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ABSTRACT

Human thermal comfort is an indicator for satisfaction of human towards the thermal factor in
the environment. This topic may be a subjective matter due to the different characteristics of human to
reach a certain level for obtaining the same satisfaction of thermal comfort. Factors that are looked into
through this study are surface temperature, and solar radiation. Data collected through these factors, are
then further supported by photographical observations, which are done simultaneously with
questionnaires to relate and display the environment condition with the human thermal comfort.
Questionnaires are distributed in order to gauge the statistics of several groups of people to compare
between their characteristics and their level of thermal comfort. Site chosen for rooftop garden was the
‘Secret Garden’ 1 Utama and to contrast it is the plain rooftop of Lotl0 and the rooftop parking of
Sungei Wang Plaza, Kuala Lumpur. As for urban square, the research was conducted at Standard
Charted KL Park. Our results came up with a conclusion that areas that are covered with dense green
canopies like rooftop gardens and large vegetation are crucial to provide high level of thermal comfort
towards human beings.
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INTRODUCTION

Thermal comfort is the effects of differences in air temperature, surface
temperature, humidity, wind speed, and solar radiation. Several studies were
conducted in several humidity percentages that show only a few people visit urban
squares when the thermal index is high, and only visits them when the thermal index
is close to their comfort level. (Tzu-Ping Lin et al., 2010) Therefore, thermal comfort
of outdoors is influenced by climatic factors and the human usage of urban
spaces/squares is affected by it as well.

The built environment usually affects the outdoors thermal comfort in urban
squares and also on the rooftop garden, e.g., building wall surface temperature,
ground surface temperature and shading provided by trees and vegetation. Sunlight,
when is exposed directly on a surface, produces heat, which sustains for quite a period
of time. This sustained heat affects the thermal comfort; as humans demands a
suitable surrounding temperature in order to feel comfortable.
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The change of climate condition provides challenges to researchers in order to

improve the health quality of people. Cities that have experienced extreme heat effect
(EHE) in the 21* century have resulted deaths due to disease from EHE. In a similar
case in North America, Harlan (2011) stated that extreme heat is the most common
cause of death among all weather-related disasters.
Mahmoud (2011) stated that climatologists are more concerned with the causality of
the urban climate, while designers are more interested in the effects of environmental
forces on buildings and their impacts on thermal comfort of their users. No studies
investigated the assessment of thermal comfort in urban square under the shelter of
green shade and rooftop garden in the KL. This study aims to compare and evaluate
the effectiveness of green shade and rooftop garden towards the human thermal
comfort.

BACKGROUND

Thermal Comfort

According to Brown (2010), in many hot and humid countries tend to be less
regulated and less thermally comfortable especially at the outdoor environment.
However, improvements can be made when several proper factors are included and
applied towards the stated issue. Human thermal comfort can be improved once the
design of urbanization undergoes an appropriate interventions that provides a cooling
effect Setaih et al., (2013). He also stated “there are six factors to human thermal
comfort that should be considered in a design” These factors are wind speed, radiant
temperature, air temperature, relative humidity, clothing isolation and activity level.

Shading Effects

Stathopoulos, T. et al. (2004) said, a wide range of parameters, including wind
speed, air temperature, solar radiation, air quality, etc., may affect urban climate.
Having vegetation surrounding the issued area can control these ranges of parameters.
Vegetation, as in green shade, may reduce temperature if the urban area is hot, filter
solar radiation and improve air quality.

As time passes by, global temperature increases gradually. Carpenter, S.
(2008) states that the temperature is now 3 degrees Celsius higher compared to 30
years ago on average. The radiation from the sun can cause air in large urban areas to
build up higher than surrounding rural areas, an effect that is particularly evident at
night. All of this is noticeable worldwide, in the news, newspapers and even with our
own eyes. Melting of earth caps and other issues. The effect global warming is
climate change and distorts the sustainability of the environment. This affects the
level of comfort of human beings.

Referring to a statement by Carpenter, S. (2008), green shade has high chances
of reducing surface temperature as much as 10 degrees Celsius when covered by
dense vegetation. The vegetation covering most part of the exposed areas of sun
radiation will prevent it from directly reaching the surface to build up heat, therefore,
will help reduce temperature at the area it covers.

Mahmoud, A.H.A (2011) stated, “comfortable and healthy microclimate
conditions are necessary for any type of environments. People are exposed to varying
types of stress in the urban environment. The most influential one is the microclimatic
conditions, which vary significantly from rural areas.” This is to say that the
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condition of microclimate influences the comfort of humans especially when humans
are outdoors. Humans are exposed to many elements and the sun is the most obvious
element that is affecting human comfort because of the heat and radiation it produces.
Thus, green shades are one of the key factors that can be applied to provide comfort to
humans, as well as to sustain the environment the best possible way.

In order to judge the effectiveness of green shade and its relation to users, many
studies have been made to prove that dense vegetation provides a cooling effect on
what it covers. Trees and vegetation plays a very important role in enhancing the
quality of air in urban environments. Matsuoka and Kaplan, (2008) had investigated
people’s requirements in urban landscape. They proved that people tend to request
connection with nature, aesthetic experience, entertainment and play, green colors in
terms of green areas of trees. Ng, E. (2009) cites that the use of plants as a strategy to
overcome the UHI and to improve the microclimate has been widely emphasized.
Highlighting the hot and humid climate, the best benefit that can be used from
vegetation are from its shading aspect to reduce intense solar radiation as the
overheating is mainly due to the heat storage by the sun exposed surface. Mahmoud,
A.H.A (2011) once again said that the effect of street vegetation and urban parks on
climatic conditions in hot arid environment received substantial attention in the last
two decades, which is one of the indicators of a successful green shade in urban
square. Vegetation in urban square has potential of providing “cool-spots”, where it
can help control thermal conditions. Figure 1 shows the condition of site with the
effects of green shade. It makes users of the urban square to feel more comfortable by
providing good shade and shelter from the sun.

Impact Of Rooftop Garden

There are many types and categories that can be related with garden such as
botanical garden, edible garden, and flower garden. Landscape architects, which can
be assumed as professionals, are designing gardens or open spaces by applying
principles of design and horticulture aspects in order to make spaces look interesting
and benefit to users.

There are many terms and definition that are defined by many specialists about
rooftop garden. According to Prof. Sharon Hall (2001) rooftop garden can be
defined as man-made green spaces on the very top level of industrial, commercial,
and residential structures. Meanwhile, according to R&S Landscaping (2003),
rooftop garden contained a green space on top of man-made structure. It provides a
variety way of public and private benefits to the environments and surroundings.

The United States Environmental Protection Agency (EPA) also defined rooftop
garden as a vegetative layer grown on a rooftop which give shades surfaces and
removes heat from air. EPA stated that the vegetative rooftop surface cooler than the
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ambient air. There are 3 major types of rooftop garden — extensive green roof, semi-
intensive green roof, and intensive green roof. These 3 types of rooftop garden have
different characteristics and roles, which may be various, impact to the surroundings.
Figure 2 shows that the types of rooftop garden along with illustration.
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EXTENSIVE GREEN ROOF SEMI-INTENSIVE GREEN ROOF INTENSIVE GREEN ROOF
Height: 6- 20 cm Height: 12 -25cm Height: 15cm > 1m
Weight: 60 - 150 kg/m? Weight : 120 - 200 kg/m? Weight : 180 - 500 kg/m?
Vegetation: mosses, Vegetation : grasses, herbs |Vegetation : lawn, perennials,|
sedums, herbs and grasses | and shrubs shrubs and small trees
Cost: low Cost: middle Cost: high
Maintenance: low Maintenance : periodically | Maintenance : regularly

Figure 2: Illustration of the types of rooftop garden Sources: Internet sources

The presence of rooftop garden in the area of urban context may give
environmental effect, which benefits the surroundings. Rooftop garden can reduce
energy usage and can save energy that is needed to cool or heat the building. The
vegetation from the rooftop garden reduces the roof surface temperature and
atmospheric air temperature. Hence, the demand of cooling energy reduces.
According to Wong et al. (2003) the impact of plant shading may reduce the
temperature of the building and it is surrounding. It also helps to reduce the energy
consumption by 25%.

Rooftop garden may solve the problem of air pollution and greenhouse gas

emissions. As the temperature arise, green roofs are playing their role by slowing
down the formation of ground-level ozone by lowering the air temperature. The
surface of the plant can remove certain pollutants from the air. Besides that, a rooftop
garden can remove gaseous pollutants such as nitrogen oxide (NOy), sulfur dioxide
(SOy), carbon monoxide (CO), and ground level of ozone (O3). Trees and growing
medium like common garden soil also can store carbon. According to Climate
Protection Partnership Division, (2004), because of the size of the plants that are
not too big and the growing medium is slightly thin, rooftop gardens tend to not able
to store big amount of carbon as trees in the forest.
Malaysia’s climate is categorized as equatorial, always being hot and humid all year
long. Malaysia essentially has a tropical weather, but it does not get too hot.
Unfortunately, it is contrast with the situation in urban area like Kuala Lumpur. The
lack of green space and the spreading of concrete forest is one of the main reasons
why the urban area experiences the hot climate and may lead to urban heat island
(UHI).
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The presence of rooftop garden in urban context may include some
environmental effects, which can benefit the surroundings. Rooftop garden or green
roof can reduce and conserve precious energy that is needed to cool the building. The
vegetation from the rooftop garden can reduce the roof surface temperature and
atmospheric air temperature. So, the demand of cooling energy is becomes lesser.
According to Wong et al. (2003) the impact of plant shading may reduce the
temperature of the building and it is surrounding. It also helps in reducing the energy
consumption by 25%. Due to the tropical weather of Malaysia which experience hot
and humid throughout the year, the effectiveness of rooftop garden can be seen in
terms of reducing the surface runoff and enhance the storm water management. The
results from rooftop garden and conventional roof are compared. Amazingly, rooftop
garden can reduce surface runoff and managed storm water 50% better than the
conventional roof. This happens because the presence of plants may able to slow
down the water run off while the soil absorbs the water into the ground. The rest of
the water runoff will flow into the drainage system. Indirectly, this method will assist
urban area like Kuala Lumpur from experiencing a major flash flood during heavy
rain (Sabariah et al., 2008). Other than its vegetation, the depth of the soil and
planting selection are also can be a supportive factor to prevent the surface of the
building from receiving the direct sunlight. Based on the results of the experiment, the
presence of vegetation on the roof give a better indoor environment especially to
spaces below the landscape. Both of these factors will increase the ability to stabilize
and keep a comfortable temperature in buildings that contribute to energy savings.
Rooftop garden may solve the problem of air pollution and greenhouse gas emissions.
As the temperature arise, green roofs play their role by slowing the formation of
ground-level ozone by lowering the air temperature. The surface of the plant can
remove certain pollutants from the air. Besides that, a rooftop garden can remove
gaseous pollutants such as nitrogen oxide (NOx), sulfur dioxide (SOx), carbon
monoxide (CO), and ground level of ozone (O3). Trees and growing medium like
common garden soil also can store carbon. Because of the size of the plants that are
not too big and the growing medium is slightly thin, rooftop garden tend to not able to
store big amount of carbon as trees in the forest (Climate Protection Partnership
Division, 2004) There are also methods which can gain some ecological benefit to the
environment from the rooftop garden, which is the ability to increase biodiversity
value by the preservation of natural habitat for several species like birds, insects, and
the other small plants (Getter and Rowe, 2006). Due to the loss of green space in
urban area, many of species also lose their natural habitats and at the same time affect
their livability. The presence of rooftop garden may provide them a new place to live
with basic habitat component such as protection from weather and predators, food,
water and space (Canero and Redondo, 2010).
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METHODOLOGY

To determine the impact of shade and rooftop garden towards human thermal
comfort, this study was conducted at several locations with rooftop gardens and an
urban square, with different shading levels. . The study was conducted in 5 stages,
which are (1) Research Proposal & Literature Review, (2) Development of Methods
for Data Collecting, (3) On-Site Study, which is the primary data collection, (4)
Findings of Data & Analysis, and (5) Conclusion & Design Recommendations.

Literature Review

This stage is where most secondary data is obtained, for example the
definitions of the topic related to green corridor and thermal comfort. This stage
describes almost everything that is needed to aid the research study including the
benefits of green corridor and the issues of thermal comfort. All materials include
previous research papers, journals, articles and Internet sources.

Development of Methods for Data Collection

This is the next stage where methods for collecting data are developed. A few
methods were prepared to collect data such as questionnaires, use of equipment, and
photographic observations. Details of questionnaires, equipment used will be further
discussed later in this chapter.

On-Site Study (Data Collection)

Data collections were done by distributing 30 questionnaires randomly to
pedestrians who are mingling around site. A pilot study had been carried out before
the real observation and interview process. Surface temperature and solar radiation
were recorded between 12pm to 4pm at 3 different spots on site. Photographic
observations were done by taking photos of potential areas, which shows the obvious
effects of green shade towards urban thermal comfort. Figure 2 shows the site at
urban square. Figure 3 shows the site on a rooftop garden research.
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Figure 4: Views on several rooftop gardens

63



UMRAN2015: AVISION OF ESTABLISHING GREEN ENVIRONMENT, 28 April
2015, IUM

Data Analysis

All questionnaire data are analyzed by using Microsoft Excel. The test
analyzes all the data based on their variables and relationship between each other
before concluding the results. Primary data such as solar radiation and surface
temperature, which were recorded on site, are put into graphs to compare the
differences of the elements researched.

Conclusion and Recommendations

Conclusions of the research were rendered from the results of data analysis.
This should assist in recognizing the effects of green shade and rooftop garden
towards urban thermal comfort. Recommendations are proposed to improve the
situation
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DATA ANALYSIS

There were 4 data collection methods, which were done and mentioned previously.
Two of quantitative data and two of qualitative data were taken during filed study.
Tools were used in order to record quantitative data, which are the solar radiation and
surface temperature. Questionnaires and photographs were done for the qualitative
data analyzing.

Table 1: Solar radiation

Solar Reading (W/m?)
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Sungei Wang Lot 10 green 1Utama 'Secret  Urban Square
rooftop parking space Garden'

lot

# Shaded & Slightly shaded = Unshaded

Table 1 shows the readings of solar radiation of all four sites. Three conditions
were looked into, which are shaded area, slightly shaded, and non-shaded areas.
These conditions show very different results of solar readings. The highest solar
reading obviously goes to the non-shaded site condition. This kind of solar radiation
in any situation does not provide good thermal comfort towards humans because of
the strong sunrays, which will definitely give sunburn to whoever are exposed for too
long underneath the sun, without any shade.

For the slightly shaded condition on site, solar radiation reading drops almost
more than 60 percent in comparison to the one non-shaded. Considering that there is
some vegetation, which filters some of the sunrays from getting through and in
contact with the ground or floor surface.

Looking into the data of the shaded condition on all four sites, all of them
have a very low solar radiation reading, which proves that vegetation really helps in
filtering and most likely to even block the sunrays completely.

In summary, more than 90% of solar radiation is deflected by vegetation. Vegetation
provides a very good shade and can benefit humans to avoid the heat from the sun
thus; human’s thermal comfort may be improved and stabilized.
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Table2: Surface temperature reading at 3 different conditions at 4 different site locations

Temperature / °C

60
50
40
30
20
10

Sungei Wang Lot10 green 1Utama 'Secret Urban Square
rooftop parking spaces Garden'
lot

2-Shaded % Slightly shaded = Non-shaded

Table 2 shows the reading for surface temperature that has been collected for
all four sites. Data collected are categorized based on 3 aspects, which are shaded,
slightly shaded and non-shaded. The highest temperature reading for non-shaded is
obviously at Sungei Wang rooftop parking lot. Due to the direct sunlight and no filter
to the surface area, it increases the surface temperature and may be harmful to people
that are exposed directly to sunrays in certain amount of time.

Readings for shaded areas in Lot10 green space, 1Utama ‘Secret Garden’ and
Urban Square differ as the presence of trees and shrubs that are covering the edges of
buildings are a lot dense in the urban square. This can be a good cooling agent for the
rooftop and ground temperature.

The second aspect is slightly shaded meaning that the presence of trees can be
penetrated by the sunrays, but in a lesser amount. Locations that do not have any
vegetation i1s at the Sungei Wang rooftop parking lot had the highest surface
temperature reading. The second highest goes to Lotl0 green space, which had a
slightly less reading compared to Sungei Wang. There were no planted trees in Sungei
Wang rooftop but less number of trees in Lotl0 green space effects the surface
temperature. In relating to thermal comfort, people feel less comfortable when there
are minimum shady areas.

Surface that is covered with trees and shrubs are the places with the most
shaded areas. Urban Square and 1Utama ‘Secret Garden’ had the lowest temperature
reading. Both of the places still provide high surface temperature reading but the large
amount of plants can reduce the surface temperature without any other cooling aid
such water mist or water spray.

The temperature reading for 1Utama ‘Secret Garden’ is higher than Urban
Square because of the distance of the rooftop garden is closer to the sun compared to
the ground level urban square. In fact, 1Utama ‘Secret Garden’ can be categorized as
intensive rooftop garden, which have a thick layer for growing agent, which is soil.
This shows that soil, acts as a heat insulator to the building that can possibly decrease
the surface temperature.

Questionnaires or surveys were distributed to random people on site to get
their perception and experience about their current thermal comfort. It came out as
expected where most respondents demands good shade when they are outdoors. They
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would look for trees or any other form of shelter to avoid the scorching hot sunlight.
In the survey, a question was asked about what type of shelter do they prefer. Either
man made shelter or natural shelter like trees. Most respondents chose to look for
trees and vegetation as their shelter because of several reasons. They explained that
vegetation gives them good cooling effect and filters the sunrays. That information is
sufficient enough to make the research more solid.

CONCLUSIONS AND RECOMMENDATIONS

This research paper provides basic knowledge about different locations of shaded
areas and evaluates the human thermal comfort theories. Field studies and surveys
were conducted in order to obtain the information of thermal comfort towards
humans, by referring to the elements of surface temperature and solar radiation.
Surveys found out that human’s perception on thermal comfort is when they are not
directly exposed to the hot sun and when they are surrounded by a cool surrounding
temperature simultaneously. Two factors that were taken into account are the surface
temperature and solar radiation. These two elements can be related to one another.
During the sun is strong and produces a very high reading of solar radiation, surface
temperature will rise accordingly and it will only be reduced when the solar radiation
is disturbed by other elements. That other element in this study refers to the
vegetation that is allocated on site. After this study is conducted, the results obtained
were promising. Dense vegetation really proved their benefit by filtering most of solar
radiation and reducing the surface temperature on site. This will definitely affect
humans and thus increases the percentage of human thermal comfort.

By completing this research, a conclusion can be made on the relation of
rooftop garden and the shading effect on urban square. Both of these locations have
potential to improve thermal comfort because of the presence of greenery.
Furthermore, it can be recommended that to propose an urban square in accordance
with the height of a rooftop garden, which means an elevated urban square to reduce
temperature and provide more airflow for improved ventilation.
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