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Groundwater resources are critical water resources for present and future 

generations. However, it has not been used sustainably in most of  Iran's plains, 

and due to the increase in population and food demand caused by it in the last 

century, it has been withdrawn more than in the past. The issue has been raised as 

a serious threat to the maintenance of livelihoods, the stability of local 

communities, and economic investments in the region. To prevent the continuation 

of this process, it seems necessary to identify, review, and formulate solutions. A 

variety of methods can be employed for estimating the withdrawal (country reports 

and hydrological modelling) and depletion (water balance methods, volume-based 

methods and indirect geodetic estimates or geodetic) amounts according to their 

limitations and characteristics. Based on literature reviews in two parts of the 

world and in Iran, the methods of estimation of withdrawal and depletion were 

evaluated to obtain a general understanding of its situation. Studies show that 800 

and 184 billion cubic meters are respectively withdrawn and depleted on a global 

scale. In addition, there are 71 and 6.9 billion cubic meters (which is 10% and 4% 

of the global amount) for Iran, and this reflects Iran's dependence on groundwater 

resources. The dependency leads to the emergence of problems such as salinity 

and groundwater level depletion, subsidence and related social and economic 

issues. Moreover, most of the use of groundwater is linked to agriculture, and 
despite the decrease in its portion of withdrawals, the relationship between 

depletion and withdrawals has not changed. 
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 �3@H� ��B ��6��E8� ����� ���^= ;FG����G �  �� �W��E8���J�,� 6= �HI ��$�� �	� �
@ )Godfray et al., 2010(. 
$	 5�= ���� 5����7 P�3#�= ���F�� jA�� �� �Z�C )Hanasaki et al., 2018; Van Dijk et al., 2014( ��;	$� 

����@�� �,A�� ��� 	�3	� ��
��  �� 9�����  [	�M )United Nations, 2014( �;	$� ���N3B�= d� ���T� ���HI V�� 

)Hoekstra and Chapagain, 2006(�E8� k:�� ���@���� 61  5� 9����� 5�5���5� � �
< �500  ��4000  �� `;S�3

%�	 ����G _[	 �� �
@ �	� )Hanasaki et al., 2018; Van Dijk et al., 2014( 5� .�8�A  �$A� jA�� ��E��  
���

����E8�  5� �@���� �� 9�����  ���5��5 �� m	�) ��Z�C +�	�=�' '�S�T$+��
�  �
'����$@ )Scanlon et al., 

2012(3� �� .�W� #� ��=��� �J$< 5��'�  9�����  5�5���� ��H)��
�
W� �� �$A ����E8� �@���� �
�$@ )Gleeson et al., 

2012( �� .K�� %�<�  ���� \�;+�[ 
���� �
'� ����,  �@����n��C �� VW<) �A 5� o4p ��$U�� 5� �
@j�  � (T�qF)��?U�2 

)=��
, n��C �� VW< 5�  r�N �� �7 ��$U�� 5� �
@�
�	�  o4p��UX�  � �
@ s�;� �������  ����� ��$U�� ���F� 
�7(  9���

5 ���5����� A� �'� �'= �E8� �3@H�6�  �	� �38�� )De Graaf et al., 2017( F3<� ��'� �� ot� �'= ��� �
�� 
'�$C ���� E

�@�� )Wada et al., 2012b(.  

K�+�� P�� �'=  ����������, ?U��� �@���� � �5 �� 9��� 5����5�� P�� �'= �3X�  >�@ �7 
�3#' VW< ��

P��=�' ��3X ����=�'  5����S�+��
�' )MacDonald et al., 2016 �� ��� 5� 6W�	 P�� �(GRACE )Rodell 

et al., 2018 � (��	��� %
�'= ���G� )De Graaf et al., 2017 (� 
�$@P�� ���� �� . �'= �� �� �4��	��� 

%
�'= '�T$+��
�S� ���G� )De Graaf et al., 2014 � (��	��� P���'= ) ��� 5� 6W�	Cheema et al., 

2014 �� (K��  .�	� �38�� ���B ���23	� ��$ �$O��S� ���� P�� 5�=�'  ����������, ��?U� P�� ��@���� �=�' 

I�,3#��5�$YT V�S� ) �	�Minderhoud et al., 2017 �� .(5�� �� �G$����� P��=�'  ����������,  � �@������?U� 

�P�� �2� ��$�=�' ��3X ���� ��=�' ' 5����S�+��
� �� >�+� ��
M�� �'= ��������= d� �����S \��� 

]$NC�8 \��E�S�  � u�C��W�3� � d� �������S \��� �
' � v$2� w���' ��+��
�S� Hd� w�� ������ ����� 

g
: ;[B�� �'=  ������ �� �����8����, ?U� � �@������ � 5� .���� ���F' ��K���� ���� K3@�� ��
� �'= B�� �����7 �j

����'��S= ��3X ���� ��=�'  5����S�+��
�' ]$��F� �� �$@.  5��8�A  ����������,  � �@������?U�  �� 9��� 5�

���5��5 ��	��� %
=�' ����G E'��� � � ��$� �X��5 � ������� 
�5� YEG \�:4A� � �'� ��=  .�	�V' K��^ 

g
: ;[B�����' �'�3���) ��= � ������� �� �4 5�5���� �3X P�� �	� �7v �� g5t e���� �$G�� � ���� �� �4E� 

����= �EG�= ���� x?3U= G��C ��  �� 5�5���� �� �7 �	�C� � 5���2+i K � �$C ��'� .
���� ������ �� 5��� >�+� 

�EG� �u�C �� �� �$y<= �� �� �4 5�5���� ]$NC ��� �7 
�3#' �3#��� u�C \��� >�+� '��) � �3C��@�� ��f� ��


���	 �� ot$F; 5�	= J�8 � �'����  %�F:� \�X	�M ��� F' �7 
�$@��E8� k:�� �� K�g
: � �[C 6 ;[B� ������ �� �

�� �4� �$@. ������K�?M� �� �G$� ��> �'= g
: ;[B� ������ �� �����, ��?U�  �� 9��� 5� �@���� ����5��5 #�� ��

V� �	� � x?3U \�;+�[ �� �� g�E+ �� �7�K ??F+�� .�	� �
@ ���@�  

� ������ �E� �
	 ��  �3@H� 6��E8� �?FG 5� �2?3U >�$: ���;FG ^ �2<��I =�'�) �� 5�W��� =����8 �8�� 

�#����^ =��2< > �'  �� �W�>�
X� �����  ���S� z�E� 5� K��� ��?U� ���
��7 9����� 5���5�� �	� �
@ ���G �� .

�?�$: �8�A 5� O���$XF7 � ) P���Mansouri Daneshvar et al., 2019( � ��
C� Z�C �+�	=�' �) �)��

)Zarch et al., 2011( �� %�	=�' ���C� g
: =��G� {�A=�' ��Hd� � �:$�N 6U) 	��4 ��G ��� 	��4�' � 

<��=� ��$U���' Cv =�#7 �� �W�� �� 9���5��5 ���� �� ��$� 6'�7 ��$U�� �� �3���
 �'�
@�	� .%�<�� �J�< 

���E =�#7 �;FW� Cv��� 5��5 �� 9������ ����� �� ��6 5� 132  ����?��3S`; 	���
 �7 ���� ��
< 105 �?���� 
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�3S`; 5� VB� K�� c$�� �� 17 %�	 C��� � 18 �?���� �3S`; �� c$�� �� |�) %�	 ��C� ) �	�Valipour and 

Ketabchi, 2021( . 6��E8� ����^ ��
;��3@H� �'� �� �' ��@���� c�,� ��
;� 9��� 5� 5 �����5��  ��9/84  
]��

�E8�6�  5�546000  %�	 ��2002 � ��6�  5�1000000  %�	 ��2015 	� .�	� �
� ��
;� �J�< %�< ��794000  �,?<

%�;8 ��^ (5�W��I � 5�W)  ���7 ��41169  � \��B �3@�174248  �$�7 �� �F�^
���� �$G�  5� �7�� 9���  5���5�� 

 �@����� ) 
���F�WRMC, 2017 .(  

�G$� ��  �
;� ����^�'= I 5�W�� ����$U�� ��S� ��$�7 =�'
� �$G� �� �@���� `	�� %�3�7K��5� ����  �� �8�J�

 5� �@���� 9�����  5 ���5��:�F3G� \4S� ���- T$+$7��S� 2?3U� Z�C �?FG 5� �t�� �
@� ��'������5��� 

��8$A�'=  6'�7 ���XI � ��� �K@7��2�  ��S }$B� � ��	�4� �W� �'� ) �$@Danaei et al., 2019; 

Madani, 2014; Madani et al., 2016(.  5��8�A 5 �#����8K� �� >�+� ��?U�  9����� 5���5�� �[C= 

��#�� ��� 5�	= 5�C�	���'= <���� �@� ���7�	 ��'= 	�`�H)�� �	�. K�5 �#����8 �
�
) ��  c�,� �� �$8�

 � �$�7 x?3U�� �(�� E7� \48= �� ��$�: ���M� �$��7�  �@���� �� �� 9�������5��5 .�	� �
'�� >��B K������� 

5� �'��� ����, ?U� � �@������  5����5��5 �� 9���� �5�� +���� ���= 	���� ;J���  v�U�� �V�FN�=�' �3���
 

�  .
@��  

r
' K��  �Y��� ��;+�[Z� �F�= ?7� ��, 5��� ?U� ��@������  �Cv��� ���5��5 �� 9���  � ���G _[	 ��

�����  5� .�	�K��  g�� 6U� �� ��
, 6U� 5� ~) ���� �$A P�� �� �]4C=�'  ����������,  � �@������?U� 

 �� 9������5��5  g$	 6U� �� ~q	 .�	� �
@ ���@�|��3� �� 9��� ���������5��5 � � ���G����  �
@ �Y���

 9B���� .�	� �� 9��� 5� �@���� ����G =�'������ �
3�� � =�$�7 ��� `+�B �� ���5��5%
 5�	 =

�	� ���� {�@ �S�T$+��
�'�  �� ~q	������  �� 9��� ��?U� ��
, ����GP�� ��	��� ���5��5 �� �4�� =�'

 �P�� �'�	� �
@ �3C���) VW< �� ��3X =�  ����, ������ �� ���� ���@���� � ?U���  �� 9������5��5  ��

,���  z�E��� )�6 ���� ?U��� �� 9��� ������ � ���5��5 VW< ���G�  9����� 5�5����  �3C���) .�	� �
@

V' K��^ .�	� �
@ �Y��� r�N }$� Z�S2� �� ����� ���5��5 �� 9��� ��?U� � �@���� ����, g$	 6U� ��  ��

� �@���� \��D� �� g���^ 6U������  �� 9��� 5����5��5 ��G _[	 �� � ������  6U� .�	� �
@ �3C���)

 VW�)E�� ��$ �� c�W�3�=��� �?7  �J�< �;+�[.�	�   
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2-1. ������ ��� ���
�	���� � �����	 ��� �
 �	�� �������   

 ��$�: �� �+�, %�� 6U� ��P���'= ��, �������� ?U� � �@������ 5 �� 9��� 5����5�� �� :%�� 6U�)�'��S�  �

P���'= �3X� ��W� ��\�� �K��??F+�( P�� ����5�� �� .�	� �
@ �3C���) ���5��5 �� 9��� ��?U� ����, ������ =�'

�� �$A  �]4C, ����� ���G� ����, ��?U� �� 9��� 5�� ���5��  =��XP�� =�' ��3X ���� ��	���) VW< ��=�' 

' 5�����S�+��
�  �� ��� 5� 6W�	GRACE  ���	��� %
=�' ����G (P�� =�' �4�� ) ����	��� %
=�' 

�S�T$+��
�' ����G  ���	��� P��=�' P�� � (��� 5� 6W�	=�' V�,3#��I �S�5�$YT � �� .�	�K�  �� �;+�[

S2�Z�� ��, �������� �$�7 ��� ��	��� �@����=  �%
 5�	= �S�T$+��
�'  �����, ���?U P�� ��	���=�' �4�� 

P�� � ��=�' ��3X  .�	� �
@ �Y��� VW< ��  
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2-2. ���
�	 ����� -�$%� �����	 ��� ���  ���	�� �
 �������   

2-2- 1. -�$% ��)� ���
�	�  �
 �	�� �� �����	������� 

�$G� ��  ��$G$ \�:4A� � ��� ����
M ���;+�[V' �$^ Everett Zektser and )2004 ( �Shah )2005����, ( 

�@���� 9��� 5� �� ���5��5 �� ��3X P��E�=�' 5� �
@��3� �� x?3U =�'�$�7 ��$F� �Y���.
��  ��� ��	���

 ���5��5 �� 9��� 5� �@���� ��
, �
@��3����G _[	 ��� 600  ��800 ����?�  %�	 �� `;S�3.�	� �
@ ������ 

� �� ��4:K� � E7� �\�;+�[�K ??F+�� 5������ 5 �� 9������5��3 �)� ��� ����=�  �� �X�� \�:4A� 5� 9�G�� 9��� 

5���5��  >�@����, �'�$�7 �� �@���� x?3U =��$F� V'��8 �� K��^ .�	� �'�������� P��E� �� �3#���=�' 

3+��� �$�7 _[	 ���' � ���� �� ��3X=�' �5�
��=��� �
@ �	�P4� �^��� . �'= >��B �G$�� ���=  ����, ������

���5��5 �� 9��� 5� �@���� 
@ g�W�� ���G �	��	 �� �G$��� �� �	� � ��N3B� �;	$� ��=- ��:�F3G  �\���d� �F�?B� 

 >S� ���� ���	�5��  �G�$�
�@�� )Foster and Loucks, 2006(. 

$	 5�= ����� ��� �7 �@�� �G$� 
 ����, �@�������5��5 �� 9���  �$�7 �'�� �$A >��B ��G$� �	 5� \��23�� 

�'�$�7�	. 9B���� �'�$�7= g�� �� x?3U=�' ���5 �U� ����23 �� =�������� �
���F� ��5�	 .

5�K 	��@� �� \t��
M34 �����,  �@�������5��5 �� 9���  �' ��|�)  %�	�Z  �����	��� ��F@�	=  _[	 ��

 �Y��� �$�7� .
�7 �� C���  5��'�$�7  �?FG 5��$�#�F7 �? ��5 �ESZ� =��$@ =E7� �� ���5��56 �
�' \��5� 

g$� �	��@ � ��M �#�57 �K�^ 
 �7�@���� �� 9���8 ����� �����,  �@���� 9���5 ���5���� ��3	� _[	 ��� 

 � ��������  �Y��� P��E� \�$]�	� �
@ . �� �����5 �� 9��� 5� �@���� ����,P��E�=�' s$8� EW�) �7H+����� �� (

�;+�[ Wada and Heinrich )2013 ( 5� ���23	� ��%
 =�' ���G� '�S�T$+��
� � ������ �W�	��X3:� �
@  �� .�	�

�K� %�<� �	� ���� ������ ��=  � �@���� ��
, 5� ��F3:� >��B�EU =�#7 �� 9��� 5���5��  >7 ���� �@����  =�5�

�	� ��$@� ���G �	��	 �� �$�7 �'� 5��� , ������'= 3U	 �� z�E�� �5�
�� >��B�=�� �	� )Ruddell, 2018(.  

�� �$O�  �G$��� ����5��5 �� 9��� ��?U� � �@���� ����, ������ �� ��;J� ��3	� �� ��� �7 KSF �	� 

�� >�+� ����=�' �@���� �
�� � \4S� �� ���	�5�� ��t�	  �NB�$��
�@�� �3@�� %
=�' ��X@ =5�	 �S�T$+��
�' 

K�E���G P������ �� ��3X =�' �
@ �	� .�@���� ��
, ����G �	$� ���5��5 �� 9��� Döll )2009 � (Döll et al. 

)2012�� ( ���23	� 5� IGRAC GGIS� K�� 1100 �� 1500 ����?� `;S�3 �� %�	 ������ �+�<�� .�	� �
@  �7 �� 

�	��� \�:4A� 6�� 5� 15000 
<�� =���� �? � �?��5 ��
, �@���� 9��� ����G �� �	$� ���5��5 Döll et al. 

)2014�� ( ��
< 700 ����?� `;S�3 �� %�	 �	� �
@ ��5 K�FU� .=�'������ ��3X �� %
 �� �#��, �� 

���� �� ��3X =�'������� �� ���, ����G g�W�� �
@ ��	� �� `?I� ����
M=�' �@���� �� 9��� 5� �� =�'�$�7 

x?3U �
���� ) �	� �
@ �38��Wada et al., 2014(. �� �G$� �� }$�� P��=�' ���� � �������5�����$ =�' ����, 

>��B�G$� �[C �� \�X	�M ��� 5� ��O3�� #��� )Wada, 2016( .K�� �� ��
, %�< �@���� ����G �� 9��� ���5��5 �� 

\�;+�[ ��C� 700 �� 900 ����?� `;S�3 �� %�	 ������ �
@ �	�.  

  

2-2-2. -�$% ��)� ���
�	� ����� � �
 �	��������  

����, ����G ��?U� 9��� �� ���5��5 `?I� �� P�� =�' �4�� �� ������ �
@ �	� )Wada, 2016(. �S� 5� K�+�� 

����, =��� ��?U� �� 9��� ���5��5 ��	��� P�� �4�� ��� �	$� Postel )1999�( 200 ����?� `;S�3 �� %�	 

�	� �
@ ������ .~) 5� �� 6�� �� P�� =�' �4�� �� �S3 �� %
 =�' �S�T$+��
�' ����G ) 
�
@Bierkens, 
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2015( .\�;+�[ �X�� �� %
�S�T$+��
�' =�' \��2� ��	��� ��
, �� 5�����$ �� ��
, �� �M[	  �� ��3	� 

�� ��$�: �
���F�=� =��� "��  ��H)��
�
W�"����, � �� ���5��5 �� 9��� ��?U� 400 �� 1700 ����?� `;S�3 �� %�	 

���7 ������
�� .K�+�� ������ ����G ��?U� ���5��5 �� 9��� ��3X �� %
 �	$� Wada et al. )2010 g�W�� (�
@ 

 .�	�|��3� K��  ���� �;+�[� 
'��� �<�$� �F�� �$A� �� �Z�C ��?U� ��
, ����G �� 9��� ���5��5 5� 

32±126 �� 283±40 ����?� `;S�3 �� %�	 �A �5�� ���5 1960 �� 2000 6��E8� �38�� �	�. �� ���� Wada et 

al. )2012a( ���23	� �� `��J 5� �M�MN� �� ��3X �7 ��
:� P��E� �
@ �?M ��?U���
, ��$� �� 9��� ���5��5  ��

30 V7 
]�� �� )30±240 ����?� `;S�3 �� %�	 (��7 ������ .K�� �� �+�< �	� �7 ��
, ��Hd� �� �O� �38�� �
@ 

�� K�� \�;+�[ �,8 5� }$� ��Hd� �
�7��) .�	� =��� 98� K�� �r�S@ Döll et al. )2014( %
 5� ���23	� �� =5�	 

�S�T$+��
�' ��	��� \�:4A� �'�3�E�) � ���$'� GRACE ��Hd� E7�F3 �� 9��� ���5��5 5� ���)=�' ��� �� 

jA�� �� Z�C ��X@ =5�	 .�	� ���7 �;+�[ K�� |��3� ��	��� ��?U� ��
, 9��� 5� �� ���5��5 113 ����?� 

`;S�3 �� %�	 ������ �	� �
@. �+�<��  �7 Pokhrel et al. ) 2015(  ���23	� ��5� Z� %
 �S�T$+��
�' �^��qS� 

��
, ��?U� ����G �� 9��� ���5��5 �� 330 ����?� `;S�3 �� %�	 ������ 
��$F�. ��F' �$A �7 �$��  �	���	��� 

g�W�� \�;+�[ �38�� =�'������ ����G  ��
,o4�7 ���5��5 �� 9��� ��?U� \��23 ��	� �� �� =���$ K�� �'������ 

�B��� ���#� ��t�� .�	� �
@ g�W�� �� ������ �%�p �$A ��?U� ��
, �� �$��7=�' ��?U� �� 9��� ���5��5 �� �f�� �7 

Wada et al. )2010( ��	� ��$F� ������ o4�7 �,��[ ���� .=��� ��� 6�� �� =�'������ ����G  9��� ��?U� ��
,

���5��5 �� �� %�
G )1( }$G� �$@. 

P�� �'= �3X� �� ���4 �� �� >�+� \�'�X3@� ���| �� ����= � �'�3���)= %
 '�T$+��
�S� � V' K��^ 

\�J��2 �� �O� �38�� �
@ ���= ���	5�	= 6�7�
�� 9��� �� M[	� � 5�5���� �� ��; g
:;[B�� =�' 

>��B �G$�� ���B 
���� .�S� 5� >�$: g
:;[B����� c$�� �� �@���� ���G� 5�  9����� 5�5����� g
:;[B���'= 

@��� 5� X@�� 5�	= Hd��� 9��� �� 5�5���� �	� .�'������= ���G� ��
, Hd���  9����� 5�5���� �� ��3X 

%
 5�	=� 11000 �� 17000 �?���� `;S�3 �� %�	 �	� �7 %��; 30 �� 40 
]�� 5� 9��� �� @���K 
W��H)
�� 

���G �	� )De Graaf et al., 2014; Hanasaki et al., 2018 .(��
, Hd��� ���G� %
 5�	= �
@� Hd��� E7�F3 �� 

�� F���� ���� � ��K �� �
��$� �� <�$�� ���F Z�C >��B �G$� 
@�� .�S� 5� ����'= �$X�� ������ ��
, Hd��� �� 

%
 �'= '�T$+��
�S� ���G�� ���23	� 5� ���$��E�' �	� )Jasechko et al., 2014 .(�5��K �� �Wada and 

Heinrich )2013( ��
, ���G� Hd��� @��� 5� �����= �� �� ���23	� 5� ��K �P�� 500 �?���� `;S�3 �� %�	 ������ 


��$F�.  

K�+�� ��?U� ��
,  ����G9��� �� ���5��5 ��	��� P��=�' ��3X �� VW< �	$�Konikow  )2011 (������ 

�;+�[ K�� �� .�	� �
@ �� ��8 K��  �7�X#� �� �� ��H)��
�
W� >7 �@���� �� ���5��5 5� �O� ���5 ���D  �� ��	�

5� ���23	� ���� ���� ����=�' 5��� _[	 ��� \�
'�� ���$'� GRACE � %
 =�' �W�	�� �
@ �� ����5��5 ��
, 

��?U� ����G 39±145 ����?� `;S�3 �� %�	 ������ .�	� �
@ �� =��S��� ���� �� �W�3�  �Z��E�De Graaf et al. 

)2017( �� ���23	� 5� `�7�� P���� ��3X =�' VW< � �+
 �� ���, ����G ��
, ��?U� 5� �� 9��� ���5��5 �� 

137 ����?� `;S�3 �� %�	 ������ 
��$F�. =�'������ � ��� �� �G$� �� ���3	� �� �^��qS�  =�'������ ��
, =5�	

 .�	� =���J ����G  

K�� 5�  ���Van Dijk et al. )2014=�'������ ( �� �	� �
� 5� GRACE� }�2����W�	 _[	 �� ���$'�=� � 
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=�'������ �[C K�
�^ �� ��3X %
 �S�T$+��
�' �� �� �$^���^ ��#F' =5�	 �����' �^��qS� .
��$F� ��	���  K��

�;+�[ 5� ���5��5 �� 9��� ��?U� ��
, 168 �� 92 ����?� `;S�3 �� %�	 ��7 ���d� .��  ����Rodel et al. 

)2018����5�� ( ����G 5� 
��� ���Cv � ��?U� �� 9��� ���5��5 �� �Y��� ���� 
��. %�
G )1( =�F� �?7 5� =�'������ ��C� 

 � �@���� ����,��?U� 9��� ����G �� ���5��5 �� �Y��� �
��F�. 

 
Table 1. Global estimates of groundwater withdrawal and depletion (BCM yr−1)  

References 

Groundwater 

withdrawal/depletion 

BCMyr-1 

Year Notes Sources 

Postel (1999) NA/200 

Contemporary Data-based estimate 
Literature and reports 

Country statistics 

Shah (2005) 800-1000/NA 

Zektser and 

Everett (2004) 
600-700/ NA 

Wada et al. (2010) 
312(±37)/126(±32) 1960 

Model based water balance method 
IGRAC GGIS database 

PCR-GLOBWB (0.5°) 734(±82)/283(±40) 2000 

Konikow (2011) NA/145(±39) 2000-2008 

Model and GRACE based volume 

based method with extrapolation for 

other than USA, north India, North 

China Plain, Saudi Arabia, Nubian and 

Sahara 

In situ groundwater level 

measurements, GRACE satellite 

observation, calibrated groundwater 

model, extrapolation (15.4%; 

depletion to abstraction ratio of 

USA) 

Wada et al., 

(2012a and 2012b) 

312(±37)/64(±16) 1960 Model based water balance method 

with correction against reported 

regional depletion estimates 

IGRAC-GGIS 

734(±82)/64(±16) 2000 
PCR-GLOBWB (0.5°) 

1248(±118)/295(±47) 2050 

Döll et al., (2014) NA/113 2000-2009 Model based water balance method 

WaterGAP (0.5°), In situ 

groundwater level measurements, 

GRACE satellite observation 

Van Dijk et al., 

(2014) NA/92 2003-2012 

GRACE based volume based method 

with data assimilation (original 

depletion equals 168 BCM yr−1) 

Data assimilation with GRACE 

satellite observation 

Wada and 

Bierkens, (2014) 

372/90 1960 

Model based water balance method 

IGRAC-GGIS 

952/304 2010 
PCR-GLOBWB (0.5°) 

1621(±128)/597(±85) 2099 

Yoshikawa et al., 

(2014) 

-/510 2000 
H08 (1.0°) 

-/1150 2050 

Pokhrel et al., 

(2015) 570/330 2000 MATSIRO (1.0°) 

De Graaf et al., 

(2017) 

460/NA 1960 PCR-GLOBWB (0.083 33°) coupled 

to a global two-layer MODFLOW 

model 

980/NA 2010 

NA/137 1960-2010 

Hanasaki et al., 

(2018) 
789(±37)/182(±26) 2000 H08 (0.5°) 

OECD, (2020) 1024/NA 1970-2020 Data-based estimate 
Literature and reports 

Country statistics 

Shamsudduha and 

Taylor, (2020) 
982/145 2010 Model based water balance method 

 ensemble of datasets from GRACE 

satellite and land surface models 

UN Water and 

UNESCO, (2022) 
959/NA 2017 Data-based estimate 

Literature and reports country 

statistics 

 

2-2-3. ���
�	 ��/��� ����� �����	 � �����  �	���
 ������� � ���0� 1�2	  

�� �$A %$F; �@���� 6�� 5� 
< 5� �� 9��� ���5��5 � ��?U� �@�� 5� ��  �'�� \�$] �?M �	�� K������� ���$� �� 

���23	� 5� %
 =�' ����G �� ���5��5 �W�	�� ��
@ ������ =�' =�3�� 5� \����d� ��E� ���Cv �� 9��� ���5��5 

�Y��� �$F� )Konikow, 2011 .(5� �8�A =��� �W�	�� %
=�' �,[�=� �� ����5��5 �� ����=�' ���
'�� 
���F' 
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_[	 5��� ��=�' ���5��5 � ����=�' ����G 5��� �	� �7 �� `?I� 9B�$ �� �(�� �� =�'�$�7 �� %�< �;	$� �� 

��3	� �#�� .�$G� ����=�' ���
'�� 5� _[	 5��� ��=�' ���5��5 =��� �W�	�� %
 =�' �S�T$+��
�' =���J 

�	� .��5�	 K�5 �	��@ \t��� �
M3 �SX@=� V7��3 5� ����=�' _[	 5��� �� ���5��5 �� �	��	 �$�7 �� 

9FG =��� ��$F� �	� )6�� 5� 800000 (�7 ��S� �C�	 %
 =�' �� ���5��5 �W�	�� �
@ �� �#� ��5�	 .

K��5� ��� ��
, ��?U� �� 9��� ���5��5 ��X@=5�	 �
@  �	$�Scanlon et al. )2012a( )7/5 ����?� `;S�3 �� 

%�	 (�� ������ ��?U� ��
, �� 9��� ���$'� ���5��5 GRACE )�2' ����?� `;S�3 �� %�	 (���� �,��[ .�� 

=��� �@� �+�F@ K�^ �7 
B�8 ���� K��^=�' ���
'�� ��	� ��
, 9��� ��?U� �� 5� ���23	� �� ���5��5 %
 =5�	 

)5/5 ����?� `;S�3 �� %�	( )Cao et al., 2013( �� � ���$'� 5� ���23	� GRACE )1/1±3/8 ����?� `;S�3 �� 

%�	 () �	� �
@ ������Feng et al., 2013( �$G� .
���
� �,��[ V' �� |��3� �7 K��^ r43C����' ��� |��3� �' 

Z� 5� P�� ����23	���$ =�' �� g
: ��;[B �' P�� ���� ��3#� .���W��5� �7 �' P�� ���	 =5�	 =�' ��C �$C �� 

� ���� ��F� =�'�3���) �S�T$+��
�' =�'
����8 �� >�C� �� �� �O� �F�  ����)Kundzewicz, 1995( r43C� K�� �

�� � �$G� 
��.  

  

2-2-4. 4�� 	��� ��)� ����� �
 �	�� ������� 

6�) ���� ��
, ��?U� 9��� �� ���5��5 `?I� ��3X �� ��X@=5�	 %
 =�' �S�T$+��
�' �	� �7 �� ��; 

g
: ��;[B=�' ���E� �	� .%
 =�' ��X@ =5�	 �
��� �� 6�) ���� =�' �F�?B� 5� %
 =�' P��� �$F:9 �� 

%
 =�' �F�?B� �,[�=�10� $����	=�' �:�F3G�- =��N3B� � V' K��^ \����d� =����7 �J��� 5��� 
���� �7 g�
7�' 

g
:��;[B���' 
���� .�� �G$� �� K��  �7\����d� =����7 �J��� �� \
@ �M� ��D�� �?�$: 
��� 
@� ��;FG �	� �7 �� 

=�J�,� ���HI �X�� ��
@�� ot�F3<� w�� �;	$� =��N3B� 
��$3� �� ������ =��� 6�) ���� ��?U� �� 9���  ���5��5 �� 

�
��� `	�� 
@��.   

K�3#U� �;+�[ ����G �� 6�)��$ �� 9��� ��?U���
, �������5��5 �	$� Wada et al. )2012b(  �
@ g�W��

�	� �7 ��
, 9��� ��?U� �� ���5��5 �� �
��� ��	��� `�7�� �	 $����	= �:�F3G�- =��N3B� � �F�?B� 6�) ���� 

.�	� �
@ |��3� ���� �;+�[ K�� �
'� �7 ��?U���
, ����G �� 9��� ���5��5 5� 30±204 ����?� `;S�3 �� 

%�	 �� 47±295 ����?� `;S�3 �� %�	 6��E8� 
'�$C �8�� .�+�<��   �7 .Yoshikawa et al )2014��
, ( ��?U� 

���#� 6�� =�� �� �M� P�3#� g��
 jA�� ��� 6�) ���� \�$] K�� �� �
���7 ��
, �7 ��?U� ����G �� 9��� 

���5��5 �� %�	 2050 �� 1150 ����?� `;S�3 �� %�	 
	��. Wada et al. )2014��?U� ��
, ( �@�� 5� �@���� 

��
��)��I �� 9��� 5� ���5��5 � �M[	 �� ��F7 
��$F� .�� =�$A �7 ����, }$FW �@���� � ��?U� �� 9��� 

��H)��
�
W� �� _[	 ���G �� `���� 952 � 304 ����?� `;S�3 �� %�	 � 6��E8� �� �� 28±1621  �85±597 

����?� `;S�3 �� %�	 �� =��3�� ��B =��G 6�) ���� �	� �
@ .K�� |��3� 6�) ���� =�' ��� ���� � 
'� �7 �� ���� 

c�,� ����M� � 
�
�� �?;8
�$@� �$��7 �S?� =�' ����M� �� 9��� ��?U�  ���5��5 ot�F3<� �� jA�� =���� �7  ��

���;FG ��M+ 
�+$� ��$ ���HI � �;	$� =��N3B� 6��E8� >��B ��G$� 5� ��  �'��O3�� � ���� P�3#� .
��� �� �$A�?7� 

���$� ��O3�� 6��E8� 9��	 ��?U� ��
, �� 9��� ���5��5 =�'�$�7 �� �� �� %�< �;	$� � 6'�7 �W��
� �� �� �� 

=�'�$�7 �;	$� �38�� �@��. 

  



0�� �4� *��7�� *��
(� +6�*�� � 28'�� 9��5
 :7 .(
.��5� )<8� =�* :����� ...   /@���"�4 � ����� ��	
���
  415 

2-2-5. ���
�	 678 -�$%� �	�� �
 �������  

�@���� �FY�� 9��� 5� �� ���5��5 ���H)��
�
W� 
���F' �' 9X� ��H)��
�
W� ���� �� ����� �W� �� 5� K�� K38� >�7 

���Cv �� ���5��5 ��$@. K��5� ��� � {�[ %�i	 K���7 �$@ 9��� �� ���5��5 �� �^ \
 g��� 
�'�$C ��@�� 

=��� m	�) �� K�� 6	�) 
��� �� �� %�i	 �7 �^ ��
, �� ���5��5 �$G$ ��	� � K��  �7��
, �@���� �� �
��� �^ 

��
, 
'�$C ��$� m	�) ���� �$@.  

 �G$��� �� K�� �7 �� 9��� ���5��5 Z� 9X� u�3� ����G �
�3#�� \t�i	 s$8 �� `	��3 �,[� � ��;B$ 

��;+�[ �' ���S m	�)=�' ����23 �� �� %�X�� 
�'�$C �@�� .g
:��;[B =���5 �� ������ 9��� ���Cv �� ���5��5 

����G � V' K��^ �� ����5�� =�' �,[� =� �$G� ) ����Gleeson et al., 2015(. 4:�� �� �K�� $����	=�' =�J�,� �� 

�� �
��� 5$�' %�< �� �;	$� ��
�@�� K�� �� �+�< �	� �7 |��3� 6�) �����' �� =�'$����	 ��#S� K�� %
 =�' 

�����G ��d3 ) �	�Wada et al., 2016( � k:�� � �$@ �7 %�i	 »�� �^ \
 g��� 
'�$C ��@�� «�� Z� �?&# 

%
� .�$@ K��5� ��� �� K�� �	��� �,8 �� =�� %�i	 %�� E7�F� 
'�$C 
@ .�G$��� �� �;+�[Shiklomanov  )1993( 

�� 9��� ���5��5 30 
]�� }$FW �� 9��� K���@ ���G �� >�@ ��$@ .�� K38���O��� 6��� ��
M =��� 

��X@ =5�	 =�'
����8 ��<�� ) u�C��5Bierkens, 2015�( ������ VW< >7 �� 9��� ���5��5 ��F' �$A �7 �� %�
G 

)2 ( ���� ����  �
@ �	� )K�� Z� �� 60 ����?� `;S�3 �� _[	 ���G (��d3 �	� .�� ��?7�$A ��F� =�'������ 

�$G$ �� K�� ��8 ��$3	� �	� �7 =�y8 H8�� ��5� _[	��5 �� �� �� �) �
@ �	� � >U?U�  �G$��� �� Z� 9��� 

�K�; �� jF: 6'�7 �
���.  

�F�
B K���  5� ������) ����G ���5��5 �� 9��� VW<Vernadskiy, 1933( %��; 60 �$�?� 7�3$?�`;S 

��	� �7 
< =t�� ������ �� >�@ ��$@ .�� �;+�[ =���� �7 �	$� Nace )1969( g�W�� �
@ ��	� �� >�+� 

V7 �� K38���O��� >U?U� )
]�� Z�(� 
< K���) ������ )�2' �$�?� 7$?�`;S�3 (�� �	� �
� �	� .�� 

������Korzun  )1978�� ( �?7�$A >��B %$XB K��� ������ )4/23 �$�?� 7$?�`;S�3 (�	� .�� =�$A �7 

Gleeson et al. )2015( �� ���23	� 5� ��S��� ����8 =5�	 ����11� ��
, ����� .
���7 ������ ��  ��K�: %�< 

���� �
��7 �7 9��� g�F� �� ���5��5 5� ��2�7 �8�7 =��� ���23	� ����$C�� �F�
�@�� .Richey et al. )2015a( �� 

��8 K��  �7��UJ }�X@� 6�� �� ��$U���' �� �$O� �@���� 9��� 5� ��  ���5��5 �� �$A �	$3 200 �3  �	�

)Margat and van der Gun, 2013(� �� VW< ���#� V7 =�� 5� �� 9��� ���5��5 >��B �@���� �	� 
�38�� 

)1/1 �$�?� 7$?�`;S�3(� 
�^�' �7 |��3� ��  �'6�� K��� �,��[ �� �� VW< �
@������ 5� \�;+�[ 

��$U�� =�' �,[� =� ����� �7��^ �� \�;+�[ �,[� =� o�$F: �� V3#�	 =�' V7 jF:  E7�F� � �$@ �7 �� �3<�� 

>��B �@���� � ��$F� =����� 
�3#'.  

��$G$ \�;+�[ �	��� �� j8�$� �?;8 K�� �	� �7 ���Cv ��
, 9��� ����G ��  ���5��5 o�X��,� 23 �$�?� 

7$?�`;S�3 .�	� K�� �� �%�< ����
M �S�E�8 VW< 
��� �F� >��B �@���� � >��B ���23	� 5� �� 9���  ���5��5

��	� {�[ ��^ �7 VW< >��B ���23	� �� ��2�7 �� ��3#� .���� �G$���  ��Shikomanov  )1993VW< ( �� 9��� 

���5��5 K���@ V7 �� 5� �F�� 5� >7 �� �	� .K������� ���$� �W�3� �8�� �7 =��� ����5�� VW< �� 9��� ���5��5 

>��B �@���� � >��B ���23	� �� _[	 ����G � �,[�=� �� %
 ����G ����G � %�,3�� �� ���5��5 5��� .�	� �� K�� 

 ���5De Graaf et al. )2017�+
 ( �Y��� 
��$F� �7 �
��$� ��
, ����G � �@���� �� 9��� 5�  ���5��5�� _[	 

���G �� ��X@ =5�	 
�7.  
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Table 2. Estimates of global aquifer storage 

References 
Extent, depth/domain 

and detail 
Global estimate Method 

Nace, (1969) 
Global, 1000 m 

7×106 BCM 
Assuming single effective porosity of 1% up to 1000 m 

depth times 5 
Korzuns, 
(1978) 

Global, 2000 m, per 
continent 

23.4×106 BCM 
Total volume: Three layers 100, 200, 200m thickness 

with effective porosity of 15%, 12%, 5% 

Richey et al., (2015) 

Global, saturated 
thickness of 200 m, 

Major aquifers of the 
world 

1.1(0.6-1.6) ×106 
BCM 

Fixed minimum and maximum specific 
yield per aquifer based on major aquifer 
lithology and using asaturated thickness 

of 200 m. 

Gleeson et al., (2015) 

Global, 2000 m, Total: 22.6 (15.8-29.5) 
×106 BCM 

Total: volume fraction 4 lithology classes 
and depth-porosity profiles per class 

Both total groundwater 
volume and 

modern <50 m 
groundwater 

volume (over 900 000 
watersheds) 

Modern(<50years): 
0.35(0.24-3.8) ×106 

km  
Modern: groundwater modelling and tritium dating 

De Graaf et al., (2016) 

Global at 5 arcminutes, 
only sedimentary 

deposits and 
sedimentary 

rocks in major aquifers 

6×106 BCM 
Based on mapped aquifer thickness and 

porosities (fixed with depth) in de 
PCRGLOBWB/MODFLOW global groundwater model 

Lall et al., (2020) 
Global, 200 m 

23×106 BCM 
 Compiling regional estimates from various sources and 
applying a correction factor based on the specific yield 

Shamsudduha and Taylor, 
(2020) 

Global, 37 world major 
aquifer 

23.4×106 BCM 
Based on an ensemble of datasets from GRACE and 

land surface models 

UN Water and UNESCO, 
(2022) 

Global, 30 m 
10.5×106 BCM Based on an ensemble of datasets from GRACE 

  

2-3. ��� ���
�	�� ��� 9�����	�� � :;�<�  �	���
  ������� ��#��  

�� ?7 �$A�� �����  ��6@ �� �J$<�� 30 5�J$<��  �609 ���
M ��;+�[� #,�V� �	� �
@ .����, ?U� ��@������ Hd� ��� 

� ������ 6�� �� �� 5 \�$]�J$<�� =� ���
M +̀�I �� � �'= ��;+�[� �
@ ������ P��E� >�@ �7 �	� �'= ���4� 

�)��� ��� =�' ���$W��� 6'�() � �'= F?:� � 
@��.  9B������ �	��	 \�$]9�G � = ����,  � �@������?U� �
�� ������ 

 ��	�K�� �� � %�<��$� 5 ���$ 5� >]�< \�:4A� g�I�� ���J$<�� =� B� \�:4A� ���,� ;J� 5��� �� 9����  ���	��	 

�����  �	� .�8��  �	� �7v �� g5t�K� � � ��5 gE?3# ��8�7 �B�� ��	� � ��$� =� g
: �7 ;[B��  �' �� �$G$�;+�[ 

� 
��$� �� ��= 3��W�  ����� 
@�� ��H���D��. �5��K � �� ��K� �;+�[ 	��� ��� ?7 \�;+�[�  g�
B�� ����.  

  

2-3- 1. ��� ���
�	��  �� �����	�	�� �
 �������  

����, 5� �@����  9�����  5���5�� � ������  ���G 
���F' E���A 5�j� �� ��P��E� ��S� %
 � =�$�7 =�'  =5�	

������ �S�T$+��
�' �	� �
@. 9B���� P��E� 5� ���23	� �� �'= �,[� �� ��5�	 r�A 5� �
@��3� =�
M �'� ��

��;+�[� �����, �� �@���� 6U� �� `���� �'= 5����7=��@ � �;�] �= �	� �
@ �Y���. :4A� �����  ���) ������ =�' 

���G� ��  (6'�() P���� ��5 ��) ��2 \�$]�8�� �F� 5 �� .�$@��� P��E� �'= ��4� �� �7 ���
M \�$] �'= 

��;+�[� ��	� �
@ ��3� �� ��
M >�+���=�' 	�3	� ��$G$�  ��
, ��� >7 ��.�#�� �� ��$� =�  �7��' :4A����  5�

K�
�^  ���
M���;+�[ �8�� �
�����  �7 
�^�'����, �@���� �$G$ �� �G$� �� C �$G�>� O:�F� ��^ 5�=�' I5�W�� )45 


]�� ��^ >7 5� �'= �$�7) (Mazaheri and Abdolmanafi, 2016( �F� 
��$�  �B� 5��X	�� �C� jXA .
@�� ����$C��K� 

 P��E�WRMC )2017( ��
,  5� �@������ 9���  ���5��5 )���^ >�@ �F�^ \��B �( ���=  ����1395 -1381 ��  �$A

 �	$318/71 ����?�  %�	 �� `;S�3.�	� �
@ ������� ^�'� �7 
�K� F� �
:� 
��$� �F��
��  �$C� ���= ��
,  �@����


@��� �	 jXA �7��^= ��5� �Y��� �
@ ) >S@ ��1� �(K�  �	$3 ��
,>�� � ���� >Y��� �� �@���� ��=�� .�	� ���+�< �7 
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%�	 ��=�' ��3��=��� ���� ��  �8� ��^� �@���� ��
,14  =
]���
@  %�	 �� �� ��
, �1395 -1394  ��26/61 ����?� 

 %�	 �� `;S�3�
�	� �	�. �$G� �� Z�C +�	�  %�	2007 )1386(  � ��
, 6��E8� o�;XA �@���� ���5��5 �� 9��� 5�

)Safdari et al., 2022; Voss et al., 2013( ���� %�	 =�' ) >XB1385 -1381 � (
;�  5�Z�C ��
C� �+�	 1386 ��
, 

 �@�������d� ���
�^ ���S� �,8 �	� 5� �@���� �$M� %�	 �� .�	� ���7 ���d� ���5��5 �� 9�����
;� 5� ��C� �'  � \��B

 �� � �
@ �3	�7 �F�^ ��
;���^ ) >S@ �� �7 �	� �
@ ���E8� �'2 >��B (  �
'���  .
@��>��B �3S� � �� �G$�K�  ���$F����d� 

���#� �YEG ��
,  �@������	� �� ��$� �=  �7�$G� �� �E8�6�  ��F�^ � \��B ���^ ��
;� ����
, �E8� �@������� ���
�^ 

�
��3@ �	�. �K� +�< ���  �7 �	�\�;+�[ jXA ���G� ��
, � �� �@�����
�� �E8���� ) �	� �
@ ������Steward and 

Allen, 2016; Wada and Bierkens, 2014(.  5�>�t� K��  ��� ��$� �� _[	 5��� 6'�7 �� ���5��5 �� �  �� %�X��

 6'�7��2�7  ���8�� ��$U��  �#����8 +̀�I �� �� �$C �7 �$F� ���@� �'����F� �.�5�	   

 5� >]�< \�:4A� ��	����	��� =�' \�$] ) %�
G �� �7 �38��3 �	� �
'�� >��B (�F� ��$� =���  ��
,

5� ��t�	 �@���� 9��� ��  ���5��5 �
���F� X	��� �$F� ��U3���  �7��^=�'������ �$G$ ���#� ��d3 .�	�  ��

� ��$� �W�3�  �� 9��� 5� ��t�	 �@���� ��
, �7 �8��5���5��  6'�7 ��5 �@H� �D����38�� .�	�  

  

  
Figure 1. Groundwater withdrawal and depletion in country scale, retrieved from WRMC (2017) 

  

  
Figure 2. Number of Well, Qanat and Spring and their withdrawal, retrieved from WRMC (2017) 
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2-3 -2. ��� ���
�	�� �� �	�� �
  �������  

K��3�� 5 �� P��� ������ �� ��
,?U���  9�����  5���5��  5� ���23	��'�3�E�) .�	�� �$A  5��� \�:4A� %$F;

�� =�' 5���5�� �� \�$]  �XD ���'���$@� K������� ��
, ?U����5��5 �� 9��� �� jXA +�$3 �� �� \�:4A�� 

�	� ������ >��B .� 
�^�'K� � P��E� ����= g
: ;[B�����' �	� ��  �� �G$� ���;B�� � ��$������ �= 	����  �B�

�	�� P��  ���23	� �'� �$@�C� ��	��� .K� ���WRMC  )2017 ( ��
;��3�E�)=�'  %�;8=��� 6��)  5��� 9��� ��

���5��5 17716  �,?<�	� . �� ��3X ����G ���;+�[ jXA �����^ �'= )=�3�E�  �V' K��^  ���$'�GRACE ��
, �

 ���5��5 �� 9��� 5� ��?U����� �� �'= ���= x?3U ������ ) %�
G �� �7 �
@3>��B (  �
'���	� .  

 
Table 3. Estimates of groundwater withdrawal and depletion in Iran (BCM yr−1) 

Reference 

Groundwater 

withdrawal/depletion 

BCM yr-1 

Year Note Method 

Voss et al., (2013) 
4.9±3.1/- 2003-2006 Middle east (northwest 

of Iran) 

Hydrologic Model and 

GRACE 34±4.5/- 2006-2009 

Döll et al., (2014) 
-/4.81 1960-2000 

All of Iran 

Hydrologic Model, GRACE 

and Well Data 

-/9.98 2000-1960 

Joodaki et al., (2014) 25±3/- 2003-2015 

Ashrafzadeh Afshar et al., 
(2016) 

45/- 2002-2010 

Mazaheri and Abdolmanafi 

(2016) 
53.19/5 1973-2015 

Literature and reports 

Country statistics 

Noori et al., (2021) -/5.4 2002-2015 

All of Iran’s Basins 

Well Data 

Safdari et al., (2022) 20.08/- 2001-2017 Well Data 

Saemian et al., (2022) -/9.5 2003-2019 GRACE and Well Data 

  

��  �^��F'� =����  �	� ��Z�C }$B� +�	�  %�	2007  � o�;XA�E8��V�^ 6  �� ���?U�9��� �� ��  5 ���5��

)Ashrafzadeh Afshar et al., 2016; Saemian et al., 2022; Voss et al., 2013( ��� �WRMC )2017 (

d�=���  ����
, ���5��5 �� 9��� ��?U� �	� ���
� w�. Z�C �D� �7 
�^�' +�	�  �$����	� �� ��$� =�  ���7 �� �7

 6'�7��E�  >�$: ��
;� ��@�����3@����  ���^)�F�^  �\��B (6��E8� �38��  >S@) �	�2 �� �G$� �� .( �	���

\�;+�[ ��$G$  �^������ ���5��5 �� 9��� ��?U� ����, \��2� �
@������ �'= >��B �G$�� ���� �$G��  ��� ��$� 

�� �7 �@�� ��:v�  ��t�	 �	$3 �$A9/6 ����?�  5� `;S�3 9�����  5���5�� ����� ?U��� � $@��� .�=  5� }4A�

 ���3#� ��;�� ��
,?U���  9�����  ����5��5 >�$: �?&# K�� }$B�S2� ��Z� ���� �� r��N }$�  �Y����	� �
@.  

  

2-3 -2-1.  ���
�	�����  �	=�>?� @��A B+-  

 9��� r��N5 �����5�� >�@ 5����7 6U� �	�= ��@ � �;�]= �	�\�:4A� ��	��� .WRMC  )2017 (U�6 

5����7� = ��@= �� 6�� `���� ��K� ��
,  9��� ��?U�5 �����5��  ��
���� �	$3 . ��
,?U���  9�����  5���5�� 3/60 

����?�  %�	 �� `;S�3��	�  �799/53  %��;5/89 
]�� 5����7 6U� �	$��= 22/5  %��;69/8 
]��  6U� �	$�

��@=  �08/1 ����?�  %�	�� `;S�3 %��;81/1 
]�� 3;�] 6U� �	$�� ) >S@ jXA .�	� �38�� ���B ���23	���$3 (

) %�
G �4A (� ��5 ����� 1381 -1395 ��E� d����\� ��
, ?U���  9����� ���5��5  \��23 6U� �' ��.�	� 

�� ��$� =�  �7 ��
,?U���  9����� 5���5��  �	$�r��N 3;�]� ��@ �= �E8�6�  ��	� �38��+�<���   �7r�N ��
, 

5����7= .�	� �38�� 6'�7 t� 5�>� �� K�� � ��$� 	 5� ���23	� ��V3#� =�' ��=��� $�K� 5 _[	 6'�7 ���7 ��� ��7 �

@��� �$F� ���@� �� ���M� 5� )Mazaheri and Abdolmanafi, 2016 .(  
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 ���	��� �[��� ����, ���  � �@������?U� ��
, ���5��5 �� 9��� 3���� ��� .�	� ������ >��B ��	���  >S@

)3 (� ��$� �� �7 �@�� ��:v� ���  ��5 �?]�8���  ����,?U� � �@�������5��5 �� 9��� �� 6'�7 � ��
, � �38�

3���� ��� V7 �� ���� 5� �'= �	� �
@ >XB. t� 5�>� �� K�� � ��$� 	 5� ���23	� ���V3#  �'= ��=��� $�K� �$F� ���@� 

)Perry et al., 2017 ( �� ��$� =�  6'�7 �� ���F' �7��
,  ��@������
, 3���� ��� �E�  6'�7�38�� .�	�  

  

  
 Figure 3. The ratios of depletion and return-flow, retrieved from WRMC (2017) 

  

Table 4. Estimate of withdrawal and depletion and their components (WRMC, 2017) 
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2002-03 74.61 55.27 4.36 1.10 60.73 13.88 91.01 7.18 1.82 81.39 18.61 
2003-04 74.35 52.85 4.26 1.10 58.20 16.14 90.80 7.31 1.89 78.29 21.71 

2004-05 77.88 56.81 4.92 0.99 62.72 15.16 90.58 7.85 1.57 80.53 19.47 
2005-06 79.84 56.52 5.12 0.92 62.56 17.28 90.34 8.19 1.47 78.36 21.64 

2006-07 79.20 57.41 5.16 0.93 63.49 15.70 90.41 8.12 1.47 80.17 19.83 

2007-08 77.50 57.73 5.31 0.93 63.97 13.53 90.25 8.30 1.45 82.54 17.46 
2008-09 73.86 56.62 5.48 0.91 63.02 10.84 89.85 8.70 1.45 85.32 14.68 

2009-10 75.71 57.43 5.67 1.02 64.12 11.60 89.56 8.84 1.60 84.68 15.32 

2010-11 70.48 54.77 5.87 1.07 61.71 8.77 88.75 9.52 1.73 87.56 12.44 
2011-12 64.52 51.07 5.63 1.26 57.96 6.56 88.11 9.71 2.18 89.83 10.17 

2012-13 64.93 50.71 5.40 1.21 57.32 7.62 88.47 9.42 2.12 88.27 11.73 

2013-14 61.40 50.43 5.11 1.20 56.74 4.66 88.88 9.00 2.11 92.40 7.60 
2014-15 61.09 50.00 5.27 1.23 56.50 4.59 88.49 9.32 2.18 92.49 7.51 

2015-16 61.26 48.32 5.60 1.26 55.18 6.08 87.56 10.15 2.29 90.08 9.92 

  

2-4. �
 �	�� �� �����	 C��D� �������  ������ #�+�	
��  

2-4 -1. � �EF-��G�H  

5 �#����8�5 ��U \��D� K���= 	� 
����5 �� `��C�	�  �')�+$+ �'= 5�5�������G � >) ��' ��F3C�	 ��'�'( �E8�� 6

	 �[C�@�� >�  �#S@ 5����Z �' 5��� _[	 6'�7 � )Cigna and Tapete, 2022( 5 �#����8 .���� ���F' ��K� 

 �� �� `?I�>�+�  s�2��� 
38�e 1- H2� ���8 �
@��5�=  k:�� �7� t �$@�� �'= �� �� >�<  \��$	� �5� �?:
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 �
�$@ ����82- V7��3 t �
@�� �'= �� �� V7��3 �� �W� �7 �� _[	 �8� >�+� � �
@� ��$ K� �U� .�$@�  5�

5 �#����8� �+�< KZ�3	t� � � ������� 5��� ��� �7 �	��; ��
� K=�' 5�5���� ��, ���?XB ��  ��$@ �
�����5��

5� t�� ������ KV' .
� 
'�$C �U� K��^� I �+�< �7 ���� �$G� �#����8 5������#�7 �� � ����  V7��� >�+������ -

H)�����7 ���5�	= #7� ��	�
�+� ��$ �$� I�3	t����	� Z )van Asselen et al., 2009(I �#����8 }$B� �� .�3	t��� Z

�� 5 }�2��� �����+�� ��
, �� K��5�� P��F�8�� �S?� ������Cv ���� � ��$U��E�  �[C ���� �� �
38�� K�;�  xB$� 5� ~) �7

 9��� 5� �@������ 5�5���� E�� 5�� ��S����� Cv��� .���
� �$G� ��$U�� >�7 �� ���' �%�p ��$�:� 7$� �� �7� w�� $

�� 9��� 5� �@���� 5�5���� �� ��� 5$�' �#����8 ��$@ xB$3 �#����8 �� 
@ ���� 6'�7 \
@= %�	 �� 
�^�' �'

V7 �:�	 �� ���� ���@ )Sato et al., 2006( �� ������ �E� 5 �� 9��� 5� �@���� �� `	��3 �#����8���5��  }$B� %�< ��

�$��� � ��$� �=  �#����8 w�� �	$3 �7=���  6@ ���3��	 �3  %�	 ������ �	� �
@ )Negahdary, 2022(� �G ����  �7

6�� ��K� �� �� �#����8 w���� $�� ����� ��3	� �� c� 
@�� )Rahmani et al., 2020(.  

  

2-4 -2. �2G�� �=F: I� � ��J+I��)�>�  

Z�C +�	� 	��@�$'� �� ��$�: ��t$A ���� Z�  P��� ��V7 ��  
< 5��;� %���� x��$@.  ���Z�C +�	� 	��@�$'� 

8�7 �5�
�� ��� �)�� �� �
@�� ��
� ��W���d� UX� � ��$A� ��� � ��) u�CZ�C +�	� 5����7=Hd� 6'�7 �(��� 9��� � 

5�5���� �) _[	 ���) �� KZ�C +�	� 5 ���5������� �� � (�?U� 6'�7 ��5 �� 9��� ��5����  6'�7 � �'��� ��

�G� ��	 >7 �� ����' V3#�T$+��
�S� )Z�C +�	� '�T$+��
�S� ��3� (��$@ )Tallaksen and Lanen, 2004( .

 �7�W��5�� �@�����5 �� 9��� 5� 
< 5� 6�5���� ?U� �� �W�� �� �������� ��$@�Z�C �	� KSF K +�	� 

'�T$+��
�S� ���E8� E� 6) 
���Wada et al., 2013(� �7 ���� ���C��� �J$< .� 5� 6400 �?�G �2� �$;F��  �����

��$U�� >�@�'�� ��t�� ���?U� w�� K��� 9��� � 5�5���� �	� ���G �	��	 �� )Gleeson et al., 2012( �'� �� .

C���G ���3#� 6'�7 ��� �J$< ��� �;+�[ .�	� ���7 ���W� �� ��3#��� ��Mukherjee et al. )2018(  P��E�

�
@ 6'�7 �7 
'���� 9��� 
 5�5���� +��+�F3<� >� Z�C �G �
@���3#��� ��� �� �7 �	�  V�	 6'�7 >�+�

�� 9��� 5�5���� �G ��� w� ���C��� ��� 
'�V' . �G `B�;3 6'�7 �K��^��� 9��� �� M[	� ��� �� �$XF7 �� �W�= 

+$��5����7 \t$NM 
= �) ����K �	��� � �$@K� 6�� 6'�7 �� 9��� �� 5�5���� 5����7 z�E� jA�� ��=  �� ���) 

���� )Scanlon, 2012; Faunt et al., 2012( ��$G� �� d���� ?B�V� � �� ���
C����� �E8� �� �W� �76�  6'�7 � �� �	$3

�
����� �� 9��� 5� �@���� ��	� �
@ ��t�	 5���5�� 6��E8� �38�� � �K� 6�� �8� �� �W� ��  �� 9��� _[	 �����5��5 

 �� ��W�3�  6'�7�Hd� � �'���� ��)��S=�' ��� �	� �
@ )Madani et al., 2016(.  

  

2-4 -3. ���2G� �� �
 K/ ����  

�S� ��) 5� ����'
�= �� 9��� 6'�7 5�5�����E8� �����G _[	 6� ���5 �� 9��� .�	�'����5�� #8�?� F:� j

Cv VW< �� �3#���� 5�	= Hd� w�� ��� ?U� ��� �+��; 5� ��4� ' �C�^ ��T$+��
�S�  �38�� �O� �� �EW� �� .
�$@

��E� 5 �� 9��� 5� �@�����5����  ����D��=��H� Cv �� ����� S�C �� �
@� 5$� k:��� 9������  �C�^ �� ��

'�T$+��
�S� �Cv �� � �$@���5�	= 6�� �� B���$���E8� � �'��� _[	 6� � ZF7��7.
Sahagian et al.  

)1994 (+�����#7 K� d� V�	 �7 
��$���Cv \����� 9��� �� 5��� d� �� ������ �� _[	 \����2+i .
���7 ������ � -

�'= 2� � �Xp� �� 9��� V�	 ���5��5 ��� >�@��= 2�) �5�U ��) ���5 �� 6'�7 �(�5���� �Xp) \�2?� �(
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�t��d� � (�Xp) �'�� \���� �� �� _[	��^��J$< � �'�'= E���� 2�)� �8�A 5� .
�3#' (�Xp �� �������'= 
;�= 

 5���E� ��D��=��H� ��#� �2+i K� ����$� \��23 )Gornitz et al., 1994; Rodenburg, 1994(  kM� ��$ �

>��B �G$�� �	� �38�� ���B� �� �$A= �7 ���^ �� �W��5�� P��E� K���� IPCC ) �	� �
@IPCC, 2007.(   

6'�() �' ?U� ��$ ����� 9��� � 5�5���� ���G� )Konikow, 2011; Wada, 2016, 20127�< (� �E8� 5�� V�	 6

� �XpK� �E8� �� �2+i��� �� _[	 6��'� %$A �� � 3� �� �3@H���E8� �W�?U� 6��� 9��� � 5�5���� �� .�	� �%�p ��$�: 

Wada et al. )2012( �E8�� V�	 6��?U� �� 9��� 5�5���� ���G� �E8� ����� _[	 6� 5� �� �57/0 )09/0± (�?�  �� �3

 %�	2000  ��82/0 )13/0± (�?�  %�	 �� �32050 )�6 ����  .
���7K�� �E8�6� �� �
F: �$A @���  5�6��E8� �J�,�=  ��

 5� ��	� �3@H� ��B %$A ���8�A �E8� ��D�� �M�6� UX��5����7 jA�� 5� �= �� d� >�+����'$�+� �� �= �'�� � P���= 

	�3	� 6'�7 ���t��� Hd� � �� 9��� ����� 9��� � 5�5���� � \�;+�[ .�	�� V�	 ����?U� 5 �� 9����5����  �� ��

�E8�����G 6� �� _[	� ��
< �� �9/0 -3/0 �?���� %�	 �� �3=  %�	 ��
<2000  P��E��) 
��7De Graaf et al., 

2017; Hanasaki et al., 2018������ �� .(�'= �E� �7 �	� �
@ ��8 s$8� �� Z100 �� 9��� 5� 
]�� 5�5���� 

�3@���� ��� ���B� �� ���$�� V3C �'��$@ �;+�[ .Wada et al. )2016(  5� ���23	� ���X@ %
 Z�� ?B� 5�	�F� - 

'�T$+��
�S�  ���� �7 �	� ���� ����80 5 �� 9��� 6'�7 ��
, 
]�����5�� B� ����$�� V3C �'� ,�� � �$@� �� �'

P��� �	$� �'= ?M� 5��� �8��  V�	 .
�$@��?U� �� 9��� 5�5���� �E8� ��� _[	 6���G� ��� 5� �02/0 )004/0± (

�?�  %�	 5� %�	 �� �31900  ��27/0 )04/0± (�?�  %�	 �� %�	 �� �32000 �E8�� 6� ���� �7 �	� �38��  \�;+�[ 
'�

g�W�� �� �
@ >��B �$A �G$�� K�� � �� V�	����7 ������ 
< 5� 6  
��)Wada et al., 2016(.  

  

2-4 -4. �
 �	�� #)��+� �������  

 jF: ��500-100 =�3 ��$U��=�' z�E�  �� �� 9��� �7 �@�� ��O3�� ��$� 5�5���� K���@  
@��) {4� �O?I

 %$?MV7 ��  5�Z� + �� g����3(5 �� .�� ���� 9��� �s�F:� K 5�5����  �$@ o�3X#�) %$?M {4� �O?I1-10 �?� g��

+ ����3( �$@ �) %$?M {4� �O?I10-35 �?�+ �� g����3( � �$@ s$8 �) %$?M {4� �O?I6�� ��  5�35 �?� g��

+ ����3(  �7 
�3#'��� �$@= ���5 �� ������ �	� )van Engelen et al., 2018(C�� �� .� ��$U�� 5� �'� �jA�� �

5 �� 9������5��  �$@�`+ � �$@�  V7 s�F:� �� 
���$���W�� � �� .
�$@��� 9��� T�qF) �jA�� K 5�5���� ���  >�+�

�� 9��� ���8 6'�7 5�5���� 5 ��� �T�qF) ��^ �� �E8� �� �W� 
��$��5 �� 9��� u�3� _[	 6���5�� @��� � K

3� �� � �$@�5 �� 9��� �
@�$@ �W�5����  .�$@van Weert et al. )2009( 3	��8� ,A�� 5��  �Y��� ��� 
�'�  �7

 9��� �� ���� =�' 5�5����  �� �$@� �	$3 s�F:� �� ��$�� V7 ��.�8�  

�� 9��� T�qF) 5�5���� �
� �
@�$@ �� �W��W� �� 9��� #� �����= �� ����G c�,� 5� ��$U�� �� �(���'= ?<�	�  �
@

�	� )Post et al., 2018( 
����8 .=����) 5 �� �$@ �����^ � �'�6S'5 ��� �' � .�	� �38�� ���B �;+�[��$ ���3#� �$A� K

 ���� \�;+�[�@ �� u�3� _[	 ��� �7 
'����K -  �� �$@�S��E�  �
@�� ��^ 5��� _[	=����) ��$+� � �$@ ���  ��^

�	 o�3X#�� w� 9�V' .
'�  ���5�� K��^��E� =����) +�� �+�< �� �$@ ����  �'� �	� KSF �� �
�S� %$A �' ����5 �(� 

Hd� �7��� 9��� � 5�5���� � �� .
@�� V7K� %�<� ��?M� \�;+�[ K�?� NU� 5�� ��5 �� 9��� K���5�� @��� �$@ � K

 ��8�  �� �W� o�$F: �7 
��7=�'������ P$C ���$@ �� T�qF) \��D� 5� ����= � ;B�� �� .�$@�� �
�7��) K38���O��� ��� 

'����
����S� �� Z��<�� � �$@ �� %�,3��� ��W��$@ �E8� �� �W� �76� )=���� �$@ �� )Jakovovic et al., 2016(  �

�E8���
� 6�W� �� 9��� �O?I 5�5���� ��$@ )Werner et al., 2009(V' .  �;	$� �K��^��<��  �� �W� �$@ �� %�,3��
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�$@ ��
�7 6'�7=  T�qF) xB$� 5� ~)� ������ .�$@�%
 �K �'= �
:= �
�7��) >�@� '����
����S� �3� ����W� |� 

 ����� 5 �� 9��� �$G� \�$] �� �7 
�'����5��  �� �$@�S��E� ��^=�' qF)�� 9��� 5� �@���� �T� 5�5����  ��

���$7  �� �W� \
>��B��I ���23	� �t$A �� � ��^ �
@�� \
E� 7 6'�7 �� �W���2� �� )Jakovovic et al., 2016(  �

5 �� 9��� 5� ���23	� g
:���5��  �,[� ��� .�$@K������� ,A��� 
@ �@���� ����� 9��� 
 5�5���� � 9��� �� 5�5���� 

V7 �$@ jF: )van Weert et al., 2009(�� � ��$U�� �(��=�' ?<�	��$@ �� �= �����H)���5 �� 9��� ��5���� @��� K

#�� 
�3#' ��#< ��)Konikow and Kendy, 2005.( Ferguson and Gleeson )2012 (@���� ��D�� �7 
�
,3; 5� �

�� 9��� 5�5���� ��$U�� ���'= ?<�	� A �� �G$� ������3#� x �= ��@ 5��' ��T$+$YT��
�S�  ��@���� \
@ �6�� ��  5�

�E8� ��D��� �� _[	 6�'����  .�	��$G� �� F'�����G �� �� 9��� �
@�$@���5��5  5�j��A �� 9��� 5� �@���� 5�5���� �

�� ) \�
��6����=�' �,[��) =Mabrouk et al., 2018( �$@ 5�= ��$U���;	$� �M� �' �� 9��� 5� �@���� � 5�5���� 

� ���� �$G�K� #� �� ��=��� ��$U�� 5�=�' �����  �$��� ) 
@��Riahi Zamin et al., 2019(.  

  

2-4 -5. ��DL�  +M� �	�6NE��� �
 �	�� �	 �NE	�� �������  

��E� �� 9��� 5� �@���� 5�5���� �G ����� 9��� �� �M[	�� 5��� ��'= 5�5����� UX��� �� � ����� K� �� `

	$7��V3# �'= 5 �� 9��� �� �3#����5����12 )GDEs �(��;� 	$7��V3#�'�� �
�5 \��$G$ ��=� ?U� �� �7� �� 9��� �
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