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Abstract:  The effect of extensive and intensive green roofs on improving 

outdoor microclimate parameters of urban built environments is currently a 

worldwide focus of research. Due to the lack of reliable data for Belgrade, 

the impact of extensive and intensive green roof systems on mitigating the 

effects of urban heat islands and improving microclimatic conditions by 

utilizing high albedo materials in public spaces were studied. Research was 

conducted on four chosen urban units within existing residential blocks in 

the city that were representative of typical urban planning and construction 

within the Belgrade metropolitan area. Five different models (baseline 

model and four potential models of retrofitting) were designed, for which the 

temperature changes at pedestrian and roof levels at 07:00 h, 13:00 h, 19:00 

h on a typical summer day and at 01:00 h the following night in Belgrade 

were investigated. ENVI-met software was used to model the simulations. 

The results of numerical modeling showed that utilizing green roofs in the 

Belgrade climatic area could reduce air temperatures in the surroundings 

up to 0.47, 1.51, 1.60, 1.80 ºC at pedestrian level and up to 0.53, 1.45, 0.90, 

1.45 ºC at roof level for four potential retrofitting strategies, respectively. 

Key words: green roof, urban heat island, urban microclimate, microclimate 

mitigation, ENVI-met 

1. Introduction  

Climate conscious urban design comprises a group of elements and strategies that can be 

applied in modern cities. This study investigates retrofitting design scenarios - the influence of green 

roofs installed onto existing residential buildings in Belgrade on the urban microclimate and the 

influence of exchanging the existing low albedo materials in public spaces (roads, pavements, squares, 

playgrounds) for higher albedo materials.  

Vegetative roofs, often termed green roofs, living roofs or roof gardens in the literature, are 

roofs with vegetation on the uppermost layer [1]. Depending on the substrate depth, type of vegetation, 

complexity of the irrigation and drainage system, accessibility, and extent of maintenance 

requirements, vegetative roofs are divided into extensive and intensive roofs. They offer multiple 

benefits. Green roofs contribute reducing the energy consumption and to more efficient stormwater 

management. They reduce CO2 emissions. In addition, they have a significant role in  the strategies for 

adapting to high temperatures and reducing the effect of heat islands in urban environments. Also, 
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green roofs expand the lifetime of roofing membranes. They also contribute to increasing urban 

biodiversity, reducing noise, increasing the market value of the buildings, increasing the amounts of 

open space utilized, absorbing atmospheric pollutants, offering the possibility for development of 

urban agriculture, and having positive effects on human health. They also been marked as a 

component which contributes to raising the esthetics of the city. Reviews of the main environmental 

benefits of green roofs are available [2, 3]. 

The role of green roofs in mitigating the effects of urban heat islands has been previously 

discussed [4-13]. The greatest contributors to urban heat islands are large asphalt or concret areas with 

low albedo values, the reduced percentage of vegetation in urban environments, high buildings and 

narrow streets that modify the direction and speed of winds and create urban canyons, or any 

combination of these factors, as well as activities in urban environments that generate heat (HVAC 

systems, transport and other anthropogenic processes and factors). Green roofs increase the albedo of 

urban areas and are considered a key approach for moderating the effect of urban heat islands. 

Vegetative roofs can reduce the ambient temperature by 0.3 to 3 °C at city level and can efficiently 

reduce the effect of urban heat islands [4].  

The use of green roofs is one of the strategies to climate change adaptation in cities, as 

described previously [5, 14, 15]. Vegetative roofs are one part of the system of green infrastructure in 

cities. Green infrastructure has been studied as a strategic approach and part of the solution for 

reducing heat and pollution in urban environments [5, 6, 10, 15, 16]. With regard to the natural cooling 

effect through the process of evapotranspiration, it was concluded that green infrastructure should be 

strategically implemented in urban environments and utilized in urban and architectural design. Green 

infrastructure is the most effective tool in the fight against climate change [3, 7, 14]. 

Adopting vegetative roofs leads to reducing greenhouse gas emissions [17-21]. The use of 

vegetative roofs has been identified as an ecological approach and suitable technique for reducing air 

pollution, which is a product of direct (directly linked with external emissions polluters) or indirect 

processes (modifying the microclimate by the use of vegetative roofs reduces the amount of energy 

utilized for HVAC, and consequently, the amount of pollutants emitted). The performance of green 

roofs is dependent on the status of the vegetation, the roof position and the ambient air flow 

conditions. Altogether, 1675 kg of air pollutants were quantifiably removed by 19.8 ha of green roofs 

annually [19]. One square meter of vegetative roof could offset the annual particulate matter emissions 

of one passenger car [18]. On sunny days, green roofs could reduce the CO2 concentration by 2% in 

urban neighborhoods [17]. Where there is luck of areas in densely built urban environments that can 

be greened, installing vegetative roofs would increase the percentage of area under vegetation. Bearing 

in mind that trees and shrubs can be planted on intensive green roofs, they make a greater contribution 

to reducing air pollution than extensive roofs having grasses and low-growing plants.  

The effects of utilizing green roofs on city microclimates and reductions in energy requirements 

have been investigated in different climatic areas: Toronto [5, 6], Chicago [19], Portland, Chicago, 

Atlanta, Huston [22], London [23], Lisbon [24], Athens [25, 26], cities in the Netherlands [27], cities 

in Northern Spain [28], Rome [29], Palermo [30], Teramo [31], Catania [32], Hong Kong [33], Kuala 

Lumpur, Singapore and Hong Kong [8], Kawasaki [20], Hangzhou [34], Adelaide [10], Melbourne 

[11], Guangzhou and Frankfurt [35], plus others. Vegetative roofs contribute differently to 

microclimate modification in different climatic zones. Findings show green roofs have the greatest 

impact in the hottest and driest climates [3]. Green roofs are often pointed to as efficient technologies 
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for reducing indoor temperatures and energy consumption of buildings in both warm and cold climates 

[36, 37]. 

The building sector expends 40% of the total energy in the European Union [38] and in Serbia 

[39]. In Serbia, 70% of that energy is consumed by the residential sector, mostly for space heating 

[40]. Therefore, any effort made towards reconstruction of existing buildings would be significant, 

considering the great potential for improving the environmental impact and reducing the energy 

expenditure of such buildings. 

Unfortunately, regulations, guidelines, standards or codes in regard to the installation of green 

roofs in Serbia donôt exist. In Serbia some municipalities provide a certain percentage of non-

refundable participation in the renovation, thus stimulating the owners of the facilities to invest in the 

reconstruction of buildings. Also, banks provide more favorable loans for renovation projects for 

raising energy efficiency. Loans are mainly used for the renovation of family houses. In Europe, the 

situation is very different. Some countries and cities have adopted bylaws and municipal regulations 

that prescribe the obligation to use green roofs in certain buildings or zones. The assistance is also 

provided to help finance the construction of green roofs at various stages of their construction and life 

cycle. Also, there are examples of permitted construction area increase, tax deduction for green roof 

investors, and the reduction of the fees for construction contributions. As a result of the adoption of 

laws, bylaws and regulations, as well as financial incentives, investing in the construction of green 

roofs is more represented in France, Austria, Norway, Switzerland, Great Britain and Germany than in 

other European countries in which such initiatives are missing. Moreover, the politics of both states 

and cities, and the legislature linked with the goals of reconstruction of the existing building stocks are 

changing and continually improving. Changes and improvements in building renovation policies have 

been reported for France, Germany, Denmark and Sweden [41].  

Research on the reconstruction and revitalization of existing buildings by implementing green 

roofs was reported previously in other countries [28, 30, 37, 42]. Research has been conducted in 

Belgrade and Serbia on potential models of energy reconstruction and on optimization of measures for 

renewing residential buildings, with the aim of improving the energy efficiency and influencing the 

environment [43-45]. These studies critically analyzed key elements of the thermal envelope and 

proposed a set of measures and potential models for energy optimization [43-45], without focusing on 

the impact of green roof systems. Additionally, other published research on this topic from Serbia was 

based on individual buildings [40, 46]. The impacts of installing green roof systems on improvements 

in microclimate conditions on the neighborhood scale and on urban units were not investigated, which 

is the subject of this research.  

To our knowledge, reliable data from the scientific literature are lacking on the impact of green 

roofs in Belgrade, on the basis of which the effects of their use could be determined. Therefore, for 

this research, the impact of vegetative roof systems on the urban environment in the Belgrade climatic 

zone was studied using the software tool, ENVI-met. For research purposes, four scenarios of green 

roof systems utilized on existing buildings were used and compared with a basic, realistic model on 

four selected locations, in order to explore the improvement of micro climate conditions, on typical 

urban structures located in Belgrade. 
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2. Territory and data  

Four locations in existing urban neighborhoods within the Belgrade metropolitan area with 

differing urban structures, number of stories, and percentage of green and asphalt surfaces were 

studied. Locations were representative of typical urban forms of the Belgrade metropolitan area. The 

locations were: 

ï location BGD01 ï part of the territory of the municipality of New Belgrade ï Block 70,  

ï location BGD02 ï part of the territory of the municipality of Stari Grad ï Donji Dorĺol, the block 

encompassed by streets Visokog Stevana, Cara Uroġa, Dunavska and Panļiĺeva, 

ï location BGD03 ï part of the territory of the municipality of Vraļar, the block encompassed by 

streets Makenzijeva, Baba Viġnjina, Njegoġeva and Nevesinjska, 

ï location BGD04 ï part of the territory of the municipality of Zemun ï  the urban neighborhood of 

Galenika. 

Satellite images of the investigated locations with their boundaries marked are shown in Fig. 1. 

Views of the modeled structures in the four locations, BGD01, BGD02, BGD03 and BGD04 are given 

in Fig. 2. The models fully complied with the actual conditions in the locations. The average building 

height was 15 m (BGD01), 35 m (BGD02), 20 m (BGD03) and 8 m (BGD04). Belgrade is located in a 

moderate continental climate zone, with warm summers, mean summer air temperature from 21 to 25 

ºC, 30 to 55 tropical days and up to 26 tropical nights annually, with heat waves in July and August 

[47]. In the current research, statistical data and parameters for a typical summer day in Belgrade were 

used (Tab. 2). 

 

Fig. 1. Satellite images of the locations with the boundaries of the investigation marked in yellow  

3. Methodology 

ENVI-met software is one of the most commonly used programs for investigating the influence 

of green roofs [5, 6, 9, 27, 29, 31, 34, 48]. When the characteristics of the thermal envelopes of 

buildings are investigated in detail, combined software is often used, e.g. ENVI-met and EnergyPlus 

[30, 35, 49], or Eco Roof simulation model and EnergyPlus [32]. For more complex individual 

buildings, TRNSYS is used [50]. Software simulations are used in urban planning of new urban 

neighborhoods and for investigating different urban forms [27, 34, 51, 52]. 

ENVI-met is a scientifically established prognostic, three-dimensional, high resolution urban 

microclimate model [53, 54], which considers physical fundamentals based on the principles of fluid 

mechanics, thermodynamics and atmospheric physics to calculate three-dimensional wind fields, 

turbulence, air temperature and humidity, radiative fluxes, and pollutant dispersion. The typical spatial 

and temporal resolution is 0.5-10 meters  and 1-5 seconds, respectively, and the simulation time is 
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usually between 24 h and 5 days. The model can simulate: flow around and between buildings, heat 

and vapor exchange processes at urban surfaces, turbulence, exchanges of energy and mass between 

vegetation and its surroundings, particle dispersion and simple chemical reactions. The main input 

parameters for an ENVI-met simulation include weather conditions, initial temperature profiles, 

geometry and physical properties of urban surfaces, and plants. The full equation system and further 

details about the ENVI-met model are given in other studies[53-56]. ENVI-met has been applied to 

urban microclimate studies in different climatic regions [6, 9, 31, 34, 48, 57, 58] and verified with 

field experimental data by some researchers [5, 10, 27, 59-61].  

In the current research, data modeling was performed by ENVI-met Version 4 (Summer17 

Release). ENVI-met requires an area input file with 3-dimensional geometry, and a configuration file 

with the initial parameters. 

A baseline (real) model was constructed and investigated, as well as four different models of 

retrofitting strategies for urban heat island mitigation for each of the four chosen urban locations 

(BGD01, BGD02, BGD03, BGD04). All four studied locations were 350x400 meters, divided into a 

3-D grid with 5 m gridline divisions. For all four locations, building heights, the spatial distribution of 

buildings in the field, position of the vertical greenery, and other spatial elements were modeled on 

real conditions in the locations, so the ENVI-met models were properly representative of the urban 

structures in the chosen locations, with spatial relationships reflecting those in real life.  
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Fig. 2. 3-D models of urban structures in locations BGD01, BGD02, BGD03 and BGD04 

The initial baseline model, termed the Realcity (RC) model, contained all the relevant 

characteristics of the existing condition ï the position, size and shape of buildings, position and tipe of 

plants, distribution of surface materials and soil types ï representing the current condition for each 

urban location.  The RC model was used as the baseline for comparison with the green roof retrofitting 

strategies/models. The second model, RC+extensive green roof (RC+EX), had all the same 

characteristics as the baseline model, but also contained the added element of extensive green roofs. 

The third model, RC+intensive green roof (RC+IN), comprised the baseline model with added 

intensive green roofs. The fourth model, Future model (F), included modeling for extensive green 

roofs and altered characteristics for roads and pavements, in which the use of cooler materials was 

modeled, while the fifth model, Futureplus (F+), is a variant with intensive green roofs and cool 

materials in public spaces. None of the other characteristics of the chosen locations were altered in the 

research models, so they remained the same as in the baseline model. The green roof structures 

analyzed in locations BGD01, BGD02, BGD03 and BGD04 are treated as an additional layer of 

insulation. The vegetation used as an element of green roof is of indigenous (native) variety. Tab. 1 

shows a detailed overview of the elements and their thermal characteristics as defined in the 

retrofitting models (albedo and emissivity of the roof coverings, roads, pavements, soil and grass, and 

vegetation). The ratio between the reflected radiation and the incoming radiation (irradiation) is 

termed the albedo. The albedo values used in ENVI-met (Tab. 1) were obtained from research 

published previously [14, 62, 63]. Emissivity is the ratio of energy radiated by an object and the 

energy radiated by a black body at the same temperature. For all calculations the emissivity of the 

materials was considered equal to 0.9. as used in [62-64]. Methods to estimate the emissivity of 

materials are presented in [65, 66].  

Tab. 1. Characteristics of the baseline model and the four retrofitted  models 

 Roof Roads Pavements Soil and grass Vegetation 

Realcity model 

(RC) 

Black Asphalt road 

albedo 0.20 
emissivity 0.90 

Concrete pavement dark 

albedo 0.20 
emissivity 0.90 

Loamy soil 

(for all models) 
albedo 0.00 

emissivity 0.99 

 

 

Grass 

(for all models) 

50 cm average 

dense 

albedo 0.20 
plant height 0.63 

root zone depth 

0.50 

 

 

 

Real 

(existing) 

vegetation 

(for all 

models) 
 

(Populus 

alba, Populus 
nigra, Acer 

sp, Betula 

pendula, 
Platanus 

orientalis) 

Realcity + 

extensive green 

roof model 

(RC+EX) 

Extensive 

green 

Asphalt road 
albedo 0.20 

emissivity 0.90 

Concrete pavement dark 
albedo 0.20 

emissivity 0.90 

Realcity + 

intensive green 

roof model 

(RC+IN)  

Intensive 

green 

Asphalt road 

albedo 0.20 

emissivity 0.90 

Concrete pavement dark 

albedo 0.20 

emissivity 0.90 

Future model 

(F) 

Extensive 

green 

Asphalt road with 

red coating 
albedo 0.50 

emissivity 0.90 

Concrete pavement light 

albedo 0.80 
emissivity 0.90 

Futureplus model 

(F+) 

Intensive 

green 

Basalt brick road 

albedo 0.80 

emissivity 0.90 

Concrete pavement light 

albedo 0.80 

emissivity 0.90 
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Tab. 2 shows an overview of the parameters used in the simulations, as well as the geographic 

location of Belgrade. Simulations were conducted for a 24 h period, for a typical summer day in 

Belgrade on 23 June. The simulations commenced at 05:00 h. Three control points (R1, R2 and R3) 

were positioned at each of the four locations, as shown in Fig. 3. Control points show particular results 

from the numerical simulation. 

 

 

Fig. 3. Urban structures with control points positions, 2-D view 

Tab. 2. Conditions and details of initial parameters for the simulations used in ENVI-met Version 4 (Summer17 

Release) 

 

Start and duration of model run 

Start Date (Simulation day): 23.06.2017. 

Start Time: 05:00:00 

Total Simulation Time (h): 24 

  

Initial meteorological conditions 

Wind speed measured at 10 m height (m/s): 1.9 

Wind direction: 150 ° (SSE) 

Roughness length at measurement site: 0.01 

Model rotation out of grid: North was set for 

each model  

 

Temperature T 

Initial air temperature (°C) 16.8   

min (°C) 16.8 (05:00 h), max 30.4 (16:00 h)  

 

Humidity q 

Relative humidity (%) 

min 34 (16:00 h), max 62% (21:00 h), average 

50% 

 

Geographic data for Belgrade, Serbia  

Altitude 132 m 

Latitude 44Á48ôN 

Longitude 20Á28ôE  

 

Number and size of grid and nesting properties 

Main model area:  

x-Grids:70, y-Grids: 80, z-Grids: 30 

Size of grid cell in meters: dx=5.0, dy=5.0, 

dz=5.0 (base height) 

Nesting grids around main area: 3 

Soil profiles for nesting grids: Default=unsealed 

soil 
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4. Results and Discussion 

 

Fig. 4. Detailed maps of potential temperature changes at pedestrian level (1.5 m) for the baseline model and the four 

retrofitted models at four locations on 23 June 2017 at 13:00 h (for color image see journal web site) 

Fig. 4 shows the external air temperatures at pedestrian level for the baseline model (RC) and 

temperature changes for the four models of retrofitting strategies (RC+EX, RC+IN, F, F+) at 13:00 h 

in four locations on a typical summer day in Belgrade. Fig. 4 clearly shows the temperature reduction 

trends for the urban heat island mitigation strategies investigated in the study. The models predicted 

that intensive green roof systems had a greater mitigating effect on urban heat islands than did the 

extensive vegetative roof systems. High albedo materials additionally improved the microclimate 

conditions. The best results for mitigating the effects of urban heat islands were obtained by the 

strategy which involved installing intensive green roof systems and the use of high albedo materials in 

public spaces (F+) in all locations examined ï BGD01, BGD02, BGD03 and BGD04. 


