��	" .4� �� w	Dg� 5/3 #	!
!� @M���Q� �� T�W� ��B ^	= �F!���� ���6 2/1 #	!
!� @M���Q� )23 

(�L�� �� ����" ����$�7 ��B &� #��� ���?� 4!D?� ����" �� �� F!�j= �� ��!���	� F!���� �� .�B�" �� F$� ���-� 
28 �L�� ��� � &�_� �" �F!�� ���6 17 �L�� &" K�	L ��� � &�_� #��" F!�� � 55 �L�� �� )	c )� ����� 

����$�7 ��B .4� F!���!� ���� 4D!I �? @M���Q� �� �� K_��A� &�_� #��" F!�� � K_��A� �� )	c )� 
�� fU �&�	D� 841 )�$� ��	" .4� �J �� �����" 8"�	= �!,	= �� )	W>� ��D� ����� &-U�� @!) ��!�� � 

�(���� S��� ���WQI� S���) �!,	= (�$��� �? @M���Q� �� ���" F$� �� )	W>� &" @!=�= 1011 � 764 )�$� 
&A�>� .�B �" F$� h�� F!���!� ���� �") ���A� ���-� �� T�W� ��B ���" �? ()	W>� S��� ���WQI� �? 

@M���Q� �� �� 4B� `!"��� 930 )�$� ��	" 4�. �� &g!Q� F!���!� 4D!I &,��A� �? @M���Q� �� 841 )�$� � 
R$�:� &" F!���!� S��� ���WQI� �? @M���Q� �� )930 ()�$� �� �B�". �" F$� h�� �� #�	= 4\� &� �� �� 

��?����" �
>� `!"��� h���" S��� ���WQI� #� ]!WP= �� �"�$. z$�Q� #��� �� ��?� F!���!� ����� ],�7 
F!���� @! ��!�� ��� �J �� �$�7 �� `I��6 9/2 � �v���6 7/30 �L�� � ����� ],�7 F!���� ���� ��� `I��6 

0/5 � �v���6 6/15 �L�� 9$�:;� &QB�� .4� F!���!� 9$�:;� ����� ���" �? �� ���� :!� F!" 8/1 �L�� ��) 
��=	� (K�� �= 9/23 �L�� ��) ��
"(K�� 9!J ��!" �B )Kiani and Bagheri, 2008; 2012.(  

Kiani & Bagheri )2012( &" �	d�� ���" 8��	� � Ki��� &,��A� �� �� 4B� �`!"��� ���I� &" 8D  ���� &�����J 
�� F!���� sc��� �d���	� �� 9?�eJ &�	D� � �J �� ������ K��ic� #��� ����� &� ���6 74 �L�� �� F!���� ��<�-Q� `!,� 

��� �$�7 �� �� #������!J ���B��; �� ��O .����� ��i� �" �F$� 32 �L�� �� F!���� #�	"_�" �� ���" z�J �L�� ��� #�	= 
��,�� z�J �L�� ��:,� �$�7 �� � �F!�� z�J �L�� ��� �	 � �� ��� @��� 4�  )�-Q�� �� � �� �L�� 4M��D� #����" 

4��B �� &-U�� �� �� �� `$_� ��� �$�7 �� ��O .����� ��$�" 4� &� �" �	 � 8�� ��	��I &,��A� �� &") �e$� &,��A� 8"��� 
�� (�>U @
p� #�!<�-Q� ��� F$� `��� �� ��������" �&Q(���� &�
" ��� ��Q� &" ���B��; �� `��� �
L� 4$���>� ����" 
�� �� &-U�� `!"��� ���D
I .����� ��� ��Q� &" ���B��; F�D� 4� �� �	AD� �� � #��-; ����� �� ���" &<�� � �$ ��� 

`$�D= F!���� &" S��; �� &" `!,� 4$���>� ��? ��	��I .�B�"  
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4 .1 .3. ��; ��+� ���� �� �� �����  

�� ��Q�� ������ ���g= ����" �� �� �#��$� K��Z� ���WQI� � ���DQ � ��g$� � &M	= ����" �� 9P" ������� �� 
�<��� F!$�J 4� � F$�!B ��� �� ��	�g" #�Q�) #���7 (�,�DB �"�$�����	� ���I &Q;�� 4� )Keramatzadeh et 

al., 2013.( �� 9?�eJ ��	�V� �4(P� �" ���\Q� �� S�� ��? &����" �:$� �<�$� &" �����" 8"�	= ��<�-= ��� 
&!AB ��� ����" �� � F!!M= 4D!I �,��M= �� �� ^$��B X
QP� R�7 �,� &Q7���J ��B � �~ �!Zj= ���WQI� � 

���DQ � �B�� �� )�D�� 4D!I �,��M= �� �<��� F$�!B ���� ���" .�B h���" �z$�Q� ^	Q� ag6 �� �� h�Q� �� 
&-c��� &M,�U���	� �� ^$��B �M!Ac 8502 @M���Q� ���" �? ��Q�? .�	" a? �F!�H K��ic� &�����J �� #��� ��� &� 

41 �L�� �� ���" #�����" �� �� h�Q� ���" 4!,�M; ��? ������� �� �;�� &Q(��� � &" �	c ^	Q� 13 �L�� �� 
���" #�����" `$�D= &" S��; �� �� 4D!I ^	Q� 899 )�$� &" ���� �? @M���Q� .����� ��i� �" �F$� 90 �L�� �� 
���" #�����" �&M,�U���	� `$�D= &" �$�7 �� �� 4D!I ^	Q� 499 )�$� &" ���� �? @M���Q� .��QB�� �� &g!Q� 

9?�eJ #��� S��:� ����� &� 4!;�q ��g$� ����" �� �� &-U�� �	 � &QB�� � F$� ��$��� �g�� &" ]!WP= &�!�" �� 
�� &-U�� �?�	7 .�B z$�Q� &!AB ��� ����" �� �� F$�!B ���� :!� #��� ��� &� �� K�	L F$� ��� � F$� ������� `� 

fU 4���$� �� ^$��B ���� � a� ��"� &" @!=�= &" #�:!� 14 � 10 �L�� �9?�� ��� `� �	 `L�6 �� 4�� 
K_	W>� 9$�:;� �?�	7 .4B�� a? �F!�H )�xQB� �B�� �� �!!x= �	�,� 4�� �� �Z� ��g$� ����" �� �� &-U�� �� ^$��B 

���� � a� ��"� &" @!=�= &" #�:!� 62 � 32 �L�� 9$�:;� #��� �?�	7 ��� )Keramatzadeh et al., 2013.(  

&M	= �	H��H ������ ����" �� F!" ��P" ���" ]!WP= &�!�" 8"��� �� ��!���$� �� ����>� 4!,�M; ����" 
�� �
>� 4B� #��\L� - ��	7�" :!�  ��	� �"�$��� ���I &Q;�� 4� )Zolfagharipoor et al., 2019(. �� 

9?�eJ ��	�V� ���" 4� �"�$ &" T��?� ���WQI� � ��$t	,���!? �	
U� �= �� ���\Q� �� 8"��� y�Q�� �� 
���!���$� �� 4�! 9?�� ��?�	g� �� ��!���$� � &,��A� F$� �?�	g� &" �	c a? #��� & 	Q� 	=��	� ���I 

.4;�� T�? �� ��� � 4�! 9?�� ��?�	g� �	A�" 4!M<� ��$t	,���!? #�	P"� .4� F$� 4�! ��� 
&" K�	L _�" &" F!$�J & 	Q� 	=��	� ���I ���!� F�D� 4� �" 4\,�P� w��:� & �	� .�	B ��� ��� �� F$��= F$� 

4�! �? 8;��� w��:� :!� ��>, ��	B �� #�	= 4��D< �$�� � �� 9$�:;� .��� z$�Q� #��� ��� &� S�� ��? &��H ��� 
&" `!,� ��>, #�	D� 4!"	
U� ��? �w��:� � ��7 `"�I S�$VJ ��= 4A(� &" S�� ��	Q� ��?�	7 4B��. �� �;�c 

�!xQ� ��>, #�	D� `I��6 4!"	
U� �? �� ��$��; ����V� � ��$VJ�!Zj= w��:� �� z$�Q� `6��� �
AI &��H ��� r��" 
�� �	B &� � ��7 )�� &��H ��� ��� 4A(� &" )�� &��H ��� )�� �	
U� �= �B�". &" ��	c &� � ��7 )�� ��� 

4A(� &" )�� )�� �" `!D>= &�$:? a� �= �� R$ )� ����� &" &�	Dg� 4�? &��:� ���B��; ��� 4!"	
U� 
��=_�" :!� �� �d� �v�� w��:� 4B�� )Zolfagharipoor et al., 2019.(  

�� 4B� &�	�D� ����>" �	"��!� 8I�� �� #�Q� #���7 ��	<� �" ��� � 4�! ��? �	A�" 4!M<� ��$t	,���!? 
#�	P"� &" K�	L F!$�J &" �_�" 4!-;	� �$�? `L�6 ��B .4� �� F$� 4B� &" �	d�� 4����� #������� �� K����I� 

�Qq�\6 �#�	P"� `��= �� #��" �� ��!���$� &" #�	�� R$ ���� ����� �D� &� `��B ���" #�����" ��H ��? s!D� 
�� ��B�" ��g$� ��B 4�. F$� `��= �" ���\Q� �� 4!;�q ��? ����DQ � ����?�; ��$� � �$�� � �	 	� �� &-U�� s;	� 
&" @W� ��?�	Q�� ���DB	? 9?�� ag6 �	g� 4B���" ��H ��? ������� � �� &g!Q� 9?�� a�H �!� F!���!� 4;� 

���= �� ��!���$� �� R$ ���� ��=	� K�� 9B &,� ��B 4� )Ghorbanian et al., 2019.( 
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4 .2. �=@ ( � ':@ �(���
� ���� �� �� �����  

&H��� ��?������ ����" �� 9-� �D�� �� 4$�$�� �� �� sc��� a� �� ������ ��� �� 8I�� S	� �$���� ���" 8;� ��D= 
9,�H ��? �	AD� �� ��Q(!� )Ghorbanian et al., 2019.( �,�6�� &� ���
D� �Z[� ��?����" �� �� 9?�� K��Z� 

���DQ �- ���WQI� 9?�� ��Q� &" �� � 9$�:;� ���" ��� T�W� #� &" �"	7 FB�� ��B �4� ��� �$�� F$��?�� 
&" �	c `��� K��Z� �	
U��� �	AD� �� �� TV6 �D� ���� )Nazari, 2016.( �� F$� ��� `!��= ��?����" �� ��Z[� &" 

4!?�� �?����" � ��?��Q7� Q!D��6� &-U�� ��Q(" ���� )Zetland, 2021.( &" �d� �� �� #� &H 4>= #�	�� 
9!J ��?��!� ��g$� ����" Y�U� �� ��	B �� 8I�� ��P" �� �
L� F$�= 8��	� � 9,�H ��? 9!J ��� YiL� 4!M<� 8"��� 

�� #��$� .4� ���" )�v� ��g$� �����" ������ �:
Q(� 4!Av= � s;�	= �" 5	-6 �� ���" #�����" 4� &� �� ���!(" �� 
sc��� �	�� ��!(" a�A� ��	" � ad� ��P" &" #� ���� ���!�" � ��!�!J 4� &� �����!� ��:� ��  �?�	7 .�	" 
r>A� 4!�,�� �� �� �	�� �:  r6�A� ��!�!J �� 4� &� �� �7�" ���	� �� `"�-= �" F!��	I �
� �� .�B�" �� `D� 

w�	�� �\
QP� �� ��?������ �I	-6 ���" 4!�,�� �	 � .���� @
p� ��?_�� 4($� �U!>� �� ���� ��?_�� ��	D� �$ 
��?_�� �" 4!�,�� y�Q�� )�" ��Q� ����( ���I �� .���!� �� ��	� F$� &�	� ��?_�� #��-; X$�M= ]P�� 5	-6 
�4!�,�� �g�� &" 4(�B ����" �� .�	B ]!WP= �������� 8"��� � &��L &" ^!>� 4($� �� ��?���!J 4(�B ����" 

�� �B�". F$� w	� 4(�B ����" �:
Q(� 4,�7� 4,�� �� ����" 4�. &QA,� F$� &� &" ��M� ��:, 4!�,�� �4,�� &�
" �i�� 
��!� ���" 9-� 4,�� �� ���$�  �K��d� 9$�J � `6 TiQ7� 4� )Zarghami et al., 2015(.   

���" ��g�� ��B �� 9?�eJ �<�6 #��� ��� �$���� ��?����" �� ��?�	�� �#��  �� �? &-U�� ��" h�� 
K�!�Q-� � `k�(� #� K��\Q� ��	" .4� ����" �� �� �7�" �� sc��� �QL�; �� a?��; ���� 4� &� #������� RH	� 

&� &$��� �;�� ���" �\6 ��H �� &QB��� ��� &" �� ��Q� ��!J .���� �� �7�" �� sc��� ����" @ 	� ��!�	
  �� 
4B���" ��? �$�  �� ��B � 4L�; ]!WP=��" � F!�j= �� �� ���" ���!� �$�  �� 8"��� �	 	� a?��; ���� .4� 

a? F!�H� �� �7�" �� �?����" �" &
7��� 4,�� � �$�7 ��� ��?��!� 4($� U!>�� :!� F!�j= ��B .4� �� 4$��� �� 
���!(" �� ����g= ����" 9-� ]!WP= �� &" ��?��!� ��� �= � �" ���" ��� �=_�" � ���7 #��� ���" #�����" ���"�!p �� 

&" ���� �$�7 5	-6 �� #� �? �� &" )�A�� &QB�� .4� ���g= ����" �� s;	� �� 8"��� �� ��!���$� �=���>� �� ��?����" 
�� �>U 4� � ���g= `"�I � 	=� �� 9-� ����" �� ��!���$� �� 9?�� 4B���" �� �� ��!���$� � ������$�J 

#�	P"� �	 � .����� `!,� F$� w	<	� �� ���	= �B�� �� #�	"�=�$�  &� �	� �" �	AD� �� �� 8"��� ��!���$� 4A(� &" 
8"��� ��>U ��� 4!;�\B 5	-6 �� ���!���$� ��� 4!MUI ���"�� ag6 #��P� � #�:!� �� �$VJ�$�g= � 

�g$��= #�	" �!!x= �� 8"��� �� ��!���$� � ��� 9���� 8$� &" �,�(��7 � �,��= .�B�" �� ���" ���g= 
F!" ��

D,� a�� �=F$ ���M"� &� ���" �	A�" ��?����" �� ��	� ���B� ���I &Q;�� 4�� ����	� a? #	H 4$	-= 5	-6 �� 

�� s$�c 5	-6 `"�I &,��A� � #�����  5	-6 �� �� �F!�� S�	�� � wic� ���� �#�(D? K��d� �" K_��A� � 9?�� 
&�$:? ��? ��=_��A� �iQ�� &$�� ��? ���!� &" 9�= ��? K�<��M= � ����� ��I	-6 ���\Q� �� 4!;�q �? � 

�$���	= ��? `��= ��? �Q,���!p �� 4$	-= ��?����" �
>� ��� )�Q�� ��Z� �\�� K_��A� �� s$�c �!"��= Q$�$���� 
^"�	< � `DM,��	Q� ��? ��_ � 4$	-= &���� ��? ��$:!; ��!7O � 8$�	= �� ��	" 4�. `�B ��!� F$� ��M"� C_	DM� 

�� ��?�	�� &M	= &Q;�$ a? #	H �!,��Q� � ��$��� �" ^$��B ��Q�" K�	L &Q;�� �4� ��� �� ��?�	�� �� )�6 &M	= 
���!(" �� F$� ^$��B a?��; ���� � &" F!D? 4�  ��?����" �� �� F$� �?�	�� &" K�	L �D��!p ��g$� ��B .���  
�� #��$� :!� ����" �� &-"� ���$� ���� � �� &QBV� ���" #�����" �� &� �	� �" �	AD� ��� ���I� &" &,��A� #� ���� .��� 
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�� )�6 �<�6 :!� &,��A� �� �� ���!(" �� sc��� �	�� ���� &QB�� &� &" �	c ��D� &" �	c �D��!p )�M; 4�. �	 ��" 
#� &� �� &����" �	 &M	= �	�� #	���= 4�  ��!� �D� &" 4D 4$	-= ����" �� ��	" ��� ���I� ��  �� �	 

4�! #���V� �� F$� �!(� ��g�� ���� 4� � &" �d� �� �� �:� ��  ���" &� �	� �" ���!�!J �? � K���:,� ��g$� 
����" �� ���$�J �� �	�� �	 � &QB��� 4�. 4$	-= � &M	= ��?����" �
>� � �D��!p �� �$�" �" `�j= � ������� ��? 
��_ ��g�� ��$VJ. �� F$� &�!�� �(������J ���"�� &
7��� � ��� &
7��� 4,�� �	 � ����. �� �;�c �" & 	= &" ���	� 

4(�B �����" �� ����" �� ��!� &" �=i7��� �� �	 4,�� ���" F!D�= ����$�J 4($� U!>�� � 4,��� ���DQ � �	 � 
���� &� F$� Ki7��� �� )�6 �<�6 �� ��?����" �D��!p �� �	�� ���>� 4�. ���� �� T�c ��$� �" & 	= &" 
�" ���DQ�� &" 4,�� � &-"� 4(�B ���	7 Ki7��� �Q,�� �� ��?������ �
>� � ����7 ���" �����" �� ��� F�D� 

4� ��?����" �D� �� :!� &" F!�H ���g��� �g�� �	B. �" F$� ��	 � ���" 4!M<� �
M; ����" �� #��$� :!� #��� 
�� �?� �� �;�c �	 � 8��	� ��	��I �g�� &" ��� �$���� �� ����" �� � �� T�c ��$� K��Z� ]PB r,�Z � K�MA= 

4($� �U!>� � ���DQ � �� ����" �D��!p �
M; 4�. ���" )�v�� �����" &� �� �� �� T��W� �" #������ F!$�J &" 
T��W� �" #������ _�" �") ���\Q� �� &���� ��? ���!"� (F$	� &"�  �  �� ���� �� 8I�� &" 9?�� �� �Q���" � 4;� 

9!" �= #�	P"� �g�� �� �	B. &" F!D? 4�  ���" `!��= ��?����" �� �" & 	= &" �Q(" 4$�$�� 8"��� �� #��$� ��!� &" 
a!d�= ��� �$�? �	 � ���� &� �� 4(�B 4,�� �� )�Q�� ����" �� ���Q � �	B.  

5	-6 4!�,�� 8"��� ��� ��!
� F$�= &\�,[�  �� `!��= ����" �� �B�" )Jackson, 2018.( ���" 4!M<� F$� ]7�B 
�� ��d� �I	-6 �� #��$� #��� �� �?� &� s>-6 4!�,�� �L	W7 &" K�	L E���� �\6) 5	-6 �$� (#���Q�� � &� 

�s
U� &Q;�$VJ ��B � �V, #���� &,��A� �� �	 � ���� )Jafari, 2004.( sAc `L� 45 #	��I ��� � 155 #	��I ���� 
��	�D  ��i� �#��$� �?�$�� � &��7��� ��? G�:" �k:  �� K���Q�� �
� � R
D= ���$VJ��� ��� �� F!" 4�	�6    �? � 
�?�	�� a!(-= ���" �$�!;��x  ��B .��� �� ��	� &D�H �? � �	  �? �� #�	= w	<	� s6 ��-= �� 4B���" �� �� `k�I .�B 

�� ;�c� ��� WPB� �" ���6� )���� $� �\6 ��H �� R$ #:P� y�Q�� ��� �" T�L &�$:? � &$��� ���V� ����-� �� 
�� 4B���" � ���" T�W� �	7 4$��? ��� �" #� ���-� �� K��!6 ��!J �� ��� &� �$�7 � S��; #� h���" ���� 152 

#	��I ���� �	�� &" 4!D� &Q7��B ��B 4� )Sadr, 2003.( `�B ��!� ����" �� �� #��$� �����!� ������" s!I� �� 
F!��	I &c	"�� .4� �� ��	� 106 #	��I &����" �	 &M	= � 17 #	��I &����" ����H &M	= � ���� 142 #	��I &����" 
ag�J &M	= ���WQI� �" S��� ���WQI� �� � ]!WP= 8"��� � s$	�= ���;� �� 4�  `!��= ����" �� �!�j= ��B 4� 

� :!� �� ���	� �	 � ����H `W; ��� #	��I 8$�	= &�_��� �� ��� � ��\6 )�D�� 4!�	�D� ���" �����" � &�	��? 
4B���" �� 8"��� �� &" 4,�� K����) (��!� ��V��� ��B &� �� K�	L �	 � ��?����" �� �" K��d� 4,�� �� #�	= F$� 

4!,	*(� �� &" ��?���� �
>� � ����� ��V��� .��� F$��"��" �" 4$	-= F$� &�	� ���	� � YiL� ��$� �F!��	I �� #�	= &" 
��g$� ����" �� �� �	�� RD� ��� )Sadeghi and Asayesh, 2016(. `!��= ����" �
>� �� �� #��$� :!� ��	� ���B� 

F!��	I X
QP� &
D �� 1- �� &M	= 9?�eJ � �����; �� K���� ���!� 2- �� ��P"��; 4$�$�� 8"��� ��� 3- 
@$	W= &��� 4*!? �#��$�� 4- &����" ����H � ag�J �&M	= �� �B�" )Zarghami et al., 2015(. &" #�	�� &�	D� �� �� 

��P"��; 4$�$�� 8"��� �� �	W� 1384 4*!? #��$�� �� ��" � �!�j= �" »`!��= ����" �� �� 4�  4$	-= S��� 
����WQI� ]!WP= &�!�" � 4!Av= 5	-6 ��« K�	L &Q;�� 4�. a? F!�H sAc F$� �&"	W� ��g$� ��d� ]!WP= 

���" T��W� &$�J ���B �4M�L ������� � &$�J ^!>� 4($� ���:,� 4� � ]!WP= �� &" �$� T��W� �� �? R$ 
�� &<	6 ��? :$�"� ���; �$�" �� @,�I ��?������ ���WQI� )����" �Q"�I�( ��g�� �	B. �	A� ����" �D� �� #��$� ���" �� 
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@ 	� ��B &� 4D!I �MI�� ���" #� ]P�� �	�� � �� `D� �QD!I &� #��� ���?� S��� �"�!D� �� ��B�" �	 � 
����� )Zarghami et al., 2015; Sadr 2003; Nazari, 2016.( �� �#��$� �$���B � `!
>= F!��	I 5	�� � ��������" 
����" ��� #��� ���?�  S�$VJ &,��A� 8"��� �� ��!���$� �� 4B� ��? &�	�D� &" K�	L )�Q�� ��B � �" ���?�D? 4,�� 

�4� ��H�? &� �M��	� :!� �� `!AI ��?��$��; ��!�!J ����� � ��Q("�� 4!�,�� �� � F!�� &" ��$��$ �	 � ���� 
)Ahmadi et al., 2018; Jafari, 2004; Sadr, 2003.( �� ��?�eJ Ahmadi et al. )2018( �" ���" #	��I 8$�	= 

&�_���  �� �7�" �� 9,�H ��? ��d� �I	-6 �� �	�� �" � ��� `!��= � ���DQ� ����" �� �;�M� .����� �� a�� F$�= 
9,�H ��? �I	-6 �$���B ��B �� #�	= &" S�$VJ ��g$� 4!�,�� ��? �$�  ���" 8"��� �� ��!���$� � ��Q("�� 
&����J ��? T�W� &" R
� ����)  18�( S�$VJ 4!�,�� �� �;�<� `L�6 �� S�� ��? F$	� ���!"� ���" @6�L ��H � 
���"� �� X$�M= K���< ��? ���DQ � &,��A� �� ����) 4\?( � ��� ��������" [��Z ak��  ����) 45( ���B� ���. �F$��"��" 

&H��� K���� ��!� &" &U�� &����P" �? � F!$� &��� ��? ��MQ� �� fU ��	�� &,��A� �� �� `��� &Q7� 4�� ��� �� 
�=�	L &� �� sc��� K	
$�J ����" ��� F$� #���� a?��; �	B &� FD< �\6 T��?� �
L� #	��I 8$�	= &�_��� ��� 

F!$� &��� �? � &����P" ��? �e$� ��?����" �� �
>� ��7) �? (&-U�� ^	= `��	� &-U�� �� �!d� 4��B ��? �� 
&-U�� �� F$��= � F$:�$�  F$� `DM,��	Q� ��	B �= ����6 ���$� 8��	� �	 	� 8;� �?�	7 �B � ���!� &" YiL� 
F!��	I 4(!� )Ahmadi et al., 2018.( �" ������ 8"��� �	 	� �� �	W7 ��g$� ����" �� ������ � ���$�J �� #��$� � 
&M,�U� �-!AU= `��	� 4!-;	� � ������ ��?����" �� �� fU F!" �

D,� �� #�	= 9,�H ��? ��� � K���:,� ��!���	� 

#� �� �� �	�� �� &" Y�B ���	� &��� �$� #�!" ���� 1- ������" ���"�� � X$�M= FB�� 5	-6 �� �" �!�j= �" K��d� �" 
��?��Q;� 2- ���L �� �� ���" &"�-6 #���� � 4$��� 4,��� �� ]!WP= ��? &!,��� 3- YiL� �� ��Q7� � F!��	I �" 

& 	= &" ^$��B �? &-U�� � &" 4!D� FQ7��B �Q���� ��� 4- ��g$� ���� a!d�= K���-� ����" �� � K�6iL� ����� 
�!j=) R��" ��� &U�� ��� � �(... 5- �6��c ������ F!D�= K_��A� ����) 4$�$�� �
>� � ��?���$�� `6 

�(K�;iQ7� 6- )��A= T��\B �ic�K� ���" #��!Dc� �� �Q"�I� #�	" ����" � ��!�	
  �� ��W>�� � 7- & 	= &" &A�  ��? 
4($� .�U!>�  

T�L �d� �� K���:,� �I	-6 � ��	��I ��!���	� ���" `!��= � �?����� ��?����" �� �� �	�� &� 9!J �= &" #� 
���B� ��B ^$��B � �=���:,� ���" #��� `!��= ����" �� )�M; � ������ :!� �	 � ���� &� FD�Q� ����v���6 �����	 

� ����$�J ����" 4�. &M	= ����" �� �� �	�� �� &<	6 �? � �-c��� &� ����� ��e$� ��? �$� ��B�" �� �����	 
9!" �=� ����	7�" �?�	7 �	"� 1- �� �-c��� &� 8"��� #� &" �	c �`�� ���" ���\Q� ��? �;�W� &M	= ���� ��B ��B�" 

2- ��$VJ�!!x= �
W; �� ��	 	� 8"��� �� �	 � &QB�� ��B�" 3- ���M= ���$� T�W� ����� �� �� &-U�� �	 � &QB�� 
���B�" 4- �<�-= ���" �� �� T��W� ��B � 4M�L �� #� &-U�� �� )�6 9$�:;� ��B�" 5- w	�= �� T�W� �#����� �� 

)w	�= �� S��� ���WQI� �� �� T��W� (X
QP� �	 � &QB�� �B�" � 6- 47��$� ��? ��_ ���" )�-Q�� �� �� &-U�� 
�= ����6 a?��; ��B�" )Nazari, 2016(.  

&H��� `!��= ��?����" ��� ]!WP= � 8$�	= �Z[� �� �� F!D�= �� ���� ��� �" ���" 8"��� �	 	� �� #�	= K��U7 
�	-,�" �� �� E�A=�� �" ����" �� :!� ��?��� .��� #��H &H ��?������ �=��d� � 9-� 4,�� �� �	�� Q!D��6� ]!WP= 

�� �$���� ��_ �� �� @
  F$� ����D? &QB��� ��B�" �U7 #� �	 � �?�	7 4B�� &� ����" �" & 	= &" 4!?�� 4"�I� � 
�$	 �	 a��6 �" �#� `L� ����D? � `��M= F!" &"�-6 #���� �� X!M�= &Q7� � ���I &" `6 K�<��M= ���DQ � �B�A� 

)Tahmasebi and Askari, 2016.( &H�? ��Q(�  �$�!;��x  ����" G�:" �= �B�" E�-� ���Q�� &� @ 	� `�B ��!� 
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`��M= #�!� �O #�M\� �� �	B a� �= �?�	7 .�	" &�$:? ��? ���DQ � �B�� �� `$�M= � s!AU= 8��	  � a?�" #�� ��Q7� 
�$��; � ����� 4!MD  �� �Z� )�-Q�� �� �� R$ &-U�� &" &-U�� ��$� � Ki�M� ���DQ � &Q�7�" �� #� �� ��$� 
&p�p� �$�? 4� &� �$�" �� �6��c 4�! ��? ��	D� ����" �� & 	=��	� ���I ��!� )Nazari, 2016.( ��i� �" �F$� 

�� �=�	L &� &" 9!J ��?��!� ��g$� R$ ����" s;	� & 	= ����� 4!;�\B � 4I� �� X$�M= &"�-6 �? ���I�" ��	A� � �� 
��!p 47��$� ��? ��	��I � K���-� ��g$� 4,��� � 9$�J �K_��A� F�D� 4� ��?����" �� r��" �$��= ��"��"�� F!" 
���" #�����" �$ sc��� a� �� � �}J �� �	B )Matchaya et al., 2019; Zetland, 2021.( ��i� �" �F$� �� F!�H 

�U$��B ��?����" �� F�D� 4� K��Z� � ��7 ���$� �� &
D  ���" �����" 9!" �� �6 �� 8"��� �� �" T�? @(� �	 
9!" �= �� &" ���D? &QB�� �B�" )Zhuang, 2016; Wheeler et al., 2012.( a? �F!�H ��$ ��$� �� 9,�H ��? ����" � 

��?������ &,��A� ��� ��g$� K��c�P� ��$t	,	�� �� �B�" )Zhuang, 2016( &� ����D? �$� E�-� �#��  �� #��$� :!� 
&" F$� w	<	� & 	= a� ��= ��B .4� K_��A� �� F!" &<	6 ��� �� K�	L ��� 4$�$�� f!>L �� ���	= �g�� &" 

��?���!J �	
U��� 4($� �U!>� .�	B )�-Q�� F!" &<	6 �� �� h�!-� G�:" � 4;�(� ��_	c �U7 9?�� ag6 
������ &<	6 ��? &��7��� �� &" )�A�� &QB�� � F�D� 4� r��" #�B�	B y�7 � O	\� �� �	B � �� &g!Q� �Z� �\�� �" 
4!\!� �� �	B )Alarcón and Juana, 2016.( �� �d� 4B���" � 4�i :!� K_��A� �� F!" &<	6 �� �$ 
#��� &<	6 �� F�D� 4� r��" S�Q(� ���D!" ��? &
-Q�� �� s$�c �� ����� �&AW6 )��� ��	7 � �"� �" )�-Q�� �� �� R$ 

&-U�� &" &-U�� ��$� .�	B )�-Q�� �� F!" &<	6 �� :!� F�D� 4� �?�� ���" &�	� ��? a ��� &���!" �� aQ(! ��? 
&��7��� �� @!� ��$� ��B�" ��$� K_iQ7� �� 8��	� ��$t	,	!" F!" &<	6 ��? &��7��� �	 � ���� )Zhuang, 2016.(  

�" �	 � F$� 4$���>� �? � 9,�H ��? ��?����" �� ��-� ��	>� �� ��-=�� 4$�$�� �� .����� ��?����" �� �$���� 
T�W� �� �� 9$�:;� �� ���?� ��H &� ���" #�����" S��� �MI�� �� �� ]!P�= ���� � �� &g!Q� ��?���$�� ������ �" 
K��!!x= �D!
I� �� F$� ^$��B �� 9$�:;� �� ��?� )Loch et al., 2013; Marston and Cai, 2016.( �� F$� ��d�� 

Loch et al. )2013( �� ��?�eJ #��� ����� &� &�	�H ���$�� ��?����" ��� �" ]!WP= �� �� �$�  &� 9!" F$�= 
��!� �� ����� @ 	� ������ T�W� �� �" K��!!x= �� �$�	?� ��B .4� �" F$� �)�6 ��$�:� ��?����" �� �� ������ �" 

K��!!x= �D!
I� ���= ����� s->� �� �	B &� �� �� ^$��B �"��" �" �$� 9P" ��? �t��� � ������� ��$� .�	B 
�F$��"��" F!!A= �	H��H �
!
>= 4(AD? ��- �t���- �Vp ��D�?�� �"	7 ���" ���	�H `!��= ��?����" �� #��" 

�!Zj= �\�� �" �$� 9P" �? �?�	7 �	" )Mabhaudhi et al., 2018.( �	�\� 4(AD? ��- �t���- ��Vp & 8A�� 
����< ���) �t��� � (�Vp �� &" K�	L R!=�DQ(! � &" �B�� 8��  � ��P"��; `!
>= �� .��� �	H��H F$� �
!
>= 
���	!J �� ���	= �" ���\Q� �� ��?��:"� ���A!Q�J �a!DW= �$��A� ��!(" s!I� ���" 4�! ���V� � a!DW= ��!� �� 

&�!�� ��? &
7��� 4$	,�� ���� ���\Q� �� 8"��� � 4$�$�� �� �� a?��; ��� )Mabhaudhi et al., 2018.( 9-� 4(AD? 
��- �t���- �Vp �� 4$�$�� 8"��� F$� 4� &� a? ��$�:;� K��g= � �?���= �� `!��= ����" �� �� �d� &Q;�� � 8"��� 
&" K�	L ���(� ��$� �� ��	B )Matchaya et al., 2019( &� �� #�	�� #� &"  a�H ��?����� ���$� ��?���$�� ��QA� 
�" ����" � 4$�$�� R$ &H��J � 8"��� �� � �t��� �� #��  ��$ �� �	B )Mabhaudhi et al., 2018.(  

#�D? &��	c 9!J �= �� �	W7 ��g$� ��?����" �� � ���	�H s->= ^$��B �� &�	D� ��? s;	� ����" �� f$��= 
��B �$�" 4�  ���!J ��� ��?������ �����" �7�" K���:,� �� �d� &Q;�� .�	B ��i� �" �F$� h���" z$�Q� 9?�eJ ��? 

K�	L &Q;�� �� �#��$� &�!�� `!��= ��?����" �� �� sc��� R�7 � &D!� R�7 � �-c��� &� �" ����� ��<�-= �� 
& �	� ���Q(? �	 � ���� )Zolfagharipoor et al., 2019.( a? �F!�H ����" �� �=�;��� �" �
� #�	" 8"��� �� &QB��� � 
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#���� &,��A� s6 ���" �����" �� 8"��� �� � `!��= ������" �	 � .���� �� F$� ��Q�� ���" ���!J ��� )�� ��? s;	� 
����" �� �� �#��$� X$�M= T�\B &"�-6 �? � F!D�= 4!�,�� ^	= ��?���� ��	��I �$ ����DQ � ����< �� .�B�" 
a? �F!�H R!�\= 4!�,�� �� �� �F!�� F!D�= ��	��I �K_��A� 9?�� &�$:? ��? ����� K_��A� � ��g$� K�(!j= 

@��� 4�  9?�� &�$:? ��? &,��A� � 9$�:;� �$���� ��?����" ��� ��_ &" �d� �� �� )Vahedizadeh et al., 

2018.( &" ���i� ���\Q� �� ��:"� @��� 4�  )��A= T�\B K��ic� � ���" ��!� �� ������ @��� ���" ]!WP= 
&!,�� &"�-6 �? 4�  ��!�	
  �� ���" ���W>�� @ 	� 9$�:;� �$���� ��?����" �� �?�	7 .�B ��$ �� K��Z� �\�� `L�6 

�� `!��= �����" S��; �� &" &
!� #������� X!M< �= � K��I FQ;�$ #������� �	I �= �� ��B�" ��� �� �?��� ���$� ����" 
�� #���� ��Q� #������� X!M< &� ��Q� &" 8"��� �� �� ������� a?��; �� ��� )Ahmadi et al., 2018; 

Jafari, 2004.( ���" &
"�-� �" `��� S��; �� #������� �X!M< �� #�	= �� #	��I �Q$���>� ���" ag6 K_��A� 
&" K�	L F!!M= ��L�� �� a� �� ��WQ7� &Q;�$ &" �? ������� �� �d� &Q;�� �	B � �$ ���" #������� X!M< �= 

�=i!�(= ����� 47���J ��� ��? ����" � �$�7 K_	W>� &" 4D!I ��!D�= ��WQ7� �"�$ � �$ #���� �$�7 �� 
&" K�	L &!(� a?��; �	B �= �� #��� 4B���" �)	W>� 47���J��" K�	L ��!� )Zarghami et al., 2015.( �� �7�" 

���	� :!� 4,�7� 4,�� �$ ���� �$�� � ����" 4�  ��!�	
  �� ���" N��	� � ��7 �\�� � 4� �"�$ &" �$���� ���DQ � 
����< �� .�B�" ��i� �" �F$� `!��= � 4$	-= `��= �? � FDg�� ��? ����� �����) `��= �� (#��" 9-� �D�� �� 
`!�(= � F!D�= �K_��A� 9?�� &�$:? K_��A� � 9?�� N��	� � ��7 �\�� �\$� �� .�$�D� h���" ���" 8"��� 
�&QBV� ���" �$���� &�!�" ��?����" �� � ����= ����$�J �#� 4,�� �$�A� &" �	c a!-Q(� �� 4!,�M; ��?����" �� �� &
D  

4D!I ���V� �� 4,�7� ��$�D� &�
" 4,�� �$�" �" K���(� 4�  s->= ^$��B 5	; ���V,� &\!q� ����Q(" `!��= �����" 
`!�(= K_��A� � 9?�� N��	� � ��7 �,�DQ6� �� �" ���� ��!�" )Ghorbanian et al., 2019.( &" K��A� ���$� 

a�H ������ �� �a?� X$�q� 4,�� �� 4�  `!��= ��?����" �� �$�  � 4$	-= ��?����" �� �
>� �	 	� �� ��	�� `��B 
���	� �$� �4� 8;� K�<��M= ��	��I �	 	� � &" 4!D� FQ7��B ������" 4�  9?�� &�$:? �K_��A� K��d� �" ]!WP= 
&!,�� &"�-6 �? 4�  ��!�	
  �� ���" ���W>�� a?��; #�	D� &�!�� `!��= ���� �$�� � ����" ^	= ���" �#�����" ����Q(" 4�  

)��A= T�\B K��ic� �� ����" �� � K��d� 4�  ��!�	
  �� ��?���!J �	
U��� 4($� .�U!>�  
  

5. �+�/
 ���E 

��?����" ��� ��	<	� C�QA(� ��$�  ��� &" 4�� �� )�6 �B� ��Q(? � `!(��QJ �D!d� �� ���" 4$	-= ���\Q� �� 8"��� 
��!(" ���>� �� � 9$�:;� 4L�; �? ���" �	A�" ���" ��� � �$���� T�W� �� &k��� �� .��?� �" & 	= &" ��<�-= ���$�:; 
���" 8"��� �� �� `� ��!g�� S��� ������� � ��!����B � �� �`"�-� �$��= #��>" a� �"� �" K��!!x= ��D!
I� 

��?����" �� �= ��6 ���" 4$�$�� F$�Q�" T�W� �� .4� &H��� ������ ��?����" �� ��$�:� ���MQ� ����� ��� �" 
& 	= &" 4!?�� � ��e$� ��? ��7 �� � 4!D?� #� �� K�d6i� ����DQ � ���"��" ��! � 4($� �U!>� &�) #� �� 

&" �	c `��� �� �$� ��?_�� ���g= ���WQI� :$�DQ� �� (��� ���!J ��� )	L� ��	*= ���WQI� ����" �� `D� �" 
9,�H �$�? ���D? .4� �7�" �� F$� ���	� &�$� �� 4$���>� ��? �I	-6 � F!��	I � K���-� �D!d�= ����� �7�" �B�� 

�� #��-; 9��� �D
� � �7�" ��$� �B�� �� �	7 ��	*= ���WQI� �� .4� �� F$� ��� �" &M,�U� �-!AU= ���g= F!" �

D,� 
����" �� � ������ &�	D� ��? ��
7�� FB�� �� �	B &� ��$ �� ^$��B ��_ ���" `!��= � ���DQ� ����" �� ���� �� 

��	�� a?��; #�	D� ��?�Q(" ��	��I @��� ���" K��d� s!I� �" ��$��; K_��A� � `6 Ki��� �,�DQ6� .4� 
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&" K��A� ���$� &M	= ��?����" �� �� ��	�� �����!� ��?�Q(" ��_ �� �B�" � ������" �� �F!��	I �� a�� F$�= K���:,� 
`!��= ����" .4� ��� ����" ��� #��" & 	= &" ^$��B ��Q,�� @��	  �$�� � � 47��$� ��? ��_ � &" ���!J �� ^$��B 

��?�	�� ��$� &M	= ��"�$ ��H� Ki��� ��� �?�	7 .�B ��Q("�� 4!�,�� &"�-6 �? &" �F!�� ��$ �� a�� F$�= 
4$���>� ��? &M	= � `���= ����" �� #��$� �� �B�" &� �� ^$��B �	 	� �� �d� ���	��I #���� R!�\= 4!�,�� &"�-6 �� 
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6. -* � �
 (   
1. Demand-Side Management  

2. Supply Augmentation 

3. The integrated water markets framework 

4. Murray‐Darling Basin 

5. Delivery Share 

6. Water Allocation 

7. Water-Use License 

8. Bulletin Board 

9. Double Action 

10. Texas 
11. California 
12. Arizona 
13. Colorado  
14. Edwards 

15. Riparian Law 

16. Prior Appropriation Law 

17. Guadalquivir River Basin 

18. Water Use Associations (WUs) 
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