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Abstract 

Agricultural land use in Malaysia is expanding massively due to the high demand for 

agricultural products. However, the rapid expansion of agricultural land use brings challenges, 

such Malaysia, including Sarawak. Sarawak government assigned 3 million hectares of the 

state’s land for agricultural land use. Currently, sustainable agricultural land use planning is 

lacking in Sarawak. Hence, it is imperative to assess the suitability of agricultural land use in 

an area with active agricultural activities in Sarawak, determine the potential impact of existing 

agricultural activities, and provide recommendations for future agricultural land use.  

A study was conducted in an area with active agricultural activity in a southern region of Miri, 

namely Kabuloh. The agricultural land use suitability in the Kabuloh region and surrounding 

area was assessed using a Geographic Information System combined with the Fuzzy Analytic 

Hierarchy Process (FAHP). The weightage of each criterion was determined by the FAHP 

method before the agricultural land use suitability was conducted in the GIS environment. 

Then, the suitability map was overlaid with the existing land cover to determine the current 

condition of agricultural land use. Next, the landscape features were overlaid with the existing 

land cover to determine the potential threats of existing agricultural land use. After that, 

mitigation strategies were determined to rectify the potential threats. Finally, a future 

agricultural land use plan was produced to enhance the sustainability of agricultural land use 

in the study location. 

According to the agricultural land use suitability map, 5% of the area is highly suitable, followed 

by moderately suitable (42%) and marginally suitable (33%) for agricultural land use. In 

addition, 19% and 1% of the study area constitutes currently and permanently not suitable 

areas for agricultural land use, respectively. The unsuitable area has either a steep slope or 

unsuitable soil characteristics for cultivation. The overlay of the suitability map and existing 

land cover suggests that a portion of the existing oil palm plantation is developed in the 

unsuitable zone. Hence, the oil palm plantation’s potential threats were determined by spatially 

overlaying the plantation layer on the landscape features.  A portion of the plantation was 

found to be established by deforestation and peatland conversion. Additionally, the oil palm 

plantation is developed in two water catchment areas. Several rivers are found to flow through 

the existing plantation area. Besides, the establishment of the oil palm plantations could 

negatively impact the survival of protected flora and fauna in the study location due to habitat 

loss.  

Moreover, there are several villages located in the study location. All villages are located near 

(<10km) the oil palm plantation. The villagers could be experiencing different socio-economic 

impacts depending on their social groups, such as plantation workers and smallholders. 

Potential socio-economic impacts experienced by these social groups were discussed based 

on the outcome of past studies. For example, the plantation workers and smallholders could 

generate more income in various ways. The workers can receive several types of allowance 

from the company. Moreover, the children of plantation workers could access better education. 
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On the other hand, the plantation workers’ family could experience higher daily expenses when 

they need to buy more food from the market after the forest was converted into an oil palm 

plantation. In addition, the smallholders could face higher instability of livelihood due to market 

price high volatility.  

After the analysis of potential impacts, several conservation strategies were proposed to rectify 

the potential negative consequences. The recommended conservation strategies were 

conservation of forest and peatland, improved fertilizer and hydrological practices, promotion 

of structural diversity and complexity in the plantation, and agroforestry zone establishment 

around the plantation. Three economic crops, sago, paddy, and coconut, were recommended 

to promote crop diversity in the study location. The suitability assessment of these economic 

crops was conducted and visualized in three different suitability maps. Lastly, a future 

agricultural land use map was produced to ensure future agricultural land use sustainability. 

The study location was divided into four different zones; namely, protected zone, peatland 

rehabilitation zone, buffer zone and agriculture zone  

Kabuloh and the surrounding area has a high potential for large-scale agricultural activities on 

the premise of sustainable agricultural land use planning. The research produced a future 

agricultural land use map that considers the need for environmental conservation and socio-

economic development. The sustainability of agricultural development at the study location 

can be enhanced by mitigating the identified potential negative impacts. After mitigating the 

negative impacts, the recommended economic crops can be cultivated in the recommended 

agriculture zone shown in the future agricultural land use plan to boost the local socio-

economic development. The successful deployment of the future agricultural land use map in 

the Kabuloh region could further enhance the mapping to a wider area of Miri. 
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Chapter 1 Introduction 

The land is one of the natural resources explored and developed to meet human needs to 

carry out various daily activities (Nguyen 2017). Due to the rapid population growth, the 

demand for agricultural products is continuously rising to meet the increase of food demand 

and nutrient needs (Aizen and Harder 2009). Consequently, the need for agricultural 

development might transform land use, especially from a forest, into a plantation area (Lambin 

and Meyfroidt 2011). Land use planning is required to meet the current needs without 

sacrificing future generations’ needs (Marrewijk 2003). Rational land use planning is vital to 

achieving sustainable development (De Wit and Verheye 2009). Without a proper land use 

study on agricultural development, some areas are converted into plantation areas, unsuitable 

for crop growth with their soils and surrounding environment (Miettinen, Shi, and Liew 2016). 

It is crucial to conduct land use planning to ensure that the land is planned for sustainable 

agricultural land use, which will benefit an economic return in the long term (Aznar-Sánchez 

et al. 2019). Several types of information should be considered throughout the land use 

planning process, such as people’s needs, landscape features, and existing land use with the 

help of technology. The land use planning process is progressive and repetitive and should be 

revised when new information is available (FAO 1993). 

1.1 Challenges Faced by Current Agricultural Land Use 

The agricultural land use in Malaysia has undeniably brought many benefits to the country. 

For instance, the agricultural land ensures sufficient food production for the growing population 

and is a vital economic activity in Malaysia (Noor, Mardzuki, and Mamat 2018). However, the 

rapid expansion of agricultural land use has caused several problems. For example, land 

biodiversity was negatively impacted when tropical forests were cleared and used intensively 

for monoculture agricultural plantations (Tang and Al Qahtani 2020). In addition, continuous 

land clearing due to plantation expansion jeopardized local animals’ lives, especially 

orangutans in Malaysia (Nantha and Tisdell 2009). A hundred thousand orangutans in Borneo 

were sacrificed because their habitats were destroyed due to the booming oil palm plantation 

industry (Beech 2019). Besides wildlife, there were several environmental issues raised by the 

environmental activists, such as forest degradation (Lord and Clay 2006), higher carbon 

dioxide emission from the annual fire used for land clearing (Purnomo et al. 2018), and peat 

draining (Miettinen et al. 2012). Above all, conservation strategies should be implemented to 

rectify the impact brought by the agricultural land use expansion.  

The problems faced by the region with active agriculture activities show a need to assess the 

existing agricultural land use. The assessment is purposed to determine the suitability of the 

land used for agricultural activities. The suitability of agricultural activities can be affected by 

the physical environment, such as topography, soil, hydrology, and climate (FAO 1976). The 

Land and  Water Development Division of the Food and Agriculture Organization (FAO), an 

international agency that aims to enhance food security, had made substantial advances to 

develop the assessment tools to evaluate agricultural land use suitability, such as the FAO 
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Framework (Verheye 2002). Evaluating the suitability of agricultural land use is necessary for 

the sustainable development of Malaysia’s agriculture industry.   

Sarawak is one of the states that undergo massive plantation development since the 

government have appointed 3 million hectares out of the 12.4 million hectares of state’s land 

for agricultural land use (Chua 2019). Part of Sarawak’s primary forest had been converted 

into agricultural plantations (Ichikawa 2007). For instance, oil palm trees occupy 1.56 million 

ha of Sarawak land, equal to 27% of Malaysia’s total planted area (Wong 2018). Oil palm 

plantation had expanded onto unsuitable area such as peatland due to limited availability of 

suitable area, especially in the southern region of Miri, such as the Kabuloh region (Cramb 

and McCarthy 2016). There was 300,000 ha of peatland converted to oil palm plantations in 

2008 (Wetlands International 2010). The peatland could have different agricultural land use 

potential instead of planting oil palm tree. Hence, it is crucial to assess the current agricultural 

land use and recommend future agricultural land use plan in a region with active plantation 

activities in Sarawak.  

1.2 Land Use Suitability Assessment  

Before developing a land use plan, the land use suitability must be assessed (Mokarram and 

Aminzadeh 2010). Land use suitability assessment is an approach to determine land potential 

over time based on specific land use type, such as agricultural, urban and environmental 

planning  (Ramamurthy, Reddy, and Kumar 2020). Analysis of land use suitability helps 

stakeholders determine the level of land suitability for a particular type of use (Kenate 2017). 

In the analysis of land use suitability, land characteristics and stakeholders’ needs are the key 

variables to be considered (Amiri and Shariff 2012). The involvement of different criteria has 

a different degree of impact on the land’s suitability (Al-shalabi et al. 2006). Original properties 

of land, socio-economic condition, and environmental criteria are the assessment criteria to 

ensure the land is developed without deterioration (Bandyopadhyay et al. 2009). Hence, land 

use suitability depends on multiple criteria to assure land use sustainability (Malczewski 2004; 

McDowell et al. 2018). The assessment outcome can be used as a tool to guide the 

stakeholders to develop the land optimally.  

The choosing of applicable criteria and the method implemented to assess the criteria could 

vary the output of land use suitability assessment  (Feizizadeh and Blaschke 2013; Baidya et 

al. 2014; McDowell et al. 2018). The complicated relationship between the criteria could cause 

difficulties to assess the land use suitability precisely. Integration of multiple criteria decision-

making methods (MCDM) and Geographic Information Systems (GIS) could help decision-

makers to understand the complicated relationship between the criteria used in land use 

suitability assessment (Memarbashi et al. 2017). Therefore, it is appropriate to combine GIS 

and MCDM techniques to integrate the complex land characteristics during the agricultural 

land use suitability assessment. 
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1.3 Problem Statement 

Agricultural activities play a significant role in the development of Malaysia. The agricultural 

products ensure the self-sufficiency of food production within the country. Meanwhile, Malaysia 

is the world’s second-largest exporter of palm oil (Lam et al. 2009). The accelerated 

agricultural expansion has provoked numerous undesirable consequences, such as forest 

degradation  (Lord and Clay 2006), loss of flora and fauna habitats (Nantha and Tisdell 2009), 

peat subsidence (Miettinen et al. 2012), and monoculture biodiversity (Tang and Al Qahtani 

2020). Furthermore, a vast amount of peatland in Sarawak was converted into plantations to 

meet agricultural product’s growing demand (Wetlands International 2010). The problems 

caused by accelerated agricultural expansion has increased the urgency to perform 

agricultural land use planning in the region with intense agricultural activities. 

Similar to other developing regions, Kabuloh is dealing with active plantation development. 

Existing agricultural land use at Kabuloh could positively and negatively impact the 

sustainability of agriculture development. Consequently, agricultural land use planning is 

indispensable for sustainable agriculture production. However, there is lacking agricultural 

land use planning in the Kabuloh region. Hence, it is imperative to implement a suitability 

assessment of current agricultural land use and recommend future agricultural land use in 

Kabuloh, a region with active plantation activities in Sarawak.  

1.4 Research Objectives 

The research aims to examine the existing agricultural land use and suggest sustainable 

agricultural land use planning in the Kabuloh region, south of Miri, by map overlay analysis. 

The objectives of the research are: 

 to assess the suitability of agricultural land use in the Kabuloh region; 

 to assess existing agricultural land use to facilitate strategic planning in the Kabuloh 

region; and 

 to produce a digitized agricultural land use plan in the Kabuloh region to enhance 

agricultural sustainability for future planning.  

1.5 Research Scope 

The research will deliver a prototype of digitized maps with detailed land use zoning for future 

agricultural land use in the Kabuloh region and the surrounding area. The Kabuloh region was 

chosen as it is an existing agricultural site and has an active agricultural plantation that has 

the potential to be developed as a sustainable agricultural land for the long term. The study 

area covers from latitudes of 4° 3’ N to 4° 10’ N and longitudes of 113° 51’ E to 114° 4’ E. The 

secondary data were collected from the Department of Survey and Mapping Malaysia, 

Department of Agriculture Sarawak, United States Geological Survey Earthexplorer, Forest 

Research Institute Malaysia, International Union for Conservation of Nature, Department of 

Irrigation and Drainage Sarawak, and Center for International Forestry Research. The data is 

limited to agricultural areas (locality and crop types), ownership of plantation area, agricultural 
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land use capability, existing land cover map, topography features, soil types, hydrological 

system, road system, habitat existence of protected flora and fauna, human settlement area 

and land cover trajectory. The Geographic Information System (GIS) was used to assess 

existing agricultural land use and digitize the maps. The Fuzzy Analytic Hierarchy Process 

was used to determine the weightage of various assessment criteria. The criteria were later 

standardized by the Fuzzy Linear Membership function before analysis was conducted.  

The secondary data obtained was integrated into a map system to produce the suitability map 

of agricultural land use and future agricultural land use map. The impact of the existing 

agricultural land use on the environmental and socio-economic aspects around the Kabuloh 

region was analyzed qualitatively. The environmental aspects were analyzed qualitatively by 

studying the historical land cover, hydrology system, peatland area, protected flora and fauna, 

and slope. The ownership of plantation area, proximity of the land to infrastructure and human 

settlement areas were analyzed using the digitized map to study the social aspects of 

agricultural land use. The analysis was aimed to ensure human welfare enhancement and 

environmental protection. Besides, the crops with high economic value for future agricultural 

land use were recommended to balance the environmental protection and socio-economic 

performance at the study location. However, the suggested crops and existing agricultural land 

use should not induce negative environmental and social impacts on the study area. Mitigation 

strategies were recommended to rectify the potential negative impacts of existing agricultural 

land use. Finally, a future agricultural land use plan encompassing the study location’s 

environmental and socio-economic characteristics was produced to propose sustainable 

agricultural land use planning.  

1.6 Research Questions 

The research questions of this study are: 

i)  What is the suitability of agricultural land use in the Kabuloh region?  

ii) What is the potential impact of existing agricultural land use on the environment and the 

local society by map overlay analysis? 

ii) What is the recommended future agricultural land use in the Kabuloh region by map overlay 

analysis? 

1.7 Research Significance 

The research outcomes can identify the potential impact of existing agricultural land use on 

the study area’s environment and society. The spatial information could help to achieve 

sustainable agricultural development of the Kabuloh and the surrounding area. Sustainable 

agricultural development should be practiced to mitigate the threats caused by the existing 

agricultural land use. The agricultural land use in the Kabuloh region can be designed 

effectively by looking into the economic return, people’s needs, and valuable environment 

conservation. Additionally, the result could help the decision-makers develop a strategic plan 
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for the agriculture sector’s future development. For instance, the research outcome can be 

applied to enhance Sarawak’s agriculture sector’s productivity and efficiency, as mentioned in 

the Sarawak Digital Economic 2018-2022. Additionally, successful implementation of the 

agricultural land use map in the Kabuloh region can further expand the mapping to a broader 

area of Miri. More similar studies could be conducted in the region with intensive agricultural 

activities in Malaysia’s other regions. Furthermore, the studies could enhance the overall 

sustainability of Malaysia’s agriculture industry.  
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Chapter 2 Literature Review 

Impacts induced by the expansion of oil palm plantations are reviewed at the beginning of this 

chapter, as explained in Section 2.1. Since the expansion of oil palm plantation had converted 

a massive amount of land into agricultural land, it shows a need to assess the agricultural land 

use suitability to determine the oil palm plantation developed on suitable agricultural land, as 

reviewed in Section 2.2. The Geographic Information System (GIS) is an application system 

that can integrate multiple land characteristics and human preferences to analyse agricultural 

land use suitability. The theories and usefulness of GIS are reviewed in Section 2.3. The 

influence of assessment criteria on the assessment outcome and how to standardize criterion 

are reviewed in Section 2.4 to understand the flow to process the criteria. Lastly, the 

agricultural land use suitability assessments conducted in Malaysia are reviewed in Section 

2.5 to update the current development of agricultural land use suitability assessment in 

Malaysia. The literature review is summarized, and the research gaps are stated at the end of 

this chapter in Section 2.6. 

2.1 Impact of Plantation Expansion on Environment and Society 

Continuous plantation expansion caused several environmental issues in the past based on 

literature. According to past researches, the oil palm plantation caused negative impacts on 

the forest’s biodiversity. For instance, it was found that oil palm plantation only preserves 17%-

21% of the species richness after primary and logged forests were converted based on 

surveys of forest butterflies at Sabah’s plantation area (Koh and Wilcove 2008). In addition, 

Fitzherbert et al. (2008) reported that oil palm plantation caused a reduction of 85% of primary 

forest species, especially the species with specialized diets. Mercer, Mercer, and Sayok (2013) 

discovered that rivers around oil palm plantations contain lower abundance, richness, and 

diversity of invertebrate species than rivers around the rainforest. This scenario was due to 

damage to riverbank habitats and exposure to pesticides fighting Rhinoceros beetle. 

Additionally, oil palm plantation is the primary driver of deforestation. 8.12 Mha tree cover was 

lost, and the principal driver is commodity-driven deforestation (Global Forest Watch 2020). 

Koh and Wilcove (2008) found that 55%-59% of oil palm expansion caused forest conversion 

during 1990-2005. Meanwhile, Wahid et al. (2010) revealed that 27.4% of peatland in Malaysia 

had been converted into oil palm plantation in 2009. The area of converted peatland is very 

likely going uptrend due to rapid oil palm plantation expansion. Peatland conversion also 

caused deterioration of water quality at the river flow through the oil palm plantation. 

Gandaseca et al. (2014) assessed the water catchment area’s water quality heavily planted 

with oil palm. They found that the river contained a high biochemical oxygen demand and a 

low level of dissolved oxygen. Chellaiah and Yule (2018) realized that rivers flowed through 

oil palm plantation in Borneo had a higher concentration of phosphorus and potassium than 

rivers flowed through native forests. Leaching of fertilizer from oil palm plantation could be the 

reason for the high concentration of phosphorus and potassium.  
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On the other hand, the rapid development of the oil palm sector delivers benefits to society. 

The oil palm sector substantially contributes to the employment market by offering 437,696 

job opportunities in 2019 (Department of Statistics Malaysia 2019). Public listed oil palm 

companies declare to engage actively in corporate social responsibility (CSR) activities. The 

company provided food aid, healthcare access, and education programs to support the 

community’s needs (Sime Darby Plantation Berhad 2020). In 2018, Malaysia’s agriculture 

sector’s Gross Domestic Product (GDP) was RM 99.5 billion. Oil palm contributed 37.9% of 

the agriculture sector’s GDP, making it the most significant contributor (Department of 

Statistics Malaysia 2020). Oil palm also has the highest oil yield as compared to soybean, 

sunflower, and rapeseed. The oil yield of oil palm is 3.72t/ha/year, while the other three crops 

produce less than 1t/ha/year (Shimizu and Desrochers 2012).  

2.2 The Need for Agricultural Land Use Suitability Assessment 

In this day and age, there is an increasing demand for agricultural land. The increasing 

demand for agricultural land creates competition with other land use, such as urban, forest 

reserve, industrial, and recreation land use. The intensity of land competition is risen due to 

the global population growth, developing demand for foodstuffs, and place from the 

burgeoning community (Tilman et al. 2011). The most suitable land for agricultural land use is 

limited, and less appropriate land is continuously employed as agricultural land (Verheye 

2008). Agricultural land development is frequently seen as one of the causes of environmental 

issues; however, it can become a fundamental environmental component if thoughtfully 

controlled (Loehr 2012).  

Well-grounded and precise agricultural land use suitability assessment is urgent as the land 

is a finite asset. Agricultural land use suitability assessment aids decision-maker and 

stakeholder to utilize the rare land resources competently. Decision-makers can estimate 

appropriateness for agricultural land use based on the assessment result (Maddahi et al. 

2014). Agricultural land use suitability of various countries could differ based on numerous 

determinants, such as land properties, socio-economic conditions, governmental limitations, 

and human’s necessities (FAO 1985). Dent and Young (1981) mentioned that the concept of 

agricultural land use suitability assessment remains the same since the early time that the 

landowners decided on suitable crops to plant on the particular land. Besides, the landowners 

determine suitable crop to grow based on the local season. Landowners learned about land 

suitability through the experience delivered from several generations and failures.  

Agricultural land use suitability assessment is a vital component of agricultural land use 

planning (Ritung et al. 2007; AbdelRahman, Shalaby, and Essa 2018). The assessment is a 

fundamental stage for introducing the appropriate land use judgment. A scientifically regulated 

system is implemented throughout the agricultural land use suitability assessment to predict 

particular land performance for agricultural land use. The decision-maker can implement the 

outcomes to guide the stakeholders to determine an optimum land use (Ritung et al. 2007). 

The desire for optimum land use indicates that balance must be accomplished between 
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environmental factors, social-economic requirements, and human needs. The achievement of 

equilibrium is never straightforward so that the actualization of agricultural development plans 

requires cooperation from diverse perspectives, such as social, economic, and environmental 

(Sys, Ranst, and Debaveye 1991). Hence, agricultural land use suitability assessment is 

imperative to be realized to identify the latent performance of land.  

2.3 Application of Geographic Information System in Agricultural 

Land Use Suitability Assessment 

Geographic Information System (GIS) is a commonly used tool for land use suitability 

assessment.  Various land characteristics such as soil, climate and topography can be 

integrated and analyzed by using GIS. GIS helps users combine multiple complex datasets 

into a single new dataset and present thematic maps (Longley and Goodchild 2020). One of 

the widely adopted GIS software is Quantum GIS (QGIS). QGIS is an open-source geographic 

information system software application that comprises viewing, editing, and analysing 

geospatial data. GIS can be used in agricultural land use suitability assessment to identify 

suitable areas for intense agriculture development without sacrificing sustainable development 

(Barakat et al. 2017; Ennaji et al. 2018).  

GIS-based land use suitability assessment has its origins from the implementations of hand-

drawn overlay techniques applied by landscape architects from America within the late 

nineteenth and early twentieth century (Malczewski 2004). McHarg (1969) improved the 

overlay techniques by introducing a manual overlay cartographic process. The process is 

extensively accepted to become the predecessor of the classic overlay approaches in GIS. 

According to Collins, Steiner, and Rushman (2001), the development later continued with 

computer-assisted overlay mapping, then multi-criteria evaluation, and lastly, artificial 

intelligence methods.  

The computer-assisted overlay mapping method in the GIS environment significantly improved 

the land use suitability assessment (Tomlin 2012). The method has been widely implemented 

to assess land use suitability in Boolean operations and weighted linear combination (WLC). 

The method is simple to execute within the GIS environment and easily understandable 

(Malczewski 2004). However, Hopkins (1977) determined that the Boolean operations and 

WLC method were used without sufficient understanding of the assumptions made to the 

weights assigned to the criterion maps, and the assessment results become doubtful. Both 

methods oversimplified the intricacy of the land use planning issues (Malczewski 2000). 

Incorporating MCDM methods into the GIS environment can improve the shortcoming 

(Malczewski 2004). 

The ability of GIS to handle a wide variety of spatial data from various places attracts 

researchers to integrate GIS with MCDM methods (Chen, Yu, and Khan 2010). Integration of 

GIS and MCDM is always found in the study of land use suitability to incorporate multiple land 

characteristics during the decision-making process (Jamil, Sahana, and Sajjad 2018).  
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Integration of GIS and MCDM is a procedure that joins the different spatial data into resultant 

data (Malczewski 2004). The MCDM methods facilitate the decision-making process by 

defining the relationship between the multiple criteria and output map (Mendas and Delali 

2012).  

The application of the MCDM method in the GIS system can be viewed as a procedure that 

integrates and modifies several criterion maps into a single suitability map in land use 

suitability assessment. The MCDM decision rules establish the connection between the 

criterion maps (input) and the suitability map (output). The decision rules entail applying spatial 

data, the priorities of the decision-makers, and manipulating the data and priorities as stated 

by prescribed decision rules (Malczewski 1999). Two classes of multi-criteria decision rules 

are available in the GIS environment to assess land use suitability. There are multiobjective 

approaches and multiattribute approaches. Multiobjective approaches require alternatives to 

be generated by solving a multiobjective mathematical programming problem. Alternatively, 

multiattribute approaches assume the alternatives are given directly (Malczewski 2004). The 

multiattribute approaches were applied to determine weightage of criteria since it has been 

widely incorporated within the GIS environment. 

Several MCDM decision rules have been employed in the GIS system for assessing land use 

suitability. One popular method in generating pairwise comparisons is the Analytic Hierarchy 

Process (AHP) approach (Chang, Parvathinathan, and Breeden 2008). The approach is a 

decision-making instrument to solve a complex decision-making problem (Saaty 1990). It can 

be implemented to derive the weights of the assessment criteria (Malczewski 2004). However, 

several deficiencies exist to implement the MCDM methods in the GIS environment (Zhou and 

Civco 1996). The input to the GIS-multicriteria assessment processes usually contains 

inaccuracy, ambiguity, and imprecision, yet the decision-maker typically assumes the input is 

precise and accurate.  

An approach to improving MCDM methods’ shortcomings in the GIS environment is to apply 

fuzzy logic methods (Malczewski 2004). The fuzzy logic method can define a set without clear 

limits of items belonging to a given factor in the GIS environment (Zadeh 1965). A fuzzy factor 

is a factor whose items may possess degrees of belonging between 0 and 1, contrary to the 

traditional set where each item only can be assigned either 0 or 1 as the degree of belonging. 

The fuzzy logic method offers a system for interpreting uncertainty in the sense of partial truth 

and vagueness (Malczewski 2004).  

The combination of the fuzzy logic method and MCDM approach in GIS-based land use 

suitability assessment produces the Fuzzy AHP (FAHP) method  (Malczewski 2004). FAHP 

method is an AHP method that examines multiple criteria associated with fuzzy numbers. 

FAHP overcomes the weakness of AHP, which is the ambiguity from the use of the crisp 

numbers (Mikhailov and Tsvetinov 2004). Hence, FAHP could compensate a certain degree 

of the assessment’s vagueness when dealing with the multi-criteria analysis (Erensal, Öncan, 

and Demircan 2006).  
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The MCDM and fuzzy logic method had been utilized in several GIS-based land use suitability 

studies (Banai 1993; Jiang and Eastman 2000). Banai (1993) studied the application of the 

AHP method to fuzzify the land use suitability analysis criteria in the GIS environment. 

Keshavarzi et al. (2010) applied fuzzy set theory in their research to reclassify the continuous 

variation of land characteristics and determine land suitability for irrigated wheat cultivation in 

Iran. Prakash (2003) determined that FAHP method has better performance to address 

uncertainty compared to other MCDM methods, namely AHP and Ideal Vector Approach (IVA). 

Furthermore, Qiu et al. (2014) concluded that the fuzzy logic method attains higher predictive 

accuracy than the Boolean approach and Weighted Linear Combination method. In short, the 

fuzzy membership functions able to produce more informative land suitability maps.   

2.4 Criteria Used to Assess Agricultural Land Use Suitability  

Criteria are the determining factors in agricultural land use suitability assessment (Akpoti, 

Kabo-bah, and Zwart 2019). Decision-maker uses these tools to evaluate the environmental 

system and make a critical decision. The criteria are deduced from various aspects, such as 

biophysical, socio-economic, and management practice (Walker 2002). The criteria source 

can be observed through field visit, remote sensing, or secondary data reproduction (Meyer et 

al. 1992). The criteria that were commonly used in previous studies are shown in Table 2.1. 

Criteria involved in the land use suitability assessment are associated with different 

significance levels (Akinci, Özalp, and Turgut 2013). The higher value of the criterion’s 

weightage indicates greater importance of the land use suitability criterion (Romeijn et al. 

2016). For instance, the decision-maker gives soil characteristics of land higher weightage in 

the land suitability analysis than criteria related to distance to infrastructure (Keshavarzi et al. 

2010; Dadhich, Patel, and Kalubarme 2017; Pilevar et al. 2020). The significance level of each 

criterion should be determined before the suitability assessment is continued.   

The criteria have come with a different range of values which is not standardized. The most 

implemented approach to standardize the criteria is the linear transformation method 

(Malczewski 2004). However, the value could be changed or misrepresented by the linear 

transformation process. Standardization of the criteria in either a monotonous ascending or 

descending manner causes the misrepresentation of value (Radočaj et al. 2020). Some 

attempt had been made to deal with this issue by implementing the Fuzzy logic methods. 

Standardization by using Fuzzy logic methods is based on the implementation of fuzzy 

membership functions. Fuzzy membership functions come with the possibility of numerically 

representing the criteria to a 0 to 1 scale based on various functional forms such as Gaussian, 

sigmoid, inverted sigmoid, and linear functions (Ustaoglu and Aydınoglu 2020). Fuzzy 

standardization results in a more accurate standardization output than the linear 

transformation method (Radočaj et al. 2020). 
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Table 2.1: Criteria of land use suitability analysis from past studies 

           Study 
 
Criterion  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

T
o

ta
l 

Slope ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄  ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄  26 

Great soil 
group 

⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄   ⁄ ⁄   ⁄    ⁄      ⁄ ⁄  15 

River  ⁄      ⁄ ⁄ ⁄ ⁄   ⁄  ⁄ ⁄ ⁄ ⁄  ⁄ ⁄ ⁄ ⁄   ⁄ ⁄ 16 

Road 
proximity 

  ⁄ ⁄    ⁄ ⁄ ⁄ ⁄    ⁄  ⁄ ⁄ ⁄  ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ ⁄ 18 

Land use 
capability  

               ⁄            ⁄ 2 

Source: Table reproduced from Akpoti, Kabo-bah, and Zwart (2019, 203)  

Notes: 1. Van Ranst et al. (1996) 2. Kalogirou (2002) 3. Qin and Jixian (2002) 4. Mas et al. (2004) 5. De la Rosa et al. (2004) 6. D’haeze et al. (2005) 7. Sicat, 

Carranza, and Nidumolu (2005) 8. Baja, Chapman, and Dragovich (2007) 9. Cengiz and Akbulak (2009) 10. Gumma et al. (2009) 11. Reshmidevi, Eldho, and 

Jana (2009) 12. Bandyopadhyay et al. (2009) 13. Baniya, Böehme, and Baniya (2009) 14. Yu et al. (2011) 15. Mendas and Delali (2012) 16. Akinci, Özalp, and 

Turgut (2013) 17. Masoud et al. (2013) 18. Deng et al. (2014) 19. Chandio et al. (2014) 20. Albaji et al. (2014) 21. Passuello et al. (2014) 22. Austin et al. (2015) 

23. Romano et al. (2015) 24. Zabihi et al. (2015) 25. Nguyen et al. (2015) 26. Mishra, Deep, and Choudhary (2015) 27. Yalew et al. (2016) 28. Tercan and Dereli 

(2020) 
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2.5 Agricultural Land Use Suitability Assessment in Malaysia 

Past researchers conducted the agricultural land use suitability assessment in Malaysia from 

2005 to 2018. Howell et al. (2005) assessed a rubber smallholding in northwest Pahang, 

Peninsular Malaysia. The research was mainly focused on the soil characteristics of the study 

area. The study area’s main limitations were the high water table level, soil texture, uprooting, 

and slope. The limitations were recommended to be corrected via drainage, the establishment 

of a cover crop, or terracing.  

Arshad (2015) evaluated the suitability of various soil series for oil palm cultivation in the district 

of Temerloh and Kuantan, Pahang. Eleven types of soil series were studied to determine oil 

palm cultivation’s suitability in the study area. The study was conducted using the combined 

limitation and parametric approach to evaluate soil series suitability for oil palm growth. Two 

types of soil series were found highly suitable. Seven types of soil series were found 

moderately suitable, and the remaining types of soil series were marginally suitable for planting 

oil palm trees.   

Agricultural land use suitability assessment was conducted by Olaniyi, Abdullah, and Ramli 

(2015) in different districts of Selangor. Suitability assessments of cultivating paddy, oil palm, 

rubber, and coconut were conducted in the study area. The authors considered environmental 

and socio-economic criteria to evaluate agricultural land use suitability. The authors applied 

GIS and MCDM methods to analyze agricultural land use suitability. The results showed that 

the most suitable paddy, coconut, and oil palm cultivation zones were Kuala Langat and Sabak 

Bernam districts. Klang and Petaling districts were only suitable for growing rubber. The 

authors foresaw potential environmental threats in Kuala Langat and Sabak Bernam districts 

since the districts were suitable for a more diverse variety of crops.  

Ahmed et al. (2016) analyzed the agricultural land-use suitability for rubber crops in Seremban, 

Malaysia. The study area’s soil texture, rainfall index, elevation and slope were assessed to 

determine rubber cultivation’s suitability in the study area. The authors incorporated GIS and 

MCDM approaches to facilitate the analysis of data. The results showed that Senawang, 

Rantau, and Mambau were highly suitable, Labu and Nilai were moderately suitable, while 

Mantin, Lenggeng, and Pantai were not suitable for rubber cultivation. The authors foresaw 

potential land degradation in the area unsuitable for rubber’s growth. 

Suhairi, Jahanshiri, and Nizar (2018) conducted agricultural land use suitability assessment 

for the Bambara groundnut cultivation in entire Peninsular Malaysia. Soil, climate, land use, 

and topography criteria were applied to assess the Bambara groundnut cultivation’s suitability. 

GIS and MCDM method were utilized in this study to analyze the data. The outcome of the 

research determined that Semenyih was highly suitable for growing the Bambara groundnut. 

Based on the literature review, there is no agricultural land use suitability assessment 

developed to determine the suitability of agricultural land use in the southern region of Miri to 

improve the agricultural land use sustainability in Sarawak. Besides that, there is a lack of 
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study that recommends future agricultural land use in the southern region of Miri to promote 

agricultural land use sustainability in Sarawak. In terms of geographical location, the past 

studies were conducted in Peninsular Malaysia, while no study conducted in East Malaysia, 

particularly in Sarawak, was determined. 

2.6 Summary of Literature Review 

Agricultural activities have positively and negatively impacted the environment and society 

within and around the agricultural land. Meanwhile, a portion of agricultural activities was 

developed in the unsuitable zone that brought environmental and social issues. Improper 

planning of agriculture activities expansion will diminish the sustainability of agricultural land 

use. Hence, agricultural land use suitability assessment is imperative to be conducted to 

promote sustainable agricultural land use planning. Integration of GIS and MCDM is an 

applicable method that has not been conducted in East Malaysia to assess agricultural land 

use suitability. Sarawak, a state with active agriculture plantations, lacks agricultural land use 

planing, although a significant portion of the land is designated for agricultural land use. The 

impact of the existing agricultural land use on the environment and society remains unclear in 

Sarawak’s active plantation region based on past researchers. Hence, it is urgent to assess 

the agricultural land use suitability and impact of existing agricultural land use on the 

environment and society in a region of Sarawak that active with agricultural activities. 

Conservation strategies should be recommended if any potential threat is determined. 
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Chapter 3 Methodology 

This chapter describes the procedure to assess agricultural land use suitability and potential 

threats of existing agricultural land use in the Kabuloh region and the surrounding area. The 

approach applied to recommend future agricultural land use is described at the end of this 

chapter. The flow of the research methodology is summarized in Figure 3.1. The background 

of the study area is introduced briefly in Section 3.1. After that, the criteria considered in the 

quantitative agricultural land use suitability assessment are described in Section 3.2. Then, 

the processes involved to determine the weight of each criterion are explained in Section 3.3. 

Subsequently, Section 3.4 describes the process of standardization of criteria. Later, the 

process to produce the agricultural land use suitability map is introduced in Section 3.5. The 

process involved to assess the potential threat of existing agricultural land use is presented in 

Section 3.6. Suitability assessment of suggested crops for future agricultural land use is 

described in Section 3.7. The suggested crops can be planned for future agricultural land use 

to enhance the sustainability of agricultural land use. Lastly, the rationale behind the zoning of 

future agricultural land use is explained in Section 3.8. 
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Figure 3.1: Research methodology 
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3.1 Determination of Study Location  

The study focused on a southern region of Miri, East Malaysia, as shown in Figure 3.2. The 

study area was centred at Kabuloh and spread over Miri and Marudi. The study area lies 

between latitudes of 4° 3’ N to 4° 10’ N and longitudes of 113° 51’ E to 114° 4’ E and covers 

approximately 28368.43 ha of land that comprises 26 villages. In the study area, the elevation 

varies between 0 m and 197 m. The slope percentage is between 0% and 38% in the study 

area, and a high proportion is a flatland, with poorly drained swamps located at the eastern 

zone of the study area, which has low altitude. The remaining part of the study area is covered 

by coastal and riverine alluvium. 

Meanwhile, the mean annual rainfall at the study area varies from 2247 – 3499mm (Arumugam 

2016). The temperature in the study area is ranged from 23 – 32 ˚C (Arumugam 2016). The 

study area experiences a tropical climate symbolized by southwest and northeast monsoons 

(Arumugam 2016). Oil palm is the cultigen contributing substantially to the local villages’ 

livelihoods because a vast amount of land is under oil palm cultivation. Oil palm plantation 

(11372.57 ha) covers 40% of the study area, while the primary forest (11260.28 ha) covers 

39.7% and only a minority of land planted with paddy (234 ha), as shown in Figure 3.3.
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Figure 3.2: Location map of study area   
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Figure 3.3: Existing land cover map 
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3.2 Determination of Criteria Applied in Agricultural Land Use 

Suitability Assessment 

The criteria of great soil group (GSG), agricultural land use capability class, slope, and 

proximity to rivers and roads were chosen to assess the land’s suitability in the study area for 

agricultural purposes. These criteria were applied in similar studies conducted at other 

locations (Cengiz and Akbulak 2009; Akinci, Özalp, and Turgut 2013; Yalew et al. 2016). 

Spatial data were mainly sourced from the Department of Agriculture Sarawak and the 

Department of Survey and Mapping Malaysia. These spatial data were soil map, agriculture 

land use capability map, major agriculture commodities map, river system map, and existing 

land cover map. Although the soil map was published in 1982, it was used because it is the 

latest version obtained in 2020 from the Department of Agriculture. Additionally, several 

hundred to thousand years are taken to form new soil types, and eventually, lead to the change 

of  “Great soil group” and “Agriculture land use capability class” (Weil and Brady 2017). 

Therefore, the characteristic of soil formation supports the validity of the soil map and 

agriculture land use capability map. The slope map in the study area was sourced from the 

United States Geological Survey (USGS) Earthexplorer. All the spatial data used for 

agricultural land use suitability assessment and their sources are summarized in Table 3.1. 

The criteria applied in this study are justified in the Sections 3.2.1 - 3.2.5. After the applicable 

criteria were determined, the criterion layers were digitized from the hardcopy or photo into 

vector and raster layers. The digitization process was performed by using Quantum 

Geographic Information Systems (QGIS). 

Table 3.1: Source of spatial data used for agricultural land use suitability assessment 

Spatial data Resolution (m/pixel) Source of data 

Great soil group 15 Department of Agriculture Sarawak 1982b 

Agriculture land use 

capability class 

15 Department of Agriculture Sarawak 1982a 

Major agriculture 

commodities map 

- Department of Agriculture Sarawak 2019a 

River system  15 Department of Agriculture Sarawak 1982b 

Existing land cover 

map 

- Department of Survey and Mapping 

Malaysia 2015 

Slope 90 USGS Earthexplorer 2010 
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3.2.1 Great Soil Group 

Different soil types were classified, as shown in Figure 3.4, to determine the soils’ conditions 

and behaviours. By knowing the characteristics of the soils, the soil performance can be 

estimated for agricultural activities. Hence, it is significant to know the major soil type in the 

study area when evaluating agricultural land use’s suitability. The study area’s primary soil 

type is red-yellow podzolic soil (Department of Agriculture Sarawak 1982b). In the east of the 

study area, organic soil is available (Department of Agriculture Sarawak 1982b). Along the 

area in which different rivers flow, alluvial soils can be found due to the accumulation of the 

sediments carried by the rivers’ flows (Akinci, Özalp, and Turgut 2013).  

3.2.2 Agricultural Land Use Capability Class  

The agricultural land use capability class (ALUCC), as shown in Figure 3.5, classifies a 

particular soil’s adequacy to cultivate different crops except those needing particular 

administration (Akinci, Özalp, and Turgut 2013). Soils are classified into seven classes in the 

development of ALUCCs. ALUCCs are classified based on the limitation they bring to the crops 

to be planted on the soils, the risk of conducting agricultural activities on the soils and the ease 

of mechanization (Department of Agriculture Sarawak 1982a). The description of each class 

is tabulated in Table 3.2. Different ALUCCs are spread evenly on the study area’s land except 

for the Class 1 ALUCC (Department of Agriculture Sarawak 1982a).  

3.2.3 Slope 

The topography of the area changes the development of soils (Binkley and Fisher 2013). An 

increment of slope decreases the soil layer’s thickness and soil fertility (Atalay 2006 as quoted 

by Akinci, Özalp, and Turgut 2013, 75). Additionally, slope degree is the critical component of 

erosion control (Koulouri and Giourga 2007). Slope negatively affects the soil properties and 

indirectly restricts crops’ growth (Binkley and Fisher 2013). A steeper slope causes a more 

significant nutrient loss due to erosion (Guerra et al. 2017).  Meanwhile, slope brings difficulties 

to the ease of mechanization on the land, such as soil tillage, drainage, and irrigation (Akinci, 

Özalp, and Turgut 2013). Most of the study area land has a gentle slope between 0% and 6% 

(Soil Science Division Staff 2017), as shown in Figure 3.6. 

3.2.4 Proximity of Land to Rivers  

Lack of sufficient water supply due to high evapotranspiration could be a vital issue to crop 

growth. This issue can be resolved by irrigation (Zabihi et al. 2015). However, there should be 

a buffer zone from the planting area to protect the riparian ecosystem from adverse 

environmental impacts (Lorion and Kennedy 2009). The proximity of land to the rivers of the 

study area was presented in Figure 3.7.  

3.2.5 Proximity to Land to Roads 

Crops should be planted near to road network to minimize transportation and other relevant 

costs. However, it should be located at a distance away from roads to lower the traffic impact 

and allow future road expansion (Tercan and Dereli 2020). The road network and plantation 
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existence have a strong positive correlation (Zabihi et al. 2015). The proximity of land to the 

roads of the study area is presented in Figure 3.8.  
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Figure 3.4: Great soil group 
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Figure 3.5: Agriculture land use capability class
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Table 3.2: Description of agricultural land use capability classes  

Class Description 

Class I Lands are come with no constraint or one minor constraint to grow the crop. 

Class II Lands have two or more minor constraints that limit the range of crops and 

involves moderate conservation practices. The soils are deep with good to 

imperfect drainage. The topography of lands is moderately sloping to 

rolling. The frequency of flooding is less and of short duration. 

Class III Lands have two or three moderate limitations in which the range of crops 

and the degree of possible mechanization are limited. These limitations 

might significantly obstruct farm operation, narrow the choice of crops, and 

increase the need for fertilizer. 

Class IV Lands are having limitations in that it is only can be planted with a few types 

of the crop, but the yields will be low or even worse in that the crops might 

fail to grow. 

Class V Lands are having a steep slope which is more than 33 degree and cause 

very severe erosion. The lands have excessive salinity, shallow soil depth 

and are subjected to frequent floods of long duration. 

Class O4 Lands comprise organic soils with two or three severe limitations that limit 

the range of crops and require particular administration practices. The 

examples of land limitations are high water table, low fertility, flooding, low 

bulk density. These limitations result in poor anchorage for trees. The lands 

also shrink and subside upon draining of water to lower the water table. 

Class O5 Lands are comprising of organic soils with severe limitations that made 

agriculture is not feasible. Examples of severe limitations are the deep 

accumulation of raw acid peat and low bulk density.  These limitations 

hinder the growth of crops. 

Source: Table reproduced from Department of Agriculture Sarawak (1982a). 
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Figure 3.6: Slope map   
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Figure 3.7: Proximity of land to rivers  
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Figure 3.8: Proximity of land to roads 
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3.3 Determination of Criteria Weightage 

Change of the weightage assigned to the criteria gives a different result of land suitability 

analysis. Decision-maker assigns the weightage to the criteria by input value between 0 to 1 

to each raster layer before overlay analysis is processed (Romeijn et al. 2016). Reasonable 

weightage of the criteria needs to be identified to ensure the preciseness of the land suitability 

analysis. 

The weightage of each criterion was obtained through the Fuzzy Analytic Hierarchy Process 

(FAHP). The FAHP approach examined the weightage of various criteria by applying for 

triangular fuzzy numbers, as shown in Figure 3.9 (Maddahi et al. 2017). The triangular fuzzy 

numbers (TFNs) were applied for fuzzification of the pairwise comparison matrix. TFNs 

expressed each pair of criteria’ relative strength and shown as 𝑀 = (𝑙, 𝑚, 𝑢). In a fuzzy case, 

the parameters 𝑙, 𝑚, 𝑢 symbolises the smallest possible value, the most promising value, and 

the largest possible value.  

 

Figure 3.9: Triangular fuzzy number 

Source: Figure reproduced from (Maddahi et al. 2017, 31). 

The triangular membership function in Equation 3.1 describes the linear relation of the fuzzy 

number (Chang 1996).  

𝜇𝐴(𝑥) = {

𝑥−1

𝑚−1
, 𝑙 ≤ 𝑥 ≤ 𝑚

𝑢−𝑥

𝑢−𝑚
, 𝑚 ≤ 𝑥 ≤ 𝑢

0,       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

  Equation 3.1 

Where μA = triangular fuzzy number, l = smallest possible value, m = most promising value, u 

= largest possible value 

Diverse approaches were introduced in the literature, and the geometric mean method is one 

of the ways developed by Buckley (1985). The geometric mean method was implemented 

because it is simpler to compute (Pehlivan, Paksoy, and Çalik 2017). The steps of the 

geometric mean method are explained as follows: 

First step: The fuzzy pairwise comparison matrix �̃� =  [�̃�𝑖𝑗] was formed as  
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�̃� = [

(1,1,1) �̃�12 … �̃�1𝑛

�̃�21 (1,1,1) … �̃�2𝑛

⋮
�̃�𝑛1

⋮
�̃�𝑛2

⋱ ⋮
… (1,1,1)

]  

 

Equation 3.2 

where �̃�𝑖𝑗 ×  �̃�𝑗𝑖  ≈ 1 and �̃�𝑖𝑗 = 𝑤𝑖 𝑤𝑗⁄ , 𝑖, 𝑗 = 1,2, … , 𝑛. 

Second step: The fuzzy geometric mean value for each criterion was calculated as 

�̃�𝑖 = (�̃�𝑖1 × �̃�𝑖2 × … × �̃�𝑖𝑛)1 𝑛⁄  Equation 3.3 

Third step: The fuzzy weight for each criterion was computed as  

�̃�𝑖 = �̃�𝑖 × (�̃�1 + �̃�2 + ⋯ + �̃�𝑛)−1 Equation 3.4 

where �̃�𝑘 =  (𝑙𝑘, 𝑚𝑘 , 𝑢𝑘) and �̃�𝑘
−1 =  (1 𝑢𝑘⁄ , 1 𝑚𝑘⁄ , 1 𝑙𝑘⁄ ). 

Fourth step: The fuzzy weights �̃�𝑖 = (𝑙𝑖 , 𝑚𝑖 , 𝑢𝑖) were defuzzified by Centre of Area (CoA) 

method as below: 

�̃�𝑖 =
𝑙𝑖 +  𝑚𝑖 +  𝑢𝑖

3
 Equation 3.5 

(Buckley 1985; Tzeng and Huang 2011). 

Linguistic variables were determined for various degrees of preference in Table 3.3 to perform 

the pairwise comparison using TFNs. 

Table 3.3: Triangular fuzzy numbers of linguistic variables 

Linguistic variables 

for preference 

Crisp 

number 

Triangular fuzzy 

numbers 

Reciprocal triangular fuzzy 

numbers 

Extremely important 9 (9, 9, 9) (1/9, 1/9, 1/9) 

Strongly important 7 (6, 7, 8) (1/8, 1/7, 1/6) 

Essentially important 5 (4, 5, 6) (1/6, 1/5, 1/4) 

Moderately important  3 (2, 3, 4) (1/4, 1/3, 1/2) 

Equally important 1 (1, 1, 1) (1, 1, 1) 

Intermediate values  2, 4, 6, 8 (7, 8, 9), (5, 6, 7),  

(3, 4, 5), (1, 2, 3) 

(1/9, 1/8, 1/7), (1/7, 1/6, 1/5), 

(1/5, 1/4, 1/3), (1/3, 1/2, 1) 

A consistency ratio (CR) was determined by using Equation 3.6 to examine the comparison’s 

consistency. The CR value should be less than or equal to 0.1 to indicate a moderate 

consistency level, or the comparison is inconsistent (Ramík and Korviny 2010).   

𝐶𝑅 = 𝐶𝐼 𝑅𝐼⁄  Equation 3.6 

𝐶𝐼 =
𝜆𝑚𝑎𝑥 − 𝑛

𝑛 − 1
 Equation 3.7 

where: 

CI = Consistency Index 

λmax = Principle Eigenvalue of Matrix 
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n = Number of Criteria 

RI = Random Index, obtained from Table 3.4. Table 3.4 gives the RI for different N, N = 

number of criteria. 

Table 3.4: Random inconsistency indices (RI) 

N 1 2 3 4 5 6 7 8  9  10 

RI 0 0  0.58 0.9 1.12 1.24 1.24 1.41 1.45 1.49 

  

3.4 Perform Standardization of Criteria 

Standardization is the process to convert the assessment criteria of different extent and units 

into a standard range (Badr et al. 2018). A standardization process is needed before different 

raster layers can be overlaid. The standardization process converts the criteria measurement 

scales to a comparable measurement unit (Malmir et al. 2016).  The assessment criteria that 

were considered as input were standardized through fuzzy linear membership functions.  

Each sub-criteria score is tabulated in Table 3.5 according to the scoring given in Akinci, 

Özalp, and Turgut (2013)’s study. Sub-criteria of great soil group and agricultural land use 

capability class were scored within the range of 0-1. The range of the crops that can be 

nurtured in the study area was considered in the scoring. Higher points were given to the sub-

criteria that is more favourable for the cultivation of various species. For example, alluvial soil 

that establishes a very productive area for crop cultivation due to the physical and chemical 

properties was assigned 1 point (Dwevedi et al. 2017). The soil groups with less suitable 

physical and chemical properties were given a lower score based on the limiting factors. In 

this event, arenaceous soil was given a 0.1 point due to its low fertility and low water-holding 

capacity (Hashim 2003).  
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Table 3.5: Score of sub-criteria  

Great soil group Score 

Alluvial 1 

Red-yellow Podzolic 0.7 

Gley 0.5 

Organic 0.4 

Podzol 0.2 

Arenaceous 0.1 

Agricultural land use capability class Score 

Class 2 1 

Class 3 0.8 

Class 4 0.6 

Class O4 0.4 

Class 5 0.1 

ClassO5 0.1 

Source: Table reproduced from Akinci, Özalp, and Turgut (2013, 78) 

When assessing the study area in terms of ALUCC, land with class 2 was assigned 1 point 

because of the wide variety of the crops nurtured in class 2 land. Intermediate scorings were 

given to the other class in light of the limiting factors of each class. Class 5 and O5 land with 

severe limitations that hinder crop growth were given 0.1 points (Department of Agriculture 

Sarawak 1982a).  

The slope of the study area was standardized based on the fuzzy linear function. The slope of 

land affects the suitability of agricultural land use through the limitations of the steeper slope. 

The steep slope causes difficulties in mechanizing crop management and accelerates water 

erosion (Orshoven et al. 2012). Therefore, low fuzzy membership bound was set at 25%, 

which the land with such a slope is not suitable for mechanization of crop management 

(Koulouri and Giourga 2007).  

Proximity of land to roads and rivers were standardized based on the fuzzy linear function. 

The nearer the land to the roads or rivers means lower transportation and other relevant costs 

or better access to the water source for irrigation. However, there should be a buffer zone 

between agricultural land and roads or rivers. Hence, the high fuzzy membership bound was 

set as 50m and 200m to represent the zone that is not suitable for cultivation, respectively 

(Lees and Peres 2008; Tercan and Dereli 2020). Additionally, the land located distant from the 

roads or rivers can still be considered suitable for cultivation as long as the land is fertile.  

3.4.1 Fuzzification of Criteria 

Fuzzification is the approach of modifying the assessment criteria into fuzzy membership 

values based on fuzzy membership functions. The fuzzification process is similar to the normal 

reclassification process. The output of the fuzzification process is commensurate values in the 
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extent between 0 and 1. Two techniques are available to determine a suitable fuzzy 

membership function (Burrough and McDonnell 1998). The first technique is the fuzzy k-

means method. The fuzzy k-means method determines a suitable fuzzy membership function 

relying on extensive training data provision (Malczewski 2004). The fuzzy k-means approach 

is widely adopted in a sophisticated system where many variables are entailed, and a mass of 

training samples are ready. Another technique is the semantic import (SI) approach. SI 

approach is broadly applied when a decent amount of training samples are not obtainable (Qiu 

et al. 2014). In some previous studies, the general requirements of suitable agricultural land 

use characteristics are available (Sys et al. 1993; Akinci, Özalp, and Turgut 2013; Tercan and 

Dereli 2020). Hence, the SI approach was chosen to determine the fuzzy membership 

functions of this study’s assessment criteria. The boundary condition of each criterion to 

delineate the agricultural land use suitability is tabulated in Table 3.6. 

Table 3.6: Boundary condition of criteria for delineating agricultural land use 
suitability 

Criteria Membership 

function 

Low fuzzy 

membership 

bound 

High fuzzy 

membership 

bound 

Researchers 

Great soil 

group 

Fuzzy linear  Arenaceous Alluvial Akinci, Özalp, and 

Turgut (2013) 

Agricultural 

land use 

capability 

class 

Fuzzy linear Class O5 Class 2 

Slope Fuzzy linear 25% 0% 

Proximity 

to roads 

Fuzzy linear 0m 50m Tercan and Dereli 

(2020) 

Proximity 

to rivers 

Fuzzy linear 0m 200m Lees and Peres 

(2008) 

 

3.4.2 Fuzzy Linear Membership 

Fuzzy linear membership alters the input criteria by allocating a membership value to every 

pixel through a fuzzy linear membership function. Membership values were fixed between 0 

and 1. Value of 0 means no membership of the specified fuzzy set, while 1 implies full 

membership in the altered layer. The membership function is determined as below: 

𝜇(𝑥) = {

0, 𝑥 ≤ 𝑎
𝑥−𝑎

𝑏−𝑎
, 𝑎 < 𝑥 < 𝑏

1, 𝑥 ≥ 𝑏

  Equation 3.8 

μ(x): membership value, a: low bound, b: high bound (QGIS 2002) 

3.5 Agricultural Land Use Suitability Map 
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After the criteria weights were appointed to each criterion layer in the Quantum Geographic 

Information Systems (QGIS) environment, each criterion layer’s raster map was overlaid 

through the weighted sum overlay analysis. The agricultural land use suitability map was 

classified into five suitability classes of equal range according to the land suitability 

classification of the Food and Agriculture Organization (FAO) Framework produced by FAO 

(1976). The suitability classes are highly suitable, moderately suitable, marginally suitable, 

currently not suitable, and permanently not suitable. FAO Framework is a universal and scale-

independent evaluation system to determine land suitability for specific use (Verheye 2002). 

The agricultural land use suitability map was later overlaid with the map of the current land 

cover map to determine the suitability of existing agricultural land use. 
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3.6 Identification of Potential Threats of Existing Agricultural Land 

Use  

The existing agricultural land use was assessed qualitatively with respect to the land cover 

trajectory, habitat existence of protected flora and fauna, water catchment area, slope, river 

system, ownership of plantation area, and human settlement area before oil palm 

establishment to determine potential threats brought by the existing agricultural land use. The 

existing agricultural land use was spatially overlaid on various spatial data across the study 

area in the QGIS interface. The spatial data of the human settlement area was sourced from 

the Department of Agriculture Sarawak, as shown in Figure 3.10. The ownership of the 

plantation area was sourced from the Department of Survey and Mapping Malaysia. 

Furthermore, the habitat existence of the protected flora and fauna was sourced from the 

International Union for Conservation of Nature (IUCN) and Forest Research Institute Malaysia 

(FRIM). Sarawak Wild Life Protection Ordinance 1998 was referred to determine the protected 

flora and fauna species. The spatial data of the water catchment area was sourced from the 

Department of Irrigation and Drainage Sarawak. The data about slope and river system were 

the same as previously applied in the agricultural land use suitability assessment. The spatial 

data used to identify potential threats of existing agricultural land use and their sources are 

summarized in Table 3.7. 

Table 3.7: Source of spatial data used for existing agricultural land use assessment 

Spatial data Source of data 

Major agriculture commodities map Department of Agriculture Sarawak 2019a 

Human settlement area Department of Agriculture Sarawak 2019b 

Ownership of plantation area Department of Survey and Mapping 

Malaysia 2015 

Habitat existence of the protected flora FRIM 2004 

Habitat existence of the protected fauna IUCN 2020 

Water catchment area Department of Irrigation and Drainage 

Sarawak 2008 

Slope USGS Earthexplorer 2010 

River system  Department of Agriculture Sarawak 1982b 

Land cover trajectory before oil palm  

establishment 

Gaveau, Salim, and Arjasakusuma 2016 
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Figure 3.10: Human settlement area 
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3.7 Recommendation of Crops for Future Agricultural Land Use 

Suitable crops were recommended based on the agricultural land use suitability assessment 

to optimize the agricultural land use in the study area. These crops were recommended to 

enhance the sustainability of agricultural land use. Specific crops were recommended for the 

agricultural land with severe limitations, such as high water table, high salinity, and high 

organic matter content. Several crops can thrive in the land with these severe limitations, 

paddy and sago, without the need for intense ground improvement. Paddy can be cultivated 

in a flooded area with imperfectly drained soil (Sys et al. 1993; Dengiz 2013). Sago can be 

planted in peat area as long as the pneumatophores are not submerged in water (Flach 1997; 

Hiroshi and Toyoda 2018). More paddy can be cultivated to improve Sarawak’s rice production 

since Sarawak had only achieved 51% self-sufficiency in rice (Petingi 2019). On the other 

hand, the Sarawak state government is committed to developing the sago industry, and the 

projected export value of sago to reach RM100 million by 2030 (Tawie 2019).  

An alternative crop of oil palm was recommended, which is coconut, to promote crop diversity 

in the study area. Coconut-derived products have rising demands from the market (Tan 2019). 

coconut was only utilized to produce coconut oil. However, now it can produce coconut drinks, 

powder, and milk (Krishnakumar and Thampan 2018). The local supply of coconut is 

insufficient. Therefore, 100 million to 220 million coconuts need to be imported from other 

countries every year (Tan 2019). Coconut is also the fourth significant industrial crop in 

Malaysia after oil palm, rubber, and paddy (Sivapragasam 2008). The crop suitability 

assessment of these crops was conducted using similar criteria as the earlier agricultural land 

use suitability assessment. However, the score allocated to each criterion was modified to suit 

each crop’s characteristics, as shown in Table 3.8 for sago, paddy, and coconut cultivation.  
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Table 3.8: Score of sub-criteria for sago, paddy, and coconut cultivation 

Great soil group 
Score 

Sago  Paddy Coconut 

Alluvial 1 0.8 1 

Red-yellow Podzolic 0.8 0.5 0.7 

Gley 0.7 1 0.5 

Organic 0.6 0.7 0.4 

Podzol 0.2 0.2 0.2 

Arenaceous 0.1 0.1 0.1 

Agricultural land use 

capability class 

Score 

Sago  Paddy Coconut 

Class 2 1 1 1 

Class 3 0.8 0.8 0.8 

Class 4 0.6 0.7 0.6 

Class O4 0.6 0.7 0.4 

Class 5 0.5  0.6 0.1 

Class O5 0.5 0.6 0.1 

 

3.8 Zoning of Future Agricultural Land Use  

The result of agricultural land use suitability assessment, qualitative assessment of existing 

agricultural land use, and future agricultural land use suitability assessment were integrated 

to produce a future agricultural land use map. The future agricultural land use map divides the 

study area into different zones:  

i. The zone that is suitable to undergo agricultural activities; 

ii. The zone that needs to be rehabilitated to restore the ecosystem functions; 

iii. The zone that should be assigned as a buffer zone to mitigate potential threats brought 

by the existing agricultural land use; and 

iv. The zone that should be assigned as remained at its original state to protect the 

ecosystem functions. 

The assessment results of agricultural land use suitability and exising agricultural land use 

were used to determine the planning of future agricultural land use in the study location, which 

are discussed in the next chapter.  
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Chapter 4 Results and Discussion  

The results of agricultural land use suitability assessment, potential threats of existing 

agricultural land use, mitigation strategies of potential threats and future agricultural land use 

map are presented in this chapter. The results of the criteria weightage calculation are 

presented in Section 4.1. The weightage was used for the agricultural land use suitability 

assessment. The suitability of agricultural land use in the study area is described in Section 

4.2. Then, Section 4.3 shows the potential threats of existing agricultural land use. Based on 

the identified potential threats, the recommendations to mitigate the threats are provided in 

Section 4.4. Additionally, several economic crops were recommended to promote polyculture 

cultivation in the study location. The suitability of recommended crops for future agricultural 

land use, such as sago, paddy, and coconut cultivation, is explained in Section 4.5. The 

outcome of agricultural land use suitability assessment, existing agricultural land use 

assessment and recommended crops’ suitability assessment were integrated to produce the 

future agricultural land use plan as explained in Section 4.6. The research questions are 

answered in Section 4.7. Lastly, the limitations of the study are discussed in Section 4.8. 

4.1 Calculation of Criteria Weightage 

The FAHP method and the geometric mean method were implemented to calculate the 

weightage of the criteria. A pairwise comparison matrix was formed incorporated with the 

TFNs, as shown in Table 4.1. Equations 3.2 - 3.5 were applied to turn the matrix into the 

weight of the criteria. The weightage of the criteria is shown in Table 4.2 with the eigenvalue 

(λmax), consistency index (CI), random index (RI), and consistency ratio (CR).  

  



 

39 
 

Table 4.1: Fuzzified pair-wise comparison matrix of the criteria 

Criteria Great soil 

group 

Agricultural 

land use 

capability 

class 

Slope Proximity 

of land to 

roads 

Proximity 

of land to 

rivers 

Great soil 

group 

1 (1, 2, 3) (1, 2, 3) (7, 8, 9) (7, 8, 9) 

Agricultural 

land use 

capability 

class 

(1/3, 1/2, 1) 1 (2, 3, 4) (5, 6, 7) (5, 6, 7) 

Slope (1/3, 1/2, 1) (1/4, 1/3, 

1/2) 

1 (3, 4, 5) (3, 4, 5) 

Proximity 

of land to 

roads 

(1/9, 1/8, 

1/7) 

(1/7, 1/6, 

1/5) 

(1/5, 1/4, 

1/3) 

1 1 

Proximity 

of land to 

rivers 

(1/9, 1/8, 

1/7) 

(1/7, 1/6, 

1/5) 

(1/5, 1/4, 

1/3) 

1 1 

 

Table 4.2: Weight of criteria 

Criteria Weight 

Great soil group 0.423 

Agricultural land use capability class 0.31 

Slope 0.17 

Proximity of land to roads 0.049 

Proximity of land to rivers 0.049 

λmax = 5.102; CI = 0.026; RI = 1.11; CR = 0.023<0.10 

Great soil group was given the highest weight in the agricultural land use suitability 

assessment (Akinci, Özalp, and Turgut 2013; Romeijn et al. 2016; Jamil, Sahana, and Sajjad 

2018; Jamil, Ahmed, and Sajjad 2018; Kahsay et al. 2018). The great soil group has the 

highest impact since the features of great soil groups, such as fertility, drainage and texture, 

have a significant role in thriving crops. On the other hand, the distance to infrastructure was 

given the lowest weightage (Zabihi et al. 2015; Tercan and Dereli 2020). The distance of land 

to infrastructure will induce a minor impact on the overall suitability assessment since it has 

the lowest weightage.    

Different soil types were classified, as shown in Figure 3.4, to determine the soils’ conditions 

and behaviours. By knowing the characteristics of the soils, the soil performance can be 

estimated for agricultural activities. Hence, it is significant to know the major soil type in the 
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study area when evaluating agricultural land use’s suitability. The study area’s primary soil 

type is red-yellow podzolic soil (Department of Agriculture Sarawak 1982b). In the east of the 

study area, organic soil is available (Department of Agriculture Sarawak 1982b). Along the 

area in which different rivers flow, alluvial soils can be found due to the accumulation of the 

sediments carried by the rivers’ flows (Akinci, Özalp, and Turgut 2013).  

 

4.2 Agricultural Land Use Suitability  

The agricultural land use suitability map produced after the weighted sum overlay analysis 

was divided into five categories: highly suitable, moderately suitable, marginally suitable, 

currently not suitable, and permanently not suitable, as shown in Figure 4.1. The resolution of 

the agricultural land use suitability map is 90 m/pixel. 

(a) Highly Suitable  

Approximately 5% (1,424 ha) of the study area was categorized into the class “Highly suitable” 

for agriculture. The land classified into this class has alluvial soil, class 2 agricultural land use 

capability, gentle to moderate slope (<8%). The area is located close to the river and road. As 

long as the buffer zone to the road (50m) and river (200m) is maintained, the land is suitable 

for crop cultivation. Most of the land has been used as agricultural land. Oil palm plantation 

dominates this area of land. A minority of the land was used for paddy cultivation. There is 

land that remained as primary and secondary forest. The forested area should be conserved 

to protect the biodiversity at the study location. Furthermore, there are three villages located 

in this area. The villagers could have a higher yield of agricultural product in this zone. 

(b) Moderately Suitable  

About 42% (11,923 ha) of the study area was classified as moderately suitable land for 

agricultural land use. The land classified into this class has alluvial soil and red-yellow podzolic 

soil distributed evenly. The land has class 3 and class 4 agricultural land use capability and is 

located near the trunk road and river. The land is found to have a moderate and very steep 

slope (<20%) that becomes the lands’ limitation. The land is covered by oil palm trees, primary 

and secondary forests. The forests should be protected to maintain biodiversity at the study 

location. A minority of the land has paddy cultivation.  Moreover, nine villages are found in this 

area. The crops planted by the villagers in this area could have satisfying production. 

(c) Marginally Suitable  

There is 33% (9,353 ha) of the study area categorized as marginally suitable for agricultural 

land use. The soil types found at this zone are gley soil, red-yellow podzolic soil, and 

arenaceous soil. The land in this category mostly has a moderate and very steep slope (<20%), 

while a minority has a steep slope. The land is near to rivers but far from trunk roads. The land 

is covered by oil palm and primary forest evenly. The primary forest should be conserved to 

prevent further deterioration of biodiversity. Subsequently, a minority of land is used as paddy 
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cultivation, sundry tree cultivation, and a small secondary forest patch. Additionally, seven 

villages are found to live in this area. Average crop yield can be expected for the crops planted 

by the villagers in this area. 

(d) Currently Not Suitable  

There is 19% (5,370 ha) of the land classified as currently not suitable for crop cultivation. The 

soil type found here are primarily organic soil, and a minority was red-yellow podzolic soil and 

podzol soil. The slope at this area is moderate, while a minority has a sheer slope (<30%). 

The land is located far from both rivers and trunk roads. In this zone, oil palm trees dominate 

the land cover and left with a small area planted with paddy. A small patch of primary and 

secondary forest can be found here. The forest should be conserved, which is vital for 

biodiversity maintenance. Besides, six villages can be found in this area. The villagers could 

not have ample crop yield in this area. 

(e) Permanently Not Suitable  

Approximately 1% (162 ha) of the land at the study area is grouped as permanently not suitable 

for agricultural land use. The type of soil found in the area is podzol soil. The sheer slope was 

determined in this area. The land here is only covered with secondary jungle and sundry tree 

cultivation, and no large scale plantation is found here since the land could not ensure the crop 

produces sufficient yield. Additionally, the land is located far from rivers and trunk roads, which 

brings difficulties for irrigation and transportation.
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Figure 4.1: Agricultural land use suitability map
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4.3 Potential Impacts of Existing Agricultural Land Use 

Based on the overlay of the agricultural land use suitability map and the existing agricultural 

land use map, it was determined that some of the existing oil palm plantations are developed 

in the area that is currently not suitable for oil palm plantation. It is believed that this particular 

area has been modified to become a land that at least the oil palm can survive on the land. 

Various potential impacts of existing agricultural land use on the environment and society were 

identified based on map overlay analysis. 

4.3.1 Potential Impact of Existing Agricultural Land Use on Forested 

Landscape 

The major agriculture commodity of the study area is the oil palm tree, as evidenced in Figure 

3.3. Oil palm tree covers 40% of the study area, which is equivalent to 11372.57 ha. The 

domination of a single type of crop in the study location could affect the balance of biodiversity. 

Part of the oil palm plantations is developed by deforestation by overlaying the land cover 

trajectory before oil palm establishment, as indicated in brown colour in Figure 4.2. The 

deforested zone found at the oil palm plantation is in line with Koh and Wilcove (2008)’s study, 

which determined that around 59% of the oil palm plantations in Malaysia is developed by 

deforestation. Deforestation found in the study location could bring some negative impacts to 

the environment and society. Before the area is developed to become an oil palm plantation, 

the study area can have a high biodiversity level due to different animal and plant species 

within the forest. The area developed to become an oil palm plantation could cause the 

protected flora and fauna in the study location to lose their habitat and threaten the animal and 

plant population. This presupposition is according to the past evidence from various studies 

which reported oil palm plantations developed by deforestation causes lower animal and plant 

population (Fitzherbert et al. 2008; Koh and Wilcove 2008; Mercer, Mercer, and Sayok 2013). 

Furthermore, the oil palm plantation covering 40% of the study location, as demonstrated in 

Figure 3.3, could reduce the primary forest species in the Kabuloh region and the surrounding 

area. Only a minority of the species richness could be preserved after forests were converted 

into oil palm plantation in the study location, as has occurred in a Sabah’s plantation area (Koh 

and Wilcove 2008). The impacted species could include but not limited to wood-inhabiting 

fungi, plants, dung beetles, ants, lizards, amphibians, birds, and mammals (Dislich et al. 2017). 

Other than lower species richness is found, the species that remain in the local ecosystem 

after deforestation is found to be common, while forest species is found to be absent after oil 

palm trees are cultivated. The reasons behind the biodiversity loss could be the low structural 

complexity of oil palm plantation compared to a forest and extreme microclimatic conditions; 

oil palm can be 6.5 °C warmer than forest (Luskin and Potts 2011; Hardwick et al. 2015). The 

rivers around oil palm plantation in the study area could have a lower abundance and diversity 

of invertebrate species due to damage of riverbank habitats and exposure to pesticides fighting 

Rhinoceros beetle (Mercer, Mercer, and Sayok 2013). 
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Figure 4.2: Oil palm plantation developed on forest 
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4.3.2 Potential Impact of Existing Agricultural Land Use on Peatland 

The oil palm plantations could negatively impact 4584.2 ha of peatland in the study area, 

located in the study area’s eastern zone, as shown in Figure 4.3. The peatland was deforested 

to establish oil palm plantations, which delivered the stored carbon into the environment and 

exacerbated global warming (Germer and Sauerborn 2008). The finding reinforces Wahid et 

al. (2010)’s work, revealing that peatland in Malaysia was converted into oil palm plantations. 

The converted peatland in the study location, as presented in the red zone of Figure 4.3, could 

cause the carbon dioxide (CO2) emission to become more severe and negatively impact the 

ecosystem to regulate the climate.  A vast amount of CO2 will be emitted when peatland is 

drained to cultivate the oil palm trees on it. The peat that remains in the peatland is allowed to 

oxidize and decompose when the stagnant water is drained. Drainage of peat could cause 

emissions ranged from 26 to 146 Mg CO2/ha/year (Schrier-Uijl et al. 2013). The wide range of 

of the CO2 emission rate depends on the depth of drainage, and the emission rate will change. 

An increase of 10 cm drainage depth of peat will bring an additional 9 Mg CO2/ ha/ year to the 

environment (Couwenberg, Dommain, and Joosten 2010). The dissolved organic matter 

drained from the peatland releases additional CO2 to the environment, and total carbon 

emission increases by 22% (Moore et al. 2013). It would take several decades to several 

centuries for the carbon emissions saved through the use of biofuel to compensate for the 

carbon lost through peatland conversion (Danielsen et al. 2009).  

Additionally, oil palm plantations established on peatland in the study location, as 

demonstrated in Figure 4.3, could store less carbon than forest. Although oil palm trees can 

assimilate more CO2 due to high fruit production, the higher rate of carbon uptake does not 

offset the carbon loss when the peatland was cleared for oil palm plantation. The reason is 

that peatland has more carbon aboveground and belowground biomass compared to oil palm 

plantations (Kotowska et al. 2015). In addition, the conversion of peatland could cause the 

oxidation of methane (Melling, Hatano, and Goh 2005).. 

Besides that, the peatland converted to oil palm plantation in Figure 4.3 could negatively 

impact the ecosystem to control the extreme event. The reason is that the organic content and 

the resins in the drained peat are very flammable. Additionally, the peat fires can burn 

underneath the ground level, increasing the difficulty of extinguishing the fire (Mackie 1984). 

Moreover, peatland conversion could cause the peatland that functions as ornamental 

resources to deteriorate. The reason is that the drainage of peat for oil palm cultivation causes 

the economically important ornamental fish species to decrease, such as the Betta spp. and 

the Arowana, Scleropages formosos (Yule 2010; Posa, Wijedasa, and Corlett 2011).  
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Figure 4.3: Oil palm plantation on peatland 
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4.3.3 Potential Impact of Existing Agricultural Land Use on Hydrological 

System  

Plenty of rivers are crossing through the oil palm plantation based on the map in Figure 4.4. 

The rivers which cross through the oil palm plantation are highlighted in red colour on the map. 

Additionally, the oil palm plantations are established within the water catchment areas, as 

shown in Figure 4.5. Two different water catchment areas are highlighted in different colours. 

The water catchment areas are Buri Catchment Area (yellow zone) and Bekenu Catchment 

Area (orange zone). There is 37.3% of oil palm plantation established on Buri Catchment Area 

while 25.9% of oil palm plantation is established on Bekenu Catchment Area, as shown in 

Table 4.3.  

The water regulation and supply of two water catchments in the study location could be 

negatively impacted by oil palm plantation, as shown in Figure 4.4. Water regulation and 

supply is about the quantity, quality, and timing of water collected in and flowed out of the 

natural ecosystem (Reid et al. 2005). The oil palm plantation could decrease the water storage 

of the water catchment area, raise annual water yield, and deteriorate the river's water quality 

at the study location (Comte et al. 2012).  

Water storage of two water catchments in Figure 4.4 could be lowered in numerous conditions 

by the oil palm plantation identified in the study location. For instance, water storage is 

decreased when irrigation is used to increase oil palm productivity during drought season 

(Famiglietti 2014). Additionally, the water storage is reduced when peatland was drained in 

favour of oil palm plantation (Merten et al. 2016). Peatland acts like a giant sponge that 

contains huge water volume before it was drained. After drainage was completed, the peat is 

unavoidably lost either due to fire or oxidation, reducing the catchment area’s water storage 

capability lastingly (Andriesse 1988). Soil subsidence which occurred after the peat is lost 

could lower the ground surface level significantly. The water table level can then rise above 

ground level during high rainfall season, subsequently bringing a more significant risk of 

flooding (Page et al. 2009).  

Besides, the water storage of the water catchment areas in the study location could be reduced 

when the infiltration rate of water into the soil is lower. The infiltration rate of water into the soil 

was decreased due to soil compaction brought by heavy machinery and land clearing (Rieley 

2007). Lowered infiltration rate could lead to a higher degree of surface run-off and decreased 

amount of groundwater recharge. This condition could amplify the response of catchment area 

to rainfall, such as shorter time-to-peak and higher peak discharge (Bruijnzeel 2004). In the 

end, the risk of flooding is increased, which is a similar consequence of peatland drainage. 

However, the magnitude of flooding risk depends on the difference in hydraulic conductivity 

before and after land conversion (Rieley 2007).  

Furthermore, the oil palm plantation in the study location, as presented in Figure 3.3, could 

increase the water yield in the study location. An increment of water yield could be created by 
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Figure 4.4: Oil palm plantation and rivers
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a lower evapotranspiration rate and decreased infiltration rate of oil palm plantations compared 

to forests. In Malaysia, young oil palm plantations could experience 270-420% increment of 

water yield than forest (Department of Irrigation & Drainage 1989). However, the 

evapotranspiration rate difference between oil palm plantations and lowland forests could 

become smaller in the mature oil palm plantation (Bruijnzeel 2004). Although the annual water 

yield is higher in oil palm plantations, the streamflow coming from groundwater, which is the 

baseflow is lower. Based on Yusop, Chan, and Katimon (2007)‘s study, baseflow only 

accounts for 54% of streamflow in oil palm plantations but 70% in the forests. This condition 

implies that when the primary water source comes from baseflow during the drought period, 

the risk of drought increases in oil palm plantations. The drought risk could be amplified if the 

oil palm plantation was developed on peatland due to a higher loss of water storage capacity 

after peatland drainage (Tan et al. 2009).  

The establishment of the oil palm plantation could negatively influence the water quality of the 

rivers which flow through the plantation in the study location, as highlighted in the red line in 

Figure 4.4. The deterioration of river water quality in the study location could be due to 

sediment run-off from the ground surface of the oil palm plantation. Sediment run-off is heavily 

increased by less coverage of ground cover and higher surface run-off in the plantation. The 

sediment run-off increases from 50 Mg/km2/year in a forest to 100 Mg/km2/year in an oil palm 

plantation (Department of Irrigation & Drainage 1989). The sediment load that emerges from 

the extended surface run-off could be a severe threat to the aquatic system around the 

plantation area (Bilotta and Brazier 2008). The runoff of chemical substances such as 

pesticides, herbicides, fertilizers washed away from the plantation could cause eutrophication 

of water bodies and negatively alter water quality and aquatic life (Gharibreza et al. 2013). The 

decline of aquatic life could lead to economic losses of the villagers who rely on fishing as 

income (Norwana et al. 2011).  

Furthermore, the water quality of Sg. Entulang and Sg. Matang in Figure 4.4 could be 

negatively impacted by peatland drainage for oil palm plantation development in the study 

location, as presented in the red zone in Figure 4.3. The reason is that some peatland has 

acid sulphate soil at its lower layer. The acid sulphate soil is exposed to the atmosphere after 

the complete oxidation of peat. The acidity of soil increases as the oxidation process occurs 

in the acid sulphate soil after exposure to the atmosphere. The rise of acidity could negatively 

impact the water quality of the hydrology system in the study location (Wösten, Ismail, and van 

Wijk 1997).  

Table 4.3: Area of oil palm plantation on the water catchment area 

Water catchment area Area (hectare) Percentage (%) 

Buri catchment area 4238 37.3 

Bekenu catchment area 2945 25.9 
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Figure 4.5: Oil palm plantation with respect to water catchment areas
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4.3.4 Potential Impact of Existing Agricultural Land Use on Soil  

The oil palm plantation was established on various great soil groups, as shown in Figure 4.6. 

Six different great soil groups were planted with oil palm, gley, alluvial, organic, arenaceous, 

red-yellow podzolic, and podzol. Based on Table 4.4, 57.8% of the oil palm plantation was 

established on the red-yellow podzolic soil, 26.9% of the oil palm plantation was established 

on the organic soil, 10.8% of the oil palm plantation was established on the alluvial soil. 

Table 4.4: Area of oil palm plantation on different great soil group 

Great soil group Area (hectare) Percentage (%) 

Gley 465 4.1 

Alluvial 1231 10.8 

Organic 3057 26.9 

Arenaceous 21 0.2 

Red-yellow podzolic 6576 57.8 

Podzol 23 0.2 

 

Alluvial and red-yellow podzolic are suitable soil for oil palm cultivation since these soils are 

mineral soils (Paramananthan 2000). Organic soil is not suitable initially due to low nutrient 

levels (Gurmit et al. 1987) and challenging to manage (Andriesse 1988). However, planting oil 

palm trees on organic soil has begun due to the shortage of good mineral soils and enhanced 

understanding of organic soil planting (Corley and Tinker 2016). Gley is not suitable due to the 

waterlogged condition of the soil; arenaceous and podzol are not suitable due to the low level 

of nutrient and very sandy characteristics (Corley and Tinker 2016).  

There is 31.4% of oil palm planted on unsuitable soil types, which are organic, gley, 

arenaceous, and podzol soil. Planting oil palm on an unsuitable soil type could lead to further 

soil degradation. Guillaume et al. (2016)‘s study showed that soil in oil palm plantations has 

lower carbon and nitrogen contents, carbon stocks, and higher bulk density. This phenomenon 

brings challenges to the sustainability of oil palm plantations.  

The establishment of monoculture oil palm plantations in the study location, as shown in 

Figure 3.3, could cause a loss of soil fertility. Soil fertility is the reservation of adequate soil 

nutrients necessary for vegetation growth and the conservation of nutrient cycles between 

plants and soil. Before the oil palm plantation was established, the high ecosystem productivity 

of forest was maintained by the efficient cycling rock derived nutrients such as phosphorus 

and base cations between the plant and soil (Hedin et al. 2009). The cycling of nutrients is 

changed after the land use was altered to oil palm plantation (Ngoze et al. 2008). The massive 

numbers of nutrients earlier secured in the plants and soil organic matter are released via 

mineralization and decomposition due to land use conversion. However, the loss of soil fertility 

due to land use conversion depends on the original fertility of soil in the forest  (Allen et al. 

2015). 
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Figure 4.6: Oil palm plantation with respect to great soil group 
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The deforestation determined in the study location, as presented in the brown zone of Figure 

4.2, could cause the land to lose high volumes of nutrients. The nutrients could be lost during 

plantation establishment due to forest clearing (Brouwer and Riezebos 1998). Additionally, 

significant amounts of nutrients could be lost during the harvest period of oil palm and the 

elimination of palm biomass  (Hartemink 2005). Another possible way of nutrient loss is due 

to soil leaching. The rate of soil leaching is found to be higher for oil palm plantations compared 

to the forested area. The higher soil leaching rate induced lower efficiency  of nitrogen retention 

and base cation retention in the soil which was found at developed oil palm plantations than 

the original lowland forest (Kurniawan 2016).  

Furthermore, the low retention efficiency of oil palm plantations, as presented in Figure 3.3, 

could cause more significant nutrient leaching losses in the study location. Fertilizers, compost, 

lime, and nitrogen-fixing ground cover are the primary nutrient applied in oil palm plantations. 

The amount of mineral fertilizers input in the oil palm plantations is vast (Sheil et al. 2009). 

Fertilization rates are generally different, relying on available financial resources and proximity 

to fertilizer suppliers (Allen et al. 2015). The most commonly planted nitrogen-fixing ground 

cover when establishing a new oil palm plantation is the leguminous plants contributing 239 

kg N/ha/year (Agamuthu and Broughton 1985). However, the leguminous plants eventually 

wither when the oil palm plantations mature, and the canopy closes, delivering a considerable 

amount of nitrogen that is susceptible to leaching (Campiglia et al. 2011). Waste products such 

as fronds, palm oil mill effluent, empty fruit bunches, and male inflorescences are applied as 

compost, which eventually decomposes and delivers nutrients into the soil (Comte et al. 2012). 

The increase in fertilization levels could lead to an increase in nutrient leaching (Kurniawan 

2016). When the nutrients leach from the soil into the river, it will negatively affect the water 

quality of rivers, as highlighted in the red lines of Figure 4.4 and the water catchment areas, 

as demonstrated in the yellow and orange zone of Figure 4.5. 

Furthermore, the oil palm tree’s locality and slope map were overlaid to investigate the 

potential hazard of planting oil palm trees on various slope gradients. The result of overlay 

analysis of oil palm and slope, as shown in Figure 4.7, shows that the oil palm plantation is 

established on various slope suitability. There are four types of slope suitability in the study 

area. The slope suitability class for oil palm was sourced from (Sys et al. 1993). 89.6% of oil 

palm plantation is established on the highly suitable slope, as shown in Table 4.5. Only less 

than 1% of oil palm plantations developed on land with currently not suitable slope. Hence, 

this result suggests that the potential hazards of planting oil palm trees on steep slopes, such 

as soil erosion and landslide, are less likely to happen in the study location. 
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Table 4.5: Area of various slope gradient suitable for oil palm 

Slope suitability Slope (%) Area (hectare) Percentage (%) 

Highly suitable 0-8 10175 89.6 

Moderately suitable 9-16 992 8.7 

Marginally suitable 17-30 189 1.7 

Currently not suitable 31-38 3 <1 
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Figure 4.7: Oil palm plantation with respect to slope
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4.3.5 Potential Impact of Existing Agricultural Land Use on Flora and Fauna 

High diversity of totally protected and protected animals and protected plants are found in the 

study area based on the data sourced from the International Union for Conservation of 

Nature’s Red List of Threatened Species (IUCN 2020) and the Tree Flora of Nature's Sabah 

and Sarawak (FRIM 2004). There are 30 totally protected animals, 65 protected animals, and 

9 protected plants in the study area, as shown in Table 4.6, Table 4.7, and Table 4.8. The 

totally protected animals can be further categorized into 2 animal classes, which are mammals 

and birds. Additionally, the protected animals can be further categorized into 3 animal classes, 

which are mammals, birds, and reptiles. 

The animals can be categorized in terms of different categories of extinction risk. The 

categories are the least concern, near threatened, vulnerable, endangered, critically 

endangered, extinct in the wild, and extinct (IUCN 2020). In the totally protected birds, 2 birds 

are critically endangered, 3 birds are endangered, 5 birds are near threatened, 6 birds are 

vulnerable, and 9 birds are the least concerned. In the totally protected mammals, 1 mammal 

is near threatened, 3 mammals are vulnerable, and 1 mammal is the least concerned. In the 

protected bird, 35 birds are the least concerned, 11 birds are near threatened, and 9 birds are 

vulnerable. In the protected mammal, 2 mammals are critically endangered, 2 mammals are 

endangered, and 4 mammals are vulnerable. In the protected reptile, all of them are least 

concerned. The oil palm plantation, the pink colour zone in Figure 3.3, could significantly 

impact the animals with the critically endangered extinction risk. On the other hand, the impact 

of oil palm plantation on the animals with the least concern extinction risk could be less severe. 

Still, their existence should not be ignored before the survival of these animals is threatened, 

or else their population number could become less soon.   

The oil palm plantations, as shown in Figure 3.3, could lessen the likelihood of survival of 

these animal species. The reason is that structure of the oil palm plantation is simpler than the 

forest. The oil palm plantation’s upper canopy consists of only single species. Growth of other 

plant types such as lianas is absent or reduced (Luskin and Potts 2011). In addition, Drescher 

et al. (2016) discovered that more light reaches the oil palm plantation's understorey than the 

forest, which causes the atmosphere hotter than the forest. Consequently, many forest species 

face the challenge of lacking appropriate environmental conditions to survive in oil palm 

plantations. Moreover, oil palm plantations are exposed to more exotic and weedy species 

due to high interference and reproductive stress levels and come into contact with more 

pesticides, further lessening the opportunities of survival for these animal species (Foster et 

al. 2011). 

Besides, the development of oil palm plantations, as presented in Figure 3.3, could negatively 

impact the habitats of these animal species. The animal species could lose their habitat in 

various ways. The development of oil palm plantations ordinarily improve access to the forest. 

Improved access could cause a higher plausibility of habitat loss and bring more hunting 

activities, further threatens their survival (Meijaard et al. 2005). Additionally, oil palm plantation 
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development frequently happens in forest fragmentation, catalysing intensified invasion of 

foreign species, diminished species mobility, edge effects, finally, more severe extinction risk 

(Fujinuma and Harrison 2012). All these aftermaths of oil palm plantation development could 

lead to habitat loss for these animal species. 

Furthermore, the oil palm plantations, as demonstrated in Figure 3.3,  could negatively impact 

the long-term viability of these animal species. The reason is that the land use change of forest 

to oil palm plantation decreases species abundances and richness of most animal species, 

resulting in a reduction of genetic resources in oil palm plantation. Genetic resources depict 

the organisms’ genetic material in the natural world, in addition to the capability for subsequent 

evolution (de Groot, Wilson, and Boumans 2002). An example of genetic resources depletion 

is the reduction of genetic variability for ants in the Sabah fragmented forest due to oil palm 

plantations (Bickel et al. 2006). Assurance of genetic variability is significant for global food 

security, eco-diversity conservation, community health, and climate change mitigation and 

adaptation (Nagoya Protocol 2011).   
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Table 4.6: Existence of totally protected fauna in the study location 

Source: Table reproduced from IUCN (2020).  

No. Totally protected fauna Category 

 Mammal  
1 Presbytis hosei Vulnerable (VU) 
2 Presbytis rubicunda Vulnerable (VU) 
3 Ratufa affinis Near Threatened (NT) 
4 Rheithrosciurus macrotis Vulnerable (VU) 
5 Cheiromeles torquatus Least Concern (LC) 

 Bird  
6 Anhinga melanogaster Near Threatened (NT) 
7 Bubulcus ibis Least Concern (LC) 
8 Ciconia stormi Endangered (EN) 
9 Leptoptilos javanicus Vulnerable (VU) 
10 Haliaeetus leucogaster Least Concern (LC) 
11 Argusianus argus Vulnerable (VU) 
12 Ducula bicolor Least Concern (LC) 
13 Ducula aenea Least Concern (LC) 
14 Ducula badia Least Concern (LC) 
15 Aceros comatus Endangered (EN) 
16 Anorrhinus galeritus Near Threatened (NT) 
17 Aceros corrugatus Endangered (EN) 
18 Aceros undulatus Vulnerable (VU) 
19 Anthracoceros malayanus Vulnerable (VU) 
20 Anthracoceros albirostris Least Concern (LC) 
21 Buceros rhinoceros Vulnerable (VU) 
22 Buceros vigil Critically Endangered (CR) 
23 Pitta sordida Least Concern (LC) 
24 Hydrornis caeruleus Near Threatened (NT) 
25 Hydrornis baudii Vulnerable (VU) 
26 Erythropitta granatina Near Threatened (NT) 
27 Pitta moluccensis Least Concern (LC) 
28 Hydrornis schwaneri Least Concern (LC) 
29 Pycnonotus zeylanicus Critically Endangered (CR) 
30 Pityriasis gymnocephala Near Threatened (NT) 
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 Table 4.7: Existence of protected fauna in the study location 

No. Protected fauna Category 

 Mammal  
1 Nycticebus menagensis Vulnerable (VU) 
2 Presbytis rubicunda Vulnerable (VU) 
3 Hylobates funereus Endangered (EN) 
4 Presbytis chrysomelas Critically Endangered (CR) 
5 Manis javanica Critically Endangered (CR) 
6 Helarctos malayanus Vulnerable (VU) 
7 Lutra sumatrana Endangered (EN) 
8 Aonyx cinereus Vulnerable (VU) 

 Bird  
9 Pandion haliaetus Least Concern (LC) 
10 Microhierax fringillarius Least Concern (LC) 
11 Falco peregrinus Least Concern (LC) 
12 Argusianus argus Vulnerable (VU) 
13 Rollulus rouloul Near Threatened (NT) 
14 Rhizothera longirostris Near Threatened (NT) 
15 Lophura ignita Vulnerable (VU) 
16 Melanoperdix niger Vulnerable (VU) 
17 Synoicus chinensis Least Concern (LC) 
18 Lophura pyronota Vulnerable (VU) 
19 Argusianus argus Vulnerable (VU) 
20 Rollulus rouloul Near Threatened (NT) 
21 Rhizothera longirostris Near Threatened (NT) 
22 Lophura ignita Vulnerable (VU) 
23 Melanoperdix niger Vulnerable (VU) 
24 Synoicus chinensis Least Concern (LC) 
25 Phodilus badius Least Concern (LC) 
26 Otus lempiji Least Concern (LC) 
27 Ninox japonica Least Concern (LC) 
28 Otus rufescens Near Threatened (NT) 
29 Strix leptogrammica Least Concern (LC) 
30 Ketupa ketupu Least Concern (LC) 
31 Ninox scutulata Least Concern (LC) 
32 Bubo sumatranus Least Concern (LC) 
33 Collocalia esculenta Least Concern (LC) 
34 Ceyx erithaca Least Concern (LC) 
35 Lacedo melanops Least Concern (LC) 
36 Pelargopsis capensis Least Concern (LC) 
37 Todiramphus sanctus Least Concern (LC) 
38 Halcyon coromanda Least Concern (LC) 
39 Todiramphus chloris Least Concern (LC) 
40 Actenoides concretus Near Threatened (NT) 
41 Halcyon pileata Least Concern (LC) 
42 Alcedo meninting Least Concern (LC) 
43 Alcedo peninsulae Near Threatened (NT) 
44 Alcedo atthis Least Concern (LC) 
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45 Meiglyptes grammithorax Least Concern (LC) 
46 Chrysophlegma humii Near Threatened (NT) 
47 Dryocopus javensis Least Concern (LC) 
48 Dinopium rafflesii Near Threatened (NT) 
49 Chrysocolaptes validus Least Concern (LC) 
50 Dinopium javanense Least Concern (LC) 
51 Sasia abnormis Least Concern (LC) 
52 Picoides moluccensis Least Concern (LC) 
53 Micropternus brachyurus Least Concern (LC) 
54 Chrysophlegma miniaceum Least Concern (LC) 
55 Mulleripicus pulverulentus Vulnerable (VU) 
56 Hemicircus sordidus Least Concern (LC) 
57 Picoides canicapillus Least Concern (LC) 
58 Picus puniceus Least Concern (LC) 
59 Blythipicus rubiginosus Least Concern (LC) 
60 Meiglyptes tukki Near Threatened (NT) 
61 Belocercus longicaudus Vulnerable (VU) 
62 Loriculus galgulus Least Concern (LC) 
63 Psittinus cyanurus Near Threatened (NT) 

 Reptile  
64 Varanus salvator Least Concern (LC) 
65 Python breitensteini Least Concern (LC) 

Source: Table reproduced from IUCN (2020). 

Table 4.8: Existence of protected flora in the study location 

No. Protected flora 

1 Shorea macrophylla 

2 Shorea palembanica 

3 Shorea ochracea 

4 Ficus geocharis 

5 Ficus uncinata 

6 Koompassia excelsa 

7 Koompassia malaccensis 

8 Aquilaria beccariana 

9 Eurycoma longifolia 

Source: Table reproduced from FRIM (2004). 
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4.3.6 Potential Socio-economic Impact of Existing Agricultural Land Use 

The overlay of the oil palm plantation and the human settlement’s location in the study location 

is shown in Figure 4.8. A high proportion of the villages are located in the western zone of the 

study location, R. Mokeng, Kg. Kadulit, Kg. Butir, Kg, Keluru Tengah, R. Abon Elap, Kg. S. 

Sait, Kg. Satap, R. Tubam, Kg. Padang, Kg. Sepurau, R. Ungeh, Kg. K. Kejapil, Kg. Subak, 

Kg. Lusong, Kg. Pangis Satap, Kg. K. Nosa, R. Ngeribang, R. Embit, and R. Bedit. Four 

villages, namely R. Liam, R. Bundan, R. Sidu, and R. Entulang, are located in the eastern 

zone of the study location. In addition, it can be observed that plenty of villages located around 

the oil palm plantation. The oil palm plantation established around these villages certainly 

impacts the livelihood of people living in these villages. Therefore, the people could be 

experiencing both positive and negative socio-economic impacts brought by the oil palm 

plantation.  

Two types of social groups, smallholders and employees of oil palm plantations, are 

determined in the study location. Kg. Kadulit, Kg. S. Salit, Kg. Butir and Kg. Keluru Tengah is 

classified as the smallholder of the oil palm plantations in the study location. These villages 

are located near the Federal Land Consolidation and Rehabilitation Authority (FELCRA) oil 

palm plantation, the organization of smallholder’s oil palm plantation. The blue zone in Figure 

4.8 is the FELCRA oil palm plantation. The remaining villages in the study location could be 

working as the employees of the oil palm plantation since the villages are located near the oil 

palm plantations (<10 km). 

The employee group in the oil palm plantations, as presented in the orange dot in Figure 4.8, 

could receive more positive socio-economic impacts from the oil palm plantation. This 

condition can be explained by more income generated by working at the oil palm plantation, 

and they experience an enhanced standard of living (Norwana et al. 2011). The employees in 

the oil palm plantation could be given free accommodation, utility service, and medical 

allowance. Moreover, the employee's children could experience better access to schooling if 

the plantation company assists them. The form of assistance can be a provision of 

transportation to school or scholarship funding as the commitment to Corporate Social 

Responsibility (Tang and Al Qahtani 2020). On the other hand, the employee’s family 

members who remain at home, typically women, could experience heavier family chores due 

to the men involved in a full-time job at the plantation (Norwana et al. 2011). In addition, the 

employee’s family could experience higher daily expenses because fewer varieties of food can 

be sourced from the forest after the land was converted to an oil palm plantation. It causes the 

employee’s family to buy the food from the market, which increases their daily expenses.  

The smallholders of the oil palm plantations, as demonstrated in the black dot in Figure 4.8, 

can benefit from the oil palm plantation by selling the fresh fruit bunches to generate a higher 

revenue than subsistence farming (Zen, Barlow, and Gondowarsito 2006). However, the price 

of oil palm fruit is volatile. The high volatility of price could bring high instability to their livelihood 

(Schrier-Uijl et al. 2013). On the other hand, the smallholders could have more time on their 
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Figure 4.8: Oil palm plantation with respect to human settlement 
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hands when hiring workers to perform the plantation tasks (Norwana et al. 2011). By hiring 

workers to work for them, more time can be spent with their family members. The ability to 

spend more time with family members is a considerable difference experienced by 

smallholders before switching from small-scale subsistence activities such as rice planting and 

fishing to oil palm cultivation. They were not able to generate enough income to hire workers 

when practising small-scale subsistence activities. 

These social groups found around the oil palm plantation area could experience different 

positive and negative impacts. The social groups with direct involvement in the oil palm 

plantation, such as local employees and smallholders, could benefit more from the oil palm 

plantation. Decision-makers such as government authorities and private companies should 

look into the actual social impact experienced by the social groups at the study location. Efforts 

should be made to rectify the negative impacts of the oil palm plantations to improve the overall 

socio-economic level of the local people, although they could have already experienced some 

benefits brought by the oil palm plantation development. The mitigation strategies of these 

negative impacts are recommended in Section 4.4.
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4.4 Recommendation of Mitigation Strategies  

Several mitigation strategies are recommended based on the identified potential 

environmental and socio-economic impacts of oil palm plantations. The strategies are 

recommended to minimize the impact of existing agricultural land use on the local environment 

and socio-economic development.   

High-carbon and high biodiversity areas, such as primary forest and peatland, should be 

protected to minimize the impacts mentioned in Section 4.3.1, 4.3.2, 4.3.5, and 4.3.6 (Dislich 

et al. 2017). For example, the new concession for plantation in primary forest and peatland 

should be prohibited (Yule 2010; Austin et al. 2015). A portion of primary forest and peatland 

had been cleared for oil palm plantation, the brown zone in Figure 4.2, and the red zone in 

Figure 4.3. The primary forest and peatland in the study location are unique environments 

abundant in various flora and fauna species. For instance, the primary forest and peatland in 

the study location are a vital sanctuary for several endangered species such as Northern Gray 

Gibbon, Bornean Banded Langur, Sunda pangolin, Hairy-nosed otter, Storm's Stork, White-

crowned Hornbill, Wrinkled Hornbill, and Straw-headed Bulbul (IUCN 2020). Additionally, 

Greenhouse Gases (GHG) emission can be mitigated by inhibiting the plantation expansion 

to primary forest and peatland, which are the zone with high carbon stocks (Austin et al. 2015). 

In summary, conservation of primary forest and peatland is crucial to maintain varieties of 

genetic resource for jeopardized species and reduce GHG emission. 

In addition, the developed peatland, as presented in the red zone of Figure 4.3, should be 

rehabilitated to reduce the impacts discussed in Section 4.3.1, 4.3.2, 4.3.5, and 4.3.6 (Dislich 

et al. 2017). For instance, the water table at peatland should be kept as high as possible to 

keep the undecomposed dead biomass in waterlogged conditions (Hooijer et al. 2010). 

Moreover, a rewet of the soil in peatland is required to lower the CO2 emissions (Couwenberg, 

Dommain, and Joosten 2010). Over the long term, the rewet of peatland could restore the 

capability of peatland to sequestrate carbon (Jauhiainen et al. 2008). After the water table level 

is restored to an appropriate level, vegetation cover on the peat should be maintained to lower 

the soil temperature and minimize the decomposition rate of the organic material in the 

peatland. Otherwise,  the carbon emission could still be substantial (Hooijer et al. 2012). 

Rehabilitation of degraded peatland is vital to lower the carbon dioxide (CO2) emissions from 

peat decomposition. The CO2 emissions produced on peatland concentrate on 0.1% of the 

worldwide land area (Hooijer et al. 2010). This characteristic makes the peatland rehabilitation 

more feasible to implement than other GHG emissions produced by several sources and land 

conversion types. 

The fertilizer practices in the oil palm plantation can be improved to reduce the leaching rate 

of chemical fertilizer, which could decrease the impacts stated in Section 4.3.3, and 4.3.4 

(Dislich et al. 2017). For example, ground cover such as leguminous crops can be planted to 

cover the ground of oil palm plantations for ground surface protection. Leguminous crops 

commonly planted in oil palm plantations are Mucuna bracteata, Puerariaphasesloides, and 
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Calopogonium cearuleum (Comte et al. 2012). The leguminous crop can provide nitrogen to 

the oil palm tree through nitrogen fixation as well. Additionally, the leguminous crop can act as 

nitrogen storage during the early stage of oil palm growth, when the oil palm trees do not 

require much nitrogen from the soil during the early growth stage of oil palm (Agamuthu and 

Broughton 1985). The stored nutrient can later be released when the oil palm is mature. 

However, the release of nutrients must be controlled to avoid any excess nutrient leaching. 

Another recommended fertilizer practice is to recycle waste generated from the palm oil mill 

and oil palm plantation as organic fertilizer (Comte et al. 2012; Griffiths and Fairhurst 2003). 

The recyclable wastes are the palm oil empty fruit bunches (EFB), pruned fronds and palm oil 

mill effluent (POME). These wastes consist of a considerable volume of organic matter and 

nutrients to supplement soil fertility and fulfil oil palm nutrient needs. The chemical fertilizers 

requirement can be reduced by more than 50% in an immature oil palm tree and 5% in a 

mature oil palm tree when EFB is applied as organic fertilizer (Tailliez 1998). Slow-release 

coated fertilizers can be applied to slow the leaching rate (Akiyama, Yan, and Yagi 2010). The 

application of organic fertilizer should be specific by accounting for local soil type and slope 

gradient to prevent excessive leaching (Goh, Härdter, and Fairhurst 2003). In short, the 

enhancement of fertilizer practice can minimize the waste produced from the oil palm industry 

and improve the overall sustainability of the oil palm life cycle. 

Furthermore, hydrological practices can be enhanced to mitigate the negative impact on the 

aquatic system around the oil palm plantation, which stated in Section 4.3.3 (Dislich et al. 

2017). The mitigation strategy recommended for improving fertilizer practices can be 

implemented to improve the hydrological practice. For instance, planting leguminous crops as 

ground cover and stacking fronds on the ground surface can reduce soil and water movement 

speed, leading to less surface run-off. Additionally, riparian buffers around rivers should be 

maintained. The establishment of riparian buffers can help lessen the amount of sediments 

infiltrating the river, leading to the conservation of riparian species. Moreover, the riparian 

buffers have a significant role in the guardian of the riverbanks from erosion and maintenance 

of forest aesthetic value (Environment Conservation Department 2002). Silt-pits and foothill 

drains can be constructed to contain water sediments brought by surface runoff according to 

the recommendation given by the American Palm Oil Council (APOC). To sum up, the 

enhancement of hydrological practices can assist in the control of sediment and pollution from 

infiltrating into the rivers. 

Besides that, the biodiversity practices can be improved in the oil palm plantation to promote 

more extraordinary biodiversity in the monoculture plantation zone to decrease the impacts 

stated in Section  4.3.1, 4.3.2, 4.3.5, and 4.3.6 (Dislich et al. 2017). Integrated pest 

management is recommended to replace the application of pesticides and herbicides. For 

example, biological control can replace pesticides, and manual weeding can replace the 

application of herbicides when possible (Caudwell and Orrell 1997; Ponnamma 2001; 

Environment Conservation Department 2002; Yusoff and Hansen 2007). The pests usually 
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found in Sarawak oil palm plantations are bunch moth and termite. The application of 

Beauveria sp. and Metarhizium sp. are examples of biological pest control that use microbial 

pathogens to minimize the threat of these pests (Kamarudin et al. 2016). The riparian buffer 

zone established for surface runoff control can be utilized as a breeding ground for predators 

functional for reducing the population of rats in the plantations (Environment Conservation 

Department 2002). Chemical pesticides should only be applied when there is a severe pest 

outbreak. 

Diversity and structural complexity within the oil palm plantation can be increased to enhance 

the biodiversity by including a zone for native vegetation growth to promote species diversity 

and abundance. For instance, ground-layer crops can be planted to promote the bird guilds’ 

diversity and bring advantage to specific foraging groups in oil palm plantations. The growth 

of ground-layer crops can help birds have more food sources such as seeds and invertebrates 

(Azhar et al. 2013). Growth of native fruit trees such as Ficus spp. can also improve the 

abundance of endemic birds such as hornbills. Some epiphyte coverage is encouraged for 

species richness, not harming the oil palm’s yield (Koh 2008; Prescott, Edwards, and Foster 

2015).  

Agroforestry buffer zones between plantation and forest should be included to build an extra 

heterogeneous landscape and enhance the landscape connectivity (Environment 

Conservation Department 2002; Koh, Levang, and Ghazoul 2009). The agroforestry buffer 

could significantly minimise the edge effect between the forest and oil palm plantation. Co-

benefits for agricultural development, biodiversity and rural societies can be produced by 

establishing the agroforestry buffer zone (Koh, Levang, and Ghazoul 2009). Various types of 

plantations should be planned to cultivate diverse forest products and promote polyculture 

plantations. The reason is that the abundances of insectivores and frugivores are more in 

polyculture plantations (Azhar et al. 2014). Sufficient habitat should be planned for the original 

forest species to prevent permanent loss of these species (Yule 2010). For instance, the 

riparian ecosystem can be conserved by the implementation of the riparian buffer zone. The 

width of the riparian buffer is recommended to be 200m on each side of the river, according to 

Lees and Peres (2008)’s study to provide sufficient habitat for all mammal and bird species. 

This undeveloped area could provide sufficient sanctuary for the original forest species in the 

long run if the zone is wide enough. 
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4.5 Recommended Crops for Future Agricultural Land Use 

A few types of popular economic crops were assessed to promote polyculture cultivation in 

the study location, which is one of the mitigation strategies stated in the previous section. The 

suitability of sago, paddy and coconut cultivation is determined in the sections below. 

(a) Suitability of Sago Cultivation 

The result reveals that 0.7% (198 ha) of the study area is highly suitable, 18.7% (5268 ha) is 

moderately suitable, 75.9% (21435 ha) is marginally suitable, 4.2% (1194 ha) is currently not 

suitable, 0.5% (136 ha) is permanently not suitable for the growth of sago, as shown in Figure 

4.9. The highly suitable area has a nearly level field with alluvial soil and class 2 agricultural 

land use capability. The area has the nearest distance to road and river as well. The 

moderately suitable area has a moderate slope with alluvial soil and class 2 to 3 agricultural 

land use capability. The distance to the river and road is slightly further than the highly suitable 

area. The marginally suitable area has a moderate slope with gley soil, organic soil and red-

yellow podzolic soil. Most of the area is located distant from the river and road. These zones 

have favourable soil conditions for sago crops to thrive, although a portion of the zone has 

organic soil or a high water table level. The sago's unique characteristics — the 

pneumatophores help sago thrive in these land conditions (Flach 1997; Hiroshi and Toyoda 

2018), which is unsuitable for most cash crops. The currently not suitable area and 

permanently not suitable area have a very steep slope with red-yellow podzolic soil, podzol, 

and arenaceous soil, which are the limiting factors for sago cultivation.  Hence, sago cultivation 

in a suitable zone could help the Sarawak government increase sago production and achieve 

RM100 million export value by 2030 (Tawie 2019).
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Figure 4.9: Sago cultivation suitability map
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(b) Suitability of Paddy Cultivation  

The result demonstrates that 1.9% (538 ha) of the study area is highly suitable, 52.2% (14713 

ha) is moderately suitable, 45% (12684 ha) is marginally suitable, 0.6% (170 ha) is currently 

not suitable, 0.3% (74 ha) is permanently not suitable for paddy cultivation, as shown in Figure 

4.10. The highly suitable area has flat land with alluvial soil or gley soil and class 2 to 3 

agricultural land use capability. The gley soil is considered a suitable soil type for paddy 

cultivation because the gley soil is saturated with groundwater long term; the paddy can thrive 

in saturated soil, which is the paddy's unique characteristic (Chesworth 2008). The area is 

close to the road and river as well. The moderately suitable area has a moderate slope with 

alluvial soil, gley soil, red-yellow podzolic soil or organic soil and class 2, 3 or O4 agricultural 

land use capability. The distance to the river and road is slightly further than the highly suitable 

area. The marginally suitable land has a hilly terrain with red-yellow podzolic soil. Most of the 

area is far from the river and road. The currently not suitable area and permanently not suitable 

area are limited by a very steep slope and less suitable soil such as red-yellow podzolic soil 

and podzol. As previously mentioned, paddy cultivation can be planted in a suitable zone to 

help Sarawak achieve higher rice self-sufficiency.  
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Figure 4.10: Paddy cultivation suitability map
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(c) Suitability of Coconut Cultivation  

The result shows that 6% (1692 ha) of the study area is highly suitable, 31% (8730 ha) is 

moderately suitable, 42% (11802 ha) is marginally suitable, 20.8% (5871 ha) is currently not 

suitable, 0.3% (86 ha) is permanently not suitable for coconut cultivation, as presented in 

Figure 4.11. The highly suitable area has flat ground with alluvial soil and class 2 agricultural 

land use capability. Alluvial soil is considered the best soil type for coconut cultivation (Sys et 

al. 1993). The area is close to the road and river as well. The moderately suitable area has 

the land covered by red-yellow podzolic soil with a gentle to moderate slope. The land has 

class 2, 3 or 4 agricultural land use capability. The river and road are located further from the 

area compared to the high suitability zone. The marginally suitable land has a very steep slope 

with gley soil, red-yellow podzolic soil or arenaceous soil. The river and road are far from this 

area. The currently not suitable area and permanently not suitable are characterized by a 

sheer slope (>26%) or low agricultural land use capability. Hence, coconut cultivation in a 

suitable area is recommended to promote crop diversity in the study area and increase the 

local supply of coconut. 
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Figure 4.11: Coconut cultivation suitability map
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4.6 Future Agricultural Land Use Plan 

Based on agricultural land use suitability assessment, existing agricultural land use 

assessment and the suggested crop suitability assessment, the future agricultural land use 

plan was produced as shown in Figure 4.12. Four different zones are recommended for future 

agricultural land use, namely protected zone, peatland rehabilitation zone, buffer zone, and 

agriculture zone. The protected zone is allocated for the protection of ecosystem functions of 

the natural environment. This zone should not be further developed to prevent further 

deterioration of ecosystem functions. Then, the peatland rehabilitation zone is designated to 

protect the original peatland located in the study location. The developed peatland should be 

rehabilitated to partially restore its function as a carbon sink and natural habitat of flora and 

fauna. The agriculture zone is allocated for the use of cultivation activities. The area is suitable 

for agriculture activities with proper management practices such as a riparian buffer zone, 

integrated pest management, a buffer zone of plantation boundary, and replacement of 

chemical fertilizer with plantation waste.  

The area covered with primary and secondary forest, the green colour zone in Figure 4.12, 

should not be further developed into agricultural land use. The reason is that the primary forest 

has high biodiversity value and essential for various ecosystem functions (Dislich et al. 2017). 

In addition, the primary forest is a habitat for various types of endemic flora and fauna.  

Additionally, there is a massive portion of the area has already been used as agricultural land. 

Primary forest protection could help to lessen the global CO2 emission as well. The secondary 

forest located adjacent to the primary forest should be protected to prevent further forest 

fragmentation. Further fragmentation of forests could lead to the deterioration of ecosystem 

functions. This initiative will be an effort to enhance the sustainability of agricultural land use 

in the study location. 

The developed peatland is recommended to undergo rehabilitation work to restore part of the 

unique characteristics of natural peatland, as highlighted in the brown zone in Figure 4.12.  

The peatland is generally concentrated with a high volume of carbon stored in the 

undecomposed plant. The carbon emission from peatland could continue to rise if the 

rehabilitation work is not done, lead to further deterioration of climate change. Several 

initiatives are recommended, such as a rewet of peatland, sufficient water table level 

maintenance, and replanting the ground cover to rehabilitate the deteriorated peatland (Hooijer 

et al. 2010; Jauhiainen et al. 2012). 

The area planted with oil palm trees can be used as an agricultural zone except for the 

plantation developed on peatland, as presented in the pink zone in Figure 4.12. It is not 

feasible to remove the existing agricultural crop, which has been contributing fruit yield to the 

supply chain. However, the oil palm plantation needs to take the recommended mitigation 

strategies to mitigate the identified potential environmental and socio-economic impacts 

discussed in Section 4.3. The mitigation strategies to minimize the environmental and socio-
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Figure 4.12: Future agricultural land use plan
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economic impacts are provided and discussed in Section 4.4. The palm oil production 

sustainability can be enhanced by mitigating the identified potential impacts. 

Lastly, the zone covered with sundry-tree and sundry non-tree cultivation and grass can be 

used as agricultural land since the landscape is similar to agricultural land use, as presented 

in the pink zone in Figure 4.12. However, it is recommended to plant other types of economic 

crops such as paddy, sago or coconut, which are recommended earlier in the suggested crop 

suitability map. This recommendation is due to the study location currently having a 

monoculture plantation, the oil palm plantation. As mentioned in the mitigation strategy, crop 

diversity can be promoted by planting various economic crops in the study location (Azhar et 

al. 2014). 
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4.7 Responses to Research Questions 

i)  What is the suitability of agricultural land use in the Kabuloh region?  

The agricultural land use suitability in the study location can be classified into five categories, 

as presented in Figure 4.1. Based on the agricultural land use suitability map, 5%  of the study 

location is highly suitable for agricultural land use. In addition, 75% of the study location is 

categorized under moderately suitable and marginally suitable for agricultural land use. Then, 

19% of the study location is currently not suitable for agricultural land use. Lastly, only 1% of 

the study location is grouped as permanently not suitable for agricultural land use.  

The zone under the highly suitable category can perform well in agricultural activities naturally. 

This suitability level implies that the land has a relatively suitable soil type for agricultural land 

use, such as alluvial soil (Boettinger 2005). Therefore, crop yield at this zone could be satisfied 

and match the average yield (Ayu Purnamasari, Noguchi, and Ahamed 2019). The 

management needed in this kind of land is relatively easy compared to the land under the 

other category. This zone is mainly found in an area with flat ground. 

The zone under moderately suitable and marginally suitable categories can perform well if 

there is sufficient management input. The land under these categories comes with a certain 

degree of limitation for crop’s growth. The landowner will be required to improve the ground 

condition before the land is appropriate to undergo cultivation activities. The management 

effort required for this kind of land will be more significant than the land that falls under the 

highly suitable category. These zones spread over the entire study location except the eastern 

part of the study location. 

The zone that under currently not suitable categories is a problematic area for agricultural 

activities. The reason is that there is a severe limitation of the land caused by the soil 

characteristics of this type of land. A massive soil improvement effort is required to modify the 

land condition to become favourable for crop cultivation. The crop yield can only become 

satisfied when the landowner conducts the soil improvement on this kind of land. However, 

modification of land could cause some negative impact on the environment since the area is 

primarily constituted of peatland, a high conservation value area. The management effort 

required in this kind of land is very intensive compared to the last three categories of 

agricultural land. This zone mainly located at the eastern zone of the study location, which is 

formed of peat soil.  

The zone that under permanently not suitable categories is a problematic area for agricultural 

activities. The limitation of this area is the most severe, which make it not feasible for 

agricultural activities. The land could have intense nutrient leaching, which will heavily lower 

the yield of the crop. In addition, the topography here could need a considerable effort of 

modification before performing any cultivation activities. It could be not economical to undergo 

agricultural activity on this land. However, the land can be used for other land use purposes 

such as construction or recreational land. 
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To sum up, a high proportion (80%) of the land in the study location can have the potential for 

agricultural land development. However, different degrees of input will be required for different 

categories of suitability. The highly suitable land will require minimum input to get a satisfying 

crop yield. The land with marginal and moderate suitability could be used as agricultural land 

with intermediate input to give a satisfactory outcome. The currently unsuitable land can be 

improved with a high amount of input to enhance the land condition to give an average crop 

yield. It is recommended that agricultural activity not be conducted in a permanently not 

suitable area for agricultural land use. The Kabuloh region has a high potential to be developed 

as agricultural land, given that proper environmental and socio-economic impact assessment 

is performed. 

The work done to answer this research question aligns with the Sarawak Digital Economic 

Strategy Strategy's strategic actions for the agriculture sector, adopting ICT and digital 

technologies to transform the agricultural sector, and drive innovation (Sarawak State Service 

Modernisation Unit 2017).  This research integrates the Geospatial system —Geographic 

Information System (GIS) for agriculture land use planning. With the help of GIS integration in 

the agriculture sector, this research can improve the productivity and efficiency of the 

agricultural sector (Sarawak State Service Modernisation Unit 2017). 

Furthermore, the study confirms that integrating GIS and MCDA approaches can be a helpful 

method to analyse the agricultural land use suitability and produce a meaningful result to help 

develop agricultural activities. A similar methodology can be applied in the other region of 

Sarawak and eventually will lead to a complete database about the agricultural land use 

suitability of Sarawak since the Sarawak government is giving close attention to the digital 

development of the agricultural sector. The socio-economic and environmental needs can be 

fulfilled when agricultural land use suitability assessment is conducted throughout the state. 

The research assisted in furthering the understanding of the agricultural land use suitability in 

a zone located in the southern region of Miri. The research can be conducted in the area that 

can be developed as agricultural land in the other region of Sarawak. With the research 

outcome, the sustainability of agricultural land use can be further enhanced because the 

research looks into agricultural land development from the perspective of environment, social 

and economic perspective. This study is the first study to assess agricultural land use 

suitability in Sarawak. By expanding the application of agricultural land use suitability to other 

regions of Sarawak, it is believed that the agricultural sector in Sarawak can be developed 

sustainably. 

ii) What is the potential impact of existing agricultural land use on the environment and the 

local society by map overlay analysis? 

Based on the existing land cover map, oil palm plantations covered 40% of the study location. 

Hence, the area is mainly covered by oil palm plantations, which is monoculture cultivation. 

The monoculture cultivation could induce impacts to the environments and local socio-
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economic development, mainly when it is planted oil palm plantation, which raised huge 

debate around the world since it is the most significant agricultural product in Malaysia. 

Moreover, it was claimed that palm oil is significant renewable energy for the future (Lam et 

al. 2009). Several potential impacts to the environment and the local socio-economic condition 

are identified based on the map overlay analysis. The environmental impacts identified are 

imbalance biodiversity, peatland degradation, deterioration of the hydrological system, soil 

degradation, and extinction of flora and fauna, as discussed from Section 4.3.1 to Section 

4.3.5. Imbalance biodiversity could be due to the domination of a single crop in the study 

location, the oil palm tree (Koh and Wilcove 2008). Peatland degradation could be caused by 

establishing an oil palm plantation on peat soil when there is a lack of mineral soil. The 

increased surface runoff and peatland drainage could cause hydrological system deterioration. 

Soil degradation could be due to the planting of oil palm on unsuitable soil, such as organic 

soil and gley soil (Guillaume et al. 2016). Extinction of flora and fauna could be the aftermath 

of habitat loss after establishing the oil palm plantations. 

The potential impact of oil palm plantation on the socio-economic development of the study 

location could vary on the social groups. Two different social groups could exist in the study 

location. The first social group is the employee of oil palm plantations. This particular group of 

people could experience more positive impact compared to negative impact. The employees 

are given various welfares such as free accommodation, utility service, and medical allowance. 

Their children could have better access to schooling given that the plantation company is 

committed to Corporate Social Responsibility. On the other hand, the employee's family 

members who remain at home might have more household chores burden when the man 

adults of family work full time in the oil plantation.  

Then, the second social group is the smallholders of the oil palm plantation. They can gain an 

advantage by selling fresh fruit bunches to have a higher income than subsistence farming.  

However, there is a risk for the smallholder, the market price instability of oil palm fruit. 

Additionally, the smallholders could spend more time with their family members when they can 

hire workers to perform the daily tasks in oil palm plantations.  

The research identifies several potential risks brought by the existing agricultural land use in 

the study location. Several actions are required to mitigate the identified potential risks to 

enhance the sustainability of agricultural land use at the study location. The suggested actions 

to mitigate the potential risks are conservation of forest and peatland, improved fertilizer, 

hydrological and biological practices, promotion of structural diversity and complexity in the 

plantation, and agroforestry zone establishment around the perimeter of the plantation.  If any 

potential risks are not mitigated, the consequences could be further deterioration of the 

identified negative environmental and socio-economic impacts. 
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iii) What is the recommended future agricultural land use in the Kabuloh region by map overlay 

analysis? 

A few crops are suggested for future agricultural land use. The study area is currently having 

a single type of large scale plantation that is less favourable for the biodiversity of the study 

location. However, it cannot be avoided since oil palm product has high economic value. 

Besides oil palm, other crops have high economic value and have a significant role in the 

development of Malaysia. Three suitable crops in this area are recommended, namely sago, 

paddy, and coconut.  

The sago is recommended because it can be grown in the peat area due to its unique 

characteristics of pneumatophores (Flach 1997; Hiroshi and Toyoda 2018). The 

pneumatophores can help the sago tree survive in a peat area that generally has a high water 

table level. A peat area is located in the eastern zone of the study location. As a result, sago 

is recommended to be planted in this area. Cultivating sago in this area will require minor 

modification of problematic soil characteristics in the study area, the high water table level. 

Without the need of lowering the water table level, the sago can grow in the peat soil with the 

help of pneumatophores. When the water table level is not required to be lower, the peat area 

will not be negatively impacted due to water drainage. A suitability map of sago cultivation, as 

shown in Figure 4.9, can be referred to when the decision-maker wants to implement sago 

cultivation in the study location. The suitability map suggests that 95% of the study area is 

suitable for sago cultivation. Sago production in Sarawak can be increased by planting more 

sago, and it will help achieve the Sarawak government’s goal of RM100 million export value 

of sago in the year 2030 (Tawie 2019). 

The second crop recommended is the paddy. The unique characteristic of paddy is that it can 

grow in soil that is having poor drainage. There is the existence of poorly drained soil in the 

study location due to the gley soil group. The gley soil group usually is fully saturated with 

water which is not favourable for general crop cultivation. However, paddy can grow in this 

kind of soil due to its characteristics. The self-sufficiency rate of rice in Sarawak can be 

enhanced by planting more paddy in Sarawak since Sarawak now only has 51% of rice’s self-

sufficiency rate (Petingi 2019). Additionally, paddy is the third important economic crop in 

Malaysia, which comes after oil palm and rubber. A suitability map of paddy cultivation in the 

study location is presented in Figure 4.10. The map shows that 99% of the study area is 

suitable for paddy cultivation due to paddy can be planted on a wide variety of land conditions. 

The third crop that is suggested is coconut. Coconut is recommended to increase the crop 

diversity in the study location since it is now only having a single type of crop planted in the 

study location. By planting more coconut in the study location, the variety of harvest will be 

more diverse, suitable for the local biodiversity. Besides, the coconut-derived product is having 

more demand from the market. Hence, coconut has increasing economic value, which will help 

the planter to generate higher income by planting coconut. Additionally, the local supply of 

coconut is insufficient, which makes a condition that coconut still needs to be imported from 
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other countries to fulfil the local demand (Tan 2019). By planting more coconut trees, the gap 

of the local demand can be eventually closed and decreases the reliance on coconut from 

foreign countries. A suitability map of coconut cultivation is demonstrated in Figure 4.11, and 

the map shows that 79% of the study area is suitable for coconut cultivation. More coconut 

should be cultivated in the study area to enhance the biodiversity in the study area. 

Lastly, agricultural land use suitability assessment, existing agricultural land use assessment 

and suggested crops suitability assessment were integrated to produce a future agricultural 

land use plan. The future agricultural land use plan will divide the study area into four different 

zones, as presented in Figure 4.12. The four zones are the agriculture zone, protected zone, 

buffer zone and rehabilitation zone. The agriculture zone can be allocated with various 

agricultural activities, while the protected area is required to preserve the local ecosystem 

functions and biodiversity. The buffer zone is purposed to minimize the edge effect of adjacent 

plantations to the protected area. Lastly, the rehabilitation zone is needed to restore the 

function of peatland as a global carbon sink.  

The work done to answer this research question aligns with the Department of Agriculture 

Sarawak’s vision to build “a high-income community and agro-food exporter by 2030” 

(Department of Agriculture Sarawak 2021, 1). The agriculture land use plan can aid the 

development of agriculture in Sarawak to become more sustainable. Additionally, the 

agriculture land use plan could facilitate the landowner to utilize and manage the land 

resources more competently, lead to sustainability of the agriculture sector. The sustainable 

development of the agriculture industry in Sarawak could eventually assist the local community 

in generating higher income and exporting the agro-food to other regions. 

The recommendation given to rehabilitate the peatland is in line with the goal of Wetland 

International. The goal of wetland international for peatland in Wetlands International’s 

Strategic Intent 2020-2030 is “to scale up the conservation and restoration of peatlands as a 

contribution to biodiversity conservation, climate change mitigation and adaptation, and 

sustainable development” (Wetlands International 2020, 68). The rehabilitation of peatland is 

an effort to conserve and restore the ecosystem functions of peatland. Drainage of peatland 

needs to be prohibited to ensure no further decomposition of dead vegetation. Peatland 

rehabilitation could aid to prevent further deterioration of carbon emission, lead to mitigation 

of climate change.  

The research identified the potential risks and provided some strategies to mitigate the 

potential risks. It is believed that the negative impact could be minimized if the mitigation 

strategies are considered by the stakeholders and apply accordingly. The future agricultural 

land use plan can be applied to enhance the sustainability of local agricultural land use. 

Moreover, the study determines several economic crops which can be cultivated in the study 

location. Hence, multiple economic crops, such as sago, paddy and coconut, can be cultivated 

to protect the environment and enhance socio-economic development in the study location. 
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4.8 Limitation of Study 

The first limitation is the type of study. This research was conducted by using the desktop 

study method, in which no site visit was involved. Hence, the actual condition at the study 

location could be slightly different compared to the secondary data obtained from the different 

government authorities and other secondary resources produced by previous studies. The 

theoretical result obtained from the research could need on-site verification, which cannot be 

done in this research due to limited time and the COVID-19 pandemic that happened during 

the research period. The site visit could help to increase the reliability of the research outcome. 

The site visit is not encouraged when the pandemic remains severe, and the pandemic 

remains severe throughout the research period. The verification acts as additional support to 

apply the research outcome in agricultural production practice effectively. The desktop study 

was conducted without actual visits to the study location, which could cause some difference 

between the secondary data obtained and the actual condition of the study location. The 

reason for using the secondary data is due to the limited time, 1.5 years, given in this research. 

Additionally, secondary data collection is a relatively convenient and achievable within the 

limited timeframe. The best condition for the research is that there is no difference between 

the secondary data and the actual site condition. However, there is always some difference 

between the secondary data and the actual site condition. The secondary data is the already 

collected data compiled by the other group of people applied for other purposes. The data was 

collected from this group of people and used in this research for a different purpose. Adopting 

primary data could further enhance the accuracy and reliability of the desktop study. Primary 

data can be collected through remote sensing for existing agricultural land use, soil sampling 

for great soil groups, flora and fauna sampling for the existence of protected flora and fauna. 

However, these primary data collection activities are unlikely to be completed within 1.5 years.  

The second limitation of the research comes from the resolution of the thematic layers. Each 

thematic layer has a different resolution. The outcome of the map depends on the thematic 

layer with the lowest resolution. Hence, the low resolution of the outcome is caused by the 

impact of the low-resolution thematic layer. The higher resolution of the thematic layer could 

be obtained by collecting primary data. However, additional time and spending are required to 

conduct primary data collection. The data with higher resolution contains more details that can 

improve the accuracy of the result. Furthermore, the resolution of each thematic layer cannot 

be changed after the secondary data was obtained. Therefore, the resolution of the secondary 

data is fixed when it was collected as the primary data by other groups of people or 

researchers.  

The third limitation of the research is the generalizability of the research outcome. The 

research was conducted in a specific area that has its unique characteristics. Hence, the 

applicability of the research outcome to the other location with several different characteristics 

is still a question to be solved. However, a similar research flow from this study, as presented 

in Figure 3.1, can be applied in the other region close to the study location. When the study 
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location is getting further from the current study location, the degree of generalizability could 

be lower. If a more comprehensive study location can be involved in the research, the 

generalizability of the research could be improved. However, the budget and time required are 

higher when we want to widen the study location involved in the research. A higher budget is 

required to obtain the secondary data from relevant government authorities, and a more 

extended period is needed to process the secondary data in the GIS system. Future research 

can be conducted using a similar method in this research, as demonstrated in Figure 3.1, to 

test the generalizability of this research. If this research is generalizable, it can be immediately 

applied to an area that has the potential to be developed as an agricultural plantation to 

determine the suitability of this particular area as agricultural land. The decision-maker in the 

other state of Malaysia could apply a similar research methodology to understand the 

suitability of the particular area in their state as agricultural land use since the agricultural 

product has increased demand from the entire world. If the particular area is suitable for 

sustainable agricultural production, it can be assured that the agricultural land use will bring 

enormous benefits to the local society and the economy of the surrounding area. The precious 

environment can be conserved at the same time. 

The following limitation of the research is the criteria used in the research. Different criteria 

could lead to a different type of outcome of the research. The criteria in this research were 

chosen based on secondary data availability in the study location and the literature review. If 

the data used in past literature is not available in the study location, the criteria cannot be 

chosen to assess the suitability of agricultural land use. Future research could involve some 

primary data collection to obtain the data of the criteria, which could tell whether the application 

of different results will bring us different research outcomes. The application of different criteria 

could bring new insight to a similar research problem.  

The limitation that comes after that is the weightage of the criteria. Different weightage of 

criteria could bring different impacts on the outcome of the assessment. In this study, the 

suitability of agricultural land use is impacted by the weightage of each criterion. If the 

weightage of criteria is changed, there could be a certain degree of impact on the suitability of 

agricultural land use in the study location. A sensitivity analysis can be conducted in future 

research to study the degree of impact to the suitability of agricultural land use in the study 

location when the weightage of criterion varies. Besides that, in this study, the soil-related 

factors were given relatively higher weightage, which made these criteria dominate the 

suitability of agricultural land use in the study location. The other type of criteria, such as the 

proximity of infrastructure, was given lower weightage, which shows a minor impact on 

agricultural land use suitability. Ioki et al. (2019)’s study showed that the participatory 

geographic information system (PGIS) method could be implemented to conduct village-scale 

land use planning. By implementing PGIS, the interview is conducted to ask the opinion of 

different groups of stakeholders. A different group of stakeholders can bring a different kind of 

view to the research process. For example, the smallholder could give higher importance to 
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infrastructure availability around their small plantation, which is not a critical issue for the 

prominent plantation owner. The big plantation owner will have their capital to construct 

infrastructures such as bridges, roads, and drainage before establishing oil palm plantations. 

The smallholders could not have such capability to build the infrastructures for themselves. 

Therefore, the weightage of each criterion will not be universal. The weightage allocation could 

hugely depend on the local socio-economic condition and the ownership of the plantation area. 

Furthermore, the degree of correlation of the research outcome with the observed crop yields 

is unclear. Hence, it is suggested to determine the actual yield for a particular type of 

suggested crops associated with the study location. After studying the actual crop yield, the 

degree of correlation of the research method can be enhanced by adjusting the research 

methodology, such as the choice of criteria, weightage of criteria, and mathematical translation 

of criteria. Since the yield assessment is not within the scope of this study, it can be 

recommended for future research to conduct the assessment. The assessment could help to 

increase the applicability of the research outcome. 

Additionally, only two socio-economic factors were considered in the research: the proximity 

of land to the river and the proximity of land to the road. More socio-economic factors could 

be included when more available secondary data can be utilized. It will enable the research to 

give a new insight into the impact of other socio-economic factors. Other potential socio-

economic factors such as proximity to market, cultivation pattern, and available labour force 

can be the choice of secondary data. 

Lastly, the optimum distance allowed for the agricultural land from the road and river was not 

determined in this research. The optimum distance was not determined because there is no 

available research that can be referred to for such data. Hence, although some areas are far 

from the river and road, it was still considered suitable for agricultural land use as long the 

area is fertile for cultivation. There are some strategies to overcome this problem with an 

investment of capital to construct the required infrastructures. These limitations could cause a 

certain degree of inaccuracy and bring challenges to improving agricultural land use 

sustainability in the study location. 
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Chapter 5 Conclusion and recommendation of future works 

5.1 Conclusion 

Existing agricultural land use is recommended to be examined to enhance the sustainable 

development of the agricultural industry in Malaysia. Additionally, sustainable agriculture land 

use is vital for the economic development of Malaysia. Sustainable agriculture land use can 

ensure Malaysia remains competitive in the global agriculture product market, particularly the 

oil palm market. Hence, agricultural land use suitability assessment was conducted at Kabuloh 

and its surrounding area to enhance the sustainability of agricultural land use. Several 

assessment criteria were considered, such as great soil group, agricultural land use capability, 

slope, and proximity of the land to rivers and roads. The weightage of each criterion was 

determined by the Fuzzy Analytic Hierarchy Process (FAHP). After the weightage was 

determined, the analysis was conducted in Quantum Geographic Information System (QGIS). 

The result shows that 5% of the study location is highly suitable, followed by 42% is moderately 

suitable, 33% is marginally suitable, 19% is currently not suitable, and 1% is permanently not 

suitable for agricultural land use. It is recommended to undergo polyculture cultivation in the 

zone suitable for agricultural land use to protect the ecosystem's biodiversity. The area suitable 

for cultivation generally has fertile soil and a suitable slope gradient. 

After assessing the agricultural land use suitability, the existing agricultural land use in the 

study location was examined. It is determined that oil palm plantation dominates the existing 

agricultural land use in the study location, occupying 40% of the study area. Therefore, the 

existing oil palm plantation could induce different environmental and socio-economic impacts 

based on map overlay analysis. The identified potential environmental impacts are imbalance 

biodiversity, peatland degradation, deterioration of the hydrological system, soil degradation, 

and extinction of protected flora and fauna.  

Additionally, the potential socio-economic impacts were identified based on two different social 

groups typically found around oil palm plantations. Based on the literature and map overlay 

analysis, the potential socio-economic impacts are higher income and living allowance for the 

employees in oil palm plantations. Besides, the children of the employees could have a chance 

to access better education. However, the employees’ families could experience a higher 

workload of household chores and daily expenses. The second social group, plantation 

smallholders, could have higher revenue and more time to spend with family. On the other 

hand, the smallholders could experience instability of livelihood due to the unstable price of 

the oil palm fruit. 

Due to the identified negative environmental and socio-economic impacts, several mitigation 

strategies are recommended to minimize the impacts of the oil palm plantation and enhance 

the sustainability of agricultural land use in the study area. The mitigation strategies were 

recommended based on the identified potential negative impacts include conservation of 
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forest, rehabilitation of peatland, enhanced fertilizer and hydrological practices, 

implementation of polyculture cultivation and establishment of agroforestry buffer zones.  

Then, the future agricultural land use plan was recommended based on the agricultural land 

use suitability and the mitigation strategies to enhance the sustainability of agricultural land 

use in the study location. The future agricultural land use can be divided into four different 

zones; namely, protected zone, peatland rehabilitation zone, buffer zone, and agriculture zone. 

Firstly, the primary and secondary forests should be allocated in the protected zone. The 

forests should be conserved to protect the biodiversity in the study location. The retention of 

secondary forest is equally essential for the connectivity of the entire forested landscape. 

Furthermore, the peatland rehabilitation zone is recommended for restoring peatland’s 

function as a carbon sink and natural habitat of flora and fauna.  Additionally, buffer zones at 

different locations should be established. For instance, a riparian buffer zone should be 

constructed to protect the hydrological ecosystem in the study location. Moreover, the buffer 

zone at the plantation boundary should be established to minimize the edge effect brought by 

the plantation on the primary and secondary forest. Lastly, the existing plantation, cultivation 

area and the area covered with grass can be assigned for the agriculture zone for future 

agriculture development. 

The study strengthens that the integration of GIS and MCDM is a valuable tool to analyse the 

agricultural land use suitability before an agricultural land use plan can be produced. 

Furthermore, the decision-maker can apply the findings from the study to produce the future 

agricultural land use planning of an area with potential agricultural development, such as the 

Kabuloh region. With the successful application of a sustainable agricultural land use plan in 

the Kabuloh region, the mapping of a wider area can be produced in future. Thus, global 

sustainability concerns of oil palm plantations in Malaysia can be addressed by implementing 

sustainable agricultural land use planning.  
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5.2 Recommendations for future research: 

The recommendations for future research are listed as follows:  

 A detailed study of the socio-economic impact of the existing oil palm plantation should 

be conducted in light of the identified potential impacts from the map overlay analysis 

conducted in this research. An on-site study is recommended to interview or distribute 

a questionnaire with the local villagers to know about the actual impact felt by the local 

society at the study location based on the outcome of the desktop study. 

 A detailed study of the environmental impact of the existing oil palm plantation should 

be assessed in light of the identified potential environmental impacts based on the 

map overlay analysis. An on-site study is recommended to determine the actual 

impact on the environment at the study location based on the preliminary finding in 

this research. 

 The study on rehabilitating the converted peatland in Sarawak is still unexplored. 

Additionally, there are oil palm plantations that identified to be developed by peatland 

conversion. Hence, it was recommended to conduct a study about the rehabilitation 

of Sarawak’s peatland to conserve the precious peatland. The peatland should be 

rehabilitated in light of climate change which is getting more severe from time to time. 

Moreover, peatland is a vital carbon stock area for the global climate. 

 The degree of correlation of the research method with the observed crop yields is 

unclear. Hence, it is suggested to determine the actual yield for a particular type of 

suggested crops associated with the study location. After knowing the actual yield of 

a particular crop, the degree of correlation of the research method can be enhanced 

by adjusting the research methodology, such as the choice of criteria, weightage of 

criteria and mathematical translation of criteria. The applicability of the research 

outcome could be enhanced by studying the degree of correlation of the research 

method with the observed crop yields. 

 Future agricultural land use suitability assessment could involve the application of 

primary data. A deeper understanding of the agricultural land use suitability of a region 

could be achieved by applying primary data in the assessment. A sensitivity analysis 

can be implemented after the agricultural land use suitability assessment to know the 

degree of impact of different assessment criteria on the result. 

 The participatory geographic information system (PGIS) method could be applied to 

involve the local communities in the study. The interview can be conducted with the 

local people to understand the actual need of the local environment and society. The 

opinion from the local people could assist in producing a more sustainable agricultural 

land use plan. 
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