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Abstract 

Southeast Asia’s forest and green areas are undergoing a fast and substantial 

experienced sudden change, depending on complex area management issues 

resulting in deforestation, including Danum Valley, Sabah, Malaysia. The study 

purposely to determine the land-use pattern at Danum Valley through a geospatial 

approach. GIS data was collected from government official departments such as 

the Sabah Forest Department and Urban and Regional Planning Sabah 

Department. Land-use changes analysis, namely Relative land use percentages 

and matrix analysis used to understand the changing pattern and current scenario 

of land use activity at Danum Valley. Preliminary findings indicate a change of 

forest land use from Class 2 Commercial Forest Reserve into Class 1 Protected 

Forest Reserve during the three times series within an area of influence near 

Danum Valley. 
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INTRODUCTION 
The change in land use refers to human activity on land (Abdul Latip et al., 2013). 

In contrast, land cover refers to the physical condition of the soil (Turner & 

Meyer, 1994), and Pacione (2005) affirmed that land-use change is more focused 

on human activities where people are involved in the transformation of non–

urban land into urban land use. Land cover is a layer of soil and biomass that 

includes natural plants and artificial structures covering the soil surface. In 

contrast, land use refers to the purpose of human exploitation of the land cover, 

for example, several human activities such as agriculture, building construction, 

and forestry (Fresco, 1994). The change in land use and the land covered naturally 

or anthropogenic activities have led to the loss of biological diversity caused by 

deforestation, global warming, and increased natural disaster such as floods 

(Dwivedi et al., 2005). A monitoring mechanism is crucial (Latip et al., 2020) to 

avoid destructive forest resources. Effective management of forests is a critical 

element of future forest conservation that is essential for both long–term stability 

and the short–term productivity of the forest ecosystem (Andrew et al., 2000). 

Therefore, this study is to identify the patterns of land-use change occurring in 

Danum Valley, Sabah, based on the conservation management plan and policy 

 

RESEARCH BACKGROUND  
Land use is defined as a series of operations toward land area done by humans, 

with the reason to get product and benefits through using natural resources (Ryan, 

2013). Land use refers to the purpose of the land functionality, for example, 

habitat for wildlife, agriculture, or recreation, which does not describe the surface 

cover on the ground. Land-use change is considered one of the foremost critical 

environmental problems globally (Veldkamp & Lambin, 2001). An understanding 

of land use theory and practice aided by strict rules and regulations ensures the 

effectiveness of actions and principles of an area to care for. As well as the 

Danum Valley. Many theories and practices of law dictated the conservation 

effort in the area. 

 

● Theory of Land Use Planning, based on (Chapin, 1965), the land-use 

planning theories refer to a system of thought generated through logical 

utterance or systematic formulation that complements and explains land 

use. It covers the question of why it exists, how it develops, what changes 

in land use are taking place, and the basic structures and forms of 

components in land use activities. Theory often provides a rationale for 

making predictions. Observing similarities or determining behavioural 

phenomena in real life seeks to prove the future through these phenomena 
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based on behavioural assumptions. The theory can provide guidelines for 

implementing a choice between alternatives for planning decision-making.  

● Land Use Planning is generally part of an overall process in urban and 

regional areas. Based on (Chapin, 1965), land use planning should 

emphasise the location, intensity, and development required for different 

spaces. Land use maps are significant for urban planning and management 

(Hu, Yang, Li, & Gong, 2016). Land Use Planning is a land governance 

instrument usually employed to safeguard land areas, restrict human 

activities toward natural areas, and strengthen the land systems to ensure 

land sustainability (Briassoulis, 2019). Land use planning is a crucial 

determinant for green spaces as it defines the land covers and performance 

of urban ecosystems. Therefore, the benefits for humans (Langemeyer et 

al., 2016)  

● Land Ordinance (Sabah Cap. 68) as indicated by the (Land Ordinance, 

1968); the Sabah Land Ordinance is the primary legislation in Sabah for 

land classification and allocation for owner rights and titles toward land. It 

also rules over revenue collection, land survey and delimitation, 

implementation of enforcement, and punishment toward related land and 

land ownership offences. Important legislation that the subsidiary passed 

under the Ordinance are such as Land Rules 1930, Land Rules (Temporary 

Planning Permit) 1948, Rent Revision Rules 1958, The Land Control 

(Control and Management of Sipadan Island) Rules 1996, and Land 

(Quarry) Rules 1997. 13. The Sabah Land Ordinance states that “State 

land” means all lands which have not been and may not hereafter be 

reserved for any public purpose, or which have not been and may not 

hereafter be leased or granted to, or are not and may not subsequently be 

lawfully occupied by any person. As well as forest land. 

 

The world has recognised the importance of forests for all life and prioritised the 

preservation of forests through many policies and practices. However, recent data 

show that forest area has declined despite acknowledging their importance for 

conservation (Keenan et al., 2015), including Sabah Forest. The Forest Enactment 

1968 (Forest Enactment, 1968) is an enactment by Sabah Legislature in 1968 as 

the basis for forest law in Sabah. This enactment seeks to replace the law 

(Ordinance No. 11, Timber and Jungle Produce) relating to forest preservation, 

the regulation, control of all forest produce, and related and incidental matters. 

The Forest Enactment 1968 passed through amendments that contained 43 

provisions with five sections. This enactment includes requirements for creating 

and abolishing forest reserves. The Sabah Forestry Department will carry out the 

implementation and management of the enactment. After being advised by the 

Chief of the Forest Conservation, the Minister may amend any regulations 
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considered appropriate, valuable, and necessary to carry out this enactment's 

provisions better. 

Sabah has a vast forest area and resources, which the authorities divided 

into many types of forest reserves. The classification range below is based on 

Sabah Forest Department and The Forest Enactment 1968. 

 
Table 1: Class and Types of Forest Reserves 

Class Forest Reserves  

1 

Conserved especially for protection and conservation of forest area. This 

forest is protected by law and rules by the state authorities from changing 

the use of the land into other land use or deforestation such as timber 

exploitation. 

2 

Commercial forest. This forest is used to produce timber supply or other 

products based on forest used to profit for the state’s economy. The 

harvesting is based on the Sustainable Forest Management (SFM) 

principles. 

3 

Domestic Forest Reserves. This forest is reserved mainly for a minor 

harvesting forest supply for the local communities or natives living near the 

forest area where commercial use is not encouraged. 

4 

Amenity Forest Reserves that mainly used for general public recreational 

opportunities. This forest provided a public facility to attract the site for 

public use and usually reserves along roadsides. 

5 

Mangrove production activities. This forest supplies mangrove timber, and 

other forests mainly focus on mangrove products, such as firewood and 

charcoal. 

6 

Virgin Jungle Reserves. Like the class 1 protection forest where timber 

logging and deforestation are prohibited. Its primary purposes are to 

conserve forest research, including biodiversity and generic conservation. 

7 

It is strictly protected by law because it is known as a Wildlife reserve. Any 

logging activity is prohibited and used to conserve, protect, and research 

wildlife such as the Sumatran Rhinoceros. 
Source: Sabah Forest Department, 2021 

 

The Forest (Danum Valley Conservation Area) Rules (1996) and laws 

apply only to Danum Valley Forest Reserve. The enactment provided a list of 

Danum Valley Conservation Management Committee where they're assigned to 

advise the Director of Danum Valley about the area's development. The 

legislation shows the management committee list, each committee's role, and its 

powers and functions as a management committee. The government’s effort to 

conserve the area is well demonstrated in policy, rules and regulations imposed 

on the Danum Valley forest reserve. 
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Study Area 

Sabah is the second largest state in Malaysia, located north of Borneo. Sabah 

covers an area of 72 500 square kilometres with a coastline of 14 400 kilometres, 

with the South China Sea situated on the west coast, the Sulu Sea on the northeast, 

and the Celebes Sea on the South. Sabah is centred on latitude and longitude 

5.420404° N and 116.796783° E and divided into five administrative divisions: 

Tawau, Sandakan, West coast, Kudat, and Interior, with each division consisting 

of several districts which total 27 districts. Sabah local governments are under 

the control of the state government. Danum Valley is located in Tawau Division 

with about 438 km2. The nearest town to Danum Valley is Lahad Datu, about 82 

km away with a 2-hour drive on the logging road.  

Based on Sabah Structure Plan 2033 (Town and Regional Planning 

Department Sabah, 2016), there are three strategies for Sabah's development: 

provide for sustainable population growth in the north and the interior areas of 

Sabah, develop functional distribution growth centres, and create Special 

Economic Zones. There are three sectors of the Special Economic Zone, namely 

the tourism zone, industrial zone, and agriculture zone. Danum Valley is a 

tourism zone and falls under Tawau division development strategies with one 

municipal council and three districts: Tawau, Semporna, Kunak, and Lahad Datu. 

Based on Sabah Structure Plan 2033, Danum Valley is developing the tourism 

sector. Danum Valley is under Sabah Development Corridor (SDC) investment 

and development for Entry Point Projects (EPP) to drive economic growth in 

Sabah. For the existing situation, Danum Valley has become ecotourism with a 

rainforest experience product based on Malaysia's premier ecotourism destination 

promoted. 

 

METHODOLOGY  
A Geographical Information System or GIS, as indicated by Noor et al., 2013; 

Ibrahim et al., 2016), is a method of marking the mapping of an area based on 

geospatial data on the existing topography or for future planning. It uses the 

overlay technique method that details the categories of information according to 

geographical taxonomy, such as plants, rocks, buildings, soil, soil layers and 

minerals, including the movement of life on earth. According to current needs 

and activities, it facilitates development planning and control of strategic areas 

such as cities, states, borders, forest reserves, mining industry, coastal areas, etc. 

In general, the basic requirements of GIS are the current map of the area under 

study and the input and production output integration information according to 

the needs of individuals, groups, non -government and government. This study 

focuses on the Danum valley's current condition of forest reserves. The 

geographic data of Danum Valley land use were obtained from government 

agencies such as the Sabah Forestry Department and the Urban and Regional 
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Planning Sabah Department. GIS ArcMap 10.4 software (Chang K. T., 2008) is 

used as an instrument, with metadata, namely the overlay method using vector 

data and matrix method using raster data. 

As for land use changes analysis, the formula of the land-use changes 

(Hu et al., 2007; Narimah et al., 2010) indicates changes from year to year. The 

procedure is shown below: 
 

%𝐵𝑖.𝑗
𝑡→𝑡+𝑛 = (

𝐵𝑖.𝑗
𝑡+𝑛 − 𝐵𝑖.𝑗

𝑡

𝐵𝑖.𝑗
𝑡 ) × 100 

Which 

 
%𝐵𝑖.𝑗

𝑡→𝑡+𝑛 : Percentage of land use change from time t and time t + n, 

𝐵𝑖.𝑗
𝑡+𝑛        : Size of development area from time t + n, and 

𝐵𝑖.𝑗
𝑡            : Development area from time t 

 

ANALYSIS AND FINDING  
The discussion of this analysis is divided into sections: land use analysis through 

the GIS overlay method, the percentage change of land use by using the 

percentage change of land use formula and matrix analysis. Based on Reynolds 

et al. (2011), Danum Valley has become a Class 1 Protection Forest Reserve 

since 2010, showing no change in Danum Valley land use. Therefore, this study 

will include the change in land use based on two-zone of influence (100 km2 and 

200 km2) near the Danum Valley area. 

 

Overlay Method using GIS 

Relative land use percentages were conducted in three-time series in 2010, 2014, 

and 2018 as shown in Table 5.1. Based on table 5.1 analysis of the year 2010, the 

Class 2 Commercial Forest Reserve had the most dominant land use size, which 

had about 1, 669.56 km2 (74.13 %), followed by the Class 1 Protection Forest 

Reserve with 465.16 km2 (20.65 %) which is the Danum Valley area, 62 while 

the district boundary is 95.49 km2(4.24 %). Timber plantation land use is 21.95 

km2 (0.98 %). 
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2010 

 
 

2014

 

2018 

 

Forest land use data analysis 

2010, 2014 and 2018 

 Class 1 – Protection Forest Reserve 

 Class 2 – Commercial Forest 

Reserve 

 Timber Plantation 

 District Boundary 

  

Figure 1: Changes in Land Use in Danum Valley, Sabah in Years 2010, 2014, and 2018  
Source: Author, 2022 

 

In 2014, there was a significant change in forest land use, which has 

experienced a substantial increase and is dominated by Class 1 Protection Forest 

Reserve with 1 785.23 km2(79.27 %) area. Next, the second with a vastly reduced 

change in the size of forest land use is the Class 2 Commercial Forest Reserve 

with 349.49 km2(15.52 %) size area, followed by the district boundary is 95.49 

km2(4.24 %), and timber plantation land use is 95.49 km2(4.24 %) which does 

not change for both land use.  

Meanwhile, for the year 2018, the Class 1 Protection Forest Reserve 

slightly increased to 006.52 km2(89.09 %), while the Class 2 Commercial Forest 

Reserve had another small reduction to 128.20 km2(5.69 %). However, both the 

district boundary and timber plantation do not have a land-use change which stays 

at 95.49 km2(4.24 %) and 95.49 km2(4.24 %). From the analysis, a significant 

increase in land use is between 2010 and 2014 with a growth of 1, 320.07 

km2(+58.62 %) area size for the Class 1 Protection Forest Reserve, while a sign 
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of a decrease in land use also happens between 2010 and 2014 that reduce 1, 

320.07 1, 320.07 km2(-58.62 %) for the Class 2 Commercial Forest Reserve. 

However, there is no land-use change toward timber plantation and district 

boundary size area for the three times. 

 
Table 2: Change of Land Use in Danum Valley in Years 2010, 2014, and 2020 

F
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8 

km
2 

% 

Changes by Types 

of Land Use -km2 

Percentage 

Changes (%) 

2010-

2014 

2014-

2018 

2010-

2014 

2014

-

2018 

C1 465.16 20.65 1785.23 79.27 2006.52 89.09 +1320.07 +221.29 +58.62 +9.82 

C2 1669.6 74.13 349.49 15.52 128.20 5.69 -1320.07 -221.29 -58.62 -9.82 

TP 21.95 0.98 21.95 0.98 21.95 0.98 0 0 0 0 

DB 95.49 4.24 95.49 4.24 95.49 4.24 0 0 0 0 

           

Total 2252.6 100 2252.16 100 2252.16 100     

Source: Author, 2022 

 

Matrix Analysis 

The matrix analysis shows the existing type of land use into other land use based 

on two different studies that will show how much the size of the area has changed 

during each year and the cause of the change. 

 
Table 3; Matrix Analysis Method of Land Use Change Years 2010 - 2014 

Year 

2014 (km2) 

Forest Land 

Use 
Class 1 Class 2 TP NRF 

Total 

(2010) 

20

10 

(k

m
2) 

Class 1 465.1    465.1 

Class 2 1320.07 349.49   1669.56 

TP   21.95  21.95 

DB    95.49 95.49 

Total (2014) 1785.23 349.49 21.95 95.49 2252.16 
Source: Author, 2022 

 

Table 3 indicates that during 2010 – 2014, about 1 320.07 km2 had 

Classommercial Forest Reserve land use hugely changed into Class 1 Protection 
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Forest Reserve. This change caused the reduction of class 2 forest land use as it 

became 349.49 km2 in 2014 from the total area of 1 669.56 km2 in 2010. However, 

there is no land-use change for timber plantation and district boundary between 

that two different year 

 
Table 4; Matrix Analysis Method of Land Use Change Years 2014 – 2018 

Year 

2014 (km2) 

Forest Land 

Use 
Class 1 Class 2 TP NRF 

Total 

(2014) 

20

10 

(k

m
2) 

Class 1 1785.23    1785.23 

Class 2 221.29 128.20   349.49 

TP   21.95  21.95 

DB    95.49 95.49 

Total (2018) 2006.52 128.20 21.95 95.49 2252.16 
Source: Author, 2022 

 

Table 4 shows only the correct change in land use between class 1 and 

class 2 forest land in the year 2014 - 2018. The class 1 forest land use increased 

by about 221. 29 km2 into 2, 006.52 km2 which changed from class 2 forest land 

use. This change caused only 128.20 km2 area left for class 2 in 2018. However, 

the timber plantation and district boundary stay the same as there is no change in 

land use. 

 

CONCLUDING REMARK 
Generally, there is no land-use change in Danum Valley in the three times series. 

However, there is a change in land use in the zone of influence near Danum 

Valley. The difference is because of the increase of Class 1 Protection Forest 

Reserve in Sabah. Plus, the study also indicates the direction of Danum Valley 

development from the year 2010 to 2018. The main focus of land use in Danum 

Valley is on conservation areas with minimal tourism activity and more emphasis 

on research and education. Therefore, this study can clearly show the direction of 

development and land use in Danum Valley, Sabah.  
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