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Abstract 

As urbanization increases it is critical to find the balance between human development 

requirements and environmental concerns. The conventional usability of the green roof has 

evolved and acquired a more responsible profile in the environment. A green roof or 

vegetated roof is a structural design approach that brings nature and engineering together to 

provide a sustainable alternative to conventional roofing.  The green roof is built with the 

goal of turning dead space of roofs into dynamic space with its living ecosystems providing 

good environment capability for the urban environment. Therefore, this study aims to find out 

the role of the green roof in achieving environmental dimensions of sustainable development. 

This research accomplishes the goal of this paper by providing an example of green roof that 

can provide environmental benefits while connecting human with nature. Also this thesis 

focuses on a brief overview of the application of green roofs in cold climate countries and 

how green roofs help to improve quality of people‘s lives. 

In order to accomplish this objective, various case studies were conducted including one 

existing green roof from Estonian University of Life Sciences. At first, we explained different 

types of green roofs and their benefits to the public and private sectors and application of 

green roofs in Northern Europe. In the second part, we look at some case studies of how 

green roofs help to connect human and nature together in the growing urban areas. This 

research is theoretical framework and aims to show the importance of green roofs in 

improving people‘s quality of life. Different interviews with experts and a certain group 

including an online survey were carried out to collect primary and secondary data to find out 

people‘s perception on importance of green roof design. 

Keywords: green roofs, green benefits, green roof in cold climate, human and nature 
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Lühikokkuvõte 

Linnastumise tagajärjel muutub kriitiliseks tasakaalu leidmine inimeste jaoks oluliste 

nõudmiste ja keskkonna vajaduste vahel. Rohekatuse tavapärane kasutatavus on arenenud ja 

omandanud keskkonnas vastutustundlikuma profiili. Rohekatus või taimestatud katus on 

struktuurne disainlahendus mis põimib omavahel looduse ja inseneeria, et pakkuda 

tavapärasele katuse lahendusele jätkusuutlikumat alternatiivi. Rohekatuste eesmärgiks on 

muuta ‗surnud‘ kasutuseta katuseruum dünaamiliseks elavaks ruumiks. Lisaks selle pakub 

sealne ökosüsteem elukeskkonda teistele organismidele, muutes linnaruumi 

mitmekesisemaks. Selle töö eesmärgiks on välja selgitada rohekatuste roll jätkusuutliku 

keskkonna loomisel. Töö tulemuseni jõudmiseks uuritakse erinevaid näited rohekatustest, 

mis suudavad pakkuda keskkonnaalast kasu samalajal ühendades inimesi ja loodust. Samuti 

uurib käesolev töö rohekatuste kasutamise praktikat külmemas kliimas ning seda kuidas 

suudab rohekatus parandada inimeste elukvaliteeti. 

Eesmärgi saavutamiseks uuritakse erinevaid üle Euroopalisi juhtumiuuringuid, mille hulgas 

on ka Eesti Maaülikooli linnakus asuv rohekatus. Esmalt, kirjeldatakse rohekatuste erinevaid 

tüüpe ja nende pakutavaid hüvesid nii avalikule kui erasektorile ning rohekatuste kasutamise 

praktikat Põhja-Euroopas. Seejärel vaadatakse juhtumiuuringute põhjal kuidas rohekatused 

aitavad kaasa inimeste ja looduse ühendamisele kasvavas linnakeskkonnas. Käesolev 

uurimus on teoreetiline ja keskendub rohekatuste potentsiaalile inimeste elukvaliteedi 

parandamisel. Andmete kogumiseks viidi läbi intervjuud ekspertidega ja online-intervjuu 

fookusgrupis, et välja selgitada inimeste arusaam rohekatuste tähtsusest. 

Märksõnad: rohelised katused, rohelised eelised, roheline katus külmas kliimas, inimene ja 

loodus 
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1. CHAPTER ONE: INTRODUCTION 

1.1 Introduction 

Ours is a world of fabulous wealth and extreme poverty: billions of people enjoy 

longevity and good health unimaginable in previous generations, yet at least 1 billion 

people live in such abject poverty that they struggle for mere survival every day. The 

unprecedentedly large scale of the world economy is creating an unprecedented 

environmental crisis, one that threatens the lives and well-being of billions of people 

and the survival of millions of other species on the planet, and perhaps even our own. 

Today planet earth is suffering from many problems related to overpopulation, waste, 

polluted air, water and soil which is making the habitat less and less suitable for 

living. Human influence on the climate is clearly seen and affecting and degrading the 

environment slowly. With the rapid development every day, the problems related to 

the environment are also increasing at a high level. Introduction of green 

infrastructure somehow manages to control environmental problems. Green 

infrastructure is not only environmentally friendly but it is habitat to the insects and 

birds. They also add beauty to nature and well accepted by society. As these buildings 

use renewable energy sources which helps in economic benefits too. One type of 

green infrastructure – ―green roofs‖ – have large opportunities to contribute to 

sustainable urban development by placing green space on the rooftops of dense cities. 

Green infrastructure uses an array of ‗natural‘ or human-managed natural spaces to 

address several issues of urbanization (Bugliarello, 2006). Green roofs are home to 

many rare plants and insects and play an important role in protecting ecosystem. . 

Green roofs are far from new, first being used in ancient Syria and Babylon but not 

commonly used in modern cities until around the 1970s (Getter and Rowe, 2006). 

Today, green roofs typically have a system of synthetic layers that protect the roof 

while storing and draining water, different levels of soil thickness, defining them as 

extensive and intensive and different kinds of plant communities (Obendorfer et al.. 

2007). A roof system that is an extension of the existing roof, which involves a high-

quality waterproofing and root repellant system, a drainage system, filter cloth, and a 

lightweight growing medium and vegetative cover (Forbes, 2010). 
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There are two primary forms of green roofing: intensive and extensive. These are 

differentiated by the amount of vegetation utilized. While extensive green roofs can 

support up to 25 pounds of vegetation per square foot, intensive green roofs can hold 

150 pounds per square foot. 

Another factor that differentiates these styles from one another is the amount of labor 

required to maintain them. Intensive green roofs, as the name suggests, take a lot 

more work to manage, as they involve keeping the various types of plants separate 

and maintaining an actual garden. Extensive green roofs, on the other hand, are left to 

grow naturally and without restriction, taking care of them as they would in the wild, 

and thus only requiring yearly weeding and fertilization. The multi-perspective values 

of green roofs are numerous. They control stormwater runoff, increase biodiversity, 

lessen the urban heat island effect and reduce noise and particulate pollution. They 

also provide educational and therapy opportunities, green spaces for relaxation and 

urban agriculture and can strengthen communities (Getter and Rowe 2006). Moving 

towards greener architecture is well – thought out the main goal of the present 

architecture of our time (Mahdavinejad, 2014) 

1.2 Thesis organization  

This thesis is organized into five chapters, chapter one is an introduction to the thesis 

along with the thesis structure and research objectives. Chapter two looks into the 

historical background of the green roofs along with the development of green roof in 

Northern Europe and analysis to show the installation of green roofs in cold and wet 

climates. This chapter explores the literature to understand the types of green roofs 

that we follow in modern days along with their benefits in improving people‘s quality 

of life. Chapter three describes some case studies of existing green roof around 

Europe including one from our University which includes analysis regarding 

questionnaire and interviews. Chapter four includes an online survey to show the role 

of green roof in improving the quality of people‘s life. And chapter five is the final 

chapter that includes the overall discussion and conclusion of the thesis. 
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1.3 Thesis Structure 

The analytical framework shows the process of the thesis.  

 

 

 

 

 

 

 

 

 

 

             

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Analytical framework describing thesis structure (author) 
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1.4 The research objective 

 To assess the development of green roof in Europe and its installation in cold 

climates. 

 To understand the benefits of green roof to connect both man and nature 

The objectives were transformed into research oriented questions that the thesis will 

attempt to answer, 

 How green roofs help to enhance the aesthetic value in Northern Europe? 

 Can green roofs improve people‘s quality of life? 

The goal of this study is to find role of green roof in achieving environmental 

dimension of sustainable development.  
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2 CHAPTER TWO: LITERATURE REVIEW 

2.1 Background 

 The origins of green roofs began thousands of years ago. Despite the recorded 

existence of roof gardens, little physical evidence has survived (Usmundsen, 1999, 

p.112-113), but history reveals the purpose of vegetated roofs were diverse. These 

purposes including the insulating qualities and an escape from the stress of the urban 

environment. The most famous green roofs were the Hanging garden of Babylon. 

They were considered as one of the seven wonders of the Ancient World, were 

constructed around 500 BC. The gardens were grown over stone pillars and roofs 

which were waterproofed with layers of reeds and tar. The elevated garden with a 

deep soil layer to allow tree growth was irrigated by a system of pumps and pipes 

taking water from the nearby river Euphrates (Dalley, 2013). 

            Fig. 2 hanging garden of Babylon (Wikipedia) 

 

During the middle ages and the Renaissance, roofs garden were owned by rich people. 

The wealthy citizens installed green roofs on the flat terraces of their villas (Condello 

2014, Shimmin 012).  From 1600 to 1800 the Vikings used soil on roofs as insulation, 

utilizing grasses and other species to hold the soil in place. In late 18
th

  and 19
th

 

centuries in North America, prairie settlers took green roofing to the extreme when 

building their homes, because there was lack of trees to build cabins, many 

constructed dwellings out of pure sod, with bricks laid root side up so that they would 

grow into the one another, creating a more solid foundation. 
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Fig. 3 Typical green house from Viking Era (Wikipedia) 

 

Origin and historical development of green roofs is the basis for modern application. 

In modern times, Germany was the pioneer of green roof technology. By the early 

1900`s Germany was building a flat green roof in urban areas and contributed to do so 

throughout the century. In the 1970` when the soil crisis was at its height, Germany 

was one of the first countries to investigate the use of the green roof for energy 

conservation. The development of the green roof market in Germany expanded 

quickly in the 1980s. By 1989; 1 million square meters of green roofs were already 

installed in Germany. By 1996, this number had ballooned to 10 million square 

meters. Slowly this technology was adopted by many European nations. In Germany, 

France, Austria, Norway, Switzerland, and other European states, green roofs have 

become a commonly accepted feature in the construction industry and urban 

landscape (Peck et al 1999 p. 11-12). Europe has now more than thirty years of green 

roof research and product development to support its successful green roofing 

industry. 
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               Fig. 4 An overview of History of modern green roof (Journal of renewable 

and sustainable energy reviews, 2018) 

2.2 Constituents of the green roof structure 

Green roofs are structurally designed to mitigate the adverse effect of urbanization. A 

green roof varies according to the location and requirements. Typically green roof 

comprises the following components i.e. 

I. The waterproof membrane and root barrier membrane 

II. Drainage Layer 

III. Filter membrane 

IV. Growing medium such as soil 

V. Plants 

 

         Fig. 5 Typical layers of green roofs (EPA, 2008) 
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For long term environmental benefits, the selection of each layer according to the 

location and the climatic condition is very important. The most important part of the 

development of the green roof is the selection of the plant layer, which maximizes the 

green roof life. In the selection of plant, we should consider the geographic location, 

rainfall, intensity, humidity, and wind and sun exposure. According to Mobasheri M. 

2014, plant species can be used with respect to the soil we are using; 

i. For 0 - 5 cm soil depth → sedum mosses and lichens 

ii. For 5 - 10 cm soil depth → short wildflower meadows, long growing, drought 

tolerance,   perennials, grasses, alpines, and small bulbs 

iii. For 10 - 20 cm soil depth → mixture of low or medium perennials, grasses, 

bulbs and annuals from dry habitats, wildflower and hardy sub-shrubs.  

 

 The load bearing capacity of the extensive roof must be at least 50-60 kg / m2, plus 

14 stocks of 40-60 l / m2 rainfall (Pittaluga et al. 2011). In the case of intensive green 

cover, the load bearing capacity of the roof must be at least 350 kg / m2, plus a 

precipitation reserve of 80-150 l / m2. The load bearing capacity of building depends 

on vegetation and types of roofs, in case of intensive green roof, extra load bearing 

capacity should be consider because of large and heavy plants. The same obligation 

applies to other types of green cover and should be taken into account at the building 

stage (Lennuk, 1998). 
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2.3 Types of green roof 

2.3.1 Extensive Green Roof 

Extensive green roofs imitate nature and require low maintenance and attention. 

Succulents sedum, mosses, herbaceous plants and grasses are the type of plants 

chosen for extensive green roof as these plants are able to regenerate and maintain 

themselves for long period of time as well as they are able to withstand harsh 

condition on roof such as exposure to extreme cold, heat, drought and wind. The 

thickness of the extensive green cover substrate is 25-100 mm and the plantation is 

low and generally drought-resistant (Nurme 2003; Mclntyre and Snodgrass 2010). 

They typically do not require irrigation and are usually inaccessible to the public. 

Extensive green roof has an ecological rather than aesthetic function and is therefore 

used more in the world compared to intensive greenery (Li and Yeung 2014). Plants 

require less care and such roofs are neglected, as they are mostly not intended for 

direct human use (Ampim et al. 2010). Like an intensive roof, the extensive green 

cover substrate is made up of natural and artificial minerals, recyclable residues and 

organic matter. The mineral part of the growing medium consists of sand, clay, 

gravel, oil shale, pumice stone, slate, perlite and vermiculite. Recycled materials 

include crushed bricks, roof tiles, substrates, etc., in the substrate. As an organic 

substance, compost, crushed coconut shell and decomposed sawdust or tree bark 

(Whittinghill 2012) are used on the roof surface. 

 

Since extensive roofs do not become very heavy on their weight, they provide the 

opportunity to green roofs of already completed buildings without additional support. 

Extensive roofs are usually passive in nature. Due to the lower carrying capacity, 

lighter design elements, such as a board, may be used. Maintenance techniques for 

such roofs are simpler and cost less than intensive green roofs (Koorberg 2001). 

 

 

 



G R E E N  R O O F S  | 14 

 

 

2.3.2 Intensive green roof 

Intensive green roofs have a thickness of 100 mm depending on the vegetation used 

(Koorberg 2009). For larger plants, the average thickness of the substrate remains 

between 200-300 mm (Pittaluga et al. 2011; Dakin et al. 2013). In the case of low 

undemanding plants, the substrate usually consists of natural and artificial minerals, 

recyclable residues, and organic matter. For substrates that are more demanding on 

substrate, a nutrient-rich growth medium is used (Whittinghill 2012). An intense 

green landscape can be called a roof garden, which by its nature is a garden or park, 

but is located on the roof (Stater 2008). They are built for active use by humans as 

part of a public outdoor space, often with more diverse and partially or fully covered 

vegetation. If there is a layer of soil, it can also grow low-growing trees and shrubs 

(Hopkins and Goodwin 2011; Uustal et al. 2010). In the world, vegetables have been 

tested for intensive greening.   

  

In addition to vegetation, intensive landscaped roofs allow the use of exciting design 

elements (water eyes, lighting, benches, roads, etc.) and design various garden spaces. 

For example, vegetable green areas can be separated from each other by patio walls or 

walls (wood shingle, light block dry walls) to avoid overgrowth. Intensive roofing can 

also be successfully planned according to the design requirements. Intensive roofing 

requires constant high-level maintenance such as fertilization, watering, grassing, 

mowing, cleaning, cutting, etc., as they are designed to function like a conventional 

ground garden. All of this requires a strong roof structure and a solid roof garden 

project (Ampim et al. 2010). 
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Table 1. A profile of intensive and extensive green roof (Peck et al. 1999) 

Roof Type  Extensive Green Roof  Intensive Green Roof  

Cost  ● 10 – 14 $ per square 

foot  

● 14 – 35 $ per square foot 

(unlimited)  

Growing media 

and plant 

selection 

● 5 – 15 cm planting 

media  

●  little or no irrigation  

● stressful conditions for 

plants – require low, 

drought-resistant 

species 

● 15 – 50 cm planting 

media  

●  irrigation system 

required  

●  favorable for many 

varieties of plants e.g. 

trees, shrubs and 

perennials  

Structural 

preparation  

● light weight; (roof 

generally does not 

require structural 

strengthening) 

● suitable to cover large 

surface areas  

● heavier in weight and 

requires structural 

engineering  

●  used over smaller 

surface areas in 

landscaped containers  

Public access  ● suitable for public 

access on roofs with 0-

30 degree slopes as 

long as parapet walls 

meet building code  

● suitable for public 

access, more 

aesthetically-positive as 

roof can be used for 

meeting recreational 

needs and for food 

production  

Advantages  ● low maintenance 

● relatively little 

technical expertise 

needed to install 

● suitable for retrofit 

roof projects  

● less expensive  

● deeper planting media 

supports more 

biodiversity, more 

overall environmental 

benefits and more 

social/psychological 

benefits by accessing 

recreational roof space 

Disadvantages  ● limitation on plant 

species choices  

● limited access for the 

public  

●  can be less 

aesthetically pleasing  

●  heavier loading on the 

roof  

●  higher requirements for 

water, maintenance, and 

irrigation supplies 

● more costly for expertise 

to design and install 

green roof  
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2.4 Green Roof Benefits 

Green roofs offer multiple benefits to urban areas. In modern urbanized society, the 

role of nature is extremely important. Inventions that include technologies, which help 

people to save the environment, are becoming more and more successful. Along with 

the environmental benefits, green roofs have the capability of having economic and 

social benefits for urban environments as well. As a revived ancient system, green 

roofing systems were originally intended to restore the environment and protect roof 

membrane but as the research and technologies flourished to the next level its benefits 

also extended in multiple ways.  

2.4.1 Public Benefits 

2.4.1.1 Aesthetic improvements: 

Urban greening is an easy effective strategy for beautifying the built environment and 

increasing investment opportunity. Compared to conventional roofs, green roof are 

more pleasant to experience and have a better aesthetic value. Green roofs brings 

positive attitude and makes people happy. 

2.4.1.2 Storm water Management: 

Storm water management is the effort to reduce runoff of rainwater or melted snow 

intro streets, lawns and other sites and the improvement of water quality, according to 

the United States Environmental Protection Agency (EPA). In urban areas water run 

rapidly into storm drains and sewer system can cause many infrastructure damages 

where green roofs reduce the amount of storm water runoff and also delay the time at 

which runoff occurs, resulting in decreased stress on sewer systems at peak flow 

periods. Also, the green roof helps to store water then taken up by the plants from 

where it is returned to the atmosphere through transpiration and evaporation. In the 

summer, green roofs can retain 70-90 % of the precipitation that falls on them 

whereas, in winter, green roofs can retain between 25-40 % of the precipitation. Green 

roofs not only retain rainwater but also moderate the temperature of the water and act 

as natural filters for any of the water that happens to runoff.  
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2.4.1.3 Moderation of urban heat island effect: 

Through the daily dew and evaporation cycle, plants on vertical and horizontal 

surfaces are able to cool cities during hot summer months and reduce the urban heat 

island effect (Lui and Minor. 2005). Green roofs can also help reduce the distribution 

of dust and particulate matter throughout the city which play a role in reducing 

greenhouse gas emissions and adapting urban areas to a future climate with warmer 

summer.  

2.4.1.4 Improved air quality: 

Urban air often contains elevated levels of pollutants that are harmful to human health 

and the environment (H. Mayer, 1999). The temperature moderating effects of green 

roofs can reduce demand on power plants, and potentially decrease the amount of 

CO2 and other polluting by-product being released into the air.  

2.4.1.5 Waste diversion: 

Green roofs contribute by using recycled material in the growing medium. Much 

organic waste produced every day can be used in the green roof for the plants and 

grass.  

2.4.1.6 Local job creation: 

The growth of green roofs market gives new job opportunities related to 

manufacturing, plant growth, design, installation, and maintenance. 
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2.4.2 Private Benefits 

2.4.2.1 Energy Efficiency 

The greater insulation offered by green roofs can reduce the amount of energy need to 

moderate the temperature of buildings, as roofs are the site of the greatest heat loss in 

the winter and hottest temperature in the summer. 

2.4.2.2 Noise Reduction: 

Soil, plants and the air layer trapped between the green roofs provides sound 

insulation. The substrate blocks lower frequencies, while plants block higher 

frequencies. An extensive green roof can reduce sound from outside by 40 decibels, 

while the intensive green roof can reduce by 46-50 decibels (Peck et al. 1999). 

2.4.2.3 Increased roofing membrane durability: 

Proper waterproofing membrane combined with green roof coverage may extend the 

roof life span more than 20 years (Carter and Kee; er, 2008). 

2.4.2.4 Marketing: 

Green roofs can increase a building's marketability. They are an easily identified 

symbol of the green building moment and can act as an incentive to those interested in 

the multiple benefits offered by green roofs. 
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2.4.3 Design Specific Benefits  

2.4.3.1 Increased Biodiversity: 

Green roofs can sustain a variety of plants and invertebrates and provide habitats for 

various insects and birds species. Increased biodiversity can positively affect three 

realms;  

2.4.3.2 Ecosystem: 

A diverse ecosystem is better able to maintain high levels of productivity during 

periods of environmental variation than those with fewer species.  

2.4.3.3 Economic: 

Stabilized ecosystem ensures the delivery of ecological good (e.g., food, medicinal 

plants) and services (e.g., maintain hydrological cycles, cleans water and air).  

2.4.3.4 Social: 

Visual and environmental diversity can have positive impacts on the community and 

psychological well-being.  

 

2.4.3.5 Improved health and well-being: 

The reduced pollution and increased water quality that green roofs provide can 

decrease demands for healthcare. Green roofs can serve as community hubs, gathering 

space which increases social cohesion and integration. 

2.4.3.6 Urban Agriculture: 

Food production can also be included in the benefits that green roofs provide, and it 

can expand when incorporated into urban agriculture. Urban agriculture is also the 

best way to extract and capture nutrients from urban waste.  

 

 

 

 

 

 



G R E E N  R O O F S  | 20 

 

 

2.5 Green Roof in Northern Europe 

A majority of the reported research has been carried out in temperate climate with 

warm summer, while there is a lack of knowledge about green roofs performance and 

function in cold and wet climates.  

The development of green roofs has been interpreted from the perspective of human 

efforts to create effective and practical shelters. Scandinavian turf roofs of the 20th 

and 21st centuries can be assumed as the historical analogue of modern green roofs in 

Northern Europe. Until the late 19
th

 century, it was most common roof on rural log 

houses in Norway and large parts of the Scandinavian nations.  The technology of 

Scandinavian turf roof implies the construction of several layers with broad sheets of 

birch bark laid on roof surface made from wooden planks. Two layers of natural sod 

are laid on the birch bark sheets, where birch bark helps to insulate against leakage 

and helps to protect against other possible damages. The first layer is laid back up to 

the dead grass so it can serve as drainage. The second layer is laid on this first layer. 

Eventually the roots from both layers bond together. These layers of bark served an 

average of 30 years, and it had to be replaced.  

 

 

Fig. 6 Wood and turf church at Hof, Iceland (Ira Goldstein, 2010) 
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In Scandinavian countries the turf was simply cut from the meadows or forest and 

placed on the roofs. Sod is also reasonably efficient insulator in cold climates. Turf 

roofs include a high variety of native meadows plant species. As they were from 

native place, which makes them easy to fit to local climatic conditions. Meadows had 

and have very high biodiversity as well and this particular point makes old 

experiences so valuable for modern landscape design.  

 

 

Fig.7 Schematic picture of traditional Scandinavian green roof (ICA bokförlag, 1992)  

 

Beside thermal insulation, the turf roofs can benefits from the thermal mass effect as 

well. The earth bulk can store heat energy generated by the fireplaces and warm earth 

can transfer heat energy to warm indoor spaces in long cold nights. The heat storage 

function of turf roof that can absorb, retain and release heat for extended periods can 

serve the people and livestock in long winters. It also insulates the interior space from 

the impacts of extreme weather especially intense winter coldness and storm.  

Even today, this technique is a pathway to install green roof in Northern Europe. Turf 

roofs are still widely used on newly built cabins in Norway. Many buildings from 

countryside in Scandinavian countries still follow this turf roofs system. In modern 

turf roof construction, bitumen roofing felt combined with dimpled plastic drainage 

membranes are usually used in place of birch bark. Scandinavian vernacular 

experience of green roofs is valuable foundation for modern green roofs design.  
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Climatic conditions determine the type of vegetation that will be suitable for the 

system. As consequences, implementation of green roof technology in cold climate so 

far faces many challenges.  Due to the climatic conditions cities in cold and wet 

regions face large storm water challenges. Recently many studies are being carried in 

the use of extensive green roof for stormwater management in cold and wet climates. 

Green roofs can retain or temporarily detain stormwater to reduce and delay both total 

runoff and peak flows (Voyde et al. 2014). Green roofs retain stormwater by storing 

water in the vegetation, substrate and specially designed layers. Stored water can be 

removed from the system by evapotranspiration (the combined effect of evaporation 

from surface and plants transpiration). Evapotranspiration is highly influenced by 

environmental conditions like temperature, wind and water availability. Extensive 

green roof are favorable type of roof mainly used in cold and wet climates, as these 

roofs can withstand very harsh climatic conditions such as extreme cold, drought and 

heavy wind. Also these types of roofs require less care and maintenance which even 

makes them more favorable for cold climates.  

 

When it comes to environment stress, plants are immobile and therefore cannot avoid 

harsh conditions the way animals or people can in short, there is nowhere for them to 

run or hide. However, many species have developed altering mechanisms for survival 

in the face of drought, salinity, high and low temperature and frost. Selection of plants 

is important in green roof installation in cold climates. Following conventional 

wisdom, green roofing consultants often suggests selecting the plants native to the 

projects location. This helps avoid unnecessary plants depth by the way of 

establishment and making it easier for them adjust in particular climatic conditions. 

Shallow-rooted plants are suggested in cold climate as these plants can withstand 

extreme climatic conditions atop buildings. The plant specially chosen for cold 

climate tends to be hardier species that can be grown almost anywhere, as they do not 

require specific soil and water. 
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Succulent vegetation is commonly used for extensive green roofs. Many of these 

sedum species used for green roofs in Northern Europe use both C3 and Crassulacean 

acid metabolism (CAM) carbon fixation pathways. This makes them flexible, using 

more water than strict CAM succulents during wet periods, while having better 

survival than non-CAM plants under drought (Monterusso et al. 2005). CAM plants 

are characterized by their water use efficiency, making them ideal for rooftop 

environments. It has been established sedums do not like excessive water, making 

them as self-sufficient, drought-tolerant plant species. These species show high degree 

of development flexibility before physiological water deficits occur to complete their 

life cycle. Almost all plants complete their reproductive life cycle quickly, producing 

early flowers and seeds. To avoid excess energy used in the growth of the plants, the 

leaf area index is reduced, organic reserves are accumulated in different parts of the 

plants (e.g. stem and roots), which are then remobilized at the time of their 

reproductive cycle. Also to ensure the plants survive the harsh climatic conditions, 

they sometimes use their reserve organic materials quickly. These species also 

requires less water and root system are deeper in soil to exploit water availability. 

Having such qualities means a plant require less maintenance and eliminate need for 

irrigation system, as the plants can rely on rain for water requirements. 

 

Green roofs provide winter thermal benefits during the cold climates. Winter thermal 

benefits achieved from a green roof system depend on the vegetation types and 

material properties of the layers, including thickness, physical structure and thermal 

conductivity. Vegetated roof provide better indoor thermal comfort compared to 

conventional roof in the Northern cold climates.  A study on four different climates in 

United States has shown that green roof have had greater heating energy savings in 

cold climates (J. Build 2012). It has also shown that roof and wall vegetation could 

considerably reduce heat loss through the building's facade in winter by reducing 

convective heat loss (Energy build, 2014). Thermal mass of a green roof has been 

shown to reduce heat flux through the green roof during the winter and create more 

stable internal temperature compared to a conventional roof (Energy Build, 2010).  
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2.5.1 SWOT Analysis 

SWOT factors for green roofs in European cities of temperate climate were identified 

based on the analysis of scientific literature and expert interviews.  

2.5.1.1 Strength 

In the SWOT framework, strength is internal positive factors, i.e. positive factors 

directly related to product or technology.  

i. Ability to reduce flood risk - One of the strength of green roofs is their ability 

to contribute to flood prevention. In case of heavy rainfall, green roofs serves 

as a form of water storage and water buffer and therefore reduce the volume of 

storm water runoff ( Hakimdavar et al. 2014). In wet weather, green roofs can 

reduce peak runoff by upto 65% ( Sproul et al. 2014) 

ii. Energy saving - green roofs may also contribute to energy savings. Green 

roofs improve the insulation of buildings (Zinzi and Angnoli, 2012). Thus, less 

heating is required in winter and less cooling in summer.  

iii. Environmental benefits - Green roofs can contribute to the mitigation of air 

pollution, e.g. by reducing dust, and thus enhance urban air quality (Tong et al. 

2016). There is also a positive influence on the micro-climate through 

evapotranspiration; the buffering of water in green evaporates into the lower 

atmosphere, thus mitigating the urban heat island effect. Green roofs also 

serve as a habitat for insects, bees, birds and therefore may contribute 

significantly to ecological preservation (Berardi et al. 2014). With regards to 

environmental benefits are also has to be mentioned that green roofs can be 

easily combined with other environmentally friendly technologies, such as 

photovoltaic.  

iv. Life quality and aesthetic - Another frequently mentioned strength is the 

aesthetic advantages of green roofs and their positive effect on urban quality. 

Apart from positive effects on well-being and comfort in general, green roofs 

also contribute to sound insulation and noise reduction (Connelly and 

Hodgson, 2013). Green roofs can also be essential part of a multi-functional 

roof involving recreational space and urban gardening areas.  
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2.5.1.2 Weakness 

Moving on to the nest SWOT category, weakness is internal negative factors. While 

we can find plenty of strength of green roofs but there are very little weakness of 

green roofs. 

i. Structural and static challenges - The first weakness is related to 

structural adaptations and additional weight of soil and plants which 

might cause structural limitations. Depending on the type of roofs 

where large trees and recreational space are included in that case static 

load can become major issues.  

ii. Higher implementation and maintenance - the second weakness to be 

noted is that green roofs involve higher construction costs and higher 

maintenance effort and costs when compared to ordinary roofs. This 

includes the costs for plants; the costs associated with the necessary 

layering and roof water managements.  

iii. Possible damage - A third weakness of green roofs is the possibility of 

damage, either to the building or to the plants. Sometimes there could 

be leakage and sometime structural failure could be other possible 

damage while installing green roofs. And sometime bad maintenance 

and selection of plants may also lead to various problems.  
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2.5.1.3 Opportunities 

Opportunities are external positive factors related to the environment. How the human 

and environment both can be benefited from green roof. 

i. Climate change - Green roofs can serve as both a climate change 

adaptation and a climate change mitigation tool (Williams et al., 2010). 

Green roofs have great ability to mitigate urban heat island effect as 

well.  

ii. Public acceptance and environmental awareness - A second 

opportunity is to be found in the generally high public acceptance of 

green roofs and high overall level of awareness concerning the 

environmental problems and climate.  

 

 

iii. Green policies in cities - Sustainability awareness in the wider 

population and among decision makers seems to be on the rise in 

general, which increase the number of cities in implementing ―green 

policies‖. In some cities, green roofs are being encouraged as part of 

public policy. Green roofs can also be included in the smart city 

policies adopted by numerous cities where the aim is to improve 

service efficiency and urban quality of life by using new-technology.  
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2.5.1.4 Threats 

Threats are external negative factors i.e. negative factors related to the environment of 

the product and technology. 

i. Legal and political constraints - One obvious threat is to be found in 

existing legal constraints, on the one hand and in the prevailing 

political setting, on the other hand. Particularly in European cities, 

there appear to be major difficulties regarding the possibility of 

combining old and new architecture. Many cities actively support 

green roofs, a clear lack of political support can be observed in many 

other cities at numerous political levels, especially regarding to 

funding.  

ii. Lack of knowledge - Another threat identified is lack of knowledge 

regarding green roofs implementations. This includes not only lack of 

knowledge among potential adopters but also the lack of knowledge 

among relevant companies.  
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2.6 The green roof and ecological balance 

2.6.1 Ecological cycle: 

The current technology creates excessive waste which has a direct effect on man and 

nature and which imbalance the relationship between man and nature. Urbanization 

growth had a negative effect on green spaces but if green spaces are added from the 

starting of the construction in cities, they can be important ecological functions. 

Today, the cities need special attention in terms of recovery of nature and green urban 

space as the nature in the city, in extension, composition and distribution are 

requirements of sustainable development and these areas can be sustainable from 

ecological aspects (Majnunian, 1995:62). 

2.6.2 Environmental sustainability: 

Environmental sustainability emphasizes on the reduction of using natural resources 

and renewable energy, avoiding energy source loss, reduction of waste generation and 

emphasis on the re-use of waste and using recycling materials in nature and reduction 

of pollution in industries and agriculture (Elliott, 2006, 98). As green roof uses 

renewable energy sources, helps to reduce pollution, conserve air and water and helps 

in fulfilling environmental sustainability. 

2.6.3 Biodiversity: 

Cities can shrink or destroy the green space that is crucial for certain plants and 

animals to survive. Green roofs can partially compensate for lost green areas and can 

provide replacements habitats for flora and fauna. Considering biodiversity is one of 

the important issues in the urban environment (Luckett, 2009:64). Biodiversity as an 

important factor in human and environment survival not only is effective on the 

survival of human society but also it is effective on survival quality. The green roof 

has power in providing plant life and habitats for insects and birds using local 

vegetation species. 
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2.7 The green roof and social welfare and improvement of lifestyle 

Installing green roofs is a smart way to re-investing in our building or home. A green 

roof will protect the roof membrane from future replacements, reduce energy bills, 

and boost our property value by creating a new amenity space to relax and enjoy 

nature.  

2.7.1 Creating good and recreational spaces: 

With the rapid growth in urbanization, it is hard to find green space around big cities. 

And with limited plants and trees it also tough to get enough fresh air around the city. 

Air quality is of great importance in the internal and external environment. In such 

condition, green roofs can play an important role to overcome such problems as well 

as it can serve fresh food production. Many countries used the green roof as a roof 

garden where varieties of food are cultivated where people and children can be 

involved in farming and it has a positive effect on people mental aspects. Reduction 

of visual pollution of organization constructs with hard texture and improvement of 

landscapes around the building by providing green space and landscape with a soft 

texture and color variety of plants can make the residents and viewers as a clam 

(Luckett, 2009, 61). With the limited parks and garden in the city, the green roof also 

plays an important role as recreational space. Intensive green roof with varieties of 

plants with paths and sitting spaces around them is a good example of recreational 

space. The green roof provides natural and pretty spaces in the big concrete cities. 

Green roofs have a great effect on the interaction between human being and 

landscape. 

2.7.2 The importance of communities and social interactions: 

With the urban development there is very little green space in the city. There is no 

doubt that green space is attractive features that benefits people living around. Green 

space is those suggesting social place feeling. Surveys of building tenants with green 

roofs in Toronto have suggested that green roofs act as a natural escape (cohnstaedt, 

Shields and Macdonald, 2003) and provides relief to daily stress and cramped urban 

conditions ( Bas et. al 2004).  
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In general people have better mental health. Green spaces are those suggesting social 

place feeling. Green roofs by increasing the life scope and providing consistent space 

for building users can be used as a space for resting and recreation (Tufan, 2007:84). 

Green spaces are of great importance in terms of providing the environmental needs 

of residents. 

2.7.3  Life quality improvement: 

Today people are looking for a healthy life with a quality environment. One of the 

criteria of quality of the environment in each city is green spaces. The city where 

people breathe fresh air, abundant greenery, comfort and safety. These are the basic 

requirements of urban institutions and by applying green spaces many problems can 

be solved easily. Green space is good for people.  The psychological and social effect 

of these spaces on citizens is one of the important issues as various countries dedicate 

a great area of urban areas to this important use (Shahverdian, 2004). As the global 

population becomes increasingly urbanized, the problems stemming from 

urbanization will grow as well. Evidence suggests that regular, direct contact with 

natural green space (and elements of the natural world such as birdsong and seasonal 

color change) is good for people's health. Green roofs can provide both visually and 

physically accessible green space. Green roofs provide refreshment and restful views, 

space for recreation and also offer opportunities for food production. The construction 

of green space on the roof of the house creates the opportunity for its residents to have 

access to it at any time they wish. Green roofs are good for physical and 

psychological health and well-being of people. Exposure to nature improves people‘s 

ability to focus and cope with stress, generate ideas and decrease antisocial behaviors.  

These roofs offer potential for social interaction and community buildings. If green 

roofs assume consistency and provide comfort and health, they will be able to produce 

favorable and pleasant breathing space for the residents of houses in urban areas. 

Adding green space to the workplace can result in lower stress and irritability, higher 

productivity and fewer employee absences. Access to nature both directly or 

indirectly can help improve people's quality of life. Green roofs as a part of open 

urban spaces help in the improvement of ecological conditions of the urban 

environment. 
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3 CHAPTER THREE: CASE STUDIES 

3.1 Estonian University of Life Sciences (Extensive Roof) 

The Estonian University of Life Sciences, located in Tartu, Estonia is the former 

Estonian Agricultural University, which was established in 1951 and renamed and 

reconstructed in November 2005. 

 

    Fig. 8 Extensive green roof of Estonian University of Life Sciences (Author) 

 

Estonian University of Life sciences is the only university in Estonia whose priorities 

in academic and research activities provide the sustainable development of natural 

resources necessary for the existence of Man as well as the preservation of heritage 

and habitats. The Estonian University of Life Sciences is the center of research and 

development in such field as agriculture, forestry, animal science, veterinary science, 

rural life, and environmentally friendly technologies. The university creates and 

shares knowledge to promote of bio-economy for the best of nature and man. The 

university also created the green university initiative whose mission is to foster 

sustainable use of natural resources through knowledge based on education. 
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After the reconstruction of the university in 2005, the university also added a green 

roof in the main building. Original idea was to make bog/swam places but the idea did 

not work out as planned and the administration and designer decided to make green 

roof instead to make the university more environmental friendly. Architects were 

chosen through a design competition organized by university management. The 

project was under the previous rector, who doesn‘t work anymore.  There was a 

discussion with the experts of the university before the construction. The roof was 

planned together with the part of the main building as per designed by the architects. 

It is an extensive green roof having an area of 1500 m2.   The purpose of the green 

roof was to create environmental friendly surrounding around the university area. 

 

 

 Fig.9 Layout of green roof from Estonian University of Life Sciences (author) 

 

I did a case study through interviews followed by a questionnaire with the university 

experts involved during the construction phase, staff working in university and 

students currently studying in the university. The idea was to know what people think 

about that green roof in general, what they think about this existing green roof of the 

university main building and its benefits to the university and students studying in the 

university. In an interview with Ulo Roop – responsible for the maintenance of 

existing roof, helped to gather background information and its current status of the 

roof. 
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When interviewing Elen Peetsman, who works as a green university initiative in the 

university, once who were students during the construction phase has something to 

share about the green roof. In the beginning, everyone was excited about the green 

roof and it also added some greenery in the university but later plants keep on drying, 

greenery more changed into brown and its value got decreased and now it‘s almost 

unrecognizable.  Slowly it lost its charm because dry plants, no proper care, no timely 

maintenance and in winter it fully covered by the snow. In summer plants grow but it 

remains dry for a very long time. It‘s a good example of how things can be done 

wrong. Most of the people do not even notice and we do not see anyone talking about 

it. 

 

Fig.10 Different layers used in roofing of main building at Estonian University 

of Life Sciences (Author) 

 

It could be a really nice recreational area, but it is not fully utilized in the manner how 

it should be utilized. So benefits are neutral at the moment but if it is maintained or 

we are able to add some extra greenery, it has a huge possibility to be a good example 

of the green roof. By adding different varieties of plants, adding different sitting 

benches will attract many people eyes for sure. Not only inserting more green but 

adding more colors would surely make surrounding environment more diverse and 

people will surely notice and stay for a longer time. But management plays a vital role 

in all the initiative.  
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University green initiative is doing great work with the help of student union to make 

the university more environmentally friendly. Planting different seasonal flowers, 

apple trees, different pedestrian around the university are some of the works done by 

the team and the management. EMU flower garden is a good example of how things 

can be done in the right way. Hope management and green initiative works together to 

make the better green roof in the near future. 

 

When asking a question to staff and student from different field also I got a positive 

attitude towards the green roof. Most of them think it a good way of expressing the 

environment and also believe that it shows we are a nature-centered university. It‘s an 

important symbol of the university since the university has an agricultural 

background. Also, it is an interesting way to use space, rather than just to have a 

regular roof and also it has pleasing view. 

. The following question was asked; 

1)    What do you think about a green roof? 

2)    What do you think about the green roof of our university main building? 

3)    What are the benefits of the roof to the university and students? 

Everyone thinks that the roof has various benefits in the surrounding environment and 

people living around it. It helps in mitigating some aspects of climate change. It helps 

to bring more green into the university and city and the color green makes people 

happier. It‘s something pretty to look at and ideally, it would contribute to more fresh 

air in an urban environment. It helps to make people more relaxed and creative. 

Like all the other people, everyone is not happy to see the existing condition of the 

green roof. Looking at those all dry plants which are not been taken care of, makes 

people sad. No timely maintenance, same plants, no excess to the roof, which makes it 

almost unrecognizable. Surely everyone expects more from it, more activities, more 

greenery, more color, and timely maintenance.  
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3.2 Warsaw University Rooftop Garden 

3.2.1 Context 

The library was founded in 1816 and initially housed mostly theological and historical 

books. By 1831 it housed more than 134,000 volumes of the book. After each year 

collection was increasing and new construction was built to store books. During the 

first and second world war, many collections were damaged by the fire and many 

books were taken away. So, University decides to build a new library to house all the 

books. In the 1990s the new building was designed and opened on the 15th December 

1999. The best part of the new design was the botanical roof garden designed by 

landscape architect Irena Bajerska. It is one of the largest roof gardens in the whole of 

Europe. Located in the heart of the old town, a contemporary breath of fresh air. The 

entire 17,000 square meter rooftop is elegant and alive, covered in luscious greenery - 

an abundance of plant life uncommon to see in any part of the urbanized world. Not 

only keeping pace with European counterpart`s high - caliber design and architecture, 

the Warsaw Library Garden is also enhancing and transforming the traditional, post-

war landscape and heritage in the capital (Source: Warsaw University Library. 

https://www.greenroofs.com (accessed Feburary 2019). 

 

Fig.11 Aerial view of Warsaw University Rooftop Garden (Filip-Kwiatkowski) 
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3.2.2 Design Development 

For the design of Library, international design competition was held in 1993 in which 

Landscape Architect Irena Bajerska won the first prize and started to work on this 

project. Conceptual idea was to divide the space into the individual gardens, due to 

the roof being separated into different functional spaces. The garden shows simplicity 

and sensitivity, enhancing what was already inherent in the architecture of the space 

from the glass ceiling to light-filled windows. The garden covers part of the roof of 

the library and surrounds the whole building thanks to special nets and pergolas 

within the garden space that have allowed the plants for the past fifteen years to 

steadily grow up the structure of the building.  The functional and spacial divisions, 

outlined by the skylights, technical equipment and entrances to the roof (platform, off-

ramp), were inspired by the idea of creating varied garden spaces differing with spirit, 

colors, forms and scents. The Warsaw University Library has various slopes for each 

section of the roof; there are flat parts sloped 0-2% and also pitched areas up to 100% 

(Source: Warsaw University Library. https://www.greenroofs.com (accessed 

Feburary 2019). It is a purposeful, functional and poetic example of sustainable 

design. The roof garden is divided into two parts; the upper and lower part, which are 

joined by a cascading stream. The lower part includes a fish pond, where ducks have 

taken residence as well as a series of granite sculptures. The upper garden comprises 

of four parts; the golden part (to the north), the silver part (to the east), the crimson 

part (to the south) and the green part (to the west). Each one features different 

vegetation whose colors reflect their names (Source: University gardens. 

http://en.uw.edu.pl (accessed April 2019). Selections of plants were according to their 

resistant to the harsh climate in the sun, wind, frost and those require a small amount 

of water. Plants were selected according to flowers, leaves and their smell. Individual 

sections of the garden are connected by paths, bridges, and pergolas. Initially the 

rooftop garden was designed with 98 types of plants, however, due to the great cost 

and maintenance, University decided to change the number of species to exactly 49 

plants. Many ornamental grass and perennials were removed but coniferous shrubs 

and vines alongside roses and fistulas remain.  
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3.2.3 Benefits 

Cities are overcrowded spaces, lacking in nature which is unhealthy to resident‘s 

physical and mental health. And people travel to countryside in search of nature. As 

per designer idea to add green into the city and to connect people and nature, this 

garden plays and important role in the heart of city. This garden is enhancing and 

transforming the traditional, post-war landscape and heritage in capital. The roof 

garden offers sweeping views of Warsaw, the Vistula River and the Swietokrzyski 

Bridge. The variety of the scenes created and the beauty of the panorama remain the 

greatest values of this place. The roof garden is unique in itself because it is a part of 

the Library Building and also combines a diverse range of varieties of plants giving so 

much visual delight. The garden holds 49 diverse ranges of varieties of plants giving 

so much visual delight and magical colors. This garden is best place observing the 

city from bird‘s eye view. Garden gives everyone the fresh air in the middle of 

concrete world while enjoying the beautiful view. A peaceful oasis to stop and rest in 

the heart of the city and have a picnic surrounded by nature. And it is also a perfect 

place for students to read, for elderly people to take a healthy walk, for the couple to 

have quality time and for the families with kids to play on the lawn (Source: Kawecki, 

Joanna. Assemble Paper- The culture of living close together. 

https://assemblepapers.com.au) 

 

Fig.12 Solar panels and lake around the Warsaw University rooftop garden 

(Warszawska Organizacja Turystyczna) 
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3.3 University of Greenwich Roof Garden 

3.3.1 Context: 

The University of Greenwich is a public university located in London in the United 

Kingdom. The university`s range of subjects includes architecture, business, 

computing, mathematics, engineering, humanities, natural science, pharmacy and 

many more. The university was established in 1890 naming Woolwich Polytechnic 

and renamed to University of Greenwich in 1993. The university has three campuses 

in three different parts in London. The University has a new building for department 

of Architecture and Landscape. This is one of the country's biggest centers in outdoor 

design. The university designed new building for Landscape and architecture for 

better facilities and to attract many students. The department is home to the advanced 

landscape and urbanism research group, which has a reputation for successfully-

funded research publication and international collaboration. The university's award-

winning Stockwell Street building is purpose-built to teach landscape architecture. 

Greenwich University new building lies in the heart of town and construction cost 

was around £ 76 million. The building is also listed in World Heritage Site and the 

site is commercial at the front and residential at back with beautiful gardens and 

rickety stairs (Source: Cosgrove Sarah, 12 September 2014. www.hortweek.com ) 

 

Fig. 13 Aerial view of University of Greenwich Roof Garden (Wikipedia) 
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3.3.2 Design Development 

For the design of the Landscape Department Building there was international design 

competition and the winner were Heneghan Peng, the Dublin-based practice of Roisin 

Heneghan and Shih-Fu Peny. The building features 14 green roofs garden of varied 

habitats which are used for teaching and research including a flower meadow, a 

wetland and dedicated facilities to the study algae and aquaponics. Together they 

cover an area of about 12 tennis courts, possibly making it Europe's largest rooftop 

classroom. The building features the stone front part which is to connect the 

university and the public which contains zone of galleries, cafe and other spaces. It is 

a building of many aspects and characters, given unity by an all-over strong color. 

During the design of the building, local residents were not enthused by the idea, they 

were worried how students were going to use the space; they didn't want parties on 

the roof but Heneghan Peng dealt it with cleverly and made all the residents believe 

that landscape students are going to use green roof for teaching and research purpose. 

Initially all showed as sedum roofs but as the design evolved they became working 

roofs. This building is the best example to see how intensive and extensive green roof 

are carried out in roof of building (Source: Moore, Rowan. Greenwich School of 

Architecture review - a generous, confident building. September 21, 2014. 

www.theguardian.com ) 

 

The roofs are divided into three different levels, at the lowest roof level, with access 

only to landscape students; one of these is designed as a flower meadow, a second 

includes a pond for the wetland effect and third includes the algae phonics, a futuristic 

looking structure in which different algae cultures are grown. There are different 

types of soil to see how plants do in different environment. There are areas for 

growing food crops specially chardonnay grapes, so eventually the University should 

be able to bottle its own wine. The roof is also home to bees and other insects. At 

higher level, the roofs are open to all users of the buildings. There are areas of paving 

as well as planting and some areas with solar panels. As the roof also has pond, so 

special design was carried out to overcome potential leaks. The ponds were double 

lined; there is one waterproofing system for the roof itself and another for the ponds.  

 



G R E E N  R O O F S  | 40 

 

 

 

In addition to the green roofs, there are two glass houses at the same level as the 

research roofs. One will be used for growing plants that will go on the roofs, but the 

other one is special one; it will be devoted to aquaponics, one of the principal research 

topics for the university. ‗Aquaponics‘ is a hybrid word, melded from aquaculture, the 

growth of fish and ‗hydroponics‘, the process of growing plants without soil. So, 

Aquaponics involves the raising of fish and then use of the effluent that they produce 

as nutrients for growing plants hydroponically. As explained by Dr. Benz Kotzen, 

who teaches at the university, ‗that the fish need water and oxygen, and so do the 

hydroponics. Ammonia from the fish effluent and from their gills is transformed 

naturally into nitrite and then into nitrates which are what the plants live off. 

 

 

Fig. 14 Example of green roof as habitats for biodiversity at University of Greenwich 

roof garden (Tom Turner, 2015) 
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3.3.3 Benefits  

The building features 14 green roof, both extensive and intensive roof styles which 

includes varieties of plants and homes to many habitats demonstrates how the 

designer and green roof engineer solved the unique design requirements to create an 

effective green roof technically and aesthetically.  Green roofs are not only used as 

food production or habitats but also used for practical teaching and research which 

gives students better understanding of green roofs in details in practical way. It 

provides a wide range of topics including urban farming, algae and aquaponics.  For 

landscape professional the building is exciting on two counts, firstly as a building it 

makes imaginative and vital use of green roofs. And secondly, department of 

architecture and landscape benefits the landscape students from magnificent new 

teaching facilities. These roofs are also good for students in improving their physical 

and psychological health and well-being. Working and studying close to nature 

improves student‘s ability to focus and help them to generate ideas.  Green roofs are 

also part of research initiative to see what plants are best suited for the rooftop 

environments both for food as well as pollination. Includes a variety of vegetation to 

help absorb rainwater and grow food at the same time. One of the important benefits 

of this rooftop design is to enhance the biodiversity, where research is done on the 

aquaponics – the process of growing fish and growing plants without soil (Source: 

Greenwich‘s landscape for learning.  http://www.keeblebrown.com ) 

 

Amis to reconnect humankind with nature, sustaining a physical relationship in order 

to improve overall environmental conditions like purifying water, detoxifying air 

pollution, home to rare flora and fauna, increasing biodiversity as well as improving 

well-being, mental and physical health.  
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4 CHAPTER FOUR: INTERVIEWS AND ONLINE 

SURVEY 

The purpose of this study is to explore people‘s expectations and attitudes towards 

rooftop garden and green roof designs development and its benefits to people‘s 

quality of life. To investigate citizen‘s attitudes towards participation in green roofs, 

survey was conducted among 59 random people living in Tartu and some living 

outside the Tartu. A series of questionnaires has been designed to know opinions from 

59 people randomly chosen. Results show the opinion on people about most important 

benefits and barriers in development of green roofs. 

 

The survey questionnaire includes socio-demographic characteristics access to green 

space and perception of the green roofs. The first section includes people‘s socio-

demographic information such as gender, age and education. The second part 

specifically asked about people‘s access and their opinion about the green spaces. 

Then in the other part people‘s perception about benefits or negative effects of green 

roof were assessed.  

 

4.1 Method of data analysis: 

A quantitative approach was used to analyze the data collected from people. 

Statistical analysis is prepared using the pie chart and bar line.  
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4.2 Results and discussion: 

4.2.1 Socio-demographic characteristics: 

The most important socio-demographic features of the survey respondents have been 

shown in Table 2. The questionnaire involved some questions to obtain data about 

soci-demographic characteristics of people. These characteristics include gender, age, 

education and living place. Considering demographic features of the people shows 

66.1% were female and 33.9% were male. The average age of people who involved in 

the survey was range from 18 – 30. More than 90% of the people have bachelor 

degree and higher education. And all of them are students studying in different 

educational fields. 37.9% of people are foreigner but currently living in Tartu and 

37.9% of people are foreigner while 22.2% of the people are from Estonia.  

 

Table. 2 Characteristics of 59 people  

Gender Percentage (%) Age 

group 

Percentage 

(%) 

Living Place Percentage 

(%) 

Male 33.9%  

18 – 30          78% 

 

>30                 22% 

Foreigner 

living in Tartu 

37.9% 

Female 66.1% Foreigner 37.9% 

Estonian 22.2% 
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4.2.2 Study of the people perception. 

In the second section of the questionnaire, people were asked how far their home is 

away from the nearest green space. 56.9% of the people responded they do not have 

any nearest green space close to their homes, 20.7% responded between 2 to 5 km, 

12.1% between 1 to 2 km and 10.3% mentioned within 500 meters.  

 

 

Fig. 15 Bar line to show how far people live from nearest green spaces. 

 

In addition, people answered some questions to discover their assessment about 

quality of green spaces in their neighborhoods. Only 17.2% spend at least some time 

in green spaces. Due to lack of green spaces, long distance to green space from home, 

lack of time and low quality of green spaces are the main reasons behind not spending 

time in green spaces.  

 

Fig. 16 Pie chart to show how often people used green roof in last one year. 
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To discover people‘s perceptions about the benefits of installing green roofs, a 

question regarding benefits of green roof was asked. Reducing air pollution and urban 

island heat effect and offering attractive view and increase aesthetic value were the 

benefits obtained highest score. A noticeable benefit of rooftop gardens is the eye-

catching view in the dense concrete environment. These roof gardens offer 

opportunities for social interaction between neighbors in both commercial and 

residential spaces. In an urban environment with limited open spaces, these roofs 

provide a better recreational space which has positive effect towards healthy life. 

Green roofs can also reduce pollution y filtering out dust particles and other pollutants 

as the air passes over plants (Bass and Baskaran 2003; Currie and Bass 2008). Along 

with the environmental benefits, green roofs have the capability of having economic 

and social benefits for urban environments as well.  

 

Fig. 17 Pie chart to show benefits of green roof 
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Considering the disadvantages, the main barrier of installing green roofs are high cost 

and lack of knowledge and awareness. These were the average answer obtained from 

the survey where 39.7% people determined high cost and its maintenance is the major 

drawback for installing green roof while 27.6% determined lack of knowledge and 

awareness as major issue. Installing green roofs can cost up to twice as much as 

installing conventional roof. And maintaining green roofs is a big task for people who 

do not really have the luxury of time. These are the major issue why people go for 

conventional roof rather than green roof. 

 

Fig. 18 Pie chart to show reasons for not installing green roofs. 

 

 

 

Fig. 19 Pie chart to how people would like to use green rooftop in future 
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4.3 Conclusion 

This study investigated people perception for green roof design. Results have shown 

that offering an attractive view and increase visual aesthetic value is the most 

important benefits of installing green rooftop gardens according to people‘s attitude. 

The main purpose of designing rooftop gardens is creating decorative landscapes 

while long-term objective of green roofs is to achieve collective environmental 

benefits. On the other hand lack of knowledge and awareness about features and high 

initial cost and maintenance are the major barrier for not installing green roofs. So, 

increasing public awareness about the importance of urban environmental quality 

issues and the need for participation of all people in it is an essential step to develop 

green roof projects. It is important to encourage policy makers professionals, media, 

building contractors and owners, landscape architects and the public learn about the 

advantages and benefits of the green roofs.  
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5 CHAPTER FIVE: DISCUSSION AND CONLCUSION 

5.1 Discussion 

My belief in green roof improving quality of life and enhancing aesthetic value was 

developed through literature review and case studies supplemented with interviews 

and online survey. I believe much of literature available will support the importance 

of green roofs in improving quality of life and enhancing aesthetic value.  

 

The following diagram illustrates my methods. Role of green roofs achieving 

aesthetic value and improving quality of life were developed on a continuous basis, 

beginning with literature review, case studies, interviews and online survey. 

 

 

Fig. 20 Diagram illustrating methodology 
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This thesis literature presented green roofs basic, history, green roofs types, benefits, 

ecological balance and social welfare and green roofs implication in cold climates 

especially in Northern Europe. Literature review, case studies and online survey 

including interviews show a significant number of benefits of green roofs in 

enhancing aesthetic value and improving quality of people‘s life.  

  

It‘s been seen that green roof can be mainly of two types intensive and extensive. The 

type of green roof determines the diversity and volume of ecosystem services; 

similarly the type of green roof also affects the installation costs. Both the intensive 

and extensive green roof can be used to reduce the side effects caused by urbanization 

and industrialization of urban areas to reasonable percentages. Extensive green roof 

has an ecological rather than aesthetic function and is therefore used more in the 

world compared to intensive greenery (Li and Yeung 2014). Green roof provide many 

ecosystem services from which urban people can benefit and play a significant role in 

urban architecture. Along with environmental benefits, green roofs have the capability 

of having economic and social benefits for urban development as well. Green roof 

ability to conserve water and energy, reduce air and water pollution, stormwater 

management and urban island effect provides an enjoyable space in which people can 

exist. Green roofs can retain or temporarily detain stormwater to reduce and delay 

both total runoff and peak flows (Voyde et al. 2014). This study accomplished the 

goal of this paper by providing an example of green roof that can provide both 

environmental benefits as well as benefits to the people living around it. 

Another part of literature shows green roof in cold climates; especially in Northern 

Europe. Research aims to show green roof various benefits in cold climate country 

like Estonia, how extensive green roof help in stormwater management and their 

ability to provide indoor thermal comfort during long cold nights. It shows how 

Scandinavian turf roof played a foundation for the modern green roof in Northern 

Europe. And analysis showing selection of plants and their benefits during long cold 

winters. Succulent sedum species are used in cold climates because they are adaptable 

to the harsh weather; they are drought tolerant and self-sufficient.  
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This paper has achieved the small goal of importance of green roof in connecting 

human world with nature. Green roofs can partially compensate for lost green areas 

and can provide replacement habitats for flora and fauna. Reduction of visual 

pollution of organization constructs with hard texture and improvement of landscapes 

around the building by providing green space and landscape with a soft texture and 

color variety of plants can make the residents and viewers as a clam (Luckett, 2009, 

61). Green roofs by increasing the life scope and providing consistent space for 

building users can be used as a space for resting and recreation (Tufan, 2007:84). The 

psychological and social effect of these spaces on citizens is one of the important 

issues as various countries dedicate a great area of urban areas to this important use 

(Shahverdian, 2004). 

 

The following is a brief review of the case studies highlighting important lessons. 

 

 Warsaw University of Rooftop Garden 

 

This case study uses varieties of plants which made it possible for the green roof to 

serve as garden. This garden is enhancing and transforming the traditional, post-war 

landscape and heritage in capital. The green roof involves the building‘s inhabitants in 

connecting to nature. The roof garden offers sweeping views of Warsaw, the Vistula 

River and the Swietokrzyski Bridge. This garden helps to connect man and nature by 

developing garden into a city. Warsaw University Roof Garden is home to verities of 

rare plants and species which add visual delight and magical colors in the city. It also 

holds a lake in lower part making habitats for fish and ducks. Use of solar panels and 

re-use of water fulfills the environmental sustainability and energy conservation. The 

roof is not only a garden it is a recreational space which invites every age group of 

people. As it is on the top of the library, it is perfect place for students to read being 

close to nature, addition of benches and paths helps elderly people to take a healthy 

walk and being Europe‘s biggest roof garden, families with kids can enjoy and have a 

picnic around the lawn. Also this garden being most visited suggests social place 

feeling and suggests physical and psychological health and well-being of people.  
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 University of Greenwich Roof garden 

 

This roof garden was chosen because it shows how green roof are not only used as 

habitats or food production space but also it can be used for practical teaching and 

research purposes. 14 different extensive and intensive roofs invite large number of 

students and benefit them with magnificent teaching facility on various green roof 

technologies. These roofs help students to motivate in physical and psychological 

health and well-being. These roofs aims to reconnect humankind with nature, 

sustaining a physical relationship in order to improve overall environmental 

conditions. One of the important lessons of this rooftop design is to enhance 

biodiversity, where research is done on the aquaponics – the process of growing fish 

and growing plants without soil. The combination of aesthetic appeal and functional 

qualities also made this a good case study.  

 

 Estonian University Roof garden 

In this case study, the green roof is simpler which was characterized by the use of 

suitable sedum species mainly succulents there by defining the green roof as an 

extensive type. Those succulent sedum species were used in this case study because 

they are adaptable to the weather of Estonia. The roof was designed to be self-

sustaining and low maintenance with the use of native grasses. Plants were selected to 

be self-maintain and drought tolerant. The roof is not accessible to the public or 

building occupants but it is visible from everywhere. This roof helps in mitigating 

some aspects of climate change, making room warmer in cold climate and cooler in 

summer, also roof help to reduce runoff of water during rainy season. The purpose of 

Estonian University Roof garden was to create environmental friendly surrounding 

around the University surrounding as University priorities are in academic and 

research activities providing sustainable development of natural resources. The roof 

acts as a demonstration to help bring green technology to the university and to the 

city. This roof is aesthetically pleasing and motivates students to be more creative and 

relaxed.  
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Lessons from Interviews and online survey 

And the purpose of doing online survey was to investigate people perception of green 

roof design. Results show that offering an attractive view and increase visual aesthetic 

value is the most important benefits of installing green roof gardens. Also people 

mentioned, green roofs help to create decorative landscape and provide various 

environmental benefits.  

Taking all the lessons from literature, case studies and online survey results into the 

considerations that green roofs plays a significant role in enhancing aesthetic value 

and improves people‘s quality of life.  

 

5.2 Conclusion 

As urbanization increase, it is critical to find a balance between human development 

requirements and environmental concerns. Rapid urbanization has brought disastrous 

consequences in the earth; most of them are irreversible, urban heat island, flood, air 

and water pollution, droughts and lack of biodiversity are the some of the climate 

change phenomena that we feel more and more strongly everywhere in the world. 

Since urbanization is projected to accelerate in the coming decades, smart growth 

options and mitigation measures must be implemented if the negative effects are to be 

mitigated. Green roofs can play a very significant positive role in mitigating the 

effects of urbanization and ensures people people‘s quality of life. Incorporation of 

green roof in both new and existing structures helps in replacing lost eco habitats in 

urban areas as well as provides other benefits associated with green space.  Green 

roofs are therefore very beneficial to human not only in terms of environmental 

protection but also in terms of economy. The roles played by green roofs have a very 

great impact in our lives. 
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5.3 Future research 

The main purpose of designing rooftop gardens is creating decorative landscapes 

while long-term objective of green roof is to achieve collective environmental 

benefits. On the other hand lack of knowledge and awareness about features and high 

cost and maintenance are the main barrier for not installing green roof. So, increasing 

public awareness about importance of urban environmental quality issues and the 

need for participation of all people in it is an essential step to develop green roof 

projects. It is important to encourage policy makers, professionals, media, building 

contractors and owners, landscape architects and the public learn about the advantages 

and benefits of green roofs. All levels of government should actively support rooftop 

gardens, by introducing relevant policies, implementing aggressive plans for 

installations and making it mandatory to include these technologies in new buildings.  
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