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ABSTRACT 

 
Green roofs not only can change the balance of surface energy, but also help mitigate the heat islands of urban areas. 
But, because of evapotranspiration, the green roofs cooling mainly relies on the conditions of climate, the type of 
vegetation and density. The purpose of this paper is to review terms of sustainability in green roofs particularly in arid 
and semi-arid areas. This research provides information on environmental, economic and social benefits of green roofs 
and their technical aspects based on conditions in arid areas. In the hot and dry climate, green roofs need to resist 
during heat stresses. Selecting appropriate combinations of green roof layers and type of vegetable can increase the 
performance of these water-sensitive urban design structures. These green roofs mainly use natural precipitation in the 
form of rainfall and snow as a source of water supply. However, in arid and semi-arid regions supplementary irrigation 
water is often also required, depending on the type of plants and green roof materials. Though several experiments have 
been done which investigate the technical aspects of green roofs, more experiments are needed to achieve a 
comprehensive overview of green roofs implementation in arid and semi-arid areas.  
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INTRODUCTION 

 
Buildings construction and maintenance are associated with energy Approximately 40% of worldwide energy 

use are associated with the construction and maintenance of buildings [1]. Temperatures in rural areas are typically 
lower than in city areas, the urban heat island [2]. In the period of heat waves, the stress of heat in urban areas is 
oftentimes aggravated which will be more reiterated and drastic because of the greenhouse gas emissions 
augmentation. The surface energy alterations and radiation equipoise in constructing areas can be the reasons of 
elevated air temperatures. The thermal and aerodynamic features of cities are different from natural environments. 
Cities often have waterproof surfaces, retaining less amount of water, and they possess lower albedo, absorbing 
more radiation from the sun. In order to enhance the urban climate conditions and the quality of air, numerous cities 
have applied some programs to augment the vegetation of their urban areas[3, 4]. An organized investigation of 
tentative evidence of urban area's vegetation cooling effects was done by some researchers, deducing that urban 
vegetated areas, urban parks, are approximately 1 °C cooled that other areas, constructed areas, in cities. The two 
main reasons were trees shading effects and augmented evapotranspiration, ET. Further investigation is necessary to 
completely implement urban greening initiatives [3]. 

Green roofs are part of the green infrastructure which uses vegetation, soil and water to develop healthier urban 
environments [5]. Energy conservation, the urban island effect mitigation, attenuation of noise, provision of 
biodiversity, habitat and management of urban storm water are all results of green roofs implementation [6]. Green 
roofs consist of some layers, including waterproofing, drainage and substrate layers in which plants are grown. The 
depth of substrate, oftentimes <20 cm, is limited by weight loading limitations on constructions. Therefore, plant 
growth and durability are two main parameters that are mainly affected because in green roofs the available water 
undulates drastically between rainfalls[7, 8]. At last, it is paramount importance to choose the proper plant species to 
survive during drought periods, especially in semi-arid and arid areas. [9], especially in hot and dry climates. 
Therefore, the aim of this work is an investigation of sustainability through green roofs in arid and semi- arid areas. 
 

1- LITERATURE REVIEW 

 
For centuries, different countries have used several types of green roofs, having benefits in different climatic 

conditions and building characteristics [10]. The first applications of green roofs date back to the fifth century in 
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Babylon’s hanging gardens[10]. Another implementation of green roofs was in the ziggurats of ancient 
Mesopotamia. Roman architecture also used green roofs, as roof gardens like the Mysteries Villa [11]. Also, 
vernacular architecture in different countries has been affected by green roofs, Norway architecture used green roofs 
in order to enhance the thermal insulation [12]. Utilization of the green roofs during the modern age was rare. 
Passing this period, Swiss architect Le Corbusier, including the green roofs in the five points of modern architecture, 
started to use green roofs in the twentieth century [13]. At the same time, green roofs were introduced by American 
organic architects as a method of integrating buildings and nature. More intensive green roofs implementations were 
begun in German-speaking countries in the 1970s [14]. In the same years, green roofs gained popularity in France 
and Switzerland[14]. Some utilizations of green roofs in North America have then emerged, especially in Portland. 
Japan has indicated green roofs as a prime technology to decrease the urban heat island and promote sustainable 
buildings in last years. The recent attention towards green roofs is presented by dedicated conferences, associations, 
and competitions worldwide. Green roofs can be representative of a noteworthy solution, eliminating the lack of 
urbanized areas green space issue [15]. Green roofs can be as credible options to replace the lost green areas in 
modern cities, and support life behaviors within nature if they are efficiently designed and integrated [16]. However, 
the most regular advantage for which they are advanced and adopted is the energy-related performance of green 
roofs [17]. Green roofs substantially prevent the infiltration of solar heat to the covered building components [18]. 
Dunnet et al. claimed that ‘‘they improve the thermal performance of a building through shading, insulation, and 
thermal mass’’ [14]. Likewise, Saiz et al. noted that ‘‘the key property of a green roof is its low solar absorption’’ 
[19]. Green roofs energy-related interpretations coexist with their significance as a media for the ecological 
biodiversity development, with enhanced air quality and improved landscapes [19]. Several studies addressed the 
advantages of green roofs as for urban hydrology, storm water quality, and ecological habitats for wildlife [18]. In 
particular, several studies have concentrated on the green roofs ability to mitigate water runoff quantity, improving 
its quality simultaneously[8].  

2- The advantages of Green roofs  
In this section, economic, social and environmental advantages of green roofs are discussed in details.  
          2-1 Environmental benefits 
Biodiversity of Habitat(Creation and Protection):  

The ecologic systems health has been influenced by urban sprawl, interrupting the migration passages and 
controlling the natural environments supplies and vegetation. As a link, green roofs can be used for insects and 
bird’s migration, using the urban environment as steppingstones for wildlife movement [14].The biodiversity 
potential relies on building altitude, food supply, height and species of plant and surface alterations. 
Temperature Regulation (Heat Island Effect Reduction): 

Standard roofs, buildings and parking lots, as inorganic surfaces, cover a city environment, corresponding to 
ambient temperature increase. This phenomenon is known as the urban heat island, UHI, effect. There are some 
reasons why natural cooling by wind is prevented and evapotranspiration is being done including impermeable 
surfaces, tall buildings and lack of vegetation. So, cities temperatures rise and they maintain their warmer 
atmosphere longer than the surrounding environment, cause some negative effects in urban environments because of 
extreme heat. Moreover, ground level ozone is formed by gaseous emissions chemical actions caused by increased 
temperature. This situation causes respiratory and cardiac irritation. The green roofs application can reduce UHI by 
using vegetation in some of the urban areas surfaces. Temperatures can be reduced by a less absorbing surface 
covering for the roofs and evapotranspiration application. Considerable economic gains, the reduction in energy 
costs, can be achieved by green roof coverage [20, 8]. Some design factors can lower UHI including square footage, 
type of plant, growing medium depth and composition and green roof moisture. 
Improvement of Air Quality:  

Increased particulates and air contaminants caused by cars, building emissions, industrial pollutants and elevated 
ambient temperatures result in poor air quality. In western states of USA, cities are suffering from temperature 
inversions, trapped polluted air causes remarkable reduction in air quality. One of the methods to alleviate this 
situation is application of green roofs. Green roofs make building more efficient, produce less emissions, reduce the 
air temperature on the roofs in summer and absorb particulates [21]. The contribution of green roofs to enhance the 
air quality depends on plant type, surface of leaf and tissue of leaf in order to capture air pollutants by vegetation. 
Storm Water Management:  

The quality and volume of storm water run-off depends on impermeable surfaces amount in an urban environment. 
A larger volume of storm water is sent through various management components, leading to stream, rivers and 
lakes, because cities have low permeable surfaces. The increased runoff volume and its frequency cause erosion and 
pollution in rivers, stream and lakes. Lowering and minimizing the storm water run-off [22], filtering pollutants and 
controlling temperature [23] can be achieved through green roofs application. Green roofs have been applied in 
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some sections of USA, most which are in areas with relatively high annual rainfall and humid climates. Green roofs 
in the semi-arid and arid areas have not yet been widely installed, although there are some green roofs in the semi-
arid and arid west. More research needs to be implemented to find the best plant selection and design approach for 
semi-arid and arid climates. 
       2-2 Economic advantages 
Energy Efficiency:  

If roofs are Poorly insulated, warm air will escape in the winter and be absorbed in the summer. By attenuating heat 
flow through the roofing system, green roofs are lower the energy consumption for heating and cooling the 
construction [24, 25]. Investigations at the national research council of Canada have shown that heat flow through 
the roof can be reduced by 70% to 90% in summer time and 10% to 30% in winter time, reducing the necessary 
energy for space conditioning up to 75%, by implementing green roofs[26].  
Durability of Prolonged Membrane:  

Based on the climate, region and waterproofing membrane, a green roof can linger up to three times a traditional 
roof. In Germany, some green roofs have lasted up to 30-40 years more than twice the typical North American roof, 
10-15 years. Green roofs lower the membrane stress, by hampering oscillations in temperature, through additionally 
covering the waterproofing membrane using a layer of organic and inorganic insulation. This is necessary in semi-
arid and arid climates where conditions can be extreme. 
Prevention of Fire:  

Fire spread can be avoided using a green roof. Organic layers of matter with a low percent of moisture could be 
influential in avoiding the Fire spread. To lower the flammability of roofs, it is necessary to use suitable fire breaks, 
meeting the local fire codes. Furthermore, a seasonal burn is essential for some green roofs to develop the plants on 
them. The procedure should be implemented with local fire department observation. 
Creation of Local Job:  

Between the years of 2004-2005, employment, manufacturing, installation, design and maintenance of green roofs, 
rose by over 80%. This quickly emerging industry will need and create jobs not only within the profession, but also 
from the next job creation of space application in productive ways including recreational facilities and rooftop 
restaurants. 
 
Meeting Regulatory Requirements for Urban Runoff Treatment:  

The water that has been polluted by such contaminants including pet wastes, motor oil, pesticides etc. is called urban 
runoff. Areas where are covered by concrete, roof covers and asphalt are augmenting the urban runoff volume and 
velocity. Green roofs can be used in order to reduce the runoff speed and can help clean the water in the process. 
Along with the policies that are being implemented to clean and slow down water, at the starting point, green roofs 
can be used to meet future requirements. Ongoing investigations in order to examine the rate and efficiency at which 
the green roof is maintaining and cleaning the water is being done at the present time. Important factors that must be 
considered when designing a green roof system for water treatment are including type of plant species, growing 
medium depth and type and drainage system kind. 
Reduce Community Resistance to New Developments: 
As cites are becoming more plumb and compressed. In order to build new constructions in the urban area and avoid 
controversies, Green roofs can lower the objections to new development by providing fascinating views with 
seasonal and aesthetic worth for the area residents and business owners. 
              2-3 Social advantages 
New Recreational and Aesthetics Space:  

Green roofs help inspire a more considerate method to city arrangement by augmenting amenity and green space, 
motivating food production, community gardens and extending recreational and commercial spaces. The green roof 
application in the standard buildings creates a distinctive quality of visual significance. It has been suggested that 
introducing green are as in the city lowers stress and recovery time of patients, augments the values of property and 
has been related to a decrease in crime [27, 28]. 
Improved Health and Horticultural Therapy: 
The availability of outdoor area and views of natural environment has confirmed to have a positive influence on 
human health. Researchers have found that even visual access to a natural environment causes a decrease in sick 
leave, stress, illness and has recovered overall health, satisfaction of job and productivity [29]. The interaction of 
people with a natural setting causes an augmentation in place pride and motivates physical and social activity. If 
individuals have a sense of place, this will act as a community building catalyst and pride. It also has been helped to 
reduce violence, discriminatory behavior and vandalism [27]. 
 

70 



Sharafi, 2017 

Blocking Electromagnetic Radiation and Noise Reduction: 

Though the wireless devices and cell phone use effects on human health and the environment have not fully 
understood, some researchers claim such technologies may augment the rate of cancer in certain conditions 
[30].Green roofs have been investigated and shown to lower electromagnetic radiation up to approximately 94% 
[31].Green roofs can lower the noise level by 40-60 decibels, within the building. The type of plant, growing 
medium, thickness of the medium and plant coverage can affect the efficiency of the green roof to lower noise 
levels.  
Urban Agriculture:  

The distance between urban centers and agricultural production sites has been extended to the extent that the average 
distance is approximately 1350 miles [32]. Such distribution causes environmental burden, so, in order to address 
this problem, a new action of local production has emerged. The combination of green roofs and urban agriculture 
has yet to be fully understood, however the additional available area that a green roof provides for producing food 
should not be missed.  
By joining food production in urban areas and farming facilities, the food that was produced locally can make cities 
be independent of the enormous food distribution model. Green roofs cannot be a replacement for farms, but can 
cooperate in starting a model for production of food in a small scale. Green roofs that are for producing food require 
little change from the costume system, but a few issues need to be noticed such as:  
- The growing medium depth needs to be enough for anchoring and maintaining food plants 
- Waterproofing membrane requires to be protected from periodic application of gardening instruments 
- production quality and must be considered 

Reduction of Waste Volumes:  

If you build something which lasts for a long time, this action will be one of the main methods to lower the great 
amounts of waste that reach landfills every year. Green roofs last up to 2.5-3.0 times as long as traditional roofs by 
extending the life of the membrane, more than 50% of the necessary materials to fix the roof in its lifetime will be 
diverted. The efficiency of heating and cooling systems of the building will be improved because of additional 
insulation of the green roof [33], resulting in less repeated substitution of HVAC systems and diverting waste from 
landfills. 

3- Green roofs technical aspects 
The structure of a green roof includes the vegetation layer, the soil, the drainage layer and the membrane layer, 
serving as a filter and waterproofing layer [34]. Many other layers are often required, such as the root barrier 
(generally between the soil layer and the drainage one), the irrigation system (within or above the soil layer) and 
supplementary filters [35]. The development of a green roof can use versatile construction techniques such as a 
complete system, a modular system or precultivated blankets [36]. The complete system encompasses the entire roof 
while the other two are planted before being integrated above the rooftop. Regards the possible vegetation types, 
Cox states that different plant types could lead varying thermal insulation values [37]. Different plant choices in 
green roofs cause significant variations in the thermal insulation value. Sedum, one of the most popular types of 
plants for green roofs, provides high shading against solar radiation, has a short root structure and is compatible with 
limited water sources [38]. However, it is unable to avoid convective heat transfer under its leaves and consequently, 
it has a low thermal resistance value [38]. Ryegrass allows for much air circulation but its potential for shading is 
limited. Vince guarantees better shading compared to the others, however it also allows convective heat transfer 
[40]. The most important characteristics of the vegetation that influence heat transfer of a green roof are plant 
elevation, fractional coverage, leaf area index (LAI), stomatal resistance and albedo [17]. The fractional coverage is 
representative of the roof surface fraction that is directly covered by at least one leaf. The albedo is the surface 
reflectivity to the incident solar energy over the vegetation layer. At last, the stomatal resistance is a biophysical 
factor that relates to the rate at which the plant transpires moisture [17]. Simulations in different climates exploring 
variations in LAI have shown that a high LAI (LAI = 5) corresponds to an increase of energy consumption in winter 
and a reduction in summer [17, 41]. MacIvor et al. found that the dry land plants have higher thermal resistance than 
wetland ones by comparing many plant types [42]. Sutton et al. found that most of the vegetation kinds can 
successfully grow once sufficient irrigation and soil layer depth are provided [43]. The study by Schweitzer and 
Erellclaims that despite the confirmed benefits of green roofs in temperate and tropical regions, it is very 
challenging to use them in extremely hot and dry regions. The respective study has analyzed four different 
alternatives of plantations including Aptenia, Halimione, Sesuvium, and Pennisetum, and has found that 
Pennisetumclandestinum encompassed the most significant positive effect [44]. Durhman sugested to use several 
species of Sedum, among s. sediforme, s. acre, s. midden- dorffianum, s. album bella d inverno, s. 
spuriousLeningrad white, s. reflexes and s. spuriumsummer glory. Subordinate species, at specific substrate depths, 
include s. kamtschaticum s. dasyphyllum lilac mound, s. dasyphyllumburnatii, s. hispanicum, and s. diffusum [45]. 
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Getter and Rowe proposed sempervivum and delospermaas for green roofs without irrigation [46]. Various studies 
proclaimed that the use of various kinds of plantations could be useful for maximizing the green roofs effectiveness 
[47]. But, the selection of plant type must be established according to the climatic conditions, the plant impact on the 
ecosystems [54, 55]. Overall, there is a need for research about comparisons among various types of plants to 
provide design guidelines for selecting the most appropriate plants for a given green roof[46]. These researches 
should consider different possible soil depths, local climates, water availability, and plant density, as there is often a 
misunderstanding of the impacts of these variables over the environmental of green roofs. 

4- Application of green roofs in arid areas 
In order to provide a various range of environmental benefits, green roofs are being built including conservation of 
energy by improved insulation of buildings and energy efficiency [17], urban heat island effect mitigation [48], 
attenuation of noise [49], provision of biodiversity habitat [50] and management of urban storm water [51, 52]. 
Green roofs include some layers, consisting of substrate, drainage and water-proofing. Restrictions of weight 
loading on constructions restrict the depth of substrate on green roofs. Water availability oscillatesdrastically 
between rain events, making green roofs difficult mediums for plant growth and survival [7, 8].As a result, 
throughout drought times, survival limits plant species in green roofs [9], especially in harsh climates.  
Survival of plants on green roofs depends on some factors including depth of substrate and physical properties, 
especially capacity of water holding. Sedum species tolerance of droughtin response to substrate depth has been 
extensively studied, showing enhanced survival in greater depths [45, 53, 52]. But, species performance comparison, 
under drought situation and in various substrates with different physical characteristics has not been thoroughly 
investigated. 
In order to assure the long term success of green roof, its substrates require to balance some of the properties. Low 
bulk density and good aeration are required to guarantee the substrate is lightweight, facilitating the respiration of 
plant and free draining, but it has to be balanced against enoughretention of water for survival and growing of plant 
[54, 55, 56]. These characteristics can be attained with light weight parts; but, most parts, especially organic 
materials, decompose and/or shrink during time, hence substrates of green roof are mostly composed of mineral 
ones. Composition of mineral based substrate varies based on cost and local availability, and many consist of waste 
or recycled products to maximize the green roofs environmental advantages[57].  
Most substrates of green roof are emerged according to determined performance standards and guidelines, especially 
the American Standard Testing Methods or German FLL. Both of these standards determinelimits of values for 
different substrate characteristics and the necessary methodologies of testing. In green roofs of North American and 
European areas, in moderate climates, the genus Sedumsucculents are the most frequently used plant [8, 58]. Sedum 
species demonstrate some desired features including providing good lateral cover, low spreading habit and tolerance 
of drought [7, 52]. Their tolerance of drought is mainly because of physiological adaptations and high leaf 
succulence like Crassulacean Acid Metabolism, CAM, photosynthesis [60, 45].  
Succulence of leaf makes plants to endure repeated drought through provision of consumable water once water/soil 
situations prohibit roots uptake [61]. A lot of Sedum species that were used on green roofs were from alpine zone 
due to their tolerance of frost and increased survival during winter [45], including S. reflexum, S. acre, Sedum 
album and S. spurium. As a result of enhanced tolerance of frost, these kinds demonstrate lowered succulence of leaf 
[62]. Because the succulence of leaf degree directly affects tolerance of drought [61], these Sedum kinds might not 
be appropriate in arid climates than the kinds with more succulence [10]. There area small number of large-scale 
green roofs in arid climates despite of extensive application in cooler climates [10]. Victorious green roofs 
application in arid climates is of paramount importance because of the environmental advantages are probably to be 
more than in temperate climates [63]. But, it is difficult to depend on practices of green roofs in temperate northern 
hemisphere without thorough investigation [10], because of suitable plants and substrate accessibility, differences in 
climate and not enough data on plant performance under drought conditions [9]. So far, to the best of our 
knowledge, inadequate study has been performed to determine green roof succulents’ tolerance of drought and the 
different substrates suitability in harsh climates like areas with arid and semi-arid conditions. 
 

Conclusions 
Green roofs are important types of green infrastructures for cities in the future. They have potential benefits to 

make urban areas healthier and more livable for residents. The terms of green roofs, based on a compressive review 
in their environmental, economic and social benefits and their technical aspects were investigated. In order to 
implement green roofs in harsh environment of dry climates, environmental advantages are presumably more 
important. Without scientific testing and experiments, it is difficult to depend on practices of green roofs in 
temperate climates. Although several experiments have been done, investigating proposed technical aspects of green 
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roofs, more experiments are needed to achieve a comprehensive overview of green roofs implementation in arid and 
semi-arid areas. 
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