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ABSTRACT 

The term urban sprawl has a decades-long history in academic discourse, and yet there 

is still a lack of an integrated and comprehensive quantitative method to measure 

urban sprawl, especially in developing countries like Malaysia. Urban sprawl remains 

one of the unsolved urban issues and a major challenge for sustainable development 

concept. Many researchers have agreed that characterising urban sprawl using spatial 

measures requires the wide-ranging definition of urban sprawl principles. In this 

research, urban sprawl is defined as ineffective and dysfunctional urban growth that 

significantly interrupts the proper arrangement of land use, which in turn affects the 

sustainability of built environment elements, such as the degradation of the 

environment, and the deprivation of economic and social well-being. The aim of this 

research is to measure urban sprawl in the city of Kuala Lumpur city using five (5) 

components of Land Use Geospatial Indices (LUGI) with the application of remote 

sensing and GIS approach. The components of LUGI include i) segregated land use, 

ii) development planning consistency, iii) urban density, iv) strip development, and v) 

leapfrog development. The data used includes Landsat 5TM and Landsat 8 OLI-TIRS 

(30m resolution), as well as SPOT 5 and SPOT 6 (1.5m resolution) satellite images, 

which were used and combined with GIS database for change detection analysis and 

LUGI analysis. The city of Kuala Lumpur has been selected as a study area to 

examine the urban sprawl growth based on the land use patterns for the years 2005 

and 2015. The urban sprawl measurement was conducted for each of Kuala Lumpur’s 

strategic planning zones (SPZ), namely i) Sentul-Menjalara, ii) Wangsa Maju-Maluri, 

iii) City Centre, iv) Bandar Tun Razak-Sungai Besi, v) Bukit Jalil-Seputeh and vi) 

Damansara-Penchala. The findings of the LUGI calculation prove that Kuala Lumpur 

is currently facing a high index of segregated sprawl due to previous land use and 

zoning regulations enforced by local authorities. Strip and leapfrog geospatial indices 

also scored high on the index of sprawling in Kuala Lumpur; however, its occurrence 

can be justified by the compact in-fill development trend in Kuala Lumpur. Thus, this 

research found out that strip and leapfrog geospatial indices are more practical to 

measure sprawl in developing or sub-urban areas compared to already developed 

areas. Lastly, the lowest land use sprawl scores in Kuala Lumpur are development 

planning consistency sprawl and urban density sprawl, indicating that these types of 

geospatial indices sprawl are less likely to occur in Kuala Lumpur due to the strong 

enforcement of development plan that emphasises high-density development. This 

research focuses on the smaller but highly developed urban context, namely the city of 

Kuala Lumpur, where it was found that only three out of five geospatial indices are 

suitable to measure the sprawl index on the city scale. Therefore, the research agreed 

that the integration of LUGI urban sprawl with remote sensing and GIS was able to 

measure the formation of land use sprawl in a wider urban context, such as in 

metropolitan areas like Greater Kuala Lumpur that are currently going through a rapid 

development process.  The research on the urban land use sprawl will give an 

opportunity for stakeholders to determine measures to be taken in solving urbanisation 

issues. Present research on the spatial analysis of remote sensing and GIS technology 

in urban planning has provided a new direction, not only in urban sprawl studies, but 

also complimenting urban indicators in the United Nation’s Sustainable Development 

Goal, which is to “make cities inclusive, safe, resilient and sustainable”. 
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 خلاصة البحث

 

 
لها تاريخ طويل من الزمن في الخطاب العشوائي  الحضري الزحفمصطلحات 

يمتلك مصطلح الامتداد العمراني تاريخًا طويلًً في الخطاب  الأكاديمي، ومع

الأكاديمي، ومع ذلك لا يزال هناك نقص في طريقة كمية متكاملة وشاملة لقياس 

لا يزال الامتداد العمراني ومية مثل ماليزيا. الامتداد العمراني، خاصة في الدول النا

أحد القضايا الحضرية التي لم يتم حلها، ويمثل تحدياً كبيرًا لمفهوم التنمية المستدامة. 

اتفق العديد من الباحثين على أن توصيف الامتداد العمراني باستخدام المقاييس لقد 

ف المكانية يتطلب تعريفاً واسع النطاق لمبادئ الامتداد  العمراني. في هذا البحث، يعُرَّ

الامتداد العمراني على أنه نمو حضري غير فعال وغير فعال يقطع بشكل كبير 

الترتيب الصحيح لاستخدام الأراضي، والذي يؤثر بدوره على استدامة عناصر البيئة 

الرفاه. الهدف من هذا والمبنية، مثل تدهور البيئة والحرمان الاقتصادي والاجتماعي 

( 5بحث هو قياس الامتداد العمراني في مدينة كوالا لمبور باستخدام خمسة )ال

مع تطبيق أسلوب  (LUGI) مكونات لمؤشرات الأرض للًستخدام الجغرافي

استخدام  أ( LUGI مكوناتالالاستشعار عن بعد ونظم المعلومات الجغرافية. وتشمل 

تطوير  ج(افة الحضرية، الكث ج(اتساق التخطيط التنموي،  ب(الأراضي المنفصلة، 

 Landsat و Landsat 5TM تطوير قفزة. وتشمل البيانات المستخدمة د(الشريط، 

8 OLI-TIRS ( بالإضافة إلى صور الأقمار الصناعية م30دقة ، SPOT 5 و 

SPOT 6 ( والتي تم استخدامها وتضمها مع قاعدة بيانات م1.5دقة ، GIS  من أجل

تم اختيار مدينة كوالالمبور كمنطقة دراسية  .LUGI تحليل كشف التغيير وتحليل

و  2005لدراسة نمو الامتداد العمراني على أساس أنماط استخدام الأراضي لعامي 

تم إجراء قياس الامتداد العمراني لكل منطقة تخطيط استراتيجي في  حيث .2015

سنتر ،  ( سيتي3مالوري ) -( وانغسا ماجو 2سينتول مينجالارا ) -1كوالا لمبور ، 

 -( دامانسارا 6سيبوتيه و  -( بوكيت جليل 5سونغاي بيسي ،  - رزاق( بندر تون 4

أن كوالالمبور تواجه حالياً  LUGI بنشالا. وتثبت النتائج التي توصلت إليها حسابات

مؤشرًا كبيرًا للتوسع العنصري المنفصل بسبب استخدامات سابقة لاستخدام الأراضي 

فرضها السلطات المحلية. وسجلت المؤشرات الجغرافية وتقسيم المناطق التي ت

والقفزية قفزة عالية في مؤشر الامتداد المترامي في كوالا لمبور. ومع ذلك ، يمكن أن 

يكون مبررا حدوثه من خلًل اتجاه التنمية المدمجة في ملء كوالا لمبور. وهكذا، فقد 

المكانية أكثر عملية لقياس  وجد هذا البحث أن استخدام القطاع والقفزات الجغرافية

الامتداد في المناطق النامية أو شبه الحضرية مقارنة بالمناطق المتقدمة بالفعل. 

وأخيراً، فإن أدنى نقاط الامتداد في استخدام الأراضي في كوالا لامبور هي التوسع 

واع في التخطيط التنموي للتوسعة والتمدد العمراني الكثيف، مما يشير إلى أن هذه الأن

من الامتدادات الجغرافية المكانية تقل احتمالية حدوثها في كوالالمبور بسبب التنفيذ 

القوي لخطة التنمية التي تؤكد على كثافة عالية تطوير. يركز هذا البحث على السياق 
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الحضري الأصغر لكن المتطور للغاية ، وتحديداً مدينة كوالا لمبور ، حيث وجد أن 

ة مؤشرات جغرافية مكانية تناسب قياس مؤشر الامتداد على ثلًثة مؤشرات من خمس

في التوسع العمراني مع  LUGI نطاق المدينة. لذلك ، اتفق البحث على أن دمج

الاستشعار عن بعد ونظام المعلومات الجغرافية كان قادراً على قياس تشكيل الامتداد 

ناطق الحضرية الذي يستغل الأرض في سياق حضري أوسع، كما هو الحال في الم

التي تمر حالياً بتطور سريع. سيعطي  Greater Kuala Lumpur الكبرى مثل

البحث عن التوسع العمراني في استخدام الأراضي فرصة لأصحاب المصلحة لتحديد 

التدابير الواجب اتخاذها لحل مسائل التحضر. قدمت الأبحاث الحالية عن التحليل 

جيا نظم المعلومات الجغرافية في التخطيط المكاني للًستشعار عن بعد وتكنولو

ً جديداً، ليس فقط في دراسات التوسع العمراني في المناطق  الحضري توجها

ً تكمل المؤشرات الحضرية في هدف الأمم المتحدة للتنمية  الحضرية، بل وأيضا

 ." المستدامة، وهو "جعل المدن شاملة وآمنة. ومرنة ومستدامة
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CHAPTER ONE 

INTRODUCTION 

1.1 INTRODUCTION 

The first chapter explains on the overview of research, highlighting the urban sprawl 

connotation with other relating terms of urban development such as urbanisation, 

urban growth, and sustainable development. This chapter later describes the research’s 

problem statements, questions, aim, and objectives, scopes, purpose and significance 

as well as the organisation of the chapters. The chapter emphasises the researcher’s 

attempt to develop Land Use Geospatial Indices (LUGI) for measuring urban sprawl 

growth in Kuala Lumpur, Malaysia with the application of Remote Sensing and 

Geographic Information System (GIS) techniques. The intention of this research is to 

quantify urban land use sprawl precisely so as to provide a meaningful insight of its 

growth process.  

 

1.2 RESEARCH BACKGROUND 

According to Ji et al. (2006), a city is a highly complex socioeconomic and spatial 

entities with a distinct hierarchical order. It is a hub of almost all human activities 

(Rajeshwari, 2006). Apart from physical forms, cities are shaped by various 

development forces such as economic, political, cultural and social, which later 

imposing themselves in physical forms and closely related to urban sprawl (Ardeshiri 

& Ardeshiri, 2011; Sudhira et al., 2004). In Western countries, an urban development 

characterised by two critical processes which are the inner-city decline and urban 

sprawl (Apostolos, 2007). These two processes are in fact entangled as that urban 

sprawl accelerates the inner-city decline.  
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Bhatta et al. (2010a) considered “Urban Growth” and “Urbanisation” are both 

the processes of “Urban Development.” UNICEF (2012) defined urban growth and 

urbanisation as “the increase in the number of people living in towns and cities” and 

“the proportion of a country that is urban.” Urban Development is a global 

phenomenon involving a process of spatial change like land use and land cover 

associated with the growth of population and economy. The process has a high impact 

on the environment such as depletion of natural resources, landscape deterioration, 

pollution and climate changes (Olujimi, 2009; Ramachandra, Bharath, & 

Sowmyashree, 2014; Shalaby & Tateishi, 2007; Weng, 2001). In this research, the 

term urban development will be used to represent the process of both urbanisation and 

urban growth.  

Based on the growing awareness of the public on uncontrolled urban 

development issues, it is vital to improve understanding of this phenomenon 

(Rajeshwari, 2006; Verbeek, Boussauw, & Pisman, 2014). However, Steil et al. 

(2007) claimed that too many attention focuses on sprawl phenomena lead to 

neglecting the fact that suburban expansion has existed since the beginning of a city 

and will continue to expand as the population increase. They also added that suburban 

growth completes the insufficient spatial and functional requirement of the inner city. 

Undoubtedly, urban development cannot be stopped, but require shaping and 

controlling the growth as to lessen the negative impact on a more sustainable 

development.  

In the modern urban studies, the spatial formation and the dynamics of urban 

development are the most important topics (Altieri, Cocchi, Pezzi, Scott, & Ventrucci, 

2014). Bhatta et al. (2010a) also added that the occurrence of urban development is so 

general, and its implications are so vast, one of it is urban sprawl. Urban sprawl will 
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always continue to be the side effect of the urban development process and policies 

(Almeida, 2005). Also, Osman et al. (2008) and Zeng et al. (2015) believe that sprawl 

is associated with urban development regardless its growth in developed or 

developing countries.  

Urban sprawl became one of the most important issues in the urban area 

around the world since the twenty-first century whose importance is still growing 

today (Altieri et al., 2014; Arribas-Bel, Nijkamp, & Scholten, 2011). Its rapid and 

uncontrolled expansion are alarming for urban specialists. Arribas-Bel et al. (2011) 

claimed that urban sprawl has to be placed in the broader context of urban and spatial 

dynamics in the industrialised world, in which cities are the nuclei of economic 

development. While Bruegmann (2015) mentioned, the urban sprawl concept has 

shifted over the years according to its original conditions and backgrounds in various 

parts of the world. Many researchers are accepting that urban sprawl as a broad and 

multidimensional concept which can be examined from several different points of 

views including Ewing et al. (2002) who have agreed upon sprawl as a real, 

measurable phenomenon with real implications for peoples’ everyday lives.  

On the contrary, sustainable development concept depicts the development that 

meets the requirements of the present without preventing the capability of upcoming 

generations to meet theirs (Ardeshiri & Ardeshiri, 2011; Tanguay, Rajaonson, 

Lefebvre, & Lanoie, 2010). This concept has become increasingly significant for 

creating a better future for the world, economically, socially and environmentally 

(Arbury, 2005; Stevens, Dragicevic, & Rothley, 2007). However, the sustainable 

development concept depends on the future role of urban planning in handling urban 

sprawl issues (Catalán et al., 2008; Yeh, 2002).  
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1.3 PROBLEM STATEMENT 

There are issues in Malaysia urban development process. Despite extensive town 

planning regulations and practice has been enforced since 1976, urban sprawl is still a 

threat to many of its main cities. The urban sprawl problem has negatively impacted 

not only the urban society who live in the city but also the surrounding natural 

environment and the responsible government authority. In this subsection, some 

possible basis that contributes to the urban sprawl problem has been recognised.  

Perhaps, research which investigates the urban sprawl growth through 

measurement of geospatial indices with the application of remote sensing and GIS 

could remedy the situation. This section draws attention to the available literature on 

the studies of urban sprawl issues as extracted from the bulk of the contemporary 

literature. There are four major challenges identified in this research. The issues and 

problems are relating to (i) urban sprawl, (ii) remote sensing and GIS, (iii) geospatial 

indices, lastly on (iv) diverse urban context. All of the problems identified stand as the 

research gap which indicated that there is a strong need for a more integrated and 

comprehensive quantitative method to measure urban sprawl in Malaysia.  

 

1.3.1 The Vagueness of Urban Sprawl Concept 

1.3.1.1 Unavailability of precise definition to measure the term 

Urban sprawl is a term that has a long history in the academic and development 

practice. Nonetheless, it is still widely discussed as a major problem today (Coisnon, 

Oueslati, & Salani, 2014). Surprisingly, a standard and precise definition of urban 

sprawl are still not existed  (Altieri et al., 2014; Bruegmann, 2015; Hasse & Kornbluh, 

2004; Terzi & Kaya, 2008; Theobald, 2003; Wilson et al., 2003). Also, Bhatta et al. 

(2010b) claimed urban sprawl as a concept suffers from difficulties in the definition.  
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 Hammer & Witten (2011) question if there is a single widely accepted 

definition of sprawl on which the majority of stakeholders can agree. Hasse & 

Kornbluh (2004) later added that there is a need for better defining the term to focus 

specifically on the undesirable and problematic development that many stakeholders 

are arguing. According to some researchers, most people especially professionals may 

recognise sprawl when they see it, but this may not help in practice especially in the 

rule or decision making (Ewing, 2008; Ewing et al., 2002; Galster et al., 2001). 

Currently, sprawl is defined loosely as dispersed and inefficient urban growth that 

always associates with characteristics such as low-density, decentralisation, and 

fragmentation (Farber & Li, 2013; Hasse & Lathrop, 2003).  

Without a universal definition, quantification and modelling of urban sprawl 

are tough (Bhatta et al., 2010b; Wilson et al., 2003). Jaeger & Schwick (2014) added 

that every important method to measure the degree of urban sprawl needs to be based 

on a precise definition of “urban sprawl”. It needs to disentangle grounds and costs of 

urban sprawl from the phenomenon itself, as urban sprawl has different causes and 

effects in different regions and regulatory contexts. Moreover, Bruegmann (2015) also 

states that there has been a significant debate in academia on how to measure sprawl 

and to understand its dynamics. Thus a universal definition of urban sprawl is 

required.  

 

1.3.1.2 Ambiguous ways in determining the urban sprawl concept 

Urban sprawl is a critical issue in today’s world which is widely discussed but poorly 

understood (Wu, 2006).  Other than a manifestation of development, it is known for 

its negative environmental and social impacts (Crawford, 2007; Feng, Du, Zhu, Luo, 

& Adaku, 2015).  


