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Abstract

In the global era, more than half of the world population live in urban area. With rapid
urbanisation growth where the highest percentage concentrates in Asia, a relevant
approach is needed to eliminate the possible threat that occurs after urbanisation took
place; the urban sprawl. Urban sprawl is a popular term in academic discourse and has a
long history but until these days, the concrete definition of thistermis not yet configured.
Many studies of sprawl have rooted back in non-Asian countries making the solution for
sprawl is not suitable to be implemented in term of theories and practice. This research
attempts to study the measurement of sprawl by using these geospatial indexes with
Remote Sensing and GI'S approach. The SPOT-5 images with 2.5 meters resolution were
used to analyse the growth of sprawl in Kuala Lumpur metropolitan due to its high
urbanisation rate. The findings show that Kuala Lumpur is a sprawling city. It is
anticipated that this research will provide a new direction in urban sprawl studies and
represent a robust analytic approach for characterizing urban development on the city
scale at once as well as promoting a city via Remote Sensing and GI S technology.

Keyword: Urban Sprawl Measurement; Geospatial Indices; Urbanisation; Remote
Sensing; GIS; Asian Cities

INTRODUCTION
Urbanisation can be defined as the physical growth of urban areas as a result of global
change when people move into the city from the rural area. Urbanisation is closely linked
with modernisation, industrialisation, and the sociological process of rationalisation.
According to Bhatta et al. (2010), urbanisation is a process of population concentration;
the shift from arural to an urban society, and involve an increase in the number of people
in urban areas during a particular year. Economic and socia development cause urban
concentration and expansion of large cities using changes in land use pattern as well as
the transformation of organisation and governance from rural to metropolitan.

Bhatta et al. (2010) have made a clear statement to distinguish between Urban
Growth and Urbanisation, which both are claimed as the main process of urban
development. Urban development is a process where an area is growing due to the
increasing demand in cities and urban value. Urban growth were referred as a spatial and
demographic process that denotes the significance of towns and cities as a concentration
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of population within a particular economy and society while Urbanisation is a spatial and
social process that refers to the changes of behaviour and social relationships that occur
in social dimensions as aresult of people living in towns and cities.

Jaafar (2004) has stated that urbanisation or growth of urban areas are phenomena
that increase the concern of policy makers and town planners since the trend of
urbanisation have wideranging implications for socio-economic development.
Traditionally, urbanisation has a strong connection with industrialisation process. The
development of industrial activities usually focused in the urban area due to the
availability of infrastructure and facilities; this scenario created more job opportunities
that cause many people chose to migrate to the urban area. The high number of the
population requires more source of energy to be provided in order to enhance human
productivity that leadsincreasing demand for both industry and agriculture. Thissituation
will cause the rapid and massive growth of migration to large cities. Urbanisation can
result in positive and negative conseguences. In most urbanised countries, some of the
issues are employment, sanitation, housing, sewage, water, fire, social welfare, the role
of government, and political machines.

Due to urbanisation, the housing and infrastructure cost also increase due to the
scarcity of resources such asland area, water and building materials. Moreover, the mgjor
environmental impact of large cities often includes traffic congestions and noise
pollution. Urbanisation process causes the city to decay which the local authority cannot
provide service that meet the need of the residents. Air pollution resulted from over-
dependence on motorised transport, and water pollution resulted from poor sewage
facilities. Based on the different views and opinion on the Urban development, Urban
Growth and Urbanisation, it can be concluded that these process will affect three main
aspects which are (1) Physical, (2) Demographic and (3) Social factorsin an area which
all of this aspect closely linked to urban sprawl.

Urban sprawl is a stage that takes place after urbanisation. Cities grow vertically
and achieve certain density tend to continue to grow horizontally, spilling out from its
border and infecting the outside area around the original town. It isone of the low-density
developments which mean it occupies the lot of space that functioned as natural habitat,
vacant land or even farmland. Urban sprawl and its impacts have attracted increasing
attention from planners and policy makersresulting in heated discussionson its definition,
measurement, causes and negative consequences. A selection of urban sprawl definitions
has been derived to describe sprawl and as a particular form of urban development with
low density, disperse, auto-dependent, environmentally and socialy-impacting
characteristic (Burchell and Shad 1998; Ewing 2002; Galster et al 2001; Mgjid et al 2010).
Urban spraw! is a process that is characterized by an unforeseen and jagged pattern of
growth, driven by a multitude of processes and leading to inefficient resource utilisation
(Bhatta et al. 2010). Uncontrolled, unplanned and uncoordinated growth of urban areas
causes the urban sprawl to occur. Urban sprawl which is both inefficient and
unsustainable is due to the inability of town planners, policy makers and the authority to
visualize such growth during planning, policies and decision-making process.

The methods to measure urban sprawl have been a hot issue for research. Many
scholars tend to focus on using indicators to measure urban sprawl by establishing multi-
dimensional indicators by GIS analysis or descriptive statistical analysis (Galster et d.,
2001). Sprawl can be measured in relative and absolute scales (Bhatta et al., 2010).

© 2016 by MIP 18



Absolute measurements are capable of creating a black and white distinction between a
sprawled city and compact city. GIS and remote sensing can be combined or used
separately in studying urban sprawl, both applications can supply physical, social and
economic data for simulation Mohd Noor et al. (2009). There are some researchers on
how to use remote sensing and GIS to monitor and measure urban sprawl (Sudhira &
Ramachandra, 2007; Weng, 2001; Yeh & Li, 1999). Remote sensing has the capability to
provide spatially consistent datasets that cover vast areas with both high spatial detail and
high temporal frequency. It has been in use since 1960; remote sensing can also provide
consistent historical time series data. Remote sensing is a “unique view” of the spatial
and temporal dynamics of the processes of urban growth and land use change (Herold,
Menz, & Clarke, 2001). Satellite remote sensing techniques have, therefore, been widely
used in detecting and monitoring land cover change at various scales with a useful result
(Wilson et al. 2003). Recently, remote sensing has been used in combination with
Geographical Information System (GIS) and Global Positioning System (GPS) to assess
land cover change more effectively than remote sensing data alone (Weng, 2001). The
combination of GIS and remote sensing are useful in mapping urban areas, and as data
source for the analysis and modelling urban growth, and land use/land cover change
(Herold, Goldstein, & Clarke, 2003; Wilson et al., 2003).

According to Majid (2011), as different types of sprawl are caused by various
factors, different approaches are required to address them. Advocating for more compact
development in order to address sprawl phenomenon in Malaysian cities, for example,
may not necessarily work without first knowing the type of sprawl the cities are facing.
Many approaches have been used to quantify the sprawl, and one of the methods has been
suggested by Heargreaves (2014) in his article which concludes main components in
calculating a sprawl was the density of houses and jobs. Ewing et a. (2014) have stated
that there have been numerous applications of the origina sprawl index. The original
sprawl index was made available to researchers who wished to explore the various costs
and benefits of sprawl. The county sprawl index operationalized only two dimensions of
urban form residential density and street accessibility. These measures are modelled after
a complete metropolitan sprawl indices developed by Ewing et a. (2002). The refined
indices operationalize four dimensions, thereby characterizing county sprawl in all its
complexity. The four are development density, land use mix, population and employment
cantering, and street accessibility. In this paper, the best way to measure urban sprawl is
by using five of the land use pattern spatial factors. The spatial factors include Leapfrog
Development, Discontinuous Development, Segregated Land-Use Development,
Planning Consistency Index, and Urban Density Development. The calculation was
carried out based on GIS and remote sensing application, and the results of the analysis
were visualized as maps. Based on the calculated results, the researchers were able to
identify an empirical metric for distinguishing between urban sprawl from non-sprawl
urban development.
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OBJECTIVE

The research was conducted to measure urban sprawl development in Kuala Lumpur city
by applying the geospatial indicators developed in the western countries in the local
geographical development background. It is to investigate as well the relationship and
influence of urbanisation process and urban sprawl. The process involved literature
review on the urban growth, urbanisation and urban sprawl, the issues and problems as
well as the impact. This research is the pioneer to further develop a geospatial measure
that suite the local background and at the same time contribute to the knowledge and
defining sprawl.

STUDY AREA

In 2010, the Asia-Pacific region’s urban population were 754 million people which is
more than the population of the United States of America combined with the European
Union. The urbanisation rate in South East Asia has been increased over the years and
expected to achieve 50million people in 2020 as compared to only 30 million peoplein
1990. However, urbanisation growth in Asiaisregarded as environmentally unsustainable
with the growth of slums in overpopulated urban areas, a high level of social and
economic inequality (ESCAP 2010). Urbanisation in Malaysiacan be classified into three
major period starting with the founding of urban areas during colonisation period in the
1800s, followed by urban growth, development and increasing urbanisation in the early
years of independence (1950s). The urbanisation rate in Malaysia is increasing year by
year from about 25% in 1960 to 65% in 2005. Malaysia target to achieve 70%
urbanisation rate in the year 2020 which means 70% of its total population are living in
the urban area.

The mgjority of the urban population enjoy a high standard of living with good
access to clean water and sanitation facilities. The Tenth Malaysia Plan focuses on
developing infrastructure to improve productivity and making the private sector as the
engine of development. The plan identifies 12 National Key Economic Area, which Kuala
Lumpur, the largest urban centre in Malaysia is one of it. Kuala Lumpur Metropolitan
(3°8’51"N 101°41'36"E), which covers an administrative area spread over 24,221.05
hectares (figure 1). Majority of the land use patterns consist of built-up areas (residential,
industrial, commercial, institution, recreation area, road, infrastructure, and utilities) and
unbuilt areas (agriculture, forest, bare land, and water bodies). The population of Kuala
Lumpur was 1,600,000in 2012 (KualaLumpur Local Plan, 2010-2015). To achieve better
future urban development and infrastructure planning, it is crucial for the Kuala Lumpur
City Hall to recognize sprawl phenomenon happening in Kuala L umpur including on how
to measure and determine urban sprawl factors and patternsin order to control its growth.
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Figure 1: Location of study area— Kuala Lumpur District, Malaysia

SOFTWARE AND MATERIALS

Extensive availability of remote sensing images, spatial dataand geospatial tools has seen
some surgein theintensity of urban sprawl studies. A typical urban sprawl study involves
an attempt at quantifying the amount of paved surface and built up areain agiven region
using remotely sensed data or other geospatia data. The coverage of these paved and built
up areas will then be used to identify the pattern and extent of urban sprawl. In other
words, urban sprawl mapping can help in picturing how and where the growth of acity is
occurring. These situations alow the responsible authority to recognize types of
development that can be executed or need to be avoided in the particular area. Moreover,
threatened natural and environmental resources can be identified and preserve which
likely support future development that is not only sustainable but also help to reduce
urban sprawl. By analysing the urban sprawl growth pattern in an area over a period, its
nature and characteristic can be indulged and managed by the responsible authority
primarily the local planning authority.

Moreover, Yeh and Xia (1999) have stated that GIS and remote sensing are very
useful tools especialy in the formulation and implementation of temporal and spatial
changes. The changesin spatial and tempora development are an essential component in
planning practice particularly for monitoring purposes in order to ensure sustainable
development. The different stages in the elaboration and implementation of a regional
development strategy can be generalized to determination of objectives, resource
inventory, analysis of the existing situation, modeling and projection, development of
planning options, selection of planning options, plan implementation, and plan
evaluation, monitoring and feedback (Yeh and Xia, 1999). GIS and remote sensing
techniques are quite developed and operational to implement such a proposed strategy.
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These applications are now aso providing new tools for advanced ecosystem
management. The collection of remotely sensed data facilitates the synoptic analysis of
earth’s system function patterning and change at local, regional and global scales.

According to Agarwal (2007), the real world cannot solely be represented in two
dimensions as is commonly accepted. Most modelling in GIS has been two dimensional
especialy in the context of urban planning. The development in the field of "fuzzy logic"
and "artificial neural networks" is providing the option of incorporating indeterminate
and ambiguous information from the real world into GIS. Thiswill be especially helpful
while considering the cognitive models and individual perception of people and
incorporating them by reference into GIS. For this study, the primary research mainly
depended on the data obtained from MACRES, Department of Survey and Mapping
Maaysia (JUPEM), and the local authority (Kuala Lumpur City Council). The satellite
datawere the primary sources while the ancillary data were the secondary data (Table 1).
The satellite data included SPOT-5 images from 2012. On the other hand, the ancillary
data consisted of topographic maps, land use maps, road map, contour line, and urban
map. The software used to calculate and analyse the raw data and to generate the results
included ERDAS, ArcGIS, Maplnfo, E - cognition and SPSS.

Table 1: Data sources for study

Type of Data Year of Acquisition/Publication
Spot-5 images (2.5 meter) 2012
Topographic Maps 2010
Land Use Maps 2010
Road Map 2010
Contour Line 2010
Urban Map 2010
Vector Data 2010

The spatial patterns of urban sprawl on the temporal scale are studied and analysed
using the satellite imageries and cadastral data from related agencies as previously
mentioned. The datathen being mapped, monitored and accurately assessed from satellite
data along with conventional ground data. The image processing techniques are also quite
effective in identifying the urban growth pattern from the spatial and temporal data
captured by the remote sensing technologies. This method will help in demarcating the
pattern of urban sprawl growth in a city. In this research, the pattern of urban sprawl
growth will be based on the selected land use factor of geospatial indices. Mapping urban
spraw! contributes to identifying areas where environmental, and natural resources are
critically threatened and to suggest likely future directions and patterns of sprawling
growth. Herold et al. (2001) has support the statement by proving that the models have
shown potential to help planning and management decisions by providing knowledge and
understanding of the dynamics of the urban system (intuition structuring), anticipating
and forecasting future changes or trends of development, describing and assessing
impacts of future development, and exploration of different policies and optimisation of
urban planning and management. Urban sprawl mapping and monitoring is one of the
operationa applications of satellite remote sensing data, irrespective of its spatial and
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spectral resolution of the satellite-borne sensors. Later, the result of GIS and remote
sensing usage in urban sprawl studies will be explained further in the next sections.

METHODS

The image pre-processing and data preparation were carried out; these included image
rectification and mosaicking. The image-to-map procedures were applied to the Spot 5
images using set of ground control point’s area that appeared in the same place, both in
the imagery and known locations in corresponding map and urban plan used as ancillary
information in the rectification process. The rectified datasets were then mosaicked thus
producing the entire study area from Vector Data images as supported data (Figure 2).
Image classification was then applied to the pre-processed image and the land use classes
map of the entire study area was produced. Supervised classifications techniques were
chosen for this study, which was performed using the object-based classifier in E-
Cognition software system. The system enabled al fine details of the land cover to be
classified and later merged accordingly to form the classes in accordance with urban land
use classes used in urban planning practice. In this study, the object-based classifier was
employed to build optimal training areas and to build up knowledge for each category of
interest prior to the classification of the entire image. Initialy, the algorithm trained the
spectral classes by supervising the training process after collecting the parametric and
non-parametric signatures (training samples). After completion of the training process,
the entire knowledge of the class’s occurrence within the SPOT-5 image was generated.
The knowledge was then used to identify all the pixels in the picture into the trained
classes with multi-resol ution segmentation approach. The classes identified were then re-
categorized into two main classes namely unbuilt and built up, apart from identifying
them further into detailed of the type of 11 land uses.

i ‘."' (xoumd J// Seoods

! Preproceniz | ‘ / A )
| | ey

|

|

Mosai

k! Data

Radomwtric || Geomestni

Convctan Cooatyn | \

B e T \/
'

[

Imrage chredfication I‘ { VeowDuta ‘

L.

1 TR RTTIOT T B .
Lawplowg Dvvvlepmene I b ogegavd Ivrdiageww | Fasatg Consbiren | e Doy
C sl Devrigemew Clrnlathon Caksledon Tedrs Cab it bon Cdonive

Figure 2: Flowchart of data processi ng adopted in the study

The sets of SPOT-5 images were successfully geometrically corrected with
transformed RSO coordinate with RM SE + 0.5 pixelsto ensure the accuracy of the sprawl.
In fact, this RMSE has been widely used as a good practice to ensure good geometric
output apart from ensuring the sound configuration of ground control point that is evenly
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distributed in the study area. Fill thisimagery is aso subject to image enhancement. The
image classification was carried out in two steps process to produce first level classes of
built and unbuilt areas and further detailed land use classes within the built-up areas. Final
classified image classes are astabulated in Table 2.

Table 2: Land use classified for year 2010

Land Use Class Area (ha) Per cent (%)
1 Residential 5,489.56 22.66
2. Commercia 1,091.71 451
3. Industrial 553.05 2.28
4, Institution 1,620.80 6.69
5. Infrastructure And Utilities 5,029.62 20.77
6. Open Area And Recreation 1,579.56 6.52
7. Community Facilities 1,382.44 571
8. Undevel oped land 5,756.74 23.77
9. Squatters 570.63 2.36
10. Utilities 1,146.94 4.73

TOTAL 24,221.05 100
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Figure 3: Types of Urban Sprawl in Kuala Lumpur District, Maaysia
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Based on the geospatial indices of urban sprawl measurement that have been
conducted, the results show that all areas in Kuala Lumpur are facing different types of
sprawl problems (Figure 3). The city centre has the most types of sprawl which are
segregated land use, urban density sprawl, planning consistency, and discontinuous
development. The next city with a high number of urban sprawl types is Damansara-
Penchala district which have three types of urban sprawl namely planning consistency,
leapfrog development and segregated land use. However, only one type of geospatial
indices urban sprawl that are occurring in Sentul Menjalara district. The remaining three
district (Wangsa Maju- Maluri, Bdr. Tun Razak - Sg. Besi and Bukit Jalil- Seputeh) has
two types of urban sprawl for each district. The mgjority of the areas in Kuala Lumpur
have less than three types of land uses. This situation indicates that Kuala Lumpur is
facing urban sprawl but not in the critical level. However, without proper measures to
overcome the current problem, the future development of Kuala Lumpur might lead to
bigger sprawl growth. The urbanisation process in Kuala Lumpur started at the City
Centre dueto mining activitiesin the 1850s. The mining town was devel oped organically
which means that no proper city planning have been implemented along with its
urbanisation process. Then the urbanisation process has spread to the neighbouring area
from the city centre to Damansara— Penchala and Wangsa Maju- Maluri. People tend to
move from high-density area to suburban area due to spacious residential land and low
cost of residential building as compared to the city centre. Many of the workers from
middle-income group choose to commute from their residential areain suburban to work
in the city to save cost on housing.

However, previous studies in urban sprawl demonstrate the true costs of sprawl,
and attempt to show that if new development was built at higher densities and with proper
public transit, lots of money could be saved as compared to developing new land area
near the urban area. The new development outside the urban area has its hidden costs,
identifying innovations note that there is demand for sprawl, for the suburban home and
that, even though, theinfrastructure and operating costs are considerably higher, the price
is often cheaper. But with new development, facilities like road network need to be built
to cater the need of suburban settlers. Roads are free to use but aren’t cheap to build or
maintain. The cost of building roads come from the taxpayers. Plus, the provision of too
many roads for private vehicles has caused traffic congestion and pollution in Kuaa
Lumpur.

Abdullah (2012) has stated that the trend of urban sprawl has continued unabated
in major metropolitans of Maaysia especialy Kuala Lumpur, whereby most of the new
developments are located in the periphery. These developments have implications for
socio-economic developments and cultural aspects of citiesin Maaysia. His study shows
that the movement of spraw! development in Kuala Lumpur is moving towards the fringe
area of Kuala Lumpur, which isin line with the findings as shown in figure 3. Figure 4
summarized the findings based on three different scores according to spatial indices by
using the new residential area as a point of reference. Based on the results, it can be sure
that there are many areas in Kuala Lumpur is facing sprawl. Kuala Lumpur, previously
was an administrative centre has change to function only for capital city and as
commercia centres after the seat of government was shift to Putrgjayain 1999 in order
to reduce congestion and overcrowding of Kuala Lumpur (Kuala Lumpur City Plan
2020). However, the urban sprawl phenomenon still occursin the city where devel opment
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highly takes place. The urban sprawl that took placein Kuala Lumpur is different in each
district and based on the different characteristic.

Urban Sprawl Spatial Indices by District
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Figure 4: Urban Sprawl spatia indices by District

The finding shows the result of sprawl in various districts by using all of the land
use types as its point of calculation. Figure 4 displays the result of sprawl measurement
by using the residential area as the point of calculation. The residential area was chosen
due to itsinfluence on urbanisation process (demand from the population) and one of the
common factors towards urban sprawl growth. Planning consistency index sprawl hasthe
highest scores where the entire district in Kuala Lumpur scores ‘smart growth’. This
situation indicates that all of the residential areas that have been developed has followed
the land use location and the requirement by the local authority; Kuala Lumpur City
Council. At the meantime, segregated land use development and urban density
development are the real sprawling problems in Kuala Lumpur. These types of sprawl
occurred in the newest residential area for al district. The new residential areain Kuaa
Lumpur tends to be segregated and built with the low density especially residential area
outside the city centre. As was previously mention, due to urbanisation factor, many
chooseto stay outside the city centre dueto lower cost of the opportunity to have spacious
living area. While for leapfrog development and discontinuous development sprawl, the
scoreis average for all categories (each score have two districts). By looking further into
these two characteristics, some suitable measures can be taken to overcomeits growth in
order to enhance those district that fall under average growth and sprawling.
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CONCLUSION AND RECOMMENDATIONS

In contrast to the rich literature on urban sprawl in Western cities, little is known about
Malaysia urban sprawl growth. This paper provides a brief assessment and analysis of
types of urban sprawl that occurred along with the urbanisation Kuala Lumpur. The
complex nature of land use pattern in urban sprawl requires measures to employ multiple
geospatial indices. In this research, we examine the most significant indicators related to
five land use spatial factors using remote sensing imagery data and GIS approach. We
realize the application of technology in city management is important since cities were
growing rapidly in most developing countries. However, there is other possible measures
or variation to the measures employed here that hold potential for spatial analysis of
urbanisationin general & urban sprawl in specific. Land use spatial patternsindex provide
asignificant approach for identifying, comparing, and contrasting sprawl development in
a more detailed manner for further investigation of the underlying process at play. As
urban patterns for given region change with time, that reflected in changing sprawl index
value and its technological tools may itself provide insight into the long-term patterns,
underlying process, and likely consequences of spreading development compared to its
smart growth analysis. Although the GIS and remote sensing application is a universal
technique that being used worldwide, the geospatial indices of urban sprawl that being
employed in thisresearch are original to solve the urban sprawl problem in western cities.
There will be alot of things to be improved in the future to ensure that the geospatial
indices being used to identify sprawl are suitable with urbanisation in the different
geographical area as compared from its original background. It is researcher’s biggest
hope that the measures used in the research will be refined so in the futureit will be useful
for managing urban sprawl growth along with urbanisation in the cities of South East
Asia
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