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Abstract—Climate change is one of the main concerns of our 

times, and it became even more noticeable due to its impact on 

global temperature, precipitation patterns, and even arctic sea 

ice melting. Moreover, it has been proven that climate change is 

one of the main factors affecting the Urban Heat Island (UHI); 

which in its turn, increases the energy demand in sustainable 

cities, where reducing power costs still a major challenge. 

Furthermore, in order to keep a balanced environment, and 

contribute to temperature mitigation, the use of vegetation cover 

is definitely one remarkable strategy. It helps decreasing the 

temperature down to the values required in sustainable 

development, reducing energy consumption, and lowering 

Greenhouse Emission (GHE). In this work, we assess the impact 

of green-roofs on UHI, and we try to define a decision model that 

helps calculating the best green-roof/green-infrastructure ratio. 

Besides, we aim to identify the best practices and measures to 

take in order to mitigate the UHI in semi-arid climate areas.  

Our work involves the use of a Geographic Information 

System (GIS), which provides a support to estimate the greenery 

conditions. Our methodology is based on a probabilistic and 

comparative approach, and evaluated using different green-roof 

models. We select a residential area in Constantine, Algeria as 

our study subject, and we use ENVI-met as the software support. 

Among the findings of this study, providing proper, yet 

experimentally proven recommendations on how, how much and 

where to use green roofs, was our main contribution. In addition, 

the results of our study indicate not only the impact of 

green-roofs on UHI, but also the effect of large-scale green-roof 

installation on the liveable areas in sustainable cities. 

 

Index Terms—Climate change, geographic information 

system, green-roofs, sustainable development, urban heat island. 

 

I. INTRODUCTION 

A city or a metropolitan area, which is warmer than its 

surrounding rural areas, is called an Urban Heat Island (UHI). 

The phenomenon was first studied by Howard [1], [2], who 

has noticed a significant difference in nocturnal temperatures 

between the UHI and its surroundings. This climate change is 

noticed by the difference in the frequency and intensity of heat 

waves as well [3]. In other words, the UHI phenomenon 

occurs in a city when the natural land cover, such as 

vegetation areas, is replaced with dense concentrations of 

pavement, buildings, and other surfaces that absorb and retain 

heat [4], [5]. Some of the effects related with the UHI 

presence are the deterioration of living environment; the 

expansion of energy demand [6]–[11]; the increase of air 

 
Manuscript received July 4, 2016; revised August 31, 2016.  

The authors are with Laboratory Bioclimatic Architecture and 

Environment, Faculty of Architecture and Urban Planning, University of 

Constantine 3, Algeria (e-mail: sarah.sahnoune@gmail.com, 

farah.alg@hotmail.com). 

pollution levels [12]–[15], the impact on stress among the 

residents [16], [17] and the risk of heat-related morbidity and 

mortality [17]–[19]. The UHI phenomenon has been 

extensively studied [20]–[23] and it became a necessary part 

for urban sustainability planning. For this and other reasons, 

adaptation and mitigation strategies are critical steps to 

reduce UHIs and their subsequent adverse environmental 

effects [24]. 

According to numerous works, the interaction between the 

urban ecosystems and the global climate system suggests a 

strong relation between sustainability and climate change [25], 

[26]. Consequently, many sustainable practices have been 

adopted as solutions to tackle this issue, and keep a balanced 

living environment, on the one hand; and to contribute in 

temperature mitigation, and provide sufficient energy, on the 

other hand [27]. Thought, the use of vegetation cover is 

definitely one remarkable strategy.  

The adaptation of an Urban Green Infrastructure (UGI) 

significantly contributes in decreasing the city temperature, 

and has an important reduction potential on the UHI effect as 

the UGI provides climate regulating effects like 

evapotranspiration and shading [28], [29]. In a related work, 

Wong and Chen [30] declared that greenery in a built 

environment could affect all the aspects of the urban life such 

as the environment, the economic, the aesthetic and the social 

aspect. Thus, increasing the green areas is an important 

ecological measure to combat UHI effects and equalize local 

temperatures [31]. Since transforming residual spaces into 

green areas still a huge challenge in densely urbanized areas, 

turning traditional bitumen flat roofs into green ones could be 

the best solution. The building roofs include a noticeable 

percentage of the urban area and participate extremely to the 

intensification of UHI, almost 20 to 25% of the urban surface 

[32]. Besides, they represent an important component of the 

buildings when it comes sustainable outputs [33].  

Berardi et al present a comprehensive review of the 

environmental benefits of green roofs [34]. They discussed in 

their work how to reduce heating and cooling loads of 

buildings, mitigate storm water run-off, and improve air 

quality in cities [35]–[39]. A number of recent studies have 

discussed the performance of vegetated roofs under different 

climate conditions [40]–[47] and for different types of roof 

insulations too [48]. Both vegetation and green-roofs have 

proven their efficiency on mitigating the UHI.  

Our work is mainly led by the above facts and other 

problematic questions. What is required contribution of the 

green roof in an UHI that returns noticeable results? Are these 

results reducing air temperature and mitigating UHI only? 

What is the best green-roof/green-infrastructure ratio that 

returns good results and minimize setting up costs? We 
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address in this experimental study the impact of green roofs 

on the UHI by exploring the above and other questions, and 

defining a decision model that helps calculating setting up 

green areas in a sustainable city. 

 

II. METHODOLOGY 

In order to study the impact of green-roofs on the UHI, and 

define a decision model that helps calculating the best 

green-roof/green-infrastructure ratio, we conducted an 

experimental study in a semi-arid area. We have mainly used 

measurement instruments to gather on-site temperatures, and 

data from the local weather-station. 

The main analysis tool used in this study was a Geographic 

Information System (GIS) called ArcGIS
1
. Our choice was 

conducted by its effective way of converting complex 

measurement data in simple charts and graphics that can be 

easily readable by decision maker or general public [49]. 

Moreover, its numerous options, when it comes to 

three-dimensional calculations, was one of its numerous 

features. We have used ArcGIS to estimate the greenery 

conditions in the study area, and to define the optimal urban 

situation regarding the built mineral surfaces, and natural 

surfaces. In order to calculate the contribution of flat roofs in 

regulating the imbalance, expressed in ratios, between 

mineral and natural surfaces, and to replace the leak of natural 

areas; we used a probabilistic and comparative approach, 

which was evaluated using different green-roof models. In 

fact, at this step of the study, we used ENVI-met 4.0
2
, which 

provides many simulation features and models. The data used 

in both steps was collected in early June 2016, and was mainly 

composed of climate monitoring and plant distribution data.  

A. Case Study 

Constantine is located in north-eastern Algeria at 36°17’N 

latitude and 6°37’E longitude and 574m above the sea level. 

The total area of the city is 2,187 km
2
 with a population of 

943,112, and a density of 430/km
2
. It is characterized by a 

semi-arid climate with relatively hot and dry season that goes 

from June to September and a cool season from October until 

March. As for average temperatures, 29.2 °C is average in 

July, the hottest month, and 7.6 °C is the average temperature 

in January. The average precipitation is about 531.6mm and 

the average humidity is 53.13%. It has a very important 

annual insolation from an average of 253,54h with minimal 

154,4h recorded in December and a maximum of 379,6h 

recorded in July; these values suggest that the intensity of 

global radiation decreases during the cold and wet period, and 

increases during the hot dry period. This latter, requires a 

sustainable urban design, where summer cooling is one of its 

priorities. 

A residential area of Constantine was selected as a case 

study area as shown in (Fig. 1.) Its dimensions are: width 547 

m (left-right) and length 206 m. The chosen area shows a 

good presence of vegetation and certainly flat and bitumen 

roofs. It is built on a plot of 15 ha with a density of 69 units / 

 
 

1https://www.arcgis.com/features/index.html 
2http://www.envi-met.com/ 

ha. The building was realized with a reinforced concrete. 

B. Quantifying Greenery Conditions 

Using ArcGIS, we extracted the different area types, such 

as the natural area (vegetation), the canopy area, the building 

area and the pavement area. Shape-files for these four areas 

were made according to data provided by the office of Plan 

Development and Urban Planning (PDAU) in the city, and 

other aerial images (Google-Earth). 
 

 
Fig. 1. Aerial image of the site for the case-study (google-eath pro2016). 

 

Besides, an additional site data was collected using in-field 

measurement instruments. The areas were calculated from the 

attribute table of each layer in square meter (m
2
) then they are 

converted to  percentage portions (%).  

In order to quantify and qualify the environmental 

contribution of vegetated flat roofs  in regulate the 

temperatures of cities four scenarios were evaluated to find 

the best green-roof/ green-infrastructures ratio. We set in each 

scenario a fixed portion of green-roofs out of the entire 

flat-roof surface. The used portions are 100%, 75%, 50% and 

25%. In order to evaluate the greenery condition, the changes 

of green rate were identified in each scenario. 

C. Measurements  

The ambient temperatures, the relative humidity (%) and 

the wind speed (m / s) were considered using a multi model 

unit LM -8000. The examination took place during a hot and 

clear day (June 3rd, 2016) for 14 hours from sunrise to sunset 

and the measures were taken every hour at a 2.50m high level. 

The results were recorded from two representative 

measurement points in the site. The first in on open area with a 

dense vegetation cover (S1), and the second in an area where 

the vegetation is visibly less that the first (S2).; Both  

measurement points are illustrated. In addition; the 

measurements were compared to the reference data gathered 

from the local weather station of Constantine. 

D. Simulations Approach  

The microclimate modeling software ENVI-met simulates 

the surface-plant-air interaction in an urban quarter and hence, 

allows small-scale analyses of climate conditions and urban 

planning strategies [50]. In this study, ENVI-met simulation 

was used to predict the ambient temperature in different 

green-roofs/ green-infrastructure scenarios during the 

day-time for 14 hours (from 6AM -7PM). 

The model has been created with the area input file editor 

of the ENVI-met as shown on Fig. 2. ―(a)‖ and ―(b)‖ , rotated 

of 51° counter clock wise, according to the main direction of 

development of  the buildings. There are 27 buildings in the 
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model, many of them having common walls, with a height 

between 15 and 18 m. For the modeling of the vegetation, two 

different plant types have been employed: 

―T1‖: tree 10 m tall, very dense, leafless base; ―xx‖: grass, 

average density, And 50 cm tall. 

Soil has been modeled with loamy soil for the whole area, 

with the exception of the main road, covered in asphalt road, 

and the sidewalks covered by concrete pavement. 
 

 
―(a)‖ 2D model 

 
―(b)‖ 3D model 

Fig. 2. Two dimension (a) and three dimension (b) model of the case-study. 

 

We used different scenarios during the simulation, 

including the base case ―(b)‖ (Fig. 2.) and the green-roofs 

scenarios ―(a)‖ 100% Green-Roof, ―(b)‖ 75% Green-Roof, 

―(c)‖ 50% Green-Roof and ―(d)‖ 25% Green-Roof were 

selected (Fig. 3.). An average density of 50 cm tall grass has 

been applied to the flat-roofs buildings. The instalaltion of 

green-roofs was distributed according to the zoning of hot 

areas calculated from the base-case, and in the of minimizing 

the cost of installation and maintenance.  

We consider different urban form during the scenario 

configuration such as, location, initial meteorological 

conditions, vegetation, and building materials. ENVI-met 

results are shown in air temperature maps. It is important to 

note that ENVI-met is mainly used to compare the differences 

between scenarios, not to give absolute information on 

specific temperatures. The model input information is shown 

in Table I. 
 

TABLE I: MODEL’S INPUT INFORMATION 

Location  

Simulation time 

Wind speed 

Wind direction 

Temperature average 

Relative humidity 

Specific humidity 

Wall/ roof proprieties base-case 

Wall/ roof proprieties 

green-roof cas 

Constantine, 36.34˚N, 6.60˚E 

14hours, from 06.00AM.03.06.2016 

0.3m/s 

51˚ to the North 

min=291,05˚K; max=308,05˚K 

min= 28,3% ;    max= 47,15% 

4,62g/kg 

Reinforced concrete 

Reinforced concrete/ Green-roofs 

 

 
―(a)‖ 100% of green-roof 

 
―(b)‖ 75% of green-roof 

 
―(c)‖ 50% of green-roof 

 
―(d)‖ 25% of green-roof 

Fig. 3. Different green-roofs scenarios for simulation. 

 

III. RESULT AND DISCUSSION  

A. Quantifying Greenery Condition Results 

Fig. 4 shows the different layers of the urban area elements 

in the site.  

The total surface area presents 78360m
2
, where 

31214.13m
2
 of it, presents green area, and 15168.05m

2
 

composes the building area. The total residential rooftop 

presents 9943.5 m
2
; the road 32061.7m

2
; and the canopy area 

which covers 3409.79m
2
, and overlaps with other surfaces. 

It’s because of this overlapping that the percentages are 

independent of other values; the calculated result shows the 

proportion percentage of each area element in Table II.  
 

TABLE II: PERCENTAGE AREA LAYERS 

site Total 

area 
Buildings 

area 
Rooftop 

area 
Natural 

area 
Canopies 

area 
Road

s area 

 100% 19% 13% 49% 4% 41% 

 

According to these value, we can distinguish the proportion 

of natural and mineral surfaces, as presented in Table III. 
 

TABLE III: PERCENTAGE MINERAL AND NATURAL AREA  

site Total area Mineral area Natural area 

 100% 60% 40% 

 

During this analysis, the mineral areas refer to buildings, 

pavement and roads, and the natural area refers to green 

spaces and play-area made of a permeable soil, including 

private gardens, public parks and canopies. In order to 

evaluate the impact of green-roofs in the site, we have 

compared it with the base case values. We have calculated the 

green rate as well, which its values are listed in Table IV. We 

update the green rate values before each simulation, and 

according to the related scenario. The results are listed in 

Table V. 
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Fig. 4. Different layers area of the site. 

 

B. Measurements Results 

The urban green area mitigates the UHI by lowering the 

temperature and providing shading. Several studies show that 

the maximum temperature difference between the inside and 

outside of the small green area can be 3K [51]. Accordingly, 

we have compared the temperature and the relative humidity 

of the measuring site between the two measuring points in the 

site to estimate green-vegetation cover impact on the 

temperature reduction. The measuring points located at two 

different places on the site, where the first has more 

vegetation cover (S1) than the second (S2). We have also 

compared the temperature and relative humidity of the 

measuring site and the data of the local weather-station, 

located at the suburban of Constantine at the study dayas 

shown in (Fig. 5.) and (Fig. 6.) 

 

TABLE IV: GREEN RATE OF THE SITE 

Greenery area 

(m2) 
Total site surface area 

(m2) 
Green rate= (greenery area/total site surface 

area) % 
17506.7 78360 22.3 

 

TABLE V: GREEN RATE OF DIFFERENT SCENARIOS OF GREEN-ROOFS 

Scenarios Greenery area (m2) % 

rooftop 

Total new greenery 

area (m2) 

Total site surface 

area (m2) 

New green rate Increase 

of green rate 

100% 17506,7 13 27450.2 78360 35 12.7 

75% 17506,7 9.5 24964.3 78360 31.8 9.5 

50% 17506,7 6.3 22478.4 78360 28.6 6.3 

25% 17506,7 3.1 19992.5 78360 25.5 3.2 

 

The station (S1), under the effect of vegetation cover has 

registered the lowest average temperature throughout the day, 

it reaches up to 1.3°C difference (the station 1 have more 

vegetation cover than the station 2). 

The maximum temperature reaches 34,4°C on the station 

(S1) and 35,4°C on the station (S2) respectively at 2PM, 

while the minimum was 17°C on (S1) and 18,8°C on (S2) at 

6AM .The recorded values are illustrated in Fig. 5. 
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Fig. 5. Air temperature (˚c) of the (s1), (s2) and the local weather station. 
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Fig. 6. Relative humidity (%) of the (s1), (s2) and the local weather-station. 

 

The other parameter we interest in is the relative humidity 

(RH). Its evolution during the day is inversely proportional to 

that of the air temperature; the rate was high in the morning 

with a maximum of 45.7% on (S1) and 48, 6% on (S2) 

respectively at 8AM. Additionally, in the afternoon, the 

recorded RH values were clearly lower than the morning 

values, with a minimum of 28% on (S1) and 28, 6% on (S2) 

respectively at 2PM. The recorded values are illustrated in Fig. 

6. 

By comparing the climatic parameters of measurement 

stations and weather-station, we have effectively recorded a 

difference temperature varying each hour (Fig. 5.). The 

temperature of local weather-station is generally cooler 

compared to measuring station of the site with a maximum of 

30.5°C at 12AM and a minimum of 16.8°C at 6AM. The 

difference of the average annual temperature reaches 2.05°C 

in S1 and 3.45°C in S2. Accordingly, we note that the values 

of the RH is higher compared with the measurement points at 

6AM to 8AM, and lower after 9AM to the end of the day (Fig.  

6.) These last results suggest a significant impact of 

vegetation cover in lowering air temperature. 

C. Temperature Prediction in Different Scenarios 

The simulation model was performed to predict air 

temperature, to evaluate the effect of green-roofs scenarios on 

UHI mitigation, and to define the best green-roofs/green- 

infrastructure ratio. The corresponding thermal maps of the 

studied area were recorded at 2PM at 2.50m ground level. 

While 2PM is time the when we recorded the highest 

temperature, 2.50m is the height of the pedestal, we used to 

install the measurement instruments. Air temperature (Ta) of 

the base-case for the control simulation is illustrated in Fig. 7. 

D. Base-Case 
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Simulation analysis reveals a same logic that the results 

from the measurements. We notice that air temperatures 

above asphalt pavements are higher than other parts of the 

area where the maximum reached up to 33.68°C; a result that 

was  expected due to the low albedo and the lack of shading of 

pavements by trees in this parts of the site. The lowest surface 

air temperatures with 31.69°C was recorded in locations 

underneath trees, and vegetation area, a direct consequence of 

shading the surface and diminution of air temperature. 

 

 

 
Fig. 7. Ambiant air temperature in ―base-case‖, x-y view at z=2.50m and x-z view at y= 127.4m at 2pm. 

 

 

 
―(a)‖ scenario 100% of green-roof 

 

 

 
―(b)‖ scenario 75% of greeN-ROOF 
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―(c)‖ SCENARIO 50% OF GREEN-ROOF 

 

 

 
―(d)‖ SCENARIO 25% OF GREEN-ROOF 

Fig. 8. Atmospheric temperature in ―green-roofs  case‖ sacenarios (―(a)‖ 100%, ―(b)‖ 75%, ―(c)‖ 50% and ―(d)‖ 25%), x-y view at z=2.50m and x-z view at y= 

127.4m at 2pms. 

 

E. Green-Roof Case 

Green-roofs/green-infrastructures scenarios are simulated 

to have the least impact on air temperature. Hence, cooling 

effects of GR were defined as the air-temperature differences 

between the base-case (Fig. 7) and green-roof scenarios (―(a)‖ 

100%, ―(b)‖ 75%, ―(c)‖ 50% and ―(d)‖ 25% respectively) 

presented in Fig. 8. In general, the scenarios ―(a)‖ 100% and 

―(b)‖ 75% of green-roofs decreased the ambient air 

temperature by 1.69°C in average above 2.5m ground level, 

while the maximum temperature decrease was close to 1.55°C 

and the minimum close to 1.84°C. 

In the scenario of ―(c)‖ 50% GR, the ambient air 

temperature decreased by 1.29°C in average, while the 

maximum temperature decrease was close to 0.9°C and the 

minimum close to 1.55°C. 

These results go with other recently published study, which 

suggests that the combination of vegetation and green roofs 

can reduce the temperature from around 295K to 294.20K 

[51]. Additionally, M. Burse and J. Carol found that 

combining green-roofs with street-level vegetation can reduce 

the air temperature uniform ally with a maximum of 2.4K. 

[52]. However, previous studies such [52], [53] have found 

1-2°C temperature reduction with green-roofs. 

However, the ambient air temperature was not changed in 

the scenario ―(d)‖ 25% of green-roof; it suggests that 

green-goofs/green-infrastructures ratio was not sufficient to 

reduce air temperature and moderates the microclimate. 

Where the maximum and minimum temperature has not 

changed with 33.68°C and 31.69°C respectively. 

These results suggest that air temperature regulation cannot 

be achieved before setting up 50% of green-roofs as a 

minimum ratio. 

 

IV. DISCUSSION AND CONCLUSION 

We have demonstrated in this paper the impact of green 

roofs on UHI mitigation, and we defined a decision model 

that helps calculating the best green-roof/green-infrastructure 

ratio. The sustainability of this strategy of green-roofs is more 

durable, and produces less environmental impact during its 

life cycle. Constantine, like many other semi-arid regions 

around the world, has encountered severe challenges, due to 

the high population growth rate and the need of new resources, 

especially water resources. Consequently, the adopted 
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sustainable practices must insure reasonable effects on 

climate change.  

The definition of the best green-roof/green-infrastructure  

can reduce the costs of setting up green areas. Especially in 

regions where sustainable economics still in its early stages. 

The feasibility of the mentioned UHI mitigation strategies 

(e.g., the irrigation of green roofs by treated waste water) 

should be considered.  

As shown in the previous section, the scenario of 50% of 

green-roof gives the best green-roof/green-infrastructure ratio, 

which mean that 4971.7m
2
 of green roof can reduce 1.24° C in 

average during day-time. Urban planners and city 

administrations can use the decision model to increase urban 

green planning when implementing UGI measures into 

practice, while using wise budgets. 

In addition, the results of our study indicate not only the 

impact of green-roofs on UHI, but also the effect of 

large-scale green-roof installation on the liveable areas in 

sustainable cities. 

The simulation results show that when we apply 

green-roofs on a city scale, they may reduce an average 

ambient temperature of 0.3 and 3 K [54]. We would note here 

that, due to the limitation of ENVI-met, it is impossible  to 

make the simulation for a whole city at once, because the 

maximum number of grid cells of the model is quite limited 

[55]. This limitation can be avoided by running simulation 

recursively on the city areas.  

Coupling meso-micro-scale model could be useful to 

investigate the potential cooling effect of GR strategies on 

different climate-change scales [55]. This can help reducing 

the UHI in a city, which in its turn can reduce the energy 

consumption. Akbari found that peak energy demand in the 

USA rises by 2–4 % for every 1K increase in maximum air 

temperature [56]; this means that if we could reduce the 

maximum temperature by just 1-2K (by cooling residential 

areas with the green-roof/green-infrastructure), then we can 

reduce energy consumption by about 2.5–6 percent. Finally, 

and in addition to all the benefits of conventional green areas, 

green-roofs help saving energy, can lead to better urban living 

conditions, and fight global warming. 
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