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Water budget evaluations are important research topics in various regions of 

the world, as they aim to determine one or more components of the water 

balance. To estimate these components accurately, it is necessary to have 

adequate knowledge and methods. Therefore, reviewing the common methods 

used in international models can help to improve the estimation of water 

resources budget. The present study seeks to identify the challenges of 

groundwater budget estimation and to propose solutions for enhancing the 

accuracy of calculations, based on a critical analysis of previous studies 

conducted in Hashtgerd from 1987 to 2022. A three-level analysis was 

performed at the technical, institutional-structural, and infrastructural levels. 

The technical analysis of water budget components indicates that in the recent 

periods, the total output and input of groundwater were 257 and 245 MCM, 

respectively. Moreover, the average storage deficit was estimated at 18 MCM, 

which showed an increasing trend. This research suggests several measures to 

address the challenges, such as: equipping the study area with hardware 

facilities (lysimeters and data loggers); revising and updating the monitoring 

network of observation wells in the region; using remote sensing techniques to 

estimate evapotranspiration and other water budget components; updating the 

hydrodynamic information of the aquifer; measuring the withdrawal amount 

from exploitation wells and Qanats at a frequency of less than five years with 

more accurate methods; and establishing facilities for recording and displaying 

online components of the water budget in Hashtgerd at different scales. In this 

regard, the need for conducting water resources budget studies is emphasized, 

considering the uncertainties associated with the estimation of inputs and 

outputs. 
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Figure 1. Hashtgerd study area in Alborz province 
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Figure 2. The process of conducting the present research methodology 
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Figure 3. Studies related to water budget estimation in Hashtgerd study area from 1987 to 2022 
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Figure 4. Spatial distribution of selected international studies from different countries in the world 
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�- X��T" �+	
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�� $K��   $G,�3	 R� �� $& ���+�7 �?�� W3! $�313  T�� 
��Ft b�Z � �P� �� >��	�+	�)�&6  ��\ �V��

 U�	 R� �� �TM	 @CJ *7�& ��T�	 .�!� 
�-7/250 $� $& 
��� bG/	�+	 ���)�	  c!�+	 ��O7 /16  ���)�	

 � ��! �� bG/	�+	71/0 .�!� ��! �� �+	  

$� U�G,�3	 D���7 5�!. ���? 
���B	 �� �� >���	 �7. ��G,�3	  $Z�J  ���T ��$[�  c!�� S(�JCE )2012( 

��G,�3	 
���B	 �J��	 .�\�" U��V  � ��R  $G,�3	6/1170 &�>��	�+	�)  .�!� 
�- X��T"@7 R��[ >���	 


��� �����. 
���& �� 5� .�7 5	5���  � ��R B	
��� ��G,�3	   A	�-6661  �
�[ $2)J204  � $(�[ $�7�18  $+-�

 ���J U��H9/327 	�)��� �� .�!� 
�- ������ bG/	�+	 $3���  � ����? 7�)&����w�,���(.� � ��R � 5� X��T"��? ��  

$� $��7�	 I���� X�� ��� .�!� 
�- 
��u+!� ��G,�3	 
���B	 U�E�u��� �� X��� @CJ   �� �����8/255 	�)��� 

 �� ����� ���+�7 �-� �� � bG/	�+	5/167 	�)���  .�!� 
�- ������ bG/	�+	@7 R��[ �� �R  ��!� M'� ���2	��  �

2J f�G��2   U�E�u��� � �-� ��$� b���� 3/194  )�	 �+	  �7/213  )�	 �+	  .�!� 
�- ������@7 �[R� ���. G���R 

 ������ � t�u� ���2	$� b���� ��Zb 75  �25 _v� ���2	 .�!� 
�- ��\$ ��T  ���J2/56 	�)���  ��! �� bG/	�+	

�! 5� .�!�  ���� �Zb Ft�
� � �� ���M��R  $G,�3	6 �Z � �V��b ��� ��2+��. ���� >O�2	. K��F �   ���M��

 AH��J200  �z&��J �1000 �� >��	�+	 � ���M�� �\� $�e�! c!�+	 .�!� 
�- $+\�" �P� �� 5���T  �� �����7/0  �+	

��" $'!�B	�.  

K�� X��T"��  �'	  9 �������� E��(	 $	����� 
��� $G!�� �����. ��G,�3	 
���B	 �� >���	 5�   �� ���+�7

X�� �� ��! �� !��-  ���/ ���$ ) �!� 
�-ARWA, 2014, 2016� �� .(R G,�3	5�� $��  �+� �Y  c!�+	

)M��$ 5 �� >���	 5� h��p	 �	5���  �� ��! 5�  46 -1345 �� ��! ��  96 -1395 	 ����  �7�  �� @CJ $&


��� .����� 
���& �� 5� .�7 5	5���   ��6401  �
�[ $2)J182  � $(�[ $�7�17  ���J U��H $+-�1/321 	�)��� 

(M� bG/	�+	�R @7 .�!� 
�- 
�5  R��[\�p	 �� @CJ  $�  b����0/328 	�)���  h�p	 $� bG/	�+	

5����&.� 5/22 	�)��� bG/	�+	  � ��- h�p	4/11 	�)��� 	 �G�V h�p	 $� bG/	�+	  �!�@7 .  R��[

�+� N��3	Y ���? 5 ��	5��� � �K ���2	�� ����. '��K   �����3/102 	�)��� �K � ��! �� bG/	�+	�� 

K��F   �� �����9/23 	�)��� �!� 
�- $'!�B	 bG/	�+	.  

 $G,�3	 ��Jamdar et al. )2019 (��T �	�� �� ��$� 5�!. 
��� �����. u)��2  �+!�� �� �� >���	 5�.  �\� *7�&

� �� �P��	 h��7� N2B� ��K $� .�\�" ���H  !������	 ���+�7 ���M��R � �$G,�3	��? 7�)&����w�,���(. � ���? 

 X�� �� ���M��I���� ��� �7�+	���9 �. ���$ \�]� �5� .�!� 
�- ������R ��� �� $K��  �Z �q�F �\�� $�b 37 ��� �V��. 

5����& h�p	 5� t�u�. @7 .�!� 
�- $+\�" �P� �� t�u� �� @CJ R��[$+\� � �G�V � ��- h��p	 5��R 60  ��75  �V��

\�p	 ��  � �� .�!� 
�- $+\�" �P� ��R M'� $G,�3	�� 5 �� 5�	5���  �B�	)  ��� �uV (X��T" �!� 
�-.  

@7  �� R��[*7�89 Shahbazi et al. )2020 (��	 5�!. �	 U�	��H��+  5 �� 5��� W3! �\� ��+�& ��	5���   �-�

� �� .�\�" ���H $K�����	 ���+�7R  $G,�3	MODFLOW ���. $! 
��� ) $,�!1391  ��1393C�!�� �(  ��� �. S 
��� 

S $,�! )1394�BV ( C�! � '- ��K�$ 5�!.  >���	�� 5	5���  �+� .�!� 
�- 
��u+!� ���+�7Y �R  ���� $G,�3	

	  �7� ���V�� $&  $&  $	��� ��K�	 >Z����� Ft�
� $� ���M��  c!�+	 ��O1 	�)��� 9 *7�& ��! �� bG/	�+	��� 	  ��& .

O  !���  $�� ���!�. �G�L ��� �� @CJ 
�-�. � ���M�� $��R 73  ��3/82 	�)��� �! �� bG/	�+	�  $& 
�- ������

v���U��  ���J �TM	 @CJ8/6 �� +99/0 - 	�)��� @7 .�!� 
�- X��T" bG/	�+	 �Z R��[b t�u� ��$+\�  �� � X��� 5�

��pB+!� $� 
�-  
5�� �� b����11  ��15  � �V��25  ��65 P�� �V���@ ��"�.  
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�! 5�  ���� �� RIWEM )2022( � ��������? $� �� >���	 �� 
��(7��/ �!��-  D�E � �3F >���	 G3H��  ��

$� "��&��. ���7��/. ��R *C�! ��	 ����5� 5�!. 5��G � � c!�+	 � $�e�! ���������	5 
5�� �� ��?  1398-

1379 ���W ��	5 
5�� �� .�!� 
�-  � ���������? v� ���2	��U��  u�	 Ft�
� 5 ��	5���  ���J �� 18 

	�)��� bG/	�+	 bK�	 $& �- ������ ��! �� �\� ��*  5�90  +��! �+	. 5 �� 5���	5���   .�!� 
�- �� ��! �7 ��

��!��� ��2	� ���7��	  
�[ �� �7. �	�7�7�. �� � 
��� �"�. �Z 5�b Ft�
� 6/4 � ��V��R ��v�U�� .��& ���G	 

���J 16 	�)��� �+	bG/	 $'!�B	 ��"
� �!�.  

  

3 - 3 - 7�8 � ��9 ����� ���� �� �
!� :���� #
;<= %��  

 !��� �� $����2���/ � ������ X�� ���? 5 ��	5���  ��G,�3	 
���B	 ��  � �� ���+�7R 7��� �� *M�   ��

*,�[ �A]��	 �!��- � �7  D�E >���	 G3H�� )B� ���+�� �� .�!� 
�- $]����A �7. \�  �� ������ 
�B� �P�	 5���/  �

X�� �7. � ��������? '	�+  ��C� ���U�  $+-_"
�- ���� )B� �x!�A �7. ����. ��+F�! �. ��� �� �� )B��A 

5�F�!� ��7 D�� U���/	� ��T\�. �M! � ��T\�.� ���. ��G,�3	 
���B	   ���+�7 	 R��'� .��-  

  

3 - 3 - 1 - �5�� >�� �� ���� %�?@� �A��	
�� ������� ���� 

��2	� �TK�. ���? 7�)&����w�,���(.� ��G,�3	 
���B	 � ���+�7 ���M��  ��!���  U�E?O�	 5� ��+!� �� � ��K�

 ��!1366  ��! ��1401 � !������	 !��� .�!� $+\�" ���H  �7. D�C�� 	 ���� 
�-  �7� $� $&  ������ ��K.�TK� 

����? ��Z'  - $+\�" �P� ���! �� $& 
�� �7. � L)+M	R ��Zb � �� .�!� 
��� U��u+	R ���K �� ��+!�� .�7 

)1) �� (3 ($� b���� ��2	� ��Zb � U�G,�3	 �� 
��u+!����	��?  �$+-_".�TK� ����.� .�TK� K��F  v� ���U�� Ft�
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5	5���  �!� 
�- $]���.  

�J��	 
���B	 ���? :��� �L)+M	 U�G,�3	 ��. ��?�  ���M��� �J��	 ��-� �7. ��"���"   
���B	 ��

� 
���B	 W3! �� $3��� �� .�!� 
�- X��T" *7�89��? ��! �� ����+�7 ���M�� �7. 1392  ��1398 �J��	 �

7/410 &�>��	�+	�) �!� 
�- $+\�" �P� ��� �	� � 5� A'HR ��! �J��	 ��7 �7. $]��� U��u� 
�- �7  $� .����� )&��O � 

�U��u� R �$��Z .� � ������ $���? (� ����  ��&$� .  R��G� 5�	 ��+�� U��'E   �J��	 � 
�-$� �!� ��� ��� 5� 
�	� 


���B	 $�  K��F � .���� .5�	 U�E?O� .����� �P� ��  \�& �H� �� ��  

  
Table 1. Coefficients applied in previous water budget studies of Hashtgerd study area 

Study 
Water 

budget year 
Area 
(km2) 

Infiltration coefficient 
(Percent) 

Return flow coefficient (Percent) 
Storage 

coefficient 

Precipitation Surface Agriculture Domestic Industry Average 
Saadati et al. (2009) 1992-1993 752 15 40 ? ? ? 0.053 
Moghimi (2009) 1993-1994 538.4 ? ? ? ? ? 0.045 
PRCE (2010) 2006-2007* 393 5 30-35 20 70 50 0.06 
YCE (2011) 1968-2007 527.28 15 29 45 65 0.06 
JCE (2012) 1966-2011 410.7 23.5 ~57 ~50 0.06 
ARWA (2014) 1966-2014 410.7 23.5 ? ? ? ? 0.06 
ARWA (2016) 1966-2017 410.7 20 ? ? ? ? 0.06 
Jamdar et al. (2019) 2016-2017 410.7 ~20 ? ? ? ? 0.06 
Sedghi et al. (2020) 2011-2012 871 ? ? ? ? ? 0.02-0.08 
Shahbazi et al. (2020) 2016-2032 410.7 11-65 ? ? ? 0.0003-0.12 
RIWEM (2022) 2000-2019 381.7 22.5 Variant 56 (Average)  0.046 

? Unknown, * Adjusted for 37 years. 
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�Zb �K � X��� 5� t�u��� �7. B3!  ��! 5� :1388�Z �b  5� X��� 5� t�u�Y�9  �� �V��5/23  5� t�u� � �V��

�K�� �7. B3!   5�30  �� �V��57 ) ���K �� N��3	 .�!� 
�- $+\�" �P� �� U�'!�B	 �� �V��2F�� (   5�
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)ARWA, 2016( $& 
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�-�U� !��-��&  �R TKy  X��T" �3F ��
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D�E >���	 G3H�� 	 $& �!�  ���� � U�G,�3	 $���? ��G,�3	 
���B	 ��  .��(� ����  

�Zb Ft�
���Z 4��M+!� :b Ft�
� X��T" 5� �7. ���? 	 ���� $+-_" �� 
���B	  �7� A��H U��u� $& �K��  

� ��R X��T" ���� ��K� �7v� 
���B	 .��U�� �R �Zb ) ���K ��1� �!� 
�	� ( X��T" �� ()E U���+�	 � �7  

���? G� 
�B� $���R �R �Zb ���J ��. e� � 
�- 
��-�A P���R+\�"� � ���T  �� ��!� 
�- �&t R�F�X��T"  

  (!����? $23�	 �� �&�- �P� �5 $& 
���B	 R� �� >���	 ��	 �&�- � 5�',� .� 
��� ���� �� >���	 �

)ARWA, 2014( S  ���J �� $& 
�- $+\�" �P� �� $+-_" >K��	 ���+!� $� ��E*-  5� � 
�- X��T" �V��

\��+&� 
�[ �� U�E?O�  G� 
�-�uJ��R  .�!� 
�-/  �Z R+\�"�P��� U��g� 5�b Ft�
� ��& $'!�B	 �U��u+	. 

$� L)+M	 �TM	 �5�. 3! �\�W  �����/  .�!��R  @�	/  D�E >���	 � �7�2� 5� G3H�� � ����? �7.  $+-_"

,� .�!��A 	 �� ��  ���� 
5���� D�E "��. �Zb Ft�
� ��! �� �7. F��� .�����  

  
Table 2. The values of water budget's inflow components in previous studies of Hashtgerd study area 

Study Water budget year Area  

(km2) 

Inflow Components (MCM) 
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TJSWS (1987) 1985-1986 412 7.36 114.19 147.8 109.36 0.0 378.72 
KCE (1999) 1996-1997 468.45 37.12 34.31 16.81 77.79 21.98 187.99 
Saadati et al. (2009) 1992-1993* 752 41.46 97.11 25.06 71.57 0.0 240.17 
Moghimi (2009) 1993-1994 538.4 ? ? ? ? ? 276.8 
Azad Shahraki et al. (2010) ? 580 51.32 32.78 24.88 65.42 23.6 201 
PRCE (2010) 

2006-2007 
393 51.95 78.86 7.74 53.27 0.0 191.82 

1991-2007 51.95 62.15 6.27 65.09 0.0 185.47 
YCE (2011) 1968-2007 527.28 30.71 40.34 39.83 105.96 41.75 258.59 
JCE (2012) 1966-2011 410.7 93.65 56.87 27.38 106.29 18.2 302.39 
ARWA (2014) 1966-2014 410.7 96.61 58.87 27.38 106.64 18.34 307.77 
ARWA (2016) 1966-2017 410.7 102.3 48.8 28.8 106.6 18.7 305.3 
Jamdar et al. (2019) 2016-2017 410.7 102.3 48.8 28.8 106.6 18.7 305.3 
Shahbazi et al. (2020) 2016-2032 410.7 1.8 80.5 82.3 
Sedghi et al. (2020) 2011-2012 871 10.79# 90.37# 203 ? 304.34 
Rajaeian et al. (2022) 2015-2016 591.6 102.3 48.8 28.8 106.6 18.7 305.3 
Babaei et al. (2022) 2000-2019 ? ? 197 ? 
RIWEM (2022) 2000-2019 381.7 106.5 11 187.5 305 
? Unknown, * Adjusted for 37 years, # Suspicious. 
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 : +�"�� �� b��Z�R �Zb 20  �� �V��70 )'H U�G,�3	 �� �V��  �P� �� !��� .�!� 
�- $+\�"  X��T"  �7

()E U���+�	 �  >(K ���. 	 ���� 
�-  �7� ��2	 $&� $]��� $� 
�- +�"�� �� ����E  X��T" �� �7. )'H  ����. 

X�� !��-  ���/ F�� �� � 
��'�  �T" 5�X� � �M�	 �7��� �Z $[ $&'  ���. 5����&) *M� �7.�  � ��-

�P� �� (�G�V � U�G,�3	 X��T" �� .�!� 
�- $+\�"�$(  pu��)  �� *M� ����+�7 �-� �7. 5	5���  )PRCE, 

2010( �R �Zb ���.  �G�V � ��- *M�$� b���� 70 ) �V��$� A�,� 
�[ 5� 
��u+!� �7. �_K  � (50 �P� �� �V�� 

�5� .�!� 
�- $+\�"R ���  D�E$�  .��"��&����/ �M�	 X�� 5� 
��u+!� � !��-  ���/  ���. G���R ��Zb� /  

�7�2� 5�. ���? 	 $+-_"  �-�� D�E 5� $&  G3H�� e��  ��T � ���+�� .�!� 
��� �����F��R D�E G3H�� 	  ����� �� ��. 
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5	5���  N2B	 .�!� 
��� $+u" t�u� @CJ 5� 
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Table 3. The values of water budget's outflow components in previous studies of Hashtgerd study area 

Study Water budget year Area (km2) 

Outflow Components (MCM) 
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TJSWS (1987) 1985-1986 412 364.53 6.82 0.0 0.0 6.45 0.0 377.82 +0.901 
KCE (1999) 1996-1997 468.45 213.79 8.16 0.0 0.0 1.88 0.0 223.83 -35.84 
Saadati et al. (2009) 1992-1993* 752 230.2 5.45 0.0 0.0 5.22 0.0 245.98 -5.81 
Moghimi (2009) 1993-1994 538.4 ? ? ? ? ? ? 259 +17.8# 
Azad Shahraki et al. (2010) ? 580 204.68 20.27 0.0 0.0 0.0 0.0 224.95 -23.95 
PRCE (2010) 

2006-2007 
393 201.47 33.74 0.0 0.0 0.0 0.0 235.21 -43.39 

1991-2007 168.44 33.74 0.0 0.0 0.0 0.0 202.18 -16.71 
YCE (2011) 1968-2007 527.28 283.31 0.0 0.0 0.0 5.43 0.0 288.74 -30.15 
JCE (2012) 1966-2011 410.7 306.84 11.07 0.5 0.0 0.0 0.0 318.41 -16.02 
ARWA (2014) 1966-2014 410.7 306.84 20.47 0.0 0.0 0.0 0.0 327.31 -19.47 
ARWA (2016) 1966-2017 410.7 300.3 23.9 0.0 0.0 0.0 0.0 324.2 -18.9 
Jamdar et al. (2019) 2016-2017 410.7 300.3 23.9 0.0 0.0 0.0 0.0 324.2 -18.9 
Shahbazi et al. (2020) 2016-2032 410.7 75.3 8 0.0 0.0 0.0 0.0 83.3 +0.99 
Sedghi et al. (2020) 2011-2012 871 308.3 11.99 0.0 0.0 0.0 0.0 320.29 -16.62 
Rajaeian et al. (2022) 2015-2016 591.6 300.3 23.9 0.0 0.0 0.0 0.0 324.2 -18.9 
RIWEM (2022) 2000-2019 381.7 283.9 39.2 0.0 0.0 0.0 0.0 323.1 -18.1 

? Unknown, * Adjusted for 37 years, # Suspicious. 
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Figure 5. Comparison of the estimation in groundwater inflow and outflow along with storage changes in different 

periods of the water budget 
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