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Abstract 
Water resources are one of the essential natural resources of human life and are one of the most important factors limiting the natural environment, the 
survival of human societies, and development. On the other hand, phenomena such as climate fluctuations, climate change, population growth, 
mismanagement, etc. have led to a sharp increase in water resource constraints. In this regard, a proper estimation of this resource is required in the 
context of sustainable development planning and management strategies. The new approaches in this area are to determine the water resources 
carrying capacity (WRCC). WRCC is a major component of resource and environmental studies and it is a management concept aimed at supporting 
sustainable socioeconomic development on a regional scale and catchment areas. Failure to pay attention to concepts such as the carrying capacity in 
the country's planning has led to the ineffectiveness of most programs. For this purpose, in the present study, it has been tried to use the simulation-
optimization approach to determine the  water resources carrying capacity in a pilot basin (Tashk-Bakhtegan Basin), considering the economic, 
environmental and Water resources in the historical periods (1985-2014) and terms of climate change (2045-2015) should be considered. In this 
regard, the Water and Soil Assessment Tool (SWAT) and the Genetic Algorithm are used. For this purpose, the outputs of three general circulation 
atmosphere models under RCP 2.6, 4.5, 8.5 scenarios have been used to assess climate change in this study. The results of the study indicate 
overloading of water resources due to increased crop area in all studied periods. Also, the water resources carrying capacity due to climate fluctuations 
and climate change in the examined period (1985 - 2045) has been declining, and from 2.6 billion cubic meters in the period (1985-2006) to 1.9 billion 
cubic meters. The most pessimistic climatic conditions are reduced. 
 
Keywords: Genetic algorithm, SWAT model, Tashk-Bakhtegan basin, Water resources carrying capacity. 
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Figure 1. Tashk- Bakhtegan Basin 
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Table 1. Data used in prepration of model 
Source Data 

DEM map with 30 meter accuracy Aster DEM map 
Forests and rangelands organization in 1383 with 9 user classes and two user maps 
extracted from LANDSAT 8 satellite images for 1394 and 1366 Land use map 

Updated FAO-UNESCO map with 13 soil classes Soil map 
Synoptic stations, climatology belonging to the meteorological organization of iran, 
information on rain gauge and evaporator stations of the ministry of energy Daily weather information 

Iran water resources management company River hydrometric data 

Comprehensive water plan of the country (2013), agricultural jihad of Fars province and 
field visits 

• Agricultural and managerial information 
• Cultivation pattern, planting and harvesting date, irrigation and fertilization 
planning, water supply source and crop rotation and crop yield by each study area 
• 18 irrigated crops (7 horticultural crops and 11 crops) 
• 7 rainfed crops (3 horticultural crops and 4 crops) 

Iran water resources management company Information on aquifers and changes in groundwater levels and surface storage tanks 
Iran water resources management company, basin update studies (Farsab Sanat 1393) Drinking and industrial uses 
National water document Evapotranspiration potential of products in any study area 
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Figure 2. Research methodology 

  

  
Figure 3. Carrier-load structure to evaluate the carrying 

capacity of water resources (Liao et al., 2020) 
  

�� ���	� �	�5� G����(� ��l� %
�U7� � `�J3" #��0

��5�#@��	7 6��5� � 
� @� �6�:B0� #@��7�d #�* �
�$

�� �@ 
� ]�J� @6 
� ���	� @�� %*�[ /5$ ���"

�a?	��X��4 9�A�� �� � #��� 
� ��aB�� #�* /����( ���"

 I6�6 %
�U7� �@ 
� -��>�� ��)� !
� G����R" �[ �*6

-��>-���" � �*@�� � �* ��  �*�� QB��0 H
 @6 ����"

) �*6 ���R" �@ QB��0 6�� /�7�8Liao et al., 2020 .(

�� �@ 
� ���	� 6�� /�7�8 !
����	� ���"�� ���	� �?��@�# 

��! -��> � �*@���*# ���S �
/�  �[ /7�E �F� @6

�� G@�d �
� ��0��� ���1) 6Zhu et al., 2020(:  

)1(         .� �������	
 �������� �	
��� � ����
�������   

) ]��*� �� @�� I{�� �?��@ @6objects n���� h�B3� (

/�&��7 �� �
 ����  ����B)4 I-��> |6@�6 �@�1� ������ #�*

Step 1: WRCC 

evaluation index 

framework 

establishment 

Support-Pressure Model Load-Carrier Model 

An indicator framework for assessing the carrying 
capacity of water resources 

Step 2: model 

development for 

WRCC 

assessment 

An indicator framework for assessing the carrying 
capacity of water resources 

Development of optimization 
model 

Model development for assess the carrying capacity 
of water resources 

Comprehensive simulation of 
the basin 

 

Step 3: Predict 

future conditions 

under different 

scenarios 

 

Model development for assess the carrying capacity of 
water resources 

Predict future conditions under different scenarios 

Climate change scenarios 



�"#$ %�&'�( )�#$ (��*� �"#$ $���� �% �+�� 

  

 ����11 �  ����	4 �  ���
��1400 

802

����� |/0� @�� �� ��0ρ  `W�1 �	�� �� /�7�8 6��

�* ./0� -��> �� n���� @��a� �'ρ Q[ �"  �1������ �E 

-��> Q* �?��@ !
� @6 I/0� 6�� /�7�8 �B5� 6���Y� �*

!�� -���" Q* � �*@�� � ��  �* @6 6�� /�7�8 ���
�@� @6

�� �B7�E �F�) 6�1Zhu et al., 2020.(  

 
� ���	� �����B)4 �
����" I
�'@�' !
� v�0���

/�
� #�*���� ��[ �� (-��>)  
� ���	� QA> �� �?���

 � 
�1 I/�	d #�*���� �� ����� @�� � �=�> �
\4�
�A"

@��)[ �1 �6�6 @��( #�Liao et al., 2020)(  �?��@)2.(  

 @��a�1 ) �?��@ @62���� (  � /0� -��> �� @�� #����� �E

) �� �?��@ !
� @��a� @�a' �*1 (%�� �"  �2��)� 6�1

#@�\E@��  .6�� �*��W �=�> ��� ���	� �� �7�=� #�*  

)2                                                      (        =ρ  

.����������� �� ����!����"��# �� ���� !$#��%������� �� ����
&���'�(�� '����)*�+��� ����� �� �����,��-").�"-��#�� ��"��  

  

 �#�$%�� ),- .�� ��/��!& '#��� �(# )�*(+ 

 �$�B� ~�7�d ��B�� @6 6�� /�7�8 9�5:� ��0�" ���@ @6

�:&D�-�1 �� ��� .6�� ��
U�7��� � ��
X�&��� #�*  #��E

/�
� � #6�JB(� @��
�4 ��0�" 9�5:�  @���� �0 |�?���

 �	�
 �0�0�"��7@" I"#6�JB(� �6���"  �" /�
� S���

Q&�0"  �@�� ���	�  ��0�" ��d� ��[@� 9�5:� @6 @��
�4

�1 �B7�E �F� @6 6�� /�7�8 )Song et al., 2011( @6 .

 
� ���	� QB��0 6�� /�7�8 6@���� #��� I�=�> %*�i4

 6��
�@ H
 �� I{�� @���� �0 v�0���»�	�5� #��0 - 

���1 #��0 «`W�1 �� �	B�� �7�* �0 �* #6���Y� #�*

�7�8 ��U�� I_�"�" !
�� ./0� ��1 �6�:B0� @���� 6�� /

 �� G����R" � �=�>�� �?0��  G����R") ����  -����

������ � (�Y��(�  ���>� � �=�@� #��@�[ ���R" �	���)

 6@���� �
� `W�1 �0 v�0��� �3
@�" �@�6 @6 (�0

�� :6�1 

-  �a?	� #6�JB(� ���@6�� ���	�  �2��)�»��7@«I 

- ��5� #@�  #��� 
�»#6�JB(� �6��� @���� « 

- `W�1#�*  #��� ��� 
� #�46@ #@��
�4»S���

Q&�0 /�
� « .@��
�4 ]@�J� � 

`W�1 �6�6@��( �F��� �� @�F	� !
�� Ir�7 #�*

 Q�F	" ���1 �� �=�> �� #@�\E@���� 6�1  �l[��> �[

��5� � #6�JB(� ���@6!�� @6 � 
� #@� `W�1 ��>

������ !�	' .6�1 ta�� ��� 
� #@��
�4 H
 �� ���� #U
@

��
�@���1 6#��0-�	�5� �� ��&�?� !
� @6 �[ 6@�6 #��0

���1 ��� t�:�") �=�> #��0SWAT-PARS H
 � (

�	�5� QB
@�2&� #��0)GA(  .��0@ 9�A�� �� 

�� �?��@ /06 �?��@) -�( /Y�( @6 ����  2 (�� ���	� 

 @6 /
6�����&f�� �0@��6@��  � �1 �B7�E �F� @6

#@�\E@�� �� �@ ��� ���	� �� �*  ^?0 %*�[ t
� 

 �� �B7�E �F� @6 ���1 �� #�@��)[ %3� /)[�
�

) �=�> ��� ���	� 6�� /�7�8 `W�1 �[ 6�1� �l[��> (

 ��&�?� !
� .6�1 H
 ������� @�F	�  _0�	� ����� %	[��4

 /&��� #@��(�� /5$ @6 /)[ �
� ^?0 %*�[ @6

 � #�@��)[ %3� `&�W�� ���@6 %*�[ @6 #6�JB(�

Q* !�	' /06  
� � ��� ]@�J� ���� �6��" �� ���


 �B
6���� I�=�> �
\4�
�A"�� G@�d  �Y
�$ ���"

 `&�W�� ���@6 I/
6���� !
� t�  ./7�E @��( �F���

 ���R" � ��W� S
��1 @6 �=�> @6 #�@��)[ G{�J��

 �
��� Q��(�  ��30  �&6���) �
�Y� ���A" %*�[ �d@63 .(

�� @�F	� U�� `&�W�� ���@6 6@���� �6�6 ��  /Y�( #�*

 6�5$ �����0 S0�" ��1�)B	� #�@��)[ G{�J��

 ��0 @6 v@�7 ��B0� #�@��)[1393  .�1 �6�:B0�  

)3(  /� � 0 1����2 ∗ 4��5
�2 ∗ 6�����2

78

297
 

 �?��@ @6 �[)3( I/� ���� �E  �a?	� @6 ���@6i Ij  ���@�Y1

 /)[ #��E�F� @6 ��) �a?	� @6 /)[ 6@�� G{�J��

�� (_&�k  .�1��  



��+,-�� ./0#1 �/- 2-�3� 45 �� +/	,6 78##/ 9:+#; �- �����%+ �+ ��,�/< &	#� ���% - =-#�3 ��%� )�? �@� ��A�� :�BA" /-5,C D�E - ��F�G-( 

  

 ����11 �  ����	4 �  ���
��1400 

803

��5�
� #@� )WPi U�� (�� ���	�  @6 �2
6 ![@

 �?��@ �� -d�> ���@6 Q��a" �� 6�� /�7�8 ���
�@�)3( 

 !���" #�@��)[ %3� #��� v�B06 @6 
� ����  6�1

) �?��@4.(  

)4 =                                                        (:6�  

.;<
&���'�(�� '����)*�+��� ����� �� �����,��-").�"-��#�� ��"��  

  

�� @�F	�  �=�> #@��
�4 /��=� -���"�� ���	� 

`W�1 �� 6�� /�7�8 !���" @6 9�0 `W�1 � �*

»
� #�46@ #@��
�4 
�'@�') «Hoekstra et al., 2011 (

 #@��
�4 �0@�� #��� I@�F	� !
�� ./0� ��1 �6�:B0�

`W�1 �� �=�> �6�:B0� ��� 
� 6��Y[ #�*�1 @6 .

 G��uU$ �� ��� 
� 9�{ 6@���%�� �" �:&D� �� -�)B�  #�*

��?0 
� )WSBlue-Env�	��� �
� 
� � (  )WSBlack (

`W�1 !
� .�1 �u�@� � �0@�� ��1 ]�J� 
� /��� �*

 -��( �
\4�
�A" 
� ���	� �� (
� #�46@) ��	� �* ��

�� ��)� �@ �� /
�
�� �
6�a� .�*6%�� �"  ��»H
 « !
�

`W�1 �*���� �E  � �
\4�
�A" /�7�8 �� %�� �6�:B0�

��5� #@��
�4�� !��� �� #@�6�� �� �� �
6�a� .�1��» H'�[

H
 �� �" « U������ �E  ��	� �� #@�6�� ��5� @��
�4 S
��1

�� ���.�1��  

 �&f�� ]�* ���" �1 �@�1� ���� {�� @6 �j�� v�0���

�	�5� �l[��> #�	���� #��0��5� I���@6 #��0  #@��
�4 � #@�

�� 
� ���	��� h
��" �
� �?��@ v�0��� �[ �1��:6�1  

)5(  =�� > � :6 ? / ? WSBlue-Env ? WSBlack 
 �� @6 �[Z  �	�5� �&f�� ]�* ���" I#��0WP 

��5� !�2����  I�a?	� @6 
� #@�I  � ���@6 p�YA�

WSBlack   �WSBlue-Env �� _�"�"  6��Y[ `W�1 
�

�� �?��� /�
� ���� � �	����
�  .�1��  

 ��&�?� !
� @6�� @�F	�  
� ���	� 6�� /�7�8 ���
�@�

���1 6��
�@ �� U
��� �=�> v��a� @6 #��0 -�	�5�  #��0

 �� _�[�" @6 H�B�X QB
@�2&� �B0�@ !
� @6 .�1 �6�:B0�

���1 ���  #��0SWAT �� @�[ �1 �6��  -�1)4 ( �� ���6�

 ��&�?� !
� @6 �F��� ->����� _�"�" �1 �	*��W ^
�)" .  

  

01�� %�/2 '��- �3�4 (#&$5 �# ���67/� %� .�� SWAT 

 ��&�?� !
� @6��  !��f" @�F	� G��< �����6@��  @6

 ���R" � �3
@�" �@�6 @6 �� G����R" � 6�� /�7�8 ���
�@�

 ��� �� Q��(�SWAT  �6�:B0��1 ��� .SWATI  �&��

���1 #��� ���$  #��0�	
��7�� �=�> ��@6 #�*  �1��

 ��1 �6�6 ��0�" ��
��� #�@��)[ G�a�a�" U[�� @6 �[

 ��� !
� ./0��� @�F	� ���1  �� �@ �� ��B�� I�=�> #��0

 �@ �=�>�
� �* ��0 � �6�Y� Q��a" �=�>�
� �	'

 �� (���E p�� � V�W I_�1 �F	� ��) p�	" ��U�� �� �B��

 /Y�( �	'�@��* m0�4 �>�� 9�� �� �2
6 ��
X�&

)HRU�� Q��a" ( ) �
�Y�Arnold et al., 1998 !
� @6 .(

���1 ��&�?� QB��0 #��0 #�*  G���
�$) 
� ���	�

 �� �6�:B0� �� (�	����
� 
� � r��" � ��3�" I��?0

�<d� �3��  ��� ��1SWAT ���	� /�" ISWAT-

PARS ) /7�E 9�A��Delavar et al., 2020 �� .(

/����( �� ��� !
� #�*  G����R" ��Y�� �������
� �� ���"

 ��� !
� @6 .6�[ �@�1� �=�@� #��@�[ H���	
6�� @�F	� 

����4  �
{ �� �=�> #�	�DEM  �&��0 ������ ��30  #�B�

ASTER  � �1 �6�:B0�Q* !�	' �� @�F	�  t��?"%�� �"  ��

���W6�@ /��(�� I�=�> ��(�� S
��1 �
� I�*��2B  #�*

�6���� I#�B��@��* &�?� #�* ��� !
� @6 U�� �*�0 � �"��

6@�� �� ./7�E @��( �$�"5	Y*��� �
{  #�*DEM I

��5") �=�@� #��@�[ -2	$ �����0 S0�" ��1  �"��� � �*

��0 @6  #�*1987  �2007  �2015 V�W �
{ � (

��5")   S0�" ��1FAO ��
X�&�@��* !2Y* #�*�>�� I(

 ���3B0�1� �6�6 � ��5� I�0�	1��* #�*  I�*�0 �� #@�6��

 #�*�B��@�4 �
�0 � ���@� /
�
�� I]@�J�����6@��  @6



�"#$ %�&'�( )�#$ (��*� �"#$ $���� �% �+�� 

  

 ����11 �  ����	4 �  ���
��1400 

804

%3�  �U3� � �	����
� 
� I]�� �� Q�� h�B3� #�*

 ��� 6@���1.   

  

Genetic algorithm

Changes in SWAT 
model inputs

Run SWAT model

Calculate carrying 
capacity indices

Stop condition 

established?

Determine optimum 
cultivation area 

No

Yes

Cultivation Area

Climate conditions

Climatic conditions have 
finished?

extraction the results of all 
climate conditions

No

Yes

  
Figure 4. Modeling framework of this study 
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Table 3. NS and R2 index values of evapotranspiration and crop yield in the whole basin 

Crop Apple Peach Almond olive Wheat barley Canola 
Sugar 

beet 
tomato potato 

Evapotranspiration 
R2 0.98 0.83 - 0.79 0.5 0.41 0.95 0.92 0.89 0.94 
Ns 0.98 0.81 - 0.47 0.67 0.58 0.94 0.92 0.34 0.94 

Yield 
R2 0.92 0.83 0.62 0.83 0.66 0.76 0.90 0.60 0.48 0.62 
Ns 0.92 0.80 0.52 0.35 0.27 0.68 0.89 0.61 0.51 0.47 

Crop Alfalfa Beans Rice Sunflower onion Lentils 
Dry 

barley 

Dry 

Wheat 

Dry 

figs 

Almond 

dry 

Evapotranspiration 
R2 0.93 0.58 0.92 0.84 0.93 - - - - - 

Ns 0.76 0.36 0.90 0.78 0.92 - - - - - 

Yield 
R2 0.97 0.88 0.92 0.25 0.77 0.99 0.59 0.90 0.86 0.62 
Ns 0.93 0.86 0.91 0.63 0.53 0.47 0.48 0.63 0.84 0.52 

Evapotranspiration rates are not reported in the National Water Document. 

  

      
Figure 5. Results of flow calibration and validation at the hydrometric stations (Delavar et al., 2020) 
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Figure 6. Results of ground water level calibration and validation (Delavar et al., 2020) 
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Figure 7. Changes in evaporation, precipitation, discharge, and classification the study period's to the 2 episodes 

  

 
Figure 8. Main components of basin water balance during the study time periods (million cubic meters) 
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Table 4. Genetic algorithm parameters 
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Figure 9. Changes in Basin water balance main components at the climate change conditions compared with base 

period (million cubic meters) 
  

 
Figure 10. Changes in carrier (C), load (L) and carrying capacity (ρ) of basin water resources 
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Figure 11. Gross income changes in the agricultural sector considering deferent scenarios, study periods, and carrying 

capacity 
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