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The compact development of cities and the reduction of green spaces
are the main reasons for the formation of thermal islands, a
phenomenon that has become a major problem in cities. In addition,
increased temperatures have led to environmental problems,
reduced health of citizens, and risen energy consumption,
particularly in buildings as it is used to create favorable temperature
conditions to gain thermal comfort. One strategy for controlling and
reducing this problem is the use of passive systems such as green
roofs which can affect the thermal properties of a building due to
their moisture content, absorption level, reflection and shading
parameters. Furthermore, the presence of different vegetation will
have different effects on the temperature changes of the roof
surfaces. This paper investigates the performance of green roofs with
different vegetation coverage on the roof surface temperatures of
buildings. The surveys were conducted in hot and dry climates of
Tehran city and simulations were carried out by Envi-Met software.
The main environmental variables such as mean radiant
temperature, air temperature, air flow and relative humidity were
studied and compared as the main variables of the study. Finally, a
comparison of the extent and role of the above on reducing the
thermal island phenomenon shows that the use of Hedege, Grass and
Soja vegetation in creating optimal conditions was very impressive in
the order mentioned. The results show that green roof with Hedege
vegetation (compact) had the greatest impact on climatic parameters
compared to other green roofs.
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EXTENDED ABSTRACT

Introduction

The development of cities in a compact way and the reduction of green spaces is one of the
important and influential factors in the formation of thermal islands. A phenomenon that has
become one of the major problems in cities. On the other hand, increasing the temperature in
addition to causing environmental problems and reducing the health of citizens also increases
energy consumption, particularly in buildings, as building energy is used to create favorable
temperature conditions to gain thermal comfort. Several factors, such as the transformation of
natural green areas into impervious surfaces as a result of rapid urban development, as well as
the consequences of global climate change, contribute to the formation of this problem.
Materials such as asphalt, brick, and concrete absorb heat more easily, but exude less efficiently
compared to trees, grass, and water-covered surfaces. The heat island phenomenon is one of the
main problems of the urban environment creating negative effects on urban spaces. One of the
strategies that can help control and reduce this problem is the use of passive systems such as
green roofs which can affect the thermal properties of the building due to their moisture
content, absorption level, reflection and shading parameters. In addition, the presence of
different vegetation will have different effects on the temperature changes of the roof surfaces.
The present study investigated the performance of green roofs with different vegetation
coverage on the roof surface temperatures of buildings. Several studies have been conducted to
investigate the role of green roofs in reducing temperature. In general, the studies conducted in
this field cover two categories of topics. The first topic is related to the cooling effect of the
green roof on the indoor temperature and its role as thermal insulation, and the second topic is
related to the effect of the green roof on the roof temperature, which is the subject of this
research.

Methodology

This research was based on experimental and sampling methods. For this purpose, a part
of the residential neighborhood of Enghelab Square, between Ravanmehr and Shahid
Labafinejad streets in Tehran, was selected for modeling in order to investigate the effect of
the type of vegetation on temperature reduction. The evaluation of this particular area was
due to the high density of buildings and the report that introduced this area as one of the
main centers of heat island in the city of Tehran. In this study, the calculation of the effects of
green roofs and the influence on the interaction of plant types and surfaces in the climate
changes of the climate were evaluated. In collecting the necessary data for simulation, the
available documents, maps, detailed plan and meteorological data documents were used. Due
to the possibility of the effect of roof details on the results, this parameter was considered
constant, which is consistent with the field impressions of the area due to the similarity of the
details. The survey also used simulations by Envi-Met software. The main environmental
variables such as mean radiant temperature, air temperature, air flow and relative humidity
as the main variables of the study were studied and compared. Furthermore, in order to
confirm the validity of the desired software, in addition to referring to numerous previous
studies, the results of field measurements and simulations were compared with each other.
The data logger used in this step was TESTO 174 H, a device with the capability of recording
temperature and humidity, storing relative humidity and ambient temperature based on time
and date settings, and drawing the corresponding graphs through the software. The
comparison of the data obtained from the experimental measurement and the output of the
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same model in the Envi-mat program showed that the results obtained were reliable results
with slight differences.

Results and discussion

Air Temperature: Vegetation cover of the green roof caused a decrease in air temperature
in the environment. In this research, the air temperature was measured at a height of 1.5
meters which showed each of the green roof types to have different effects on the air
temperature alternations. Reducing air temperature decreased the urban heat island
phenomenon.

The mean radiant temperature: Vegetation cover of the green roof decreased the mean
radiant temperature in the environment by preventing sun radiation on the roof surface and
having different physical characteristics.

Relative humidity: Vegetation cover of the green roof had a positive impact on increasing
the relative humidity of the environment. Therefore, based on the results, improving relative
humidity decreased the urban heat island.

Wind speed: Vegetation cover of the green roof had a direct impact on the urban heat
island reduction by changing wind speed. In this sense, changing wind speed changed air
temperature by increasing evaporation of the green roof surfaces. The result of the
simulations showed the effect of the different green roofs on the wind speed.

Conclusion

In this research, the effect of three types of green roof, Soja (Extensive vegetation), Grass
(Semi-compact vegetation), and Hedege (Intensive vegetation) was investigated and
evaluated based on four important parameters including air temperature reduction, mean
radiant temperature, relative humidity, and wind speed as per Table 1.

Table 1. Effects of vegetation type on heat island factors.

Grass .
Hedege X Soja .
. . (Semi-compact . . Heat island factors
(Intensive vegetation) . (Extensive vegetation)
vegetation)
Maximum air temperature Average air temperature Minimum air temperature Air Temperature
reduction reduction reduction reduction
Maximum mean radiant Average mean radiant Minimum mean radiant Mean radiant
temperature temperature temperature temperature
Maximum relative Average relative Minimum relative . L
humidity humidity humidity Relative humidity
Further reduction in wind Reduction of average Less reduction in wind .
. Wind speed
speed wind speed speed

Hedege (Intensive vegetation), one of the green roof types investigated, had the most
significant effect on the weather parameters compared to the other vegetation covers. Thus,
selecting appropriate vegetation cover for the green roof based on the location is vital.
Additionally, each of the vegetation covers had a different impact on the reduction of urban
heat islands. The Hedege (Intensive vegetation) green roof had the best performance among
all vegetation covers to reduce the urban heat island phenomenon. Choosing an appropriate
green roof not only helps to decrease carbon emission and air pollution but reduces energy
consumption in buildings as well.
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