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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Doctor of Philosophy

MICROCLIMATE MODELLING OF MESUA FERREA L.,
MIMUSOPS ELENGI L. AND PHELTOPHORUM PTEROCARPUM
(DC) K. HEYNE IN UNIVERSITI PUTRA MALAYSIA

By

MAH CHEN YING

2014

Chairman: Associate Professor Noorizan Mohamed PhD
Faculty: Design and Architecture

The Urban Heat Island Effect is a common topic in research literature and
newspapers nowadays. The aim of this study is to identify and evaluate the
conditions of isolated landscape tree towards microclimate as compared to the
open space without tree, as well as the comparison of microclimate under three
various popular landscape trees, namely: Peltophorum pterocarpum (umbrella
form), Mimusops elengi (round form), Mesua ferrea (conical form). Two sets of
watch dog 2000 weather stations are used to collect the solar radiation, air
temperature and relative humidity. One set is placed under the tree, another set is
placed in the open space without tree. An AccurPAR LP80 is used to collect
Leaf Area Index data. The study site is at University Putra Malaysia. The data
analysis was conducted using R software (The R Foundation Statistical
Computing) and Minitab statistical software. The research hypothesis is to study
the microclimate conditions under tree species. The findings reveal that the tree
species has a great reduction on solar radiation under tree canopy as compared to
open space without tree. The solar radiation for Mimusops elengi (reduction
95.55%) is the lowest amongst the three species, Mesua ferrea ranked second,
Peltophorum pterocarpum 1is third. However, the air temperature and relative
humidity have no significantly different effects in ststisticsas compared to open
space without tree, but the air temperature has slightly lower and relative
humidity has a slight increment under tree canopy. The hypotensis testing



develops the microclimate model which can be used as a tool for predicting the
curve and estimating the percentage of decrement or increment of microclimate
under the tree species. The trees with an umbrella form and round form are able
to provide bigger shade compared to Mesua ferrea which has a conical form.
The shade is able to intercept sunlight and diminish the solar radiation which
affects the comfort of humans. Therfore, the size of canopy area is very
important to influence urban heat island effect. The results from this study
suggest that the selection of appropriate urban trees by the planners and
landscape architects to ameliorate the Urban Heat Island effect in the design
approach should also consider the tree species, which can provide bigger shade
and higher Leaf Area Index.
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2014
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Kesan Pulau Haba Bandar (Urban Heat Island Effect) ialah isu yang umum
dalam kertas penyelidikan dan akhbar. Tujuan kajian ini adalah untuk mengenal
pasti dan menilai prestasi pokok lanskap terhadap cuaca berbanding dengan
kawasan terbuka tanpa pokok, Tiga spesis pokok lanskap yang popular telah
digunakan iaitu: Peltophorum pterocarpum (bentuk payung), Mimusops elengi
(bentuk bulat) dan Mesua ferrea (bentuk kon). 2 set Watchdog 2000 Weather
Station digunakan untuk merekod sinaran solar, suhu dan kelembapan udara
dengan 1 set diletak di bawah pokok dan 1 lagi diletak di kawasan terbuka.
AccuPAR LP80 digunakan untuk merekod data Indeks Keluasan Daun (Leaf
Area Index) Kawasan Universiti Putra Malaysia dipilih sebagai tapak kajian.
Penganalisis data telah dijalankan dengan menggunakan Perisian R (7he R
Foundation Statistical Computing) dan penganalisis tentang pemboleh-ubah
dijalankan dengan menggunakan Generalized Linear Model dalam perisian
statistik Minitab. Hipotesis kajian ini adalah membelajari keadaan cuaca di
bawah pokok. Keputusan ini menunjukkan sinaran solar di bawah kanopi pokok
mempunyai nilai perbezaan yang ketara berbanding dengan kawasan terbuka
tanpa pokok. Sinaran solar untuk Mimusops elengi (pengurangan 95.55%)
adalah paling rendah di kalangan tiga spesis tersebut. Walau bagaimanapun,
suhu udara dan kelembapan tidak menunjukkan nilai yang jauh beza berbanding
dengan kawasan terbuka tanpa pokok, tetapi ditunjukkan di bahagian bawah
kanopi pokok. Hipotesis mencadangkan satu formula yang boleh diguanakan



untuk mengira kenaikan dan keturunan mikroclimate untuk pelbagai spesis
pokok daripada kelengkungan graf pada model mikroclimate, Pokok yang
berbentuk payung dan bulat dapat memberi naungan yang lebih besar
berbanding dengan Mesua ferrea yang berbentuk kon. Naungan dapat
menghalang cahaya matahari dan mengurangkan radiasi solar yang
mempengaruhi keselesaan manusia. Oleh itu bentuk pokok yang memberi
naungan besar dan mempunyai Indeks Keluasan Daun yang tinggi perlu diambil
kira dalam pemilihan pokok bandar oleh perancang bandar dan arkitek lanskap
dalam pendekatan reka bentuk mereka untuk memperbaiki Kesan Pulau Haba
Bandar.
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CHAPTER 1
INTRODUCTION
1.1 Background of the study

Rapid urbanization has resulted in the clearing of vegetation, replacing it with
infrastructures such as buildings, roads, paving, drains and bridges thus creating
shortage of vegetation such as tree, shrubs and turfs. This situation has reduced
the ability to block the solar radiation in the area, thus resulting in a lot of heat
being absorbed by the hard surface during day time and released during night
time. This has caused serious heat island effects in urban areas and become a
common issue emerging everywhere nowadays. Trees play an important role in
microclimate (Luxmoore et. al., 2005; Shahidan, 2012; Benz Kotzen, 2003).
There are four ways to modify microclimate: modification of wind; relative
humidity; solar radiation and terrestrial radiation from the ground and other
surfaces (Brown and Gillespie, 1995). Amongst these four ways, the most
important aspect is to modify solar radiation and terrestrial radiation from the
ground through the creation of shade (Benz Kotzen, 2003). The shade created by
the trees is able to modify the solar radiation, which is one of the important
factors affecting human comfort, especially in tropical countries which are
located in strong solar radiation areas (Brown and Gillespie, 1995).

The important role that trees play in microclimate has been well documented in
the literature. Schmidt (1979), in his research mentioned that with solar energy a
layer of leaves will generally absorb 80% of incoming visible radiation, whilst
reflecting 10% and transmitting 10%. With infrared approximately 20% is
absorbed with 50% being reflected and 30% transmitted. More layers of leaves
will be more efficient at reducing solar radiation under a tree,(Brown and
Gillespie , 1995; Kotzen ,2003). In other words, leaf area index is one of the
factors influencing solar radiation and as such, the study of Leaf Area Index of
different tree species is important.

The capability of tree in microclimate modification depends on the canopy
structure, Shahidan (2011) stated that shade is created by two shading properties:
major and minor branching/limbs and leaf cover. However, the percentage of
limbs and leaf cover varies across tree species and from tree to tree within the
same species. Furthermore, the density of leaf cover also varies from season to
season. Therefore, the shade performance of each species is different, and their
effectiveness in filtering radiation will influence microclimate modification. He
also highlights that it is important to investigate the differences between species
to understand the impact of each tree species on outdoor comfort.

According to the “Draft Struktur Kuala Lumpur 2020 (DBKL)” Kuala Lumpur
city center is located in a harsh humid tropical country, lacking of greenery



elements and spaces that could give shade & thermal protection for outdoor
environments. The lack of both greenery and spaces can be seen quite easily
throughout the city center and its immediate surroundings (Shahidan, 2007). Due
to matters that are based on the issue of weather, Kuala Lumpur now holds an
unwanted world record; it is getting hotter, faster than any other reported city in
the world (Davis et al., 2004). The outdoor mean temperature in Kuala Lumpur
is increasing by 0.6 degree Celsius per decade, compare to 0.4 degree Celsius for
Los Angeles and 0.1 degree Celsius for Shanghai (Jensen, 2002). National
Environment Agency (Singapore) stated that the mean yearly temperature for
Singapore for the period 1948-2008 shows an increase of 0.25 degree Celsius
per decade.

In Malaysia, from my working experience as a landscape architect for the past
29 years, I have noted that most of the street trees in most of the cities and towns
such as Kuala Lumpur, Shah Alam, Kajang, Putrajaya, etc., focus primarily on
geometrical forms (conical form, topiary plant and palm tree), and as such, palm
trees have become one of the popular street trees in some urban areas. For the
Putrajaya project, Moser (2010) revealed that the climate is one of the primary
challenges to urban designers and architects in Malaysia. He pointed out that one
of Putrajaya has failed to achieve climatic design in planning, architecture, and
landscape architecture. With great design freedom, an expansive budget, and an
explicit goal of creating a “garden city”, the designers for Purajaya have missed
an important opportunity to advance microclimatic design and create a “green
city”, cooled passively through design and planting, rather than relying primarily
on air conditioning. This claim is consistent with review made by Danby (1986)
on the diversification of Islamic architecture in Arabic cities in promoting the
passive cooling strategies. Moser (2010) accented that Putrajaya designers failed
to reclaim the use of urban microclimatic features that were developed in the
Middle East to contradict the effects of intense heat from a constant sun
illumination (Hakim, 1994). From my observation, the Putrajaya planting design
is largely focused on aesthetic purposes, with trees mainly palm trees, conical
shape like Hopea ordorata; Eugene oleinia; Mesua ferrea, pagoda form like
Tabebuia pentaphlla; Tabebuia rosea; Bucida buceras,oblong form like Bucida
buceras; Terminalia mantaly; Terminalia mantaly ‘tricolor’ and slow growing
trees like Mimusops elengi. All these trees are without a large canopy to
intercept the solar radiation, in other words, they are not able to provide large
shade for the hard surface like huge paving and large and tall buildings to
mitigate an urban heat island effect. Salleha et al. (2013) suggested that the
resolution of Putrajaya Green City 2025 greatly depends on this corrective
period; as building and enforcing new green integrated developments can only
be complimented if the existing mess and adversity is being rescued and
neutralised.



In Shah Alam, the council selects palm tree as the city tree, enforcing all
landscape projects to plant palm tree at the project site. This policy causes a
more adverse impact on the ecology and microclimate. The preference of
landscape architects in Malaysia is to select geometrical trees, such as palm tree,
conical form, topiary plant, oblong form , or blossom trees (7Tabebuia rosea) for
their designs. This kind of planting prevalence which focuses on aesthetic
perception amongst the landscape may need rethinking. These trees provide very
limited shade on the surrounding surfaces (building, road, paving) thus making
the urban heat island effect increasingly serious.

The green environment that transpires through many parks and gardens threaded
throughout the city, only provide limited power in reducing the heat throughout
the day. This is because the greenery areas consist of decorative landscaping
features rather than huge canopies or long benches of trees. Not to mention the
sidewalks throughout the city have very little vegetative cover at all, even until
recent years. (Salleha et al. 2013)

Another problem in Malaysia is that the majority of landscape authority officers
tend to reject the proposal of large tree from the landscape consultants; this is my
experience from my past projects. Their complaints are that the roots will
damage the walkways and drains, and also the high maintenance costs which
will make them unable to manage. Whereas we found that the Green
City-Singapore plant a lot of large trees everywhere, mainly Enterolobium
saman, Pterocarpus indicus, Ficus species...etc. They can manage the large
trees properly with effective growing systems and effective pruning technology.
Putra Jaya is a typical example of planting design to show the perception of
street tree design amongst landscape architects in Malaysia. In Malaysia most of
the large trees are planted more than 20 years ago. Due to the development and
extension of road in urban areas, many large trees with a big canopy and fast
growing characteristics (Enterolobium saman, Ficus benjamina, Ficus retusa,
Peltophorum pterocarpum, Pterocarpus indicus, Terminalia catappa....etc) have
been removed and replaced with the slow growing conical trees, topiary trees
and palm trees. These trees have a small canopy which is not able to sufficiently
provide large effective shade to mitigate solar radiation on the surrounding hard
surfaces, causing the urban heat island effect to be more serious day by day. 2
Notwithstanding the fact that urban heat island effects can be mitigated through
proper design approach, however, poor design in current urban landscape of
hot-humid tropics has been established to be one of the contributing factors that
lead to outdoor thermal discomfort (Thani et al. 2012). Hence, the aim of this
study is to investigate on microclimate under different species of isolated tree in
relation with the tree’s geometry.



1.2 Statement of the Problem

Heat Island Effect is a present meteorological problem in most of the cities
across the globe. Many studies (Brown and Gillespie, 1995; Shahidan, 2011;
Kotzen 2003) revealed that trees play an important role in microclimate, but
what kind of tree species can effectively ameliorate microclimate in urban areas,
very seldom researchers will conduct field research on this topic in tropical
countries. Therefore this research is to evaluate the conditions of a number of
isolated tree species in various species in microclimate in UPM campus,
Malaysia. Unfortunately, due to time, equipment, and manpower constraints, we
can only select three various tree species with three forms for our experiment.

Trees species have different botanical features and percentage of limbs
(branching) and leaf cover, they are varies across tree species and from tree to
tree within the same species. The density of leaf cover also varies from season to
season. Therefore, the microclimate conditions (solar radiation, air temperature
and relative humidity) under the trees are different. The tree’s leaf angular and
spatial distributions have an effect on transmission and absorption of solar
radiation through the tree canopy. Therefore, experiments are carried out on the
site to understand the conditions of microclimate under tree species.

Jauregui, (1991) stated that a single tree can already moderate the climate well,
and is one of the strategies to mitigate the urban island effect. Amongst all the
climate amelioration measures, street trees are the most low cost and most
effective green elements (Rosenweig et al. 2006). Wong et al. (2007) stated that
large green created by the trees can be considered as a green park. Huang et al.
(1987) estimates that by increasing the general canopy of trees in various cities
cooling loads can be reduced significantly. Computer modelling showed tree
planting could reduce maximum surface temperature by between 0.5 °C and 2.3
°C (Halla et al. 2012).

Shahidan et al. (2010/2011) and Hidayat (2010) pointed out that selection of
plant species should be focused on tall (evergreen) trees with wide canopy,
massive leaves (Leaf Area Index (LAI) value >5) and dense branches to filter
radiation. Shahidan et al. (2010) comments that types, sizes and arrangements of
leaves play an important role in improving efficiency in radiation absorption and
reflection. They also indicated that the higher the number of trees and the density
of their canopies, the greater the temperature decreases.

Tliebard and De Herde, (2005) stated that choice of species is important because
the quality of the shade of a tree depends on its density. Thus the foliage of a tree
can filter 60 to 90% of solar radiation and crouching vegetation also reduces the
solar radiation reflected by the ground.



The above researchers all highlight the importance of trees play the role of
ameliorating the microclimate for the mitigation of urban heat island effect.
Therefore, I decide this to be my research topic.

1.2.1 Goal

To examine the microclimate modeling under various isolated tree species in
Malaysia to mitigate the Heat Island Effect in urban area.

1.2.2 Objectives

1) The evaluation of microclimate conditions within landscape tree.
2) The fitness of microclimate conditions within landscape trees by
establishing a microclimate model.

1.2.3 Hypotheses

Hypothesis 1

Ho.: Mesua ferrea, Mimusops elengi and Peltophorum pterocarpum are effective
in the reduction of solar radiation, air temperature and increment of relative
humidity.

Ha: Mesua ferrea, Mimusops elengi and Peltophorum pterocarpum are not
effective in the reduction of solar radiation, air temperature and increment of
relative humidity.

Hypothesis 2
Ho: There are some diference of microclimate conditions amongst Mesua ferrea,
Mimusops elengi and Peltophorum pterocarpum.

Ha: There is no difference of microclimate conditions amongst Mesua ferrea,
Mimusops elengi and Peltophorum pterocarpum.

1.2.4 Assumptions and Limitations
1.2.4.1 Assumptions

1) Wind is one of the factors to modify the microclimate, it influences the
air temperature, relative humidity and thermal comfort. All the samples
are in different locations with different environments, it is impossible to
measure the wind velocity in the same condition. Therefore, for this
experiment we are assuming that the site has zero influence by wind
factor and thus, wind factor is excluded in this experiment.



2) Ground temperature under tree is not measured, it also has influence on
air temperature. But due to the instrument and man power constraint, we
will assume that the ground temperature is zero.

1.2.4.2 Limitation.

1) The solar radiation in this study has excluded long wave terrestrial
radiation, diffuse and reflected radiation from the sky and other objects.

2) All the samples of the three species should be the same height to
compare the microclimate, but due to lack of enough quantity of the trees
samples in the campus, it is very difficult to get the samples with same
height.

1.2.4.3 Research Problem

The present research topic “microclimate conditions under tree species”, especial
the isolated trees, most of the researchers used computer simulations, and very
seldom conducted actual field measurements in tropical country. Therefore there
is a lack of information to refer to.

Trees species have different botanical features and percentage of limbs
(branching) and leaf cover, they are varies across tree species and from tree to
tree within the same species. The density of leaf cover also varies from season to
season. Therefore, the microclimate conditions (solar radiation, air temperature
and relative humidity) under the trees are different. The tree’s leaf angular and
spatial distributions have an effect on transmission and absorption of solar
radiation through the tree canopy. Therefore, an experiment is carried on the site
to understand the conditions of microclimate under tree species.

Jauregui, (1991) stated that a single tree can already moderate the climate well,
as it is one of the strategies to mitigate the urban island effect. Amongst all the
climate amelioration measures, street trees are the most low cost and most
effective green elements (Rosenweig et al. 2006). Wong et al. (2007) stated that
large green creates by the trees can be considered as a green park. Huang et al.
(1987) estimate that by increasing the general canopy of trees in various cities
cooling loads can be reduced significantly. Computer modelling showed tree
planting could reduce maximum surface temperature by between 0.5 °C and 2.3
°C (Halla et al. 2012). The above researches confirm that the tree species with
their botanical features really influence the microclimate under tree canopy,
therefore, we need to do further research.

The tree samples always has different environment, it is very difficult to get the
samples in same height and same environment. However, I select the samples
which all comply the criteria the tree selection.



1.2.5 Research Framework

To achieve the researched goal and objectives, the following works are identified

and carried out. The research framework is divided into four steps as follows:

1) The first step consists of information gathered from the literature review to
establish pertinent information on the canopy structure and solar radiation
modification in urban areas, focusing on the relationship between the trees
and the microclimate as well as Heat Island Effect problems. My past 29
years of working experience as a landscape architect practicing in Malaysia
always involved planting design and plan submission to local authorities.
Identify the problems and research goals and choosing research titile.

2) The second focuses on the research methodology which consists of
guidelines for field measurements, choosing the instruments, design the field
measurement procedure, instruments testing, recording the results and data
analysis. Identify the softwares used for data analysis.

3) The third step is the results and discussion. The results use the selected
software to do analysis and comparison, produce the tables, figures and
microclimate model. Discuss the results.

4) The fourth and final step is discussion on the subject matter which leads to
the development of the conclusion and recommendations pertaining to the
subject matter of this paper.

1.2.6 Benefits of the study.

Since 1985, I have been practicing landscape architect in Malaysia and through
my observation I have found that most of the landscape architects in Malaysia
when conducting street tree selection will mainly focus on aesthetic perception
rather than on ecological and microclimate concerns. This prevailing trend is
really affecting the heat island effect in urban area. The present popular street
trees like the palm tree, topiary plant, conical or pyramidal form tree and slow
growing tree which contribute small canopy size, are not able to provide for
effective solar radiation deduction, causing urban area’s island heat effect to be
more serious in Malaysia. This study focuses mainly on big canopy tree which
can maximize the shade to mitigate the Heat Island Effect in urban area,
therefore to quest for the appropriate tree species and tree forms which can
provide enough shade area to intercept the sunlight to improve the Heat Island
Effect for our living is a critical issue nowadays. We have to use scientific
figures and analysis to support our hypothesis, in order to convince professional
experts about the importance of the selection of trees to create thermal comfort
for people in urban areas. This study contributes some tree selection criteria for
landscape authority, landscape architect, horticulturalist, forester, town planner,
and environmental planner for tree planting design in urban area in order to
make a comfortable environment for living in Malaysia. The study of isolated



tree species on microclimate is quite seldom done in Asian countries. We hope

this study can highlight the intention on this issue to most of the researchers who

can then continue to do further research to benefit the people in tropical

countries.
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