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The water crisis in semi-arid regions like South Khorasan has been exacerbated by 

drought and aquifer depletion. The establishment of the Qaenat Steel Plant in the 

Nimbeluk Plain, with its high water consumption and environmental impacts, poses 

a threat to the future of water resources and human settlements in the region. This 

study aims to provide intelligent management solutions by conducting a foresight 

analysis of water issues, focusing on the impacts of the steel industry. The research is 

descriptive-analytical with an applied objective, and data were collected through 

library and field methods (interviews and questionnaires). The statistical population 

consisted of 11 regional and water planning experts selected through convenience 

sampling. Thirty-six variables affecting water resources were identified, and key 

drivers were determined using structural analysis in MicMac software. Subsequently, 

a questionnaire was used to assess the impact of these drivers in probable scenarios, 

and the data were analyzed using scenario planning and Scenario Wizard software. 

The results identified urban drinking water quality, water supply quality, migration 

tendencies, water access, and the use of Qaen's urban wastewater as key drivers. 

Scenario analysis indicated a dominance of undesirable scenarios (75%), 

highlighting the need for optimal water resource management and mitigation of 

industrial pressures. This study provides a framework for short-term, medium-term, 

and long-term policymaking by forecasting water consumption patterns in the 

Nimbeluk Plain to achieve sustainable development and effective water resource 

management. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
The water crisis in semi-arid regions like South Khorasan, Iran, poses a significant threat to 
sustainable development and human settlements, exacerbated by prolonged droughts, overexploitation 
of groundwater, and industrial activities. The Nimbeluk Plain, located in Qaenat County, faces acute 
water stress due to declining aquifer levels, land subsidence, and the water-intensive operations of the 
Qaenat Steel Plant. This study employs a scenario planning approach to conduct a foresight analysis of 
water issues in the human settlements of the Nimbeluk Plain, with a specific focus on the steel 
industry’s impact. The research aims to identify key drivers influencing water resources and develop 
probable scenarios to inform short-, medium, and long-term policymaking for sustainable water 
management. Multiple factors, including climate change, population growth, and mismanagement of 
water resources, drive the water crisis in South Khorasan. In the Nimbeluk Plain, 99.5% of water 
consumption relies on groundwater, leading to severe aquifer depletion and the designation of 26 out 
of 35 plains in the province as restricted for extraction. The Qaenat Steel Plant, with a water 
consumption of approximately 1.2 liters per kilogram of steel and an initial production capacity 
requiring over 700,000 cubic meters of water annually, intensifies pressure on the region’s limited 
water resources. This industrial activity, coupled with agriculture’s dominance (consuming 93.5% of 
extracted water), threatens the sustainability of human settlements and increases risks such as land 
subsidence and migration. This study adopts a descriptive-analytical methodology with an applied 
objective. Data were collected through library research and field methods, including interviews and 
questionnaires. The statistical population comprised 11 experts in regional and water planning, 
selected via convenience sampling. Thirty-six variables affecting water consumption were identified 
and analyzed using structural analysis in the MicMac software to determine key drivers. Subsequently, 
a cross-impact matrix was developed, and data were processed using Scenario Wizard software to 
generate and evaluate probable scenarios. The Delphi method was employed to define five possible 
states (from desirable to critical) for each key driver, forming the basis for scenario development. The 
results of the structural analysis revealed a highly unstable water consumption system in the Nimbeluk 
Plain, characterized by complex interactions among natural, human, and industrial factors. Five key 
drivers were identified: urban drinking water quality, water supply quality, migration tendencies, 
water access, and the utilization of Qaen’s urban wastewater. These drivers were pivotal in shaping the 
future of water resources in the region. The scenario analysis produced eight strong scenarios, with 
75% indicating undesirable outcomes (intermediate-to-critical, semi-critical, and critical states). Table 
1 summarizes the key drivers and their probable states, highlighting their influence on water 
management outcomes. 

 

DATA AND METHODOLOGY  

This descriptive-analytical study with an applied objective examines water issues in the Nimbeluk 
Plain, Qaenat County, South Khorasan, and Iran. Data were collected via library research and field 
methods, including interviews and questionnaires with 11 experts in regional and water planning, 
selected through convenience sampling. Thirty-six variables affecting water consumption were 
identified and analyzed using MicMac software to determine five key drivers: urban drinking water 
quality, water supply quality, migration tendencies, water access, and Qaen’s urban wastewater 
utilization. Scenario planning was conducted using Scenario Wizard, with a 25×25 cross-impact 
matrix based on five probable states per driver, derived via the Delphi method with nine experts. This 
generated eight strong scenarios, 781 weak, and 117,151 inconsistent scenarios. 

 

RESULTS AND DISCUSSION 

This foresight study on water issues in the Nimbeluk Plain, South Khorasan, Iran, with a focus on the 
Qaenat Steel Plant, revealed a highly unstable water consumption system driven by intricate 
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environmental, social, and industrial interactions. Using MicMac software, 36 variables influencing 
water resources were analyzed, identifying five key drivers: urban drinking water quality, water 
supply quality, migration tendencies, water access, and utilization of Qaen’s urban wastewater. 
 

 
Figure 1: Distribution of Variables Based on Direct Impacts of Variables. Source: Authors, 2025  

Scenario Wizard generated eight strong scenarios, with 75% projecting undesirable futures 
(intermediate-to-critical, semi-critical, and critical), underscoring the urgent need for strategic 
interventions to avert environmental, social, and economic crises. 

 
Table 1. Summary of Scenario Analysis for Water Management in Nimbeluk Plain 

Scenario Overall State Overall State Influencing Factors Influencing 

Scenario 1 Desirable 
Enhanced drinking 
water quality and 
resource access 

Increased household 
water use, reduced 

salinity 
Desirable 

Scenario 2 Desirable 
Slight improvement in 
drinking water quality, 

needs attention 

Increased household 
water use, reduced 

salinity 
Desirable 

Scenario 3& 5 Intermediate 
Status quo persists, no 

notable change 
Stable population and 

water quality 
Desirable 

Scenario 5 
Intermediate-

to-Critical 
Rising drinking water 

pollution, quality at risk 
Stable water use and 

salinity 
Desirable 

Scenario 6 Critical 
Declining water supply 

quality, increased 
migration 

Stable population and 
water quality 

Desirable 

Scenario 7 Critical 
Severe decline in water 

quality and access 
Unchanged consumption 

and funding patterns 
Desirable 

Scenario 8 Critical 
Severe pollution and 
water quality decline 

Unchanged consumption 
and funding patterns 

Desirable 

 

The analysis highlights the Qaenat Steel Plant’s significant pressure on water resources, consuming 
1.2 liters per kilogram of steel and over 700,000 m³ annually, alongside agriculture’s 93.5% share of 
water use. These factors, combined with groundwater overextraction, contribute to aquifer depletion 
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and land subsidence, threatening human settlements. Desirable scenarios (1 and 2) demonstrate 
potential for improved water quality, reliable supply, and reduced migration through wastewater reuse 
and water-efficient technologies. However, critical scenarios (6–8) warn of severe pollution, reduced 
access, and mass migration if current trends continue, aligning with Hassaniyan (2024) on 
environmental injustice and Shirzaei et al. (2021) on irreversible subsidence. 

The MicMac analysis showed technology for water reduction as the most influential indirect driver 
(score: 541), followed by urban drinking water quality, groundwater quality, water treatment quality, 
and annual precipitation (each scoring 512). Agricultural water consumption was the most dependent 
variable (score: 562), emphasizing its vulnerability to system changes. The unstable system, with 
variables clustered near the scatterplot center, indicates strong interdependencies, complicating 
management efforts but highlighting the pivotal role of key drivers. 

These findings align with Joadi et al. (2023), who stress aquifer vulnerability forecasting, and Beheshti 
et al. (2021), who advocate scenario-based water management. The study’s emphasis on technology 
echoes Qin et al. (2019), noting innovation’s role in mitigating water crises. However, the steel plant’s 
expansion without sustainable water sourcing risks exacerbating ecological damage, necessitating 
immediate policy shifts toward integrated management, including industrial water recycling, 
agricultural reform, and enhanced wastewater infrastructure. 

 

CONCLUSION  

This study provides a strategic framework to address the water crisis in the Nimbeluk Plain, South 
Khorasan, Iran, focusing on the Qaenat Steel Plant’s impact. Five key drivers-urban drinking water 
quality, water supply reliability, migration tendencies, water access, and Qaen’s wastewater 
utilization-shape the region’s water future. Scenario analysis revealed 75% undesirable outcomes 
(intermediate-to-critical, semi-critical, and critical), signaling risks of environmental, social, and 
economic crises. The steel plant’s high water use (1.2 liters/kg, >700,000 m³/year) and agriculture’s 
93.5% consumption exacerbate groundwater depletion and subsidence. To achieve desirable scenarios, 
policymakers must: (1) implement water recycling in the steel plant, (2) invest in wastewater 
treatment, (3) promote low-water crops and efficient irrigation, (4) monitor aquifers, and (5) raise 
public awareness. This model applies to other semi-arid regions, but the small sample size (11 experts) 
and limited data suggest broader studies are needed. Without action, pollution, reduced access, and 
migration will intensify, threatening sustainability. 

 

ETHICAL CONSIDERATIONS  

Conflict of Interest Statement: The authors declare no conflict of interest. 

Ethical Statement: This article does not contain any studies with human participants or animals 
performed by any of the authors. 

 

ACKNOWLEDGMENTS  

The authors thank the experts who contributed their insights through interviews and questionnaires, 
and the South Khorasan Regional Water Authority for providing data. 

 

REFERENCES  
References [in Persian] 
Ebadi, A. G., Toughani, M., Najafi, A., & Babaee, M. (2020). A brief overview of current environmental issues in Iran. 
Central Asian Journal of Environmental Science and Technology Innovation, 1(1), 1–11. [In Persian] 
Darand, M. (2015). Synoptic analysis of heavy precipitation in Kurdistan province. Journal of Applied Research in 
Geographical Sciences, 15(37), 47–70. [In Persian] 



���  ��� � 	�
� �
�� ����� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

Mahmoudi, P., Fattahi, E., Heydari, M., Rigi, A., Ansari, A., Ghaemi, A., & Rezaei, J. (2025). Analysis of precipitation 
extremes trends in the Persian Gulf and Oman Sea Basin in Southern Iran. Journal of Natural Environmental Hazards, 
14(44), 63–88. doi: 10.22111/jneh.2025.48651.2043. [In Persian] 
 
References [in English] 
Mahmoudi, P., Fattahi, E., Heydari, M., Rigi, A., Ansari, A., Ghaemi, A., & Rezaei, J. (2025). Analysis of precipitation 
extremes trends in the Persian Gulf and Oman Sea Basin in Southern Iran. Journal of Natural Environmental Hazards, 
14(44), 63–88. doi: 10.22111/jneh.2025.48651.2043. 
Pryor, S., Howe, J., & Kunkel, K. (2009). How spatially coherent and statistically robust are temporal changes in extreme 
precipitation in the contiguous USA? International Journal of Climatology, 29(1), 31–45. 
Wu, H., & Lau, W. (2016). Detecting climate signals in precipitation extremes from TRMM (1998–2013), increasing contrast 
between wet and dry extremes during the “global warming hiatus”. Geophysical Research Letters, 43(3), 1–9. 
 
 
 
 
 

 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

+,- �,.�� /0�12� 3� 4��5�
�%6 �5%7�8 *$�!  ---- *$�+� 8 ----- 8 -------- - ----  

  

����� ��	
� �
����� ��� �� �� ���������� �� ��	�
��� ��� 
��
��   !�

�"�# �
�$��% �� &%�'( �� )�*+',
  

�:; �+5�<��1 8$��>)� �+3�� ��?�2* 8��%� �5���3  

1. ����� ��	� 
���	�
�� �� ������� ���� � ������������  

2. �����	� ����� ������ � ������������ (D
E�� *����
�)  

 :�%+��meskandarisani@birjand.ac.ir       4871-3824-0003-https://orcid.org/0000ORCID:   

3. �����	� ����� ������ � ������������ 

  

���H� 4�-I5�  *�%>�  

 :���H� "
�  

�/0�12 ���H�  

  

$�&�( $!�	<�:  --/ --/ -- 

 :J����� (�$�& --/ --/ --  

$�&�( K2�L�  : --/ --/ --  

$�&�( $�/M��  : --/ --/ --  

  

*N�� :��%,  ��0   

 !��� 	���" 	��# $% !& 	���"$ 

� '���$(&)*+ 
�,�' ���-�$ 

�.&� /��0	�
 .  

� 2���� 	� %  3�����/+ 4�0 �&�� 3�#��0 ������$ 5�67�0 ��� 3�&��  '�� � ��8 �9!�  .'#� ���
� '�� 	� ���:�; �.&� /��0	�
 <��=��$(&)*+ .�� >�?� ��" @ � % ��9���" -!'6 �����$  !��� 

�  A����� ���B�&7# � �9" ��6��� �C8 �	 /D���!� �� ��
� .!E  /:�	� >�9 �� F9�G@�9	�79�	" ��!�!B� 
  /� $��+�&9!��� 	���" HI8 �� J
�+8 �� %  /)K6����� � �.&� /��0	�
� �-���@L&8 M&� -� /N5��� .�,�-

)�8�)� ���	�
 >�9 ��" ���� � '#� O�	 -� �9 �9" /�����B
 �" � ������  (/����#�@ � /*=�?�)
	� ���" 	��  /N��� .����"  R���11 /����� T?�B� 	!J" /D��� �" �&� %  � /�&+� �� /
 ���"  	�

 .���� %��B�� 
�B#�36 �B��� �#��� %  A���� �� �HW��! )�8 �� ��R 	�B0�#" X�� 	�  	�J��
MicMac@ $�3��� �9" )
��" N8��E /����#�@ �� $YZ# .���� �" ���" #	��� HI8�� @�3��� �9  	�

	��#!�9&" ���� $R+B�� 	��# O�	 �� �9!-���@&" X�� �  	�J��Scenario Wizard )�8�R ���!��� .
�B�![ 
 /
 ��� 3����,�' �C� %�� % "$ 
�,�' ��#�� �$ �+8!R #�B#� $����C� /��  � $%  /�

�C� %\]�� -� ���,B#�" �;!$E @�3��� �9" )
��" )�8 .��B69�R 	��#!�9& 
�=� 	��# /*)^ -�!�9&" 
) %&)����75 �� �	��] /
 '#� (�L	�!�!' C��/� F�8 F9�
 � %  A���� �9" BN�L�  3��� �	

�� �9�� .!E @ �� F9�G@�F ���� � '�� 	� %  >�?� 	�B0�#�$(&)*+ �&a	�a� ���" #�'#� 	�b�" 
��8&
 � $����3� ��� � /:�	� �����)� �� �9� �@ /N#&8 �8!	�� �� �!�!' �&� 2D�� %  A����.  

  !��M)�cX�� $����&��0 X�� : ) X�� $����&��0 X�� � cX�� $����&��0 X��1400 ./5�D� 3�&�g .(�� ��������h *��N� $ -- ) -- $( ----   

 

  
© 3����6!&� /���6!&�  

DOI:  000000000000000000000000000  
 :����                     3�B6a&)� � 3�B6�# �������  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

���H�  

�5�a $%  3����� �J�!��� C����a �� �@ /N#&8 � �D� /
 '#� �]�= �?g 	�!	�� ��6�� A��&�� �� 	&� /� �	" 
�C8!� �� ��
�8 .����� );��+�$ � ��	� �	!/ N+��$' � >�?�� �	!/ ��&5  �� �  A�����$ � /�!�G %  �9" -!�-����$ 

)L� R��&g /)+� -�� ��8!����
� �!E � �#��# 	� 3����3�C � 	�+� /�� ���	 5)�& 3�	�7+9 �1  $2017 � E�&7� c
��B6
&92  $2016� .(!$3�� 	&�
 3�&�g /�" ��/+ $4�0 HI8 '�8 ��� /��� �!E ��j&# � /B��� 	��; F5�a!�!' 
�  A����� �� ���&8 � /� �k��� � � 7�0 �� #� 2�����N� � %  .�&� 	&�
 -���!E N*�� $%�� R��; �� =�8�� 

� /
 '#�A��& �J� 	&� /�!��� �" 8	�+#��	��) ��B69 /B6��� 3  /�� 3�	�7+9 �3  $2010� �� ��\g .(!$E ��&5 �  % 
� 	�!3�� ��$J 6� /�����	�" �9	&�
 -�" 5� /� $/N#&8 l�= 	��R @�'��� m&5&�78" 5�N� ��' �9" ��6���  /� �	
�J��!F � � '#�����-� �� /�&8" �8" �6=) '#��3�4  $2024�� c3� ��B#�
5  $2023 .(� 	�!E ���!h �@��!$	�� 

 !��� 9�G@�   �!��� 	���"$ � /�!�G �	 ��!��7 	��#!-���@&" ��*9�	"$ 	�J��" =�8�� ���" /����� 	!3�J /D��� /N#&8 �" 
� %&6��� ��&�� .!E O�	 
	� /:�	� �� �9� #�8�+B6�4 � � �9���	 -���9��"   �� �HW�!$��� �#��� /��! ��� �=� 

6���9��! ���" B#�����   /�!��� � 4+
 %&)��� ���
	��# .!-���@&" #�8 ���n ��,�   -�!��� �9"  -�) R+B��
3��	  �C�" � �8!3�� �C�"# $(�'#� 3�	�b� +?8 o��8� 	� �	���+ �� �-&= 	� /��9�� !�!' = A�����8��$  3&p+9
 $% !	�" �� ���#	� .!E �	!��7 ���" /����� 	!J" �� �!�!' 	��] %  �����)�" B�C�) '#�� 3�	�7+9 �6  $2021 c

5�-�$ 13985�- c�$ 1390�&�� 3�#��0 3�B#� .(� /�&+� �" ����� 2���� -� -	��� � 	� % !3��  .'#�5/99  -� �L	�
� %  >	�?�!E - A���� -� 3�B#�!�-���� �I8�E �� �&�� '����� .� �	!/ 5�67�0 �� �9" �� '�� /� �k�� $X����!� 

�6
 � %  s�#" '�� �t
� 	� 3J�� �9" /�&� /� $��� 3�B#� �"  /
26  -� '��35  /g&�+� 3&�
� 3�B#� '��
�@ .��B69 '�����!�� �- '6������E ��J  3�&�g /�!4 �C8!� ��"$ B��/k DB6��n �!E N]��'  /�.�# /
 '#�

44/1 ��)��	� � 3��� �	 %  '����� /��]� uN7��B�� �9� # O	�J�)3��-� �&�� 3�#��0 /D��� % � 1400 .(
'�� 	������ '6����� � '����� �H� 	� v�8�+g /
 �9�F %  -�k� �= -� �9" -!�-���� . 3�� ����� �!/ �9" 

#	� ��3� � �	&L 3�&�� � ��$�� ^�R��;� � s�# ��k� 3��  .�� � '#� '��-��!�B6�! 5�� -��8 /��/  �	 �&0
3�7�� b@!� +�� �-�# ��)�&5" 3�	�7+9 �7  $2011� c�g�-�� 3�	�7+9 �8  $2021�; '�� .(!E � ��(&)*+  3�&�g /�

!7� ����� -�� �8!E '�� �9" �&�� 3�#��0� ��  w�� ��N5���) '#� ��� /B0���!F �-�#��� �&�� 3�#��0�$ 
1400 .(� 	�!E � '�� 	� ���:�; �.&� /��0	�
 /N#&8 � <��=� $/D����$(&)*+  �&�� ��J��!�" l��B�� �-�!$ 
F�8 �9" � � ��" � /� /�&8 �� .'#� ��	�  �&�� /� �	!/7� 5&8�� 
 �9�X��&)  ���= /� E9 2/1 5��B � % �-�  � �	��
��x�' 5&8��" �!E � /� '6�� X�� 	� /��0	�
�F  -�700 � uN7��B� 	�J9� �#	 �N� -�� w�BB�� �� /
"  u8��� /�

���B� � $�&� �9�&0!E �� 'N�L	� ,g�y�� �  A���� ��� � �	�� /D��� ������ ��
� .!3��  l�# 	�2020 ���\"$  ��

                                                      
1 - Liu et al 
2 - Mekonnen & Hoekstra 
3 - Vörösmarty et al 
4 - Hassaniyan 
5 - Gran Castro 
6 - Beheshti et al 
7 - Galloway et al 
8 - Shirzaei et al 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

5&8�� �J�!4  /�30 ��)�3& �� 	� $�.&� E8!��� +9��E 5&8�����
�  E+k��) '#� /B��� 	��; 3�C� 	� �.&� z	J�
��C�� �.&�1  $2022.(  

-&8!A �&�� 3�#��0 	� %  >�?�� � 3���� �9� � /
��B�!E ��3�J ��?� % � -	���
 F�� 	� 3�B#�"  �� .'#�
�9	��  
�#�" /D��� %  3��-�# �"  $3�B#�5/93 -	���
 F�� 	� ��� l�?�B#� %  �L	�"$ 02/5  /� �L	�
���0 >	�?��  �48/1 � 'N�L F�� /� �L	�� �#	 � %  3���� /� /�&8 �� .HI8���� ���B�&7# �� 3  �9" ��6���$ 

� >�9!E   $F9�G@!��� 	���" 	��# �!-���@&" ���B�&7# 	� %  /)K6� �9" ��6��� � '���(&)*+  ���H� �� J
�+8 ��
� .'#� �.&� /��0	�
!E @ '0��� l�*�� /� /N5����3��� �9" )
��" HI8�	�b�� 	��# /:�	� � /D��� %  A���� ��!�9&" 

��� R+B��" # /� 4+
�'#� 	�b�" �9" ��8&
 � $����3� ��� )�� w&�# 	� �����)� �� )� ��  �	��] .'#�
�!E N]� 3�J��-�	 '��0� -� F9�G@�' �  A����� � � 4�0 2���� 	��/+ 4�0 �!$3�� /� �!�G  3�#��0 3�B#� 	�

�&���$ ���� �� �&�� .!E � 3�B#��F �@ �� /
 '#� /9� �� -�!�� 5�67�0� F�8 � �9" ��!� � �  /k�@ � '#�
� X��� ��
 @ /
���� �� '�� 3 !� 3�&��  s�# �C8 � �9!��� ��" ���" �@ /N#&8!	�� �a 	� .'#��E ���!��$ 

/N#&8 /����� /�&��9 �"$ BN�L -� ng�� !� -	���
"$ �����-� -	�!��� ;��2   �!��� /����� m��� � %  A����" .'#�  

F9�G@ �9" ��NB�" �- 	��/�   � %  3����!��� 	���" ��!�!' � 	� %  A����!3�� �# �!�  � 4�0 2����
��/+ 4�0  '#� /B��� �	&L c/)+� -�)�9&7� � ��� �;��!1404 	� (�D�D�8   3�&�g '�8���! %�8 �9�G@ 

/����� ��7!�	 �� %  A���� "	�   "J!	 ��*� &!	��#)���!�- J���  �-&= :"�	&� {N5��� �	 ��� ���#	 /k�B� E!� /� (�
 /
'�N+� ��	 |�� /� }&��� "�9 O-&�  $%  '!�!�� "��� "	�b� /!���# 	� �L&?0 F�� '
	��� 3�J�� $

]�� � %  3��-�# ����0 '�,�
 3�&� u#��� $'�
 "&�5� ����8\.�J� 3�J�� "	�b���HI8 $% 3�&�g /� "&� �
"	�  %�8 �� �HW� "��)
 "�C�����@ )3�	�7+9 � ��	 ���!��
 .��&� �� /B0���1403&�g �� ( 3�&�g '�8 "� /5�D� 3�

���!�- J!��  /]&= ~"�	��� ~	&�� 4�B�)@�	��9 ~"�9&!	��# E!��8 �� %  3���� ���H� ��	  /
 ��� ���#	 /k�B� E!� /�
 	�79�	 E!�B*#��� $��	 ���!�- J!��  /]&= s�# 	� 3  �� u#��B� � �)� s�# 	� %  A���� /��C� '!�!�� 	�79�	

� ���0	 -� "���&)� "����� /B0��� ��	 ���!�- J!��  /]&= ������ '�N].  ��&�" 3�	�7+9 �2  )2023C8 .(�/ 
/�D� �9" # �u b@!�" %  �9" -!�-���� �8 EB��� ��� 	� ������� 8 � ��	�
" ]�	�� �B� ���9�" �!����4 &�� $3� 

���" ��!�!' 
�,�' �@ �!F 	��] %  A���� �HW�" �B� .'#�![ 
�=� �J�� -�!F � 2���� /�&8 R��;� # �u b@!�" 
6��	�   	� .��!��� )14%  	�2040  �50%  	�2050  /� '*6�2020� .'#� (!E !/B�� �9 +9��' /�D� -� ���,B#� �9" 
# �u b@!�"  !��� ��� �� ��7)+g �&*C� 	� �	!�!' �@ �!F 3�&��  � /B6��� �9� ��
 ./��� "�9��  	� 3�	�7+9 �

 l�#1401  3�&�g �� "� /5�D� 	�3�C,L� �C� 	� %  " /)K6� "	��� ���!   ��� ���#	 /k�B� E!� /� E!�8 nC� /

 R��&g	� %  ���!  '�N]� ����
 E��N8 3�C,L� �C� ����� R��&g /�$ ���6�� ��+�+?8 /� }&��� R��&g /7)� 
��B69 .) 3�	�7+9 � �	 �CZ#2022@ /5�D� 	� (�F ���� ��8&
 -�	� � ������ #  �� n�);� ����8�u b@!�" ��,# �9" 

- % !���-�� L&8 O�	 ���,�  - )�8�)� �@ ���!/� � ��N5��� � ��g\�� "	� �������� # ���,B#� ��nB6  ��g\��
��������! GIS/N5��� 	� $ �" /� @�F ���� ��8&
 ��#  �� n�);� ����8 ���-�	� � ��u b@!�" ��,# �9"  % 

-!���-�� /B0���@ ����B� .![ �!E � 3��� 2�D�8� �9� ���" /5�# �"  !��� - %  A���� �,= 'C� 	�!���-��  X-.
�@ �����;� '#�!�� �!�G �" 5�+� 2���� 	�� ;�� l�+� �� ;�� �� =	 .�&� /B��� ��� 	� 3�&�� �n 6=���  �

                                                      
1 - World Steel Association 
2 - Javadi et al 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

) 3�	�7+92021/5�D� 	� .( �" �	 ��!��7 /����� 	!J" 	��#!$	&��& � /:�	� /�l�  !��� /��9�G@ ��!�!' �@!	��  %  A����
�B� .'#� /B0���@![ �!E � 3��� /N5���� �9� O�	 >\0�� /
 �9" /����� 	!J" B�#�$  !��� �9���	 /���� v���L" 

� /B�b��c'6 � /7)���9��" �� ��+g��� N]��'  !��� !4 #�nB6 � R7� �	� ��9�B�C� .� ) 3�	�7+9 �2021 $(
� /5�D� 	�"  ��3�&�g 	��#!�9&" ��!�!' ��*� �� %  A����" �	!��7  !��� 9�G@�/N5��� : " �	&�" �*8 3�B#�C�!$J 

#	�� /��   � /B0���@ >�?� � A���� ��N�� 	� %  A���� �� �HW� R��&g!��� �9" ��!J�!E � 	� �	!E -��/� �N8!� 
���
 � >�9 .���!E -	� $/N5���!��� #�8�+B6�4 HI8 R��&g�	�b�� �N8 �!� 	��#!�9&" ��� �)B��" ��!�!'  %  A����

3�	�7+9 � ���- ��� .'#� ��&�1)2007)�8 /� .(�R # -� ���,B#� �� %  3�����nB6 ����� ��g\�����!  '�� 	�
��	&��� �!3�� � .��� /B0���@!E � 3��� F9�G@� �9� 
 /
�,�' ��� M	- � '�
" -	���
 >��9�"$ nC� �8!E  R��g

HW�� � '�� 	� %  3���� ���	&��� ��� � '#�" � ��� F9�
!E �9��*9�	 o��8� $3����" ��!�  �&*C� /)+� -�
��	�
" ]�	�� /�&� '�
 � �9" � ���-� � � 	��] �B+
" � .'#�!E !/B�� �9 +9� ���'  FD�GIS �#��� 	��!  2����
�	��� ��8 � 3����!E #�'#� �9" ��!�!B� 
I8 u#�����  .�	��  


�E 3�	�7+9 �2 )2019�m��@ .( " /D��� 	� l�+� /� %&�� -� %  l�DB�� " a l�+� '���E #	���  � ��
1	��#!& �B#�	 	�" ��!�!' �#��� %  A�����! ���!$� /+9 	� /
 " HI8 �C� �� �8����� �&9 � % !�  ��� ���5

 2*� .'#�!/B�� �9 �!E � �C�8 $l�DB�� w������&B  F9�
 �	 %  3�������� �C�8 /� ��!  %  �&*+
 R7�� R= /� 	��;
��'6� -� .!E 
�8 3  	��
 	� $�	�*� G8��B#� -�" �9" 	���� -� ���,B#� � %  >�?� F9�
" �9" -�#-�� � &�"  F��

/��L 'C� /� 'N�L &��! � �	&� $%  	��-� 3�	�7+9 � 4� .'#�3 )20195�+B=� �.&�8 .(� N]��'  !9��� 
%  �9" ��#� �	��@ -	�!��� 	��# �� �!&" );��+�  �/# ��B#�� h0� �N8!� ��	�
 /
 '#� ���" �-�$E ��!�!'  �

N+� �.&�8�B� L&8 �	�� �� ���
�B� .![ 
I8�� ���� X�J5 ��" ��� ��+��9 �����;�" F9�
 ��6�� ���H��  -� .�	��
�!�� �����" � 	� /
!E �-�/� F9�G@ �9�! ���� X�k�� � ����  $3�	�7+9 � ����) /� 3�&82016 $3�	�7+9 � &��J��� c

2019	&� c"  $3�	�7+9 �2018��+=	 c�  $3�	�7+9 �2019� (�J .��
 �	���  

�!E   �	��] $��N5���!��� 	���" 	��# �!-���@&" �� 	�!�!' I8 �	 %  A�����!� �� ���
 �9	�79�	 �" ��NB�"  �	
���" � /:�	� %  3���� �� /)��D�� ��9� � /
� ���&8 ��*��! ���" � '�� 	� �]�= F9�G@�(&)*+ .����  

  

*!�! �0 L�$ � �0    

3�B#�C� /)+� -� ���:�; 3�B#�C� �9" �&�� 3�#��0�  RL�� �= 	� /
 ��&�33  �834  � �5�+� ��g /�	�38 
 �860 ;�� l&� /�	�� �� � >�&0 "�C��B#�C� 3  l�+� $��� A;��� 3�B#�C� %&�� � 
���� �� %�^ $���

 ��� -� � ������169 �	�� (�B�� -�� 3�B6����� �� �B�&)�
 .) $3�B#� "�������1396 .( �]�!	 '�N;&� (&)*+��
��g12/34 $15/33/�	� l&� � 56/60 $38/58 '#� /�	� /� l�+� -� $3�B6����� 	&�
 /� ��� -� 3�B#�C� E!� .

 .'#� ��� ����� ������ � 3���	� "�C��B#�C� /� %&�� -� � 3�!��# 3�B#�C� /� %�^ -� $"&]	 3�#��0 3�B#�
'#� ��� A;�� 3�B#�C� E!� 	� /
 E!�; '�� �!������� '�N;&� . A;�� E!�; '��� ��&�� 3�#��0 	� �l&� E�� 

                                                      
1 - Farajzadeh et al 
2 - Qin et al 
3 - Mack et al 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

 "�958  � /�	�53  � /D�;�59  � /�	�24 /D�;� /]�g � �;�� "  "�33  � /�	�32  �833  � /�	�52 /D�;�  "
'#� A;�� �5�+�)3�B#� "������� ��&�� 3�#��0 $1396.(  

  
 �>�2 : 	%7�
� � ���%<��O#���� 	�! �7%�5 .:A*��  ���	���1403 

O�	 �� �]�= 2�D�8 ,�L&8� - )�)�8� ���	�
 >�9 ��" �� .'#�!E � 	� 	&���!E  M&]&� 
�#� �� ��B�� 2�D�8
)L�� F9�G@ ) !��� 	���" �&�� 3�#��0 	� % �/,5&� 	��� /� (  � �9���!��  ��� /B0���@ %  ��N5��� �� h*8��

 	&��� /� �N� /)=��	� .'#�!EB�� �8 nC�!E �9 3����@" ��)
" � /����#�@ %  A�Ĥ�� 	� 	�b���H�8"  �	&L /�
��= /
 A��DB�" R��� 2�D�8 "	��  /N��� 	��B0� 	� $��B69 %  A���� ������8 	� �H&� R��&g )11  ��8�#� -� �,�

??�B���E ������� "�9 /B�	 � % " ����� $�#��#��" *��N�$ �#��# X&)g � �g�+B�� X&)g.'#� /B��� 	��; ( 
� ���N8 E!� ��� '#� �]�= 2�D�8 "�9 '!����� J� �&0 /
 '#� /D��� s�# 	� 
�B#� 	� "��� /�&+� 
�#� �

�� RL�= "��� M�*�� ��- �)�0 $��� /D��� R!�6� /� h)6� \��
 � ��&� �C�  /+9 /
 �!�k�� -� .YZ#  	&��� /�
 R�)�8!/B�� �9" � /����#�@" $4� 4�� 	�J�� X�� � ���,B#�� 0�# O�	 .�&�	�B" � 	�!E X�� � /� 	�J��!E  �	&L

�	 /
 '#��� /� �9���B� E�� h�!�G �9 nB6�# 	�"  �� ���B6��� R�)�8 �	 ��NB� ��N��  � ���H "	��7#�)�&�
 $"���  �+��1402(���	�
 /� ." �9 ����" ,�
� �9 ���� 	��
 	�" +
� �!E 	 O�	�  /�!7� �8���	�
�@ -�!E  O�	

�9"  !��� 	���" �*8!R '#� ��&+� $3�	�7+9 � ����
)1404(�C� 	� c!' #	�� 	&��� /��  !��� �  A���� �.&�8� 
	��# 	�J�� X�� -� (&)*+�� '�� /� 3  ��H�8 �!& �!�	�J .'#� ��� ���,B#�  

  

�M<�� �0� P%H3&  

!	��# �#	�� � (&)*+�� '�� 	� %  >�?� �� �H&� R��&g A��� R�)�8 >�9 �� F9�G@ E!�&  �� ���!  R+B�� "�9
O�	 -� ���,B#� 	�B0�# R�)�8 "�94� 4��) "1� ( &!	��# R�)�8 �	�J!� &!	��#)2(  $�B#�	 E!� 	� .'#� ��� X�k��

36 ��B��� 	��; ���!-	� �	&� � �!�#��� /D��� 	� %  >�?� �� h*8�� ���B�.  

D��# 1 : ��0�%OM�QR S�T� �?
�  

                                                      
1 -  MICMAC 
2 - Scenario Wizard 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

�%OM� U��   U��

�$�TM;�  

�%OM� U��   U��

�$�TM;�  

�%OM� U��   U��

�$�TM;�  

%  /� �#�B#� Var01 3�����C� ���	� F!�#� 3�J��  Var13 �BN�L %  ���?� '�,�
  Var25 

�C� 	� ���#��  '�,�
  Var02 �C� /� ��B6*5�  Var14 3�+g "�!	� -� %  l�DB��  Var26 

�&9 ���&5   Var03 ����- �!- "�9 %  '�,�
  Var15  E�� %  l�DB��"� �-&=  Var27 

�8&L ���&5�  Var04 %  /�,?8 '�,�
  Var16 ����0 %  >�?� 3�J��  Var28 

%   ���&5   Var05 /���5�# O	�� 3�J��  Var17 �BN�L >�?� %  3�J��  Var29 

"�C� %�� %  '�,�
  Var06 �����  A�  Var18 
 u5 -� %  l�DB�� "��� �8  /�����

�!	�  
Var30 

\]�� "	�  A+� '�,�
 % 	�
�C�  

Var07 
�� -� /���5�# '����� 3�J��� A�

����-�!- ��   
Var19 

\]�� /�,?8 -� "	� ��C� 3�J�� %
"�C� %   

Var31 

/5��- "	�  A+� '�,�
  Var08 �9 %  3��	 3�J��  Var20 
\]�� -� ���,B#� E!�; "�C� %

3  l�DB���  
Var32 

�C�-� ����C� /� R!�+8  Var09 %  /���5�# /�,?8 	��D�  Var21 "-�k� %   ��	��L  Var33 

���#	 ��� '�,�
  Var10 "-	���
 %  ���?� 3�J��  Var22 "-�k� %  ���	��  Var34 

�N�*� -�� /� �#�B#�  Var11 %  ��	��L 3�J��  Var23 �� '�N]��%  �)N� A�  Var35 

3�����C� '���� 
�6=� 3�J��  Var12 %  ���	�� 3�J��  Var24 
 /
 �!�9 "m&5&�78 ���!  F9�


�	�� �@ 	� �	 %  >�?� �!��.  
Var36 

  

'R V%HM�� 6���$ W�)� �� �0�%OM� ���K2�%?X& � �$�KY�%?X& �����$� �0  

���
��@ /�,L� �B���9� )�8 	��R 4� 4���@ $!	��" #�nB6 � T��� �	� ��
# 	� .�nB6 �9" �@!$	��  F�
��@
�B���9�  R7� /�l�� )����6� �B� /B#� /# � '#��� H�8�	�b�� )
 R��&g)��"���0 � RDB6� $(� FD� �� �9"  s]��

��8 R��;�T # $R��D� 	� .��B69�nB6 �9" �@��!	�� � l&= F�
��@	&� ��;" � � ��	����B� �B���9� N]��' 
H�8�	�b��" H�8 ��b@�!�" �������� � 3���� ��9� �#��� /
�! )
 R��&g��" � 	�&�� �	� �-�#� 	� .!E # M&��$nB6 

�B���9� /B#� /� �9" H�8�$	�b�� 9&���� �B� R���)��9�" 	!46 @ /
 >�9 ��3��� �8��� H�8 $(��B69�b@�!� 
���0 � /B6���)���8 � (n
 }�*8	� ��) RDB6� $(�+� 6D8�n �� ��&�.  

  
�>� 3 :OM�%�0�� ?�&%� ?�& � $�KY%� K2�� .:A*�� g	�-� $3�	�7+9�1397  

#	��� N]��' � 	� %  >�?��(&)*+ � 3���� �9�  /
#�nB6 �@��!	�� �B� � '#���9� �	��" H�8���� DB6��n  �
^�DB6���n )�8 
�#� �� .��B69�R H�8�� DB6��$n H�8��8	�b��!E B�� �� R��&g�-� �  A���� -� ��8	�*g .���$ ��3�J 

��� 
�6=��' � %  l�DB�� $3�����C��E �-&= �" �B#� �#� *� -�� /��N�H�8 $R��D� 	� .�b@�!�8�!E DB6� R��&g�n 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

B�� ���-� 
 R��� .���,�' �C� %�� % "$ �  A����� 8  /����� �� 	� u5 -� %  l�DB��!� �� ������ .!E N]��' 
�@��!	�� 3��� @ �\��N8 ���9��p��� ��E B�� R��&g'#� /D��� 	� %  >�?� �� �H&� �).  

�B���9�" 9&���� 6�)�	� H�8�	�b�� H�8 ��b@�!� (� R����3�J BN�L >�?� % �$ ��&5 � 
 $% �,�'  � %�� % 
-!�-����$ -	���
 %  >�?�"$ D=) %  ��	��L � ���	���D�  �-�k�"	�) %  l�DB�� $(!�" � � 3�+g�E �-&= �" $(

�,�' ��#�� � ,?8 ��/ m&5&�78 $(%\]�� � % )"  $>�?� F9�
N]��' )N�� #�B#� $A�����  %  >�?� �

BN�L)� ���0 ��%  -� '����� $( �9" -!�-���� /����� � �9" 8 � ;�� l�+�) ��B69 %  l�DB���  .(	��&+�
�B���9�" H�8) /B6����b@�!�" �� (.���� ��� 
�6=��$' 
�,�' BN�L >�?��$ �B6*5�� �+8 �!R  � ����C� /�
�# !F ;�� %&�� 	�� 	�� 	��;���B� .��9�" H�8�	�b�� H�8)�	�b��" � R��� (.���3�J %  3��	 � O	�� 
 � �9�,�' 

A+� 	� " ��^ l�+� 	� %\]��� �B� .��B69��9�" H�8) RDB6��� ��&5  ����� (n
� 8&L � �&9�$ 
�,�' 
A+� 	� " ��� � /5��- ��#	� #�B#� ��  /���� A;�� 	��&+� %&�� 	� -�� ���.  

R7� 4  F�&@100�L	�" DB6��n ��+8 /
 '#� ��9��� R��; h���	� 0 ����� h���	�)� &;"$ &; �B*6�"$ 
N] h#&B��� 0 ��)� N]�� � 3��� �	� �9�.  

  
�>� 4 :� ��2�Y� OM�%�0� ?�& W�)���%4�� HM��%V OM�%�0�  W�)� ��[� [%� �#��; .:A*��  ���	���1403  

  

�0�%OM� V%HM���%\ ���K2�%?�& � �$�KY�%?�& �����$� 

 /
 ��� 3��� �9���B� n�DB6���^ ����H�8 R�)�8""m&5&�78 ���!  �	�� �@ 	� �	 %  >�?� �!�� F9�
 /
 �!�9" 
 -��B�� ��541 �&D5�� '�+9� ������ ��� E!� .'#� (&)*+�� 	� %  >�?� nB6�# �� n�DB6���^ R��g E!�8	�b���H�8 $

"	� &� � /D��� %  A���� �8  '!�!�� 	� /��	���� "�9/*8	 	� .�	� ���B� $n�DB6���^ "	�b���H�8 "�N� "�9  "�9
""�C� %�� %  '�,�
"  -��B��512 $"%  '�,�
 ���-�!- "�9�"  -��B��512$ "�
%  /�,?8 '�,"  -��B��512  �



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

"/���5�# O	�� 3�J��"  -��B��512 3��� /
 ��	�� 	��;  	� �+�);� h!��� � %  A���� '�,�
 "	&�� FD� ���9�
�!�!&@ ��B69 %  >�?� �����)� "�9. 

 $��!� "&# -�""-	���
 %  ���?� 3�J��" � -��B�� �562 .�� �!�#��� n�DB6���^ R��g E!�8�!b@��H�8 3�&�g /� $
 E!� 	� %  >�?� '!�!�� '�+9� � nB6�# "�9���B� �!�# 	� ������8 /� "-	���
 F�� '�#�6= �� M&]&� E!�

�� ��
�8 F�� ��
 ."�N]�' %  �)N� A����"  -��B�� ��541  �"%  /���5�# /�,?8 	��D�"  -��B�� ��521  ���- 	� J��
3��� /
 ��	�� 	��; n�DB6���^ R��&g E!�8�!b@��H�8 u�#  ���9�  '���x '�+9� � %  A���� �&�&� '�N]� "�!b@

'#� �8  ������8 �� /C��&� 	� /�,?8.  

 R7� /� /�&8 ��5 $ �!�9���B� �7!�J� ����"%  /�,?8 '�,�
"$"�C� 	� ���#��  '�,�
"$"�&9 ���&5 "$" /�����
�!	� u5 -� %  l�DB�� "��� �8 "  �""m&5&�78 ���!  �	�� �@ 	� �	 %  >�?� �!�� F9�
 /
 �!�9" � /�,L J
�� /

3  "	&�� FD� $����
��@ n���8 � "��)
 "�9���B� 3�&�g /� �9 �� /B6��� �	 nB6�# 	� ����
 # "���	��; .�-�
'#� �9���B� E�� "&; �\��N8 �&�� � nB6�# "	��!�@�� �!&� J�� J
�� /� 4!�J� �9���B� ���+8.  

  

  
�>� 5 :^� ��2� OM�%�0� ?�& W�)���%4�� �%\HM��%V OM�%�0� .:A*��  ���	���1403  

  

 l���2 /*8	  �9���B� n�DB6���^ � n�DB6� ����H�8 "��� ��!�7! �� 3��� �	��  R
 -� ���B� �9 nC# � �9�
�� /:�	� 	�J9 �� 
��D� 	� �	 nB6�# �!�!&@ 	� FD� E!�B��� �� "�9���B� �!�#��� /� l��� E!� .��
  �)
 "�9

�� 4+
 nB6�# ��
.  

  

  

  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

 D��#2�^��+0�� �0�%OM� V%HM�� �%\� V%HM�� 4��%?�& ���� ��&$ :  

V%HM�� �%\ �%?�& V%HM�� �%?�& 
_�!$  

���K2�%?�& $�TM;� U�� �$�KY �%?�& $�TM;� U�� ���K2�%?�& $�TM;� U�� �$�KY �%?�& $�TM;� U�� 

501 Var34 369 Var32 456 Var01 440 Var36 1 

412 Var02 465 Var12 413 Var13 487 Var17 2 

465 Var18 497 Var22 509 Var29 512 Var18 3 

428 Var16 512 Var06 413 Var17 413 Var35 4 

400 Var32 415 Var31 464 Var09 429 Var05 5 

514 Var12 512 Var16 423 Var25 413 Var06 6 

562 Var22 480 Var18 456 Var14 412 Var21 7 

415 Var06 417 Var35 512 Var30 413 Var07 8 

415 Var31 400 Var05 479 Var35 435 Var15 9 

416 Var08 412 Var02 412 Var34 475 Var31 10 

481 Var28 410 Var13 456 Var02 485 Var30 11 

413 Var19 486 var25 512 Var18 499 Var27 12 

476 Var36 399 var27 413 Var16 445 Var01 13 

497 Var17 512 Var15  461 Var32 445 Var02 14 

417 Var15 467 Var21 499 Var12 470 Var26 15 

541 Var35 384 Var28 464 Var28 427 Var24 16 

415 Var07 495 Var20 413 Var15 456 Var32 17 

475 Var11 413 Var09 499 Var31 412 Var20 18 

413 Var01 472 Var04 493 Var22 464 Var08 19 

508 Var13 486 Var24 427 Var05 456 Var28 20 

416 Var29 405 Var03 412 Var21 412 Var19 21 

500 Var14 470 Var26 589 Var06 464 Var22 22 

486 Var25 413 Var10 479 Var07 470 Var29 23 

417 Var23 498 Var11 498 Var23 413 Var13 24 

456 Var20 417 Var08 412 Var19 435 Var16 25 

470 Var27 512 Var17 413 Var03 464 Var09 26 

426 Var09 442 Var01 478 Var36 412 Var34 27 

415 Var04 467 Var34 432 Var33 432 Var14 28 

486 Var24 463 Var14 442 Var04 487 Var10 29 

486 Var03 484 Var07 412 Var20 442 Var25 30 

486 Var26 417 Var23 416 Var24 408 Var03 31 

498 Var10 451 Var19 470 Var08 499 Var12 32 

521 Var21 465 Var30 470 Var26 490 Var11 33 

415 Var05 541 Var36 464 Var10 413 Var33 34 

460 Var33 491 Var33 476 Var27 456 Var23 35 

465 Var30 444 Var29 490 Var11 470 Var04 36 

  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

�'��/%2 Q�
M� ��%,  ��0 

 $n�DB6���^ � n�DB6� ��H�8 ��-��B�� 2�,)8 �� l���3  $��-��B�� M&+k� /� /�&8 �� /
 ���  '#�� 3����@ [�@
���� �!�#��� '�+9� u�8�8 /� (&)*+�� 	� %  >�?� ���!  �� �H&� "��)
. 

D��# 3 :M�� "
+.�%4��� �^��+0 �� �0�%OM� V%HM���%\ 4��%?X&  
	

�!�  
���B� X��  ��-��B�� M&+k�  

1"�C� %�� %  '�,�
  3745  

2 '�,�
�C� 	� ���#��   3451  

3-� ����C� /� R!�+8 �C�  3205  

4%  /� �#�B#�  3106  

5\]�� -� ���,B#�� E!�; "�C� % 3  l�DB��  3104  

6 3�J�� � F!�# 3�����C� ���	  3005  

7\]�� "	�  A+� '�,�
�C� 	� %  3002  

8�C� /� ��B6*5�  2998  

9�&9 ���&5   2987  

1
0  

���#	 ��� '�,�
  2963  

1
1  

%  /�,?8 '�,�
  2963  

1
2  

3�����C� '���� 
�6=� 3�J��  2746  

1
3  

 �8&L ���&5  2741  

1
4  

/5��- "	�  A+� '�,�
  2641  

1
5  

����- �!- "�9 %  '�,�
  2641  

1
6  

�N�*� -�� /� �#�B#�  2641  

1
7  

"-�k� %  ��	��L  2641  

1
8  

�����  A�  2641  

1
9  

�� -� /���5�# '����� 3�J���� A����-�!- ��   2641  

2
0  

�9 %  3��	 3�J��  2504  

2
1  

%  ���&5   2499  

2
2  

"-	���
 %  ���?� 3�J��  2321  

2�!	� u5 -� %  l�DB�� "��� �8  /�����  2312  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

3  

2
4  

%  ���	�� 3�J��  2225  

2
5  

/���5�# O	�� 3�J��  2225  

2
6  

�	�� �@ 	� �	 %  >�?� �!�� F9�
 /
 �!�9 "m&5&�78 ���!   2200  

2
7  

"� �-&= E�� %  l�DB��  2199  

2
8  

����0 %  >�?� 3�J��  2199  

2
9  

�BN�L >�?� %  3�J��  2199  

3
0  

%  ��	��L 3�J��  2109  

3
1  

\]�� /�,?8 -� "	� ��C� 3�J��"�C� %  %  2098  

3
2  

%  /���5�# /�,?8 	��D�  2078  

3
3  

�BN�L %  ���?� '�,�
  2052  

3
4  

"-�k� %  ���	��  2025  

3
5  

%  �)N� A*�� '�N]�  2017  

3
6  

3�+g "�!	� -� %  l�DB��  2008  

3����@ E!�  ���,B#� �	&� /D��� 	� %  >�?� ���!  "�9&!	��# E!��8 "��� �)L� "�9	&�� 3�&�g /� "��)
 "�9
��B��� 	��;. 

	%7`� ����& +Ma� ��0'��/%2 ��� �%,  ��0� 

 -�) R+B�� '�N]� [�@ $"��)
 3����@ [�@ -� 4! �9 "��� $�,5� O�	 /� 3�#���	�
 -� �9�&0��� 
�#� ��
 (������ �8 %&)���!�N8  3����@ "��� $l�t� 3�&�g /� .�!���""�C� %�� %  '�,�
"'�N]� $  �5�+B=� "�9

�) �&�&� '�N]� X���8 $'�,�
 �*6� F!�J�� $'�,�
 ���+�a F!�J�� R��� �*6� F!�J�� $(3���� /��B#  	
%�� %  ���&5  -��� � ���&5  �� /B��� ��� 	� /D��� 	� "�C� .'�N]� E!�  R�7�8 "��*� $�5�+B=� "�9

X�� 	� R��DB� "	�b��H� Y!�8�� 	�J��  �	�J!� &!	��#��B��� 	��;. 

b��M� � ���HM� �$�KY�?� c��&�� �%>/& !$�:�� 
�$��): 

 u5��� "�B#�	 	� '#� ��� ���,B#� �	�J!� &!	��# 	�J�� X�� -� �9 "G8��B#� E!��8 	&��� /� R*; F�� 	� ��� 3���
 �	  -� �9 � -� �,�� /����#�@ R�+78 	&��� /� 3��*�B 3����@ �!�#��� -� Y@ $	&��� E!�� .�� /B��� ��C� A��D

3  �)B�� "�9 '�N]� � "��)
 "�9 �9 $7�8 �)L� �L��g 3�&�g /��R �9���� %��B�� F9�G@ "�9&!	��# ��� c



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

 /
 �8	&L /�5  u5�; 	� �)L� 3����@25 '�N�; X�g "�	�� '5�=$  �� �6!�8���) ��N�25*25 .��� R�7�8 �	 (
� /����#�@ YZ#"  l�W# � '��� 	��; 3�??�B� 	��B0�	� � �� �=��� A��DB� "	�b��H� Y!�8�� %&a	�a 	�

 E!� /���- E!� 	� ��� w�� �)L� /
 �&�" �9 '�N]� -� 4! �9 ���25 ��B,�� ��,8� /�� HI8 /a��"  X�g �! M&;� ��
 '�N]� �!�# M&;��9 �'��� �9�&0  '!�C� 	�) R��DB� "	�b��H� Y!�8�� R�)�8 ��25*25X�� 	� ( 	�J��  &!	��#

�	�J!� $8  $"&; "&!	��#781  � ��N] "&!	��#117151 �� �!�#��� 	��-�#�� "&!	��#. 

�
� ��0
�$��) �����$� � �%,3& 

 E�� -�8  $"&; "&!	��#2 &!	��#  $%&)�� '�N]� "�	��3  � E������ '�N]� "�	�� &!	��#3  ���!�+� &!	��#
'�N]� &!	��# /B�8 �#	�� .���&� %  >�?� ������ "�9  M&+k� -� /
 ��� 3��� �940  	� '�N]�8  "&!	��#

 $"&;5  $%&)�� '5�=5 � /+�� '5�= $%&)�14  $�������� '5�=9  � ������ /+�� '5�=7  .�	�� �&�� ������ '5�=
�� 3��� A!-&8 E!� /
 �9� 75� %'5�= - &!	��# "�9 '�N]� -��� -� �
�= "&; "�9  /� �	 ��������) %&)���� "�9

'#� /D��� 	� %  >�?� ���!  	� (������ � ������ /+�� $3����.  

&!	��# R�)�8 �B�� "�9 u)1 $2 $3 $4 $5 $6 $7  �8( "��� ]�3����@ -� 4! �9 '�N &!	��# �9 	� "��)
 "�9  /�
/L\0 	&� :'#� ��� 3��� �!- 	� 

 *"�9&!	��# 1  �2  $����C� /� R!�+8 F9�
 $���#��  � %�� %  '�,�
 �&*C� �� ��
�8 �� �	 %&)�� '�N]�
�C� %\]�� -� ���,B#� /N#&8 � %  /� �#�B#� F!�J���� 3��� " ��9�. 

 * "�9&!	��#3  �4 �� �!&?8 /� �	 (�&�&� '�N]� X���8) �������� '�N]�  �! '*t� ����8 ��9 3  	� /
 ���

 �,��"���+�a 3����@ 	� �+� |	 "��)
 "�9 �9�. 

 * &!	��#5 �� 3��� �	 3���� /� �	 �������� '�N]� �!�# � /B��! F!�J�� %�� %  ���&5  3  	� /
 �9� 3����@  �9
�� �;�� �&�&� '�N]� 	� �����. 

 * "�9&!	��#6 $7  �8 '�N]� "�9  F!�J�� $���#��  '�,�
 F9�
 $%�� %  ���&5  F!�J�� �� ��
�8 �� �	 ������
�� �!&?8 /� "�C� %\]�� -� ���,B#� F9�
 � %  /� �#�B#� F9�
 $����C� /� R!�+8 ���
. 

 D��#4:  �� �,  ���+�8 �
� 
�$��)  

�$��)  �,  	%7`�  �����$� � �%,3&  $�KY�%?�& ���
-  ��%Y �.%M�  

 &!	��#1  %&)��  
�J��!F 
�,�'  � %�� % 

#�B#�� �  A���� /�� 

�J��!F  F9�
 $	�&��0 %  >�?�
	&�" %  

��-� /����� /� 	!J" ���"  �,=

�,�' �� � % !�!' A���� 

 &!	��#2  %&)��  
 �&*C�*6�� 
�,�'  ��� $%�� % 

��-� � /�&8 /���B� 

�J��!F  F9�
 $	�&��0 %  >�?�
	&�" 

�� /� /�&8!�!' �J�� � A����!F 
9�� � �9	�&��0 

 &!	��#3  �4  E������  
N]� X���8�' �8 X�g $�&�&���� 


&6�� 

�8 X�g��� N+� 	��' 
 ��,�' 
%  

��-� @ �����;� /�����/��� ���" 
�&)���" 3���� -� 

 &!	��#5  E������  
��&5 � �J�� l�= 	� %�� % !$F 


�,�' ��0 	� %  
�8 X�g��� 	&� � %  >�?� 	�" 

��-� /����� /� 	!J" 	&�" ���"  �&*C�

�,�' %  

 &!	��#6  ������  

 F9�
�,�' ��#�� � �+8 �!R  /�

����C� 

�8 X�g��� N+� 	��' 
 ��,�' 
%  

��-� 	&� �����;� /�" ���" 
�&)���" 3���� -� 

 &!	��#7  ������  
�� F9�
!� 
�,�'  � % 
#�B#�� �  A���� /�� 

�8 X�g��� �9&�5� 	�"  � >�?�
�I8�E 5��� 

��-� �8 /������ #�#�� �� 	�!�!' 
%  A���� 

 &!	��#8  ������  ��&5  -���� �� F9�
 �!� �8 X�g��� �9&�5� 	�"  � >�?���-� 	&� �����;� /�" ��� A��� �" 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 


�,�' %  �I8�E 5��� ��!�!' 3���� 

  

 4� 4�� 	�J�� X�� -� ��� ����B#� [!�B� 
�#� ��5  R��g"��)
  3�&�g /� /
 ���� �!�#��� �9 R�)�8 
�#� ��
	� R��&g E!� .��B69 %  >�?��� �H&� ����HI8 ���!  �)L� "�9	&��  "�9 '�N]� 	� $"J!	 /����� "����@ /��L

 /
 ��B69 	&?8 R��; �,)B�� '�+9� -� /D��� E!� 	� %  >�?� }&��� R:�6� ���!  	� �5�+B=� "�9 '�N]� E!�
 nC� �!��*� �5�+B=� "�9 '�N]� �!�N8 � �	 F�@ h!��� 2�;� R�)�8 
�#� E�+9 �� .��B69 	��	&0�� �!.��

-� .'#� �9&!	��# E!��8 "��� �!E �	$  3�#���	�
 -� �,5� O�	 2!�� -� �5�+B=� "�9 '�N]� E!��8 	&��� /�
 ��� �9�&0��� T?�B�/
 	� 3  "��� A+� �� '!�C�  �925 �N]� "��� R+B�� '5 �!��� �!�N8 R��g.  

�� /�&8 )�8 M&+k� /��R �9" �� ��� X�k�� �9 ����0 /
 ',� 3�&8"  �!.�� s�# 	� $2�D�8 -� RL�= 	�J�� X��
�9 '�N;�� ��" � 	� %  >�?� 	� �H&� "�9 /,5W� ��HI8 	� ��� 3����(&)*+  ��*������	c  %&a	�a 	� /
 "&�� /�

  � 4!G8��B#� ��N5���!��� � ��C� �� � /�������" 	��# ��7!�	 -�!& �� "	��� # '�N]� Fk�# E+] 3�&8�nB6 
N+� "�9 /,5W�	� �B� �; 3�B#�C� 	� %  >�?� /���-!$��� �@�� �! "	��!�@ "&�5�!	��" � �	 3 �J �� -�!2 

-&8 ���&�a!A ���
��@ /�,L 	� �9���B� F�
��@ ��$ )�8 O�	 	��R  X�� "	�B0�# � A��DB� ���H� 	�J�� 4��
4� )�8�R �� .�&+� 	� �B�N+� "�9 /,5W� nB6�# ',� 3�&8 �� 
�#� E!�  /���-� 	� %  >�?��(&)*+  -�

	��!�@��" ��!� ��&� 	��	&0�� '#������� c!E � ��C� ����" "	��� ���!  	�J�� X�� -�$  �	�J!� &!	��#8 	��#!&"  �� "&;
40 6D8 �)B�� '�N]��n 	� $'#� ���  M&+k�40 �'�N] � "&; �9&!	��# /B�8 	� �)B��!�� �� � -� .�&�!E 
40 '�N]�$ 7 ����� '�N]��$ 9 � '�N]��/+ ������$ 14 � '�N]������$E 5 � '�N]��/+  � %&)��5  '�N]�

N]� �� /*)^ /
 '#� ��&� %&)���' �9" '#� %&)�� �� %&)����. 

  

�M��b e3� � 

!/B�� �9" �!E 3��� F9�G@ N]� ���9��' �@��!	�� #�nB6 � '�� 	� %  >�?��(&)*+ HI8 '�8 /
 '#���  R��&g
��NB�" � '����� /)+� -�� �	!/ %  �9" -!�-����$ 5�N��' �9" BN�L� ���� �8 � $���:�; �.&� /��0	�
����� 

);��+� )�8 .�	�� 	��;�R 	�B0�#" X�� -� ���,B#� �� �J�� 4� 4�� 	�#��� ��! 36 �B��� HI8�	�b��  $%  >�?� ��
@�p���� � �\��N8�3� *� R��&g�N�$ ��6���$ BN�L �� � 	� �	!E @ [�@ .��
 	�7�  /D����3��� )
��" 

�#����! ��� 
)�,�' �C� %�� % "$ 
�,�' ��#�� � �+8 $�C� 	�!R #�B#� $�C� -� ����C� /��  � $%  /�
�C� %\]�� -� ���,B#�" �;!E 	&�� FD� (3  l�DB�� �" R7� 	� 9��  !��� �  A����� � '���(&)*+ � .��	��!E 

@�3��� �9 /� - R:�6� /� �C�8!'6 �����$ g�+B�� ��N�� /� /7)�� ��?B;� �" 
 � ����C� ������,�' ���-�  	�
���B�&7# �9" ��6��� ��J )�8 .��	�� �	����R 	��#!�9& X�� -� ���,B#� �� 	�J�� �	�J!� &!	��# � -� /
 ��� 3����3� 8 

	��#!&" &;"$ 75 N]� �L	��' �9" @�F ���� ��� �)������� � $3���� /� �	�/+ ������ ����� ��
�= (�   -�!��� �" 
��� %&)����" �  A����� � .'#� /D���!E /� ��� �!�G ��� /
 $���:�; �.&� /��0	�
 �g�y� 	��� /� /�&8 ��" 5&8��  �9


�X��&)  �.&�1,2 5��B � >�?� % � ��
 ��x ��' 5&8�� � '6�� -�� 	� 3 �F  -�700  $'#� uN7��B� 	�J9
3���� � .'#� ����
!E !/B�� �9 @ ��N5��� �����E �6= ������3� )2024� � (�g�-�� ) 3�	�7+9 �2021��&�+9 (� 

8�8 /� /
 �	���u � ��� B5��g� -!'6 ����� # 	��'#� �9" � � �!3�� ^ '6����� ��R��;� ��� '��-���  -�



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

� '������F - %  �= -�!�-���� 
I8�� ���
 	��# .���!�9&" 	��#) %&)��!�9&" 1  �2
 �&*C� /
 (�,�'  % 
��#��  $%���$ �C� %\]�� -� ���,B#� �" � 3��� �	� $��9� # o��8� �	&L 	� �C�8�'#� �9"   � A���!��� /����� 

�B69 2D�8 R��;�� .!E #�'#� �9 BN�L %  >�?� F9�
 R����$ ���#!/ 	�b�" 	���� 	�" �9" ,?8�/  �
��0�a-��� �9&�5� w\L� � $% " -	���
 F�� 	� >�?�"  /
)93,5 � >�?� �	 /D��� %  �L	�� ��
 -� .'#� (

&#" �!$�� 	��#!�9&" ������ )6 $7 � $83��� ( @ ���9���9���" /N��� &�
 ���	 /���� 	����$ �J�� /)+� -�!F 
��&5 � #�B#� F9�
 $% � �  A���� /��$ ��8 �!� � .��B69 /D��� -� ����C�!E �B�![ F9�G@ �� �9" ��&�"  �

) 3�	�7+92023B�C� � (� ) 3�	�7+9 �2021n9 ( +9� �� /
 '#�B#�	�' @�F ���� # �u b@!�" 3�&��  ��8 � �9!E 
	��#!�9&" ��!�!B� 
I8��  .��	��!7� � /B6��� ��7� -�!E 	���� FD� $F9�G@" �9" /� %  >�?� F9�
  3�&�g

I8H��8	�b��!E ^ R��g�DB6���n � .'#�!E !/B�� 
 ��N5��� ���E ) 3�	�7+9 �2019��&�+9 (�  ��� 3��� /
 �	��
	����" �9" &�!E G8��B#� �" �9" /��L &��! � %  l�DB�� 	��
 	�� ����&8 � �� .��9� F9�
 �	 %  3����!E  $l�=

�@��!	��" #�nB6 � '�� 	� %  >�?��$(&)*+ 3�+9 ���
��@ -� /
 	&�� �B���9� )�8 	��R  4� 4�� T���
3��� $�� ���-�� �	��] ���9�" # 	��'#� �9" BN�L /N#&8� -	���
 �" /� .'#� /D��� �!$�G  /��0	�
 /N#&8

/����� 3��� �.&� 	!J" ;��2 ���" �I8�E �@ % !$	�� �� ���&8 ��8 /�!� �- '6������E ��8 �!u #&
��nB6 �9" 
��)� .�&� �k��  

  

�.%M�  ��%Y  

 �!�#��� �� F9�G@ E!�3����@ "�9 A;�� ��&a	�a $R+B�� "�9&!	��# E!��8 � "��)
 ���!  "��� /�����  "	���
 $%  /� �#�B#� $���#��  $"�C� %�� %  '�,�
 /
 ��� 3��� [!�B� .��� /:�	� (&)*+�� '�� 	� %  3����

 .��B69 /D��� E!� 	� %  A���� '!�!�� �)L� "�9	&�� $����C� /� R!�+8 � $"�C� %\]�� -� ���,B#� /*)^
) %&)���� "�9&!	��#75 '#��# "��� "��0 ��- $%&)�� "�9&!	��# �� (�L	�  ��&�
 ���	 /���� /
 '#� 3�	�b�

�� 3���� /� ���&8 '6!- "�9  .�&� �k�� "��?B;� � $�g�+B�� $�����  ���:�; �.&� /��0	�
 �g�y� 	����� >�?� 
1,2 �B�5 %  /� "�-� �9 X��&)�
 �.&� � -��� .�#/� F�� -� 700 	�J9 uN7��B� 	� -�� '6�� 	� 	��
 /�)# F�� 

$�B�# "-	���
 )93,5 %>�?� % ($ E!� "	��!�@�� �	 �!��8 � ��N�� �� �B5��g '6!- ����� �� /B6��� �	 �-�#. 
/B��! E!� "	���� FD� �� ��
I8 �� $�9  "	� &� $n�DB6���^ R��g E!�8	�b���HI8 3�&�g /� >�?� F9�
 "�9 �	 /N5���

/+�� /D��� 4! 	� �.&� 'N�L �� �)�� J
�+8 �� "-���@&!	��# X�^�� 	� �� 3��� 4�0  "���	�
 ��&a	�a � �9�
E���@ ��N5��� -� �8��� �����  �B�C�2021  �	�� /:�	� ) %&)�� "�9&!	��# /� ����B#� "��� .��
1  �2 �&*C� /
 $(

 �#�B#� F!�J�� � ����C� F9�
 $%  '�,�
F�@ �	 �� ���� '#��# $���
 '#� "	��] "	&� � /a	�Z7! "	�b�: 

 **�&
  �� :4  X�J5�/��0	�
 ����@ /� ���:�; �.&� nB6�# "-�#  -� �B+
 /� >�?� F9�
 � %  ���0�a-�� "�90,8 
� �� X��&)�
/�B�5���,B# "	���� -� 2�&� "�9  

 *'�%� 4��: /!���# "	�b� '0�#�!- 	�  � /�,?8 "�9 R;��= E��I8 "��� E!�; "�C� %\]�� l�DB��50 "�9-��� %
�� /
 $�B��!-�� A���� -� �BN�L �9� F9�
 �C�&8 R��; 	&� /� �	 ����C� /� R!�+8 ���&8. 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

 *���,� :4� �� "-	���
 "&�5� w\L���!J�!��  R;��=40% �@ �.&?�� % /�&� �� ��  � �7�0 /� X��D� "�9
9 $��+�&9 "	���  O�B6�3�&��  X���� F!�@ �� ���+ �9. 

 ��a�9'!����� �!�9 ) 3�#���	�
 4a&
 /�&+� �����11 ���� /� ����� �#�B#� � (�,�  �&�� �����)� "�9
"���	�
 �	 [!�B� �)�� 3�??�B� �� J
�+8 $'��� �� ���!  ��D�D�8 .'0�# �8  -� F�� /�) /�&+� O�B6� �� ���&8

50 l�� X�^�� $(
���	�
 9 "�9n9 /� /�&8 ��) "-����� ���H� �#	�� � /B����@ �7!m&5�	��  $(3�B6����� �� "-��
��
 '!&D8 �	 %&a	�a E!�. '#��# "��� �)+g �!�+�9�	 �C�8 /� l�� E!�  (&)*+�� '�� 	� �)� � �)�� 3�	�b�

�� n9��� /+�� 2���� 	� 'N�L � %  /a	�Z7! '!�!�� "��� n�+N8 R��; �!&�5� /7)� $�	�   .'#� /����	��0 4�0
3���� '+# /� /D��� $��9�+9 � A��; X��;� 3���  '!�!�� /� 	�b� 3��- c'�	 �9�&0 F�@ '��-�� R��;��^ "�9

'#� ���#	 ��� J*# � 	��!�@. 

  

f����  
) .��&� $"��� �+�� � $�+�� $���H "	��7#�1402u6
 ���!  �� �HW� R��&g O��
 .(  �� ������ 	� J*# "�9	�
����!  ��7!�	  ."	���

�g�+B�� ��N5��� �+)g /���)?�- $3�#��0 ���9��17)3 $(9-46.doi: 10.22034/fakh.2023.397937.1612 

) ./+�C� $3�k5� ���-�+=� � $	��� $�5�- $���� $"�&*C� $�;���+�� $�B�C�1399 ��7!�	 �� ��B*� %  A���� '!�!�� "�9&!	��# .(
���!   "�	&� /N5��� :�9�G@���!  ��N5��� /���)?��� .J!�*8 3�B#�C�  $3��!� �9�G@5)2 $(203 -228.doi: 

10.30479/jfs.2020.12446.1150 
) .E�6=������# $���6= � $�]	�+����# $���6= n�=	1400���!  l�� /:�	� .(  ��7!�	 
�#� �� �BN�L %  	��!�@ '!�!�� /��	���

/����� ���!  '!�!�� /)k� .�!&!	��# "J!	  $"���67 $142. 

) .�+�� $�N�,� � $�+�� $"	&+�8 '��L $\�5 $��6�5�&�� $3����
 $"	��� $�+�� $���+=	1400T0�� %��B�� � �#	�� .(  ���!-	� "�9
 $"	���  �#��C� � X&)g .J!��  /]&= 
��D� 	� %  	��!�@ '!�!��44)1 $(141-154.doi: 10.22055/jise.2019.29535.1852 

.	��� $�5�- )1391���!  .( '#��# � "��*9�	 "	��� /D��� "	�b� /����� ��7!�	 �� "�  $"��*9�	 ��N5��� /)k� .�!&!	��# "J!	4)54 $(
33-54. 

) .	��� $�5�-1398���!  .( /D��� "	��� ���!  �!�N8-�� :"� /����� ��! �� 	&�� /D��� "J!	 ���!  ��N5��� /)k� ."�  $3��!� �9�G@6)1 $(
263-288.doi: 10.30479/jfs.2019.9822.1033 

�)g��# $���6= � $��N# $"��&� $�)g $�	 �CZ# ) .�*
�1401F�@ .( ��8&
 ���� u�#  �� �+�);� ������8 �����)� � ���  3�&��  "�!b@
 $"m&5&:m�	��9 .����-�!-7)2 $(109. 

) .��N# $"	&� � $�)g $�
�C� 	���# $��&� $�
�C�1398 /��C� T�?�8 .(��a 3-��� 	� %  A����  "�9&!	��# '�8 3�B6�# /+��
(�0 � %  /)k� .(�0 � %  '!�!��  $"	��C��25)6 $(25-46.doi: 10.22069/jwsc.2019.14606.2948 

u!�^ "�,L � $�+�� $�+x�
 $�+�� $/��� "�9�� ) .nx�
 $���1401���!  .(  $	��!�@ �C� /)k� .3�C,L� 	� %  /)K6� "	���5)4 $(53-
71.doi: 10.22034/jsc.2021.236478.1265 

��� ) .E�6=���� $���6= � $�,�?� $RL� ���-1386 ���6�� X&)g 
	�� /)k� .	&����� '�� 	� %  3���� R�)�8 .( - /�����  � "J!	
 $�y� F!�� 11)1 $(215-238. 

) ./+��� $	��B#�� � $�+�� $���H "	��7#� $��=� $����
1403���!  .( ��8 �9�G@"	�B0�# ����- l�B�
 	� 3  FD� � '�N+� �!�y�
3�B#�C� "-�� 2����  $"-�� ��N5��� /)k� .��&�� 3�#��0 3�B#� 3��!� �;�� "-�� "�912)2 $(79-97.doi: 

10.22034/bss.2025.1280074.1524 
) .��9- $���B�  � $�+�� $"	&��� �,#&! $"�C� $��	 ����
1403 �� %  3���� %�8-�� .(���!�- J!��  /]&= 4�B�)@�	��9 "�9&!	��#  .��	

/����� � ������� /)k�  $"J!	28)89 $(303 -318.doi: 10.22034/gp.2023.57904.3174 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

�;	�! �9&7� � $�+�� $��� ) .��N#�+�� $"��9���1404���!  F9�G@ .( %�8 /��	��� /����� ��7!�	 �� %  A���� "	�   �� �!&!	��# "J!	
N5��� 
�#����!�- J!��  /]&= :"�	&� / l�� .��	  $(�0 � %  '!�!�� � "-�#5)3 $(1 -19.doi: 

10.22098/mmws.2024.15086.1460 
/����� � '!�!�� 3��-�# ) .��&�� 3�#��0 3�B#� "J!	1400 :������ .��&�� 3�#��0 3�B#� E��-�# F!��  w�� ��N5��� O	�J� .(
/����� � '!�!�� 3��-�# 0 3�B#� "J!	��&�� 3�#��. 

/D��� %  '
�� ) .��&�� 3�#��0 "�1400'����� � ����-�!- %  A���� '�N]� O	�J� .( /D��� %  '
�� :������ .-�k���^ "�9  "�
��&�� 3�#��0 

Galloway, D. L., & Burbey, T. J. (2011). Review: Regional land subsidence accompanying groundwater extraction. 
Hydrogeology Journal, 19(8), 1459–1486. https://doi.org/10.1007/s10040-011-0775-5 
Gran Castro, J. A. (2023). Denaturalizing climate change: Environmental injustice and social vulnerability in contexts of 
socio-spatial segregation in Mexico. International Journal of Disaster Risk Reduction, 94, 103802. 
https://doi.org/https://doi.org/10.1016/j.ijdrr.2023.103802 
Hassaniyan, A. (2024). Iran’s water policy: Environmental injustice and peripheral marginalisation. Journal of Asian and 
African Studies, 59(3), 678–693. https://doi.org/10.1177/00219096241237329 
Liu, J., Yang, H., Gosling, S. N., Kummu, M., Flörke, M., Pfister, S., & Oki, T. (2017). Water scarcity assessments in the 
past, present, and future. Earth's Future, 5(6), 545–559. https://doi.org/10.1002/2016EF000518 
Mack, L., Andersen, H. E., Beklioğlu, M., Bucak, T., Couture, R.-M., Cremona, F., Ferreira, M. T., Hutchins, M. G., 
Mischke, U., Molina-Navarro, E., Rankinen, K., Venohr, M., & Birk, S. (2019). The future depends on what we do today – 
Projecting Europe's surface water quality into three different future scenarios. Science of The Total Environment, 668, 470-
484. https://doi.org/https://doi.org/10.1016/j.scitotenv.2019.02.251  
Manzano-Solís, L. R., Díaz-Delgado, C., Gómez-Albores, M. A., Mastachi-Loza, C. A., & Soares, D. (2019). Use of 
structural systems analysis for the integrated water resources management in the Nenetzingo river watershed, Mexico. Land 
Use Policy, 87, 104029. https://doi.org/https://doi.org/10.1016/j.landusepol.2019.104029 
Mekonnen, M. M., & Hoekstra, A. Y. (2016). Four billion people are facing severe water scarcity. Science Advances, 2(2), 
e1500323. https://doi.org/doi:10.1126/sciadv.1500323 
Mohammadpour, P., Mahmodian, Z., & Amini, M. (2021). Strategic foresight for sustainable water management: Scenario 
planning for uncertain futures. Water Resources Management, 35(12), 4103–4118. https://doi.org/10.1007/s11269-021-
02934-7 
Qin, H., Zheng, C., He, X., & Refsgaard, J. (2019). Analysis of Water Management Scenarios Using Coupled Hydrological 
and System Dynamics Modeling. Water Resources Management, 33. https://doi.org/10.1007/s11269-019-02410-9 
Shirzaei, M., Freymueller, J., Törnqvist, T. E., Galloway, D. L., Dura, T., & Minderhoud, P. S. J. (2021). Measuring, 
modelling, and projecting coastal land subsidence. Nature Reviews Earth & Environment, 2(1), 40–58. {in Persian} 
https://doi.org/10.1038/s43017-020-00115-x 
Vörösmarty, C. J., McIntyre, P. B., Gessner, M. O., Dudgeon, D., Prusevich, A., Green, P., & Davies, P. M. (2010). Global 
threats to human water security and river biodiversity. Nature, 467(7315), 555–561. https://doi.org/10.1038/nature09440 
Wada, Y., Flörke, M., Hanasaki, N., Eisner, S., Fischer, G., Tramberend, S., Satoh, Y., van Vliet, M. T. H., Yillia, P., 
Ringler, C., Burek, P., & Wiberg, D. (2016). Modeling global water use for the 21st century: the Water Futures and Solutions 
(WFaS) initiative and its approaches. Geosci. Model Dev., 9(1), 175-222. https://doi.org/10.5194/gmd-9-175-2016 
World Steel Association. (2022). World steel in figures 2022. https://worldsteel.org/wp-content/uploads/World-Steel-in-
Figures-2022.pdf.  
 




