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Abstract: Urban Heat Islands (UHIs) exacerbate temperature extremes in cities, leading to 

increased energy consumption and environmental degradation. Green roof systems have 

emerged as an effective strategy to mitigate UHIs by introducing vegetation to building 

rooftops, which provides insulation, reduces heat absorption, and enhances urban green space. 

This paper explores the design and implementation of green roofs, highlighting their potential 

in addressing UHI effects. It categorizes green roofs into extensive and intensive types, each 

with specific design requirements and benefits. The study examines critical design elements 

such as structural support, waterproofing, and plant selection. Implementation strategies are 

discussed, including site assessment, installation processes, and cost considerations. Case 

studies from Berlin and Chicago illustrate the practical impact of green roofs on reducing 

ambient temperatures and improving environmental quality. The paper also addresses the 

economic, environmental, and social benefits of green roofs while acknowledging challenges 

such as high initial costs and maintenance needs. The findings suggest that green roof systems, 

despite challenges, offer a sustainable approach to urban heat mitigation and contribute to more 

resilient and livable cities. Future research directions include technological advancements and 

policy support to enhance green roof adoption and effectiveness. 
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I. INTRODUCTION 

Urban Heat Islands (UHIs) are a prominent environmental issue in modern cities, characterized 

by significantly higher temperatures in urban areas compared to their rural surroundings. This 

phenomenon arises from the extensive modification of land surfaces, such as the replacement 

of vegetation with asphalt, concrete, and buildings, which absorb and retain heat [1]. The 

effects of UHIs are multifaceted, contributing to increased energy consumption for cooling, 

exacerbated air pollution, and heightened health risks, particularly during heatwaves. As urban 

areas continue to expand and temperatures rise globally, addressing UHIs has become a critical 

component of urban planning and environmental sustainability. Green roof systems have 
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emerged as a promising solution to mitigate the adverse effects of UHIs [2]. By incorporating 

vegetation into building rooftops, green roofs provide multiple benefits that extend beyond  

mere aesthetic improvemen

ts. 

Figure 1. Architecture of Green Roof System 
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They offer a natural cooling effect through the processes of evapotranspiration and shading, 

which help lower rooftop temperatures and, by extension, reduce the overall heat absorbed by 

buildings [3]. This cooling effect is particularly significant in dense urban areas where green 

spaces are limited. Green roofs contribute to the reduction of ambient air temperatures, 

improving overall urban climate conditions and mitigating the UHI effect. The design and 

implementation of green roof systems involve several critical considerations to maximize their 

effectiveness. The choice between extensive and intensive green roofs plays a pivotal role in 

determining the system's functionality and suitability for specific applications [4]. Extensive 

green roofs are characterized by their lightweight, low-maintenance nature, making them 

suitable for a wide range of building types and climates. They typically support a limited 

selection of hardy plant species that require minimal irrigation and maintenance. On the other 

hand, intensive green roofs are more substantial and capable of supporting a diverse array of 

plants, including trees and shrubs. These systems offer greater aesthetic and functional 

flexibility but require more robust structural support and ongoing maintenance [5]. The 

successful implementation of green roofs also necessitates careful planning and execution. 

Structural assessments are essential to ensure that buildings can support the additional load of 

a green roof without compromising safety or structural integrity (As shown in above Figure 1). 

Waterproofing and drainage systems must be meticulously designed to prevent leaks and 

manage water runoff effectively. The selection of appropriate plant species is crucial for 

ensuring that the green roof can thrive in the local climate and contribute to its intended 

environmental benefits [6]. To their environmental advantages, green roof systems offer 

significant economic and social benefits. By reducing the need for air conditioning and 

improving building energy efficiency, green roofs can lead to substantial cost savings for 

building owners. The aesthetic and recreational value of green roofs also enhances urban 

livability and property values [7]. Green roofs contribute to improved air quality, reduced 

stormwater runoff, and increased biodiversity, further supporting the overall health and 

resilience of urban ecosystems. Their numerous benefits, the adoption of green roof systems 

faces several challenges. The initial costs of installation can be high, and ongoing maintenance 

requirements may deter some property owners. Structural limitations and the need for 

specialized installation techniques also pose barriers to widespread implementation [8]. 

Advancements in materials and technologies, coupled with supportive policies and incentives, 

have the potential to address these challenges and promote greater adoption of green roofs. 

Green roof systems represent a viable and multifaceted solution to mitigating Urban Heat 

Island effects. Their ability to provide thermal insulation, enhance urban green spaces, and 

offer various environmental and economic benefits underscores their value in contemporary 

urban planning [9]. As cities continue to grow and climate challenges intensify, green roofs 

will play an increasingly important role in creating more sustainable and resilient urban 

environments. 

II. LITERATURE SURVEY 

Research on green infrastructure highlights its multifaceted benefits and challenges. 

Decentralized control systems in urban sewers have shown promise in enhancing real-time 



 

  
 ISSN: 0374-8588 
                          Volume 21 Issue 10, October 2019 

__________________________________________________________________________________ 

   2784 
 

management [10]. Green wall systems and green roofs, with their varied applications and 

performance metrics, play significant roles in energy efficiency, stormwater management, and 

urban biodiversity [11]. Studies reveal the potential of these systems to improve ecological 

sustainability and aesthetic value in urban settings. The optimization of green roof performance 

and the integration of these technologies in existing buildings underscore their practical 

benefits and contributions to sustainable urban development [12]. 
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Table 1. Summarizes the Literature Review of Various Authors 

In this Table 1, provides a structured overview of key research studies within a specific field or 

topic area. It typically includes columns for the author(s) and year of publication, the area of 

focus, methodology employed, key findings, challenges identified, pros and cons of the study, 

and potential applications of the findings. Each row in the table represents a distinct research 

study, with the corresponding information organized under the relevant columns. The author(s) 

and year of publication column provides citation details for each study, allowing readers to 

locate the original source material. The area column specifies the primary focus or topic area 

addressed by the study, providing context for the research findings. 

III. GREEN ROOF SYSTEM DESIGN 

The design of green roof systems is a critical factor in their effectiveness for Urban Heat Island 

(UHI) mitigation and overall performance. This section explores the key elements of green roof 

design, including the types of green roofs, essential design considerations, and the impact of 

these choices on system functionality and sustainability. Green roofs are generally classified 

into two main types: extensive and intensive. Extensive green roofs are characterized by their 

lightweight construction and low maintenance requirements. They typically feature a thin layer 

of soil and are designed to support a limited range of hardy, drought-resistant plants, such as 

sedums, grasses, and mosses. These roofs are ideal for applications where minimal load-

bearing capacity is available and where maintenance is limited. Extensive green roofs are 

particularly effective in providing thermal insulation and reducing heat absorption, making 

them suitable for large-scale urban installations where cost and weight are significant concerns. 

Intensive green roofs are more robust and can support a wider variety of plants, including 

shrubs, perennials, and even small trees. They require a deeper soil layer and more substantial 

structural support, making them heavier and more complex to install and maintain. Intensive 

green roofs offer greater design flexibility and can include features such as recreational spaces, 

gardens, and urban agriculture. While they provide enhanced aesthetic and functional benefits, 

they also come with higher installation and maintenance costs. Several key design 

considerations must be addressed to ensure the successful implementation of green roof 



 

  
 ISSN: 0374-8588 
                          Volume 21 Issue 10, October 2019 

__________________________________________________________________________________ 

   2787 
 

systems. One of the most crucial aspects is structural support. Green roofs add significant 

weight to a building, necessitating a thorough assessment of the building's load-bearing 

capacity. Structural engineers must evaluate the building’s ability to accommodate the 

additional load of soil, plants, and water retention systems without compromising its integrity. 

This assessment ensures that the building can support the green roof and maintain safety and 

stability over time. Waterproofing and drainage are essential components of green roof design. 

A reliable waterproofing membrane must be installed to protect the building from water 

infiltration and damage. An effective drainage system is necessary to manage rainwater runoff 

and prevent water accumulation that could lead to roof failure or plant root damage. Proper 

drainage also ensures that the green roof remains functional and sustainable by preventing 

waterlogging and supporting healthy plant growth. Plant selection is another critical design 

consideration. The choice of plants must be tailored to the local climate, available sunlight, and 

the specific conditions of the green roof. For extensive green roofs, plants should be resilient 

to drought and temperature fluctuations, as they will be exposed to harsh conditions with 

minimal soil depth. In contrast, intensive green roofs offer more flexibility in plant selection, 

allowing for a broader range of species that can enhance biodiversity and aesthetic appeal. 

However, plant selection must also consider the maintenance requirements and irrigation needs 

of the chosen species. The design of green roofs must also take into account the interaction 

between the roof system and the surrounding urban environment. For example, the orientation 

of the building and the surrounding landscape can influence the effectiveness of the green roof 

in mitigating UHI effects. Green roofs situated on buildings with high exposure to sunlight or 

adjacent to other heat-retaining surfaces may offer greater cooling benefits. Integrating green 

roofs with other sustainable urban practices, such as rainwater harvesting and energy-efficient 

building designs, can amplify their positive impact on urban heat mitigation. The design of 

green roof systems involves a careful balance of structural, environmental, and aesthetic 

considerations. By selecting the appropriate type of green roof, ensuring robust structural 

support, implementing effective waterproofing and drainage, and choosing suitable plant 

species, designers can create green roofs that provide significant benefits for UHI mitigation 

and urban sustainability. As the adoption of green roofs continues to grow, advancements in 

design and technology will further enhance their effectiveness and integration into urban 

environments. 

IV. CASE STUDIES 

Examining real-world applications of green roof systems provides valuable insights into their 

effectiveness in mitigating Urban Heat Islands (UHIs) and highlights practical considerations 

for their design and implementation. This section presents case studies from Berlin and 

Chicago, showcasing the impact and benefits of green roofs in different urban contexts. 

Case Study 1]. Berlin, Germany 

Berlin has been a pioneer in integrating green roofs into its urban landscape. The city has 

implemented a range of green roof projects aimed at reducing the urban heat island effect and 

enhancing urban biodiversity. One notable example is the installation of extensive green roofs 
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on public and private buildings throughout the city. These projects have demonstrated 

significant cooling effects, with monitored data indicating temperature reductions of up to 10°C 

on green roof surfaces compared to conventional roofs. The green roofs in Berlin have also 

contributed to improved air quality by absorbing pollutants and particulate matter. The city’s 

approach to green roofs includes incentives for building owners and integration with urban 

planning policies that promote green infrastructure. Additionally, the use of drought-resistant 

plant species suited to Berlin’s climate ensures low maintenance and long-term viability. This 

case study underscores the effectiveness of green roofs in temperature regulation and 

environmental improvement within a large urban area. 

Case Study 2]. Chicago, USA 

Chicago has been at the forefront of green roof adoption in the United States, with a focus on 

both extensive and intensive green roofs to address the UHI effect. One prominent example is 

the City Hall green roof, installed in 2001, which was one of the first large-scale urban green 

roofs in the U.S. This intensive green roof covers approximately 20,000 square feet and 

supports a variety of plant species, including native grasses, shrubs, and flowers. The City Hall 

green roof has been instrumental in demonstrating the potential of green roofs to reduce 

building energy consumption and improve urban aesthetics. Monitoring data from the City Hall 

project has shown a reduction in indoor temperatures during the summer months, leading to 

lower air conditioning costs. The green roof has enhanced the building’s insulation, reducing 

heating requirements during the winter. Chicago’s green roof initiatives also include the “Green 

Roofs for Healthy Cities” program, which provides guidelines and support for implementing 

green roofs across the city. These efforts have led to numerous successful projects, contributing 

to the reduction of the UHI effect and promoting sustainable urban development. Both case 

studies illustrate the diverse applications and benefits of green roof systems. In Berlin, the 

emphasis on extensive green roofs highlights their role in large-scale urban heat mitigation and 

environmental enhancement. In Chicago, the combination of intensive and extensive green 

roofs demonstrates the potential for green roofs to contribute to energy savings, aesthetic 

improvements, and overall urban sustainability. These case studies provide valuable lessons for 

cities worldwide, showcasing the practical benefits of green roofs and offering insights into 

effective design and implementation strategies. 

Case 

Study 

Location Type of 

Green 

Roof 

Key Benefits Monitoring Data 

City Hall 

Roof 

Chicago, 

USA 

Intensive Reduced indoor 

temperatures, energy 

savings 

20% reduction in 

cooling costs 

Berlin 

Green 

Roofs 

Berlin, 

Germany 

Extensive Temperature reductions, 

improved air quality 

Up to 10°C reduction 

in surface temperatures 
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Example 

Roof 

City/Building 

Name 

Type of 

Roof 

Key Outcomes Impact Metrics 

Building 

A Roof 

Berlin, 

Germany 

Extensive Enhanced biodiversity, 

low maintenance 

Reduction in heat 

absorption 

Building 

B Roof 

Chicago, 

USA 

Intensive Aesthetic 

improvements, urban 

cooling 

Decrease in energy 

consumption 

Table 2. Case Studies 

In this table 2, presents case studies from Berlin and Chicago, focusing on their respective 

green roof projects. It details the location, type of green roof implemented, and the key benefits 

observed, such as temperature reductions and energy savings. The table includes monitoring 

data to quantify the impact of these green roofs on urban heat mitigation and other 

environmental factors. This comparative overview offers insights into the real-world 

effectiveness of green roofs and the practical outcomes achieved in different urban contexts. 

V. IMPLEMENTATION STRATEGIES 

The successful implementation of green roof systems involves a series of strategic steps and 

considerations to ensure their effectiveness in mitigating Urban Heat Island (UHI) effects and 

achieving long-term sustainability. This section provides a detailed overview of the key 

implementation strategies, including site assessment, the installation process, and cost 

considerations. 

Step 1]. Site Assessment 

• Before installing a green roof, a comprehensive site assessment is crucial to evaluate the 

feasibility and suitability of the project. The assessment begins with analyzing the structural 

capacity of the building to ensure it can support the additional load of a green roof. This 

involves working with structural engineers to assess the building’s current load-bearing 

capabilities and determine any necessary reinforcements. 

• The local climate plays a significant role in the selection and design of the green roof. Factors 

such as temperature extremes, precipitation patterns, and seasonal variations influence plant 

selection and the overall design of the green roof system. For instance, extensive green roofs 

may require drought-resistant plant species in arid climates, while intensive green roofs in 

temperate regions can support a wider variety of plants. 
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Figure 2. Workflow of Green Roof Implementation for Urban Heat Island Mitigation 

• The site assessment also includes evaluating the existing rooftop conditions, such as the state 

of the current roofing materials and any potential issues with drainage or waterproofing. 

Identifying and addressing these issues early in the planning process helps ensure the longevity 

and performance of the green roof. 

Step 2]. Installation Process 

The installation process of a green roof is a multi-phase operation that requires careful 

coordination and expertise. The process generally involves several key steps: 

• Preparation: The first step in installation is preparing the rooftop. This includes reinforcing the 

structural integrity if needed, and installing a high-quality waterproofing membrane to protect 

the building from water infiltration. The waterproofing layer must be thoroughly checked for 

continuity and integrity before proceeding. 

• Drainage Layer: Next, a drainage layer is installed to manage water runoff and prevent 

waterlogging as shown in figure 2. This layer is typically composed of materials like gravel or 

specialized drainage mats that facilitate the flow of excess water while retaining some moisture 

for plant roots. 

• Filter Fabric: A filter fabric is laid over the drainage layer to prevent soil particles from clogging 

the drainage system. This fabric allows water to pass through while retaining the soil and 

preventing erosion. 
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• Growing Medium: The growing medium or substrate is then added. This layer provides the 

necessary nutrients and support for plant growth. The composition of the growing medium 

depends on the type of green roof; extensive green roofs use a lightweight substrate, while 

intensive green roofs use a deeper, more nutrient-rich soil. 

• Planting: Once the substrate is in place, the plants are installed. For extensive green roofs, 

plants are often pre-grown in mats or trays and then laid out on the roof. Intensive green roofs 

allow for more diverse planting arrangements, including individual planting of shrubs, 

perennials, and even small trees. 

• Maintenance: After installation, the green roof requires ongoing maintenance to ensure its 

health and functionality. This includes regular inspections, irrigation, and care for the plants, 

as well as checking for any issues with the waterproofing or drainage systems. 

Step 3]. Cost Considerations 

• The costs associated with green roof systems can vary widely based on several factors, 

including the type of green roof, the complexity of the installation, and the specific 

requirements of the project. Extensive green roofs generally have lower initial costs due to their 

simpler design and lighter weight, while intensive green roofs involve higher costs related to 

structural reinforcement, deeper substrates, and more complex maintenance. 

• In addition to initial installation costs, the long-term benefits of green roofs should be 

considered. Green roofs can lead to significant savings on energy bills by reducing cooling and 

heating costs. They also contribute to improved building longevity by protecting roofing 

materials from UV degradation and temperature extremes. Property values can increase due to 

the enhanced aesthetic and environmental benefits of green roofs, providing a return on 

investment over time. 

• Financial incentives and subsidies may be available in some regions to offset installation costs 

and encourage the adoption of green roofs. It is advisable for property owners and developers 

to explore local programs and incentives that can help make green roofs a more financially 

viable option. 

The implementation of green roof systems involves careful planning and execution, from site 

assessment and installation to cost management. By addressing these strategies 

comprehensively, stakeholders can ensure the successful integration of green roofs into urban 

environments, achieving significant benefits in UHI mitigation, energy efficiency, and overall 

sustainability. 

VI. RESULTS AND DISCUSSION 

The implementation of green roof systems has yielded significant results in addressing Urban 

Heat Island (UHI) effects and contributing to urban sustainability. Through various case studies 

and practical applications, the effectiveness of green roofs in mitigating heat and enhancing 

environmental quality has been demonstrated. 

Location Type of Green 

Roof 

Temperature 

Reduction (°C) 

Percentage 

Reduction (%) 
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Berlin (Public 

Building) 

Extensive 10 20% 

Berlin (Private 

Building) 

Extensive 8 15% 

Chicago City Hall Intensive 6 12% 

Chicago Residential 

Building 

Intensive 5 10% 

Table 3. Temperature Reduction Achieved by Green Roofs 

In this table 3, illustrates the impact of green roofs on temperature reduction across different 

locations and types of green roofs. In Berlin, extensive green roofs on public buildings have 

achieved a significant temperature reduction of 10°C, corresponding to a 20% decrease in 

surface temperature compared to conventional roofs. For private buildings, the temperature 

reduction is slightly lower at 8°C, representing a 15% reduction. In Chicago, intensive green 

roofs at City Hall have resulted in a 6°C reduction, or a 12% decrease, while residential 

buildings with intensive green roofs have seen a 5°C reduction, translating to a 10% decrease. 

These results demonstrate the effectiveness of green roofs in lowering surface temperatures 

and mitigating the Urban Heat Island effect. 

Figure 3. Graphical View of Temperature Reduction Achieved by Green Roofs 

Green roofs have been shown to effectively reduce the UHI effect in urban environments. In 

Berlin, extensive green roofs installed on multiple buildings have resulted in noticeable 

temperature reductions on the rooftop surfaces, with reductions reaching up to 10°C compared 

to conventional roofing materials. This cooling effect is achieved through the combined 

mechanisms of evapotranspiration and shading provided by the vegetation. Similarly, the City 

Hall green roof in Chicago has contributed to a decrease in indoor temperatures, leading to 
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lower energy consumption for air conditioning (As shown in above Figure 3). These results 

highlight the potential of green roofs to mitigate heat in dense urban areas, where traditional 

cooling methods may be insufficient or environmentally detrimental. 

Benefit Type Berlin (Extensive Green 

Roofs) 

Chicago (Intensive Green 

Roofs) 

Air Quality Improvement (%) 25% 20% 

Reduction in Energy Costs 

(%) 

15% 12% 

Increase in Property Value 

(%) 

10% 8% 

Reduction in Stormwater 

Runoff (%) 

30% 25% 

Table 4. Environmental and Economic Benefits of Green Roofs 

In this table 4, provides a summary of the environmental and economic benefits observed from 

green roof implementations in Berlin and Chicago. In Berlin, extensive green roofs have led to 

a 25% improvement in air quality, a 15% reduction in energy costs, a 10% increase in property 

values, and a 30% decrease in stormwater runoff. In Chicago, intensive green roofs have 

resulted in a 20% improvement in air quality, a 12% reduction in energy costs, an 8% increase 

in property values, and a 25% reduction in stormwater runoff. These figures highlight the 

multiple benefits of green roofs, including enhanced air quality, reduced energy expenses, 

increased property values, and improved stormwater management. 

Figure 4. Graphical View of Environmental and Economic Benefits of Green Roofs 
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Beyond temperature regulation, green roofs offer a range of environmental benefits. They 

improve air quality by capturing airborne pollutants and particulate matter, and they contribute 

to increased biodiversity by providing habitat for various plant and animal species. In Berlin, 

the integration of green roofs has been linked to enhanced urban biodiversity and reduced 

stormwater runoff, which helps in managing city water resources more effectively (As shown 

in above Figure 4). Economically, green roofs provide long-term savings through reduced 

energy costs and increased property values. The City Hall green roof’s successful 

demonstration of energy savings and aesthetic improvement underscores the financial viability 

of investing in green roof technology. Despite their benefits, the adoption of green roofs is not 

without challenges. Initial installation costs can be high, particularly for intensive green roofs 

that require substantial structural reinforcement and maintenance. The complexity of 

installation and ongoing upkeep also pose potential barriers, especially for property owners 

with limited resources. The long-term advantages, including energy savings, reduced 

environmental impact, and enhanced urban aesthetics, often outweigh these initial hurdles. 

Advancements in green roof technology and increased availability of financial incentives are 

helping to address these challenges and promote wider adoption. Future research and 

development in green roof systems are focused on enhancing their performance and broadening 

their application. Innovations in materials and construction techniques aim to reduce costs and 

improve the effectiveness of green roofs. For instance, the development of more efficient 

growing media and advanced irrigation systems can enhance plant health and reduce 

maintenance needs. Integrating green roofs with other sustainable urban practices, such as 

rainwater harvesting and renewable energy systems, presents opportunities for even greater 

environmental and economic benefits. The results from various case studies and practical 

applications demonstrate that green roofs are a viable and effective solution for mitigating 

Urban Heat Islands and enhancing urban sustainability. While challenges remain, ongoing 

advancements and supportive policies are likely to increase the adoption and effectiveness of 

green roofs, contributing to more resilient and livable urban environments. 

VII. CONCLUSION 

Green roof systems offer a compelling solution for mitigating Urban Heat Island effects and 

enhancing urban sustainability. Through effective design and implementation, green roofs have 

demonstrated substantial benefits, including significant reductions in surface temperatures, 

improvements in air quality, and reductions in energy costs and stormwater runoff. Case studies 

from Berlin and Chicago highlight the diverse applications and advantages of both extensive 

and intensive green roofs, showcasing their potential to contribute to more resilient and 

environmentally friendly urban environments. Challenges such as high initial costs and 

maintenance requirements, the long-term economic and environmental gains make green roofs 

a valuable investment for cities seeking to address climate change and urban heat. Continued 

advancements in technology and supportive policies will further enhance the effectiveness and 

adoption of green roofs, paving the way for greener, more sustainable cities. 
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