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

fulfilment of the requirement for the degree of Doctor of Philosophy 

LAND SUITABILITY EVALUATION FOR RUBBER IN GIS PLATFORM 

AND MULTICRITERIA DECISION-BASED MODEL 

By 

GOMA BEDAWI AHMED ALSALHIN 

March 2018 

Chairman :   Professor Abdul Rashid Mohamed Shariff, PhD 

Faculty :   Engineering 

To sustain the growing population and the competitive demand for land, there is the 

need to develop optimal land evaluation approach to identify suitable locations for 

rubber crop that can provide high yield. Proper match of land quality requirements, 

crop growth and land capabilities will allow achieving maximum yield, and eventually 

high economic returns. The aim of this study is to develop a land suitability evaluation 

model to identify optimal locations for rubber farming using Geographic Information 

System (GIS) and Multi-Criteria Decision Method (MCDM).The land suitability 

assessment is based on FAO (Food and Agriculture Organization) framework of 1976; 

with some modifications to comply with the Malaysian rubber crop land 

specifications. The model is based on a classification structure rather than a set of 

guidelines provided in the FAO framework. Land characteristics, grouped into nine 

land qualities and their threshold values were considered using datasets (soil type, soil 

productivity and drainage, rainfall data, elevation and slope) obtained from different 

national agencies. Each of the data with their associated sub-criteria represents input 

layer integrated into GIS environment and analyzed using multi-criteria decision 

making (MCDM) technique. Weighting factors for the input layers were determined 

based on expert opinions through analysis of the feedback from the questionnaire 

administered to the experts at the Malaysian Rubber Board (MRB). The result is a 

model, rubber land suitability evaluation model (RLSEM), that produces rubber land 

suitability map of Seremban district, an administrative unit in Negeri Sembilan, 

Peninsular Malaysia. Performance and fitness analysis of the model shows that the 

model is sensitive to detecting suitable and non-suitable land for rubber cultivation 

with sensitivity and specificity values of 84.14% and 76% respectively. Overall, 

assessment of the detection accuracy using the area under the ROC curve yielded 

(80%) and p-value <0.0001. For performance evaluation using regression models, the 

corrected Akaike’s information criteria agrees at both the global ordinary least square 

(OLS) model and local geographically weighted regression (GWR) model with AICc 

of 521. Also, the adjusted R2 measures of both the OLS and GWR models produced 
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the same value, 0.802811. Correlation of the generated and the predicted land 

suitability models shows high positive relationship with correlation coefficient of 

0.99. This implies that the land suitability model developed remained consistent from 

global to local model. Quantitatively, a total of 35575 hectares, distributed among the 

three suitability classes: highly suitable 45% (16048 hectares), moderately suitable 

43% (15399 hectares), and marginally suitable 12% (4128 hectares) was obtained. 

Based on the World Bank monthly rubber market price projection at national level of 

1.858 USD per kilogram for the month of June 2017 (for Singapore/Malaysia), it is 

estimated that ~28.9 million USD can be generated annually, if the available suitable 

land is put to use. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

PENILAIAN KESESUAIAN TANAH BAGI TANAMAN GETAH 

MENGGUNAKAN PLATFORM GIS DAN MODEL BERASASKAN 

KEPUTUSAN PELBAGAI KRITERIA 

Oleh 

GOMA BEDAWI AHMED ALSALHIN 

Mac 2018 

Pengerusi :   Profesor Abdul Rashid Mohamed Shariff, PhD 

Fakulti :   Kejuruteraan 

Untuk melestarikan populasi yang kian bertambah dan tuntutan tanah yang 

berdayasaing, terdapat keperluan untuk membangunkan pendekatan penilaian tanah 

yang optima untuk mengenalpasti lokasi-lokasi yang sesuai untuk menanam getah dan 

seterusnya memberi hasil yang banyak. Padanan sempurna keperluan kualiti tanah, 

pertumbuhan tanaman dan kemampuan tanah Akan membenarkan pencapaian hasil 

yang maksima, dan lama-kelamaan memberikan pulangan ekonomi yang tinggi.   

Tujuan kajian ini adalah untuk membangunkan satu model kesesuaian tanah dalam 

mengenalpasti lokasi yang sesuai untuk penanaman tanah menggunakan Sistem 

Maklumat Geografi (GIS) dan Metod Keputusan Pelbagai Kriteria (MCDM). 

Penilaian kesesuaian tanah adalah berdasarkan kepada kerangka kerja FAO 

(Organisasi Makanan dan Pertanian) tahun 1976; dengan beberapa pengubahsuaian 

mengikut spesifikasi tanah getah Malaysia.  Model tersebut adalah berdasarkan 

kepada struktur klasifikasi dan bukan kepada satu set garis panduan yang disediakan 

dalam kerangka kerja FAO. Ciri-ciri tanah, dikelaskan mengikut sembilan jenis kualiti 

tanah dan nilai ambang dipertimbangkan menggunakan set-set data (jenis tanah, 

produktiviti tanah dan perparitan, data taburan hujan, ketinggian dan kecerunan) 

diperolehi daripada pelbagai agensi kebangsaan. Setiap data dengan sub-kriteria yang 

berkaitan mewakili lapisan input atau masukan yang digabung dengan persekitaran 

GIS dan dianalisa menggunakan teknik pembuatan keputusan pelbagai kriteria atau 

multi-criteria decision making (MCDM) technique.  Faktor-faktor pemberatan untuk 

lapisan input ditentukan berdasarkan pendapat pakar melalui analisa maklumbalas dari 

soal-selidik yang dijalankan ke atas pakar-pakar Lembaga Getah Malaysia atau 

Malaysian Rubber Board (MRB). Keputusannya adalah satu model, model penilaian 

kesesuaian tanah getah (RLSEM), yang menghasilkan peta kesesuaian tanah getah di 

daerah Seremban, satu unit pentadbiran di Negeri Sembilan, Semenanjung Malaysia.  

Analisis prestasi dan kesesuaian model menunjukkan bahawa model ini begitu peka 

dalam mengesan tanah yang sesuai atau tidak sesuai untuk penanaman getah dengan 
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nilai sensitiviti dan kesesuaian 84.14% dan 76% masing-masing. Secara 

keseluruhannya, penilaian ketepatan menggunakan kawasan di bawah lengkuk ROC 

menghasilkan 0.80 (80%) dan nilai-p <0.0001 pada sela masa keyakinan 95%. Untuk 

penilaian prestasi menggunakan model regresi,  kriteria maklumat Akaike adalah 

konsisten pada kedua-dua model global ordinary least square (OLS) dan model lokal 

geographically weighted regression (GWR)) dengan AICc 521. Seterusnya 

pengukuran berlaras R2 kedua-dua model OLS and GWR menghasilkan nilai yang 

Sama, 0.802811. Korelasi kedua-dua model menunjukkan perhubungan positif yang 

tinggi dengan pemalar korelasi 0.99.  Ini menunjukkan bahawa model kesesuaian 

tanah yang dibangunkan kekal konsisten dari model gloal ke lokal.  Secara 

kuantitatifnya, sejumlah 35575 hektar, diagihkan di kalangan tiga kelas kesesuaian: 

sangat sesuai 45% (16048 hektar), agak sesuai 43% (15399 hektar, dan tidak begitu 

sesuai 12% (4128 hektar).  Berdasarkan kepada projeksi harga pasaran getah bulanan 

dari Bank Dunia 1.858 USD se kilogram for untuk bulan November 2017 (untuk 

Singapura/Malaysia), dianggarkan bahawa ~28.9 juta USD boleh dijana setiap tahun 

jika tanah sedia ada yang sesuai digunakan.    
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CHAPTER 1 

1 INTRODUCTION 

1.1 Introduction 

Increase in population growth has put pressure on the demand for land; thus, devising 

means for productive use of land is has become inevitable (Gómez Delgado, et al, 

2004). There have been protracted efforts to evaluate land use change across time, 

from land-use planning to project development purposes including agriculture, 

forestry, recreation, and engineering applications. Today, application of geo-

technology has become a standard tool for assessing land suitability for agricultural 

use (Bunruamkaew & Murayama, 2012). The condition of the land, its natural 

environment, and social issues are prominent factors put into consideration to examine 

the quality of the land use (Mashayekhan et al., 2011). 

Land suitability assessment is multifaceted and multidisciplinary in nature, 

comprising of two aspects. The first aspect focuses on environmental conditions and 

potential use while the second emphasizes on the suitable level for resource 

appropriation (Ukaegbu et al.,2012). In this context, various approaches have been 

undertaken by researchers around the world, Malaysia inclusive, to deal with the 

challenges to assessing land suitability for agricultural purposes (Olaleye et al., 2015). 

More recently, application of Geographic Information Systems (GIS) and Multiple-

Criteria Analysis (MCA) have made land suitability assessment more accessible to 

economically disadvantaged nations/organizations. And has also enable researchers to 

make rapid progress in the analysis of interactions between land resources and 

agriculture land use (Prakash , 2003). 

GIS-based MCA provides rational, objective and non-biased decisions making in 

agriculture land suitability evaluation (Bunruamkaew & Murayama, 2012). Localized 

agricultural land suitability evaluation model for rubber crop cultivation in Malaysia 

has come of age due to competing use of land for oil palm tree and rubber plantation. 

Such tool will allow decision makers and rubber entrepreneurs to quickly determine 

the quality of potential land for such purposes. 

1.2 Background 

Rubber (Hevea brasiliensis) is a fast growing tropical crop cultivated extensively in 

south-east Asia, particularly in Malaysia, Thailand, Indonesia, Vietnam, China and 

India (Elaalem et al., 2010). The importance of this cash crop is evidence in the current 

global ranking of Malaysia as the sixth largest producer of rubber in the world. But 

recently, a report provides an alarming state of natural rubber production in Malaysia 

which has dropped to 0.7 million tons (12.5%) in 2015 from 0.8 million tons in 2014 
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(Natural Rubber Statistics 2016). Likewise, exports was reported to have dropped by 

10.5% for the same period (Natural Rubber Statistics 2016). From 1990 to 2014, 

Malaysia produced only between 825,000 tons to 1.3 million tons of natural rubber a 

year (Wahid Murad et al., 2009). The implication of this is that Malaysia is facing 

drastic decline in world production rating.  

According to a World Bank report (cited in Natural Rubber Statistics 2016), rubber 

production globally expanded in the country from the 1960s to the 1980s. Estates’ 

contribution to national rubber production fell from about 60% in 1965 to about 29% 

in 1988; but, the contribution of the rubber smallholder sector increased from 40% to 

about 71% over the same period (Kato, 1991). This shift occurred while the total 

output, globally, was on the upward trend until 1980s. There are two main reasons 

behind this shift: one is the fact that older trees at the end of their productive cycles 

were still being tapped in the estates and, two, rubber prices remained volatile. This 

explains why most rubber estates decided to switch to oil palm cultivation. In the light 

of these findings, a comprehensive and well-funded program was deployed to 

encourage new planting and replanting to improve rubber varieties in the smallholding 

sector. For the purpose of comprehension, any rubber plantation less than 10 hectares 

is categorized as smallholder (Noguchi et al., 2003). The agency established to 

administer the replanting program in the 1950s was later rebranded as Rubber Industry 

Smallholder Development Authority (RISDA). The federal Land Development 

Authority (FELDA) and Federal Land Consolidation and Rehabilitation Authority 

(FELCRA) presently control 94% of rubber land (Table 1.1.) and produce over 80% 

of the total rubber in Malaysia.  

Table 1.1 : Productivity of smallholders 

Years Area (ha) Production (tons) 

2010 956.18 939,241 

2011 962.84 996,210 

2012 975.25 922,798 

2013 979.86 826,421 

2014 985.51 668,613 

2015 992.51 722,122 

2016 998.61 187,690 

                  Department of Statistics Malaysia 2016 

1.3 Problem Statement 

 Malaysia is facing a decline in world ranking as one of the key producers of natural 

rubber. From 1990 to 2016, Malaysia produced only between 825,000 tons to 1.3 

million tons of natural rubber annually (Arshad et al., 2013) in which 93% of the 

productions comes from 400,000 rubber smallholders. Although it is possible for a 

farmer to produce 500 kg/ha/year and even up to 3,000 kg/ha/year (Hassan et al., 2013) 

but decrease in the market demand for natural rubber has consequential effect on the 
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zeal for rubber cultivation, especially among the smallholders entrepreneurs who have 

shifted interest to oil palm plantation which is considered to be more lucrative. 

 This development has affected the total land area available for rubber farming 

as most lands previously used have been converted to oil palm plant which 

offer early production time than latex.  

 With this competing interest, identifying suitable locations for rubber growth 

with maximum yield is essential for adequate planning for the rubber industry 

in Malaysia. 

 Currently, most lands for rubber cultivation are arbitrarily determined based 

on accessibility or affordability, rather than suitability for maximum yield. 

 None of the previous land suitability studies consider soil productivity as a one 

of the key criteria to evaluate the land; all of them focus on climate criteria, 

and/or physical criteria.  

GIS and Remote Sensing (RS) technologies have been widely used to assist in the 

monitoring and mapping of the growth of rubber plantation area in Malaysia.  

1.4 Motivations behind this research 

Malaysia has witnessed drastic loss of rubber land during the past four decades to 

conversion of rubber plantation to oil palm and to other physical developments 

(Natural Rubber Statistics 2016). This has resulted in a plummeting natural rubber 

production. In Malaysia, rubber smallholders produce over 80% of total rubber 

production. But in a space of one year (between 2014 and 2015), for example, the 

volume of rubber production has reduced by 20.7%. Similarly, export has reportedly 

dropped by 10.5% for the same period of time (Malaysia, 2014). Bringing the study 

area into focus provides a synoptic view of the extent to which the district has lost 

rubber lands (Figure 1.1).  

Despite the establishment of bodies such as the Rubber Industry Smallholder 

Development Authority (RISDA), Federal Land Development Authority (FELDA), 

and the Federal Land Consolidation and Rehabilitation Authority (FELCRA) tasked 

with engaging the rubber smallholding sector, most of the farmers have succeeded in 

converting their lands to oil palm plantations without consequences. With the 

government’s renewed efforts to take back rubber production into the mainstream of 

agricultural export commodities, there is need to have a scientific means of providing 

useful information to the stakeholders for informed decision making process, starting 

from the choice of location for future rubber farms. 
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Figure 1.1 : Trend of rubber and oil palm plantation distribution in Seremban 

district forth years (a) 1984, (b) 1990, (c) 2000, and (d) 2010 

1.5 Research Objectives 

The main objective of this study is to develop a model for evaluating land suitability 

for rubber crop cultivation in Seremban district in Negeri Sembilan, Peninsula 

Malaysia. 
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The following are the specific objectives of the thesis: 

1) To develop a comprehensive land suitability assessment model to support 

rubber cultivation and to estimate the amount of land area currently available 

for rubber cultivation. 

2) To identify and determine optimal criteria of model development and  assess 

the model performance/fitness 

3) To estimate the potential annual productivity and economic return on 

investment. 

1.6 Research questions 

This thesis comprehensively addresses the following research questions: 

1) Is the existing choice of land for rubber plantation optima for maximum 

yield? 

2) What is the pattern of spatial distribution of suitable land in Seremban 

district? 

3) What is the percentage of suitable land for rubber cultivation in Seremban? 

4) Are the current rubber land use areas fit for rubber cultivation? 

5) How economically viable is the available land? 

1.7 Scope of Research 

This study is aimed at developing test a model based on MCA to evaluate land 

suitability in Seremban district taking into account different parameters including, 

topography, soil, climate and environmental data datasets of the study area. The model 

will be implemented  based on FAO framework (1976) with necessary modifications 

to suit the conditions of the local environment for agricultural needs, specifically 

rubber cultivation. Multi-criteria is vital to the issue at hand; therefore, priority is given 

to criterion weightage. Combined in a GIS environment, Knowledge-Based Rubber 

Land Suitability Evaluator model (RLSEM) will be developed. 

1.8 Research Limitation 

The research provides physical suitability evaluation of rubber (Hevea brasiliensis) 

cultivation as a single landuse type case. Due to the limited availability of the varieties 

of data requirement for complete assessment, the study does not consider all the 

qualities proposed by FAO. Rather, it basically focuses on the three criteria:  a) effect 

on land quality upon use; b) the occurrence of the critical value of land quality within 

the study area; and c) the practicality of obtaining information on individual land 

quality. 
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1.9 Thesis organization 

There are five chapters in this thesis. Chapter One contains a brief introduction and 

general background of the study, problem statement, and its objectives. The chapter 

further highlights the research questions and scope of the study. It draws the curtain 

with the road map of the thesis by providing the structure of the thesis. Chapter Two 

gives detail description of issues and concepts of land evaluation, focusing on 

historical profile of past land suitability methods. It also looks at the limitations and 

the preliminary steps required for land suitability evaluation with respect to integrative 

use of GIS and multiple criteria decision approach. It further discusses land suitable 

for cultivation, decision support systems, and identification of the strengths and 

weaknesses of the techniques used for land suitability evaluation. In Chapter Three, 

detail description of the study area, data used and methods involved in attaining the 

objectives of the study is provided. This include data preparations, integration in GIS 

environment, criteria and their weightage, model development and testing. Chapter 

Four presents and discusses the results obtained and their implications. Chapter Five 

sums up the thesis with concise but complete notes on the conclusion (general and 

specific), strengths/weaknesses and finally hint on further studies in the future.  
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