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Mapping and Spectral Analysis of Urban Trees in Kuching City 

Nur Farhana Abu Bakar (19511) 

Plant Resource Science and Management Programme 
Department of Plant Science and Environmental Ecology 

Faculty of Resource Science and Technology 
Universiti Malaysia Sarawak 

ABSTRACT 
Urban trees play important roles in urban environment such as improving air quality, acts as carbon 

sequester, helps in urban hydrology, noise and temperature reduction and have significant contribution in 
ecology and aesthetic values. Mapping of the urban trees is faster and accurately by using the Global 
Positioning System (GPS) and basic information such as tree numbers, height, species distributions and 
growing conditions is required. Spectral analysis of reflectance can be used to estimate the foliar 
concentration of the photosynthetic pigments, thus providing vital information on the physiological status of 
green plants. The objectives in this study include to map selected urban trees species in the Kuching City 
area and to characterize the various spectral signatures of the selected urban trees. Eighteen of tree species 
with 2357 individuals had been successfully mapped and their species compositions were recorded. Michelia 
champaca was the most dominant species and Pithecellobium dulce was the least dominant species planted 
at the study area. Most of the trees at the study area are in good health condition. In this study, two species 
of urban trees, T. pallida and A. angustiloba were selected for the determination of spectral signatures. . 
Results showed that there are differences in the spectral reflectance readings between the T. pallida and A. 
angustiloba as each tree species have their own identity and unique characteristic. From the one way 
ANOVA, there is a significant difference (p < 0.05) between the leaves reflectance (%) obtained from 
spectral analysis and the leaves chlorophyll content from SP AD readings. Decreasing chlorophyll 
concentration will resulted in increasing reflectance (%) readings of the leaves. Physiological status of the 
tree can be directly determined hence being a good indicator for the health status of the trees from the 
spectral analysis. All data collected are vital for sustainable urban management and hopefully Kuching North 
City Municipal can fully utilized these valuable informations for future management programmes. 

Keywords: Urban trees, spectral analysis, GPS 

ABSTRAK 
Pokok bandar memainkan peranan yang penting di dalam persekitaran bandar seperti membaiki kualiti 
udara, menyimpan karbon, membantu pengairan bandar, pengurangan bunyi dan suhu sekeliling dan amat 
penting sumbangannya kepada ekologi dan nilai kecantikan kawasan perbandaran. Pemetaan pokok- pokok 
bandar menggunakan Global Positioning System (GPS) adalah cepat and tepat, dan maklumat umum 
seperti jumlah pokok, tinggi, taburan species dan keadaan kesihatan pokok adalah diperlukan. Sementara 
itu, refleksi analisis spektrum boleh digunakan untuk menganggar konsentrasi daun yang mempunyai 
pigmen fotosintesis. Objektif kajian ini termasuklah untuk memetakan pokok- pokok terpilih di bandar 
Kuching dan untuk mencirikan kepelbagaian pengenalan rejleksi spekrum oleh pokok-pokok tersebut. Lapan 
belas spesies pokok bandar dengan 2357 individu telah berjaya dipetakan and komposisi spesiesnya 
direkod. Michelia champaca adalah pokok yang paling dominan dan Pithecellobium dulce adalah pokok 
yang paling sedikit ditanam di kawasan kajian. Kebanyakkan pokok-pokok di kawasan kajian berada dalam 
keadaan sihat. Dua species pokok T. pallida dan A. angustiloba dipilih untuk penentuan pengenalan 
spektrum. Keputusan menunjukkan ada perbezaan dalam bacaan spektrum kedua species tersebut 
memandangkan setiap species mempunyai identiti unik yang tersendiri. Daripada satu cara ANOVA, 
terdapat perbezaan ketara (p<0.05) di antara (%) refleksi daun dari spektrum analisis dan kandungan 
konsentrasi klorofil daun dari bacaan SPAD. Penurunan konsentrasi klorofil daun akan memberi keputusan 
kepada peningkatan (%) refleksi daun. Status fisiologi pokok dan diperolehi dan menjadi petunjuk yang baik 
untuk keadaan kesihatan pokok melalui spektrum analisis. Kesemua data yang dikumpul adalah penting 
untuk pengurusan pokok bandar yang mampan dan diharapkan ia dapat membantu Majlis Perbandaran 
Kuching Utara dalam pengurusan pada masa akan datang. 

Kata Kunci: Pokok bandar, analisis spektrum, GPS 
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CHAPTER 1 

INTRODUCTION 

1.1 General Background 

Trees are generally viewed as a symbolic of producing recreational, spiritual and 

emotional rejuvenation. In a modern concept, urban forest refers to all trees and vegetation 

in urban and suburban areas. Trees are an accepted presence in the urban landscape as 

individuals in streets, parks and gardens or as components of woodlands as "relics" 

surviving from forest before urbanization, or as planted and spontaneous regenerated 

blocks on derelict sites. Trees significantly enhance the landscaping and appearance of the 
o, 

built environment. Trees improve several architectural and engineering functions, thus 

providing a green infrastructure for communities in the city (Bucur, 2006). 

Trees have an extreme importance to the functioning of the ecosystem. Trees 

provides a friendlier environment for walking, riding bikes and working by reducing glare 

and softening harsh traffic sounds and concrete views (Bucur, 2006). Shade trees or 

commonly known as urban trees usually has the special characteristics that includes 

resistance to the dust and chemical pollution effects, compacted branches and foliage to 

lower the surrounding temperature. Their leaves also can absorb dust and act as sound 

insulator besides having high aesthetic values for its colourful flower and foliage. 

Urban forest is important as it helps to create a better environment for human being 

to live in. The main objective of planting urban tree is to minimize the adverse effect of 

deforestation and returns the benefit of forest to human (Alberti, 2005). Urban ecological 

systems are one of the important components of urban forest and were portrayed as the 

1 



complex interactions among social, economic, institutional, and environmental variables 

(Alberti, 2005). 

In order to understand how urban forest functions and to estimate the significance 

of their environmental services, it is important to identify properties related to urban forest 

structure and composition. Basic information required to describe urban forest structure 

including tree numbers, height, spatial distributions, species composition, and growing 

conditions. Traditional field surveys and mapping are time consuming and difficult for 

large scale area so, with the modem technology nowadays, it is possible to do the 

identification of the tree species faster and accurately by using the Global Positioning 

System (GPS) technology. Analysis of reflectance can be used to estimate the foliar 

concentration of photosynthetic pigments on the leaf which provides information on the 

physiological status of green plants. 

1.2 Objectives 

This study enables the digital mapping and spectral analysis of selected urban trees 

in the Kuching North City area using the GPS so that precise measurement of the location 

and their diversity in the area can be done. The objectives of the study are: 
( 

1. To map urban trees on selected roads in the Kuching North City area. 

2. To characterize the various spectral signatures of the selected urban trees 

(Tabebuia pallida & Alstonia angustiloba) using the spectral analysis 

3. To determine the spectral differences among the leaves based on their 

chlorophyll concentration. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Definition 

Urban forestry is the management of trees for their contribution to the 

physiological, sociological, and economic well-being of urban society. Urban forestry 

deals with woodlands, groups of trees, and individual trees where people live and it is 

multifaceted, for urban areas include a great variety of habitats (streets, parks, derelict 

corners, etc) where trees bestow a great variety of benefits and problems. (Carter, 1995). 

Thus, urban forestry has a significant contribution to the urban landscape. Cities with large 

amount of tree canopy coverage are more attractive and healthy. 

Urban forest structure is the three-dimensional spatial arrangement of vegetation in 

urban areas which includes species composition, tree size and health, number and location 

of the trees (Nowak, 1994). Information on this structure provides basis understanding on 

the urban forest functions that affect urban inhabitants (air temperature modifications, 

human stress reduction, air pollution mitigation, improved sense of community) as well as 

for improving management to maximize the environmental and social benefits of urban 

forests (Nowak, 1994). Urban forest is not restricted to trees that have been planted but it 

also includes the trees that have been established naturally in the urban area. In urban 

environment where there are limited growing spaces and competition above ground is 

high, trees will not survive long, unless actively cultivated and managed is practiced 

(Carter, 1995). 
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2.2 Kyoto Protocol 

The Kyoto Protocol (11 December 1997) is significant because it introduces for the 

first time, legally binding greenhouse gas emission commitments for the developed 

countries. The commitments agreed to should, according to the Protocol, lead to an overall 

global reduction of at least 5% in 1990 levels of greenhouse gases by 2008-2012. The 

most important greenhouse gas is carbon dioxide (CO,), and the biggest source is the 

burning of fossil fuels for energy (Hare, 1998). Six billion tonnes of carbon are released as 

carbon dioxide every year from this source. Burning fossil fuels also gives off two other 

greenhouse gases, which are methane (CH,) and nitrous oxide (N5O). Deforestation, 

removal of grassland cover and agricultural practices resulted in emission of carbon 

dioxide (CO>), methane (CH,) and nitrous oxide (N5O). It is also responsible for about 1.6 

billion tonnes of carbon released as CO per year and methane (CH) will be emitted 

during the management and disposal of waste (Hare, 1998). 

Trees play an important role in achieving the goal of the Kyoto Protocol especially 

in reducing the effect of global warming and other effects caused from the emission of 

greenhouse gases. Currently, the world temperature is on the increased as the results from 

the high amount of enhanced greenhouse gases specifically carbon dioxide, and also the 

reduction of trees which are very beneficial to absorb carbon dioxide due to the 

deforestation. In order to stabilize the amount of carbon dioxide produced and emitted 

from human daily life activities, more trees should be planted especially in the urban area 

as most of the carbon dioxide released is from the activities at the surrounding area. 
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2.3 National Tree Planting Campaign 

The National Tree Planting Campaign was initiated smce the launch of the 

National Landscape Day celebration on 5 March 1997 by our former Prime Minister, Tun 

Dr Mahathir Mohamed, with the objective to inculcate awareness amongst the community 

at large as well as ensuring sustainability to the Earth (Malaysian Landscape Advisory 

Panel, 2008). Besides that, The National Tree Planting Campaign is to create awareness on 

the importance of trees in sustaining our green environment, which contributes to our 

healthy living environment. In the 8th Malaysia Plan (2001-2005), a total of 4 million 

trees were planted nationwide and it is projected in 9th Malaysia Plan (2006-2010), that a 

further 4 million trees will be planted. The overall target of the National Tree Planting 

Campaign is to achieve 20 million trees in the year 2020. To date, 10,190,934 (50.95%) of 

trees had been successfully planted in Malaysia (National Landscape Department, 2008). 

2.4 Importance of Urban Forest 

Urban forests play an important role in improving the quality of the urban 

environment. As a forest is cut down for development, it will cause fragmentation, 

isolation, and degradation of natural habitats, reduce species composition, disrupts 
Or 

hydrological systems, and modifies energy flow and nutrient cycling. A healthy, well 

managed urban forest can provide many ecological benefits. Besides that, urban areas also 

produce a large share of earth's carrying capacity from other regions in tenns of resource 

input and waste sinks (Alberti, 2005). 
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