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Tropical forest has been recognized as mostly disturbed natural land cover
which contribute to deprived ecological balance. Malaysia is one of the
primary exports of palm oil and timber in Southeast Asia. Hence, the
objectives of this research mainly to evaluate the deforestation activity and
predict the future extent of forest land in the highly deforested area in
Pahang. These could be achieved through; (1) assessing the deforestation
dynamics in Southeast Pahang using remote sensing, and (2) predicting
the future spatio-temporal deforestation using CA-Markov model for year
2025 and 2035. The most critical issue is that forest land are usually
inaccessible, therefore, remote sensing (RS) and Geographical Information
System (GIS) are the important tools and recent approach for forest cover
monitoring.

The imageries from Landsat 5TM and 8 OLI satellite platforms were
retrieved and categorized into four types of land cover including forest, non-
forest vegetation, openland/ built-up, and waterbodies using Maximum
Likelihood Classification (MLC). In addition, contour data was utilised to
produce the elevation and slope maps, while Euclidean Distance analysis
were applied to city centre, and Permanent Reserved Forest (PRF) for
proximity maps. The overall accuracies are ranging from 83.7%, 80.9%,
85.6%, and 84.4% with Kappa value of 0.65, 0.65, 0.74, and 0.74 for 1990,
2000, 2010, and 2017 respectively.

The results from land change analysis show that state land had changed
from 42% of total forest area in 1990 to 21% in 2017 with a steady negative
change over time. Dipterocarp reserved forest are consistently exploited for



timber extraction, but the forest covers are able to be regenerated after
more than 20 years from sustainable management practices. The distance
to population centre has a positive relationship with deforestation, and the
protected area have a clear restriction on deforestation in the area because
forest loss inside protection region only happen after 20 years of study
period compared to the outside of protected region. Furthermore, elevation
and slope have similar effects on deforestation where the increase in their
value will reduce the risk for deforestation. For land cover prediction,
Markov chain integrated with cellular automata model were used for future
forest land cover forecasting. The model calibrations achieved up to 62%
accuracy for land cover prediction. The CA-Markov model prediction for
year 2025 and 2035 suggests that the forest land cover will continuously
reduce with 13 to 24 km?/year rate.

Generally, state lands provide the highest level of deforestation in Rompin
and Pekan district in both dipterocarp and peat swamp type, conversely the
reserved forest in peat area are more protected compare to dipterocarp
type. The comparison between using multiple and binary land cover as
input suggest that the traditional CA-Markov model can simulate better
when dealing with binary land cover. Other than that, the deforestation
might be more than what were predicted in this study based on the standard
error of the model.
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Hutan tropikal telah diiktiraf sebagai litupan tanah semula jadi yang paling
banyak diganggu yang menyumbang kepada pengurangan keseimbangan
ekologi. Malaysia dikenali sebagai salah satu daripada eksport utama minyak
kelapa sawit dan kayu balak di Asia Tenggara. Oleh itu, objektif kajian ini
adalah untuk mengukur aktiviti penebangan hutan dan meramalkan tahap
tanah hutan di masa hadapan di kawasan yang sangat terkesan di Pahang.
Ini boleh dicapai melalui; (1) menilai dinamik penebangan hutan di Tenggara
Pahang menggunakan penderiaan jarak jauh, dan (2) meramalkan ruang-
masa penebangan hutan di masa depan menggunakan model CA-Markov
untuk tahun 2025 dan 2035. Isu yang paling kritikal ialah tanah hutan
biasanya tidak boleh diakses, oleh itu, penderiaan jarak jauh (RS) dan Sistem
Maklumat Geografi (GIS) adalah alat penting dan pendekatan terbaik untuk
pemantauan perlindungan hutan.

Imej-imej dari platfom satelit Landsat 5TM dan 8 OLI telah diambil dan
dikategorikan kepada empat jenis litupan tanah termasuk hutan, tumbuh-
tumbuhan bukan hutan, tanah lapang/binaan, dan badan air. Data kontur
digunakan untuk menghasilkan peta ketinggian dan cerun, manakala
analisis Euclidean Distance digunakan untuk penghasilan peta kedekatan
bagi pusat penempatan dan Hutan Simpan Kekal (PRF). Ketepatan
keseluruhan adalah dari 83.7%, 80.9%, 85.6%, dan 84.4% dengan nilai
Kappa 0.65, 0.65, 0.74, dan 0.74 untuk tahun 1990, 2000, 2010 dan 2017.

Hasil analisa perubahan litupan tanah menunjukkan bahawa hutan tanah
kerajaan berubah dari 42% daripada jumlah kawasan berhutan pada tahun
1990 kepada 21% pada tahun 2017 dengan perubahan negatif sepanjang
masa tersebut. Hutan simpan Dipterokarp dieksploitasi secara konsisten



untuk pengeluaran kayu, tetapi litupan hutan dikawasan tersebut telah
dijana semula setelah lebih dari 20 tahun dari pengurusan mampan yang
diamalkan oleh jabatan hutan negeri. Jarak ke pusat penduduk mempunyai
hubungan positif dengan penebangan hutan dan kawasan lindungan
mempunyai batasan yang jelas bagi pemusnahan hutan di kawasan kajian
kerana kawasan hutan di dalam kawasan hutan lindungan hanya berlaku
selepas 20 tahun tempoh pengajian dijalankan berbanding dengan luar
kawasan lindungan. Tambahan pula, ketinggian dan cerun mempunyai
kesan yang sama terhadap penebangan hutan. Peningkatan nilai mereka
akan mengurangkan risiko penebangan hutan. Untuk ramalan litupan tanah,
rantaian Markov yang diintegrasikan dengan model cellular automata telah
digunakan untuk meramal litupan hutan di masa depan. Kalibrasi model
mencapai ketepatan 62% untuk ramalan litupan tanah. Ramalan model CA-
Markov untuk tahun 2025 dan 2035 menunjukkan bahawa litupan tanah
hutan akan terus berkurang dengan kadar 13 hingga 24 km?/tahun.

Secara amnya, tanah kerajaan mempunyai tahap penebangan hutan
tertinggi di daerah Rompin dan Pekan dalam hutan jenis Dipterokarp dan
paya gambut, namun, hutan simpan di kawasan gambut lebih dilindungi
berbanding jenis dipterokarp. Perbandingan antara penggunaan litupan
tanah pelbagai dan binari sebagai input menunjukkan bahawa model CA-
Markov tradisional boleh meramal dengan lebih baik apabila menggunakan
litupan tanah binari. Selain itu, penebangan hutan mungkin lebih daripada
apa yang diramal dalam kajian ini berdasarkan ralat piawai model tersebut.
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CHAPTER 1

INTRODUCTION

1.1 Background

Tropical forests are the richest, diverse, and most ecologically complex of
land communities (Myers, 1992). Due to different geographical and physical
conditions, there are different types of forest ecosystem, which in Peninsular
Malaysia (PM) itself, covered by mountain dipterocarp, hill dipterocarp,
lowland dipterocarp, peat swamp, and mangrove forest (Omar et al., 2017).

Malaysia, as one of tropical climate region, has been endowed with
extensive areas of tropical forests which covered with vast of vegetation
area and thousands species of flora and fauna together. The economics and
technologies of this country are still rapidly expanding since the industrial
era in 1970s, and along the development, in order to compete with the
demands and supplies for human needs the natural resources exploitation
such as deforestation is necessary. Even though there are already
established rules and regulations for a sustainable forest resource
management, there are still lack of practices and awareness about it.
Urbanization, agricultural expansion, and forest products industry are some
of the main factors for deforestation in tropical country which still needs to
be concerned (Laurance, 1999; Geist and Lambin, 2002; Carr, 2004).
Deforestation and forest degradation related to human activities and land
resources are considered as a result from economic and developing
measures. In therefore, as the world’s population increases and
development progresses, it is expected that demand for land will also
increase in line with it. As a consequent, there will be a need of land
conversion to urban and agriculture types, and ultimately natural forest area
has to be exploited to fulfil the demand.

Living trees are the source of carbons and fluxes of carbons happens mostly
in the terrestrial’s part. Ratnasingam et al. (2015) highlighted that tropical
forest plays a significant role in carbon cycles. Le Quéré et al. (2015) and
Malhi et al. (1999) summarized the emission and sink of carbon in the world,
and found out that the deforestation caused the carbon emission to doubles
its value than it was during the 1980’s, while emissions from fossil fuels
industry in the last two decades were six times higher. The carbon sink has
average of five times increment from the atmospheric growth, land, and
ocean. The phenomenon impacts can already be seen through global
warming, coral reefs destruction from ocean acidification, and climate
change. Therefore, managing forest land cover will contribute in controlling
the global carbon fluxes and abate the aftereffect.
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Geospatial approach, for instance, Geographic Information System (GIS)
and remote sensing (RS) have become one of the most important tools in
land management that can consume less cost and time (Geoghegan et al.,
2001; Abdullah and Nakagoshi, 2007; Phua et al., 2008; Friehat et al., 2015;
Shukri et al.,, 2018). Certain methods have been introduced in order to
evaluate and predict land use and cover (LULC) patterns and trends such
as urban growth, agricultural expansion, LULC change, identifying suitable
and potential locations for development, and simulating future trends of
LULC (Ren et al., 2019).

Moreover, it is quite an issue to find appropriate method and model from
abundant of studies for analysing, measuring, assessing, simulating, and
predicting deforestation. The main objective of conducting land use
forecasting in GIS and RS is to provide support for the decision makers to
generate a better or improved sustainable forest management. Most of the
studies have make used the RS and GIS environment to detect
deforestation (Dong et al., 2012; Kehl et al., 2012; Hamzah et al., 2013), but
only few have tried using simulation approach such as CA-Markov hybrid
model to provide possible future condition (Vazquez-Quintero et al., 2016).
Remote sensing using satellite platform serve a high coverage of the land
with good resolution and temporal range. Satellite data such as Landsat,
Sentinel, and MODIS are easily accessible and able to provide data for
about 185 x 185 km (Landsat), 290 x 290 km (Sentinel) and 2300 x 2300
km (MODIS) area in a single image. Thus, it will able to help in analysing
wide area in short time and less cost.

Although there are higher resolution image sources such as from flight
platform and drone, but it is expensive and has limited access to the public.
The combination of satellite RS and powerful GIS tools can provide low cost,
time consuming, and labour forces in land use exploration. For this reason,
this study is intended to assess both spatial and temporal distribution in one
of the major deforested area in PM, relying on GIS and RS environment.

1.2 Problem Statement

Deforestation in tropical forest region always has the agricultural activity as
the main factor for natural forest disturbance (Barbier and Burgess, 2002;
Olaniyi et al., 2012). Agricultural expansion happens mostly in the highly
agriculture-dependable economics because of the environment suitability,
increase of demands, and profitability, resulting in extension of land area to
support the needs. The loss of forest land cover is inversely proportional to
area covered by oil palm in Southeast Asia country, whereby, the increment
of oil palm production is from expansion of planting area through
deforestation (Miyamoto et al., 2014). Omar et al., (2016) discussed that an
estimated 61 % of carbon emission in PM comes from conversion of forest
covers to oil palm plantation in period between years 2010 to 2015. As a
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major world’s oil palm supplier, it is not surprising that Malaysia try to
maximised the export amount of oil palm by increasing the area of
plantation, however, ending up becoming one of the factors for national
forest land reduction. Deforestation can happen in many ways either from
human activities and other phenomenon (such as: logging, encroachment,
fires, and flood) (Hamzah et al., 2013), therefore, there is a need to
accurately detailed out the patterns and trends of deforestation in specific
area to support future sustainable forest development planning.

Over the last two decades the forest land covers experienced changes in
extent due to development and economic expansion. As in 2016, Pahang is
at the second most in terms of production of oil palm yields closely behind
Johor and produces the largest timber production in PM (Omar et al, 2018),
and at the end, leading in deforestation rate as they have more land to be
exploited. Contributing as much as one fourth of total deforestation in
Malaysia (between 1990 to 2010), Pahang state has accumulated
approximately 0.2 million hectares (mha) of forest area loss with a
deforestation rate is estimated to be around 0.02 mha per year (Omar et al.,
2018). Study by Othman et al. (2018) using Normalized Difference
Vegetation Index (NDVI) analysis and Shevade et al. (2017), revealed that
most reduction in forest land cover happened in the southeast part of the
state from 2000 to 2015. Most of the forest cover were converted into other
land use mainly to agricultural area and few are due to wood log extraction.
Hence, we find that it is essential to do monitoring and prediction of the land
cover dynamics in the area for better understanding of current situation and
upcoming impacts from the continuation.

In addition to that, Malaysia has the second largest area of peat area in
Southeast Asia and Pekan district including small part in Rompin district has
existence of the largest peat swamp forest in PM (Page et al., 2011; Omar
et al., 2018). Miettinen et al. (2011) reported that, Malaysian peat swamp
forests experienced clearly a higher deforestation rates at an average
annual rate of 2.0 % from 2000 to 2010 compared to 0.9 % for montane or
dipterocarp forest. Omar et al. (2016) also concludes that peat swamp
degrade greater than any other forest type in Malaysia. The forest type is
most likely to be degraded from agriculture activities because of their
characteristics, which usually extended on a flat lowland area (Shevade and
Loboda, 2019) that favours for human access and encourages rapid
development (Butler et al., 2004).

Forest usually covers a vast area and remoted from human settlement that
it is difficult to see the changes from horizontal surface view. The existing
remote sensing technology make it possible for us to monitor the changes
using less cost, time, and labour. There are vast previous studies in
monitoring forest land covers exploitation and varies based on the type of
data and methods used (Phua et al., 2007; Echeverria et al., 2008; Panta et
al., 2009; Dong et al., 2012; Hamzah et al., 2013; Vazquez-Quintero et al.,
2016). They are all applicable for forest study and have high method
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accuracy, yet it depends on the data accessibility and availability, and fund
to support the study.

Additionally, the prediction of future land cover in an area is very important
process that provides decision makers the rate and direction of changes of
the landscape (Khawaldah, 2016). Up until now, there are few models have
been widely used in forest loss prediction including the logistic regression
(Chowdhury, 2006; Echeverria et al., 2008), genetic algorithms (Venema et
al. 2005; Soares-Filho et al. 2013), weights of evidence (Soares-Filho et al.
2010; Maeda et al. 2011) and cellular automata (Thapa et al. 2013).
However, there are very few assessments that have solely predicts the
magnitude of forest loss in Malaysia despite the country has been
acknowledge to be one of the most deforested country in Southeast Asia
(Memarian et al., 2012; Rendana et al., 2015; Abdulkareem et al., 2017;
Cushman et al. 2017).

Hence, it becomes clear that there is a need for the assessment of
deforestation rate and predicting future forest cover patterns that can help
in sustainable management.

1.3 Research questions

1. What are the temporal and spatial changes of forest land in Pekan
and Rompin in 27 years?

2. What will be the future trends of the deforestation in Pekan and
Rompin?

1.4 Research objectives

The essential of this study mainly to assess the deforestation activity and
predict the future extent of forest land in Pahang. These could be achieved
through meeting the following objectives:

1. To assess the deforestation dynamics in Southeast Pahang using
remote sensing

2. To predict the future spatio-temporal deforestation using CA-
Markov model for 2025 and 2035

1.5 Significance of study

The monitoring of forest exploitation is limited is this country. Some existing
literature might be too general, which is covering a large area (Koh et al.,
2011; Hamid and Abd Rahman, 2016), or too specific, by means of focusing
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only a small part of a forest region (Hamzah et al., 2013). This study helps
to intensify the understanding on deforestation in tropical forest such as at
Pekan and Rompin districts from the land use historical assessment (Peh et
al., 2011). Besides, the RS and GIS application from this study can assess
the effectiveness of forest management and aids with jurisdictions for state
forest department to improvise the current practices. The analysis on
distance to large population centre, protected area, elevation, and slope of
the deforested land will add in understanding the forest alteration factors.
The factors for forest land cover alteration are varies (e.g: agriculture,
elevation, slope soil, population), therefore, every region will have their own
factors that affect the forest resources exploitation. This study will analyse
deforestation dynamics in the study area by elucidating the effective factors
that may contribute to the deforestation activity. Furthermore, this study will
provide future output and trend of forest land reduction. The trend and
pattern of land change able to show how severe the land can be affected if
we continue to exploit the resources based on the historical rate. Overall,
this study can prove the benefits of using modern comprehensive technique
in helping to assess a large hardly-accessible area historically and spatially
using remote sensing.

1.6 Research scope and limitations

This research is based on a series of different spatial, temporal, and
quantitative techniques within remote sensing and GIS-based environment.
The scope of the research described in this proposition is limited as follows.
First, this study is conducted on three group of time series in 10 years of
interval for the first and second, and 7 years for the third series. The forest
land cover monitoring is periodical, therefore there is less data availability
for validation process. As an addition, half of the forest region in the study
area are covered with protected forest region including lowland dipterocarp
and peat swamp forest type. The status of forest, either protected or state
land, put the forest land under different pressure of deforestation due to how
it is managed. Other than that, this study determines only four land use
categories including forest, non-forest vegetation, openland and built-up,
and waterbodies, and the land use will be determined in the period between
1990 to 2017 in Pekan and Rompin districts to explain the historical
deforestation patterns. Forest can be differentiated from other vegetation
based on their characteristics which are dense green, rough and usually
covers large area, while other vegetation such as secondary forests, crops,
and grassland appears similarly as light green vegetation. The study
focuses on analysing the changes mainly for forest land, so other vegetation
were grouped together for that it can reduce misinterpretation and provide
a better differentiation of forest land cover. Besides, forest land cover
reduction can be contributed from varies of drivers specific for each forest
region, thus it will be more complex for us to really understand what are
driving the deprivation of the natural ecosystem if the study area is too large.
Therefore, it is important to limits the area of study focusing on localized
forest land to ensure that we can identify the significance contributing
factors.



1.7 Thesis outline

This thesis emphasizes five main chapters in order to provide better
understanding and explanation on how the study was conducted and the
priority set to it;

Chapter 1 marks out the introduction where the background of study is
being described in details which include statement of the problem, research
questions and objectives, significance of study, and research scope and
limitations.

Chapter 2 focuses on the literature review, which is the general of remote
sensing in forest management and characteristics of land use model
approaches adopted in the design of theoretical framework of research
study.

Chapter 3 explain the study area, and materials and methods used. It
explains on how the study was organized and conducted.

Chapter 4 present the results and discussion summarized in text, tables,
and figures from data acquired throughout the entire analyses.

Chapter 5 conclude all the important data and findings, and specify
suggestion for future work proposed concerning the research study.
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