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Abstract 

Vegetative roofs (VRs) are well recognized for their contribution towards better environmental performance and 

energy savings. This paper investigates the seasonal variability of temperature profiles of two Extensive Green Roofs 

(EGR8 and EGR16, with a substrate depth of 8 and 16 cm, respectively) and a Traditional Gravel Ballasted Roof 

(TGBR) for Lebanon, a country in the Middle East. Temperature measurements were recorded every minute from the 

14th of January until the 21st of December, 2016 using thermocouples placed at TGBR surface, air height of 110 cm 

above the surface of the mockups, and different layers of each EGR. Results indicated that temperature fluctuations 

were reduced throughout the 4 seasons considered, especially during hot summer days. In particular, results 

demonstrated the following: through the winter season, air temperature was decreased by 4.7 oC (EGR8) and 5.7 oC 

(EGR16), over the fall season, air temperature was mitigated by 5.7 oC (EGR8) and 5.8 oC (EGR16), through the 

spring season, air temperature was mitigated by 5.9 oC (EGR8) and 6.4 oC (EGR16), and in the summer season, air 

temperature was mitigated by 7.4 oC (EGR8) and 7.2 oC (EGR16). Therefore, VRs are more efficient for countries 

characterized by a Mediterranean climate such as Lebanon. 
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1 Introduction 

Roofs are designed to shed water; in addition some can enhance aesthetic view, shield temperature fluctuations, and 

delay runoff of water [1, 2]. Anciently, vegetative roofs (VRs) were promoted by modern architects, i.e. Le Corbusier 

and Frank Lloyd Wright, as an additional location for green space without previous knowledge of their direct positive 

impacts to the building and the surrounding atmosphere [3, 4]. Nowadays, VRs have become more common since 

they offer numerous environmental, thermal, and economic benefits compared to Traditional Gravel Ballasted Roofs 

(TGBRs). As well, in some cities such as Paris, legislations concerning VRs are imposed on all new commercial 

buildings [5]. VRs have excellent insulation potential due to their additional layers compared to TGBRs [3, 4, 6]. In 

addition TGBRs are characterized by their low insulating properties due to the absorption of solar radiation which 

may lead to the cracking of the roof membrane [7-9]. For example, in the cold climates of Iceland and Scandinavia, 

VRs retain heat in the buildings, while in warm countries such as Tanzania, they cool the buildings which allows for 

energy savings [3]. Vegetative roofs improve air quality by reducing the concentration of NO2 and particulate matter 

in street canyons by 40% and 60%, respectively [10]. Tong et al. (2015) concluded that vegetation on elevated 

buildings had a positive impact on air quality compared to ground levels by reducing the pollution load [11]. Besides, 

these landscaped roofs offer many other advantages such as retaining storm water [12-14], mitigating Urban Heat 

Island effect (UHI) [15, 16]  attenuating noise pollution [17, 18], conserving energy [19-24], improving runoff water  

quality [25-29], creating a safe habitat for wildlife [30-33], enhancing membrane stability, and extending the life time 

of roof [3, 12, 34, 35]. 

VRs vary in size, scope, and vegetation type. Almost all VRs include, from top to bottom: vegetative cover, soil 

system, filter sheet, drainage layer, root resistant barrier, thermal insulation layer, and waterproofing layer [3, 36]. 

Based on the weight load capacity, the thickness of the soil layer, and the type of vegetation, green roof industries 

have classified rooftop vegetation systems as “Extensive” or “Intensive”. Extensive Green Roofs (EGRs) are 

characterized by a thin and light soil layer (< 20 cm and 72.6-169.4 kg/m2) and Intensive Green Roofs (IGRs) by a 

thicker and heavier soil layer (> 20 cm and 290-967.7 kg/m2) [3, 22]. Moreover, IGRs are costly, need further roof 

support [37, 38], and require a higher maintenance level than EGRs [3, 39]. Therefore, EGRs could retrofit existing 
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