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By 

 

HAMDAN BIN OMAR 

 

February 2015 

 

Chair : Lt. Cdr. Assoc. Prof. Mohd Hasmadi Ismail RMNVR, PhD 

Faculty : Forestry 

 

Tropical forest biomass is one of the key parameters in addressing issues relating to 

climate change as it known to store large amount of carbon. Retrieving biomass over 

large forest areas has been challenging due to the limited data resource, accessibility, 

and various technical issues. Remote sensing data has been used actively for forest 

biomass estimation since the last three decades and it is proven to be effective. 

Although there are issues and arguments raised in the estimation accuracy, research 

is continuously being carried out. Synthetic aperture radar (SAR) system has its own 

potential in retrieving biomass but several issues are remaining unaddressed. One of 

the biggest issues in the system is signal saturation at high level of biomass and this 

has been identified as the most critical challenge. Studies concentrating on the use of 

SAR system for biomass retrieval in Malaysia are very limited and literatures on this 

subject matter are scarce. This study therefore was conducted to address this issue 

and attempted to produce estimations of aboveground biomass (AGB) on several 

types of forests in Peninsular Malaysia by using Phased Array L-band SAR (Palsar) 

on board the Japanese Advanced Land Observing Satellite (Alos). The study was 

conducted on three forest types, which are lowland dipterocarp, hill dipterocarp, and 

mangroves. A number of sampling plots have been established in respective forest 

types. By using these sample plots information, factors contributing to the variation 

in L-band SAR signal has been identified. Empirical models for the estimation of 

AGB in these forests have been developed. The level of saturation of AGB has been 

also determined for each forest types. The study found that the allometric equation 

used for AGB calculation did affects the estimation and pixel degradation from 25 m 

to 50 m was found most appropriate for AGB estimation in lowland and dipterocarp 

forests. While there is no significance difference of backscatter response towards 

natural and logged forests, the study found that biomass in canopies of trees with 

dbh ≥ 30 cm has better interaction with the backscatter. The inclusion of trees with 

dbh >10 cm also improved the estimation. The AGB in lowland and hill dipterocarp 

forests in the whole Peninsular Malaysia, which has an extent of 4,709,806.34 ha, 

has been estimated at 1,650,819,055 Mg with and root means square error (RMSE) 

of ±19.32 Mg ha-1 (at AGB < 200 Mg ha-1) and ±79.58 Mg ha-1 (at AGB > 200 Mg 

ha-1). The saturation level for these forests was at 200 Mg ha-1 at backscatter of -12 

dB in HV polarization. The study also established empirical models for mangrove 

forest. It was estimated that the AGB in the whole mangroves of Peninsular 

Malaysia, which has an extent of 115,108 ha was at 11,441,795 Mg with RMSE at 

±33.90 Mg ha-1. The saturation level for this forest type occurred at around 100 - 
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150 Mg ha-1 at backscatter of -15 dB in HV polarization. The study revealed that the 

incorporation of texture measures in the images has improved the estimation 

accuracy as compared to images without texture measure. Overall, the study found 

that the HV polarization is the best for AGB estimations. The capability of Palsar 

data in estimating AGB on the forest types is evaluated. The potential, issues and 

challenges of Palsar data in the retrieval of AGB on these forests are elaborated in 

details and explained critically in this thesis. 
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PENILAIAN TERHADAP ALOS PALSAR SAR BERJALUR-L UNTUK 

PENGANGGARAN BIOJISIM ATAS TANAH DALAM HUTAN TROPIKA 

 

Oleh 

 

HAMDAN BIN OMAR 

 

Februari 2015 

 

Pengerusi   : Lt. Kdr. Prof. Madya Mohd Hasmadi Ismail PSSTLDM, PhD 

Fakulti        : Perhutanan 

 

Biojisim hutan tropika merupakan salah satu parameter utama dalam merungkai isu-

isu berkaitan dengan perubahan iklim kerana ia mampu menyimpan karbon dalam 

jumlah yang besar. Penilaian biojisim bagi kawasan hutan yang luas adalah satu 

cabaran yang besar antara lain disebabkan oleh kekurangan data, akses yang terhad 

dan pelbagai isu-isu teknikal. Data penderiaan jauh telah digunakan secara aktif 

dalam penilaian biojisim semenjak tiga dekad yang lalu dan ia terbukti efektif. 

Walaupun terdapat beberapa isu dan pertelingkahan dari segi ketepatan anggaran, 

namun kajian masih tetap dilaksanakan. Sistem radar bukaan sintetik (SAR) 

mempunyai keupayaan tersendiri dalam penilaian biojisim namun beberapa isu 

berkaitan masih tidak terungkai. Salah satu isu terbesar dalam sistem tersebut adalah 

ketepuan isyarat terhadap biojisim yang berkadar tinggi dan ini telah dikenal pasti 

sebagai cabaran paling kritikal. Kajian yang menumpukan penggunaan sistem SAR 

untuk penilaian biojisim di Malaysia adalah sangat terhad dan rujukan berkenaan 

perkara ini juga jarang ditemui. Justeru, kajian ini telah dijalankan untuk merungkai 

isu tersebut dan cuba untuk menghasilkan anggaran biojisim atas tanah (BAT) di 

dalam kawasan hutan di Semenanjung Malaysia dengan menggunakan Phased Array 

L-band SAR (Palsar) yang terdapat pada Japanese Advanced Land Observing 

Satellite (Alos). Kajian dijalankan terhadap tiga jenis hutan, iaitu hutan dipterokarp 

pamah, dipterokarp bukit, dan hutan paya laut. Sejumlah bilangan plot sampel telah 

ditubuhkan di dalam kawasan hutan berkaitan. Dengan menggunakan maklumat plot 

sampel ini, faktor yang menyumbang kepada perubahan isyarat SAR berjalur L telah 

dikenal pasti. Beberapa model empirikal telah dihasilkan untuk mengaggar BAT 

bagi jenis-jenis hutan tersebut. Kadar ketepuan bagi BAT juga telah dutentukan. 

Kajian mendapati bahawa persamaan alometri yang digunakan untuk pengiraan 

BAT memainkan peranan dalam hasil anggaran dan degradasi piksel daripada 25 m 

kepada 50 m adalah paling sesuai untuk penentuan BAT di dalam kawasan hutan 

dipterokarpa pamah dan bukit. Walaupun tiada perbezaan ketara dalam tindak balas 

serak balik di antara hutan asli dan hutan dibalak, kajian mendapati bahawa biojisim 

yang terkandung dalam kanopi pokok bersaiz ≥ 30 cm mempunyai interaksi yang 

baik dengan serak balik SAR. Penglibatan pokok bersaiz ≥ 10 cm juga menambah 

baik hasil anggaran. Dianggarkan bahawa BAT yang terkandung di dalam hutan 

dipterokarpa pamah dan bukit di seluruh Semenanjung Malaysia ialah 1,650,819,055 

Mg dengan purata ralat ±19.32 Mg ha-1 (pada BAT < 200 Mg ha-1) dan ±79.58 Mg 

ha-1 (pada BAT > 200 Mg ha-1). Kadar ketepuan untuk kedua-dua jenis hutan ini 

adalah 200 Mg ha-1 berlaku pada serak balik -12 dB dalam polarisasi HV. Kajian 
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juga telah menghasilkan model empirical untuk hutan paya laut. Telah dianggarkan 

bahawa BAT yang terkandung di dalam hutan paya laut di seluruh Semenanjung 

Malaysia adalah 11,441,795 Mg dengan purata ralat ±33.90 Mg ha-1. Ketepuan 

untuk jenis hutan ini berlaku pada kadar sekitar 100 – 150 Mg ha-1 pada serak balik -

15 dB dalam polarisasi HV. Kajian mendedahkan bahawa penglibatan ukuran 

tekstur dalam imej telah meningkatkan kemampuan penilaian berbanding imej tanpa 

ukuran tekstur. Secara umum didapati bahawa polarisasi HV merupakan yang 

terbaik untuk menganggar BAT hutan. Keupayaan data Palsar dalam penganggaran 

BAT bagi kesemua jenis hutan tersebut telah dinilai. Potensi, isu serta cabaran 

dalam penganggaran BAT dalam hutan-hutan tersebut menggunakan data Palsar 

diulas secara teperinci dan dijelaskan secara kritikal di dalam tesis ini. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 General background 

 

 

Malaysia is one of the highest percentages of forested land among tropical countries 

with 19.5 million hectare of its land covered with natural forest. Out of this, about 

10.37 million hectare is reserved for production purposes. It means that more than 

50% of the forest cover is managed principally for harvesting. It was estimated that 

more than 40% of the world’s tropical forest cover is in secondary state where 

logging were take place (Brown and Lugo, 1990). Consequently, the timber and 

timber products industry are very important and play a significant role not only in 

Malaysia’s economy but also the countries that have tropical forest. As such, 

Malaysia has accorded the management of the forests on a sustainable basis a high 

priority.  

 

 

All inland production forests in Malaysia are currently being managed under the 

Selective Management System (SMS). The system allows trees to be removed based 

on a flexible cutting regime where all trees above a prescribed cutting limit are 

removed. The determination of the cutting limit takes into consideration the existing 

growing stock, its increment and mortality, as well as a specified future crop at the 

end of a 30-year cutting cycle. However, there are concerns that the assumptions for 

the above factors in the implementation of SMS are not being met consistently and 

thus affecting the productivity of the residual stands. Therefor instead of 

deforestations that occur mainly from land conversion, which is more permanent in 

terms of land usage, forest degradation is also one of the great concerns as it also 

reduces the living biomass.  

 

 

It was estimated that the carbon loss for Peninsular Malaysia between 1971 and 

1981 was 26.8 Mt year-1 (Houghton, 1991). However Hall and Uhlig, (1991) 

estimated that the carbon emission in 1990 in response to landuse change for the 

whole of Malaysia was 25.2 Mt, which was very close to the average of 26.89 Mt 

year-1 between 1981 and 1990 (Henson, 2005). These estimates were performed by 

using secondary information but the emphasis was paid for forestry sector. From 

these scenario cases, logging was likely the main cause of biomass degradation in 

Malaysian forests. However, there is a gap in information pertaining to rates of 

deforestation and forest degradation at the national level in the past and present.  

 

 

As a result, biomass was identified as an Essential Climate Variable (ECV) by the 

United Nations Framework Convention on Climate Change (UNFCCC), which is 

needed to reduce uncertainties and to fill the knowledge gaps of the climate system 

(Sessa and Dolman, 2008). Further strong impetus to improve methods for 

measuring global biomass comes from the Reduction of Emissions due to 
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Deforestation and Forest Degradation (REDD) mechanism, which was introduced in 

the UNFCCC Committee of the Parties (COP-13) Bali Action Plan. REDD is 

dedicated to the developing countries around the world including Malaysia, where 

there is expected to be high deforestation rate. Its implementation relies 

fundamentally on systems to monitor carbon emissions due to loss of biomass from 

deforestation and forest degradation (Le Toan et al. 2011). Besides measuring the 

biomass, there is also an increasing recognition of the protective roles of the forests 

such as the conservation of biodiversity, protection of soil and water resources and 

stabilizing the climate. These concerns finally brought the “plus” in REDD+. In 

Malaysia the REDD+ mechanism under the UNFCCC currently being discussed, 

presents an incentive that may encourage implementation of improved management 

practices to reduce forest degradation.  

 

 

One of the elements of REDD+ is the development of a reference level before the 

status of current storage of biomass in the forests can be compared. This will be 

followed by monitoring (and/or measuring), reporting and verification (MRV) 

processes in order to make REDD+ is implemented. Therefore, accurate methods for 

estimating aboveground biomass (AGB) in tropical rainforest are needed assess the 

baseline for nations’ carbon storage on the REDD+ scheme (Gibbs et al. 2007; 

Angelsen, 2008). This kind of forest also needs for new research utilizing new 

technology and current trend of forest management (Jong et al. 2001; Wright 2010). 

National REDD+ Strategy is currently considering the MRV methodology during 

proceeding implementations steps. Other countries are also at about the similar 

status. Since then, many studies have been carried out to measure forest biomass at 

various levels, i.e. pilot sites, sub-national and national.  

 

 

Remote sensing has been recognized as one of the primary spatial inputs for this 

process (Gibbs et al. 2007; Angelsen, 2008; Angelsen et al. 2009). Satellite remote 

sensing technologies are currently widely tested and suggested as a tool in REDD+ 

MRV. Along with scientific programs and field tests, there is also a debate as to the 

overall feasibility and cost-benefit ratio of remote sensing approaches, depending on 

the wide range of ecosystem and land use conditions as well as the range of 

approaches to carbon credit accounting (Holmgren, 2008).  

 

 

In many parts of the world, especially in tropical region, the frequent cloud 

conditions often restrain the acquisition of high-quality remotely sensed data by 

optical sensors. The acquisition of cloud-free, wall-to-wall optical satellite images in 

tropical countries is almost impossible (Asner, 2001). Thus, synthetic aperture radar 

(SAR) data become the only feasible way of acquiring remotely sensed data within a 

given timeframe because the SAR systems are independent of cloud coverage, 

weather and light conditions. Due to this unique feature compared with optical 

sensor data, the SAR data have been used extensively in many fields, including 

forest-cover identification and mapping, discrimination of forest from other land 

covers and forest biomass estimation.  

 

 



© C
OPYRIG

HT U
PM

 

3 

 

Reviews on the use of remote sensing systems for forest biomass retrieval can be 

found in several reviews such as Lu, (2006), Gibbs et al. (2007), Goetz et al. (2009), 

Goetz and Dubayah, (2011), and Vashum and Jayakumar, (2012). More specific 

review on the progress and recent advancements in SAR systems for biomass 

estimation is found in Shi et al. (2012) and Le Toan et al. (2011), respectively. 

Different radar data have their own characteristics in relating to forest stand 

parameters. For example, radar backscatter in the P and L bands is highly correlated 

with major forest parameters, such as tree age, tree height, tree size, basal area, and 

biomass. Previous research has indicated that long-wavelength radar data have the 

advantage in AGB estimation for complex forest stand structure. Specifically, SAR 

L-band data have proven to be valuable for biomass estimation, particularly AGB 

(Quinones and Hoekman, 2004; Hamdan et al. 2011; Le Toan, 2011). 

 

 

While L-band SAR system offers some advantages in estimating forest biomass, the 

saturation problem is common in radar data. It means that the sensitivity of the 

returned signal (i.e. backscatter intensity) will cease at certain threshold of biomass. 

This has been identified as a critical challenge in the last decade (Lu, 2006). The 

saturation levels depend on the polarization and the structure of the forests such as 

the size, density and distribution of the branches and leaves (Imhoff, 1995; Guo et 

al. 2009). However, the sensitivity of the backscatter and the saturation level seem to 

be rather site dependent, since forest structure influences the relative contribution of 

the scattering mechanism (Lucas et al. 2010). Some SAR systems have the 

capability to send and receive energy with different polarizations (i.e. HH, HV, VH 

and VV). Since Phased Array L-band SAR (Palsar) on board the Japanese Advanced 

Land Observing Satellite (Alos) has this capability, it is expected that the L-band 

Palsar could promise better potentials in assessing forest biomass in tropical 

ecosystem. Moreover, the logged forest characteristics which typically contain lower 

biomass could make the study more feasible.  

 

 

These are issues and concerns that this study attempts to address. Since Alos Palsar 

ended it mission in 2011, there will no similar satellite in the space until the Alos-2 

that was launched recently in May 2014, replaced the mission. This study provides 

baseline in biomass assessment by using L-band SAR system, with special reference 

to Palsar in Peninsular Malaysia’s forest ecosystems, particularly in dipterocarp and 

mangroves.  

 

 

1.2 Problem statements 

 

 

There are several issues that can be related to the biomass estimations using 

remotely sensed data in Malaysia’s forests. These issues can be generalized into 

three major groups, which are (i) the natural conditions of the forest that are native 

to Malaysia, (ii) the forest management system being practiced, and (iii) the 

technical issues related to the remote sensing system being used. These issues are 

concisely described as follows, which focuses on the use of L-band SAR system. 
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Previous studies demonstrated that the L-band polarimetry tend to saturate at certain 

level of biomass hence limiting the accuracy of estimates. However, the saturation 

level varies with the type and structure of the forest. It was demonstrated that the 

sensitivity of polarimetric SAR is depending on the structure, density and the tree 

elements (i.e. trunk/stem, branches and leaves) of the forests (Imhoff, 1995). The 

accuracy also mostly influenced by the tree density, soil surface roughness, soil 

moisture, tree sizes, and the layering effects of the SAR itself (Quinones and 

Hoekman, 2004). An experiment has been made to assess how the tree size 

influence the backscattering intensity and found that only trees with diameter at 

breast height (DBH) larger than 15 cm (that dominating the higher canopies) gave 

the best response to backscatter in HV polarization of L-band Palsar (Hamdan et al. 

2013). Other factors such as orientation of the forest, polarimetry, incidence angle, 

and crown structure also play important role in the estimated biomass (Watanabe et 

al. 2006; Guo et al. 2009). However, these studies were conducted in the ecosystem 

and forest types where they are different from Malaysia’s conditions. Different types 

of forest would have different backscattering effects and thus differ in sensitivity. 

 

 

In Malaysia there are limited studies on the applications of SAR for estimating 

biomass. Out of many studies conducted worldwide, as summarized in Chapter 2, 

very few have been done in Malaysia (viz. Morel et al. 2011; Morel et al. 2012; 

Hamdan et al. 2011). This indicates that the potential, limitations and advances of L-

band SAR in estimating tropical forest in Malaysia are not extensively explored. 

Methods to applying this SAR system are also scarcely exploited. 

 

 

Malaysia is currently practicing Sustainable Forest Management (SFM) and within 

this system Selective Management System (SMS) is applied in logging. This system 

which has been practiced since 1978 was designed to be implemented in lowland 

and hill dipterocarp forest. It is to ensure optimum timber harvesting with an 

economic cuts while maintaining the sustainability of forest and minimize the cost 

for forest development (Norizah et al. 2011). However, forest degradation in terms 

of carbon stocks is occurring in production forests as a result of logging operations 

(Mazzei et al. 2010). Logging operations in Malaysia in the past have also been 

reported to be damaging (Brown and Lugo, 1990; Huth and Ditzer, 2001; Huth et al. 

2004; Huth et al. 2005; Okuda et al. 2003; Mohd Hasmadi and Norizah, 2010), but 

of late, significant improvements have been made (e.g. Norizah et al. 2012). While 

at least about 10.37 million hectares of production forest in reserved areas in 

Malaysia, the biomass in this region is still uncertain so as to the remaining natural 

virgin forests. Therefore the extent of current forest degradation and dynamics of the 

carbon stocks (i.e. living biomass) need to be further studied as it is still not well 

understood in Malaysia. 

 

 

The allometric equations used to estimate biomass will also affect the results at plot 

level estimation and thus alter the sensitivity of the SAR backscattering. It is well 

known that the large number of published allometric equations can give substantial 

variation in stand-level biomass estimates (e.g. Araújo et al. 1999; Chambers et al. 

2001 and Chave et al. 2005). However, it is not known whether the observed 

patterns of biomass change are sensitive to the equation used to estimate biomass. 
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An experimental study hence required to assess these variation in relation to the 

sensitivity of the L-band SAR backscatter. 

 

 

This study is conducted therefore to address all the issues and problems arising from 

the technical configurations of the polarimetric L-band SAR as well as the 

circumstances of forests in Malaysia. The study allows all possible parameters that 

can be generated from both imagery and forestry aspects to be tested and 

experimented. It is in line with the effort to produce reliable method and to make L-

band SAR system viable for estimating biomass of forest in Malaysia. 

 

 

1.3 Research questions 

 

 

Having all issues and problems stated above the following research questions are 

asked: 

 

1. What are the most significant factors that contribute to the variation of the L-

band SAR backscatters on the tropical forest biomass, and why? 

2. How much biomass in the tropical forests that can be retrieved accurately by 

L-band SAR backscatter and if it saturates, at what level of biomass? 

3. Do the succession levels and the logging practices of the forest affect the 

backscatter?  

4. What is the best method that can be employed to estimate AGB in tropical 

forest ecosystems in Malaysia? 

 

 

1.4 Aim and objectives 

 

 

The primary objective of this study is to evaluate the capability of Polarimetric L-

band Alos Palsar data in estimating AGB on the forests of Peninsular Malaysia, 

mainly lowland dipterocarp, hill dipterocarp and mangroves. The specific objectives 

are as follows: 

 

i. To identify factors affecting L-band Alos Palsar backscatter on tropical 

forest biomass. 

ii. To determine L-band saturation level for aboveground biomass of 

dipterocarp forests. 

iii. To estimate biomass of mangrove forest by using L-band Alos Palsar. 

iv. To develop empirical model for estimating aboveground biomass in logged 

forest using L-band SAR. 

v. To compare direct remote sensing (DR) and stratify and multiply (SM) 

methods for estimating biomass in logged tropical forest using Palsar data 

and GIS. 
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1.5 Scopes of the study 

 

 

This study was conducted to examine the capability of L-band Palsar in estimating 

biomass of tropical forest. However several confinements were defined to provide 

the scopes of the study. Some parameters were considered and some were excluded 

in the experiment. The main carbon pools in tropical forest ecosystems are the living 

biomass of trees and understory vegetation and the dead mass litter, woody debris 

and soil organic matter. The carbon stored in the living biomass of trees is typically 

the largest pool and the most directly impacted by deforestation and degradation 

(Gibbs et al. 2007). Thus, estimating AGB is the most critical step in quantifying 

carbon stocks and fluxes from tropical forests, hence the focus of this study. The 

other carbon pools were not included in this study. Measurement protocols for other 

carbon pools are described elsewhere (e.g. Brown and Masera, 2003; Pearson et al. 

2005; IPCC, 2006). 

 

 

Tropical forests are principally ecosystems that reside on the tropical belt of the 

Earth. However, the study focused and referred to only tropical forest in Malaysia, 

which was more specific to Peninsular Malaysia. In Peninsular Malaysia, more than 

50% of its forests is reserved for productions where logging and wood extraction 

occur rapidly. Most of the forests occupy lowland and hill dipterocarp forests (of 

elevation < 750 m a.s.l). Therefore this study concentrated only in the lowland and 

hill dipterocarp forests, regardless the logging practices being adapted. Mangrove 

forest is also one of the ecosystems occurs in Peninsular Malaysia and it is also 

included in this study. The other forest types such as, upper hill dipterocarp, 

montane, and peat swamp forests were not included in the study.  

 

 

Many allometric equations were developed for different forests ecosystem in the 

world and can be found in the literature. Allometric equations that were developed 

earlier, appropriate for tropical forests (i.e. Kato et al. 1978; Chave et al. 2005; 

Basuki et al. 2009; Kenzo et al. 2009) were adapted and used to estimate biomass in 

this study. No new allometric equation has been developed for this particular study.  

 

 

Many space borne SAR systems available in various wavelengths (L-, X-, and C- 

bands) and polarizations (HH, HV, VH, and VV) that provide options for biomass 

estimation. However, only some are adequate to address issues on biomass 

estimation in tropical forest ecosystems. This study concentrated only on the L-band 

SAR system, specifically Alos Palsar L-band data. While there are evidences that 

longer wavelength of P-band could produce better estimates, its applications were 

found limited to small scale projects that use aerial-based platform or unmanned 

aerial vehicle (UAV) systems and too expensive to be operationalize at large scales 

(Dobson et al. 1992; Santos et al. 2003; Le Toan et al. 2011).  
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1.6 Significances of the study 

 

 

Currently there are no study that use L-band SAR for biomass estimation in tropical 

forests of Malaysia. A number of gaps exist pertaining its applications including the 

technical issues on backscattering properties, stand and canopy structures of the 

forest and L-band SAR response characteristics towards biomass. These situations 

are yet to discover as they are not well understood. This study was therefore 

conducted to fill these gaps and to understand better the sensitivity and capability of 

L-band SAR in estimating tropical biomass in Malaysia. It would contribute to 

enhancing the methodology that could be useful for biomass and carbon stock 

monitoring of major forests in Peninsular Malaysia. This is one of the primary 

elements of REDD+ MRV and its implementation in Malaysia.  

 

 

Provided that the L-band SAR data are continuously available, the outcomes from 

this study not only useful for rapid assessments of forest biomass but also contribute 

to the forest valuation, in terms of non-timber goods and services. The launch of 

Alos-2, which carrying Palsar-2 that has been taking place in orbit recently will 

definitely complement the continuous availability of L-band SAR data. It will 

introduce an alternative to support the national forest inventory (NFI) processes in 

the near future, which include carbon stock accounting as one of its compulsory 

outputs. Finally, the operational use of remote sensing system, especially L-band 

SAR will introduce more efficient ways in managing forests in line with the 

currently practiced SFM. The study, which focused on the use of L-band Palsar data 

for biomass assessments on various types of forests in Peninsular Malaysia is the 

novelty of the thesis. 

 

 

1.7 Research design 
 

 

The study is designed and outlined to meet the primary aim and the specific 

objectives of the study. Figure 1.1 shows the framework of the study. It shows the 

connectivity from the data used, parameters and processes involved in the study to 

the results, represented by chapters corresponding to the objectives of the study. 
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1.8 Organization of the thesis  

 

 

The thesis was organized as follows:  

 

Chapter 1 presents an overview of the entire study. It comprises the general 

background, problem statements, research questions, aim and objectives, scopes of 

the study, significances of the study, research design and organization of the thesis. 

The first chapter highlights the needs for continuous research in forest biomass by 

using spatial information systems toward sustainable forest management and global 

climate balance. 

 

Chapter 2 reviews the issues, challenges and previous studies that have been 

conducted worldwide. From the review, research gaps have been identified and the 

design of study was constructed based on the findings. Studies that are closely 

related to this study are summarised and included in this chapter and arranged in the 

form of a review paper. The paper was published in journal of ‘The Malaysian 

Forester’.  

 

Chapters 3 to 7 are organized as a series of article papers related to the objectives 

and scopes of the study. All the papers have been submitted to reputable journals 

and some were published. Others are either accepted for publication or still under 

reviews. Because each of these article papers is designed to stand alone, some 

redundancy exists. The articles are as follow: 

 

Chapter  Title  Journal Status during 

thesis submission 

3 

Factors affecting L-band Alos 

Palsar backscatter on tropical 

forest biomass 

Global Journal 

of Science 

Frontier 

Research (D) 

14(3): 51 - 63 

Published in May 

2014 

4 

Determining L-band saturation 

level for aboveground biomass 

assessment of dipterocarp forests 

in Peninsular Malaysia 

Journal of 

Tropical Forest 

Science 27(3): 

1-12 

Published in July 

2015 

5 

L-band Alos Palsar for biomass 

estimation of Matang 

Mangroves, Malaysia 

Remote Sensing 

of Environment 

155: 69 - 78 

Published in May 

2014 

6 

Development of empirical 

models for estimating 

aboveground biomass in logged 

forest using L-band SAR 

Jurnal 

Teknologi 

Accepted for 

publication 

7 

Estimating Biomass in Logged 

Tropical Forest Using L-Band 

SAR (PALSAR) Data and GIS 

Sains 

Malaysiana 

Accepted for 

publication in June 

2015 

 

Finally, Chapter 8 summarizes the overall findings and concludes the study. 

Recommendations on future work of potential use of L-band Alos Palsar and other 

similar SAR systems in estimating biomass of forests in Malaysia are also included. 
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