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ABSTRACT

Green roofs have been extensively studied for their potential to mitigate urban heat, establishing them as a widely
recognized nature-based solution (NbS) for addressing climate and environmental challenges in cities. However, despite these
research efforts, limited attention has been given to how these findings should inform decision-making processes. The
disconnect between policy-making and technology development often creates barriers that hinder cities from effectively
implementing sustainable urban solutions. This study aims to bridge this gap by examining how existing knowledge on green
roofs can be leveraged for decision-making. We conducted a scoping review following the PRISMA-ScR checklist, focusing
on the heat mitigation effects of green roofs as a leading NbS technology. Using the SWI1H framework, we identified key
decision-making questions and synthesized research evidence by categorizing research questions. To support decision-making,
we explored how research evidence aligned with these questions. Through this process, we identified and proposed 10 key
decision-making questions along with relevant supporting evidence. Our findings indicate that green roof research has primarily
focused on analyzing the effects of different types and conditions of green roofs and quantifying their effectiveness in
combination with other heat mitigation technologies. As a result, existing studies have addressed only a few policy
decision-making questions. These findings highlight the need for more research that directly informs practical decision-making,
emphasizing an integrated approach that combines technology development with policy research. Such an approach is essential
for building generalized knowledge and actionable recommendations, such as guidelines and standards, to support

decision-makers and practitioners in planning and implementing successful green roof projects.
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Fig. 1. The translational research cycle
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4 HolHE AT ok R4 AT Y= 24
TEG A8 99 (Building scale)?] ®IF7} 227(9):
Costanzo et al., 2016; Jia and Wang, 2021; Kolokotsa et
al., 2013)0.2 7} @ =34 ‘F{‘Ei A7 Ha qie
o, A8 4 75 AFe 25 A4 a9} ouA] Fa
"7t ol HrkE= %‘_’-Tv_—g(Costanzo et al., 2016; Peng
et al., 2019; Yang et al., 2018)0] T} &R}t o
Agzo] B WAgeld 23E 29wy Fm
(Neighborhood scale)?] &3+ 157(: Gromke et al.,
2015; Ng et al., 2012; Taleghani et al., 2019)0]} o™ o
& 0B 2499 maeh tEA e Bl 37 7
Bl S4Esle] /1% 24 ik FE BAAS
ot ZA] E(City scale) 7= 197(A:
2018; Lynn and Lynn, 2020; Zuo et al., 2022)°.% © Y
o 27 FRA EA YolN SAmshl s Awe
Auele @ s, oful S doleg vgor
Al AA AHhoA & &5t a5 S 37
S TR R 2% F 6772E FRlo] HleT o=
23} -2 AL (Chidambaram et al., 2022; Ciacci et al.,
2023; Lee et al., 2024; Razzaghmanesh et al., 2016;
Taleghani, Tenpierik, and van den Dobbelsteen, 2014;

Liu et al.,

Taleghani, Tenpierik, van den Dobbelsteen, and Sailor,
20147 2714 24 R AP AT Ao gy
AUTH(Fig. 7).
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S H1SE =& 37A(Gromke et al., 2015; Solcerova et al.,
2017; Taleghani et al., 2019)¥} &3} ojo|stAY E4
ZANAT a3/} Qtkal Hsk 74 AH(Coutts et al.,
2013; Geleti¢ et al.,, 2022; McConnell et al., 2022;
Pigliautile et al., 2020; Santamouris et al., 2018; Wang et
al., 2023; Zuo et al., 2022)7} ZA5}c}t. AE Lo/} &=
oA HA EYPAE e L 93} gl Qicky B
AsAY, £ AE, 3303 B4, 715 §4, Azt
o2t ayprh we| 52 2dshr ST G
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309 4, ANY7L B 5 Fol2 ole) ErEel
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Table 1. Categorizing research questions
Type of Research Question . Number of L . )
Contents of research question L publications to categorizing research questions
publications
Chabada and Durica (2023), Coutts et al. (2013), Tan et
al. (2015), Tanaka et al. (2016), Smalls-Mantey and
Montalto (2021), Ciacci et al. (2023), D’Orazio et al.
(2012), Karachaliou et al. (2016), Peng et al. (2019),
William et al. (2016), Sookhan et al. (2018),
Razzaghmanesh et al. (2016), Meetam et al. (2020),

RQ)

18
(2022)

How does the cooling effect or

RQ1. Green Roof Type and |energy saving effect of green roof

Condition Assessment can be changed depending on the
conditions?

Zheng et al. (2023), McConnell et al. (2022), Suter et al.
(2017), laria and Susca (2022), Chidambaram et al.

Kolokotsa et al. (2013), Pisello et al. (2015), Yang et al.
(2018), Taleghani et al. (2019), Ziaul and Pal (2020),
Berardi (2016), Liu et al. (2018, 2022), Lynn and Lynn

(2020), Tan et al. (2023), Herath et al. (2021, 2023),

Dandou et al. (2021), Diren-Ustiin et al. (2024), Ng et

al. (2012), Gromke et al. (2015), Taleghani, Tenpierik,
and van den Dobbelsteen (2014), Taleghani, Tenpierik,

35

van den Dobbelsteen, and Sailor (2014), Jia and Wang
(2021), Wang et al. (2022, 2023), Geleti¢ et al. (2022),
D’Orazio et al. (2012), Costanzo et al. (2016),

How do the effects of green roof
RQ2. Green Roof and .
. differ from the effects of other
Technology Comparative & ] K . o
. techniques, including how it differs
Synergistic Assessment .
when they are combined?

What plant species should be
selected for green roof based on

Santamouris et al. (2018), Schibuola and Tambani

(2022), William et al. (2016), He et al. (2020), Zhu et
al. (2021), Pigliautile et al. (2020), Zhong et al. (2021),

Perini and Magliocco (2014), laria and Susca (2022),
Chen et al. (2023), Elnabawi et al. (2023)

Solcerova et al. (2017), Klein and Coffman (2015),

Coutts et al. (2013), Tan et al. (2015), Sookhan et al.
(2018), Meetam et al. (2020)

Diren-Ustiin et al. (2024), Heidarinejad and Esmaili

(2015), Mazzeo et al. (2023)

cooling effect, survival rate, etc.

What tool developments can

RQ3. Plant Species Selection
improve the assessment of green

Impact Assessment
roofs

3
Yang and Bou-Zeid (2019), Ziaul and Pal (2020)

Fang et al. (2023), Ziaul and Pal (2020), Zuo et al.

How many green roof should be
installed to mitigate urban heat

RQ4. Advanced Measurement
island effect?

Tool Assessment

(2022), Asadi et al. (2020), Schibuola and Tambani

(2022), Zhu et al. (2021), laria and Susca (2022)

7
Dandou et al. (2021), Dong et al. (2020), Lin et al.
(2021)

RQ5. Quantity Requirement
Where should green roof be

Assessment
effects?

installed to achieve the greatest

RQ6. Spatial Effectiveness
Assessment

How far can the cooling effect of
a green roof be extended?

3
Liu et al. (2018, 2022), Lee et al. (2024)

3
http://www.jccr.re.kr

How will the

RQ7. Cooling Extent

Assessment

cooling/energy-saving effects of

green roof be differentiated under
future climate change conditions?

RQS. Futrue Impact
Assessment
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Table 1. Categorizing research questions (Continued)
Type of Research Question . Number of L . )
Contents of research question L publications to categorizing research questions
(RQ) publications
How does the effectiveness of . o .
RQ9. Seasonal Impact . Taleghani, Tenpierik, van den Dobbelsteen, and Sailor
green roof change with the 3
Assessment (2014), Sookhan et al. (2018), He et al. (2020)
seasons?
Ng et al. (2012), Gromke et al. (2015), Jia and Wang
RQI10. Beneficiary Assessment| Who benefits from green roof? 7 (2021), Wang et al. (2023), Pigliautile et al. (2020),
Zheng et al. (2023), laria and Susca (2022)
RQ11. Economic Impact How much economic benefit does
. 1 Lee et al. (2024)
Assessment green roof provide?
B AA A+ 41%E AAsHE 35708, 455t I FEE A 55 SE3 71e48 "evt
7l gE 71ed adE HusHAY 29 A4 & oheFsta, A E I 3 Adzzo] Aolste] &
HE griste W8S Btk 52 &, oF %S AHA o7t A= ZIEo] EEHE AFLE ofojxitt o
Sh= RQ3 F3olAM= 6719 A7 SA=So A AREH ot AHO b dutelE FEt JHEE Hste
= AE9 % Ago] and mA= IFE B At AEo] AAl Ao Htgstr]ofl= 349 ol
Tk RQ4 82 AA A+ F 37 o= AA9] 3%E A 0] EAL 7sAdo] At WA o s AFAEE
stH, S aRgrE 9t M2 =7 JdstA AFZT7L oWet JArE Aol E-82 5 USA iAol
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Example of questions
5WiH in decision-making
Who Who benefits from
green roof?
Why should we
Why | implement green o (o] o]

roof?

What[1] should be
done to enhance
the performance of
green roof?

What | what[2] is the

priority between

green roof and other A o]
technologies or

combinations?

Where should
Where | green roof be
installed?

When does green
roof works, and how
does it change over
time?

How[1] much heat

When

reduce?

How([2] can the

be measured?

How([3] many green
roof needs to be

installed?

Howl[4] much

benefit does green
roof provide?

How

does green roof (@] o @

effects of green roof @] o o

Fig. 9. Matching the type of evidence from research questions to decision-making questions in the 5W1H

framework. ‘O’

indicates that the research question provides direct evidence relevant to

decision—-making, ‘A’ indicates that the research question provides indirect evidence related to
decision—-making, and a blank space indicates no relevance

20 SHaA9 AT ANE 28 SFEAE vad
AT}, 491E A7 SRR AX s Ao Ve,
ZQ 8t&XA] oA|Z Building and Environment, Energy
and Buildings, Sustainable Cities and Society, Urban
Forestry & Urban Greening, Landscape and Urban
Planning 5°] QIt}. F712 0=, Aleksejeva et al. (2024)
o] ATolNE Samsle] 712 e B4 99
TA Q4 I A, E 25 B ATe g4
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