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ARTICLE INFO ABSTRACT

Effective management of rainwater through the development of integrated
nature-based systems, both biotic and abiotic, is achievable. Utilizing rain
Review Paper gardens and permeable surfaces to capture and purify rainwater can help
reduce pollution and enhance water resource efficiency. These systems are
) ) crucial in environmental conservation and balancing development with
Avrticle history natural resource preservation. Nature-based solutions (NbS) such as
Received: 15 May 2024 rainwater harvesting, reducing surface runoff, enhancing evaporation, and

. improving stormwater quality contribute to better rainwater management.
Revised: 16 July 2024 Diverse approaches and collaboration among stakeholders are fundamental
Accepted: 30 July 2024 to enhancing the efficiency of these systems. These solutions can
Published online: 16 November 2024 effectively mitigate urpanization _impacts, improve rainwater harvesting,
and enhance urban resilience to climate change. Green roofs, as one of the
primary NDbS strategies in cities, promote environmental sustainability,
enhance urban resilience, and reduce natural disaster risks. They are widely
applied globally as a suitable technique for reducing runoff. Nevertheless,
implementation challenges and high costs have limited the research and
widespread adoption of NbS solutions. Additionally, a lack of information
regarding green roofs is a major obstacle in this field. Policymakers can
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Conservation, Reducing runoff, analysis, and cost considerations in each region is necessary for better
Water management comprehension.  Technological advancements and efficient water

management through NbS systems provide numerous benefits to urban
ecosystems. There is a need for further research to understand the short-
term and long-term positive impacts of these systems and to make better
decisions. Implementing practical recommendations for these systems is of
utmost importance.
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EXTENDED ABSTRACT

Introduction: Biological and non-biological integrated systems are promoted for better rainwater management.
From rain gardens to influential levels used to absorb and purify water, these approaches reduce pollution and
increase water resource efficiency. These systems play an important role in protecting the environment and
balancing the development and conservation of natural resources.

Methodology: To assess the effectiveness of integrated biological and non-biological systems for rainwater
management and environmental preservation, this paper utilizes a systematic review approach. In this method,
relevant content and articles related to rainwater management and integrated preservation systems are collected
from reputable databases. Subsequently, they are evaluated based on specific criteria such as efficiency,
sustainability, and adherence to natural principles. This evaluation delves into a comprehensive analysis of
successful initiatives and existing challenges in the development of these systems, providing insights into the
overall impact of these systems on rainwater management and environmental quality improvement.

Results and Discussion: For the optimal and effective implementation of nature-based approaches in rainwater
management, by relevant EU guidelines and standards, rainwater must be stored through underground
infiltration. The approach will also contribute to the United Nations' sustainable development achievements by
2030, including urban adaptation and climate change mitigation. Implementing nature-based biological methods
leads to measures such as rainwater storage, reducing surface fluctuation, water evaporation, and improving
floodwater quality. Diversity of approaches and collaboration between institutions are fundamental to increasing
the efficiency of these systems. Nature-based approaches (NbS) can play an effective role in reducing the effects
of urbanization, improving rainwatering, and increasing urban adaptation to climate change. The study examines
NbS ways to preserve the functioning of urban natural areas and states that the use of rainwater can be an
alternative source for drinking water and improve flood water management. The green roofs are noted as one of
the main NbS platforms in cities. These roofs, by enhancing environmental sustainability and integrating with
other NbS systems, help improve urban compliance while reducing the risk of natural disasters. However,
research related to NbS is still limited, probably due to executive challenges and high costs. Also, there is a lot
of damage to information about green roofs that has caused a delay in their widespread acceptance. In
implementing NbS systems in cities, cooperation between the government, the private sector, and property
owners is essential. Policymakers can also facilitate the process of accepting green leaves by supporting and
establishing appropriate legal frameworks. To better understand local conditions, it is necessary to analyze the
life cycle and cost in each region.

Conclusion: NbS systems, especially green roofs, provide many advantages in urban ecosystems with the
development of technology and the efficiency of water management operations. Governments around the world
have installed these systems and developed guidelines through research. More research is needed to realize the
positive effects in the short and long term and make better decisions. Implementation of recommendations
related to the functioning of these systems is important identified, which can be used in projects related to
reclamation, restoration, and exploitation of natural resources.
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Figure 4- Some plant species used in the green roof, from left to right from above
Bidens alba, Nephrolepis multiflora, Momordica charantia, Portulaca oleracea, (on the bottom): Tulbaghia violacea,
Asclepias curassavica, Arachis hypogaea, Portulaca Pilosa

L. Green Roofs


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.6.3
https://jircsa.ir/article-1-549-en.html

[ Downloaded from jircsair on 2026-07-11]

[ DOR: 20.1001.1.24235970.1403.12.3.6.3 ]

(VEY O sl X o)les) oyl T zobaw (sdilolu &

Fpl (5 IS o b

gy slo Sy :Jald oddl Jolse il 3,8 o )3 b o ilisce Jolge g Suoply (slorptames bawgs (U ol ()0 b o
015 olatl dlge o way¥ s Jold juuw pb (Sl (slojally [ Su5d Joloe ot b 5" LB S (dlom 5 Ol 090 (i)l s - )
e ol (g ud it ol by 203 g LS ¢ g j o3le (S la S i odlo 4Y L] i

o8l Jolgs .l

gy e/ S —

clod) e olen g Ol clacursg sl (edaxie Jolge a4 atanly Ll O 1Sle () SS lime 4 Wilodld Lis jawpl lalllas
by, 1> )k e Fibe SIS (gene ysboar ul ()b (sladlg, b 5 S g (LB Sts (glga 5 O slaj, dga
L aS) S0 8 Uik @b b ot (opSmitiy Sy 4 by bme Caghoy 29800 oanliae buwgie e g o8 b b )L
longol bulyd (ol pogde dpds e b Qlly g s OF (610SS byl bausgs cplpliy g (Sl by (3L D) (S
05 45y Loms Lawgi (6)eS5 bl VL Jaes Casby bulyd b )35 o 5l 0y lasee cugby g i)k dhugy 5 S
(Cook & Larsen, 2021) 34 o0 7,1 5y i | oo Ol g5 cpl 3l g el

[ 55 31 B S gl -
(el ol 5 )Lze) el sl Lo Ly (liole 15 5 (50085 S 5 20 (St S &0 OR o (5105 Sl
Jad Jobo o .(Graceson et al., 2013) cosl lagye (5, 51 8 s Loyl s oAby baoro ugby Loyl b a8 098 0 st litio
0> s Wl 5 00 plosl adllas Syl o (2 O (600K )3 GRS o (555 g 5 liwe 9 053 Gk L i
Gl 45 By doeds oyl 40 48 wing i)l e gaere | loyd OV/D (6,085 4 B Lilojl )90 GR (cliypiuws 45
e B Gk gy 298 sla Sy 9 Gk Gl ) B 2lsm g Ol bl 15b oo ap g BB )b 4 OR s (Sdgyden
3o oy d (el o a8 Ll el sgame s (sladligy 5l o)l 0,33 (¢l GR )06 4> 31 .(Piro et al., 2018) > .5
4y ;B b ylus! aSl?OT ;1 (Nawaz et al., 2015) cul Coodl Bl jluw (5 0ad Sblgy 5 Mo Ol o pie glp S sbolys,
1515 e oS At Lol IS5 (gl S (e 5 Y oS 5) i S (Su5b Sl Sy it (2lsp g o bl s

9 )53k (loxe 2lsm g Ol g lae bulyd 4y g A8 i

A5 sl iall IGR Sy Jolss i1

Y o ol oydd cmge g ool 1) 4y s ay o] S9di ojlal 1,5 o 1y Ll T GR (slatiaes ()l 3lazg) o Jobo 5
i 40 (ol 630l i 4 &S gladlsl celubl cudyls a4y w5 e (Silva et al., 2019) (0 JS5) S o i8R
St OR gus 5L el iy (StOVIN et al., 2012) 35 o )5 kS 3y 5 s s 4y 395 o &ilg) (6508 150
oastie |y iSm; Y @by g Aby lase (glp o0d odlil dlge i ed 4 4> g3 dilate slgn g Of sla Shg 4 bl g Cul pae
.(Monteiro et al., 2016) >5.5 0 o3> Yb Ul (611655 cud )b b (3lge 4 coglgl 9 A5 oo

L. ADWP


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.6.3
https://jircsa.ir/article-1-549-en.html

[ Downloaded from jircsa.ir on 2026-07-11 ]

[ DOR: 20.1001.1.24235970.1403.12.3.6.3 ]

vy e 425l S drwgi b )l 2l S rie

(Pudyastuti et al., 2020) (41,b & Cudld 3 pimew —0 JSu5
Figure 5- Rainwater harvesting system

(VUKD 03 puiid by 05 yiansS” dowd 03 yianS) GR riannnns o1 ybo—
eSS 3 (g B )8 4 Gilises pele qlio g Cusl 485 8 aalllas 350 03,18 jgboty GR (glaptuus 1o o ()00
Zhang et al., ) ams o ol |y by ials g O O ()& 51 oYL #5545 w5 yls o)Ll 0318 GR (slavgiams b oL
oxiaed (Graceson et al., 2013) 3,135 o b b Of 6yl cud o by b o3l os 48 cunl ond iyl5S (2021
d9de gl by GBS & e g 3l (Niwn Ay e g5 g Culius 4 09d (6)lS OR Ly Slgiie o5 4Vl 5L
B il cov ad) b Ges bawg aSb i,k sy, @ad by b 4 (daw oby> 033 (Bradford & Denich, 2007)

.(Buccola & Spolek, 2011) 51> GR 5,Slos 5 ot (i Ay bazee odlo glas)) oyl by 23,5 0

L) 3,38 o 155 OR (slopiuss ol 60055 5 45 sl (slosas IS, Jolse 31 (Y JS5) 45 Las ool LS 5 5 o S
L GR Wi, slakase 45 13,8 5,l55 (Baryta et al., 2018) «l,Ken 5 M,b (Graceson et al., 2013) (ol (o)l cud b
1y (one dlge o 1 ond St ady slabaoms 4 s (6 5VL O (5SS oUlg g3 s lo p> I g (e dlge 5l S5
ot Ay lase oole Y loa b duslis o 1) oL ol SIS cudyb oy Seolyu Y oS ol L K00 adlles S L0550
ly 038 GR wdy lasmo o3lo (glinl (SS5deyaud (sla Shg a8 aid piy adllas S (Graceson et al., 2013) &S’ o ply 90
(0les 5 22) b ©F (6l 3 6Vl 3 Slas wdyy J) st e b 2y o olo S8 5 &5 €85 e 0,87 b))
ey bl ol Glsl g 39800 Spae (5551 obj e ol g lp & cwl g oo S e Jb ol b s Gl
.(Bollman et al., 2019) wil awilys olyon &y 1y (65l b b3yl )5 jew bt sblje Bis jlad 5,5 &0


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.6.3
https://jircsa.ir/article-1-549-en.html

[ Downloaded from jircsa.ir on 2026-07-11 ]

[ DOR: 20.1001.1.24235970.1403.12.3.6.3 ]

(VEY O sl X o)les) oyl T zobaw (sdilolu

\al

(Bak & Barjenbruch, 2022) LS saiss/GR aiy b 03l S 5 =1 S0
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different sources (taken from the Internet)
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Figure 8- Green roof layers
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