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Rainwater harvesting (RWH) systems represent a sustainable approach to 
managing freshwater resources, especially in regions with limited water supply. 
The effectiveness of these systems is critically influenced by policy, design, and 
climatic conditions. Policies and regulations are foundational to the reliability of 
RWH systems. They establish standards for system components, ensuring safety 
and preventing failures. Effective policies encourage RWH adoption by providing 
guidelines for design standards and incentives such as rebates. Regular 
maintenance and safety checks mandated by regulations contribute to system 
reliability, with policies also influencing the permissible uses of harvested 
rainwater, which can range from non-potable to potable applications. Several 
factors interplay to determine the reliability of RWH systems: Climatic 
Conditions: Rainfall frequency, intensity, and distribution are essential for water 
collection. Erratic rainfall makes systems less reliable. System Design: Properly 
designed systems tailored to local climatic patterns improve reliability. Key design 
elements include catchment area, storage capacity, and filtration mechanisms. 
Geographical Considerations: Variability in reliability across different settings 
necessitates context-specific designs to maximize effectiveness and cost-
efficiency. Advancements in technology enhance RWH systems' reliability and 
efficiency. Innovations contribute to better integration into urban planning, 
addressing challenges posed by climate change and urbanization. As technology 
evolves, RWH systems are expected to become integral to sustainable urban 
design. Reliability analysis incorporates water balance simulations, statistical 
analysis, and modeling approaches, aiding in the design and evaluation of systems 
against climatic variability. This comprehensive approach ensures a consistent 
water supply, particularly in water-scarce regions. Studies indicate favorable 
benefit-cost ratios for RWH systems when appropriately designed. Cost-benefit 
analyses in various settings show that these systems can be economically viable 
and environmentally beneficial, supporting water conservation efforts. In 
conclusion, the integration of effective policies, innovative designs, and aquifer 
recharging projects, with reliability analysis methodologies, is crucial for the 
success of RWH systems. These systems play a significant role in sustainable 
water management, especially in the face of increasing water scarcity challenges. 
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EXTENDED ABSTRACT 

Introduction: Rainwater harvesting (RWH) systems have been a fundamental aspect of human water 

management since ancient times, with origins tracing back to 5,000 BC in the Indus Valley. The technology has 

evolved over the centuries, significantly enhancing urban infrastructure through the establishment of large cisterns 

during the Roman Empire. In contemporary contexts, RWH systems are increasingly recognized for their 

sustainability, particularly in light of escalating challenges posed by climate change and urbanization. These 

systems effectively capture, divert, and store rainwater from various surfaces, providing a crucial alternative water 

source for non-potable uses, including irrigation, toilet flushing, and laundry, and even enabling treatment for 

potable applications. 

 

Materials and Methods: A typical RWH system comprises several key components: Collection Surfaces: Roofs 

or other surfaces that capture rainfall. Gutters: Channels that direct water from the collection surfaces. Filters: 

Systems that remove debris and contaminants from the rainwater. Storage Tanks: Containers that store the 

harvested rainwater for later use. Treatment Systems: Technologies that purify rainwater for potable use. The 

reliability of RWH systems hinges on various analytical methodologies designed to assess their effectiveness in 

supplying sustainable water. Key methods include: Water Balance Simulation: This technique evaluates the inflow 

(rainfall) against outflows (usage and evaporation) to determine necessary storage capacities. Statistical Analysis: 

Historical rainfall data is analyzed to predict future patterns and water shortages, often using probability 

distributions. Mass Curve Analysis: This graphical method plots cumulative water supply against demand, 

highlighting periods of surplus and deficit. Probabilistic Methods: Techniques like Monte Carlo simulations 

account for uncertainties in rainfall and demand, yielding a range of potential outcomes. Economic Optimization: 

This aspect evaluates cost-effectiveness, balancing the costs of system construction and maintenance against the 

benefits of a reliable water supply. 

 

Results and Discussion: The effectiveness of RWH systems varies significantly across different environmental 

settings, necessitating tailored designs that consider local climatic conditions, water demands, and usage patterns. 

For example, urban areas may require compact systems due to space constraints, while agricultural regions might 

need larger storage capacities to ensure consistent water availability. Additionally, the reliability of RWH systems 

is affected by climate change, which introduces uncertainties in rainfall patterns and water availability. Adaptive 

design and management practices are essential to maintain system reliability under these changing conditions. To 

enhance the reliability of RWH systems, several best practices should be followed: Site Assessment: Conduct 

thorough evaluations of local rainfall patterns and water demands. Material Selection: Choose non-toxic, durable 

catchment surfaces and materials. First-Flush System: Implement systems to divert the initial rainwater, which 

may contain contaminants. Proper Sizing: Ensure storage tanks are adequately sized for local conditions. Regular 

Maintenance: Perform routine cleaning and maintenance of gutters, downspouts, and filters to optimize 

performance. Design Flexibility: Adapt designs to local climatic and usage conditions to maximize efficiency. 

Incorporate Reliability Metrics: Utilize time-based and volumetric metrics to assess system performance. Policy 

Support: Engage with governmental policies and subsidies that encourage the adoption of RWH systems. 

 

Conclusion: Advancements in technology are enhancing the reliability and efficiency of RWH systems, 

integrating them into urban landscapes. With supportive policies and ongoing innovation, RWH systems can 

significantly contribute to sustainable water management, helping to address the challenges of climate change and 

urban growth. The insights gained from reliability analyses and case studies provide valuable guidance for the 

future design and implementation of RWH systems, ensuring they meet the demands of diverse environments and 

communities. As climate change continues to affect water resources, the adaptability and effectiveness of RWH 

systems will be crucial in achieving water security and sustainability. 
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1 Mass curve analysis 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
35

97
0.

14
03

.1
2.

4.
9.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

rc
sa

.ir
 o

n 
20

25
-0

8-
24

 ]
 

                             7 / 14

https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html


��������� 8��  !"��� ����� ) ���<E4�  �*�12 �1403( 116 

 


 �"���O W<O #"���O =O #"���	�- ZF� #<6" �
 �����" '���" �C� =��1�
 �
 #F&��" =O �� Z.�c��0 
�%<O C� =�	�" ���B�0 �>�	 

����<� )Khanal et al., 2020; Razali et al., 2023.(  

  

 � M	�=� N��  


��!O P��Q �� ������ ������� 

��*��+ 3���<&	 =��"�@��0 '<���
� C� 3	��� �!- ��HJ- R"	�� �
�$B" �	�+ #"
��� =O a	�O�0 �	�� D��$- �H	 #��� 
 ��2��	� #*O 

)B��@ �
 R"�$- ����(� �� ��B�0 . �	�E C�#�	�0
 ����� )6" �@	 .�#�	
	�Y I�E 
 '���- #������ v�<�FB�" �� )NK �#� =O #"3	�- 

'<���
� 
�O ��HJ- #"
�	U� .#F&��" �
 �� #������ )V�"�� �� C��<O =�(- v�Y�\ =� A�?!B@	 C� 3	��� �	�E
 
�� �0	�/ .W� =��"�@ C�/ 

#K	�& ��E [@��B" �� ��0��.	 C�#�	�0
 #*!" 
 ��G�F- ����O #"��	�- ��*��+ 3���<&	 	� =���& R��+ #6��- Z�	�Y	 �0
 )Khanal 

et al., 2020; Fioramonte et al., 2022; Gee and Sojka, 2022.( 

=�
���0 ��	�6�� =��"�@ R"�E ��<- 3
�O )V�" 3	

����0 #@���� 3���" ���/;���@ �	 �V� #B�� �� �#�
�.� 
 #@��� B*�Y�0� �	�� 

3���<&	 �	 
�(*<� =��6� 
 �����*� �	 #�	�/ =��"�@ ��
�G �@	 .#�#6��- �
 ��	�6�� #"��	�- �N�" =� Z0�O ��>�O 
 O��< C� 


�E 
 �
 ���6� ��*��+ 3���<&	 =��"�@ 	� =� �d/ 
�	���� )Memarian et al., 2016��0��.	 .( ��G�F- ����O q�?" ������O ��� ZF� 

#<6" ���	
 .=��"�@�0 ���� �� �
 �V� 

 �0 DBY�� 3�"� �
�>B@	 �
 �
	 
 ���/ �	 �
	 #K	�& ���E �- 3���<&	 R\�K 
�E =O  3	��"F-�G� 

�	 =G�� �
�N- #<���O .�
^��D�	�� T��"� ����O �
 
��" =Y�\#��� �
 C� 
 ��<0	 ��	�6�� )V�" #"��	�- pK ��(.�" 
 .���"�� 

	� ���F- ��O 
 �N�" =� =��"�@#��0 �� �����" �B6� 
�E .=���& �=\^/ ��*��+ 3���<&	 =��"�@��0 '<���
� C� 3	��� W� -R"�$ ���}�2 

�	  �	�E C�
�#�	�0 #K	�& =��"�@� ���E��0 ��	�6�� 
 ��0��.	 ��G�F- ����O �@	 .�0 R"�� ���� =� �+
 �	�� 3���<&	 �	 A�& ��< 


 #�	��O =��"�@ 
��" =��- �	�+ 
��� )Memarian et al., 2017; Khanal et al., 2020; Yildirim et al., 2022.(  

  

����� � -���,� 

 /#�" 
 I	��F" ZF� #<6" �
 R(E#0
 =� #K	�& 
 ��6���	
�� �	 =��"�@��0 '<���
� C� 3	��� �>�	 #"���O 
 =���& R��+#6��- 

�� ��*��+ 3���<&	 3��0 ��HJ- #"���	U� .�@��@��0 �HP" �� =Q	�	 R<$.	��B@
#��0 �	�� ��0
�	���B@	 �#K	�& T��U2  D�	=��"�@�0 	� �F-�	 

�
	
 
  D�	3���<&	 	� 
�N�	 #"���O =O =��"�@#��0 �� �"
�F" �
 ��	��  �	�E C�#�	�0
 _*B�" 
 ��0�G�F- �
�>B@	 B/�@ L��B"= ��E��	 .

I	��F" q��?" ��N" C� 3	��� A�?!B@	 ��E 	� _��$- #"����O =O #"��	�- �	 ��0
����O #��E��X ����" ������ 
 ���B�E -�.	� �- 

q��?" #���"�E� ��E��  =B%.	m
��" �� D�	=O C� '<� ��
�g��d" ��E �� ��0
�	���B@	 #�<�	 �E�� .��*��+ 3���<&	 D�	 @=��"��0 �� 

C�c��c #����+ )O�K �� 3��0 m�%-�	 #(�
�� 
�	
 .=�3	��� �A�`" �@��@#��0 =O ��<$- 
 ��	�6�� )V�" 
 #@��� ��>�O 	� #"	�.	 #"����O 

#"���	�- =� 
�N�	 =��"�@��0 R��+ ��-
�<B�	 �N�" ���E .�
^��D�	�� S��"#��0 ����" _�>�- �� �=�	��� =�3	��� #��� �	 +	I�"	� �#B@��@ 

#"���	�- [?� =��"�@��0 3	��� C� A�?!B@	 	� g���- 
 ����O �
 =N�B� ��HJ- ��F.�� 3��0 =Y�\ )6" L�G�" �� 	� #��� C� Z�	�Y	 
��0 

)Thomas and Lüthi, 2013; Memarian et al., 2016; Khanal et al., 2020; Akter, 2023.( 

�
^��D�	�� #-	��F" =O =��"�@��0 3	��� C� A�?!B@	 	� �
 ="������0 �
�B���- �����" C� a�X
	 #"����O #"���	�- #����H	 
 �*��+� 

3���<&	 3��0 	� Z�	�Y	 ��0
 .�� �
 �V� =��"�@ D�	 DBY���0 =�3	��� #Q�� �	 =/�c C� ���6E �@��@��E =B>� ��0 
�N�	 =��"�@#��0 	� 

R�6�- #"���O =O =� �6�- '%�" C� �	���2� 	� )0	�Y #"����<�� =(*� =� �����" ����- ��0��%�� �	 R\�K C��	
� 
 Z0�O ^�@C ��� W<O 

#"���O .R��+ Z�2#��� 3
�� 
�(*<� =��"�@ 3	��� C� A�?!B@	 ��� �!- ��HJ- �@��@ �	�+ #"
��� .=�3	��� �A�`" D��	�+ #��<B/�@ O= =� 

��Y�] ���/;���@ #Y�O ���� ����	
 #"���	�- J-D�" C� �	���2 	� �
 A�& ��

��0 W�/ D�<�- ���O 
 ��*��+ 3���<&	 =��"�@ �	 Z�	�Y	 

��0
 .�
^��D�	�� �@��@#��0 =O �	 g�F!- 
 =$@�- #��%�B�2 #"���O [*X	 �N�" =� ��
��� �
 ��
��Y'<� ��  %-�" ��0�
��3	��� C� � 


�%6� #�	��O 
 ��*��+ 3���<&	 =��"�@ �
 A�& 3�"� #"���E )Huang et al., 2021; Rodrigues et al., 2023.( 

��HJ- �@��@ �� ��*��+ 3���<&	 =��"�@��0 3	��� C� A�?!B@	 ��� �
 
�N�	 #��0
�	���B@	 �	�� �	��	 =��"�@ ����" �0�B*�Y 
 3���" 


�6�" �@	 =O #"��	�- �	 #�	�/ 3� 
 #�
�.� C� �����*� ��O .�� D��$- R+	�K ��0���$" D�	 ���>�O �@��@�0 D�<�- "#���O =O 

=��"�@��0 '<�3	��� C� ��
� =� �6�- R��+ 
�<B�	 ���B�0 =(*� �	�� 3	����O ��� D<�	 ��B�0 .�	��	 D�	 �@��@��0 �	 =*<� �	��	 "I	��F 


 =Q	�	 #��%�B�2 �#�Y �	�� ��*��+ 3���<&	 �	���2 =��"�@ D�	�0 ����� ��
�G �@	 .3
�� �	��	 �z�!\ #BK �@��@#��0 =O =� #��/ 

#K	�& ��E��	 D(<" �@	 ���	�B� =� {��B� �V�
��" 
�/ �@
 ����� 
 �N�" =� =��"�@��0 R��+��X �
�<B�	 ���E =O R����B2 
�/ 	� �
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
35

97
0.

14
03

.1
2.

4.
9.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

rc
sa

.ir
 o

n 
20

25
-0

8-
24

 ]
 

                             8 / 14

https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html


  

������� ������ 
���� � �	
�� �� ����� ��������� ��� ����� �� ����...  117  
 

�]�>K 
 ��	���2 C� 3��� #<���0
 )Herrmann and Schmida, 1999; Butler, 2018; Rahman et al., 2023.( �
 �=N�B� ZF� 

�@��@ 
 I	��F" �	�� #K	�& �gY�" ��6���	
�� 
 ��*��+ 3���<&	 =��"�@��0 '<���
� C� 3	��� ��
�G �@	 .�	 g��& #%�O�- 	� 

��0
�	���B@	 �#�Y S��"�0 
 )����("��0 D�	 �#�	��	 �@��@�0 #"���	�- =��"�@ =$@�-��0 ��+ 
 R��+
�<B�	 	� =O =���& R��+ #6��- 

=� ���E��0 �����" C� �	���2 W<O #"����O ���F- ����<�.  

  

����!��' ��  �����7 

�Y���2��0 ��
��Y ��/	 =���& R��+ #6��- ���O#� 
 ��*��+ 3���<&	 =��"�@��0 A�?!B@	 C� 3	��� 	� Z�	�Y	 �
	
 �@	 .��
���#��0 

����" =��"�@��0 I��V� ��<E�0 =O �	 �0���K 
 =��N- 
 R�*!- �
	
�0 �
�>B@	 #"����O 3��O	 {�	� ��E��	 
 3�("	 #���
� #�n��
 zd@ 

�C� ��>�O  C�
 
�(*<� =��"�@ 	� )0	�Y #"���O .D�	 =��"�@��0 ��<E�0 )0D��c #"���	�- ��0�����Y =�>?- 
 #(���Y v�-�<�  v��$�

 #���<�E	� ��O
�/ ���O �- 3���<&	 R\�K 
�E =O C� �E	
�� ��E ��0
�	���B@	 #�<�	 	� �	�� �
�>B@	 
��" �V� ���/ �� 
�	
. �
^��D�	�� 

a�X
	 �/�@�����0 ��%@ ����" a����0 �%@ 
 ���@
���0 ���U2;�>� CU� C� A�?!B@	 
 3	��� 	� 
�%6� ������� C��	
� 	� )O�- 
 �
 

=N�B� I	�d/ R�@ 	� Z0�O �
	
 
 �����" �	���2 C� ��6E 	� �F-�	 #"���� )Rahman, 2017; Razali et al., 2023; Ortiz and 

Rao, 2024; Raimondi et al., 2024.( 

����� =��"�@��0 '<�3	��� C� ��
� �� =$@�- ��F.�� DY��
���0 =�>?- =BY���2�- =O #"��	�- �
�>B@	 �	 C� 3	��� A�?!B@	 ��E 	� 

�	�� q	�0	 �
�B����- �	 =*<� ��0
����O #���"�E� 3�("	��U2 ���O ����O�	
��"	 =��V� #"�@� .)0D��c ��
� =�
���E� =�@�< �
�>B@	 

�	 =��"�@��0 �O�<B"��X '<���
� 3	��� C� 
��
 
�	
 =O #"���	�- �
 #K	�& 3�<B/�@��0 ���� ����N�� ��E �� �
 ���@��0 
���" 

a
�F"���@ ���E 
 W� '%�" C� q�d$�	��U2 
 �	���2
�/ )0	�Y ���O .[�O�- =��"�@��0 '<�3	��� C� ��
� �� '���" �|��	 ���U2���N- ����" 

I�!>\ ����E��/ #"��	�- �N�" =� =��"�@��0  v̂ "�O #*FB�" 
�E =O =� �6�- C� 3	��� 	� '<���
� 
 ���/; #"����O =(*� 3� �	 �� �
�>B@	 

�	 �|��	 ��2 y<2 
 '���- #"����<� )Słyś and Stec, 2020; Murillo-Alvarado and Cárdenas Gil, 2022; Raimondi et al., 

2024�
^� .(�D�	�� ��VB�	 #"

� �
�>B@	 �	 T�0 #���?" 
 )B����.	��0 ����
�� �D�E�" =��"�@��0 '<�3	��� C� ��
� 	� �� Z�2#��� 

��0��.	 #������ 
 C�*d"���@  )NK���/; 
 q�?" �C� =��6����@ ���<� .L�G�" D�	 =O #"��	�- �N�" =� =��"�@��0 ����� O��"��� 


�E =O �� ���,-  �	�E C�#�	�0
 
 ��G�F- ����O �����@ #"���E 
 �`O	�K =Y�\#��� �
 C� 	� D�<�- #"���O .	 �
�>B@	 ��E	 ���B��	 �

a�� 
��0�	�Y	 =��"�@ #K	�&��0 '<� �
 #<6" ZF� �@	 =B��	�- #���- =� ��� 3	��� C� ��
����@��O
�/  D�	=��"�@ �0 �E�� =BE	


 �3����<$")1401 g�F!- .(C 
 _.	 
 =$@�- a
	�" �
 )*� 
	�" )0D��c D(<" �@	 �	�RK��0 ���/;���@ a	

���- 
 ��-�"���O 	� #Y�$" 

���O ��0���� ��<$- 
 ��	�6�� 	� Z0�O �0
 
 a	

 #�t�&I�" =��"�@��0 3	��� C� A�?!B@	 	� 
�%6� ) ����Gee and Sojka, 

2022; Judeh et al., 2022; Ganthavee and Trzcinski, 2024 .( 

�Y���2��0 ��
��Y b��� #"
�E =��"�@��0 '<���
�  �3	��� C�R��+ 3���<&	��- �-�"���O 
 =c��o(��- �� �V�" ��6E ���E .�� ="	
	 

��
��� 
 �@��@��0 �#B��<K D�	 =��"�@�0 R����B2 ��>�	 ZF� #<6" �
 �����" �	���2 C� 
 =*��F" �� Z.�c��0 #E�� �	 ,-I	��� #<�*+	 


 #�����6E ���	
 .�� R"�(- D�	 ��
��Y��0  vt�<BK	 =� #��� #�	����U2�� �	 #K	�& 3�<B/�@ 
 ="�������� ��6E R��%- #"���E 
 =� 

q�d$�	���U2 
 ��	���2 �0�6E �
 �@	�@ 3�6� W<O #") ���ORahman, 2017; Xu et al., 2018.(  

  

S+�3�� � �	'�1���� 

=��N- 
 R�*!- ��*��+ 3���<&	 =��"�@��0 A�?!B@	 C� 3	��� W� ��O ���}�2 �@	 =O ���������
 Z.�c�0 
 ��

�!"��0 "#>*B� 

�@	 .#(� �	 #�	�����0 =�.
	 
�%<O �
	
#��0 �@	 =O '��" �	 #���	�- Z�2#��� 
 #�����	 g�+
 
�(*<� D�	 =��"�@�0 #"E
� .3
�� 

 �	 #Y�O I��^&	#������ 
 �
	
��0 �q�?" #K	�& =��"�@#��0 =O )0 �"���O 
 )0 R��+
�<B�	 ��E�� �	�E
 #"
�E .a�� ��$d+ A�" 

Z.�c )6" ����
 �@	 .A�"��0 
��" �
�>B@	 �	�� =�%E���@ =��"�@��0 A�?!B@	 C� 3	��� ���� ��0��,B" �
�$B" ����" ��.	��0 

C��	�0
 ��G�F- ����O 
 ��Y�] ���/;���@ 	� �V��
 ������ .�� D�	 �A�K D�	 A�"�0 [*X	 �� M�@	 #-�G
�>" ��B�0 =O D(<" �@	 

�	�� =<0 �0�����@ S
�\ ���E�%� =O L�G�" D�	 �N�" =� a�� �+
 �
 #�����	 ��*��+ 3���<&	 #"
�E .=.J�" M��F"���U2 ��� R(�" 


�N�	 #"���O =�u�?/ #��"�=O #$@ #"
�E W� =��"�@ #K	�& ��E �	�� W� 3�(" u�/� �
 W�  �!" I
�>B" ��  �	�E !"#d� 
 

#��<B�	 I
�>B" A�<�	 
�E .D�	 #"��	�- �� ���O#� =��"�@ 
 ��>�O C� A�?!B@	 ��E ��HJ- 
�	U�� )Shokati et al., 2020; Adham 

et al., 2021.( �
^��D�	�� ��

�!"��0 �
�?B+	 #"��	�- �	��	 =��"�@��0 ���}�2�- 
 R��+ 3���<&	�- 	� 

�!" ���O ���� =O	�c �D� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
35

97
0.

14
03

.1
2.

4.
9.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

rc
sa

.ir
 o

n 
20

25
-0

8-
24

 ]
 

                             9 / 14

https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html


��������� 8��  !"��� ����� ) ���<E4�  �*�12 �1403( 118 

 

=���0 
 
�(*<� A
�$- 
�N�	 
�O .I�"	�.	 ��<$- 
 ���	�6�� ����" ��<- 3
�O )V�" ����� zd@ 
 3���" �	�� �����*� �	 #�
�.�� =�t 

����
 �	 #���}�2 	� =� ��*��+ 3���<&	 D�	 =��"�@�0 =Y�G	 #"��O )Preeti and Rahman, 2021.( #*�)X� D�	 Z.�c��0 �Y���2�0 �
 

��
��Y 
 T
��0 =���& a
	�" �	�� 
�%6� =��N- 
 R�*!- ��*��+ 3���<&	 =��"�@��0 '<���
� C� �3	��� �� q�0 R��%- 3��0 =� �W '%�" 

#�� �-�	���2� �
 A�K =$@�- �@	 .  

  

-��Q� ���U� V���� 

I	���,- C�	�0
 Z.�c��0 R��+ #6��- 	� �	�� ��*��+ 3���<&	 =��"�@��0 A�?!B@	 C� 3	��� 
�N�	 #"���O =O =��"�@ D�	�0 =���& 

����	�Y�	 =�3	��� W� �	�RK �����" C� �	���2 =BY��U2 #"�E�� .���U2���,- 
 R��+��X Z�2#��� 3
�� ��0��.	 T���� =O �� I	���,- 

C�#�	�0
 ����- ��� ��E ��@	 =���& )�FB�" �� 
�(*<� 
 ��*��+ 3���<&	 D�	 =��"�@�0 ��HJ- #"
�	U� .I�$.�d" 3��� 
�
	��	 =O I	���,- 

C�#�	�0
 #�t�& I�" �� R����B2 A�?!B@	 C� 3	��� ��HJ- #"���	U� 
 ���� =� S�%d�	 #K	�& =��"�@ D�	�0 #<�*+	  �	�E �� �	�� ������@ 

�� D�	 I	���,- #" M��K	
�E .=�3	��� �A�`" Z�	�Y	 I�E ��0
	��
� ���E #������ #"��	�- �N�" =� ��	U���� Z�� �	 � �K� =��"�@��0 

'<��
�E 3	��� C� ��
� #.�K�
=O #.��(�/��0 #�t�& #"��	�- �N�" =� 
�%<O C� 
�E 
 ��*��+ 3���<&	 =��"�@ 	� _�$�- O ��

)Islam, 2023; Rodrigues et al., 2023; Silva et al., 2023; Xu et al., 2023.( 

�
^�	���D� a	

 �
�?B+	 =��"�@��0 '<�3	��� C� ��
� =� ��*��+ 3���<&	 3��0 �@	 �
��/ ��� =O �!- ��HJ- I	���,- #������ �#E� 

�	 C�	�0
 �@	 .=��N- 
 R�*!- '"�� =��"�@ D�	�0 �!-  �	�E C�#�	�0
 _*B�" 3��� 
	
 =O {��B� #.�" D�	 =��"�@�0 ����� I
�>B" 

��@	 
 3��� #"�0
 =O 
�(*<� �
�?B+	 ���� �
 ���O R"	�� #<�*+	 a���0 #�����	 ��*��+ 3���<&	 3��0 �V��
 =BY�� 
�E )Khanal et 

al., 2020; Shiguang and Yu, 2021 .(�
^�	���D� #�����	 =��"�@ ��03	��� C� A�?!B@	 �
  �!"��0 ��6E �!- ��0�����@ ���,- 

)�*+	 3��� 
	
 =O #.�K�
=O I	���,- C�#�	�0
 D(<" �@	 ��HJ- #*+	�K �� =��"�@ �
 #/�� g&��" =BE	
 ��E�� #"��	�- =���& R��+ #6��- 

�� ��*��+ 3���<&	 #*?Y 3��0 ��HJ- �
�	U�� =O �	�� 3���<&	 �	 J-D�" C� �	���2 �
 A�& A�@ ����� )6" ) �@	Toosi et al., 2020.( 

�	�� Z�	�Y	 q�d$�	���U2 =��"�@ D�	�0 �
 ��	�� I	���,- C��#�	�0
 3���N�� 
 a�X
	 Z�2#�����0 C�#�	�0
 �
 �����Y ="�������� 


 #K	�& ��
�G ����� �@	 .D�	 R"�E =.J�" �V��
 DBY�� #�	
	�Y 
 I�E ��0
	��
� �#������ R����B2 ��

��0 W�/ �t�&# I�" 


 I	���,- #*O �
 =/�c �|�.
���0 �@	 .�� a�N�	 D�	 ���O '<� =��"�@3	��� C� ��
� 	� #"3	�- �	�� CU� 
 ���/; C� 3	��� #Y�O �
 

A�& ��

��0 C�&�" =��6� 
�O �- 
�%<O �
 A�& ��

��0 W�/ 3	�%� 
�E .�
^��D�	�� [�O�- T
���0 #�����	 �d/ 
 ;��-	 

��0
�	���B@	 #K	�& q�d$�	��U2 =O �� ���,-  �	�E C�#�	�0
 �����@ #"����E #"���	�- ��*��+ 3���<&	 
 ��	���2 #�t�& I�" =��"�@ ��0

�'<3	��� C� ��
� 	� 
�%6� ����� )Khanal et al., 2020; IPCC, 2022; US-EPA, 2011.( 

�=3	��� =N�B� W����� #" #*O�>� 3	�- I	�H	 ���,- )�*+	 �� ��*��+ 3���<&	 =��"�@��0 '<���
� C� 3	��� #6�
��c �@	 
 =� 

W� 
�(�
� ���2 �	�� #K	�& 
 �����" =��"�@ ���� 
�	
 .�� g��?- a�� ��$d+��0 =B(�
 ��E  @�- I	���,- C�#�	�0
 
 	S�%d� =�t�$Y 

e�& ��03	��� C� A�?!B@	 I	���,- D�	 ��� #"3	�- ��*��+ 3���<&	 3��0 	� r>K 
�O 
 �	 J-D�" C� �	���2 �	�� ����� 3���<&	 KR\� 


�<� )Gwoździej-Mazur et al., 2022; Ray et al., 2022.(  

  

D	�=W� 9���� � ��X!��� 

#K	�& 
 ��	�6�� =��"�@��0 R��+ 3���<&	 A�?!B@	 C� 3	��� �	�� �����" �	���2 C� ����� )6" �@	 .D��B6� ���E�0 �" D�	 �

� R"�E 

a�N�	 W� #�����	 R"�O ���@ �	 �	�� ��
 ��0��.	 #������ #*!" 
 ��G�F- C� �@	 .C��B�	 e�d@ 
 
	�" [@��"  ���K����� O= 

#<@��X 
 a	

�� ��E��  �����
�G �@	 .D�	 e�& ���� �	�	
 W� =��"�@ ���B�E =�.
	 P"�H �	�� q�!�" 3
�O C� 3	��� .
	=� �
�� =O 

D(<" �@	 �
�K ����t�#��0 �	 zd@  ���K����� �E�� .3���" ���/;���@ ���� ��	��	 #%@��" =BE	
 ���E�� �	 #�
�.� �VY�!" E�� 
 �	 


	�" [@��" M�@	 ��  �	�E #*!" =B/�@ ���E .��<$- 
 ��	�6�� �)V�" �	 =*<� ��<- 3
�O 3	

����0 �0����@ 
 #Y�\�0 � �	�� &	3���< 

�	 
�(*<� =��6� =��"�@ #-��K �@	 )Memarian et al., 2016.(  

�	�� g�F!- 
 =$@�-  �
������ ���� =� �O�<- �� 
�%6� ��>�O C� 3	��� A�?!B@	 ���E =��1�
 �
 g&��" ��6E �� e�d@ �t�� #�
�.� 

��� 
��
 
�	
 .��
��� �
 ��
��Y��0 =�>?- #" C���	�- ZF� �=#�	�@ �
 D�	 =��"� =BE	
 �E�� .�
^��D�	�� a�X
	 =��"�@��0 �'<��
� 

C� 3	��� �� ���@ �/�@�����0 ��%@ ����" a����0 �%@ 
 ���@
���0 ���U2;�>� #"��	�- =Y�\ #���Z���- C� 
�E [��" 	� .-g�F! �
 


��" =$@�- �@��@�0 
 S��"�0#����+ � #"��	�- T��U2 �
�B���- =��"�@��0 A�?!B@	 C� 3	��� 	� #*<� ��O .�
 ����6� d"I�$.� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
35

97
0.

14
03

.1
2.

4.
9.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

rc
sa

.ir
 o

n 
20

25
-0

8-
24

 ]
 

                            10 / 14

https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html


  

������� ������ 
���� � �	
�� �� ����� ��������� ��� ����� �� ����...  119  
 

#�t�& I�" �
 
��" I	�H	 A�?!B@	 C� 3	��� �� �|�.
���0 #*!" 
 '���" C�  �����
�G �@	 �- 3���<&	 R\�K 
�E =O D�	 @=��"� �0

=���& B%`"# =� =/�c #*O C� W<O #"���O .q�0 �	 D�	 =�\�-��0 
�%��2 =��"� A�?!B@	 C� 3	��� �@	 
 3� 	� =� #E
� "�-�HP 
 

�
�B���- �	�� ��	���2 C� R��%- #") ��OSojka et al., 2016; Siddique, 2021.( 

  

���=����Z  

=��"�@��0 '<���
� C� 3	��� �	�� ZF� #-��K 
�/ �
 �����" �	���2 �C� =��1�
 �
 =��"� I	���,- C�	�0
 
 #�����6E T�B�� E=B/�� 

#"���E .��*��+ 3���<&	 D�	 =��"�@�0 �!- ��HJ- R"	�� #>*B�" �	 =*<�  �	�E C��#�	�0
 #K	�& =��"�@ 
 C�c��c��0 #-��V� 	�@ .

�@��@��0 �HP" �	�� �	��	 ��FY�"��"� =��"�@ D�	��
�G �0 �@	 
 D�<�- #"��O =O  ����0
�	���B@	 #�<�	 �F��d" ���	
 
 =� #B@�
 

��	�6�� #"���E .�@��@#��0 =O ��0
�	���B@	 #K	�& 	� 	��	 #"���O 
 ��<$- 
 ��	�6�� )V�" 	� g���- #"����O #"���	�- +��*�� 

3���<&	 =��"�@��0 '<�3	��� C� ��
� 	� Z�	�Y	 ��0
 .S��"#��0 ����" =�	����0 ��� =��"�@ D�	 [?��0 
 ���%��2 =� D��B6� ���E�0 	� 

{�
�- #"���O .��
����0 �
 ��
��Y b��� 
�%6� ���O#� 
 a�X
	 =��"�@��0 3	��� C� A�?!B@	 �
 �]��" ��6E #"���E 
 =� 3��0 ����	 

#"��0
 �- Z.�c��0 #E�� �	 I	���,- C�
#�	�0 	� =� ��& P"��H q�&�� ����<� .=��"�@��0 R��+ 3	��� C� A�?!B@	 
�<B�	 =� #�����	��0 

#*"�O ���@ �	 �	�� ��
 ��0��.	 #������ #*!" 
 ��G�F- C� ���� ���	
 .C��B�	 
	�" [@��" 
 �	��	 )B��@��0 D�.
	 q	�!�	 YT^ 

 (T��� �	 R\�K C��	
� #�
�/ D�.
	)����� )6" �@	 .I	��HJ- I	���,- C�#�	�0
 a�*B�" W� 
�(�
� ���2 �	�� #K	�& 
 ���"��  D�	

=��"�@�@�0 =O 3�("	 S�%d�	 �� a�� ��$d+��0 #<�*+	 	� )0	�Y ��� #"��O .
�(*<� =��"�@��0 3	��� C� A�?!B@	 =���& R��+#6��- �� 

=��- =� 3�(" I
�>B" ��@	 =O �� ���� =� #K	�&��0 =��"��	 u�/ �	�� =� �`O	�K 3���@� ��*��+ 3���<&	 
 3
�F"=�=Y�\ �3
� J-��O 

#"��O . D�	=��"�@�0 �� Z0�O #�B��	
 =� '���" ��6E 
 Z0�O C��	
� �����- ��0��%�� �	 R\�K ZF� #<6" �
 �����" '���" C�� 

=��1�
 �
 #F&��" =O �� 
�%<O C� C^�@ ��=�	�" ��6E ���E ��0 ���B�0 �>�	 #"���O .��	�6�� )V�" 
 #@�����0 #>�O ��	� r>K 

��*��+ 3���<&	 =��"�@ 
 3���<&	 �	 D�	=O C� �E	
�� ��E g��d" �� ��0
�	���B@	 #�<�	 �E���  �����#-��K �@	 .�� "�(-R ��0�6E =$@�- 
 

a�X
	 =��"�@��0 '<�3	��� C� ��
� �
 ="�������� ��6E ��� #"��	�- C�-��
� �
 ��	�� R�@ 	� Z�	�Y	 �0
 
 �	 �����" �	���2 C� 

#��%�B�2 ���<� .=��N- 
 R�*!- ��*��+ 3���<&	 �	 g��& =�%E���@ 3^�� C� 
 T
���0 ���"� =� #K	�& =��"�@��0 ��+ =O #"���	�- 

I	���,- C�#�	�0
 	� R<!- ����O W<O #"��O .�	 3�#���=O 
�%<O C� =� W� L�G�" ��� R��%- ��@	 ��E M�
��0 =B/�"� E�� �	 

=��"�@��0 �3	��� C� A�?!B@	 #*$Y I	��(B�	 ����� 	� =��0����
�O �- 
 �N�" =� 
�%0	���0 �����" C� �-�"���O 
 �-�	���2 #"E
� .=���& 

�=\^/ #K	�& �gY�" ��6���	
�� 
 ��*��+ 3���<&	 =��"�@��0 '<���
� C� 3	��� m��" =� �@��@��0 P"��H �Y���2��0 ��
��Y 
 

D��B6� ���E��0 #B����" [@��B" ��  �	�E #*!" �@	 . 
��
 v�<*�"D�	 =��"�@�0 �	�� #���B@
 =� �����" �	���2 C� 
 2DB/	
� =� 

Z.�c��0 #E�� �	 I	���,- C�#�	�0
 ��
�G ����� �@	.  

  

 C�[<� -�\I[�  

��=�'C 0'�' ���� :�
	
 
 �0.�Y�� �0	�/ �	�+ ���B/	 �
 A���" ������� �� =%-�(" g��& �	 Z0
12 D�	 �
 ��E �
�>B@	 {��B�  

 :C+�� �	��I D�	��O  [.�+ �
 
	�� Z0
12.
�	�� #.�" ���<K 
 ��E a�N�	  

:��Z1�B	!� �?��$� Z�� _*B�" ��0  @�- =.�F"3�����<$" �
�0  
 a�N�	.�@	 ��E =BE���  

!� �7��� '�]�:��Z1�B	 3�������� 	D� " a^�	 =.�F"#���	
 0 =O��=��� $Y��" 
��-#  �
 
 T���� u�?/ ���B�	 {��B� 
 [.�d"	D�  Z0
12.���	��   

^�_�Z���
: �������  �=.�F" D�	=.�F" D�	 a�B!" 3	�
	
 
 3	��	 3	��� ����� e�d@ ��0 =��"�@ D��
 =*N" �	 #" #�	
��+ 
 �(�- =��<�<\���<�.  

  

�����  

1. �3����<$" �
�0. )1401�����" .( ��<E�0 =��"�@��0 '<���
� C� 3	��� ���%"�� ���B��	  ����E	D�<0
��� p�	�>�O #*" =��"�@0�� 
e�d@ �����
���N� �. https://civilica.com/doc/1773183 

2. �3����<$" �
�0. )1401a�� .(�	�Y	 #K	�& =��"�@ A�?!B@	 C� 3	��� �	 e�d@ ��2a�� )C�c��c 
 I�"	�.	( �D�<0
��� p�	�>�O #*" 

=��"�@��0 e�d@ �����
���N� �. 1773184https://civilica.com/doc/ 

 
References 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
35

97
0.

14
03

.1
2.

4.
9.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

rc
sa

.ir
 o

n 
20

25
-0

8-
24

 ]
 

                            11 / 14

https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html


��������� 8��  !"��� ����� ) ���<E4�  �*�12 �1403( 120 

 

1. Abdulla, F. A., & Al-Shareef, A. W. (2009). Roof rainwater harvesting systems for household water supply 

in Jordan. Desalination, 243(1-3), 195-207. doi:10.1016/j.desal.2008.04.001. 

2. Adham, A., Abed, R., & Ritsema, C. (2021). A Reliability Analysis of Rainwater Catchment System. Water 

Resources, 48, 361–367. doi:10.1134/S0097807821030027. 

3. Akter, A. (2023). Rainwater harvesting for potable water supply: Opportunities and challenges. In The 

Handbook of Environmental Chemistry (Vol. 124). Springer. doi:10.1007/698_2023_1018. 

4. Amos, C. C., Rahman, A., & Gathenya, J. M. (2016). Economic analysis and feasibility of rainwater 

harvesting systems in urban and peri-urban environments: A review of the global situation with a special 

focus on Australia and Kenya. Critical Reviews in Environmental Science and Technology, 41(23), 2097-

2167. doi:10.1080/10643389.2010.497422. 

5. Appan, A. (2000). A dual-mode system for harnessing roofwater for non-potable uses. Urban Water, 1(4), 

317-321. 

6. Butler, D. (2019). From rainwater harvesting to rainwater management systems. In New Trends in Urban 

Drainage Modelling: UDM 2018 11 (pp. 3-9). Springer International Publishing. 

7. Chen, Y., Samuelson, H. W., & Tong, Z. (2016). Integrated design workflow and a new tool for urban rainwater 

management. Journal of Environmental Management, 180, 45-51. doi:10.1016/j.jenvman.2016.04.059. 

8. Corneliussen, A. (2018). Rainwater harvesting at the University of Arizona: A cost-benefit analysis, Case 

study and research paper on two buildings on campus. Retrieved from the University of Arizona repository. 

9. Eyni, S., & Deletic, A. (2023). Urban rainwater utilization: A review of management modes and strategies. 

Frontiers in Environmental Science. doi:10.3389/fenvs.2023.1025665. 

10. Fioramonte, B., Campos, M. A. S., de Freitas, S. R., & Basso, R. E. (2022). Rainfall data used for rainwater 

harvesting systems: a bibliometric and systematic literature review. Journal of Water Supply: Research and 

Technology-Aqua, 71(7), 816–834. doi:10.2166/aqua.2022.034. 

11. Ganthavee, V., & Trzcinski, A. P. (2024). Artificial intelligence and machine learning for the optimization of 

pharmaceutical wastewater treatment systems: a review. Environmental Chemistry Letters, 22, 2293-2318. 

12. Gee, K. D., & Sojka, S. (2022). Maximizing the benefits of rainwater harvesting systems: Review and analysis 

of selected case study examples. In Resilient Water Management Strategies in Urban Settings: Innovations 

in Decentralized Water Infrastructure Systems (pp. 77-117). Cham: Springer International Publishing. 

13. Goh, Y. C., & Ideris, M. (2021). Tangki NAHRIM 2.0: an R-based water balance model for rainwater 

harvesting tank sizing application. Water Practice and Technology, 16(1), 182–195.  

14. Gonzalez, O., O'Rourke, H. P., Wurpts, I. C., & Grimm, K. J. (2018). Analyzing Monte Carlo simulation 

studies with classification and regression trees. Structural Equation Modeling, 25(3), 403–413.  

15. Gwoździej-Mazur, J., Jadwiszczak, P., Kaźmierczak, B., Kózka, K., Struk-Sokołowska, J., Wartalska, K., & 

Wdowikowski, M. (2022). The impact of climate change on rainwater harvesting in households in Poland. 

Applied Water Science, 12, 15.  

16. Hanson, L. S., & Vogel, R. M. (2014). Generalized storage–reliability–yield relationships for rainwater 

harvesting systems. Environmental Research Letters, 9(7), 075007. DOI: 10.1088/1748-9326/9/7/075007. 

17. Herrmann, T., & Schmida, U. (1999). Rainwater harvesting and management – policy and regulations in 

Germany. Water Science and Technology, 13(2), 376-381. 

18. Hofman-Caris, R., Bertelkamp, C., de Waal, L., van den Brand, T., Hofman, J., van der Aa, R., & van der 

Hoek, J. P. (2019). Rainwater harvesting for drinking water production: A sustainable and cost-effective 

solution in The Netherlands. Delft University of Technology. Retrieved from the TU Delft Research Portal. 

19. Huang, Z., Nya, E. L., Rahman, M. A., Mwamila, T. B., Cao, V., Gwenzi, W., & Noubactep, C. (2021). 

Integrated Water Resource Management: Rethinking the Contribution of Rainwater Harvesting. 

Sustainability, 13(15), 8338. doi:10.3390/su13158338. 

20. Intergovernmental Panel on Climate Change (IPCC). (2022). Climate change 2022: Impacts, adaptation, and 

vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental 

Panel on Climate Change. Cambridge University Press. doi: 10.1017/9781009325844. 

21. Islam, M. R. (2023). Factors influencing economic benefit of rainwater harvesting: an empirical analysis. 

AQUA—Water Infrastructure, Ecosystems and Society, 72(1), 32-48. 

22. Judeh, T., Shahrour, I., & Comair, F. (2022). Smart rainwater harvesting for sustainable potable water supply 

in arid and semi-arid areas. Sustainability, 14(15), 9271. 

23. Khanal, G., Thapa, A., Devkota, N., & Paudel, U. R. (2020). A review on harvesting and harnessing rainwater: 

an alternative strategy to cope with drinking water scarcity. Water Supply, 20(8), 2951–2963. doi: 

10.2166/ws.2020.264. 

24. Komeh, Z., Memarian, H., & Tajbakhsh, S. M. (2017). Reservoir volume optimization and performance 

evaluation of rooftop catchment systems in arid regions: A case study of Birjand, Iran. Water Science and 

Engineering, 10(2), 125-133. 

25. Martínez-Acosta, L., López-Lambraño, A. A., & López-Ramos, A. (2019). Design criteria for planning the 

agricultural rainwater harvesting systems: A Review. Applied Sciences, 9(24), 5298.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
35

97
0.

14
03

.1
2.

4.
9.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

rc
sa

.ir
 o

n 
20

25
-0

8-
24

 ]
 

                            12 / 14

https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html


  

������� ������ 
���� � �	
�� �� ����� ��������� ��� ����� �� ����...  121  
 

26. Memarian, H., & Tajbakhsh, S. M. (2023). Role of rainwater harvesting for improving the human well-being 

and ecosystem services. Iranian Journal of Rainwater Catchment Systems, 10(4), 13-28. 

27. Memarian, H., Hossein Nia, A., Tavasoli, A., Komeh, Z., Tajbakhsh, S. M., Abbasi, A. A., & Parsayi, L. 

(2016). Health and environmental considerations of rooftop catchment systems (Case study: Aq Ghala, 

Golestan Province, Iran). Water Harvesting Research, 1(1), 1-11. 

28. Memarian, H., Komeh, Z., Tavasoli, A., Tajbakhsh, S., Abbasi, A. A., & Parsayi, L. (2017). Socio-economic 

considerations of rooftop catchment systems (Case study: Golestan Province, Iran). Water Harvesting 

Research, 2(1), 1-12. 

29. Memarian, H., Tavasoli, A., Tajbakhsh, M., Komeh, Z., Abbasi, A. K., & Parsayi, L. (2015). Technical report: 

A guideline for designing and optimizing rainwater reservoirs in buildings (Case study: Golestan Province, 

Iran). Iran. Iranian Journal of Rainwater Catchment Systems, 5(4), 55-68. 

30. Memarian, Hadi (2022). Intelligent management of rainwater harvesting systems based on the internet of things, 

The 11th National Conference on Catchment Surface Systems،Bojnord،https://civilica.com/doc/1773183 [In 

Persian] 

31. Memarian, Hadi (2022). Software for designing rainwater harvesting systems from roof surfaces (framework 

and requirements), The 11th National Conference on Catchment Surface Systems،Bojnord, 

https://civilica.com/doc/1773184 [In Persian] 

32. Morales-Figueroa, C., Castillo-Suárez, L. A., Linares-Hernández, I., Martínez-Miranda, V., & Teutli-

Sequeira, E. A. (2023). Treatment processes and analysis of rainwater quality for human use and 

consumption. International Journal of Environmental Science and Technology, 20, 9369–9392.  

33. Müller, T. M., Leise, P., Lorenz, I.-S., Altherr, L. C., & Pelz, P. F. (2021). Optimization and validation of 

pumping system design and operation for water supply in high-rise buildings. Optimization and Engineering, 

22, 643–686. 

34. Murillo-Alvarado, P. E., & Cárdenas Gil, M. A. (2022). Rainwater harvesting systems that reduce water 

consumption with optimal locations of solar concentration power plants. Frontiers in Energy Research, 10.  

35. Nyahora, P. P., Babel, M. S., Ferras, D., & Emen, A. (2020). Multi-objective optimization for improving 

equity and reliability in intermittent water supply systems. Water Supply, 20(5), 1592–1603. 

36. Ortiz, N., & Rao, S. (2024). Review of Rain and Atmospheric Water Harvesting History and Technology. 

Oxford Research Encyclopedia of Environmental Science. doi:10.1093/acrefore/9780199389414.013.613. 

37. Ostfeld, A. (2012). Optimal reliable design and operation of water distribution systems through 

decomposition. Water Resources Research. 

38. Pacey, A., & Cullis, A. (1986). Rainwater Harvesting. London: Intermediate Technology Publications. 

39. Pari, L., Cozzolino, L., & Bergonzoli, S. (2023). Rainwater: Harvesting and Storage through a Flexible 

Storage System to Enhance Agricultural Resilience. Agriculture, 13(12), 2289. 

doi:10.3390/agriculture13122289. 

40. Paxton, P., Curran, P. J., Bollen, K. A., Kirby, J., & Chen, F. (2001). Monte Carlo experiments: Design and 

implementation. Structural Equation Modeling, 8(2), 287–312.  

41. Preeti, P., & Rahman, A. (2021). A Case Study on Reliability, Water demand and economic analysis of 

rainwater harvesting in Australian capital cities. Water, 13(19), 2606. 

42. Preeti, P., & Rahman, A. (2021). A case study on reliability, water demand and economic analysis of 

rainwater harvesting in Australian capital cities. Water, 13(19), 2606. 

43. Qi, Q., Marwa, J., Mwamila, T. B., Gwenzi, W., & Noubactep, C. (2019). Making rainwater harvesting a key 

solution for water management: The Universality of the Kilimanjaro Concept. Sustainability, 11(20), 5606. 

doi:10.3390/su11205606. 

44. Rahman, A. (2017). Recent advances in modelling and implementation of rainwater harvesting systems 

towards sustainable development. Water, 9(12), 959. doi:10.3390/w9120959. 

45. Rahman, A. (2017). Recent Advances in Modelling and Implementation of Rainwater Harvesting Systems 

towards Sustainable Development. Water, 9(12), 945. 

46. Rahman, A., Yildirim, G., Alim, M. A., Amos, C. C., Khan, M. M., & Shirin, S. (2023). Rainwater harvesting 

systems to promote sustainable water management. AIP Conference Proceedings, 2643(1), 020001. 

47. Raimondi, A., Quinn, R., Abhijith, G. R., Becciu, G., & Ostfeld, A. (2023). Rainwater harvesting and 

treatment: State of the art and perspectives. Water, 15(8), 1518.  

48. Raimondi, A., Quinn, R., Gnecco, I., & Ostfeld, A. (2024). New advances in rainwater harvesting and 

treatment. Water, 16(11), 1591. doi:10.3390/w16111591. 

49. Ray, R. L., Sishodia, R. P., & Olutimehin, T. (2022). Rainwater harvesting for sustainable water resource 

management under climate change. In Q. Tang & G. Leng (Eds.), Climate Risk and Sustainable Water 

Management (pp. 374-400). Cambridge University Press. doi:10.1017/9781108787291.021. 

50. Razali, M. H. H., Puteh, A. Q., Sulaiman, A. H., & Yatim, M. H. M. (2023). Smart rainwater harvesting 

system for sustainable agricultural irrigation and drainage system. In M. Sultan (Ed.), Irrigation and Drainage 

- Recent Advances (pp. 1-20). IntechOpen. DOI: 10.5772/intechopen.104442. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
35

97
0.

14
03

.1
2.

4.
9.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

rc
sa

.ir
 o

n 
20

25
-0

8-
24

 ]
 

                            13 / 14

https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html


��������� 8��  !"��� ����� ) ���<E4�  �*�12 �1403( 122 

 

51. Rodrigues, A. M., Formiga, K. T. M., & Milograna, J. (2023). Integrated systems for rainwater harvesting 

and greywater reuse: a systematic review of urban water management strategies. Water Supply, 23(10), 4112–

4125. doi:10.2166/ws.2023.240. 

52. Ross, T. T., Alim, M. A., & Rahman, A. (2022). Community-scale rural drinking water supply systems based 

on harvested rainwater: A case study of Australia and Vietnam. Water, 14(11), 1763.  

53. Shiguang, C., & Yu, Z. (2021). Water saving potential and economic viability assessment of rainwater 

harvesting system for four different climatic regions in China. Water Supply, 21(1), 386–400.  

54. Shin, S., Lee, S., Judi, D. R., Parvania, M., Goharian, E., McPherson, T., & Burian, S. J. (2018). A systematic 

review of quantitative resilience measures for water infrastructure systems. Water, 10(2), 164.  

55. Shokati, H., Kouchakzadeh, M., & Haghighi Fashi, F. (2020). Assessing reliability of rainwater harvesting 

systems for meeting water demands in different climatic zones of Iran. Modeling Earth Systems and 

Environment, 6, 109-114.  

56. Siddique, I. (2021). Sustainable water management in urban areas: Integrating innovative technologies and 

practices to address water scarcity and pollution. The Pharmaceutical and Chemical Journal, 8(1), 172-178. 

57. Silva, L. P., & de Souza, F. T. (2019). Rainwater Management, Sustainable Urban Growth, and Climate 

Change. In Encyclopedia of the UN Sustainable Development Goals. Springer. doi:10.1007/978-3-319-

71061-7_39-1. 

58. Silva, M. P. D., González, J., da Costa, B. B., Garrido, C., Soares, C. A., & Haddad, A. N. (2023). 

Environmental impacts of rainwater harvesting systems in urban areas applying life cycle assessment- LCA. 

Engineering, 4(2), 1127-1143. 

59. Słyś, D., & Stec, A. (2020). Centralized or decentralized rainwater harvesting systems: A case study. 

Resources, 9(1), 5.  

60. Sojka, S., Younos, T., & Crawford, D. (2016). Modern urban rainwater harvesting systems: design, case 

studies, and impacts. Sustainable Water Management in Urban Environments, 209-234. 

61. Teston, A., Scolaro, T. P., Maykot, J. K., & Ghisi, E. (2022). Comprehensive Environmental Assessment of 

Rainwater Harvesting Systems: A Literature Review. Water, 14(17), 2716.  

62. Thomas, A., & Lüthi, C. (2013). Rainwater harvesting and management – policy and regulations in Germany. 

Water Science and Technology, 13(2), 376. doi:10.2166/ws.2013.030. 

63. Toosi, A. S., Danesh, S., Tousi, E. G., & Doulabian, S. (2020). Annual and seasonal reliability of urban 

rainwater harvesting system under climate change. Sustainable Cities and Society, 63. 

64. United States. (2011). Environmental Protection Agency. Region IX., United States. Army. Corps of 

Engineers. South Pacific Division, Resources Legacy Fund, Camp, & Dresser & McKee. Climate change 

handbook for regional water planning. California Department of Water Resources. 

65. VS, J., & Jacob, R. S. (2023). Traditional Rainwater Harvesting Systems in the World. In Traditional 

Rainwater Harvesting Structures (pp. 15-33). Cham: Springer Nature Switzerland. 

66. Wartalska, K., Grzegorzek, M., Bełcik, M., Wdowikowski, M., Kolanek, A., Niemierka, E., Jadwiszczak, P., 

& Kaźmierczak, B. (2024). The potential of rainwater harvesting systems in Europe – current state of art and 

future perspectives. Water Resources Management, 38, 4657–4683.  

67. Xu, J., Dai, J., Wu, X., Wu, S., Zhang, Y., Wang, F., ... & Tan, Y. (2023). Urban rainwater utilization: A 

review of management modes and harvesting systems. Frontiers in Environmental Science, 11, 1025665. 

68. Xu, W. D., Fletcher, T. D., Duncan, H. P., Bergmann, D. J., Breman, J., & Burns, M. J. (2018). Improving 

the multi-objective performance of rainwater harvesting systems using real-time control technology. Water, 

10(2), 147. 

69. Yildirim, G., Alim, M. A., & Rahman, A. (2022). Review of rainwater harvesting research by a bibliometric 

analysis. Water, 14(20), 3200. doi:10.3390/w14203200. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
35

97
0.

14
03

.1
2.

4.
9.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

rc
sa

.ir
 o

n 
20

25
-0

8-
24

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.4.9.8
http://jircsa.ir/article-1-566-fa.html
http://www.tcpdf.org

