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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 
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By

LEEWE BIN YUKILI 

February 2015 

Chair:  Ahmad Ainuddin Nuruddin, PhD  
Faculty:  Forestry 

Forest fires can dramatically affect the ecosystem and has a great impact on the human 

life as well. In Malaysia, especially Sabah, forest fires has become a serious phenomenon 

recorded since early 1998. In order to reduce the threat of forest fires incidence and avoid 

any potential damage, it is very crucial to carry out an assessment of the forest fires 

hazard rating. This study is based on three objectives; to identify the hotspot patterns, to 

analyze the Fire Weather Index (FWI) trend for five years period (2006 - 2010) for Sabah 

and to generate the maps of forest fire hazard zone for the state of Sabah. The hotspot 

data were obtained from the Agency Remote Sensing Malaysia (ARSM) and Moderate 

Resolution Imaging Spectroradiometer (MODIS). Weather data was obtained from 

Malaysian Meteorological Department and Sabah Forestry Department for analysis and 

deriving of the Canadian Forest Weather Index (CFWI). Hotspot density analysis was 

carried out for five years period to observe for the annually and monthly hotspot pattern 

and also by division in the state. In forest fires hazard mapping, data of forest type, road, 

town, river and hotspot point were developed as layers using Geographical Information 

System (GIS) software. The Weighted Overlay Analysis were used to composite and 

generate five categories ranging from the very high fire hazard to the very low fire 

hazard. Results showed that, during the study, the highest hotspots were obtained in 

March 2010 with 445 hotspots, and the lowest was in January 2009 where no hotspot 

was detected. Then, the interior registered the highest number of hotspots with 1159 

hotspots followed by 697 in Sandakan, 475 in the West Coast South, 327 in the West 

Coast North and 226 in Tawau. In the FWI analysis, Kudat station had the highest 

Extreme, High and Medium fire danger indices with 22 days, 140 days and 440 days 

respectively during the study period. In forest fire hazard map, about 53 % of the study 

areas have been classified as low risk, 35 % medium and only 1 % classified as very high 

risk to forest fire incident. Lastly, forest fire hazard map was validated with past fire 

incidences data that was collected from Forestry Department of Sabah website. The 

results of the study showed that out of 15 fire incidences in 2011 and 2012, 7 incidences 
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had occurred in very high and high risk areas. As a result, the fire hazard map can be 

used to improve the forest fire management more effectively and systematically.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Sarjana Sains 

PENILAIAN PEMETAAN TAHAP BAHAYA KEBAKARAN  
BAGI NEGERI SABAH, MALAYSIA. 

Oleh  

LEEWE BIN YUKILI 

February 2015 

Pengerusi: Ahmad Ainuddin Nuruddin, PhD 
Fakulti:  Fakulti Perhutanan 

Kebakaran hutan boleh memberikan kesan yang dramatik terhadap ekosistem dan impak 

yang besar terhadap kehidupan manusia. Di Malaysia, terutamanya Sabah, kebakaran 

hutan telah menjadi fenomena yang serius semenjak  awal tahun 1998.  Dalam usaha 

untuk mengurangkan ancaman kebakaran hutan dan mengelakkan sebarang potensi 

kerosakan, adalah sangat mustahak untuk menjalankan penilaian ke atas kebakaran hutan 

yang berlaku. Kajian ini dijalankan berdasarkan kepada tiga objektif; untuk mengenal 

pasti corak titik panas, untuk menganalisa trend indeks cuaca kebakaran bagi tempoh 

lima tahun (2006 - 2010) dan juga untuk menghasilkan peta zon bahaya kebakaran hutan 

khususnya bagi negeri Sabah. Data titik panas diperolehi dari Agensi Remote Sensing 

Malaysia (ARSM) dan Moderate Resolution Imaging Spectroradiometer (MODIS). Data 

cuaca pula diperolehi dari Jabatan Meteorologi Malaysia dan Jabatan Perhutanan Sabah 

untuk analisis Indeks Cuaca Perhutanan Kanada (CFWI).  Analisis ketumpatan titik 

panas telah dijalankan bagi tempoh lima tahun untuk melihat corak titik panas tahunan 

dan bulanan mengikut bahagian di negeri ini. Dalam menjana peta tahap bahaya 

kebakaran hutan, data litupan hutan, jalan, bandar, sungai dan titik panas telah dibentuk 

sebagai lapisan-lapisan mengunakan perisian Sistem Maklumat Geografi (GIS). Analisis 

Wajaran Lapisan pula telah digunakan untuk menggabungkan dan menjana lima kategori 

bahaya kebakaran yang terdiri daripada sangat bahaya kepada sangat rendah bahaya. 

Hasil kajian sepanjang kajian ini menunjukkan  jumlah titik panas tertinggi dicatatkan 

pada bulan Mac 2010 dengan jumlah 445 titik panas, manakala yang terendah dicatatkan 

pada bulan Januari dengan nilai sifar titik panas dicatatkan. Kemudian, wilayah Interior 

menunjukkan jumlah titik panas tertinggi dengan 1159 titik panas diikuti oleh 697 di 

Sandakan , 475 di Pantai Barat Selatan, 327 di Pantai Barat Utara dan 226 di Tawau. 

Dalam analisis FWI pula, menunjukan stesen Kudat mencatatkan nisbah tertinggi pada 

Ekstrim, Tinggi dan Sederhana bahaya api dengan 22 hari, 140 hari dan 440 hari masing-

masing dalam tempoh kajian. Bagi peta bahaya kebakaran, kira-kira 53% daripada 

kawasan kajian telah diklasifikasikan sebagai berisiko rendah, 35% sederhana dan hanya 

1% diklasifikasikan berisiko sangat tinggi terhadap ancaman kebakaran hutan. Akhir 

sekali, peta bahaya kebakaran telah disahkan dengan data kejadian kebakaran yang lalu 
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yang dikumpul daripada laman web Jabatan Perhutanan Sabah. Keputusan kajian 

menunjukkan bahawa daripada 15 insiden kebakaran pada tahun 2011 dan 2012, 7 

kejadian telah berlaku di kawasan berisiko tinggi dan tinggi. Peta bahaya kebakaran 

dapat digunakan untuk menambahbaik aktiviti pengurusan kebakaran hutan yang lebih 

efektif dan sistematik. 
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CHAPTER 1 

INTRODUCTION 

1.1 General Background 

Forest is a unique ecosystem made up of a many living organisms and dominated by 

trees (WGEA, 2010). Trees are important components of the environment that buffer the 

earth, provide shelter and food to other living things as well as being a natural habitat for 

flora and fauna. Besides, they also serve as carbon storage and conserve soil and water 

which are essential to human well being (Beedlow et al., 2004; Saner et al., 2012; 

Syafinie and Ainuddin, 2013).  

Incidences of forest fires have always been one of the major causes leading to forest 

destruction. Forest fires causes dramatic impact to human lives, properties and 

livelihoods (Fowler, 2003). Furthermore, they also caused the loss or reduction of 

biodiversity and infrastructure besides affecting vegetation (Syaufina and Ainuddin, 

2011), wildlife (WWF, 2009), soil (Certini, 2005) and water quality (Ainuddin et al.,
2006; Smith et al., 2011). In addition, it caused the smoke levels to increase at regional, 

national and global levels (Sastery, 2000; Tacconi et al., 2007; Tangang et al.,
2010). Every year, forest fires create a massive ecological damage worldwide and our 

country has no exception. The occurrence of the worst forest fire in Southeast Asia 

occurred in Indonesia during the strong El Nino drought from 1986-1987, 1994 and 

1997-1998, in which approximately 3.5 million hectares, 4.5 million hectares and 9.5 

million hectares of forest land were burned (Karki, 2002) respectively. 

Ganz (2002) reported that, in Malaysia, most forest fires are often associated with peat 

swamp, secondary forest, plantations and forests logged forest fires. Associated with peat 

swamp forest fire, the fire had been identified as one of the major threats to the 

destruction of peat swamp forest habitats in particular. For example, the Raja Musa forest 

reserve experienced the most forest fire occurrences per year and this has become a trend 

in Malaysia (Ainuddin, 1998).  

In Sabah, fire is still being used as a source in agricultural practices, plantations and other 

development projects. Although the use of fire is not encouraged in agriculture practices 

and plantations, there are still some unscrupulous people who still use fire where they 

burn weeds or plants which are not useful in the open. As a result of the negligence, 

forest fires occur and spread to the forest reserves and resulted in the destruction of 

natural resources. 

However, in this case, no detailed studies on the causes and effects of fire and the 

occurrence of forest fires had been done, thus making it difficult to assess the real 

situation. Therefore, a detailed study and further researches on the patterns of forest fires 
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that occurred in Malaysia should be expanded. One of the technologies available for 

forest fire and impact assessment is the use of remote sensing and Geographical 

Information System (GIS). Many studies of forest fire management using remote sensing 

technique include the estimation of burnt areas (Pereira, 2003), fire detection and 

mapping (Siegert and Hoffmann, 2000), risk assessment (Sheriza et al., 2010), impact 

assessment, (Potapov et al., 2007) and monitoring (Pradhan, 2009). According to Peng 

et al. (2007), remote sensing technique is very suitable and the most effective way to 

assess the risk of fire in almost real time. 

The advances of these two technologies, remote sensing and GIS allow some forest 

management activities to be done more effectively and systematically. One application 

is using remote sensing and GIS is mapping forest fire hazard areas. Forest fire hazard 

zoning is very important in forest fires management for identification, mapping and 

monitoring the forest fires occurrence. Forest fires hazard zone is the location where the 

fire may have started and thus, would spread to other areas. Many studies have been 

conducted to develop forest fire hazard map using remote sensing (Patah et al., 2001; 

Peng et al., 2007; Sheriza et al., 2010; Caceres, 2011). However, in the preparation of 

the map of forest fire hazard, there is a need to take into account several variables or 

factors that could influence fire behavior. The study carried out by Jaiswal et al. (2002) 

and Ertena et al. (2004) emphasized that, vegetation type, road, settlement and water 

bodies were needed to develop the forest fire hazard map.  

Other than that, in order to reduce the impact of fire, there was a need to predict the 

potential of fires by using Fire Danger Rating System (FDRS) such Canadian Fire 

Weather Index (CFWI). The purpose of FWI is to produce the rating of the potential and 

estimation of the risk of wildfire. Importantly, fire danger rating is quantifying the 

potential or ability of a fire to start, spread and causes damage (De Groot et al., 2007).The 

FWI is divided into four fire danger classes; Low, Medium, High and Extreme. The 

extreme fire danger class indicates the high chance of forest fire occurring in that 

particular area, where the low fire danger class represents the lower the risk of forest fire 

occurring in that particular area. 

1.2  Problem Statement  

In Sabah, the destruction of forest area is often associated due to forest fires occurrence. 

Basically, all parties, which include the government, non-governmental organizations 

and our community, are responsible in forest conservation because all the major users of 

the forest. Without the cooperation of all parties, forest fires will continue to be the main 

cause of forest destruction and therefore, would indirectly affect human lives as well.   

Thus, an effort to make early detection and mapping of forest fires on every occurrence 

is necessary. However, the issues of control of forest fires occurring particularly in the 

forest reserve in Sabah have been long debated by foresters, but the lack of information 

due to lack of qualitative and quantitative information about forest fires and their effects 

have not resulted in any defined approach to control forest fires incidents. Besides that, 
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the estimation and mapping of forest fire for the state were mostly done by using 

conventional methods such as aerial photographs interpretation and ground survey which 

are very expensive and time consuming. In addition, dynamic land use change in Sabah 

particularly the mountainous terrain is certainly a major problem in forest fire prevention 

and suppression activities in the state. Therefore, there is a need to find a faster and better 

alternative method to carry out forest fire assessments.  

The purpose of this study is to utilize the remote sensing and GIS techniques in

developing forest fire hazard map. Main purpose of forest fire hazard rating is to predict 

fire occurrence and be prepared for it. Forest fire hazard rating is very important in forest 

fires management for identification, mapping and monitoring the forest fires occurrence. 

Forest fires hazard zone is the location where the fire may have started and thus, would 

spread to other areas. The detection and mapping method by using remote sensing and 

GIS software are well suited, faster, and more accurate as compared to other 

conventional methods. The information obtained is not only timely but also reliable and 

accurate. These sensors are able to provide data in high quality and high resolution to 

resolve the natural variability such as the characteristics of plants, minerals, and gases in 

the atmosphere. Hotspot data is one of the examples of coordinated central pixel 

representing fires detected form high temperature by remote sensing (Wright et al.,
2004). By carrying out hotspot analysis, one are able to identify the patterns of hotspots 

throughout the entire region of the state. This is very crucial as it helps to monitor hotspot 

patterns and probabilities of forest fire occurrence over a five years period from years 

2006 to 2010. 

Furthermore, one of the ways to predict fire weather, fire occurrence and fire behavior 

of forest fires is to use Canadian Fire Weather Index (CFWI).The final result of FWI can 

be used to predict the potential of fire occurrence and provide early warning of the 

potential for serious fires. Understanding the period of high and low FWI enables the 

allocation of resources for forest fire planning and management. 

1.3 Objectives 

The general objective of this study is to assess and investigate forest fire occurrence for 

a period of five years (2006- 2010) in Sabah using integrated Geographical Information 

System (GIS) and remote sensing techniques. 

The specific objectives of this study are: 

a) To investigate hotspots pattern for a period of five years (2006- 2010) for the 

state of Sabah.

b) To analyze the temporal trend of fire danger index during the study period 

(2006- 2010) for the state of Sabah.   

c) To generate forest fire hazard zone map for Sabah. 
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