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Abstract: Globally, rapid urban expansion has caused green spaces in urban areas to decline consider-
ably. In this study, the rapid expansion of three Southeast Asia cities were considered, namely, Kuala
Lumpur City, Malaysia; Jakarta, Indonesia; and Metro Manila, Philippines. This study evaluates
the changes in spatial and temporal patterns of urban areas and green space structure in the three
cities over the last two decades. Land use land cover (LULC) maps of the cities (1988/1989, 1999 and
2014) were developed based on 30-m resolution satellite images. The changes in the landscape and
spatial structure were analysed using change detection, landscape metrics and statistical analysis.
The percentage of green space in the three cities reduced in size from 45% to 20% with the rapid
expansion of urban areas over the 25-year period. In Metro Manila and Jakarta, the proportion of
green space converted to urban areas was higher in the initial 1989 to 1999 period than over the
latter 1999 to 2014 period. Significant changes in green space structure were observed in Jakarta and
Metro Manila. Green space gradually fragmented and became less connected and more unevenly
distributed. These changes were not seen in Kuala Lumpur City. Overall, the impact of spatial
structure of urban areas and population density on green space is higher in Jakarta and Metro Manila
when this is compared to Kuala Lumpur. Thus, the results have the potential to clarify the relative
contribution of green space structure especially for cities in Southeast Asia where only a few studies
in urban areas have taken place.

Keywords: green space; rapid urban expansion; Southeast Asia cities; spatiotemporal pattern

1. Introduction

Globally, urban areas are expanding and undergoing rapid development, with 65%
of the world’s population expected to be urban by the year 2025 [1]. This development
is predominant in the fastest growing economies and human populations, particularly in
developing countries. According to the United Nations Population Fund [2], 90% of urban
population growth will be in Asia, Africa and Latin America, with 80% of the world’s largest
cities being in these areas. In Southeast Asia, urbanization has increased significantly in the
last two decades as industry has become the focus for economic development [3]. In this
region, the urban growth rate is 2.4% per year, which is relatively high versus developed
regions of the world [4], and exhibits different patterns of growth to well-studied developed
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cities. This situation complicates the management of urban ecosystems and green spaces
and potentially poses threats to the environment [3].

Urban green spaces support valuable functions and provide many different ecosystem
services, offsetting the negative environmental and health effects of urbanization while
providing benefits to human well-being [5]. Rapid urban expansion profoundly transforms
these spaces and can result in significant decline of green spaces [6]. For example, cities in
China have lost an estimated 47.1 km2 of green space annually (1992 to 2004) [7]. As green
spaces shrink and become fragmented within the built-up matrix, they suffer degradation
in connectivity, biodiversity, and ecosystem function [8]. This degradation may reduce the
quality of life of urban dwellers.

Changes in landscape structure are associated with patterns and processes at various
spatial scales, so quantifying these changes is important for assessing the impact of rapid
urban expansion on green space [9]. However, it is not clear how interactions between
rapid urban expansion patterns affect the amount and spatial distribution of green space.
The examination of spatial information over time is one way to determine these relation-
ships [10], and the size, shape and spatial configuration of green spaces help to determine
their resulting ecosystem service delivery as well as public perceptions, visiting patterns
and their use [11].

Limited studies exist for Southeast Asian cities on the importance of green space
structure. Previous studies in Asian countries and on large cities in China have focused
primarily on urban expansion and social benefits of green space rather than understanding
landscape structure [12–14]. Less attention has been paid to middle-sized Southeast Asian
cities, such as Kuala Lumpur, and megacities of Southeast Asia such as Jakarta and Metro
Manila. These three cities are the capitals of their respective countries and their most
important economic and political centres, and they have developed rapidly in recent
decades. The mixing of land use and uncontrolled rapid growth are major features of
Southeast Asian urban expansion [15], which is further typified by increasing populations
and rural-to-urban migration [3]. Sodhi et al., 2010 [16] reported that among tropical
regions, Southeast Asia has one of the highest rates of green space loss and deforestation.
This loss is due largely to a lack of integrated land use and regional planning, the relatively
weak structure of urban policy and the absence of a legal basis for controlling urban
expansion [17]. The pace of development has largely surpassed the ability of policy to
keep pace [18]. While integrated city planning is available, it has generally been designed
for developed Western cities and is not readily compatible with the considerations of
rapidly growing cities [19]. As such, studies of urban development in this region should
consider the impacts of local planning policy in order to understand its effects on green
space condition, extent and form [15]. This is not only key to understanding the dynamics
of the landscape but can inform future urban planning, enabling the maintenance and
expansion of ecosystem services and human well-being [20]. Comparing changes in green
space and urban development between similar but distinct cities is important to gaining
a better understanding of how these changes are affected by different driving forces
and framing conditions [21]. Moreover, comparative analysis may lead to identifying
policies that effectively protect and promote urban green space. Not least, it is hoped
that comparative analysis will lead to results and conclusions that can be generalised and
applied to different cities.

In order to understand the impact of urban expansion on green space in Southeast
Asia and to support local urban planning, we use landscape structure analysis to address
three objectives: (i) to quantify changes in urban areas and green space spatial distribution
in three rapidly growing cities in Southeast Asia; (ii) to evaluate the impact of these changes
on the structure of green spaces; and (iii) to explore the impact of different types of urban
expansion and planning policies on changes to green space structure. The results from this
study may lead to new insights into the effects of rapid urban expansion on green space
in the developing urban landscapes of Southeast Asia and provide empirical support for
more effective green space design and planning.
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2. Materials and Methods
2.1. Study Area

Three larger Asian cities (Figure 1) were chosen for this study (Kuala Lumpur, Jakarta
and Metro Manila) due to their rapid urban expansion, their development as urban areas
and the increase of economic growth, environmental destruction and societal concerns [22].
Kuala Lumpur City, Malaysia’s capital, is situated at the intersection of the Klang and
Gombak rivers. It has a total area of 23,934 ha (239 km2) and a population of 1.6 million
citizens in 2010 (Department of Statistics Malaysia). By 2020, the Kuala Lumpur Structural
Plan 2020 anticipates a population of 2.2 million [23,24]. Jakarta, the capital of Indonesia,
consists of five municipalities and lies in the lowland on the northwest coast of Java
Island, occupying an area of 64,000 ha (640 km2). Jakarta’s landscape is flat, elevating
progressively from 5 to 50 metres above mean sea level [25]. In 2012, the population was
expected to be 9.7 million (BPS DKI Jakarta Provinces, Indonesia). Metro Manila, the
Philippines’ capital, is comprised of eight contiguous cities that encompass an area of
nearly 63,800 hectares (638 km2). The city is located on the eastern coast of Manila Bay
in the lowlands of Southwestern Luzon Island [25]. According to the 2010 census, it has
a population of 11.8 million (Philippine National Statistical Coordination Board) [24].
Multi-year population data of Kuala Lumpur, Jakarta and Metro Manila were taken from
the Department of Statistics Malaysia, the Bureau of Statistics (BPS DKI Jakarta Provinces)
and the Philippine National Statistical Coordination Board, respectively.

Figure 1. Location map of three cities in Southeast Asia.

2.2. Data Acquisition and Processing

Satellite imagery was used to obtain land use land cover (LULC) information for the
study areas. Kuala Lumpur Landsat-5 Thematic Mapper 30-m imagery was acquired from
the Malaysian Remote Sensing Agency (MRSA) between 1988 and 1999, and Jakarta and
Metro Manila Landsat-5 Thematic Mapper 30-m imagery was retrieved from the Global
Land Cover Facility (http://glcf.umd.edu/, accessed 20 December 2016) between 1989
and 1999. For all selected cities, Landsat-8 Enhanced Thematic Mapper 30-m imagery from

http://glcf.umd.edu/
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2014 were downloaded from the United States Geological Survey (http://www.usgs.gov/,
accessed on 23 December 2016) [24].

Nine images were processed using ERDAS Imagine 2014 (Intergraph Corporation,
Madison, AL, USA) and ArcGIS 10.2 (ESRI, Redlands, CA, USA) to produce LULC maps
for Kuala Lumpur, Jakarta and Metro Manila. We extracted the area of interest from the
imagery using city boundaries derived from Global Administrative Areas (http://www.
gadm.org/, accessed on 25 December 2016). For each year, we classified the LULC classes
(built-up area, green space, cleared land and waterbody) applying maximum likelihood
supervised classification (ERDAS Imagine, Hexagon Inc., Stockholm, Sweden) [26] (Table 1,
adopted from Nor et al., 2017 [24]. Green space is defined here as any portion of land
covered in vegetation within the built-up matrix of urban areas that is large enough to be
recorded by the sensor’s 30-m resolution [24]. Systematic sampling was used to collect
training points from sample grids (1 km2) created in ArcGIS (Figure 2), ensuring an even
distribution across the study area. In the classification process the LULC maps, topographic
maps and Google Earth were used as reference. Accuracy assessment produced statistical
outputs to check the quality of the classification results [27]. Validation samples for each
class were identified in a stratified random sampling approach [13] in which 100 points
were assigned to each LULC. The overall accuracy and kappa statistic were calculated to
explain differences and improvements in the classification of images [28]. The accuracy of
images in Kuala Lumpur was 88% in all three years. Validation samples were identified
for each class using a stratified random sampling technique [13] in which each LULC
was allocated 100 points. To account for discrepancies and improvements in imagery
classification, the overall accuracy and kappa statistic were calculated [24,28]. In Kuala
Lumpur, image accuracy averaged 88% during a three-year period. In 1989, 1999 and 2014,
the image accuracy in Jakarta was 87%, 88% and 85%, respectively. In Metro Manila, the
accuracy for 1989, 1999 and 2014 was 88%, 87% and 88%, respectively. Raster data were
converted to vector format using ArcGIS. Finally, the LULC maps were analysed in order
to study the spatial pattern evolution of green space.

Table 1. Land use/land cover classification scheme (Modified from Nor et al., 2017 [24,28].

Code Land Use/Land
Cover Categories Description

1. Built-up area
Areas with all types of artificial and impervious surfaces,
including residential, commercial and industrial areas, as
well as transportation infrastructure

2. Green space All green area covered with forest trees, shrubs, grassland
and cropland

3. Water body River, drain, reservoirs, lakes and ponds

4. Cleared land
Land with bare soil, bare exposed rock, quarries and
disturbed ground at building sites and dirt roads (cleared
but not developed or colonized by vegetation)

2.3. Landscape Change Analysis

Change detection analysis was used to determine the amount of green space converted
to urban areas and other land uses between 1988/1989 and 1999 and between 1999 and
2014 for each city. In this analysis, maps from two different years were overlaid, and a table
containing the conversion of LULC was produced. We calculated the proportionate rate of
change for each LULC using the following formula [10,24]:

C =
Aj − Ai

Ai
(1)

http://www.usgs.gov/
http://www.gadm.org/
http://www.gadm.org/
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where C is the proportional change in LULC, and Ai and Aj denote the area of the land
type in years I and j, respectively. We then used the given formula to determine the annual
changes in each LULC (Nor et al., 2017):

D =
1

nj − ni
×

Aj − Ai

Ai
(2)

where D denotes the annual change in each LULC, and ni and nj denote the years I and
j, respectively.

Figure 2. Area frame sampling with systematic sampling (sample grid is the area sampling
frame of 1 km × 1 km; sample training point is the point used for training signatures in
supervised classification).

2.4. Landscape Structure Analysis

Landscape structure of the cities over the three periods (1988/1989, 1999 and 2014) was
analysed at landscape, class and patch levels to quantify changes in the spatial structure of
green space [29]. Landscape-level metrics are effective for quantifying the entire landscape
while class-level metrics analyse landscape patterns of each LULC individually [30]. Class-
level metrics provide more specific information about landscape spatial patterns, variations
at the local level and the distribution of LULC [31]. Patch-level metrics are critical in
understanding the mechanisms of landscape change [32] and important in determining
significant differences between patches within a LULC class. Choices for appropriate
landscape metrics are dependent upon the scale of analysis and objectives of the study [31].
Six metrics for analysing landscape structure were chosen in this study where the similar
metrics also used in the work by Nor et al., 2017 [24]: percentage of area (PAREA; %), patch
density (PD; number of patches per 100 ha), mean patch area (MPA; ha), largest patch index
(LPI; %), landscape shape index (LSI; m/ha) and Euclidean nearest neighbour distance
(MNN; m) (Table 2, [24]). The metrics were calculated using FRAGSTATS (Version 4.2,
University of Massachusetts, Amherst, MA, USA) [29]. Green space fragmentation in
response to urban expansion was quantified using PAREA, PD and MPA; high values of
PD and low values of MPA indicate a fragmented landscape composed of many small
patches [33]. At the patch level, three metrics (MPA, LSI and MNN) were derived to
describe the structural connectedness between patches due to their size, shape and inter-
patch distance (Table 2; [24]). Tian et al. 2014 [34] employed these landscape measures
to depict variations in green space landscape properties such as size, shape and patch
isolation. Based on these metrics, we compared significant changes at the landscape level
for each city in between 1988/1989 and 1999 and between 1999 and 2014 using a Kruskal–
Wallis test (significance level 0.05). We also compared the significant changes in LULC
patterns at class level between 1988/1989 and 1999 and between 1999 and 2014 for each
city. Data were log-transformed due to non-normal distributions. Associations between
population density (calculated by dividing the population by the size of the urban area),



Sustainability 2021, 13, 12024 6 of 20

urban expansion and changes in built-up area and green space were illustrated using a
correlation graph.

Table 2. Landscape metrics used for landscape structure analysis (Modified from [29,35]).

Metrics Abbreviation Description of Metric Level (Units)

Landscape-Level Metrics
(The Landscape as a Whole)

Class-Level Metrics (Each
Patch Type (Class) in the
Landscape)

Patch-Level Metrics
(Individual Patch in the
Given Class, Where
Applicable)

Percentage of area PAREA (%) n/a

The percentage
of each patch type in the
landscape. Proportional
abundance of class types in
the landscape

n/a

Patch density PD Number of patches per 100
ha

Number of patches per 100
ha in that class n/a

Mean patch area MPA (ha)

The area occupied by a
particular patch type divided
by the number of patches of
that type. A function of the
number of patches in the
total area

A function of the number
of patches in the class and
total class area

A function of the difference
in patch sizes among
patches

Largest patch index LPI (%)

Area (m2) of the largest
patch of that type divided by
total landscape area (m2),
multiplied by 100

An indication of the
dominance of the different
land cover classes

n/a

Landscape shape
index LSI (m/ha)

SHAPE equals patch
perimeter (m) divided by the
minimum perimeter of the
corresponding patch area in
a landscape. A measure of
the overall geometric
complexity of the landscape

A measure of the overall
geometric complexity of
the landscape of a focal
class. Can also be
interpreted as a measure of
landscape
disaggregation—the
greater the value of LSI, the
more dispersed the patch
types

LSI is one patch and any
patch edges (or class edges)
measured by the perimeter

Euclidean
Nearest-Neighbour
Distance

MNN(m)
Distance (m) from a patch to
nearest neighbouring patch
in a landscape

The distance between a
patch and its nearest
neighbour of the same
class, based on the distance
between cell centres of the
two closest cells from the
respective patches

MNN deals explicitly with
the degree to which
patches are spatially
isolated from each other.
The context of a patch is
defined by the proximity
and area of neighbouring
habitat patches; variation
in nearest-neighbour
distance among patches

3. Results
3.1. Landscape Change Analysis

In 1989, the highest percentage of built-up area was in Metro Manila (56%) followed by
Jakarta (41%) and Kuala Lumpur (35%; Figure 3). Metro Manila had the smallest percentage
of green space (31%), with similar values for Jakarta (46%) and Kuala Lumpur (45%). By
2014, the total urbanized area was almost double that of 1989, and the built-up area in
Jakarta and Metro Manila (86% and 84%, respectively) exceeded Kuala Lumpur (76%).
Green space in Jakarta and Metro Manila was <10%, and it was 20% for Kuala Lumpur.
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Figure 3. Land use land cover maps in three-year periods in (a) Kuala Lumpur, (b) Jakarta and (c)
Metro Manila.

The total urbanized area increased by 31 to 73% in the period from 1988 to 1999 in
all three cities: a higher rate of expansion than the latter 1999 to 2014 period (15 to 41%;
Figures 4 and 5). Over the same period, the green space area was reduced by more than
30% in all three cities. The change rate of the green space in Kuala Lumpur was smaller
than in Jakarta and Metro Manila. In Kuala Lumpur, the decrease in green space was
greater in 1988 to 1999 (36%) compared to 1999 to 2014 (30%). In Metro Manila and Jakarta,
green space decreased by 62% and 54%, respectively, between 1999 and 2014 (Figures 4
and 5). From 1988 to 2014, the cleared land in Kuala Lumpur and Metro Manila decreased
by 72% and 38%, respectively. However, in Jakarta, the cleared land increased by 70%



Sustainability 2021, 13, 12024 8 of 20

between 1989 and 1999 and decreased by 7% from 1999 to 2014. Waterbodies in Kuala
Lumpur, Jakarta and Metro Manila decreased by 31%, 42% and 59%, respectively between
1988 and 2014.

Figure 4. Detailed map of changes in green space patches in (a) 1988/1989, (b) 1999 and (c) 2014 in
Kuala Lumpur, Jakarta and Metro Manila.
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Figure 5. Percentage of area and change rate of land use land cover types (using formula C and D in landscape change
analysis) in three cities in 1988/1989, 1999 and 2014.

From 1988 to 1999, more than 10% of green space was converted to built-up areas in
the three cities (Table 3, Appendix A). The highest conversion of green space to built-up
areas was in Jakarta (25%) compared with Kuala Lumpur (17%) and Metro Manila (12%)
(Table 3). Built-up areas converted to green space were the highest in Kuala Lumpur (4%),
followed by Metro Manila (1.8%) and Jakarta (0.8%) (Table 3). Built-up areas showed great
persistence (i.e., no conversion or changes to another LULC over time) of 26% to 53%
and were only approached by green space, with a persistence of 15% to 22% in the cities
(Table 3).

Table 3. Comparison of change detection in three cities.

Landscape Changes Kuala Lumpur Jakarta Metro Manila

1988–1999

Green space to built-up area 17% 25% 12%
Built-up area to green space 4% 0.8% 1.8%
Green space persistence 22% 16% 15%

1999–2014

Green space to built-up area 19% 12% 10%
Built-up area to green space 6.0% 0.7% 1.3%
Green space persistence 11% 5.7% 6.6%

In the period from 1999 to 2014, the conversion of green space to built-up areas were
smaller in Jakarta (12%) and Metro Manila (10%) when compared with Kuala Lumpur
(19%) (Table 3). Despite this, the remaining green space in Kuala Lumpur was still highest
(11%) compared to Jakarta (5.7%) and Metro Manila (6.6%). However, the conversion of
built-up areas to green space showed a different transformation pattern in Kuala Lumpur
as the percentage of this change is substantially larger (6%) when compared to Jakarta
(0.7%) and Metro Manila (1.3%; Table 3). This conversion was the main contribution to the
remaining green space in Kuala Lumpur.
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3.2. Landscape Structure Analysis

At the landscape level, the PD (p < 0.05) increased from 11 to 14 patches/100 ha
and the MPA significantly (p < 0.05) decreased from 9 to 6 patches/100 ha in Kuala
Lumpur between 1988 and 1999; however, between 1999 and 2014, the PD decreased (14 to
13 patches/100 ha) and the MPA increased (6 ha to 7 ha) significantly (p < 0.05; Figure 6).
The pattern was similar in Jakarta: the PD increased (3 to 4 patches/100 ha) and the MPA
decreased (26 ha to 25 ha) significantly (p < 0.05) between 1989 and 1999; however, between
1999 and 2014, the PD decreased (4 to 3 patches/100 ha) and the MPA increased (25 ha to
33 ha) significantly (p < 0.05; Figure 6). By contrast, the PD decreased and no significant
changes (p > 0.05) in the MPA were observed in Metro Manila over the study period. The
LPI increased over the study period in all three cities. Similar significant changes in the
MNN were seen in Jakarta (102 m to 221 m), Kuala Lumpur (102 m to 223 m) and Metro
Manila (124 m to 269 m) from 1988 to 1999. Conversely, values decreased significantly
between 1999 and 2014 in Kuala Lumpur (223 m to 188 m) and Metro Manila (296 m
to 240 m). The LSI decreased in Jakarta and Metro Manila but increased significantly
(p < 0.05) in Kuala Lumpur over the study period (Figure 6).

Figure 6. Comparison of metrics at landscape level for each city (letters (a, b) indicate statistical
differences with a significance level of 0.05 for MPA, LSI and MNN; the letter a above bars indicates the
significant changes p < 0.05; the letters b above bars indicates no significant changes (p > 0.05) between
patches in the period from 1988 to 1999 and 1999 to 2014). Patch density (PD); Mean patch area (MPA);
Landscape shape index (LSI); Largest patch index (LPI); Euclidean nearest neighbour (MNN).
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At the class level, changes in green space structure were similar for Metro Manila and
Jakarta and different for Kuala Lumpur. In all three cities, the PD increased (Kuala Lumpur,
1 to 6 patches/100 ha; Jakarta, 1 to 2 patches/100 ha; Metro Manila, 1 to 3 patches/100
ha) and the MPA decreased (Kuala Lumpur, 38 ha to 5 ha; Jakarta, 48 ha to 13 ha; Metro
Manila, 26 ha to 8 ha) from 1988 to 1999, indicating that the green space was fragmented
(Figure 7). The decline in the MPA has been significant in all three cities from 1988 to 1999.
However, the PD decreases (6 to 5 patches/100 ha) and the MPA increases (5 to 6 ha) in
Kuala Lumpur from 1999 to 2014 were not statistically significant (p > 0.05; Figure 6). The
PD and MPA values decreased in Jakarta (1.3 to 1.2 patches/100 ha) (2 to 1 ha) and Metro
Manila (13 to 5 patches/100 ha) (8 to 4 patches/100 ha) from 1999 to 2014, respectively,
indicating the disappearance of green spaces. The LSI increased (p > 0.05) from 1988 to 2014
in Kuala Lumpur. Compared to Jakarta and Metro Manila, the LSI increased significantly
(p < 0.05) from 1989 to 1999 and decreased from 1999 to 2014 (Figure 7). The patch size was
smaller (LPI decreased) from 1988 to 1999 but slightly increased from 1999 to 2014 in Kuala
Lumpur. However, in Jakarta and Metro Manila, the patch size also became smaller (LPI
decreased) from 1989 to 2014. In Jakarta, the increase in the MNN (306 to 393 m) between
1989 and 2014 indicates that the green inter-patch distance increased. By contrast, the MNN
decreased in Kuala Lumpur (81 to 39 m) and Metro Manila (161 to 135 m) (p < 0.05) from
1988/1989 to 1999 and increased from 39 m to 67 m and 135 m to 179 m from 1999 to 2014,
respectively (Figure 7).

Figure 7. Comparison of metrics at class level for each city (letters (a, b) indicate statistical differences
with a significance level of 0.05 for MPA, LSI and MNN; the letters a above bars indicate the
significant changes p < 0.05; the letters b above bars indicate no significant changes (p > 0.05) between
patches in landscape structure in the period from 1988 to 1999 and 1999 to 2014 [Patch density (PD);
Mean patch area (MPA); Landscape shape index (LSI); Largest patch index (LPI); Euclidean nearest
neighbour (MNN)].
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In Kuala Lumpur and Metro Manila, the built-up PD values decreased and the MPA
values increased significantly (p < 0.05) from 1988/1989 to 2014, indicating a coalescence of
built-up patches due to increases in built up area cover (Figure 7). In Jakarta, built-up areas
were expanded more in the period 1989 to 1999 than 1999 to 2014. In all three cities, the
increases in the LPI and MPA showed that built-up patches coalesced owing to gains made
from adjacent green space areas. In Kuala Lumpur, the LSI increased significantly (p < 0.05)
from 1988 to 2014 indicating greater variation among shapes at the edges of built-up areas.
Compared to Jakarta and Metro Manila, the LSI decreased for the same period (Figure 7). In
Kuala Lumpur, the distance between built-up patches to the nearest patch (MNN) decreased
from 1988 to 2014. In Jakarta, the MNN decreased (p > 0.05) from 1989 to 1999 but increased
from 1999 to 2014, in contrast to Metro Manila, where the MNN increased from 1989 to
1999 and then decreased from 1999 to 2014. Concurrently, the population in Jakarta and
Metro Manila increased substantially along with the corresponding spatial urban extension
trends (Figure 8). The results show that connections exist between population and urban
expansion, due to the similarity in trends of population density and the spatial structure of
built-up areas in Jakarta and Metro Manila.

Figure 8. Correlation between built-up area, population density and green space in three periods in
(a) Kuala Lumpur, (b) Jakarta (c) Metro Manila.
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4. Discussion

In the three cities of Metro Manila, Jakarta and Kuala Lumpur, the built-up areas
expanded and encroached on green space, reducing green space by more than 30% over
the 25-year period. Metro Manila saw the greatest reduction in green space over the study
period, followed by Jakarta and Kuala Lumpur (Figure 5). This is comparable to other
Asian countries: For example, the trends of urban green space between 1990 and 2010 in
30 major Chinese cities showed that 46.9% of original vegetation cover was converted to
other land cover types [13]. Similar results occurred in Greater Dhaka, Bangladesh [36];
Sapporo, Japan [37]; Mumbai, India [38]; and Hong Kong [8], with green space losses
ranging from 10% to 50%. The results from these studies suggest that economic growth,
population increase, urbanization and weakness in planning, controlling and managing
urban development are factors in green space loss [36]. While the exact definitions of
‘green space’ varied between studies, they are largely comparable in the above examples
in referring to vegetated areas within the urban matrix [39]. There are also studies that
defined urban built-up boundaries separately in different years (e.g., [40,41]). In this kind
of study, some cities became greener in their built-up areas. [40] found that the availability
of urban green spaces increased by 4.11% between 2005 and 2015 in 28 megacities. This
pattern may reflect the fact that cities worldwide are increasingly, paying attention to
create and preserve urban green spaces during development. Despite the importance of
green space, urban growth and urban densification are contributing to the reduction and
isolation of green space structure in our study areas. Although urban green spaces are
considered important in Asian cities, there is a potential that green spaces may become
encroached and therefore too small and isolated to maintain their environmental and social
effectiveness [8,11].

Our research interprets various patterns of green space change and sequences of
changes in rapidly expanding cities. These observations can lead to an increased un-
derstanding of green space dynamics and their relation to ecological processes. In all
three cities, green spaces have fragmented, shrunk, complicated and dissected as indicated
by the increased PD (due to the presence of many smaller patches) and LSI but the reduced
MPA and LPI between patches in the period 1988 to 1999. The distance between green
patches increased in Jakarta but decreased in Kuala Lumpur and Metro Manila. Small
patches then disappeared in Jakarta and Metro Manila but not in Kuala Lumpur. The
MNN increased and the PD declined in all three cities in the later period from 1999 to 2014.
These results demonstrate the ecological processes of attrition (loss of habitat patch) and
isolation [42] of green space in the cities.

Spatially, green space loss was not random and appeared to take place primarily on
the urban fringes in Jakarta and Metro Manila (Figure 3). Sharifi et al., 2014 [3] found
that migration of people from rural to urban areas increased the population density in the
urban fringe and caused rapid development there. Based on visual observation (Figure 3)
in Kuala Lumpur and Jakarta, the changes in the green space spatial patterns mostly occur
at the west and south boundaries of the cities. According to Kuala Lumpur City Hall,
2005 [23], industrial and economic development took place in the west of Kuala Lumpur as
it is a conurbation with the growing state of Selangor, and the new administration centre of
Putrajaya was developed at the South of Kuala Lumpur. A new town development initiated
by the early 1990s called Bukit Jonggol Asri (Beautiful Jonggol Hills) has reinforced spatial
segregation in the south of Jakarta [43] and might influence spatial pattern changes. In
Metro Manila, rapid land use conversions took place in the urban fringe particularly in the
north, which started in the 1990s, because of the development of residential sub-division
lots and agricultural lands [44] resulting in green space loss. The observed changes in
the cities correspond to increasing population density, indicating a relationship between
urban expansion, population density and green space change (Figure 8). The population
increased more than 20% in Jakarta and Metro Manila from 1989 to 2014, which is the main
driving force of the urbanization process [25]. Our observations would therefore suggest
that both rapid urban development and increasing population density accounted for the
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process of green space change in the urban boundaries, similar to the results observed by
Zhou and Wang, 2011 [17]. In these types of cities, urban planning therefore needs to pay
particular attention to the urban fringe where the impact of increasing population density
on land cover change may be the most drastic.

When comparing the three cities, different patterns of changes in the overall land-
scape structure were found at different scales, cities and years in response to rapid urban
expansion, policies and population density. Fragmentation in Jakarta was evidenced by
larger PD and smaller MPA values in 1988 than in 1999, suggesting rapid expansion during
this period (Figure 6). This coincides with policies for the integrated metropolitan-level
development initiated in the mid-1970s and early 1980s by the Local Preparation Bureau for
Development in Jabodetabek Metropolitan Area, the Presidential Decree on Development
of the Jabodetabek Area and the construction of new road infrastructure [45]. In 2008, new
green open spaces policies were developed but with a stronger focus on natural areas than
urban green space [46]. The Kuala Lumpur Structure Plan 1984 resulted in a similar trans-
formation of the landscape structure: green space was highly fragmented between 1988
and 1999; however, between 1999 and 2014, the patches were aggregated, coinciding with
an increase in population density from 1988 to 1999 and stabilized from 1999 to 2014. These
trends in population change are theorized to have driven rapid urban expansion and de-
velopment in the city during the earlier period (Figure 8). By contrast, lower fragmentation
and increasing inter-patch distance in Metro Manila over the study period suggests that
patches were aggregated or eliminated, and the population density was decreased in 1999
(Figure 8) due to the later establishment of development plans (Development Framework
Plan for Metropolitan Manila (1996 to 2016). This would suggest that the different sizes,
fragmentation degree, densities of landscape features and population density found in the
three cities are related to the establishment of master planning and policies in the cities.

The changes in green space structure were observed differently in each city at the class
level as well. Generally, green space structure has gradually fragmented, and become more
unevenly distributed and recent conversions to green space from other LULC in Jakarta
may result from planning regulations enacted in 2007. Spatial planning laws 26/2007 and
174/2007 relate to the planting and maintaining trees for 2010 to 2030 [47] and involve
the development and maintenance of urban forests, interactive parks, agricultural areas
and green belt areas [48]. Metro Manila also saw a slower conversion of green spaces to
built-up areas in the recent period. There, planning policies starting in 1996, such as the
Physical Development Framework Plan for Metropolitan Manila (1996 to 2016) and Metro
Manila Green Print 2030, were established to provide a framework and recommendations
for the use of land and other resources [49]. However, the continued green space decline,
which almost doubled from 1999 to 2014 (Figure 5), suggests that the policies are currently
inadequate; despite these planning efforts, urban expansion continues at the expense of
green space [15]. In contrast, the Kuala Lumpur Structural Plan 1984 began earlier than the
other cities and with a greater emphasis on providing green space [23]. As a result, some
of the area and distribution of green space structure in this city has increased between 1999
and 2014 (Figure 7). In 2000, Kuala Lumpur City Hall launched a programme to plant trees
along major roads and develop more parks and play areas to further increase the amount of
green space (Figure 4) [23]. Nevertheless, built-up areas in Kuala Lumpur have expanded
at greater rates than green space structure resulting in the dislocation and continued
isolation of green space (Figure 7). According to Haq, 2011 [50], the municipalities in
Kuala Lumpur tend to focus on the beautification of green spaces and landscaping that
increase property values and financial returns for land developers and thereby attract
foreign investments that have contributed to the rapid economic growth. However, a wider
recognition of the environmental and social value of connected green space is needed by
policy makers to maintain biodiversity and secure ecological and cultural benefits [51].
The correlations between the observed landscape trends and the policy history of each
city suggest that differentiated policies should be formulated to guide the reasonable
expansion of urban land. This study, therefore, has regional policy relevance and practical
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planning implications for the current management of green space structures in urban
landscapes. Such research can help us better understand the driving mechanisms of urban
land expansion in compact cities with high-density, mixed-use development within a
restrictive geographical area [52,53], thus having important implications for the policy,
urban planning and management of green spaces in Southeast Asia and similar countries.
Examining this connection from a policy viewpoint may be beneficial for gaining a more
complete understanding of the realised and detailed effects of planning regulations on the
development of green space pattern in rapidly developing cities.

The dramatic changes in the three cities’ green space structures have profound con-
sequences for the cities’ ecological and social functioning [24]). The increased size of
built-up area affects the ecological function of individual patches of green space through
its effects on edge and core habitat [54], producing a poor-quality landscape with irregular
patches and an uneven distribution of green space in the cities. A significant increase in
the LSIs of built-up area and green space was observed from 1988 to 2014, creating a more
complicated landscape in Kuala Lumpur relative to Jakarta and Metro Manila (Figure 8).
The landscape shape index is an important metric to characterize landscape change, being
a standardized measure of the total edge, which increases without limit as patches become
more disaggregated and is essentially a descriptor of connectivity and spatial heterogeneity
in the landscape [29]. The complexity of shapes is a dimension for both ecological function
and visual character [54]. For example, boundary shape influences ecological processes,
and hence species composition and relative abundances [55] and also affects the spatial
distribution of edge species and interior species [56]. Pattern complexity is a term that
refers to the spatial interactions between patches and is critical for ecological activities
including species movement across landscapes [42,54]. Previous research indicates that
these changes are increasing the vulnerability of the cities to natural hazards such as
flooding [32], the destruction of ecosystems and vital species [16], degraded ecosystem
functioning and effects on the cities’ climate, as well as going to contribute to atmospheric
pollution and demeaning the provision of ecosystem services (e.g., climate regulation and
cooling effect) [30]. This would exacerbate the urban heat island effect, pose a signifi-
cant public health risk and degrade the quality of environmental health and life of urban
people [24,57,58].

Conversely, the increases in shape variation and patch size of green space in Kuala
Lumpur may attract more people to use those spaces, as residents have been found to
prefer large parks and attractive design [59]. Size is also critical to ensure the conservation
effectiveness of ecosystems. It has a structural connectedness that can also reveal the
functional connectivity between patches in order to maintain the sustainability of long-
term conservation. Proponents of maintaining and adding small size green spaces to
the urban landscape help to maintain the connectivity of isolated green space [60–62].
Green spaces with complicated shapes could bring people closer to nature, improve their
physical and mental health and provide diverse visual and amenity resources [34]. Several
previous studies conducted in Asia indicated that factors such as the size, distance and
shape of structures, their diversity and variation and their location in the green network
all contribute to their perception and use, resulting in improved physical and cognitive
performance, as well as improved well-being for city dwellers [11,24,34]. [63] found that the
lower land value districts had more vegetation coverage with a higher vegetation density,
mainly due to a large quantity of unmanaged greenery. It is worth noting that small green
spaces may provide less extensive opportunities for recreation so contribute less health
benefits than large-size green spaces [40]. However, the increase in distance between green
space patches in all three cities from 1999 to 2014 implies that green space patches are
becoming isolated. If these trends continue, Metro Manila and Jakarta may both be at risk
of losing green space function through decreased accessibility to green space for amenity,
leisure and recreation as demonstrated by [8] in Hong Kong. It is important to provide
residents with more access to green space near their homes and localized patterns of use in
municipal and neighbourhood parks [64] for leisure and recreation [65]. Thus, it is clear that
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the size, connectedness, structure, form and shape of green space patches are fundamental
components of the urban green network and important indicators to characterize the need
for green space. This study illustrates the usefulness of spatial structure and pattern metrics
of city development for green space planning and design to the use and value placed on
green space, especially for Southeast Asian people and other related developing countries.

Strategies for future studies should focus on optimizing the configuration of green
space structure (shape, density and connectivity) in ways which increase their amount
and improve their spatial distribution for conservation and rehabilitation of ecological
functions and networks in urban areas. An appropriate green space may help to reduce the
urban heat island and urban warming. A recent study identified that population density,
infrastructure and urban structure were important factors in reducing urban warming
in tropical cities and were more important than total population size [66]. Additionally,
the impacts of planning policies on urban green space development patterns could be
valuable to explore from a dedicated policy perspective as discussed above. Planning
policies may have had mixed influences on the development of green space structure and
understanding their dynamics at regional or city-wide scales in the different time periods is
important to the improvement of policies to plan, monitor and manage green space. A more
developed understanding of linkages between policy drivers and landscape change could
potentially enable the use of these metrics as an early warning system for the degradation
of urban ecosystems.

5. Conclusions

This study sought to (i) quantify changes in the spatial distribution of urban green
space in three Southeast Asian cities over the past two decades, (ii) evaluate the impact
of changes to green space structure, and (iii) explore the impact of urban expansion,
population density and management policy on changes to green space structure. This work
has shown how landscape metrics that have been widely applied in landscape ecology but
hitherto not widely applied to urban areas in Southeast Asia have a significant capability
to quantify urban green space dynamics and assess its spatial and temporal dynamics.
This new information could be potentially used to assess current policies and inform new
policies for the development and maintenance of green space structure and its network
in urban areas. This could contribute to maintaining or improving current ecological
functions and networks for the provision of ecosystem services in rapidly developing
cities such as the ones in our study. This work has shown that built-up areas expanded
and encroached on green space in all three cities studied here, reducing green space by
more than 30% over the past 25 years. These changes have affected the green space
structure differently in each city. Jakarta and Metro Manila exhibited the highest percent
coverage of built-up areas and a greater impact of urbanization on green space structure
than Kuala Lumpur, with green space structure gradually fragmenting to become less
connected and more unevenly distributed. Relationships between urban development and
spatial structure in Southeast Asian cities are believed to be heavily driven by management
and policy. Additional drivers of change such as population density and socioeconomic
factors should be emphasized in future studies to solidify our understanding of the driving
relationships between society, policy, and landscape change. Similar studies in other cities,
regions and cultural realms would also be valuable for exploring the diversity of urban
landscape dynamics and relationships around the world and informing sustainable policy
and planning.

An understanding of historical green space changes and the policy contexts surround-
ing them can inform future policy and thus serve as early warning systems for ecological
degradation in urban areas. Temporal patterns of change, in turn provide empirical support
for urban design for human and ecological well-being. However, it is clear from our results
that, in the absence of sustainable planning and without adequate regulatory control, green
spaces have been encroached upon by urban development and sprawl, have decreased
in size and have become increasingly fragmented. Southeast Asia’s urban green areas
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require more attention, especially near the urban boundaries, and are critically important
for improving ecosystem function and residential quality of life within the urban landscape.
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Appendix A

Conversion of land use land cover types from 1988/1989 to 1999 and from 1999 to
2014 in (a) Kuala Lumpur, (b) Jakarta (c) Metro Manila (Bolded values indicate no change).

Table A1. (a) Kuala Lumpur.

1988 1999 (%)

Green Space Built-Up Area Cleared Land Waterbody Total

Green space 22.1 17.1 5.4 1.0 45.6
Built-up area 4.0 26.8 3.8 0.6 35.6
Cleared land 4.2 8.6 1.7 0.3 14.8
Waterbody 1.1 1.2 0.4 1.3 4

Total 31.4 53.7 11.2 3.2 100.00

1999 2014 (%)

Green Space Built-Up Area Cleared Land Waterbody Total

Green space 11.7 19.1 0.7 0.5 31.9
Built-up area 6.1 46.5 0.6 0.6 53.8
Cleared land 1.7 9.1 0.3 0.2 11.2
Waterbody 0.9 1.5 0.0 0.8 3.2

Total 20.2 76.1 1.6 2.04 100.00
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Table A2. (b) Jakarta.

1989 1999 (%)

Green Space Built-Up Area Cleared Land Waterbody Total

Green space 16.5 25.1 2.8 2.3 46.6
Built-up area 0.9 40 0.5 0.3 41.6
Cleared land 0.1 0.6 0.0 0.0 0.8
Waterbody 1.7 6.4 0.6 2.3 11.0

Total 19.1 72.01 3.9 4.9 100.00

1999 2014 (%)

Green Space Built-Up Area Cleared Land Waterbody Total

Green space 5.7 11.9 1.1 0.4 19.1
Built-up area 0.7 69.8 1.3 0.4 72.0
Cleared land 0.3 2.4 1.1 0.1 3.9
Waterbody 0.6 2.3 0.1 2 4.9

Total 7.2 86.4 3.6 2.8 100.00

Table A3. (c) Metro Manila.

1989 1999 (%)

Green Space Built-Up Area Cleared Land Waterbody Total

Green space 15.4 12.9 2.6 0.2 31.1
Built-up area 1.8 52.7 1.4 0.1 56.0
Cleared land 1.5 5.1 0.4 0.1 7.1
Waterbody 0.8 2.6 0.1 2.3 5.7

Total 19.6 73.2 4.5 2.7 100.00

1999 2014 (%)

Green Space Built-Up Area Cleared Land Waterbody Total

Green space 6.6 10.0 2.8 0.1 19.5
Built-up area 1.3 70.4 1.1 0.4 73.2
Cleared land 0.1 3.9 0.5 0.0 4.5
Waterbody 0.5 0.4 0.1 1.8 2.8

Total 8.49 84.73 4.37 2.40 100.00
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