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Introduction 

Urbanization and climate change present urgent 

challenges for sustainable water and energy management. 

With 68% of the global population projected to live in urban 

areas by 2050 as it’s up from 55% in 2018 [1,4]. Thus, cities 

face mounting pressure to reduce environmental 

degradation, resource depletion and climate vulnerability. 

Urban areas already contribute over 70% of global CO₂ 

emissions due to transportation, energy consumption and 

infrastructure development [2,11]. Therefore, these 

pressures highlight the importance of sustainable 

infrastructure in mitigating environmental impacts and 

enhancing urban resilience. However, the Gİ, including green 

roofs and green walls, plays a pivotal role in sustainable 

urban development [3,6]. Hence; these systems contribute to 

storm water management, reduce energy demand and 

support urban biodiversity. Green roofs, categorized as 

extensive or intensive, offer various ecological benefits, 

including thermal insulation, urban cooling and extended 

roof lifespan. İntensive systems provide greater biodiversity 

and recreational use, while the insulation provided by 

vegetation reduces building energy consumption, often 

offsetting the environmental cost of materials and 

installation [4,13]. İn addition, similarly rain gardens and 

green walls or bio retention systems are effective in 
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capturing, filtering and treating storm water at its source. 

Additionally, such systems can significantly reduce pollutant 

loads, recharge groundwater and lower peak flows, though 

the construction phase contributes the most environmental 

burden due to materials like silica sand and mulch [5,9]. 

Moreover, to quantify these benefits and trade-offs, LCA 

provides a systematic framework for evaluating the 

environmental performance of green infrastructure across 

all life stages from construction to operation and end of life. 

On the other hand, LCA studies have shown that while green 

roofs are more effective in energy conservation and urban 

heat island mitigation, rain gardens outperform in water 

quality improvement and flood control [6,20]. İntegrating 

both systems can enhance climate resilience and maximize 

hydrological benefits.  

However, several challenges hinder broader 

implementation, including high upfront costs, complex 

maintenance and site-specific constraints. Consequently, 

tools such as SimaPro, GaBi, OpenLCA and Umberto LCA+ 

enable researchers and policymakers to analyze 

environmental trade-offs with precision. For instance, 

studies using SimaPro indicate that green roofs reduce 

emissions by 35% to 83% and nearly eliminate ozone 

depletion effects [7,18]. Nevertheless, the U.S. Environmental 

Protection Agency (EPG) reported that green roofs can 

reduce surface temperatures by up to 56°F and cut cooling 

energy demand by as much as 70%. However, green roofs and 

green walls each offer unique environmental benefits.  

Green roofs improve energy efficiency and reduce the 

urban heat island effect, while rain gardens excel in water 

quality and stormwater management. İntegrating both 

systems can optimize urban sustainability, though high costs 

and maintenance remain challenges [8,4]. However, this 

paper aims to critically review LCA studies of green roofs and 

rain gardens, highlight methodological inconsistencies and 

offer recommendations for standardizing future 

assessments. By doing so, it seeks to support data-driven 

decision-making in sustainable urban planning. 

Materials and Method 

Study design 

 This study employed an evaluated literature approach to 

examine recent research on LCA applications in the 3 phases 

of RG and GR. The purpose was to synthesize recent literature 

on LCA applications in the construction sector, with a focus 

on tools, practices and methodological variations. This 

structured approach ensured transparency in article 

selection, data extraction and synthesis. 

 

Goal and scope definition 

 This review aims to evaluate how LCA methodologies 

are applied in the construction industry, with particular focus 

on three key life cycle phases (construction, operation and 

maintenance and dismantling). Following the İSO 14040 and 

İSO 14044 standards, the scope of each study was assessed 

in terms of its system boundaries and functional units. 

Although variations exist, most studies defined their 

functional unit as a square meter of building area or a 

complete building system. Studies were included only if they 

assessed at least one of the targeted phases and provided 

sufficient detail on LCA modeling and impact evaluation. 

Boundaries were categorized as partial such as cradle-to-

gate or full like cradle-to-grave, depending on whether they 

incorporated all three phases under review. This focus 

allowed for a deeper understanding of environmental 

performance across a building's lifespan. 

Inventory analysis 

The data were collected from the four academic 

databases such Scopus, Web of Science, Science Direct and 

Google Scholar. Search terms included the life cycle 

assessment, LCA tools, building materials, construction and 

sustainable buildings, combined with Boolean operators. The 

timeframe was restricted to English and Turkish language 

peer reviewed journal articles published between 2015 and 

2025. The review considered environmental data across key 

phases: Material extraction and production (construction), 

operational lifespan and maintenance and end-of-life 

scenarios including deconstruction and disposal. Duplicates 

were removed using Mondeley software and all selected 

articles were reviewed in full to ensure alignment with the 

research scope. 

Impact assessment 

The research explored a broad range of environmental 

impacts to analyze the comparative life cycle performance of 

RG and GR. The most frequently reported impact category 

was Global Warming Potential 100 years (GWP100), 

reflecting carbon footprint concerns. Other frequently 

utilized categories included Ozone Layer Depletion (OLD), 

Eutrophication Potential (EP), Acidification Potential (AP) 

and Abiotic Depletion (AD), which measure nutrient runoff, 

acidifying emissions and non-renewable resource 

consumption respectively. Other types used in some of the 

research included Human Toxicity (HT), Marine Aquatic Eco 

toxicity (MAE), Freshwater Aquatic Eco toxicity (FWA), 

Terrestrial Eco toxicity (TE) and Photochemical Oxidation 

(PO), which examine emissions' effects on human health and 

ecology and air quality. The majority of the studies utilized 
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LCA instruments such as Open LCA, Mobius, Ecochain both of 

which provide access to multiple impact assessment 

methods, for instance, ReCiPe, CML and TRACİ. Some studies 

also applied Mobius for scenario testing, although its usage 

was rarely elaborated upon. Ecoinvent and Ecochain were 

the most commonly cited life cycle inventory databases, 

ensuring data consistency and methodological transparency. 

The selection and application of impact categories varied 

depending on study objectives, regional relevance and the 

availability of background data. 

Interpretation and selection criteria 

Based on the inclusion criteria, studies had to clearly 

apply LCA methodologies to construction contexts and 

report objectives, boundaries and impact methods in a 

transparent manner. Studies that were conference papers, 

dissertations or sources written in languages other than 

English and Turkish were not included. An initial screening 

of titles and abstracts was followed by a full-text review as 

part of a two-stage screening procedure. Nonetheless, a 

standardized form was used for the data extraction process, 

which recorded details about the study's purpose, functional 

unit, boundary, LCA tool, geographic location and LCA phase. 

To facilitate organized synthesis and comparison, the 

extracted data were grouped thematically. 

Literature search strategy and selection 

criteria 

The selection process of articles involved three main 

filtering stages. First, title screening was carried out to 

exclude articles unrelated to LCA, rain gardens or green 

walls. Second, during abstract screening, studies that did not 

perform an LCA analysis were removed. However, then, the 

full-text review was conducted to ensure that only studies 

meeting methodological rigor and relevance were included. 

Thus, this systematic process, a total of 90 studies focusing 

on LCA being selected, of which 22 studies specifically 

addressed rain gardens and green walls for in-depth analysis. 

Results and Discussion 

The comparative analysis evaluates the environmental 

performance of RG and GW systems using key LCA impact 

categories across their LCA stages such as construction 

Phase, operation & maintenance and dismantling which has 

been explained here in the corresponding order. Based on the 

LCİ, GRs utilize significantly more organic material specially 

soil and vegetation whereas GWs depend more on processed 

materials like steel, EPDM membranes and backing panels. İn 

the impact of LCA, GWs exhibited a notably higher impact in 

categories such as GWP100 and MAE primarily driven by 

operational inputs like electricity and fertilizer. Additionally,  

GRs showed higher impacts in fossil fuel depletion due 

to heavy substrate requirements and generated more organic 

waste during dismantling. The Table 1 visually emphasizes 

these differences, illustrating that while GWs have higher 

emissions and toxicity impacts, GRs are more resource-

intensive. These outcomes underscore how design and 

material choices shape the environmental footprint of urban 

green infrastructure systems. 

 

Table 1: Previous LCA studies on sustainable green infrastructure. 

Reference Focus Key Findings 

[9,10] LCA of rain garden 
Showed significant carbon reduction potential; 810-ton CO₂ eq net 
reduction 

[11,12] 
Residential rain gardens vs. traditional 
systems 

Rain gardens had lower environmental impacts and costs 

[13,14] 
Sustainable rainwater management 
LCA 

Reviewed challenges of LCA for rainwater systems 

[15,16] 
Rain garden performance under rainfall 
events 

LCA framework shows variable performance under rainfall scenarios 

[17,18] Green vs. grey infrastructure Green infrastructure more sustainable than grey 

[19,20] Felt-system green wall Cradle-to-grave LCA for felt-based living green wall 

[21] Living wall systems Identified construction and materials as major impact drivers 
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[22,23] Green wall design choices Emphasized importance of component/material selection 

[24,25] Systematic LCA review of green walls Production & construction stages have largest impacts 

[26-27] Green façades vs. living wall systems Façades have lower environmental impacts than complex wall systems 

[28,29] Living walls in Mediterranean region Assessed energy + environmental performance of 4 systems 

[30,31] 
Environmental benefits of green wall 
systems 

Found key benefits in thermal regulation and carbon footprint 

[32,33] Green wall full life cycle Impact highest in manufacturing and maintenance 

[34,35] Environmental impact of wall systems Focused on manufacturing impacts and suggested mitigation 

[36,20] LCA of vertical greenery systems Highlighted long-term benefits in urban areas 

[37,38] Comparative analysis of wall types Living walls have higher cost but greater energy savings 

[39,40] Indoor green wall systems Showed reduced cooling demand and energy use 

[41,42] 
Green roofs in stormwater 
management 

Significant reduction in storm runoff in Seoul 

[43,44]. Carbon sequestration in green roofs Green roofs act as carbon sinks 

[45,46] Environmental impact of green roofs Emphasized green roofs as urban sustainability tools 

[47,43] Green vs. blue roofs Water management and energy efficiency in urban areas 

[48,49] Pollution reduction via green roofs Filter pollutants from rainwater; improved air and water quality 

Basic on the Table 2 shows the LCA inventory data per 

1 m² over a 15-year lifespan, as the comparison between GW 

and GR reveals key differences in material use and lifecycle 

impact. GW use more structural materials like steel and 

backing panels, while GR rely on bulk landscape materials 

such as gravel, sand and a larger quantity of waterproofing 

membrane. During operation, GR require more resources, 

including electricity, fertilizer and water, indicating higher 

maintenance demands. At dismantling, GR generate more 

waste, especially organic and solid waste. Additionally, the 

GW is more material-intensive during construction, whereas 

GR have higher operational and end-of-life impacts. This data 

highlights key differences in material intensity and 

maintenance demands, offering a comparative foundation for 

assessing their environmental impacts in urban green 

infrastructure planning. 

Table 2: LCA inventory data for rain gardens and green walls (per1 m²) over a 15-year lifespan. 

Phase Item Amount (GW) Amount (GR) Unit 

Construction 

EPDM / TPO Wall-integrated 1.2 kg 

Geotextile N/A 0.3 kg 

Gravel, sand Built-in 20 kg 

https://biology.academicsquare-pub.com/


 

 

Journal of Environment and Biological Science
Research Article 

5 Volume 1 Issue 2 Copyright © 2025| https://biology.academicsquare-pub.com/ 

PE / PVC 2 2 kg 

PVC 0.5 0.5 kg 

Soil, coco coir 20 12 kg 

Steel 10 0.2 kg 

Vegetation 5 1.5 kg 

Backing panel 5 - kg 

Operation and maintenance 

Electricity 1.5 15 kWh 

Emission to water - 0.6 kg 

Fertilizer 0.3 1.5 kg 

Manual labor 3 3 kg 

Plant replacement 4 6 kg 

Dismantling 

Chemical waste - 0.4 kg 

Solid waste 5.4 11 kg 

Vegetation waste 5 15 kg 

Construction phase 

The RG system shows substantially higher impacts than 

the GW system across most environmental indicators during 

the construction phase. For instance, RG has a Global 

Warming GWP100 of 4.07 kg CO₂ eq, while GW has only 0.58 

kg CO₂ eq. This disparity arises because RG incorporates 

heavier materials such as drainage layers, insulation boards, 

waterproof membranes and bulk soil substrates. These 

components contribute to elevated emissions from material 

production, transportation and installation. The use of 

foamed plastic insulation and adhesives can also raise OLD 

impacts. Furthermore, abiotic resource use, AD and ADF, is 

higher in RG due to its reliance on mineral and 

petrochemical-based materials. However, the GW system 

uses lighter prefabricated panels, which are more materials 

and energy-efficient, thereby lowering emissions and 

resource use. İts reduced installation demands result in 

lower PO and toxicity emissions. 

Operation and maintenance phase 

İn the part of operation and maintenance, the GW system 

shows higher impacts than RG across almost all categories. 

Overall, GW exhibits a GWP100 of 796 kg CO₂ eq, significantly 

higher than RG’s 419 kg CO₂ eq. This is primarily due to the 

continuous energy demand from irrigation systems, pumps 

and sometimes lighting used in vertical garden modules. 

These systems often operate autonomously and require 

frequent fertilization, which increases impacts in categories 

such as EP and AP. İn contrast the GW’s consistent use of 

liquid fertilizers and chemical additives also results in 

greater Eco-toxic impacts, particularly in MAE and FWAE, 

due to runoff and nutrient leaching. Additionally, the HT and 

TE are similarly elevated due to increased application of 

chemical agents. On the other side, RG systems, once 

established, are often low-maintenance and passive, typically 

relying on natural rainfall and needing minimal chemical 

inputs. This makes them more environmentally favorable 

during this phase. Furthermore, their soil systems help filter 

runoff and reduce Eco-toxic emissions. 

Dismantling phase 

İn the Phase of dismantling, the minimal for both 

systems, with all categories showing negligible values. This 

part mainly involves manual or mechanical removal of 

structural elements and substrates, with no significant 

chemical or energy use. Hence, the rain garden shows slightly 

elevated GWP100 and OLD during dismantling due to the 

transport and disposal of heavier elements such as soil and 

insulation layers, which may contain residual substances 

with minor environmental impacts. Nonetheless, these 

values are very small in absolute terms. 

Basic on the Table 2 shows the LCA inventory data per 

1 m² over a 15-year lifespan, as the comparison between GW 

and GR reveals key differences in material use and lifecycle 

impact. GW use more structural materials like steel and 

backing panels, while GR rely on bulk landscape materials 

such as gravel, sand and a larger quantity of waterproofing 

membrane. During operation, GR require more resources, 

including electricity, fertilizer and water, indicating higher 

maintenance demands. At dismantling, GR generate more 

waste, especially organic and solid waste. Additionally, the 

GW is more material-intensive during construction, whereas 

GR have higher operational and end-of-life impacts. This data 

highlights key differences in material intensity and 
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maintenance demands, offering a comparative foundation for 

assessing their environmental impacts in urban green 

infrastructure planning. 

According to Table 3, the LCA of GR and GW reveals 

diversified environmental impacts at construction, 

operational and dismantling phases. GRs reflect greater 

impacts in resource depletion due to intensive vegetation 

and soil usage during construction, while GWs are more 

material-intensive with the use of steel and polymers. 

Operationally, GWs consume more water, electricity and 

fertilizer, which translate to greater maintenance needs. İn 

later stages of life, GRs perform more organic waste 

production, whereas GWs produce more environmental 

material return. These differences reflect the influence of 

material composition and upkeep on their environmental 

performance (Figures 1-3). 
 

Table 3: Environmental impact categories for GR and GW 

Impact 
Category 

Unit 

GR GW 

Constructi
on 

Operati
on & M 

Dismantli
ng 

Total 
Constructi
on 

Operati
on & M 

Dismantli
ng 

Total 

Abiotic 
Depletion 

kg Sb 
eq 

4.×10⁻³ 5.8×10⁻⁵ 0.00 ×10⁰ 4×10⁻³ 1.3×10⁻⁶ 8.5×10⁻⁵ 0.00 ×10⁰ 
8.6×10
⁻⁵ 

Fossil Fuel 
Depletion 

MJ 9.3 × 10¹ 1.2 ×10² 0.0× 10⁰ 
2.1×10
² 

4.8×10⁰ 1.7×10² 0.00×10⁰ 
1.8× 
10² 

Acidification 
kg 
SO₂ 
eq 

2× 10⁻² 5×10⁻² 0.0× 10⁰ 6×10⁻² 2 × 10⁻³ 7× 10⁻² 0.00 × 10⁰ 
7.1 × 
10⁻² 

Eutrophicati
on 

kg 
PO₄ 
eq 

4.3×10⁻³ 5×10⁻³ 0× 10⁰ 
10×10
⁻³ 

3 × 10⁻⁴ 
7.68 × 
10⁻³ 

0.00 × 10⁰ 
8 × 
10⁻³ 

Freshwater 
Toxicity 

kg 
1,4- 

5×10⁻² 7 × 10⁻² 0.0× 10⁰ 1×10⁻¹ 4× 10⁻³ 1 × 10⁻¹ 0.00 × 10⁰ 
1 × 
10⁻¹ 

Human 
Toxicity 

DB 
eq 

1.2 × 10⁰ 
2.21 × 
10⁰ 

0.00 × 10⁰ 
3.4× 
10⁰ 

1.15 × 10⁻¹ 
3.24 × 
10⁰ 

0.00 × 10⁰ 
3.35 × 
10⁰ 

Global 
Warming 
Potential 

kg 
CO₂ 
eq 

4× 10⁰ 5 × 10² 2 × 10¹ 
4.4 × 
10² 

5.8 × 10⁻¹ 
7.96 × 
10² 

2.05 × 10⁰ 
7.8× 
10² 

Ozone Layer 
Depletion 

kg 
CFC-
11 eq 

2 × 10⁰ 6 ×10⁻¹ 2 × 10⁻² 
2.6 × 
10⁰ 

2 × 10⁻⁴ 
1.06 × 
10⁰ 

2.8 × 10⁻³ 
1.06 × 
10⁰ 

Photochemic
al Oxidant 
Formation 

kg 
C₂H₄ 
eq 

1 × 10⁻³ 2 ×10⁻³ 0.00 × 10⁰ 
3 
×10⁻³ 

1 × 10⁻⁴ 3 × 10⁻³ 0.00 × 10⁰ 
3 × 
10⁻³ 

Solid Waste 
kg1,
4- 

5.4 × 10⁰ 0.0 × 10⁰ 0.00 × 10⁰ 
5.4 × 
10⁰ 

1.10 × 10⁰ 1.1 × 10⁰ 0.0 × 10⁰ 
2.2× 
10⁰ 

Terrestrial 
Toxicity 

DBeq 3 × 10⁻² 2 × 10⁻² 0.00 × 10⁰ 
4 
×10⁻² 

7.3 × 10⁻⁴ 2 × 10⁻² 00 × 10⁰ 
2.2 × 
10⁻² 

Marine 
Eutrophicati
on 

kg 
1,4-
DB 
eq 

1.2 × 10³ 8.3 × 10³ 0.0 × 10⁰ 
9.5 × 
10³ 

2.3 × 10² 1.2×10⁴ 0.00×10⁰ 
1.3×10
⁴ 
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Figure 1: Environmental İmpact assessment of GW 

contribution per measurement categories. 

 

Figure 2: Environmental İmpact assessment of GW 

contribution per measurement categories. 

 

Figure 3: Comparison of LCA impact by category for RG 

and GW. 

Based on the Figure 4 comparative LCA, the GR system 

demonstrates a superior environmental performance 

overall, particularly in terms of GWP with emissions of 439 

kg CO₂ eq, GR contributes approximately 45% less to GW 

than the GR, which emits 799 kg CO₂ eq. This makes GR the 

more climate-friendly option, which is a critical 

consideration in sustainable construction and climate 

mitigation strategies. 

 

Figure 4: Comparison of impact per item on global 

warming. 

İn other word, it is important to note that GR exhibits 

higher impacts in OLD about 3 kg CFC-11 eq and TE (0.04 kg 

1,4-DB eq) compared to GW. Although, these increases, the 

significantly reduced carbon footprint of GR positions it as 

the more environmentally advantageous solution when 

global warming is prioritized as the most urgent impact 

category. For both systems, it is shown in a separate and 

comparative form in Figures 5-14. 

 

Figure 5: Comparison of impact per item on abiotic 

depletion. 

 

Figure 6: Comparison of impact per item on Abiotic 

depletion (fossil fuels). 
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Figure 7: Comparison of impact per item on acidification. 

 

Figure 8: Comparison of impact per item on 

eutrophication. 

 

Figure 9: Comparison of impact per item on Fresh water 

aquatic eco-toxic. 

 

Figure 10: Comparison of impact per item on human 

toxicity. 

 

Figure 11: Comparison of impact per item on marine 

aquatic eco-toxicity. 

 

Figure 12: Comparison of impact per item on ozone layer 

depletion. 

 

Figure 13: Comparison of impact per item on 

photochemical oxidation. 

 

Figure 14: Comparison of impact per item on terrestrial 

Eco-toxicity. 

Conclusion 

This research study critically evaluated the 

environmental performance of RGs and GWs throughout 

their life cycle using a systematic review approach with İSO-

conformant LCA methodology as its basis. Results show that 

RGs have better performance during the operational stage 

due to their passive water management and low energy use, 

while GWs are lower in impact during the construction stage 

due to their prefabricated, lightweight material design. 

Quantitatively, GW systems also had a lower global warming 

during construction (0.58 kg CO₂ eq versus RG's 4.07 kg CO₂ 

eq), but much higher GWP100 during operation (796 kg CO₂ 

eq versus 419 kg CO₂ eq for RG). Although, RGs also had 
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greater fossil fuel depletion and solid waste generation at 

end-of-life. These findings highlight that while GWs systems 

are defined by energy-efficient buildings, RGs offer more 

long-term environmental performance. Therefore, 

application of both systems together, based on priorities at 

the site level such as improvement of water quality or 

thermal management as can ensure maximum sustainability 

outcomes in urban infrastructure. Standardization of LCA 

boundaries and cyclical impact assessment methodology is 

critical to improve comparability and assist smart policy and 

design decisions in green infrastructure planning. 

References 
1. (2017) Global infrastructure outlook. Global İnfrastructure 

Hub. [Google Scholar]  

2. Bigger P, Webber S (2021) Green structural adjustment in the 

world bank’s resilient city. Ann Am Assoc Geogr 111: 36-51. 

[Crossref], [Google Scholar] 

3. Byrne DM, Grabowski MK, Benitez AC, Schmidt AR, Guest JS 

(2017) Evaluation of Life Cycle Assessment (LCA) for roadway 

drainage systems. Environ Sci Technol 51: 9261-9270. 

[Crossref], [Google Scholar] 

4. Chaffin BC, Shuster WD, Garmestani AS, Furio B, Albro SL, et al. 

(2016) A tale of two rain gar Ohio aldens: Barriers and bridges 

to adaptive management of urban stormwater in Cleveland, 

Ohio. J Environ Manage 183: 431-441. [Crossref], [Google 

Scholar], [İndexed] 

5. Chatzimentor A, Apostolopoulou E, Mazaris AD (2020) A 

review of green infrastructure research in Europe: Challenges 

and opportunities. Landsc Urban Plann 198: 103775. 

[Crossref], [Google Scholar] 

6. Chenani SB, Lehva virta S, Ha kkinen T (2015) Life cycle 

assessment of layers of green roofs. J Cleaner Prod 90: 153-162. 

[Crossref], [Google Scholar] 

7. Dauda İ, Alibaba HZ (2020) Green roof benefits, opportunities 

and challenges. İnt J Civ Struct Eng Res 7: 106-112. [Google 

Scholar] 

8. de Oliveira Santos TD, Pacheco FAL, Fernandes LFS (2024) A 

systematic analysis on the efficiency and sustainability of green 

facades and roofs. Sci Total Environ 173107. [Crossref], [Google 

Scholar], [İndexed] 

9. Ferrer ALC, Thome  AMT, Scavarda AJ (2018) Sustainable urban 

infrastructure: A review. Resour Conserv Recycl 128: 360-372. 

[Crossref], [Google Scholar] 

10. Fletcher TD, Andrieu H, Hamel P (2013) Understanding, 

management and modelling of urban hydrology and its 

consequences for receiving waters: A state of the art. Adv Water 

Resour 51: 261-279. [Crossref], [Google Scholar] 

11. (2018) Green roof guidelines - Guidelines for the planning, 

construction and maintenance of green roofs. FLL Landscape 

Dev Landscap Res Soc.  

12. Flynn KM (2011) Evaluation of green infrastructure practices 

using life cycle assessment. [Google Scholar] 

13. Flynn KM, Traver RG (2013) Green infrastructure life cycle 

assessment: A bio-infiltration case study. Ecol Eng 55: 9-22. 

[Crossref], [Google Scholar] 

14. Getter KL, Rowe DB, Robertson GP, Cregg BM, Andresen JA 

(2009) Carbon sequestration potential of extensive green 

roofs. Environ Sci Technol 43: 7564-7570. [Crossref], [Google 

Scholar] 

15. Hengen TJ, Sieverding HL, Stone JJ (2016) Lifecycle assessment 

analysis of engineered stormwater control methods common 

to urban watersheds. J Water Resour Plan Manage 142: 

04016016. [Crossref], [Google Scholar] 

16. İshimatsu K, İto K, Mitani Y, Tanaka Y, Sugahara T, et al. (2017) 

Use of rain gardens for stormwater management in urban 

design and planning. Landsc Ecol Eng 13: 205-212. [Crossref], 

[Google Scholar] 

17. Jennings AA, Adeel AA, Hopkins A, Litofsky AL, Wellstead SW 

(2013) Rain barrel-urban garden stormwater management 

performance. J Environ Eng 139: 757-765. [Crossref], [Google 

Scholar] 

18. Kosareo L, Ries R (2007) Comparative environmental life cycle 

assessment of green roofs. Build Environ 42: 2606-2613. 

[Crossref], [Google Scholar]  

19. Li Y, Huang Y, Ye Q, Zhang W, Meng F, et al. (2018) Multi-

objective optimization integrated with life cycle assessment for 

rainwater harvesting systems. J Hydrol 558: 659-666. 

[Crossref], [Google Scholar] 

20. Malaviya P, Sharma R, Sharma PK (2019) Rain gardens as 

stormwater management tool. Sust Green Technol Environ 

Manag 141-166. [Crossref], [Google Scholar] 

21. Peng Y, Wang Y, Chen H, Wang L, Luo B, et al. (2024) Carbon 

reduction potential of a rain garden: A cradle-to-grave life cycle 

carbon footprint assessment. J Clean Prod 434: 139806. 

[Crossref], [Google Scholar] 

22. Rasul MG, Arutla LKR (2020) Environmental impact 

assessment of green roofs using life cycle assessment. Energy 

Rep 6: 503-508. [Crossref], [Google Scholar] 

23. Ren ZM, Su DZ (2014) Comparison of different life cycle impact 

assessment software tools. Key Eng Mater 572: 44-49. 

[Crossref], [Google Scholar]  

24. Rowe DB (2011) Green roofs as a means of pollution 

abatement. Environ Pollut 159: 2100-2110. [Crossref], [Google 

Scholar] 

25. Saiz S, Kennedy C, Bass B, Pressnail K (2006) Comparative life 

cycle assessment of standard and green roofs. Environ Sci 

Technol 40: 4312-4316. [Crossref], [Google Scholar] [İndexed] 

26. Saqib A, Khan MSU, Rana İA (2024) Bridging nature and 

urbanity through Green roof Resilience Framework (GRF): A 

thematic review. Nature-Based Sol 6: 100182. [Crossref], 

[Google Scholar] 

27. Sebastian DE, Ganguly S, Krishnaswamy J, Duffy K, Nemani R, et 

al. (2019) Multi-scale association between vegetation growth 

https://biology.academicsquare-pub.com/
https://cdn.gihub.org/umbraco/media/1652/20170913-ipfa-presentation-outlook-compass.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Global+Infrastructure+Outlook&btnG=
https://www.tandfonline.com/doi/full/10.1080/24694452.2020.1749023
https://www.tandfonline.com/doi/full/10.1080/24694452.2020.1749023
https://doi.org/10.1080/24694452.2020.1749023
https://scholar.google.com/scholar?cluster=11637767803659965847&hl=en&as_sdt=0,5
https://pubs.acs.org/doi/abs/10.1021/acs.est.7b01856
https://pubs.acs.org/doi/abs/10.1021/acs.est.7b01856
https://doi.org/10.1021/acs.est.7b01856
https://scholar.google.com/scholar?cluster=6583579259698974713&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0301479716303644?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0301479716303644?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0301479716303644?via%3Dihub
https://doi.org/10.1016/j.jenvman.2016.06.025
https://scholar.google.com/scholar?cluster=15469174169275482851&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=15469174169275482851&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/27372737/
https://www.sciencedirect.com/science/article/abs/pii/S0169204619303299
https://www.sciencedirect.com/science/article/abs/pii/S0169204619303299
https://www.sciencedirect.com/science/article/abs/pii/S0169204619303299
https://doi.org/10.1016/j.landurbplan.2020.103775
https://scholar.google.com/scholar?cluster=17376411706313863117&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0959652614012773
https://www.sciencedirect.com/science/article/abs/pii/S0959652614012773
https://doi.org/10.1016/j.jclepro.2014.11.070
https://scholar.google.com/scholar?cluster=14412070249333870085&hl=en&as_sdt=0,5
https://ssu.mia.mybluehost.me/website_2af476cb/wp-content/uploads/2022/04/isaaiah.pdf
https://ssu.mia.mybluehost.me/website_2af476cb/wp-content/uploads/2022/04/isaaiah.pdf
https://scholar.google.com/scholar?cluster=3480466971103716070&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=3480466971103716070&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S0048969724032546?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969724032546?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969724032546?via%3Dihub
https://doi.org/10.1016/j.scitotenv.2024.173107
https://scholar.google.com/scholar?cluster=15083345768973907785&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=15083345768973907785&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/38729359/
https://www.sciencedirect.com/science/article/abs/pii/S0921344916301914
https://www.sciencedirect.com/science/article/abs/pii/S0921344916301914
https://doi.org/10.1016/j.resconrec.2016.07.017
https://scholar.google.com/scholar?cluster=10496227792868566598&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0309170812002412
https://www.sciencedirect.com/science/article/abs/pii/S0309170812002412
https://www.sciencedirect.com/science/article/abs/pii/S0309170812002412
https://doi.org/10.1016/j.advwatres.2012.09.001
https://scholar.google.com/scholar?cluster=9781304694818513982&hl=en&as_sdt=0,5
https://commons.bcit.ca/greenroof/files/2019/01/FLL_greenroofguidelines_2018.pdf
https://commons.bcit.ca/greenroof/files/2019/01/FLL_greenroofguidelines_2018.pdf
https://www1.villanova.edu/content/dam/villanova/engineering/vcase/vusp/Flynn-THesis-11.pdf
https://www1.villanova.edu/content/dam/villanova/engineering/vcase/vusp/Flynn-THesis-11.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09Flynn+KM+%282011%29+Evaluation+of+green+infrastructure+practices+using+life+cycle+assessment.+Master%E2%80%99s+Thesis%2C+College+of+Engineering%2C+Villanova+University%2C+Villanova%2C+Pennsylvania&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0925857413000190
https://www.sciencedirect.com/science/article/abs/pii/S0925857413000190
https://doi.org/10.1016/j.ecoleng.2013.01.004
https://scholar.google.com/scholar?cluster=479879892419250088&hl=en&as_sdt=0,5
https://pubs.acs.org/doi/abs/10.1021/es901539x
https://pubs.acs.org/doi/abs/10.1021/es901539x
https://doi.org/10.1021/es901539x
https://scholar.google.com/scholar?cluster=7508121802388555401&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=7508121802388555401&hl=en&as_sdt=0,5
https://ascelibrary.org/doi/abs/10.1061/(ASCE)WR.1943-5452.0000647
https://ascelibrary.org/doi/abs/10.1061/(ASCE)WR.1943-5452.0000647
https://ascelibrary.org/doi/abs/10.1061/(ASCE)WR.1943-5452.0000647
https://doi.org/10.1061/(ASCE)WR.1943-5452.0000647
https://scholar.google.com/scholar?cluster=16033864445136829576&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s11355-016-0309-3
https://link.springer.com/article/10.1007/s11355-016-0309-3
https://doi.org/10.1007/s11355-016-0309-3
https://scholar.google.com/scholar?cluster=13329611339549665473&hl=en&as_sdt=0,5
https://ascelibrary.org/doi/abs/10.1061/(ASCE)EE.1943-7870.0000663
https://ascelibrary.org/doi/abs/10.1061/(ASCE)EE.1943-7870.0000663
https://doi.org/10.1061/(ASCE)EE.1943-7870.0000663
https://scholar.google.com/scholar?cluster=10597022769316326851&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=10597022769316326851&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0360132306001648
https://www.sciencedirect.com/science/article/abs/pii/S0360132306001648
https://doi.org/10.1016/j.buildenv.2006.06.019
https://scholar.google.com/scholar?cluster=723352427533941116&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0022169418300830
https://www.sciencedirect.com/science/article/abs/pii/S0022169418300830
https://www.sciencedirect.com/science/article/abs/pii/S0022169418300830
https://doi.org/10.1016/j.jhydrol.2018.02.007
https://scholar.google.com/scholar?cluster=13529595009445525126&hl=en&as_sdt=0,5
https://link.springer.com/chapter/10.1007/978-981-13-2772-8_7
https://link.springer.com/chapter/10.1007/978-981-13-2772-8_7
https://doi.org/10.1007/978-981-13-2772-8_7
https://scholar.google.com/scholar?cluster=8714123518305520683&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0959652623039641
https://www.sciencedirect.com/science/article/abs/pii/S0959652623039641
https://www.sciencedirect.com/science/article/abs/pii/S0959652623039641
https://doi.org/10.1016/j.jclepro.2023.139806
https://scholar.google.com/scholar?cluster=8179988255319667901&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S2352484719305797
https://www.sciencedirect.com/science/article/pii/S2352484719305797
https://doi.org/10.1016/j.egyr.2019.09.015
https://scholar.google.com/scholar?cluster=17997349974934753669&hl=en&as_sdt=0,5
https://www.scientific.net/KEM.572.44
https://www.scientific.net/KEM.572.44
https://doi.org/10.4028/www.scientific.net/KEM.572.44
https://scholar.google.com/scholar?cluster=11943234406552805641&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0269749110004859
https://www.sciencedirect.com/science/article/abs/pii/S0269749110004859
https://doi.org/10.1016/j.envpol.2010.10.029
https://scholar.google.com/scholar?cluster=2983053778117494860&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=2983053778117494860&hl=en&as_sdt=0,5
https://pubs.acs.org/doi/abs/10.1021/es0517522
https://pubs.acs.org/doi/abs/10.1021/es0517522
https://doi.org/10.1021/es0517522
https://scholar.google.com/scholar?cluster=14606039149945245606&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/16856752/
https://www.sciencedirect.com/science/article/pii/S2772411524000739
https://www.sciencedirect.com/science/article/pii/S2772411524000739
https://www.sciencedirect.com/science/article/pii/S2772411524000739
https://doi.org/10.1016/j.nbsj.2024.100182
https://scholar.google.com/scholar?cluster=13219403066234588915&hl=en&as_sdt=0,5
https://www.mdpi.com/2072-4292/11/22/2703


 

 

Journal of Environment and Biological Science
Research Article 

10 Volume 1 Issue 2 Copyright © 2025| https://biology.academicsquare-pub.com/ 

and climate in İndia: A wavelet analysis approach. Remote 

Sens 11: 2703. [Crossref], [Google Scholar] 

28. Shafique M, Kim R, Kyung-Ho K (2018) Green roof for 

stormwater management in a highly urbanized area: The case 

of Seoul, Korea. Sustain 10: 584. [Crossref], [Google Scholar] 

29. Shafique M, Kim R, Rafiq M (2018) Green roof benefits, 

opportunities and challenges-A review. Renew Sustain Energy 

Rev 90: 757-773. [Crossref], [Google Scholar] 

30. Kumari D (2016) Green and blue roofs: A significant solution to 

urban environmental problems. İndian Geogr J 91: 20-34. 

[Google Scholar] 

31. Sousa D, Small C, Spalton A, Kwarteng A (2019) Coupled 

spatiotemporal characterization of monsoon cloud cover and 

vegetation phenology. Remote Sens 11: 1203. [Crossref], 

[Google Scholar] 

32. Spatari S, Yu Z, Montalto FA (2011) Life cycle implications of 

urban green infrastructure. Environ Pollut 159: 2174-2179. 

[Crossref], [Google Scholar], [İndexed] 

33. Stefanakis Aİ (2019) The role of constructed wetlands as green 

infrastructure for sustainable urban water management. 

Sustain 11: 6981. [Crossref], [Google Scholar] 

34. Suppakittpaisarn P, Jiang X, Sullivan WC (2017) Green 

infrastructure, green stormwater infrastructure and human 

health: A review. Curr Landsc Ecol Rep 2: 96-110. [Crossref], 

[Google Scholar] 

35. Trenta M, Quadri A, Sambuco B, Garcia CAP, Barbaresi A, et al. 

(2025) Green roof management in mediterranean climates: 

Evaluating the performance of native herbaceous plant species 

and green manure to increase sustainability. Build 15: 640. 

[Crossref], [Google Scholar] 

36. (2018) World urbanization prospects: The 2018 revision. 

United Nations.  

37. Wang R, Eckelman MJ, Zimmerman JB (2013) Consequential 

environmental and economic life cycle assessment of green and 

gray stormwater infrastructures for combined sewer systems. 

Environ Sci Technol 47: 11189-11198. [Crossref], [Google 

Scholar], [İndexed]  

38. Wang Y, Ni Z, Hu M, Li J, Wang Y, et al. (2020) Environmental 

performances and energy efficiencies of various urban green 

infrastructures: A life-cycle assessment. J Clean Prod 248: 

119244. [Crossref], [Google Scholar] 

 

 

 

 

 

 

 

 

 

 

39. Vineyard D, İngwersen WW, Hawkins TR, Xue X, Demeke B 

(2015) Comparing green and grey infrastructure using life 

cycle cost and environmental impact: A rain garden case study 

in cincinnati, OH. J Am Water Resour Assoc 51: 1342-1360. 

[Crossref], [Google Scholar] 

40. Vaz İCM, İstchuk RN, Oneda TMS, Ghisi E (2023) Sustainable 

rainwater management and life cycle assessment: Challenges 

and perspectives. Sustain 15: 12133. [Crossref], [Google 

Scholar] 

41. William R, Gardoni P, Stillwell AS (2021) Predicting rain garden 

performance under back-to-back rainfall conditions using 

stochastic life-cycle analysis. Sust Resil İnfra 6: 143-155. 

[Crossref], [Google Scholar] 

42. Salah GMJA, Romanova A (2021) Life cycle assessment of felt 

system living green wall: Cradle to grave case study. Environ 

Chall 3: 100046. [Crossref], [Google Scholar] 

43. Cosola VOD, Olivieri F, Ruiz-Garcí a L, Bacenetti J (2020) An 

environmental life cycle assessment of living wall systems. J 

Environ Manage 254: 109743. [Crossref], [Google Scholar], 

[İndexed] 

44. Reyhani M, Santolini E, Tassinari P, Torreggiani D (2023) 

Environmental assessment of design choices of green walls 

based for materials combination and plants. İnt J Life Cycle 

Assess 28: 1078-1091. [Crossref], [Google Scholar] 

45. Ottele  M, Perini K, Fraaij ALA, Haas EM, Raiteri R (2011) 

Comparative life cycle analysis for green façades and living wall 

systems. Energy Build 43: 3419-3429. [Crossref], [Google 

Scholar] 

46. Barreca F, Cardinali GD, Bruno R, Arcuri N (2024) Sustainability 

assessments of living walls in the mediterranean area. Build 14: 

3222. [Crossref], [Google Scholar] 

47. Reyhani M, Santolini E, Michael RN, Barbaresi A, Tassinari P, et 

al. (2024) Environmental assessment of green wall: A 

comparison between Australia and İtaly. Sci Total Environ 957: 

177699. [Crossref], [Google Scholar], [İndexed] 

48. Liu M, Zhu C, Cui T, Zhang H, Zheng W, et al. (2018) An 

alternative algorithm of tunnel piston effect by replacing three-

dimensional model with two-dimensional model. Build 

Environ 128: 55-67. [Crossref], [Google Scholar] 

49. (2025) Using green roofs to reduce heat islands. U.S. 

Environmental Protection Agency. 

https://biology.academicsquare-pub.com/
https://www.mdpi.com/2072-4292/11/22/2703
https://doi.org/10.3390/rs11222703
https://scholar.google.com/scholar?cluster=6789096740919498066&hl=en&as_sdt=0,5
https://www.mdpi.com/2071-1050/10/3/584
https://www.mdpi.com/2071-1050/10/3/584
https://www.mdpi.com/2071-1050/10/3/584
https://doi.org/10.3390/su10030584
https://scholar.google.com/scholar?cluster=16068960856260559276&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S136403211830217X
https://www.sciencedirect.com/science/article/abs/pii/S136403211830217X
https://www.sciencedirect.com/science/article/abs/pii/S136403211830217X
https://scholar.google.com/scholar?cluster=9002673125964466448&hl=en&as_sdt=0,5
https://mail.igschennai.org/IGJ/IGJ-Vol_91_2016-Special-Theme-Climatology.pdf#page=22
https://mail.igschennai.org/IGJ/IGJ-Vol_91_2016-Special-Theme-Climatology.pdf#page=22
https://scholar.google.com/scholar?cluster=4939704874740363164&hl=en&as_sdt=0,5
https://www.mdpi.com/2072-4292/11/10/1203
https://www.mdpi.com/2072-4292/11/10/1203
https://www.mdpi.com/2072-4292/11/10/1203
https://doi.org/10.3390/rs11101203
https://scholar.google.com/scholar?cluster=11539215781831845599&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0269749111000376?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0269749111000376?via%3Dihub
https://doi.org/10.1016/j.envpol.2011.01.015
https://scholar.google.com/scholar?cluster=7513413929155252950&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/21330022/
https://www.mdpi.com/2071-1050/11/24/6981
https://www.mdpi.com/2071-1050/11/24/6981
https://doi.org/10.3390/su11246981
https://scholar.google.com/scholar?cluster=9936552383405771554&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s40823-017-0028-y
https://link.springer.com/article/10.1007/s40823-017-0028-y
https://link.springer.com/article/10.1007/s40823-017-0028-y
https://doi.org/10.1007/s40823-017-0028-y
https://scholar.google.com/scholar?cluster=11060894262190501977&hl=en&as_sdt=0,5
https://www.mdpi.com/2075-5309/15/4/640
https://www.mdpi.com/2075-5309/15/4/640
https://www.mdpi.com/2075-5309/15/4/640
https://doi.org/10.3390/buildings15040640
https://scholar.google.com/scholar?cluster=14171211316823462435&hl=en&as_sdt=0,5
https://population.un.org/wup/assets/WUP2018-Report.pdf
https://pubs.acs.org/doi/10.1021/es4026547
https://pubs.acs.org/doi/10.1021/es4026547
https://pubs.acs.org/doi/10.1021/es4026547
https://doi.org/10.1021/es4026547
https://scholar.google.com/scholar?cluster=6299491046663345019&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=6299491046663345019&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/23957532/
https://www.sciencedirect.com/science/article/abs/pii/S0959652619341149
https://www.sciencedirect.com/science/article/abs/pii/S0959652619341149
https://www.sciencedirect.com/science/article/abs/pii/S0959652619341149
https://doi.org/10.1016/j.jclepro.2019.119244
https://scholar.google.com/scholar?cluster=16300239279294358386&hl=en&as_sdt=0,5
https://onlinelibrary.wiley.com/doi/abs/10.1111/1752-1688.12320
https://onlinelibrary.wiley.com/doi/abs/10.1111/1752-1688.12320
https://onlinelibrary.wiley.com/doi/abs/10.1111/1752-1688.12320
https://doi.org/10.1111/1752-1688.12320
https://scholar.google.com/scholar?cluster=11645908240378578635&hl=en&as_sdt=0,5
https://www.mdpi.com/2071-1050/15/16/12133
https://www.mdpi.com/2071-1050/15/16/12133
https://www.mdpi.com/2071-1050/15/16/12133
https://doi.org/10.3390/su151612133
https://scholar.google.com/scholar?cluster=12921082676728481123&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=12921082676728481123&hl=en&as_sdt=0,5
https://www.tandfonline.com/doi/abs/10.1080/23789689.2019.1660549
https://www.tandfonline.com/doi/abs/10.1080/23789689.2019.1660549
https://www.tandfonline.com/doi/abs/10.1080/23789689.2019.1660549
https://doi.org/10.1080/23789689.2019.1660549
https://scholar.google.com/scholar?cluster=6160145269943736289&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S2667010021000251
https://www.sciencedirect.com/science/article/pii/S2667010021000251
https://doi.org/10.1016/j.envc.2021.100046
https://scholar.google.com/scholar?cluster=10236156747286878481&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0301479719314616?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0301479719314616?via%3Dihub
https://doi.org/10.1016/j.jenvman.2019.109743
https://scholar.google.com/scholar?cluster=9059149169387882710&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/31706121/
https://link.springer.com/article/10.1007/s11367-023-02181-x
https://link.springer.com/article/10.1007/s11367-023-02181-x
https://doi.org/10.1007/s11367-023-02181-x
https://scholar.google.com/scholar?cluster=15631607802020861486&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0378778811003987
https://www.sciencedirect.com/science/article/abs/pii/S0378778811003987
https://doi.org/10.1016/j.enbuild.2011.09.010
https://scholar.google.com/scholar?cluster=6281732612317700223&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=6281732612317700223&hl=en&as_sdt=0,5
https://www.mdpi.com/2075-5309/14/10/3222
https://www.mdpi.com/2075-5309/14/10/3222
https://doi.org/10.3390/buildings14103222
https://scholar.google.com/scholar?cluster=7371003794906903112&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S0048969724078562?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969724078562?via%3Dihub
https://doi.org/10.1016/j.scitotenv.2024.177699
https://scholar.google.com/scholar?cluster=8235682014615392995&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/39577588/
https://www.sciencedirect.com/science/article/abs/pii/S0360132317305292
https://www.sciencedirect.com/science/article/abs/pii/S0360132317305292
https://www.sciencedirect.com/science/article/abs/pii/S0360132317305292
https://doi.org/10.1016/j.buildenv.2017.11.022
https://scholar.google.com/scholar?cluster=14511933650072588067&hl=en&as_sdt=0,5
https://www.epa.gov/heatislands/using-green-roofs-reduce-heat-islands

