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ABSTRACT 

Forests play an important role in ecosystem and its services by way of regulating 

the climate of the particular region. However, when the climate turns adverse changes 

begin to occur that cloud affect the status of the forest. There are several issues that are 

of global concern especially relating to the determination of the forest resources. 

Therefore this study maps the wetness of the Kota Tinggi forest reserve and vicinity 

using Landsat Multitemporal remote sensing image data. The specific objectives are :i) 

examine and analyse selective Normalized Difference Water Index (NDWI) method for 

humid tropic; and ii) map spatio-temporal pattern of NDWI in normal and extreme 

seasons. Multi-temporal images of three different epochs were used in this study, which 

include Landsat TM of 1998, 2008, and 2018.  The normalize difference water indexes 

for each season was calculated and classified forest map of the study area was overlaid 

on the water indexes to find out the best wetness indexes within the period of the study 

as it relate with period of extreme climate condition such as La Nina and El Nino cases 

the result indicate that the hypothesis drawn H1: µ1= µ2 pc 0.05 and   H2:µ1≠µ2     

pc>0.05. From the stated hypothesis, the result reveal that forest wetness has no 

relationship with the El Nino and La Nina, R2 = 0.0285 and 0.0942 respectively. This is 

due to normal rainfall which has insignificant impact to La Nina and El Nino 

occurrences, couple with some environment factors influencing the structure of the 

study area.  
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ABSTRAK 

Hutan memainkan peranan penting dalam ekosistem dan perkhidmatannya 

dengan cara mengawal iklim rantau ini. Bagaimanapun, apabila iklim berubah menjadi 

perubahan yang buruk mole berlaku awan mempengaruhi status hutan. Terdapat 

beberapa isu yang menjadi perhatian global terutama yang berkaitan dengan penentuan 

sumber hutan. Oleh itu kajian ini memaparkan kelembapan hutan simpan dan kawasan 

hutan Kota Tinggi menggunakan data imej penderiaan jauh Landsat Multitemporal. 

Objektif khusus adalah: i) meneliti dan menganalisis kaedah Indeks Perbezaan Air 

Teragih (NDWI) terpilih untuk tropika lembap; dan ii) peta spasi-temporal NDWI pada 

musim biasa dan melampau. Imej pelbagai zaman tiga zaman yang berlainan telah 

digunakan dalam kajian ini, yang termasuk Landsat TM pada tahun 1998, 2008 dan 

2018. Menormalkan indeks air yang berubah-ubah untuk setiap musim telah dikira dan 

diklasifikasikan peta hutan kawasan kajian telah dilapisi pada indeks air untuk 

mengetahui indeks ketuhar yang terbaik dalam tempoh kajian kerana ia berkaitan 

dengan keadaan iklim yang melampau seperti La Nina dan El Nino kes hasil 

menunjukkan bahawa hipotesis yang ditarik H1: μ1 = μ2 pc 0.05 dan H2: μ1 ≠ μ2 pc> 

0.05. Dari hipotesis yang dinyatakan, hasilnya menunjukkan bahawa kebun hutan tidak 

mempunyai hubungan dengan El Nino dan La Nina, R2 = 0.0285 dan 0.0942 masing-

masing. Ini disebabkan oleh hujan biasa yang mempunyai kesan yang tidak ketara 

kepada kejadian La Nina dan El Nino, pasangan dengan beberapa faktor persekitaran 

yang mempengaruhi struktur kawasan kajian. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

1.1 Background of the Study 

Forests are playing a vital role in ecosystem services as they provide habitation 

for a variety of living organisms, and at the same time they are serving as climate 

regulators since they reserve water for some time. The forests are declining globally, 

in both regions that are water-limited and those that are experiencing excessive rainfall 

and exceptional rainy events (Rozas and García-González, 2012, Ghiyamat et al., 

2015). This is partly due to natural factors such as climate change and partly due to 

anthropogenic activities such as logging and other developmental processes (Venter et 

al., 2016, Bennie et al., 2015), which in turn leading to forest wetness changes. 

Investigating forest-related water stress dynamics is very crucial for decision making 

in ecosystem conservation and management. In previous studies, environmental 

changes around the globe such as greenhouse gas emission, climate changes, loss of 

soil and biodiversity have been linked to changes in surface wetness (Wu et al., 2012, 

Rozas and García-González, 2012, Gopal, 2013, Gopal et al., 2015, Stancalie and 

Serban, 2014, Zhang et al., 2013).  Similarly, majority of areas in the terrestrial earth 

surface such as forests have been experiencing these changes (Venter et al., 2016, 

Bennie et al., 2015). With the rapid economic advancements, forest cover changes are 

more prompt and various change detection methods were proposed (Homer et al., 

2015, Tewkesbury et al., 2015, Ramirez et al., 2018, Hou et al., 2018).  It is 

conceivable to establish suitable method for investigation of forest wetness changes 

over a given period, which could offer basis for effective and scientific approach to 

ecological restoration in an investigation area. Consequently, accurate and updated 

information is required for comprehending and evaluating forest wetness changes. 

Remote sensing images can offer an excellent data source as they record the condition 
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of forests over time (Liping et al., 2018, Lausch et al., 2018), from which the forest 

wetness pattern could be extracted and analyzed (Kirchhoefer et al., 2017).   

Today, remote sensing has turn to a quotidian approach for monitoring surface 

wetness changes, since the acquired data can offer dynamic, periodic, macroscopic and 

economical information that is significantly diverse from conventional methods (Chen 

et al., 2004, Du et al., 2011, Feng et al., 2012, Blackmore, 2016). Several methods, 

such as spectral water indexes (Xie et al., 2014, Yao et al., 2015, Li et al., 2016), 

supervised and unsupervised classifications (Huang et al., 2014b, Huang et al., 2014a), 

and single band density slicing (Work Jr and Gilmer, 1976) were proposed for the 

extraction of surface wetness from different remotely sensed images. 

 In recent times, different water indexes have been developed, which include 

the Normalized Difference Water Index (NDWI) proposed by Gao (1996) using near- 

and shortwave-infrared bands of remotely sensed images. To compliment that,  

McFeeters (1996) proposed his NDWI using green and near-infrared bands, assuming 

that the wetted surface has low radiation and high absorbability, ranging from visible 

to infrared wavelengths. Although, NDWI is sensitive to built-up areas leading to over- 

estimation of surface wetness but it is still considered more reliable among all existing 

surface wetness mapping approaches as it has low computational cost, which at the 

same time makes it more efficient and user friendly (Du et al., 2016). In addition, it 

can effectively enhance the surface wetness information in many instances. Literature 

reveals that the McFeeters’ method is not much appropriate for canopy-based water 

stress studies, which informed the selection of NDWI for this study NDWI due to its 

effectiveness in detection of vegetation liquid water instead of open water (McFeeters, 

2013, Memon et al., 2015, Xu, 2006, Soti et al., 2009). In this study, the NDWI was 

derived from Landsat satellite data and used to investigate forest wetness changes in 

Kota Tinggi of Johor State, Malaysia. 
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1.2 Problem Statement 

Extreme temperature and fluctuating rainfall could modify the structure, 

composition and distribution of forests in several regions across the globe (Pellizzari 

et al., 2016, Young et al., 2017, Martínez-Vilalta and Lloret, 2016, Stephenson et al., 

2018). Rapid population growth and other anthropogenic activities are believed to be 

among the major contributors to climate change, which may in turn affect forest cover 

patterns over time (Crutzen, 2016, Forman, 2014, Musa et al., 2017b). Since 

monitoring forest changes are some of the essential information required for ecosystem 

conservation and management, study in this area remains an on-going topic.  

Recent advancement in satellite remote sensing facilitates the acquisition and 

processing of geospatial data for a variety of  study (Musa et al., 2018, Hashim et al., 

2018). For instance, Normalized Difference Water Index (NDWI) has been extensively 

used for the extraction of surface wetness from different remotely sensed images (Du 

et al., 2016, Memon et al., 2015, McFeeters, 2013). Two prominent impacts of climate 

change to forest, namely the increase of temperature and rainfall intensity (droughts in 

El-Nino and excess in case of La-Nina), have been causing complex changes to forest 

growth and ecology, including the moisture content (canopy and soil) that in-turn have 

reverberations on water resources (Garreaud et al., 2017, Frank et al., 2015). However, 

analyzing the changes and related anomalies against the rainfall information is given 

less concern by the research community. Hence, remote sensing technique – the NDWI 

and related moisture indices could best be used for mapping long-term changes of 

forest-related water stress. 

1.3 Research Hypothesis 

Ho: forest wetness has no relationship with El Nino and La Nina event 

Ha: forest wetness has a relationship El Nino and La Nina event The questions set to 

answer the objectives of the study include: 
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i. How can the forest wetness changes using normalized difference water 

index (NDWI) be examined and analyzed? and 

ii. To what extend spatio-temporal map of NDWI change the forest pattern? 

1.4  Objectives of the Study 

The aim of this study is to map forest wetness changes using multi-temporal 

RS techniques. The specific objectives are as follows: 

i. To examine and analyze selective NDWI method for humid tropic 

ii. To map spatio-temporal pattern of NDWI for the normal and extreme 

seasonal cases (La Nina and El-Nino periods). 

1.5 Scope of the Study 

The scope of the study is as follows: 

i. Multi-temporal Landsat TM satellite images of five periods (1998, 2008 

2013, 2016 and 2018) were used in this study. The Landsat imagery was 

chose because it is widely recognized for its long term comprehensive 

archiving and availability for scientific studies. 

ii. The forest wetness changes obtained with NDWI was used to assess the 

water stress within the Federal forest, Primary forest, and Secondary forest 

and Flood forest in other to ascertain the extent to which wetness variations 

within forest types are essential for analyzing the NDWI range against the 

forest wetness changes. 
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