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By 
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March 2016 

 

Chairman: Associate Professor Biswajeet Pradhan, PhD 

Faculty: Engineering 

ABSTRACT 

In recent decades, attaining urban sustainability is one of the most primary goals for 

planners and decision makers in urban related applications. Rapid population growth 

and rural to urban migration increase the conversion of valuable natural environments 

to build up areas, and produce several environmental, economic and social issues. 

Among various aspects of urban sustainability, environmental protection especially 

agricultural and forest conservations are dominated in tropical countries like Malaysia. 

Hence, it is important to propose various alternative development scenarios based on 

objectives of urban sustainability to avoid negative consequences of urban sprawl 

developments. Compact city is widely accepted as one of the most promising solution 

for urban development pattern. Compact urban development aims to protect natural 

environment, reduce land consumption, decrease car dependency, support public 

transportation facilities, and so on. This study as the first objective discovered the 

spatiotemporal of urban land use change patterns to highlight the trend of historical 

development of Kajang City (Malaysia) during years 2004 to 2015. In the second 

objective, as an initial step of compact city modeling, comprehensive compactness 

assessment were proposed and implemented based on urban density, intensity and land 

use diversity. Next, by considering the degree of compactness (DoC) of temporal land 

use maps, trend of compactness (ToC) of the study area were extracted and evaluated 

which reveal the growth pattern of compactness. Third objective deals with projection 

of future development pattern (business as usual scenario) based on several urban 

related factors and interaction among various land use categories through a novel 

hybrid cellular and statistical-based integration approach. In this hybrid model, 

statistical methods such as Weights-of-Evidence (WoE) and Markov Chain were used 

to evaluate the probability of growth of Kajang City land use types. Next, the results 

were integrated to Cellular automata (CA) model to facilitate the application of 

contiguity filters and project the future land use maps based on neighbourhood concept. 

Finally, by considering the proposed land use modeling approach and evaluation of 

DoC and ToC, a compact land use scenario were proposed and implemented using city 

intensification process. Kajang City is selected as case study, because this city in recent 

years has faced rapid urbanization and large sprawl developments due to its proximity 

to three main cities of Malaysia. In addition, availability of large proportion of natural 

environments in this region caused an adequate observation of the effects of urban 

growth. Although there are many abandoned plots and brownfield sites exist within the 

municipality, most of the current growth and developments are occurring at the 

outskirts and through rural environments. Therefore, this study attempts to analyse and 
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model compact development to provide an alternative solution instead of current 

development patterns of this city. In general, this study utilized geospatial data within 

GIS environment to analyse the urban growth process and its pattern with respect to 

compact city paradigm. According to evaluation of historical land use growth pattern of 

the study area, it was observed that this city had significant growth and changes during 

years 2004 to 2012, but few changes have occurred in last three years. Residential, 

commercial and industrial land use categories had the main growth, and agricultural 

and open spaces had the main loss during the selected period of time. However, 

compactness assessment process indicated a gradual growth of DoC of Kajang City 

which in fact should be enhanced to achieve sustainable environment. This aim was 

achieved, by evaluating city compactness of both proposed land use scenarios for year 

2026, in which the DoC of compact land use scenario was higher than business as usual 

scenario. Results confirmed that the proposed modeling approaches, geospatial data, 

statistical techniques and GIS are very practical for identifying urban growth and land 

use change patterns and their general trends in future. The analyses and modeling 

approaches used in this study can be employed to guide the identification and 

measurements of the changes and growth likely to happen in urban areas.   
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktoran Falsafah  

 

Pembangunan Model Perubahan Guna Tanah Hibrid Untuk Penilaian Kepadatan 

Bandar 

 

Oleh 

 

SALEH ABDULLAHI 

 

Mac 2016 

 

Pengerusi: Profesor Madya Dr. Biswajeet Pradhan, PhD 

Fakulti: Kejuruteraan 

ABSTRAK 

Kebelakangan ini, pencapaian dalam kemampanan pebandaran adalah salah satu 

matlamat yang paling utama bagi perancang dan pembuat keputusan dalam aplikasi 

yang berkaitan pebandaran. Pertumbuhan penduduk yang pesat dan penghijrahan dari 

luar bandar ke kawasan bandar menyumbang kepada perkembangan yang berselerak 

dan mendatar. Corak pembangunan yang kebanyakannya telah menukar persekitaran 

semulajadi yang berharga kepada kawasan pembangunan telah menghasilkan beberapa 

isu alam sekitar, ekonomi dan isu sosial yang bertentangan dengan kemampanan 

bandar. Antara beberapa aspek di dalam pembangunan bandar yang mampan adalah, 

perlindungan alam sekitar khususnya konservasi hutan dan pertanian didominasi oleh 

negara-negara tropika  seperti Malaysia. Oleh itu, adalah penting untuk 

membincangkan pelbagai alternatif untuk senario pembangunan berdasarkan objektif 

kemampanan bandar untuk mengelakkan kesan negatif daripada pembangunan bandar 

berselerak. Kepadatan bandar diterima dengan meluas sebagai salah satu penyelesaian 

yang paling menjanjikan untuk corak pembangunan bandar untuk mencapai matlamat 

utama bagi pemampanan bandar. Pembangunan bandar yang padat dengan kawasan 

pembangunan berkepadatan tinggi, kepelbagaian penggunaan tanah dan peningkatan 

kejiranan yang bertujuan untuk melindungi alam semulajadi, mengurangkan 

penggunaan tanah, mengurangkan pergantungan kepada kereta, menyokong 

kemudahan pengangkutan awam , menggalakan berjalan kaki dan berbasikan dan 

banyak lagi. Objektif pertama kajian ini adalah untuk mengenalpasti corak perubahan 

ruang-masa guna tanah untuk mengetengahkan trend perkembangan sejarah 

pembangunan Bandar Kajang bermula dari tahun 2004 hingga 2015. Dalam objektif 

kedua pula, sebagai langkah awal dalam memodelkan bandar padat, penilaian fizikal 

dan fungsi komprehensif telah dicadangkan dan dilaksanakan berdasarkan kepada 

kepadatan bandar, intensiti dan kepelbagaian penggunaan tanah. Seterusnya, dengan 

mengambil kira tahap kepadatan (DoC) peta guna tanah beberapa tahun, trend 

kepadatan (ToC) di kawasan kajian telah diekstrak dan dinilai dimana telah 

mendedahkan corak pertumbuhan kepadatan. Objektif ketiga pula mengambilkira 

unjuran corak pembangunan masa hadapan (perniagaan sebagai senario biasa) 

berdasarkan kepada beberapa faktor dan interaksi antara pelbagai kategori penggunaan 

tanah melalui pendekatan novel hybrid selular dan integrasi berasaskan statistik. Dalam 

model hybrid ini, kaedah statistik seperti Weigth-of-Evidence (WoE) dan rantaian 

Markov telah digunakan untuk menilai kebarangkalian pertumbuhan jenis guna tanah 

Bandar Kajang. Selepas pengesahan peta kebarangkalian dengan peta guna tanah 

sebenar, keputusan elah diintegrasikan dengan model Cellular automata (CA) untuk 
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memudahkan permohonan penapis persentuhan dan menonjolkan peta guna tanah masa 

hadapan berdasarkan konsep selular. Akhir  sekali, dengan mengambil kira penggunaan 

pendekatan guna tanah yang dicadangkan dan penilaian DoC dan ToC, senario 

kepadatan gunatanah dicadangkan dan dilaksanakan menggunakan proses penumpuan 

perbandaran. Bandar Kajang telah dipilih sebagai kes kajian tesis ini, kerana 

kebelakangan ini, bandar ini menghadapi perbandaran yang pesat dan perkembangan 

berselerak yang besar kerana kedudukannya yang berhampiran dengan tiga bandar 

utama di Malaysia. Tambahan pula, dengan adanya sebahagian besar persekitaran 

semula jadi di rantau ini menyebabkan cukupnya pemerhatian keatas kesan 

pertumbuhan bandar. Walaupun banyak plot yang ditinggalkan dan kawasan 

brownfield wujud didalam kawasan perbandaran tersebut, namun sebahagian besar 

daripada pertumbuhan semasa dan pembangunan yang berlaku di kawasan pinggir dan 

luar bandar telah memusnahkan kawasan yang semulajadi dan produktif.  Oleh itu, 

kajian ini cuba untuk menganalisis dan memodelkan pembangunan yang padat untuk 

menyediakan alternatif baharu berbanding corak perkembangan semasa bandar ini. 

Secara umumnya, kajian ini menggunakan data geospatial dalam persekitaran GIS 

untuk menganalisis proses pertumbuhan bandar dan corak berkenaan dengan paradigm 

kepadatan bandar.  Menurut penilaian corak sejarah pertumbuhan guna tanah kawasan 

kajian, dapat diperhatikan bahawa Bandar ini mempunyai perubahan dan pertumbuhan 

yang ketara semenjak tahun 2004 hingga 2012, tetapi beberapa perubahan telah berlaku 

dalam tempoh tiga tahun ini. Kawasan guna tanah untuk kediaman, komersial dan 

industry mempunyai pertumbuhan utama dan kawasan terbuka dan pertanian 

mengalami pengurangan semasa jangka masa yang telah dipilih. Walaubagaimanpun, 

proses penilaian kepadatan menunjukkan pertumbuhan DoC secara beransur-ansur 

(tahap kepadatan) Bandar Kajang sebenarnya perlu dipertingkatkan untuk mencapai 

persekitaran yang mampan. Matlamat telah tercapai, dengan menilai kepadatan kedua-

dua senario penggunaan tanah yang dicadangkan untuk tun 2026, dimana DoC untuk 

senario kepadatan guna tanah lebih tinggi dari biasa sebagai senario yang biasa. 

Keputusan mengesahkan bahawa pendekatan model yang dicadangkan, data geospatial, 

teknik statistic dan GIS adalah praktikal untuk mengenalpasti kepadatan pertumbuhan 

bandar dan corak perubahan guna tanah dan corak umumnya pada masa hadapan. 

Analisis dan pendekatan yang digunakan dalam kajian ini boleh digunakan untuk 

membantu dalam mengenalpasti dan mengukur perubahan dan perubahan yang 

mungkin berlaku di kawasan bandar. Disamping itu, peta hasil dan keputusan ini boleh 

menjadi berguna untuk perancang bandar bagi merangka kawasan bandar dalam bentuk 

yang padat dan mampan. 
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CHAPTER 1 

 

1 INTRODUCTION 

 

1.1. General 

 

Although the total amount of urban areas covers a very insignificant percentage of the 

Earth’s land surface, but still the growth of these areas is the main reason of various 

natural environmental problems. Currently the influence of urban areas on Earth’s 

resources consumption, environmental pollutions, climate changes and etc. is clearly 

observable. The continuous growth of these manmade developments has strengthened 

these problems and produced several other negative effects on natural environments. 

Rapid growth of population and migration of people from villages to cities due to 

higher quality of life especially in developing countries expand the urban 

environments. Hence, in recent decades there is a growing awareness about urban 

sprawl development and its negative consequences (Hennig et al. 2015; Sisodia et al. 

2016).  

 

Urban sprawl due to low density, large rural development, spatially segregated land 

uses and widespread commercial strip development does not provide a good quality of 

urban neighborhood (Burchell et al. 2000). In addition, urban sprawl and unorganized 

horizontal city expansion because of high carbon emission, traffic congestion, 

agricultural and forest destruction, higher infrastructural provision costs, various public 

health problems and etc. (Burchell et al. 2000; Carruthers 2002; Gu et al. 2013; Litman 

2015; Post et al. 2015) are not characterized as an acceptable and sustainable urban 

form.  

 

In general, sustainable development concerns about the consumption of natural 

resources in such a way that does not jeopardize the ability of future generations to use 

the same resources (CEC 1992). Regarding urban perspectives, sustainable urban 

development concerns about the minimum inputs of energy and resources and 

minimum outputs of air pollution, water pollution, and wastes from an urban system. 

Hence, urban sustainability can also be defined as improving quality of life of human 

being within the capacity of Earth’s limited resources. Urban sustainability takes into 

account of three main aspects, namely; social, economic and environmental issues. 

Each of these aspects deals with separate issues of an urban system such as: security, 

livability and social equity; improve productivity, personal and public finances; 

pollution levels, the amount of reserve habitat and resource consumption respectively 

(Lin and Yang 2006).  

 

Generally, sustainable urban development can be achieved through an efficient land 

use growth and management by implementing proper planning and urban design. These 

tasks can be done by adopting various strategies and planning to minimize the energy 

consumption, protect biological diversity, reduce pollution, improve social interaction 

and develop more green landscape planning (Kropp and Lein 2013). Therefore, the 

contribution of shape and form of the cities has become one of the main focus points to 

conduct these tasks. In this regard, compact urban development due to various 

sustainable urban characteristics such as less car dependency, public transportation 

promotion, rural development containment, natural environment preservation and etc. 

is recognized as one of the most sustainable urban forms (Livingstone and Authority 
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2003; Wolsink 2016). These characteristics are seen to have contributed the objectives 

of sustainable urban development in the sense of social, economic and environmental 

concerns. 

 

Compact land use pattern is a relatively new terminology in this field which, assumes 

that the new development should be built around the existing built up areas in higher 

density, intensity and land use diversity and therefore promoting city compactness 

characteristics (Kocabas and Dragicevic 2007). The revitalization and redevelopment 

of existing brownfields and abandoned lands within the city borders is one of the most 

feasible and cost effective strategies in increasing city compactness. Simulation of 

compact urban forms is the first step towards the implementation of compact 

development initiative (Li et al. 2008) to achieve ultimate goals of urban sustainability.  

 

In addition to form and shape of urban areas, an understanding of spatial distribution of 

land use changes and the resulting impacts of this process on urban environment is one 

of the most important tasks (Pijanowski et al. 2002; Tayyebi et al. 2014; Schmidt et al. 

2015). The lack of a clear understanding of this process leads to a level of uncertainty 

due to inclusive of several unknown and complicated parameters. Land use change 

phenomenon is result of complex interaction of various environmental, physical, 

political, cultural, and other factors (Houghton 1994; Medley et al. 1995; Chen and 

Han 2015). Monitoring of these changes showed that, the flow of conversion is mainly 

from natural environment (forest lands) to agricultural fields and finally to built-up 

areas (Tayyebi et al. 2014). Thus, the simulation and prediction of these changes 

provide insightful information and allow for more systematic analysis of the 

relationship between forms and process for various environmental and urban planning 

applications. 

 

1.2. Problem Statement  

 

Rapid urban expansion and massive conversion of natural environment to urban areas 

has created a major concern regarding urban sustainability (Li and Yeh 2000; Pribadi 

and Pauleit 2015). Compact urban development as one of the most sustainable urban 

forms is a complex and long-term project that requires a flexible law system and 

supportive government (Chinyio et al. 1998). Unfortunately, improper understanding 

and agreement about the definitions and comprising several concepts and indicators 

make urban sustainability and compact city difficult achievable tasks (Li and Yeh 

2000). Consequently, these complexities have influenced on each phase of sustainable 

and compact developments processes such as modeling, implementing and 

measurement. For instance, to develop a compact city the initial step is to assess and 

evaluate the various aspects of existing compactness in order to realize the current 

situation before any decision-making takes place (Burton 2002; Turskis et al. 2006). In 

this regard, there is no standard and consistent evaluation methodology exists in the 

literature. Moreover, city compactness has been assessed mainly based on data 

availability, local zoning manner and objective of the research itself (Burton 2002; Li 

and Yeh 2004; Turskis et al. 2006). For instance, measuring urban density and land use 

diversity are usually based on census tracts, which vary in size and resolution 

(Adolphson 2010). Therefore, the assessments are not comprehensive and reliable 

enough because the results can be different by various zoning manner, cell size and 

type of input data (Openshaw 1984). In addition, in large-scale regions such as country 

basis, urban compactness is generally measured based on the cellular concept and the 

concentration of the built up cells in a specific area (Thinh et al. 2002). Whereas, city 
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compactness besides of urban built up density (which is an implication of physical 

compactness) consists of various other aspects related to functional compactness which 

reveals valuable and useful information about the existing condition of cities (Burton 

2002; Turskis et al. 2006; Zagorskas et al. 2007). Moreover, evaluation of city 

compactness by applying common statistical techniques to measure for example mixed 

land use development, can only indicates the land use richness of a local neighborhood 

(Bhat and Gossen 2004; Van Eck and Koomen 2008; Manaugh and Kreider 2013). 

However, the distribution pattern which depends on the adjacency and relationship 

among various land use categories can only be evaluated using spatial and mapping 

based approaches (Adolphson 2010; Schädler et al. 2013).  

 

With respect to urban growth analysis, evaluation of previous growth and extraction of 

development trend as historical components of land use change modeling is an 

essential task (Lantman et al. 2011; Betts et al. 2015; Tayyebi et al. 2015). This process 

is fundamental in order to simulate and predict the future growth and changes of 

various land use categories. However, the lack of proper understanding about urban 

systems, its related issues and several involved factors and stockholders make 

modeling and prediction process a difficult task (Lantman et al. 2011). Specifically, 

land use change is arises from complex interaction of various environmental, physical, 

political, cultural, and other factors and mainly dependent on spatial location, scale, 

and current state of land use (Pijanowski et al. 2002; Liu and Phinn 2003; Wang et al. 

2011; Chen and Han 2015). The existing modeling and prediction techniques cannot be 

solely applied for this complex phenomenon (Li et al. 2008). A reliable and 

comprehensive modeling approach which can be created from integration of several 

modeling techniques should be proposed in order to take into account the related issues 

and variables (de Almeida et al. 2003). In addition, the proposed hybrid model should 

be consists of and based on the main core principles of land use change modeling 

(Lantman et al. 2011). Similarly, the processing scale of the modeling is an important 

issue. In a large processing scale (low spatial resolution), the models can evaluate land 

use changes at a regional scale, thereby facilitating the definition of appropriate 

environmental policies. However, land use modeling at these resolutions is incapable of 

identifying subtle land use changes which is observable and effective in local 

neighborhood bases (Wang 2012). Therefore, it is very important to propose a hybrid 

model at fine spatial resolution to deal with complexity of land use modeling and 

prediction.   

 

On the other hand, land use change modeling based on city compactness, or in a proper 

terminology, compact land use pattern modeling not only should considers various 

complexities of a conventional land use change processing, but also full fill different 

perspective of compact urban development concept and eventually sustainable urban 

development (Li et al. 2008; Mubareka et al. 2011; Jang and Kang 2015). In compact 

land use development which is relatively new topic human scale factors and quality of 

life perspective has higher priority rather than other aspects, hence this issue made 

these kinds of development modeling more sophisticated (Doi 2005). Therefore, in 

these modeling process, a calibrated and hybrid approaches are required to achieve all 

objectives of planning and development strategies (Mubareka et al. 2011). 

 

Kajang City which is located 21 km from Kuala Lumpur (capital city of Malaysia) due 

to proximity to three main cities of Malaysia in recent years has encountered sprawl 

developments and horizontal expansions. Particularly, as of 2004 a few townships have 

been developed in and around this city, such as Taman Prima Saujana, Sungai Chua, 



© C
OPYRIG

HT U
PM

 

4 

  

and Taman Kajang Perdana (Hassan et al. 2013). An increasing proportion of 

brownfields and conversion of the agricultural fields to built-up areas are results of 

such sprawl developments. This city consists of urban developed area and a large 

proportion of green environment and agricultural fields. Therefore, the effects of 

growth and changes of various land use types can be adequately observed, particularly 

on the natural environment. Thus, this study is conducted on Kajang City to evaluate 

and analyze the urban growth patterns especially from the year 2004 onwards and to 

model and propose compact city as an alternative instead of current development 

pattern. 

  

1.3. Research Motivation  

 

The lack of proper understanding and definition of compact city in general and its 

various aspects such as assessment, modeling and prediction, were the main 

motivations of this research. In addition, by considering urban growth and expansion in 

tropical regions with huge amount of green environments, it is very essential to propose 

some kinds of development patterns with minimum land consumption strategies. 

Geographic Information System (GIS) and remote sensing which have been produced 

huge prospects and supported significant achievements in monitoring and analyzing 

urban growth, considered as a best platform to implement this research objectives. 

However, it is obviously clear that, to deal with these complex concepts and processes 

at the micro and macro levels, several decision analysis tools and multidisciplinary 

approaches should be simultaneously applied. Hence, this thesis proposed a hybrid 

modeling approach consists of various aspects of assessments and prediction phases 

using geospatial data within the GIS environment.  

 

1.4. Research Objectives 

 

The main objective of this study is to integrate land use change modeling process with 

compact city paradigms to model and predict compact land use pattern. The research 

focused on the growth and changes of urban land use types of Kajang City to be useful 

in terms of city compactness assessment of urban plans and urbanization processes of 

this region.  

 

The specific objectives are as follow; 

1) To evaluate the spatiotemporal land use change patterns in Kajang City at high 

spatial resolution to identify, assess and quantify urban growth behaviour as a 

process and pattern during the period of 2004 to 2015 from different perspectives. 

2) To implement effective and comprehensive sustainable city compactness 

assessments based on the compact urban development indicators. 

3) To develop a new hybrid land use change modeling approach based on cellular and 

factor-based statistical analysis to project future land use growth. 

4) To calibrate the proposed hybrid land use change model with brownfield 

redevelopment as a city intensification process to project compact land use pattern. 

 

1.5. Scope of the Study 

 

This study aims to investigate, assess and analyze the urban growth, land use changes 

and city compactness of land use maps from year 2004 to 2015, and then to model and 
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predict the future urban growth and land use changes based on current pattern and 

compact urban development. Several urban land use categories are considered for 

analysis and assessment, such as residential, commercial, industrial, facilities, 

agriculture, and etc. For city compactness assessment three main compactness 

indicators; urban density, land use diversity and urban intensity were utilized. In case 

of land use modeling stage, several urban related and physical parameters (such as 

proximity to road networks, proximity to public transportation facilities, population, 

soil and geological characteristic and etc.) and local neighborhood effects are applied 

and evaluated using statistical and cellular-based analysis to project future development 

patterns as business as usual scenario. In addition, compact land use modeling was 

proposed using city intensification process to produce compact land use pattern 

scenario. All the output maps produced from various stages of modeling process were 

validated using relative operating characteristics (ROC) and Kappa index of agreement.  

 

1.6. Thesis Organization 

 

This thesis is organized into five chapters. The first chapter includes the introduction 

which gives a brief background about the urban growth and land use change process, 

their impact on natural environment and the solution through compact urban 

development. This chapter also, discuss the challenges regarding these issues, research 

gaps, objectives and scope of the current study. The second chapter covers the literature 

review related to definitions and concepts of urban growth, land use change processes 

and compact city and in-depth discussion about the related studies and researches about 

the analysis and modeling of the above mentioned terms. The third chapter presents 

and discuss about the study area, data and proposed models employed in this study. 

The fourth chapter deals with results and discussions of the implemented analysis. And 

finally, the fifth chapter concludes this research with a summary of the work and 

suggestion for future researches.  
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