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Preface

This book examines the urban growth trends and patterns of various metropolitan
regions in Asia and Africa from a geographical perspective. State-of-the-art
geospatial tools and techniques from the geographic information systems (GIS) and
science, remote sensing, and machine learning disciplines were used for the land
change analysis. In addition to the empirical results, the methodological approaches
employed and discussed in this book showcase the potential of geospatial analysis
(e.g., land change modeling) for improving our understanding of the trends and
patterns of urban growth in Asia and Africa. Furthermore, given the complexity
of the urban growth process across the world, issues raised in this book will
contribute to the improvement of future geospatial analysis of urban growth in the
developing regions. This book is written for researchers, academics, practitioners,
and graduate students. The inclusion of the origin and brief history of each of the
selected metropolitan regions, including the analysis of their urban primacy, spa-
tiotemporal patterns of urban land use/cover changes, driving forces of urban
development, and implications for future sustainable development, makes the book
an important reference for various related studies.

Most of the contributors to this book are affiliated with the Division of Spatial
Information Science, University of Tsukuba, Japan. The division, which was
established in 2000 to include geographical information science within the doctoral
program in geoenvironmental sciences, provides an enabling research environment
where faculty members, staff, and students work together to advance knowledge in
GIS and remote sensing techniques in different areas of interest.

Our sincere thanks go to the staff members of the Division of Spatial Information
Science, University of Tsukuba, especially to Mr. Hao Hou, Mr. Hao Gong,
Mr. Matamyo Simwanda, Mr. Shyamantha Subasinghe, and Mr. Xinmin Zhang.
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Finally, we would like to thank the Japan Society for the Promotion of Science
which financially supported our research work through Grant-in-Aid for Scientific
Research B (No. 26284129, 2014-16, Representative: Yuji Murayama) and
Grant-in-Aid for Research Activity Start-Up (No. 15H06067, 2015-16,
Representative: Ronald C. Estoque).

Tsukuba, Japan Yuji Murayama
September 2016 Courage Kamusoko
Akio Yamashita

Ronald C. Estoque
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Part I
Introduction



Chapter 1

Importance of Remote Sensing and Land
Change Modeling for Urbanization
Studies

Courage Kamusoko

Abstract Remote sensing analysis and land change modeling provide valuable
insights into urban land use/cover changes and growth processes at multiple spatial
and temporal scales. This chapter briefly outlines the importance of remote sensing,
and land change modeling for urbanization studies in selected countries in Africa
and Asia. The methodological approaches discussed in this book showcase the
potential of remote sensing and land change modeling analysis in order to improve
understanding of urban growth in Africa and Asia. Given the complexity of urban
growth processes globally, issues raised in this book will contribute to the
improvement of future land use/cover change analysis and modeling, particularly in
the developing country context. The geospatial analysis approach based on remote
sensing and land change modeling provides a synoptic view of urbanization in
Africa and Asia.

1.1 Introduction

According to the United Nations (2015), approximately 54% of the world’s pop-
ulation currently lives in urban areas. It is estimated that continuing urbanization
will add 2.5 billion people to the world’s urban population by 2050, of which 90%
of the increase will be concentrated in Asia and Africa (Masser 2001; United
Nations 2006, 2012, 2015). While 40 and 48% of the population in Africa and Asia
reside in urban areas, urban population is expected to increase to 56 and 64% in
these regions by 2050 (United Nations 2015). In addition, the fastest-growing urban
agglomerations, which are medium-sized cities and cities with less than 1 million
inhabitants will be located in Asia and Africa (United Nations 2015).

The rapid increase in urban population and urbanization poses a number of
challenges to planners and policy makers (Yuan et al. 2005; Pacione 2007).

C. Kamusoko (BX)
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For example, most urban areas in developing Africa and Asia are confronted with
problems such as failure to provide services to the growing urban population,
increasing rural-urban migration, proliferation of informal settlements and epi-
demics, as well as environmental degradation (Rakodi 1995; Brown 2001). While
rapid urbanization is expected to exacerbate these problems, experiences from the
developed countries show that urbanization has the potential to boost national
economic growth (Collier 2016). Therefore, increasing urbanization presents Africa
and Asia with an opportunity to improve the quality of life and social well-being. In
order to ensure that urbanization produces optimal economic growth levels, African
and Asian countries need to formulate smart and sustainable urban development
strategies that can guide socioeconomic development (Collier 2016). This requires
accurate, consistent, and timely geospatial information on urbanization trends in
order to assess current and future urban growth (Herold et al. 2002). Equally
important, geospatial information will be useful for setting policies that promote
inclusive and equitable urban, environmental, and socioeconomic development
(United Nations 2015).

1.2 Application of Remote Sensing for Urban Land
Use/Cover Mapping

The past decades have witnessed the rise of sustainable urban development and
smart growth initiatives, particularly in developed countries (Herold et al. 2003,
2005). However, the implementation of sustainable Urban development and smart
growth initiatives have been lagging behind in most parts of Africa and Asia due to
a number of factors. Chief among these factors is the lack of clear and practical
urban planning due to the dearth of geospatial information (International Federation
of Surveyors 2010). According to the International Federation of Surveyors (2010),
70% of urban growth in developing countries is not planned. Efforts to produce or
update existing urban geospatial information for planning purposes have been
hampered by high cost of acquiring geospatial data, especially from conventional
land use surveys or aerial photography (Conitz 2000). Nonetheless, increases in the
use of remote sensing technology (e.g., high and medium-resolution satellite data)
for mapping urban land use/cover have been noted in the past decades (Ward et al.
2000; Guindon et al. 2004; Yuan et al. 2005; Lu and Weng 2007). This is because
high and medium-resolution satellite remotely sensed data such as Ikonos,
Quickbird, WorldView, Landsat satellite series, Systeme Pour 1’Observation de Ia
Terre (SPOT), Terra-1 ASTER, RapidEye, and Advanced Land Observing Satellite
(ALOS) have relatively good global coverage. It is recognized that some of the high
and medium-resolution satellite data have coarse spatial resolution, which limits
detailed urban planning. However, the high and medium-resolution satellite data is
useful for identifying and mapping land use/cover patterns in urban landscapes at a
regional scale.
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High and medium-resolution earth observation satellite data have been suc-
cessfully used to map and monitor urban growth in developed countries (Lo and
Choi 2004; Yuan et al. 2005; Bagan and Yamagata 2012). Furthermore, a variety of
classification techniques have also been developed and used to classify urban land
use/cover. These classification techniques include: the incorporation of structural
and textural information (Gong and Howarth 1990; Moller-Jensen 1990); com-
bining satellite images with ancillary data (Harris and Ventura 1995); vegetation—
impervious surface—soil models (Ridd 1995); expert systems (Stefanov et al.
2001); hybrid methods that incorporate soft and hard classifications (Lo and Choi
2004); the use of built-up indices (Zha et al. 2003; Xu 2007; Estoque and
Murayama 2015); neural networks (Seto and Liu 2003); segmentation and
object-based classifications (Guindon et al. 2004); linear spectral mixture analysis
(Phinn et al. 2002; Wu and Murray 2003); support vector machines (Ghosh et al.
2014) and random forests (Cao et al. 2009). While significant urban land use/cover
classification and urban growth monitoring in the developed countries have been
noted, urban landscapes are still poorly quantified in Africa and Asia despite their
rapid urbanization. This is attributed to the fact that urban land use/cover classifi-
cation still poses a number of challenges—such as spectral confusion and mixed
pixels—given the heterogeneous nature of the urban landscapes coupled with the
relatively small spatial size of surficial materials (Foody 2000; Masser 2001;
Stefanov et al. 2001; Alpin 2003; Xian and Crane 2005). For example, in most
African urban landscapes, spectral confusion is a problem because gravel (dirt)
roads in informal settlements or slums areas have similar spectral responses to those
of bare vacant plots and agriculture fields leading to inaccurate land use/cover
mapping. In this book, a random forests classification approach is used to classify
built-up and non-built-up areas based on Landsat imagery.

1.3 Developments in Urban Land Change Modeling

The improvements in remote sensing technology during the past 40 years, com-
bined with developments in Geographic Information Systems (GIS) have provided
an opportunity to advance urban land change modeling (The State of Land Change
Modeling 2014). While many land change models (LCMs) have been developed to
examine and simulate urban growth, this book focuses on machine learning and
cellular automata-based LCMs. Therefore, this chapter will briefly review some of
the major milestones in the development of urban LCMs.

The application of urban models in the context of planning can be traced back to
von Thiinen’s agricultural location model, Weber’s industrial location models, and
Christaller’s central place theory (Liu 2009). Later on, static urban growth and land
use pattern models such as Burgess’s concentric zone model, Hoyt’s sector model,
and Harry and Ullmans’s multiple nuclei model were developed (Liu 2009).
However, interest in modeling in general, and urban growth modeling in particular
grew during the “quantitative revolution” of the 1950s and 1960s (Liu 2009).
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During this period urban-scale models were generated by heuristic techniques for
forecasting (Briassoulis 2000). For example, the Chicago Area Transportation
Study (CATS) model used the development capacity concept based on historical
information on population densities and vacant land to forecast land use (Hamburg
and Creightan 1959). With the emergence of computer simulation techniques in the
early 1960s, urban-scale LCMs such as the California Urban Futures Model
(CUFM), and the integrated land use/transportation models were further developed
(Briassoulis 2000).

The California Urban Futures Model (CUFM) was developed by Landis (1994,
1995). It provided a spatially explicit integrated model of the housing market,
which was used to analyze various policies as well as to incorporate the environ-
mental variability of a study area. While the CUFM assumed profit maximizing
land developers, it lacked robust theoretical foundations in economics and land
development (Briassoulis 2000). Second, the model did not take into account the
interaction of land use with the transportation network. Third, the model did not
include feedbacks from development or excess demand on housing prices. Fourth,
the model did not deal with the allocation of other uses such as industrial and
commercial. In essence, the CUFM ignored the important driving influence of the
location decisions (Briassoulis 2000).

The integrated land use/transportation models were developed in the 1970s and
1980s. Their purpose was to model land use/cover and transportation interactions.
More importantly, they were used to analyze the spatial land use impacts of changes
in the transportation system (Briassoulis 2000). For example, the Integrated
Transportation and Land Use Package (ITLUP) was implemented to link urban land
use and transportation models (Putman 1983). More models such as the trans-
portation and land use (TRANUS) model (de la Barra et al. 1984, 1989), the
Integrated Land Use, Transportation, Environment (ILUTE) modelling systems
were developed. Although the integration between the urban land use systems and
transportation have been achieved, criticism on urban growth modeling intensified
in the 1970s and 1980s because the models emphasized modeling techniques and
lacked theoretical underpinnings (Liu 2009).

However, innovations in GIS and the availability of GIS data (e.g., remotely
sensed-derived land use/cover maps) inspired a new wave of developments in urban
growth modeling. This was also supported by rapid advancement in computer
technology coupled with the decrease in the cost of computer hardware. In addition,
developments in spatial, natural, and social sciences concerning bottom-up,
dynamic and flexible self-organizing modeling systems complemented by theories
that emphasize locally made decision to give rise to global patterns led to appli-
cation of cellular automata (CA) models for urban growth modeling (Tobler 1979;
Wolfram 1984; Couclelis 1985; Engelen 1988; Batty 1998; Wu and Webster 1998).
Cellular automata models were originally conceived by Ulam and Von Neumann in
the 1940s to provide a formal framework for investigating the behavior of complex
and self-reproducible systems (White and Engelen 1993). Generally, CA models
are dynamic and discrete space and time systems. Time progresses in discrete steps
and all cells change their state simultaneously as a function of their own state,
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together with the state of the cells in their neighborhood according to a specified set
of transition rules (White and Engelen 1993).

The application of CA models for urban growth modeling offered a flexible
platform to integrate GIS data at multiple temporal and spatial scales. This is
because CA approaches could easily represent complex patterns using simple rules
(White and Engelen 1997). According to Torrens (2003), CA models were suitable
to simulate urban systems since land use can be presented as a cell. More impor-
tantly, CA models allowed the inclusion of urban theory (e.g., spatial interaction)
considering that cities exhibit several characteristics of complexity such as fractal
dimensionality and self-similarity across scales, self-organization, and emergence
(Torrens 2002). While the past decades have witnessed the development and
application of many urban CA land change models (Pijanowski et al. 2005; Mundia
and Aniya 2007; Yeh and Li 2009), most of the models have not been adopted by
urban planners and policy makers (Sante et al. 2010). Nevertheless, urban CA
models have provided deep insights into urban growth dynamics as well as “lab-
oratories” to explore “what if”” urban growth scenarios.

1.4 Summary of Book Chapters

As we will see from the various examples provided in this book, urbanization in
Africa and Asia is creating metropolitan areas whose boundaries are constantly
changing beyond the defined administrative boundaries. Therefore, it is critical to
map land use/cover in an accurate, consistent and timely manner in order to
understand the constantly evolving urban spatial developments beyond the defined
formal city administrative boundaries. The combined methodological approach—
based on remote sensing, spatial metrics and LCMs—adopted in this book has great
potential to improve urban land use/cover mapping and modeling, particularly in
complex urban areas in Africa and Asia.

This book is organized into four main parts. Part I presents the introduction,
which is covered in Chaps. 1-3. This chapter outlines the importance of remote
sensing and LCMs for urbanization studies, while Chap. 2 describes the overall
methodological framework used to map, analyze and model land use/cover chan-
ges. Chapter 3 provides an overview of the rapid urbanization in Africa and Asia.

Part II covers Chaps. 4—12 and focuses on the major cities in Asia, including
Beijing, Manila, Jakarta, Hanoi, Bangkok, Yangon, Dhaka, Kathmandu, and
Tehran metropolitan areas. Part III covers Chaps. 13—18 and focuses on the major
cities in Africa, including Dakar, Bamako, Nairobi, Lilongwe, Harare, and
Johannesburg metropolitan areas. These chapters trace the origin and brief history
of each of the metropolitan areas. The urban primacy of these cities and the spa-
tiotemporal patterns and changes of their urban land use/cover are examined. The
factors driving their urban development, as well as the implications of the observed
and projected urban land use/cover changes for future sustainable urban develop-
ment, are discussed.


http://dx.doi.org/10.1007/978-981-10-3241-7_1
http://dx.doi.org/10.1007/978-981-10-3241-7_3
http://dx.doi.org/10.1007/978-981-10-3241-7_2
http://dx.doi.org/10.1007/978-981-10-3241-7_3
http://dx.doi.org/10.1007/978-981-10-3241-7_4
http://dx.doi.org/10.1007/978-981-10-3241-7_12
http://dx.doi.org/10.1007/978-981-10-3241-7_13
http://dx.doi.org/10.1007/978-981-10-3241-7_18
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Finally, Part IV provides the overall book summary and conclusions. More
specifically, Chap. 19 focuses on the comparative analysis of the trends and spatial
patterns of urbanization in Africa and Asia. Chapter 20 discusses the future of
metropolitan areas in developing Africa and Asia.
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Chapter 2
Methodology

Courage Kamusoko

Abstract Remote sensing, GIS, and land change models (LCMs) are critical for
mapping urban land use/cover and simulating “what if” urban growth scenarios,
particularly in developing countries experiencing rapid urbanization. The purpose
of this chapter is to describe briefly the methodology used to produce land
use/cover maps, and simulate land use/cover changes for selected metropolitan
areas in Asia and Africa. Land use/cover maps were classified from Landsat ima-
gery for 1990, 2000, 2010, and 2014 using the random forest (RF) classifier.
Quantitative accuracy assessment was not conducted for the 1990 land use/cover
maps due to lack of reference data. However, qualitative and quantitative accuracy
assessment was performed for the 2000, 2010, and 2014 land use/cover maps based
on Google Earth imagery. Overall land use/cover classification accuracy for all land
use/cover maps ranged from 70 to 90%. Land use/cover changes were simulated
based on the boosted regression trees-cellular automata (BRT-CA) and RF-CA
LCMs. We evaluated the goodness-of-fit of transition potential maps, and validated
the simulated land use/cover changes based on robust statistical measures.
Generally, the BRT-CA and RF-CA LCMs for all metropolitan areas in Asia and
Africa performed relatively well. In particular, the BRT-CA and RF-CA LCMs for
metropolitan areas in Africa had the best performance. The modeling and simula-
tion results presented in this chapter provide an initial exploration of BRT-CA and
RF-CA LCMs in Asia and Africa. This chapter demonstrates the significance of
robust calibration, validation, and simulation of spatial LCMs for all metropolitan
areas in Asia and Africa.
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2.1 Introduction

The past decades have witnessed tremendous development of land change models
(LCMs) due to availability of remote sensing data, advances in geographical
information and social sciences as well as theoretical developments of complexity
and self-organizing systems (Tobler 1979; Wolfram 1984; Couclelis 1985; Engelen
1988; Batty 1998, 2005; Wu and Webster 1998; Torrens 2008; The Sate of Land
Change Modeling 2014). To date, numerous LCMs have been developed to model
and simulate land use/cover changes (Wu and Webster 1998; Verburg et al. 1999;
Messina and Walsh 2001; Soares-Filho et al. 2002), deforestation (Lambin 1997,
Geoghegan et al. 2001; Mas et al. 2004), urban growth (Couclelis 1989; Clarke
et al. 1997; Cheng and Masser 2004; Yeh and Li 2009), climate change (Dale
1997), and hydrology (Matheussen et al. 2000).

While LCMs have highlighted significant insights into landscape change pro-
cesses, most of these models have been criticized for lacking robust calibration and
validation procedures (Pontius and Malanson 2005; Vliet et al. 2011). For example,
previous studies show that transition potential maps—which are key inputs of LCM
—have been validated using the relative operating characteristic (ROC) area under
the curve (AUC) statistic (Eastman et al. 2005). However, the AUC statistic has
limitations, especially for validating transition potential maps (Mas et al. 2013;
Pontius and Parmentier 2014; Pontius and Si 2014) since it includes persistence
areas (Eastman et al. 2005). For example, Kamusoko and Gamba (2015) demon-
strated that the AUC can be large due to correctly predicted persistence not cor-
rectly predicted change (The Sate of Land Change Modeling 2014). Furthermore,
percent correct and the standard Kappa statistics have been widely used to validate
LCM (Verbug et al. 2004, Pontius and Malanson 2005; Vliet et al. 2011). However,
the use of standard Kappa statistic for validating LCM has been criticized given its
tendency to overestimate the agreement between the simulated and observed (ref-
erence) maps (Hagen 2002; Pontius et al. 2002). It has also been noted that the
standard Kappa statistic neither reveals the components of agreement and dis-
agreement between the simulated and observed (reference) maps nor accounts for
persistence (that is, land use/cover classes that do not change during the simulation)
(Pontius et al. 2007, 2008).

More recently, numerous statistical measures for calibrating and validating
LCMs have been developed to overcome limitations of the ROC statistic and
standard Kappa. For example, Pontius and Si (2014) developed the total operating
characteristic (TOC) statistic to validate transition potential maps. The TOC statistic
provides information such as misses and correct rejections in addition to ROC
statistic such as hits (hits plus misses) and false alarms (false alarms plus correct
rejections) (Pontius and Si 2014).

More importantly, the TOC statistic shows the actual units in the contingency
table (e.g., square kilometers) instead of a unitless statistic such as AUC (Pontius
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and Si 2014). Furthermore, Visser and de Njis (2006) and Vliet et al. (2011)
developed additional accuracy assessment statistics, which take into account
information contained in the initial land use/cover map and the proportion of
persistent land use/cover classes during the simulation period. The KSimulation
expresses the agreement between the simulated land use/cover transitions and
reference land use/cover transitions, while KTranslocation measures the degree to
which the transitions agree in terms of allocations (Vliet et al. 2011). The
KTransition captures the agreement in terms of quantity of built-up and
non-built-up transitions (Vliet et al. 2011). The KSimulation, KTransition, and
KTranslocation statistics are available in the Map Comparison Kit software by
Visser and de Njis (2006). Pontius et al. (2007, 2008) also introduced the Figure of
Merit (FoM), which expresses agreement between the observed and simulated
changes for validating simulated land use/cover changes.

While these novel statistics have provided a new paradigm for validation, to
date, few studies (Kamusoko and Gamba 2015) have applied these robust statistical
measures for validating LCMs. Therefore, more research is needed to better
understand uncertainty of LCMs based on the above-mentioned validation statistics.
This is critical since LCMs are being considered as useful procedures or tools to
establish business-as-usual baselines for urban growth and other land use/cover
change studies (The Sate of Land Change Modeling 2014; Kamusoko and Gamba
2015). The purpose of this chapter is to describe briefly the methodology used to
produce the land use/cover maps, calibrate and validate LCMs (in this case, both
transition potential and simulated land use/cover maps). The specific objectives of
this chapter are to evaluate the goodness-of-fit of transition potential maps, validate
the simulated land use/cover maps, and elucidate components of agreement and
disagreement. Validation statistics developed by Pontius and Si (2014), Pontius and
Malanson (2005), Visser and de Njis (2006), and Vliet et al. (2011) as well as
simple GIS overlay analysis are used in this chapter.

This chapter is organized as follows: Sect. 2.2 provides an overview of the
image processing and change analysis; Sect. 2.3 describes land change modeling
implementation procedures for all the metropolitan areas in Asia and Africa;
Sect. 2.4 presents the results and discussions; while Sect. 2.5 provides the summary
and conclusion of the chapter.

2.2 Image Processing and Change Analysis

2.2.1 Satellite Imagery and Reference Data

Landsat 4 and 5 Thematic Mapper (TM), Landsat 7 Enhanced Thematic Mapper
Plus (ETM+), and Landsat 8 datasets were used for land use/cover classification
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(Tables 2.1 and 2.2). All the Landsat datasets were acquired between 1988 and 2014
(Tables 2.1 and 2.2). The selection of the image data was based on the availability of
high-quality satellite imagery with minimal cloud cover. Landsat 8 (originally called
Landsat Data Continuity Mission) was launched on February 11, 2013, as the eighth

Table 2.1 Summary of Landsat imagery used for Metropolitan Areas in Asia

Metropolitan area Landsat sensor Path/row Acquisition date
Bangkok L4 ™ 129/50 30/03/1988
129/51 30/03/1988
L7 ETM+ 129/50 20/12/1999
129/51 20/12/1999
L5 T™™ 129/50 19/01/2009
129/51 19/01/2009
L8 129/50 17/01/2014
129/51 17/01/2014
Beijing L4 ™ 123/32 25/12/1988
123/33 25/12/1988
L7 ETM+ 123/32 30/04/2000
123/33 30/04/2000
L5 ™ 123/32 14/03/2009
123/33 14/03/2009
L8 123/32 29/04/2014
123/33 29/04/2014
Dhaka L4 ™™ 137/44 13/02/1989
L7 ETM+ 137/44 28/02/2000
L5 T™M 137/44 15/03/2010
L8 137/44 30/03/2014
Hanoi L5 T™™ 127/45 11/09/1988
L7 ETM+ 127/45 20/12/1999
L5 T™M 127/45 05/11/2009
L8 127/45 19/01/2014
Jakarta L5 ™™ 122/64 03/05/1989
L7 ETM+ 122/64 16/08/2001
L5 T™M 122/64 21/05/2010
L8 122/64 25/08/2013
Kathmandu L5 T™M 141/41 24/01/1989
L7 ETM+ 141/41 04/11/1999
L5 T™M 141/41 11/02/2010
L8 141/41 26/03/2014
Manila L5 T™M 116/50 02/04/1993
L7 ETM+ 116/50 26/11/2001
L5 T™ 116/50 05/03/2009
L8 116/50 07/02/2014

(continued)
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Table 2.1 (continued)
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Metropolitan area Landsat sensor Path/row Acquisition date
Tehran L5 T™™ 164/35 19/09/1988
L4 T™M 165/35 16/09/1987
L7 ETM+ 164/35 18/07/2000
165/35 25/07/2000
L5 T™M 164/35 22/07/2010
L8 164/35 08/12/2014
165/35 13/11/2014
Yangon L5 ™™ 132/48 26/02/1989
L7 ETM+ 132/48 21/11/1999
L5 T™M 132/48 24/01/2009
L8 132/48 23/02/2014

Table 2.2 Summary of Landsat imagery used for Metropolitan Areas in Africa

Metropolitan area Sensor Path/row Acquisition date
Bamako L4 T™M 199/51 22/03/1990
L7 ETM+ 199/51 30/12/2000
L5 T™M 199/51 16/01/2010
L8 199/51 16/03/2014
Dakar L4 T™M 205/50 15/10/1989
L7 ETM+ 205/50 04/11/1999
L5 T™M 205/50 25/10/2010
L8 205/50 17/03/2013
Harare L5 T™M 170/72 23/06/1990
L7 ETM+ 170/72 30/09/2000
L5 T™M 170/72 26/05/2009
L8 170/72 24/05/2014
Johannesburg L5 T™M 170/78 25/07/1990
L7 ETM+ 170/78 28/07/2000
L5 T™M 170/78 26/05/2009
L8 170/78 25/06/2014
Lilongwe L5 T™M 168/70 11/07/1990
L5 T™M 168/70 02/06/1999
L5 T™M 168/70 22/08/2011
L8 168/70 26/07/2013
Nairobi L5 T™M 168/61 17/10/1988
L7 ETM+ 168/61 21/02/2000
L5 T™M 168/61 19/08/2010
L8 168/61 03/02/2014
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satellite in the Landsat program (NASA 2013; USGS 2013). Landsat 8 consists of
the Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS), which
provide images at a spatial resolution of 15 m (panchromatic), 30 m (visible, NIR,
SWIR), and 100 m (thermal) (NASA 2013; USGS 2013).

2.2.2 Random Forest Classification

A modified land cover classification scheme was used for image classification.
Three land use/cover classes were considered in this study: (1) built-up;
(2) non-built-up; and (3) water. Detailed descriptions of the land use/cover classes
are provided in Table 2.3. Land use/cover maps were produced from the classifi-
cation of Landsat imagery for 1990, 2000, 2010, and 2014 using the (RF) classifier,
an ensemble decision tree machine learning method (Breiman 2001). The RF
classifier combines bootstrap sampling to construct many individual decision trees,
from which a final class assignment is produced (Breiman 2001). This machine
learning classifier can be used to learn nonlinear relationships, particularly in
heterogeneous urban landscapes. The RF classifier has been demonstrated to be
effective for accurate land cover mapping across complex and heterogeneous
landscapes (Rodriguez et al. 2012). All the Landsat imagery for all metropolitan
areas were classified using the “randomForest” package (Liaw and Wiener 2002),
which is available in R (R Development Core Team 2005).

Quantitative accuracy assessment for the 1990 land use/cover maps was not
conducted because of the unavailability of reference data such as aerial photographs
and high-resolution satellite imagery. However, the Atlas of Urban Expansion
developed by the Lincoln Institute of Land Policy (Angel et al. 2010) was used to
visually check the quality of land use/cover maps for the 1990 epoch (that is,
Landsat imagery acquired between 1988 and 1993). Qualitative and quantitative
accuracy assessment was conducted for land use/cover maps from 2000, 2010, and
2014 epochs. The primary reference data for accuracy assessment was obtained
from very high-resolution images (e.g., QuickBird image) in Google Earth™

Table 2.3 Land use/cover classes

Class Description

Built-up Residential, commercial and services, industrial, transportation,
communication and utilities, construction sites, and landfills

Non-built-up | All wooded areas, riverine vegetation, shrubs and bushes, grass cover, golf
courses, parks, cultivated land, fallow land, land under irrigation, bare exposed
areas and transitional areas

Water Rivers, reservoirs, and other water bodies
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(Google Earth 2015). Overall land use/cover classification accuracy for all land
use/cover maps (from 2000 to 2014) ranged from 70 to 90% for all the metropolitan
areas.

2.3 Land Change Modeling
2.3.1 Data

We used land use/cover maps and driving factors to develop spatial LCMs for all
metropolitan areas (Table 2.4). Major roads were obtained from OpenStreetMap
data, while city center was digitized from Google Earth. Elevation was derived from
ASTERGDEM, while population density data were acquired from the LandScan
data (Bhaduri et al. 2007). We used built-up areas (extracted from the 1990 and
2010 land cover maps), major roads, and city center data to compute “distance to
built-up areas”, “distance to major roads”, and “distance to city center” using the
Euclidean distance procedures available in ArcGIS 10.2. We computed “distance to
built-up areas” for 1990 and 2010, and “distance to major roads” because built-up
areas and roads are dynamic driving factors that change over time. Furthermore, we
used “distance to built-up areas” as the driving factor because previous urban form
influences future urban patterns (Liu 2009). Finally, all driving factors were
resampled to 30 m x 30 m spatial resolution in order to match the spatial reso-
lution of the Landsat-derived land use/cover maps.

2.3.2 Model Calibration and Simulation

We used the following procedures to implement the LCMs for all metropolitan
areas: (I) computing transition rates, (II) transition potential modeling, and (IIT) CA
simulation. Machine learning and statistical algorithms available in R were used to
model transition potential, while functions available in Dinamica Environment for
Geoprocessing Objects (EGO) were used to compute transition rates and simulate
land use/cover changes. R is a free and open-source statistical and computer graphic

Table 2.4 Input data for calibrating and simulating land use/cover change

Variable Source

Land use/cover maps (1990, 2000, and 2010) Classified from landsat data
Distance to built-up areas (1990, 2000, 2010) Derived from land use/cover
Distance to major roads (1990-2000, 2000-2010) Open street map

Distance to city center Digitized from Google Earth
Elevation ASTER GDEM

Population density (2000, 2010) LandScan data
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software (R Core Development Team 2005), while Dinamica EGO is a freeware
that was developed by Soares-Filho et al. (2009). Dinamica EGO consists of a
sophisticated platform for developing dynamic spatial models, which involve
nested iterations, multiple-step transitions, dynamic feedbacks, and multiscale
approaches (Soares-Filho et al. 2009).

(I) Computation of transition rates

We used land use/cover maps for 1990, 2000, and 2010 to compute multiple-step
transition rates in Dinamica EGO. Multiple-step transition rates refer to transition
rates that are computed at annual time step. Therefore, the “1990-2000”, “2000-
20107, and “1990-2010” multiple-step transition rates for all the metropolitan areas
were used as input for the final CA simulation run following the methodology
described in Kamusoko and Gamba (2015).

(II) Computation of transition potential maps

In order to compute the “non-built-up to built-up” transition potential maps,
“non-built to built-up” change map from 1990 to 2010, biophysical and socioe-
conomic driving factors were combined based on two machine learning procedures.
First, the RF model (Breiman 2001) was used to compute transition potential maps
for all metropolitan areas. RF is a machine learning approach, which builds
regression trees to describe the relationship between the response and predictor
variables (Breiman 2001). In general, multiple trees are built, each based on a
bootstrap sample of the data and a random subset of the predictors. The final model
predictions are an average prediction across component trees. Previous studies have
shown that the RF model is effective for modeling transition potential maps
(Kamusoko and Gamba 2015). However, preliminary transition potential calibra-
tion results indicated overfitting problems for some metropolitan areas such as
Beijing, Bamako, Dhaka, Hanoi, Johannesburg, Kathmandu, and Nairobi.
Therefore, an alternative method based on boosted regression trees
(BRT) (Friedman 2002; Elith et al. 2008) was employed. BRT is also a machine
learning approach, which forms a relationship between a response variable and its
predictors without a priori specification of a data model (Friedman 2002; Elith et al.
2008). Generally, a large number of simple models are combined to form a final
model (Elith et al. 2008). The main advantage of the BRT model is that it uses a
sequential model-fitting algorithm, which reduces both bias and variance and
therefore improves model accuracy.

In this study, approximately 2000 training points randomly sampled from
“non-built-up to built-up” and “no change” (that is, built-up and non-built-up
persistence) areas between 1990 and 2010 were used to fit the BRT and RF models.
Generally, 70% of the training areas were used for model development, while 30%
were used for cross-validation. The gbm and dismo packages (Ridgeway 2006;
Elith et al. 2008) available in R were used to fit the BRT model. The BRT model
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was optimized by changing the learning rate, tree complexity, and number of trees
parameters. The learning rate controls the weight that is given to each component
tree, while the complexity controls the number of nodes within each tree (Ridgeway
2006; Elith et al. 2008). We set the initial number of trees to five, learning rate to a
maximum of 0.001, and bagging fraction to 0.5 (that is, at each iteration 50% of the
data is drawn at random, without replacement from the full training set) for each
metropolitan area. After many iterations, the best model was selected to compute a
“non-built-up to built-up” transition potential map for each metropolitan area.

The RF model was used to compute “non-built-up to built-up” transition
potential maps for Bangkok, Jakarta, Manila, Tehran, Yangon, Dakar, Harare, and
Lilongwe. The “randomForest” (Liaw and Wiener 2002) package available in R
was used to fit the RF model. The RF model parameters were adjusted by changing
the number of input variables selected at each node split and the total number of
trees included in the model (25, 50, 100, and 500) in order to achieve optimum
model performance. After calibration, between 100 and 500 trees were used to
construct the final RF model and then compute the “non-built-up to built-up”
transition potential maps.

Figures 2.1 and 2.2 show “non-built-up to built-up” transition potential maps for
metropolitan areas in Asia and Africa, respectively. Visual analysis revealed that
the BRT and RF models produced relatively accurate transition potential maps. In
particular, the BRT and RF models were relatively good at modeling built-up areas
near previous built-up areas (from 1990 to 2010). In general, the transition potential
maps have identified the areas where a change is likely to occur. As a result, the
transition potential maps can be used as a useful input to the CA models.

(III) Cellular automata (CA) simulations

The initial land use/cover map (1990), the transition potential maps (1990-2010),
and the three multiple-state transition rates were used to simulate land use/cover up
to 2014 based on cellular automata (CA) functions available in Dinamica EGO. The
expander transition function expands or contracts previous land use/cover class
patches, while the patcher transition function forms new patches (Soares-Filho et al.
2009). The expander and patcher transition functions are composed of an allocation
mechanism responsible for identifying cells with the highest transition potential for
each transition (Soares-Filho et al. 2009). In order to simulate land use/cover
changes, both transition functions use a stochastic selecting mechanism
(Soares-Filho et al. 2009). The sizes of new land use/cover patches are set
according to a lognormal probability function, whose parameters are defined by the
mean patch size (MPS), patch size variance (VAR), and isometry (ISO). The CA
model for each metropolitan area was calibrated by changing the parameters of the
expander and patcher transition functions using trial and error. The initial simula-
tion year was set to 1990, while the final year was set to 2014.
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2.4 Results and Discussion

2.4.1 Evaluating the Goodness-of-Fit of Transition
Potential Maps

2.4.1.1 Metropolitan Areas in Asia

Figure 2.3 shows the TOC graphs for all transition potential models in Asia.
The TOC statistic (Pontius and Si 2014) is an excellent method to assess the
validity of a model, which predicts the location of the occurrence of a class by
comparing a transition potential map depicting the likelihood of that class occurring
(that is, the input map) and a reference image showing where that class actually
exists (that is, the non-built-up to built-up change between 1990 and 2010). In
particular, TOC offers a statistical analysis that shows how the class of interest is
concentrated at the locations of relatively high transition potential for that class
(Pontius and Si 2014). Therefore, TOC was used to evaluate the goodness-of-fit of
calibration for transition potential maps derived from the BRT and RF models.
We focused our analysis on hits (that is, the correct “non-built-up to built-up”
change), which were derived from the TOC statistic (Pontius and Si 2014).
Generally, the Bangkok metropolitan area had 684.5 km? hits (representing 74% of
the correctly predicted “non-built-up to built-up” changes) compared to 930.9 km?
of the observed “non-built-up to built-up” changes between 1990 and 2010. For
Beijing metropolitan area, the TOC statistics revealed that out of the 887.3 km?
“non-built-up to built-up” changes that occurred between 1990 and 2010, only
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Fig. 2.3 Hits versus observed changes for Asia based on TOC statistics

531.7 km® representing 60%, were correctly predicted. However, Dhaka
metropolitan area had approximately 325.7 km? hits representing 91% compared to
359.4 km? of the observed “non-built-up to built-up” changes between 1990 and
2010. For Hanoi metropolitan area, the TOC statistics revealed that out of the
70.4 km? “non-built-up to built-up” changes that occurred between 1990 and 2010,
52.8 km? representing 75% were correctly predicted. The Jakarta metropolitan area
had approximately 114 km? hits representing 64% compared to 177.2 km? of the
observed ‘“non-built-up to built-up” changes between 1990 and 2010 (validation
period). For Kathmandu metropolitan area, the TOC statistics revealed that out of
the 38.3 km? “non-built-up to built-up” changes that occurred between 1990 and
2010, only 34.1 km® representing 89% were correctly predicted. The Manila
metropolitan area had approximately 169.2 km? (representing 65% of the correctly
predicted “non-built-up to built-up” changes) compared to 262.2 km® of the
observed “non-built-up to built-up” changes between 1990 and 2010. However,
Tehran had the lowest hits. The TOC statistics revealed that out of the 354.7 km?
observed “non-built-up to built-up” changes that occurred between 1990 and 2010,
only 117.6 km® representing 33% were correctly predicted. The Yangon
metropolitan area had approximately 91 km? hits representing 71% compared to
129 km* of the observed “non-built-up to built-up” changes between 1990 and
2010.

Generally, all models expect Tehran produced relatively good transition
potential maps. However, all models were excellent at predicting the allocation of
built-up and non-built-up persistence since built-up and non-built-up persistence
accounts for approximately 70% of the metropolitan areas. This is reflected by the
relatively high TOC values, which are all above 86% for all metropolitan areas.
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2.4.1.2 Metropolitan Areas in Africa

Figure 2.4 shows the TOC graphs for all transition potential models in Africa. The
Bamako metropolitan area had 50.7 km? hits (representing 78% of the correctly
predicted “non-built-up to built-up” changes) compared to 65 km? of the observed
“non-built-up to built-up” changes between 1990 and 2010. For Dakar metropolitan
area, the TOC statistics revealed that out of the 66.8 km? “non-built-up to built-up”
changes that occurred between 1990 and 2010, only 48.3 km” representing 72%
were correctly predicted. The Harare metropolitan area had 170.8 km? hits repre-
senting 72% compared to 236.9 km? of the observed “non-built-up to built-up”
changes between 1990 and 2010. Johannesburg metropolitan area had the highest
number of hits. The TOC statistics revealed that out of the 648.2 km? “non-built-up
to built-up” changes that occurred between 1990 and 2010, 578.8 km? representing
89% were correctly predicted. However, Lilongwe metropolitan area had the lowest
number of hits. For example, 8.1 km? hits representing 36% compared to 22.7 km?
of the observed “non-built-up to built-up” changes between 1990 and 2010 were
observed. For Nairobi metropolitan area, the TOC statistics revealed that out of the
74.9 km? “non-built-up to built-up” changes that occurred between 1990 and 2010,
only 43.3 km?” representing 58% were correctly predicted.

Generally, five models (except Lilongwe) produced relatively good transition
potential maps. However, all models were excellent at predicting the allocation of
built-up and non-built-up persistence. This is reflected by the relatively high TOC
values since built-up and non-built-up persistence is dominant in the metropolitan
areas of Africa.

m Observed built-up changes (1990-2010)

Lilongwe

Nairobi o Hits (correctly predicted built-up changes)
.

Harare

e
|

Dakar
—

Bamako

100 200 300 400 500 600

Area (km?)

Fig. 2.4 Hits versus observed changes for Africa based on TOC statistics
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2.4.2 Validation of the Simulated Land Use/Cover Changes

2.4.2.1 Metropolitan Areas in Asia

The observed and simulated land use/cover maps for all metropolitan areas in Asia
are shown in Figs. 2.5, 2.6, 2.7, 2.8, 2.9, 2.10, 2.11, 2.12, and 2.13. Visual analysis
shows that the BRT-CA and RF-CA models for Bangkok, Beijing, Dhaka, Hanoi,
Jakarta, Kathmandu, Manila, and Yangon had good correspondence between the
observed and simulated land use/cover maps for 2014 (Figs. 2.5, 2.6, 2.7, 2.8, 2.9,
2.10, 2.11, 2.12, and 2.13). The spatial patterns of built-up areas simulated by the
BRT-CA and RF-CA models resemble the observed built-up patterns to a large

(a) Observed 2014 (b) Simulated 2014
- Built-up - Non-Built-up _:I km

Fig. 2.5 Comparison of observed versus simulated land use/cover for Bangkok

(a) Observed 2014 (b) Simulated 2014

I Buitt-up [ Non-Built-up

Fig. 2.6 Comparison of observed versus simulated land use/cover for Beijing
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(a) Observed 2014 (b) Simulated 2014
- Built-up - Non-Built-up _:lkm

Fig. 2.7 Comparison of observed versus simulated land use/cover for Dhaka

(a) Observed 2014 (b) Simulated 2014

- Built-up - Non-Built-up

—:km

Fig. 2.8 Comparison of observed versus simulated land use/cover for Hanoi

extent. This suggests that the BRT-CA and RF-CA models were relatively accurate
at allocating “non-built-up to built-up” changes.

However, Fig. 2.12 shows relatively medium correspondence between the
simulated built-up patterns and the observed built-up patterns for Tehran.
Generally, there was an underprediction of the built-up class for Tehran
metropolitan area. This is partly attributed to lower spatial allocation of
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(a) Observed 2013 (b) Simulated 2013

J

- Built-up - Non-Built-up

Fig. 2.9 Comparison of observed versus simulated land use/cover for Jakarta

(a) Observed 2014 (b) Simulated 2014

- Built-up - Non-Built-up

Fig. 2.10 Comparison of observed versus simulated land use/cover for Kathmandu

“non-built-up to built-up” changes that was observed during the calibration of the
RF model for Tehran metropolitan area (Fig. 2.1g). In addition, it should be noted
that Tehran metropolitan area has quite a unique setting with very high landscape
fragmentation and scattered urban development, which makes it challenging to
develop a robust simulation model. Nonetheless, it is also important to note that
some of the allocated built-up areas had strong agreement between the simulated
and observed land use/cover maps, which means that the CA model can be used to
simulate future land use/cover changes.

For quantitative model validation, we used the observed (initial) land use/cover
map for 1990, the observed (reference) land use/cover map for 2014, and the
simulated land use/cover map for 2014. Table 2.5 shows the validation statistics
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(a) Observed 2014 (b) Simulated 2014

- Built-up - Non-Built-up

Fig. 2.11 Comparison of observed versus simulated land use/cover for Manila

(a) Observed 2014 (IJ) Simulated 2014

- Built-up - Non-Built-up

Fig. 2.12 Comparison of observed versus simulated land use/cover for Tehran

based on KSimulation, KTranslocation, KTransition, and the FoM for all
metropolitan areas in Asia. KSimulation values range from 42 to 69%, while the
KTranslocation values range from 44 to 71% (Table 2.5). Tehran had the lowest
KSimulation and KTranslocation scores, while Dhaka had the highest KSimulation
and KTranslocation scores. The FoM statistics also follow the similar pattern as the
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(a) Observed 2014

(IJ) Simulated 2014

- Built-up - Non-Built-up

C. Kamusoko

Fig. 2.13 Comparison of observed versus simulated land use/cover for Yangon

Table 2.5 Validation statistics for all simulation models in Asia

Metropolitan area | KSimulation | KTranslocation | KTransition | Figure of merit (%)
Bangkok 0.62 0.61 0.95 51
Beijing 0.51 0.55 0.93 45
Dhaka 0.69 0.71 0.97 58
Hanoi 0.56 0.67 0.83 42
Jakarta 0.47 0.49 0.96 43
Kathmandu 0.68 0.68 0.98 55
Manila 0.60 0.64 0.94 48
Tehran 0.42 0.44 0.96 29
Yangon 0.62 0.63 0.98 48

KSimulation and KTranslocation statistics. These results are in agreement with the
goodness-of-fit transition potential results (Fig. 2.2), which suggest that transition
potential maps have more influence in the overall accuracy of the CA simulation
models. A study by Pontius et al. (2007, 2008) revealed that the FoM observed in
other LCMs ranged from 1 to 59%. Therefore, the accuracy of the BRT-CA and
RF-CA models are relatively high since the FoM is within the upper range of
previously observed LCMs (Kamusoko and Gamba 2015).
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Generally, all the simulation models had high KTransition score, which are above
83%. This is supported by the quantitative analysis between the simulated and observed
land use/cover changes for all metropolitan areas in Asia. For example, a quantitative
comparison for Bangkok revealed that the observed and projected quantities of built-up
were 2292.4 and 2428.5 km?, respectively. For Beijing, the observed built-up class was
2173.7 km?, whereas the corresponding simulated class was 2364.1 km”. However, the
observed built-up class was 118.5 km?, while the corresponding simulated class was
171.8 km? for Dhaka. For Hanoi, the observed built-up class was 133.3 kmz, whereas
the corresponding simulated class was 171.8 km?. In the case of Jakarta, the observed
built-up class was 623.5 km?, while the corresponding simulated class was 606.8 km?.
For Kathmandu, the observed built-up class was 75.9 km?, whereas the corresponding
simulated class was 76 km?. Nevertheless, the observed built-up class was 848.6 km2,
while the corresponding simulated class was 984.6 km? for Manila. For Tehran, the
observed built-up class was 923.3 km?, whereas the corresponding simulated class was
969.1 km?>. Last but not least, the observed built-up class was 228.9 kmz, while the
corresponding simulated class was 223.1 km? for Yangon. These results show that all
simulation models were relatively accurate for simulating land use/cover quantity.

2.4.2.2 Metropolitan Areas in Africa
The observed and simulated land use/cover maps for all metropolitan areas in

Africa are shown in Figs. 2.14, 2.15, 2.16, 2.17, 2.18, and 2.19. Visual analysis

(a) Observed 2014 (b) Simulated 2014
N

4

- Built-up [ Non-Built-up [ ] water

Fig. 2.14 Comparison of observed versus simulated land use/cover for Bamako
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(a) Observed 2014 (b) Simulated 2014
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Fig. 2.15 Comparison of observed versus simulated land use/cover for Dakar

(a) Observed 2014 (b) Simulated 2014

I Built-up - Non-Built-up

_=km

Fig. 2.16 Comparison of observed versus simulated land use/cover for Harare

shows that the BRT-CA and RF-CA models for all metropolitan areas had a rel-
atively high correspondence between the observed and simulated land use/cover
maps for 2014 (Figs. 2.14, 2.15, 2.16, 2.17, 2.18, and 2.19). Generally, the spatial
patterns of the simulated built-up areas closely match the observed built-up pat-
terns. While a slight degree of clumpiness is noted in some metropolitan areas such
as Harare, in general the BRT-CA and RF-CA models were relatively good at
allocating “non-built-up to built-up” changes and simulating land use/cover
(Figs. 2.14, 2.15, 2.16, 2.17, 2.18, and 2.19). This attributed to the rigorous cali-
bration of the transition potential maps, which were computed using BRT and RF
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(a) Observed 2014 (b) Simulated 2014

I Buit-up [ Non-Built-up

Fig. 2.17 Comparison of observed versus simulated land use/cover for Johannesburg

(a) Observed 2013 (b) Simulated 2013

I Built-up [0 Non-Built-up

Fig. 2.18 Comparison of observed versus simulated land use/cover for Lilongwe

models (Fig. 2.3). These simulation results are significant given that all the BRT
and RF models only incorporated a limited number of driving factors. Therefore,
BRT-CA and RF-CA models can be used to simulate future land use/cover changes.
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(a) Observed 2014 (b) Simulated 2014
I Built-up [ Non-Built-up — i

Fig. 2.19 Comparison of observed versus simulated land use/cover for Nairobi

Table 2.6 Validation statistics for all simulation models in Africa

Metropolitan area KSimulation KTranslocation KTransition Figure of merit (%)
Bamako 0.72 0.75 0.96 63
Dakar 0.75 0.79 0.94 62
Harare 0.49 0.50 0.99 47
Johannesburg 0.66 0.70 0.96 55
Lilongwe 0.68 0.70 0.97 53
Nairobi 0.56 0.60 0.93 43

Table 2.6 shows the validation statistics based on KSimulation, KTranslocation,
KTransition, and the FoM. Bamako, Dakar, Johannesburg, Lilongwe, and Nairobi
had KSimulation and KTranslocation scores above 50% (Table 2.6). All the sim-
ulation models had high KTransition score (above 93%), which is higher than the
simulation models in metropolitan areas of Asia. This is supported by the quanti-
tative analysis between the simulated and observed land use/cover changes for all
metropolitan areas in Africa. For example, a quantitative comparison for Bamako
revealed that the observed and simulated built-up class was 104.7 and 111.9 km?,
respectively. While the observed built-up class was 118.6 km?, the corresponding
simulated class was 109.7 km? for Dakar. However, the observed built-up class was
358.6 km?, while the corresponding simulated class was 360.4 km? for Harare. For
Johannesburg, the observed built-up class was 1418.6 kmz, whereas the corre-
sponding simulated class was 1494.6 km?. Although Lilongwe had a relatively
lower accuracy for the transition potential (Table 2.6), the observed built-up class
was 34.7 km?, while the corresponding simulated class was 32.9 km?. For Nairobi,
the observed built-up class was 182.8 km?, whereas the corresponding simulated
class was 198.9 km®. These results indicate that all simulation models were rela-
tively accurate for simulating land use/cover quantity. This is supported by the high
FoM, which was above 43% for all simulation models in Africa.
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Fig. 2.20 Components of agreement and disagreement for Asia
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(f) Kathmandu (g) Tehran
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Fig. 2.20 (continued)

2.4.3 Analysis of Components of Agreement
and Disagreement

2.4.3.1 Metropolitan Areas in Asia

Figures 2.20 and 2.21 show the components of agreement and disagreement based
on the overlay of the initial (1990), the observed (2014), and simulated land
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Fig. 2.21 Components of agreement and disagreement expressed as a percentage (Asia)

use/cover maps (2014) for all models. The components of agreement and dis-
agreement reveal information such as: (1) observed change simulated correctly as
change (hits); (2) observed persistence (built-up and non-built-up) simulated cor-
rectly as persistence (null successes); (3) observed change simulated wrongly as
persistence (misses); and (4) observed persistence simulated wrongly as change
(false alarms).

Results show that non-built-up persistence had the largest components of
agreement for all the models in Asia (Figs. 2.20 and 2.21). This is because
non-built-up persistence occupied about 60% of the metropolitan areas between
1990 and 2010. However, there are variation in terms of the hits, false alarms, and
misses. For example, Bangkok, Dhaka, Kathmandu, Manila, and Yangon had the
same or slightly more hits than the combined misses and false alarms (Figs. 2.20
and 2.21). This is encouraging since it shows that BRT-CA and RF-CA models
performed relatively well. While Beijing, Hanoi, Jakarta, and Tehran had slightly
more combined misses and false alarms than hits, the BRT-CA and RF-CA models
also performed relatively well.

While the results show improvement in the LCMs, it must be noted that the
simulated land use/cover maps include uncertainty of the original land use/cover
maps, especially the 1990 land use/cover map (which was not quantitatively vali-
dated). In addition, it was observed that the BRT-CA and RF-CA models failed to
simulate unconnected newly built-up areas, which is clearly apparent in the com-
ponents of agreement and disagreement (Fig. 2.21). This is attributed to spatial and
temporal nonstationarity in the built-up change process. Figure 2.22 shows the
normalized observed built-up change rate between different epochs in Asia, which
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Fig. 2.22 Normalized observed built-up change rate between different epochs in Asia

indicates clearly that built-up changes for all metropolitan areas were nonstationary.
The combination of rapid and slow urban growth developments between different
time periods (e.g., “1990-2000” and “2000-2010" periods) is challenging for
simulating unconnected newly built-up areas based on BRT-CA and RF-CA
models. This is because statistical or machine learning algorithms have difficulty in
handling nonstationarity (The Sate of Land Change Modeling 2014).

2.4.3.2 Metropolitan Areas in Africa

For Africa, non-built-up persistence had the largest components of agreement for all
the models as was observed in Asia (Figs. 2.23 and 2.24). This is because
non-built-up persistence occupied more than 50% of the metropolitan areas between
1990 and 2010. Furthermore, Bamako, Dakar, Johannesburg, Lilongwe, and
Nairobi metropolitan areas had slightly more hits than the combined misses and
false alarms (Figs. 2.23 and 2.24), indicating that the RF-CA model performed
relatively well. However, Harare metropolitan area had more combined misses and
false alarms than hits. This is because the RF model failed to predict unconnected
newly built-up areas, particularly in unplanned and illegal settlement areas. In
addition, uncertainty is increased due to the high-temporal nonstationarity
(Fig. 2.25). Consequently, the RF model had difficulty modeling the unbalanced
land outcomes, namely the combination of rapid and slow urban growth
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Fig. 2.23 Components of agreement and disagreement for Africa

developments, which occurred during the “1990-2000 and “2000-2010 periods
(Fig. 2.25). For example, the rate of “non-built-up to built-up” change between
1990 and 2000 was approximately 114.4 km?, while the “non-built-up to built-up”
change slowed to 69.8 km? between 2000 and 2010 (Kamusoko and Gamba 2015).
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Fig. 2.25 Normalized observed built-up change rate between different epochs in Africa

2.5 Capturing Spatial Pattern of Urbanization

In order to capture, examine, and compare the spatial pattern of urbanization in all
the cities, we used five spatial metrics. These include PLAND, PD, ENN, CIRCLE,
and SHAPE (Table 2.7). This set of spatial metrics was also used recently by the
Asian Development Bank (ADB) in a study entitled “Urban Metabolism of Six
Asian Cities” (ADB 2014).

In this analysis, all these five spatial metrics were used at the class level
(built-up). The 8-cell neighbor rule was used to determine the membership of each
pixel to a patch. In this rule, all the four orthogonal and four diagonal neighbors of
the focal cell are used. In the 8-cell neighbor rule, two cells of the same LULC class
that are diagonally touching are considered as part of the same patch, but in the case
of the 4-cell neighbor rule, these are considered separate patches (McGarigal et al.
2012). We selected the 8-cell neighbor as it has been used in various studies (e.g.,
Townsend et al. 2009; Estoque and Murayama 2013, 2016; Estoque et al. 2014).
The five spatial metrics were computed using FRAGSTATS 4.2 (McGarigal et al.
2012).
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Table 2.7 List and details of the class-level (built-up) spatial metrics used

Spatial
metrics

Range

Unit

Description

Measure

PLAND

0 < PLAND
< 100

Percent

Percentage of
landscape;
percentage of
built-up relative to
the whole
landscape
(excluding water)

Area

PD

PD >0

Number
per

100 ha
or per

Patch density;
number of patches
of built-up per
unit area

Aggregation
(subdivision/fragmentation)

ENN
(mean)

ENN > 0

Meter

Euclidean nearest
neighbor distance;
distance to the
nearest
neighboring patch
of the same type,
based on shortest
edge-to-edge
distance

Aggregation
(isolation/dispersion)

CIRCLE
(mean)

0<
CIRCLE < 1

None

Related
circumscribing
circle; provides a
measure of overall
patch elongation;
measures the
circularity of
built-up patches.
Low values
represent circular
patches

Shape (geometry)

SHAPE
(mean)

1

IN

SHAPE

None

Shape index;
measures the
complexity of
patch shape
compared to a
standard shape
(square) of the
same size;
measures the
irregularity of
built-up patches.
Low values
represent low
complexity

Shape (complexity)

Source McGarigal et al. (2012). Note The water class was not included in the derivation of the

metrics
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2.6 Summary and Conclusions

Taking the selected metropolitan areas in Asia and Africa, the purpose of this
chapter was to describe the methodology used to produce the land use/cover maps,
calibrate and validate LCMs. The specific objectives of this chapter were to eval-
uate the goodness-of-fit of transition potential maps, validate the simulated land
use/cover maps as well as elucidate components of agreement and disagreement.
Land use/cover maps were classified from Landsat imagery for 1990, 2000, 2010,
and 2014 using the (RF) classifier. Finally, land use/cover changes were simulated
based on the BRT-CA and RF-CA models.

Quantitative accuracy assessment for the 1990 land use/cover maps was not
conducted because of the unavailability of reference data such as aerial photographs
and high-resolution satellite imagery. However, the Atlas of Urban Expansion
developed by the Lincoln Institute of Land Policy (Angel et al. 2010) was used to
visually check the quality of land use/cover maps for the 1990 epoch (that is,
Landsat imagery acquired between 1988 and 1993). Qualitative and quantitative
accuracy assessments were conducted for land use/cover maps from 2000, 2010,
and 2014 epochs based on very high-resolution images (e.g., QuickBird image)
from Google Earth™. Overall land use/cover classification accuracy for all land
use/cover maps ranged from 70 to 90% for all the metropolitan areas.

Generally, the BRT-CA and RF-CA models for all metropolitan areas in Asia
and Africa performed relatively well. However, the BRT-CA and RF-CA models
for metropolitan areas in Africa performed better than the BRT-CA and RF-CA
models for metropolitan areas in Asia. The modeling and simulation results pre-
sented in this chapter—however limited to selected case studies in Asia and Africa
—provide an initial exploration of the machine learning-cellular (ML-CA) models
for land change modeling. While urban expansion in Asia and Africa has been
acknowledged, to-date spatial LCMs have not been rigorously explored and vali-
dated. Of particular importance here is the possibility of improving transition
potential modeling using machine learning models. Consequently, this chapter
highlights the value and significance of robust calibration, validation and simulation
of spatial LCMs—in particular ML-CA models—for the 15 metropolitan areas in
Asia and Africa. Therefore, this chapter provides a foundation for calibrating and
validating spatial LCMs.

While the simulation results are encouraging, it is also important to acknowledge
that all the BRT-CA and RF-CA models fail to simulate newly developed or
built-up areas, which are not connected to existing urban built-up areas. Previous
studies revealed that statistical or machine learning models underpredict the loca-
tion of new patches, which are not connected to existing built-up areas (Pontius and
Malanson 2005) due to spatial or temporal nonstationarity (Estoque and Murayama
2014; The State of Land Change Modeling 2014). Therefore, issues related to
nonstationarity need to be addressed using more temporal land use/cover data (e.g.,
at 5 year intervals) or combining BRT-CA and RF-CA models with other LCMs.
Although some model uncertainties remain, the BRT-CA and RF-CA models
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developed in this study have potential to improve land change modeling in general,
and urban growth modeling and simulation in particular. Given the broader
implications of the results from this chapter, further studies should be carried out to
test the BRT-CA and RF-CA models using multiple temporal land use/cover maps
at a shorter time interval in order to minimize the effects on spatial and temporal
nonstationarity.
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Chapter 3
Rapid Urbanization in Developing
Asia and Africa

AKio Yamashita

Abstract This chapter gives an overview of urbanization in Asia and Africa in the
late twentieth century. Furthermore, rapid urbanization in the 15 countries that are
covered in this book is analyzed using several indices related to population and
economics. Many Asian and African countries had long been under Western
colonial rule. Most of these countries gained independence after World War IL.
Following independence, most of them have rapidly developed, and urbanization
has progressed. Given the colonial historical background, population and urban
functions were dominantly concentrated in primate cities. While the increase in
population and industry in the primate cities are considered as symbols of economic
growth, rapid urban development resulted in social and environmental problems. To
date, these problems have not yet been solved, and are still serious in Asian and
African cities. Nevertheless, rapid economic growth has been taking place since the
1980s in Asia, and since 2000 in Africa. While Asia is at a more advanced phase of
urban development and its ensuing problems, Africa is following Asia’s tracks. In
this chapter, a time series of population and GDP growth data is used to gain
important insights of rapid urbanization in Asia and Africa.

3.1 Overview of Urbanization

Urbanization can be defined with various indices depending on the field of study. In
geography, land use/cover, population, and economic data are often used as indices
for explaining urbanization. In this book, land use/cover changes are placed at the
core of the analysis of urbanization in Asia and Africa. Details of the selected cities
in Asia and Africa are described in Parts 2 and 3, respectively. In this chapter, an
overview of urbanization in Asia and Africa in the late twentieth century is pro-
vided. In addition, various population and economic indices are used to analyze and
discuss rapid urbanization in the 15 countries that are covered in this book.
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Many Asian and African countries had long been under colonial rule of Western
countries, but after World War II, they gained independence one after another.
Table 3.1 summarizes the year these countries gained independence (excluding
Central Asia). In Asia, many countries became independent from 1945 to 1949,
while others attained independence by the 1970s. In Africa, many countries became
independent in the 1960s, a little later than the Asian countries. Following inde-
pendence, most of these Asian and African countries have rapidly developed, and
urbanization has progressed.

Due to such a historical background, population and urban functions in these
countries were dominantly concentrated in the primate cities where the Western
countries established their bases in the colonial period. The superiority of the
primate cities was rapidly encouraged even after independence. This resulted in the
successional emergence of megacities, which are metropolitan areas with a popu-
lation of over 10 million. According to UN (2015b), only Tokyo, Osaka, New
York, Mexico City, and Sao Paulo metropolitan areas had a population of over
10 million in 1980. This grew to 23 cities by 2010, including cities in Asia (Tokyo
and Osaka in Japan; Beijing, Chongqing, Shanghai, and Shenzhen in China; Manila
in the Philippines; Dhaka in Bangladesh; Delhi, Kolkata, and Mumbai in India;
Karachi in Pakistan; and Istanbul in Turkey) and Africa (Cairo in Egypt and Lagos
in Nigeria). Six more cities joined megacities in 2015, five from Asia (Guangzhou
and Tianjin in China; Jakarta in Indonesia; Bangalore in India) and Kinshasa in the
Democratic Republic of the Congo in Africa. Although the capitals of the other
Asian and African countries do not meet the requirement for a megacity, excess
concentrations of population and industry are progressing.

Although population increase and industrial development in primate cities are
considered as symbols of economic growth, rapid urbanization or over-urbanization
has resulted in social and environmental problems such as increased poverty, water
and air pollution. Over-urbanization is a phenomenon referred to as urbanization
without industrialization, or population growth without employment creation. More
specifically, a large amount of labor flows from the surrounding rural areas into the
primate cities due to their excessively concentrated urban function and industry.
However, the industry is not yet developed enough to absorb all labor. As a result,
there is high unemployment and an increase of the urban poor coupled with
insufficient infrastructure development (e.g., transportation and sanitation).

These problems have not been solved yet, and are still serious in Asian and
African cities. However, rapid economic growth has been taking place since the
1980s in Asia, and since 2000 in Africa, through Official Development Assistance
(ODA) and Foreign Direct Investment (FDI) from developed countries.

Table 3.1 Number of countries by independence year in Asia and Africa

Before 1945 1945-49 1950s 1960s 1970s After 1980
Asia 14 11 3 3 4 3

Africa 4 0 6 32 8 4

Source Ministry of Foreign Affairs of Japan
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Accordingly, the availability of more employment opportunities has resulted in
increased incomes, thus an increase in middle class population. The expanding
middle class will play an important role for urban socioeconomies in Asia and
Africa in the future.

3.2 Increase of Urban Population

This section contains a comparative analysis based on the data from UN (2015b), of
the 15 countries in Asia and Africa that are covered in this book.

First, the total population increases of Asia and Africa are compared with the
world average. The total population of Asia was about 1.4 billion in 1950, and
increased to about 4.2 billion by 2010 (accounting for about 60% of the global
population). The population growth rate in Asia had a similar trend to world
population growth rate. Nonetheless, the total population of Africa in 2010 was
about 1.0 billion, accounting to less than 15% of the global population. Yet the
population growth rate already exceeded 60% between 1950 and 1970. In the
60 years from 1950 to 2010, the population growth rate in Africa was about twice
as fast as the global average (Table 3.2). Urban population analysis reveals that the
growth rate in Asia and Africa was much higher than that of the total population,
which indicates rapid urbanization after the late twentieth century. The growth rates
for Asia (654%) and Africa (1114%) from 1950 to 2010 were remarkable, which
are about double and triple the global urban population growth rate, respectively
(Table 3.3). The ratio of the urban population to the total population has subse-
quently increased through the years. In 1950, the global urban population ratio was
about 30%, while that of Asia and Africa were less than 20%. However in 2010, the
urban population ratio in Asia and Africa increased faster than the global ratio,
though the increasing global ratio. This also indicates rapid urbanization in Asia
and Africa (Table 3.4). Nonetheless, the population concentration in Asian cities is
more significant than in the African cities.

Second, demographic data for the 15 countries are analyzed (Table 3.5). Among
the nine Asian countries, China had the highest urban population in 1950.
Nonetheless, the urban population accounted for only 11.8% of the total population,

Table 3.2 Total population and growth rate of Asia and Africa

Total population (million) Growth rate (%)

1950 1970 1990 2010 1950-1970 | 1970-1990 | 1990-2010 | 1950-2010
Asia 1403.4 |2135.0 |3199.5 |4164.3 |52.1 49.9 30.2 196.7
Africa | 2299 | 368.1 | 6353 |1022.2 |60.1 72.6 60.9 344.7
World | 25322 |3696.2 |5306.4 |6895.9 |46.0 43.6 30.0 1723

Source UN (2015b)
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Table 3.3 Urban population and growth rate of Asia and Africa
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Urban population (million) Growth rate (%)
1950 1970 1990 2010 1950-1970 | 1970-1990 | 1990-2010 | 1950-2010
Asia 245.1 505.7 | 1032.3 | 1847.7 |106.4 104.1 79.0 654.0
Africa 33.0 86.6 203.4 400.7 | 162.3 134.9 97.0 1114.0
World | 745.5 | 1352.4 |2281.4 |3558.6 81.4 68.7 56.0 3773
Source UN (2015b)
Table 3.4 Ratio of urban population (%)
1950 1970 1990 2010
Asia 17.5 23.7 323 44.4
Africa 14.4 23.5 32.0 39.2
World 29.4 36.6 43.0 51.6
Source UN (2015b)
Table 3.5 Total and urban populations in 15 countries (million)
Country 1950 11970 | 1990 2010
Asia
China 550.8 814.6 1145.2 1341.3
65.0 141.7 302.8 660.3
11.8 17.4 26.4 49.2
Philippines 18.4 35.5 61.6 93.3
5.0 11.7 29.9 454
27.1 33.0 48.6 48.6
Indonesia 74.8 118.4 184.3 239.9
9.3 20.2 56.4 119.8
12.4 17.1 30.6 499
Vietnam 28.3 449 67.1 87.8
33 8.2 13.6 26.7
11.6 18.3 20.3 30.4
Thailand 20.6 36.9 57.1 69.1
3.4 7.7 16.8 233
16.5 20.9 29.4 33.7
Myanmar 17.2 26.2 39.3 48.0
2.8 6.0 9.7 15.4
16.2 22.8 24.6 32.1
Bangladesh 37.9 66.9 105.3 148.7
1.6 5.1 20.9 415
4.3 7.6 19.8 279
Nepal 8.2 11.9 19.1 30.0
0.2 0.5 1.7 5.0
2.7 4.0 8.9 16.7
Iran 17.4 28.7 54.9 74.0
4.8 11.8 30.9 51.0
27.5 41.2 56.3 68.9

(continued)
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Table 3.5 (continued)

| Country 1950 1970 1990 2010
Africa
Senegal 24 4.1 72 12.4
0.4 1.2 2.8 5.3
17.2 30.0 38.9 423
Mali 4.6 6.0 8.7 15.4
0.4 0.9 2.0 53
8.5 14.3 23.3 34.3
Kenya 6.1 11.3 23.4 40.5
0.3 1.2 3.9 9.5
5.6 10.3 16.7 23.6
Malawi 2.9 4.5 9.4 149
0.1 0.3 1.1 2.3
35 6.1 11.6 15.5
Zimbabwe 2.7 52 10.5 12.6
0.3 0.9 3.0 4.8
10.6 17.4 29.0 38.1
South Africa 13.7 22.5 36.8 50.1
5.8 10.8 19.1 30.9
422 47.8 52.0 61.5

Note upper row—total population; middle row—urban population; lower row—proportion of urban population
(%). Source UN (2015b)

indicating that more than 80% was rural population at that time. Meanwhile, the
Philippines and Iran had higher urban population of 27.1 and 27.5%, respectively.
This implies high population concentration in cities during that period. Note that
even in 2010, Iran had the highest urban population rate. Nonetheless, the urban
population rates in China, the Philippines, and Indonesia were about 50% in 2010,
indicating urbanization in these countries was relatively advanced. Among the six
countries in Africa, the urban population ratio of South Africa is outstanding. For
example, South Africa had an urban population of about 30 million out of a total
population of approximately 50 million in 2010 (that is 60% urban population
ratio). In contrast, Kenya—the second most populated African country—had an
urban population ratio of approximately 23.6%. While the total populations for
Malawi, Mali, Senegal, and Zimbabwe range between 12 and 16 million, their
degrees of urbanization are different. Senegal had the highest urban population
ratio, followed by Zimbabwe, Mali, and Malawi.

Figure 3.1 shows the growth index (derived by dividing the population in n year
by the population in 1950) of total population and urban population in nine Asian
countries (populations after 2015 are estimated). Generally, urban population
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Fig. 3.2 Population growth index (derived by dividing the population in n year by the population
in 1950) of six African countries. Source UN (2015b)

growth rate is higher than the total population growth rate. This suggests that
rural-urban migration contributed to urban population growth. Such a tendency is
especially strong in Bangladesh and Nepal, where the urban population growth
index was 25.6 and 22.7, respectively in 2010. A comparison of demographic data
from China, the Philippines, Indonesia, Vietnam, and Iran shows that the total
population growth rate is relatively high in the Philippines and Iran. However, the
urban population growth rate is higher in China and Indonesia. The urban popu-
lation growth rate is similar in Thailand and Myanmar, albeit rather slow. The urban
population trend shows earlier urbanization in Thailand. However, Myanmar’s
growth rate is expected to be faster in the future.

Figure 3.2 shows the total population and urban population growth indices for
six African countries. In 2010, the total population growth index ranged from 3.3 in



54 A. Yamashita

Mali to 6.7 in Kenya. This indicates that there was no significant difference among
the six countries in the growth index of total population. However, the urban
population growth index varied among the six African countries. Table 3.5 shows
that South Africa had a high urban population in 1950, compared to the other five
countries. Nonetheless, the urban population in the other five countries increased
later due to rapid urbanization. In particular, the urban population growth rates for
Kenya and Malawi were higher than others. For example, the urban population
growth indices for Kenya and Malawi were 28.1 and 22.9, respectively in 2010.
These countries are projected to remain the highest in the future. The urban pop-
ulation growth index for Zimbabwe was 16.4, followed by Mali with 13.4, and
Senegal with 12.6.

Table 3.6 Demographics of the 15 countries

Country Natural increase rate (%) Birth rate (%) Mortality rate (%)
1985-1990  |2005-2010 1990  [2010  [1990  |2010
Asia
China 18.5 5.7 25.2 12.2 6.7 6.5
Philippines 27.3 19.5 34.1 25.6 6.9 6.1
Indonesia 19.2 14.1 27.5 21.3 8.3 7.2
Vietnam 232 11.7 29.8 17.3 6.6 5.6
Thailand 14.8 5.1 20.5 12.2 5.6 72
Myanmar 18.4 12.6 29.1 21.2 10.7 8.6
Bangladesh 26.5 16.6 37.8 22.5 11.3 5.9
Nepal 25.3 18.3 39.6 25.3 14.3 7.0
Iran 29.1 13.0 38.2 18.1 9.1 52
Africa
Senegal 32.6 30.6 448 38.9 12.2 8.3
Mali 27.7 34.0 48.7 47.1 20.9 13.1
Kenya 35.1 27.3 45.1 37.9 10.0 10.6
Malawi 31.0 29.9 51.5 42.5 20.5 12.5
Zimbabwe 31.0 19.2 39.5 35.6 8.5 16.3
South Africa 22.6 7.5 31.1 22.1 8.5 14.7
Country Total fertility rate Rate of youth (%) Rate of elderly (%)
1990 2010 1990 2010 1990 2010
Asia
China 2.8 1.5 28.8 174 5.3 8.2
Philippines 4.5 33 40.9 33.6 3.1 4.2
Indonesia 34 2.5 36.4 28.9 3.8 4.9
Vietnam 3.9 1.9 374 23.7 5.7 6.5
Thailand 2.3 1.6 30.2 19.2 4.5 8.9
Myanmar 3.8 2.6 37.6 29.8 4.2 5.0

(continued)
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Table 3.6 (continued)

Country Total fertility rate Rate of youth (%) Rate of elderly (%)
1990 2010 1990 2010 1990 2010

Bangladesh 5.0 2.5 423 32.1 3.1 4.7
Nepal 53 3.0 42.5 37.2 35 5.0
Iran 5.6 1.8 454 23.5 33 4.9
Africa

Senegal 6.9 52 47.1 43.7 3.0 3.1
Mali 7.2 6.7 46.7 47.1 3.8 2.7
Kenya 6.5 4.8 49.0 42.6 2.7 2.7
Malawi 73 5.8 45.8 46.2 2.7 32
Zimbabwe 5.7 4.0 46.1 41.5 3.0 32
South Africa 4.0 2.6 38.9 30.9 32 5.1

Source UN (2015a)

Another demographic data (between 1990 and 2010) from UN (2015a) was
analyzed for the 15 countries. The rate of natural increase (RNI), birth rate, mor-
tality rate as well as youth and aging populations were examined (Table 3.6).

The RNI for Malawi, Kenya, Senegal, and Zimbabwe exceeded 30% between
1985 and 1990. While the RNI in Asia was mainly 20%, the RNI for China,
Indonesia, Thailand, and Vietnam were relatively low. Between 2005 and 2010, the
RNI in Asian countries significantly decreased. In contrast, the RNI remained high
in Senegal, Mali, Kenya, and Malawi.

Most Asian countries had an approximate birth rate of 30% in 1990 (with highest
rates in Bangladesh, Nepal, and Iran), while the birth rate in African countries
exceeded 40% with the exception of South Africa. In 2010, the birth rate in Asian
countries decreased to 20% (highest in the Philippines and Nepal), while African
countries such as Mali and Malawi had a birth rate above 40%. However, South
Africa experienced a significant decrease. Although the mortality rate in 1990 was
high in Myanmar, Bangladesh, and Nepal, the mortality rate in the remaining Asian
countries was below 10%. In 1990, the mortality rate for Malawi, Mali, Kenya, and
Senegal was above 10%, while it was below 10% for Zimbabwe and South Africa.
In 2010, the mortality rate in all Asian countries (with the exception of Thailand)
decreased, while the rate in African countries remained higher than 10% (except for
Senegal). The total fertility rate decreased in all Asian and African countries during
the 20-year period. However, the rate was lower in Asia than in Africa. The total
fertility rate for China, Vietnam, Thailand, and Iran was below 2.0 in 2010.
Generally, Asian countries shifted from a high birth and infant mortality rate phase
to a low birth and premature death rate phase. To date, African countries still have
high birth and infant mortality rates.

In general, Africa has a higher youth population (under 15 years old) and a
lower population of elderly people (over 65 years old) than Asia. From 1990 to
2010, most of Asian and African countries experienced a decrease in the youth
population ratio (with a slight increase in Mali and Malawi), and an increase in the
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elderly population ratio (except for Mali and Kenya). Nevertheless, in Asian
countries, the youth population rate had remained above 20% in 2010, except in
China and Thailand, and the elderly population rate was around 5%, except for
China and Thailand where the rate was slightly higher. At this point, the problem of
declining birth rates and aging populations is not observed.

3.3 Developing Industry and Economy

Indices related to the industry and economy of each country, employment structure
and GDP are investigated.

From an examination of the employment structure in Asian countries around
1990 (Table 3.7), the primary industries were the key industries in except for Iran.
The highest employment ratio in the primary industries was found in Nepal, fol-
lowed by Vietnam and Myanmar. Meanwhile, the secondary industries were rela-
tively advanced in China, and the tertiary industries in the Philippines and
Indonesia. In Iran, a lower employment ratio in the primary industries and a higher
employment ratio in the secondary and tertiary industries were found. These are
perhaps due to the fact that agriculture was not well developed since the country is

Table 3.7 Employment structure of the 15 countries

Country Primary industry (%) Secondary industry (%) | Tertiary industry (%)
Around Around Around Around Around Around
1990 2010 1990 2010 1990 2010
Asia
China 54.8 39.6 17.6 27.2 9.9 332
Philippines 45.8 332 144 15.0 39.7 51.8
Indonesia 56.6 40.6 13.0 17.5 30.2 41.9
Vietnam 70.3 47.3 10.3 20.7 19.4 32.0
Thailand 64.1 41.1 13.8 19.3 22.0 39.5
Myanmar 70.2 - 8.7 - 21.0 -
Bangladesh 66.4 47.8 12.9 17.5 16.2 353
Nepal 81.2 74.1 2.6 10.6 14.9 15.2
Iran 24.5 19.8 26.6 31.7 44.6 48.6
Africa
Senegal - 47.2 - 17.0 - 222
Mali - 42.0 - 16.0 - 41.9
Kenya - - - - - -
Malawi 85.8 - 44 - 8.1 -
Zimbabwe - 67.8 - 7.1 - 249
South 12.9 7.0 29.3 22.5 53.7 70.1
Africa

Note “~” means data is not available. Source ILOSTAT
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in arid region, while the ratio of oil-related industries was high as an oil-producing
nation. By around 2010, the employment ratio in the primary industries had
decreased in all countries, and the employment ratio in the tertiary industries was
the highest in the Philippines and Indonesia. In the nine Asian countries, the
employment ratio of the secondary industries still tends to be smaller than the
tertiary industries. This is perhaps the reason for the immaturity of the secondary
industries with a higher employment capacity rather than the expansion of the
tertiary industries in the urban area. In any case, the employment ratio of the
primary industries in 2010 was also much higher than in developed countries, with
the exception of Iran. Although much of the data on African countries in the
ILOSTAT is unorganized, the employment ratio in the primary industries stood out
in Malawi around 1990, and the rates in both secondary and tertiary industries were
below 10%. In South Africa, however, the tertiary industries were most developed.
The country had an employment structure similar to that of developed countries,
and the employment ratio of the primary industries was only 12.9% even around
1990. Around 2010, the employment ratio of the primary industries was very high
in Zimbabwe, and its ratio of secondary industries was less than 10%. The sec-
ondary and tertiary industries in Senegal and Mali are developed to a degree similar
to that in Asian countries. South Africa is increasingly on the road toward a service
economy: the employment ratio in the tertiary industries exceeded 70%, but the
ratio of the primary industries is only 7.0%.

Next, GDP was examined. GDP in Asia was around 500 billion USD in 1970,
and increased to around 20 trillion USD by 2010, accounting for about 30% of
global GDP. The growth rate per 10 years shows a trend of rapid increase in the
1970s and slight stagnation in the 1990s, similar to the global trend, though the
growth rate was much higher in Asia. In Africa, GDP in 2010 was 1.7 trillion USD,

Table 3.8 GDP and its growth rate of Asia and Africa

GDP (billion USD) Growth rate (%)

1970 1980 1990 2000 2010 1970- | 1980- | 1990- |2000-
1980 1990 2000 2010

Asia [ 506.1 |2489.6 5511.5 9218.0 20,279.3 3919 | 1214 |67.2 120.0
Africa |90.3 434.4 495.0 599.6 1747.9 381.1 13.9 21.1 191.5
World |3355.6 |12,043.2 |22,595.4 |32,859.7 | 64,406.4 | 2589 |87.6 454 96.0
Source UN National Accounts of Main Aggregate Database

Table 3.9 GDP per capita and its growth rate of Asia and Africa

GDP per capita (USD) Growth rate (%)

1970 | 1980 | 1990 |2000 |2010 |1970-1980 |1980-1990 |1990-2000 |2000-2010
Asia 243 966 | 1715 | 2480 | 4869 |297.4 77.5 44.5 96.4
Africa | 247 909 | 787 | 743 | 1698 |268.4 -13.5 -5.6 128.5
World [910 | 2709 |4249 |5363 |9315 |197.8 56.9 26.2 73.7

Source UN National Accounts of Main Aggregate Database
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Table 3.10 GDP and GDP per capita of the 15 countries

59

Country 1970 1980 1990 2000 2010
Asia
China 91,039 306,520 404,494 1192,836 5949,786
112 311 347 932 4375
Philippines 7413 35,954 49,095 81,026 199,591
207 759 793 1043 2136
Indonesia 9805 79,636 125,720 165,021 709,191
86 545 701 790 2947
Vietnam 2775 2396 6472 31,173 115,932
63 44 94 385 1302
Thailand 7374 33,467 88,299 126,148 338,001
200 707 1561 2023 5090
Myanmar 2692 5905 5172 7275 41,518
99 171 123 150 799
Bangladesh 6987 18,866 31,730 51,277 112,412
105 229 295 387 744
Nepal 1041 2089 3780 5730 16,305
90 145 209 247 607
Iran 10,032 91,950 91,036 104,016 421,716
351 2364 1615 1578 5663
Africa
Senegal 952 3254 6205 4680 12,886
226 584 826 475 995
Mali 294 1517 2510 2655 9400
51 225 315 259 672
Kenya 2195 9165 11,037 12,604 32,181
195 563 471 403 787
Malawi 546 2108 2985 2970 6752
121 338 316 262 450
Zimbabwe 2023 7148 11,738 7549 7433
388 981 1122 604 568
South Africa 17,907 80,544 112,014 132,878 363,241
796 2770 3044 2963 7060

Note upper row—GDP (million USD); lower row—GDP per capita (USD). Source UN National
Accounts of Main Aggregate Database

accounting for less than 3% of global GDP. However, the growth rate after 2000
was higher than in Asia, and its economies are rapidly growing at a rate twice as
fast as the world average (Table 3.8). In terms of GDP per capita (Table 3.9), in
Asia, it increased from 243 USD in 1970, which was around 25% of the world
average, to 4869 USD in 2010, which was about half of the world average at that
time. In Africa, it was about the same as Asia in 1970, but decreased from 1980 to
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2000. Although it quickly increased after 2000, it was about one-third of that in
Asia in 2010.

Through individual investigation of GDP for the 15 countries (Table 3.10),
China was found to have an extremely high GDP among Asian countries. It
remarkably grew by about 6400% in 40 years, from 91 billion USD in 1970 to
5.9 trillion USD in 2010. However, in terms of GDP per capita, oil producer Iran is
the highest, followed by Thailand. Vietnam’s GDP per capita increased from below
100 USD in 1990 to above 1000 USD in 2010. When focusing only on the growth
rates of GDP and GDP per capita, Vietnam’s growth rates exceeded China’s during
these 20 years. Figure 3.3 shows the growth indices of GDP and GDP per capita
(derived by dividing the GDP/GDP per capita in n year by the GDP/GDP per capita
in 1970) for the nine Asian countries. According to this figure, the growth rates of
China and Indonesia were the highest, followed by Vietnam, Thailand, and Iran.
Economic growth in the Philippines, Indonesia, and Thailand began in the late
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1980s, but subsided due to the impact of the Asian Financial Crisis in 1997. The
rapid growth was resumed after 2000. Rapid economic growth occurred after 2005
in countries such as Vietnam and Iran.

South Africa is outstanding among the six African countries, however, the
average GDP and GDP per capita are lower compared with Asia, and the growth
rate is also not as high. In Zimbabwe, GDP decreased after 1990 due to economic
turmoil, and GDP per capita decreased by half in the 20 years from 1990 to 2010
(Table 3.10). Figure 3.4 shows economic growth began after 2000 in Senegal,
Mali, Kenya, and South Africa. The growth rate in Mali and South Africa was
particularly high. Economic growth of Malawi began after 2005.

3.4 Concluding Remarks

Many Asian and African countries went independent after World War II, and
experienced a rapid population increase and economic growth in the late twentieth
century, particularly after the 1980s. This resulted in excess concentrations of
population and industry in the primate cities. The speed of such transition was much
faster than any Western developed countries had ever experienced. However, this
also caused various social and environmental problems. Asia is at a more advanced
phase in terms of such urban development and occurrence of problems, and Africa
is following Asia’s track with a given time lag. These trends can be grasped from
the analyses discussed in this chapter, such as analysis of the time series changes of
population increase and GDP growth. On one hand, economic growth in Asia
stagnated due to the Asian Financial Crisis in the late 1990s, but resumed after
2000. On the other hand, Africa is in the midst of a growth period at this moment in
the twenty-first century, and its rate of population increase and economic growth is
even faster than Asia. While the connection between Asian and African countries,
and Western developed countries will be enhanced due to economic globalization
and advancement of information technologies, the role of Asian and African cities
in global politics, economics, and society will become increasingly greater in the
future.

References

International Labor Organization (ILO) ILOSTAT database. Accessed on 17 Dec 2015 from
https://www.ilo.org/ilostat/

UN (United Nations) (2015a) World population prospects, the 2015 revision. Accessed on 17 Dec
2015 from http://esa.un.org/unpd/wpp/

UN (United Nations) (2015b) World urbanization prospects: the 2014 revision. Accessed on 17
Dec 2015 from http://esa.un.org/unpd/wup/

UN (United Nations) National accounts of main aggregate database. Accessed on 16 Dec 2015
from http://unstats.un.org/unsd/snaama/introduction.asp


https://www.ilo.org/ilostat/
http://esa.un.org/unpd/wpp/
http://esa.un.org/unpd/wup/
http://unstats.un.org/unsd/snaama/introduction.asp

Part 11
Urbanization in Asia



Chapter 4
Beijing Metropolitan Area

Chiaki M. Akiyama

Abstract This chapter traces the origin and brief history of Beijing Metropolitan
Area, one of the megacities of Asia and the national capital region of the People’s
Republic of China. The urban primacy, urban land use/cover changes, and the
driving forces that influence the rapid urbanization of Beijing Metropolitan Area are
examined. Their implications for future sustainable urban development of this
megacity are also discussed. Beijing Metropolitan Area is one of the global cities. It
has a long history as well as unprecedented urbanization process. Over the past
25 years from 1989 to 2014, Beijing Metropolitan Area has urbanized rapidly due
to various interrelated factors. The changes in land management system and city
functions (that is, change from industrial center to political, cultural, and science
and technological center) as well as population and economic growth contributed to
urban development. However, key urban issues such as the gap between urban and
rural areas, environmental pollution, etc., should be considered for future devel-
opment. Both the local and national government as well as other stakeholders need
to push for the sustainable urban development of Beijing Metropolitan Area.

4.1 Origin and Brief History

Beijing City is the capital city of the People’s Republic of China. The city center
has played a leading role in the history, politics, culture, and other aspects of
civilization in China. In this chapter, the study area is Beijing Metropolitan Area
(BMA), approximately measuring 100 km by 100 km. Beijing City covers
approximately 80% of BMA.
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Fig. 4.1 Location and LandScan population of Beijing Metropolitan Area, the People’s Republic
of China

Beijing is the last of the Four Great Ancient Capitals of China [Beijing, Nanjing,
Luoyang, and Chang’an (Xi’an)], which has three millennia of history. Before
1403, Beijing, which was named by Emperor Yongle, was called Dadu, Yangching,
and Beiping. Emperor Yongle constructed the Forbidden City for his family.
Today, the Forbidden City is one of the seven UNESCO World Heritage Sites in
Beijing City.

Beijing City is located in northern China (Fig. 4.1). The north and west parts of
the city are hilly, while the south and east parts are flat. Approximately 62% of the
city area is mountainous. The highest mountain is East Lingshan (elevation
2303 m) in the north ridge, where the Great Wall is located. The city center lies on
low and flat land, with elevation generally between 20 and 60 m above sea level.
While the city area is a part of the Hai river basin, the Yongding and Chaobai rivers,
which are also located in the city, are drying out. Consequently, water shortage is a
serious problem in BMA.

Beijing City is a direct-controlled municipality under the central government.
The city has been known as “The People’s Government of Beijing Municipality”
since 1949, and is characterized by a complex hierarchy of politics. It has to
immediately and strictly adopts new policies or laws introduced by the central
government.

Figure 4.1 shows the population density in 2010 based on the 1-km resolution
LandScan population data. The population is concentrated approximately within the
20 km radius area of the city center, where the population density is more than 4000
people per km® (Fig. 4.1). The population density is more than 8000 people per
km? along major roads, 30 km or more from the city center. Beijing is considered a
major transport hub, with the presence of national highways, expressways, rail-
ways, high-speed rail networks, and the Beijing Capital International Airport.
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4.2 Primacy in the National Urban System

Beijing City is a multifunctional city, and BMA is one of the most urbanized areas
in China (Chen et al. 2014). Figure 4.2 shows the (a) Urban area ratio (%), or the
percentage of urban area in provincial-level administrative area in 2012, (b) Gross
Regional Product (GRP) per person (1000 Chinese Yuan/person), or the economic
index for each provincial-level administrative division in 2013, and (c) Tertiary
sector ratio of GRP (%), or the percentage of tertiary sector in whole industrial
sectors of GRP of each provincial-level administrative division in 2013. Beijing
City had an urban area ratio of 72.5%, the second highest in all the 31
provincial-level municipalities in 2013 (Fig. 4.2a). The most urbanized province
was Shanghai City with an urban area ratio of 100%. Shanghai City, located on the
flat Yangzi River delta, has been historically a business center in China. In contrast
to Beijing, topography supported Shanghai’s urban development. Tianjin City is the
third most urbanized, with an urban area ratio of 20.7%. Although Tianjin City is
also a direct-controlled municipality under the national government (as Beijing City
and Shanghai City), its urban area ratio is much lower than Shanghai and Beijing.

In China, urban area ratio is high in coastal areas and low in inland areas. While
inland areas are bigger than coastal areas, their urban area ratio is less than 1%.
The GRP per person of Tianjin, Beijing, and Shanghai are 97.6, 92.2, and 89.4
thousand Chinese Yuan/person, respectively (Fig. 4.2b). Note that one Chinese
Yuan was equivalent to 0.16 US dollar in 2015. The GRP per person shows a
similar trend, that is, high in coastal area and low in inland areas. The tertiary sector
ratio of GRP for Beijing, Shanghai, and Xizang are 76.9, 62.2, and 53%, respec-
tively (Fig. 4.2c). Generally, the main sector has transitioned from primary to
tertiary sector in tandem with economic development. Therefore, tertiary sector
ratio of GRP represents the degree of urbanization.

Beijing City, the core of BMA, consists of two county-level prefectures, 14
districts, and 289 towns and villages. The city area and the city center area (districts
No. 1 and 2) are 16,801.3 and 87.1 km?, respectively. In 2014, the city area and city
center had a population of 21.5 million and 2.2 million, respectively. Although the
city center occupies 0.52% of the total city area, it accounts for 10.3% of the total
population (Fig. 4.3). Figure 4.3b shows the county-level population density of
Beijing City in 2010. The population density decreases with distance from the city
center. Districts No. 1 and 2, located at the center of the city, are the most popu-
lated. Based on population distribution pattern, 16 divisions are classified into three
categories: urban area, suburban area, and rural area. Boundaries of these three
areas are characterized by a road network that spreads concentrically from the 2nd
Ring Road, the castle wall surrounding the city center (districts No. 1 and 2).

“Urban area” is the most populated area among three categories and includes
districts No. 1-6. Both districts No. 1 and 2, where the Forbidden Palace and the
Great Hall of the People are located, have since been the nation political center.
Additionally, these districts have many tourist attractions, including the Imperial
Garden, which is a world heritage site, and the traditional courtyard residence,
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named “hutong”. For the purpose of preserving the city’s historical landscape, it is
strictly prohibited to construct high-rise buildings (Fig. 4.4a—) (Qian and Okazaki
2008). Districts No. 3—6 are located between the 2nd Ring Road and the 5th Ring
Road. In these districts, there are many top-ranked educational, cultural, and art
institutions: Peking University, Tsinghua University, Chinese Academy of
Sciences, the National Stadium designed for the 2008 Summer Olympics and
Paralympics Games, and others. In 1988, based on the accumulation of knowledge,
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the Zhongguancun Science Park (ZSP) at the northeast of the 4th Ring was
established as the center of Information and Communication Technology. Today,
the ZSP is referred to as “China’s Silicon Valley” because of its leadership in
information communication technology. Many international technology companies
have built their headquarters and research centers in this area.

The primacy of BMA in many fields is supported by its rich transportation
system, composed of the international airport, ring roads, and subway network. In
2015, the Beijing Capital International Airport, located in district No. 3, was ranked
as the world’s second busiest airport by the Airports Council International. The
subway network in Beijing City has 18 routes and is planned to increase to 30
routes by 2020. Once the subway network plan is completed, 95% of the residents
living inside the 4th Ring Road (Fig. 4.4d) will be 15 min walking distance from
the nearest subway station.
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Fig. 4.4 Landscape of BMA: a Inner city (District No. 1), b 2nd Ring Road, ¢ Hutong district,
d Line 5, Lishuiqiao South Station and its surroundings, e Changping line, Nanshao station,
f Construction site in Changping district, g Construction site along the highway, and h New
residential area for rural residents. Source (a)-(h) Author’s fieldwork (2015)

“Suburban area” is located around the 6th Road Ring. Districts No. 7-12 are
categorized under “suburban area”. Many new subway stations have opened in the
“suburban area” along with the development of residential area (Fig. 4.4g and h)
due to relatively affordable residential spaces.

Districts No. 13-16 represent the “rural area” located outside of the 6th Ring
Road. The Great Wall lies on the steep mountain ridge and attracts many tourists
from the whole country and all over the world.
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4.3 Urban Land Use/Cover Patterns and Changes
(1990-2030)

4.3.1 Observed Changes (1990-2014)

The results of the urban land use/cover mapping and change detection (Figs. 4.5
and 4.6) show that the built-up land of BMA has developed and expanded more
than three times from 1988 to 2014. With an area of 579.57 km? in 1988, BMA’s
built-up land increased to 2153.92 km? in 2014 (Table 4.1) at an annual rate of
change (increase) of 60.55 km?/year. The annual rate of change increased over the
observed periods: 20.68 km?*/year (1988-2000 period), 71.06 km?/year (2000—
2009 period), and 137.35 km2/year (2009-2014 period) (Table 4.2).

In the context of landscape pattern, the percentage of landscape (PLAND) metric
measures the proportion of a particular class at a certain point in time relative to the
whole landscape. In 1988, the PLAND of BMA’s built-up lands was 5.35%. It
increased to 7.71, 13.52, and 19.95% in 2000, 2009, and 2014, respectively

1988 2000
2009 2014
B Built-up
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= ‘TVZI:SI:U'R P N 0 125 25 somm o

Fig. 4.5 Urban land use/cover maps of BMA classified from Landsat imagery
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Table 4.1 Observed urban land use/cover of BMA (km?)
1988 2000 2009 2014
Built-up 579.57 827.67 1467.19 2153.92
Non-built-up 10248.70 9904.11 9386.31 8640.29
Water 86.52 183.01 61.28 120.57
Total 10914.78 10914.78 10914.78 10914.78
Table 4.2 Observed urban land use/cover changes in BMA (km?)
1988-2000 2000-2009 2009-2014
Built-up 248.10 639.52 686.73
Annual rate of change (km®/year) 20.68 71.06 137.35
Non-built-up —344.59 —517.80 =746.02
Annual rate of change (km>/year) -28.72 =57.53 —149.20
Water 96.49 -121.73 59.29
Annual rate of change (km*/year) 8.04 —13.53 11.86
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Table 4.3 Observed landscape pattern of BMA

Class-level (built-up) spatial metrics 1988 2000 2009 2014
PLAND (%) 5.35 7.71 13.52 19.95
PD (number per km?) 0.73 0.99 2.02 2.18
ENN (mean) (m) 200.31 183.45 148.58 141.97
CIRCLE (mean) (0 < CIRCLE < 1) 0.44 0.44 0.45 0.46
SHAPE (mean) (1 < SHAPE < o0) 1.23 1.23 1.24 1.24

(Table 4.3). The patch density (PD) metric is a measure of fragmentation based on
the number of patches per unit area (in this case per 100 ha or 1 km?), in which a
patch is based on an 8-cell neighbor rule. For the case of BMA, the PD of its
built-up lands was 0.73 in 1988 and increased to 0.99, 2.02, and 2.18 in 2000, 2009,
and 2014, respectively. The increase in PD during 1988-2014 (Table 4.3) can be
due to the diffusion and fragmentation of patches of built-up lands.

The Euclidean nearest neighbor distance (ENN) metric is a measure of disper-
sion based on the distance of a patch to the nearest neighboring patch of the same
class. For BMA, the mean ENN of its built-up patches decreased from 200.31 m in
1988 to 183.45 m, 148.58 m and 141.97 m in 2000, 2009 and 2014, respectively.
The decrease in mean ENN from 2009 to 2014 can be due to the expansion of the
old built-up patches and the development of new patches of built-up lands in
between the old patches, as indicated by the slight increase in PD during the same
period.

The related circumscribing circle (CIRCLE) metric measures the circularity of
patches. The CIRCLE value ranges from O for circular or one cell patches to 1 for
elongated, linear patches one cell wide. For BMA, the mean CIRCLE value of its
built-up lands showed a slightly increasing trend during the 1988-2014 period
(Table 4.3), indicating that built-up patches became more elongated, exhibiting a
linear pattern. It can also be noted that the urban expansion of BMA, especially
during the later periods, followed the road and rail networks (Figs. 4.5 and 4.6).
The increasing trend can be due to the aggregation of much smaller, circular iso-
lated patches.

The shape index (SHAPE) metric is a measure of complexity. This metric has a
value of 1 when the patch is square and increases without limit as patch shape
becomes more irregular. BMA’s built-up lands had at least 1.23 mean SHAPE value
across the whole 1988-2014 period (Table 4.3), indicating complexity in the shape
of the built-up patches. Although the mean SHAPE value increased slightly to 1.24
between 2000 and 2009, it was stable between 2009 and 2014.

Figure 4.7 shows spatial metrics for the built-up lands of BMA (1988-2014)
along the gradient of the distance from the city center. The figure shows that
PLAND decreases as the distance from the city center increases, indicating that the
proportion of built-up lands near the city center was relatively higher. PD increases
first as it approaches the 15 km distance from the city center.

The annual maximum of PD moved far from the city center—15 km in 1988 to
35 km in 2014 (Fig. 4.7). This indicates expansion of built-up lands outside of city
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Fig. 4.7 Observed class-level spatial metrics for built-up along the gradient of the distance from
city center of BMA. Note The y-axis values are plotted in the same range as those in Fig. 4.9
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center. The mean ENN also increased with distance from the city center, indicating
that patches were dispersed. The mean CIRCLE value increased slightly along the
gradient of the distance from the city center. However, despite the variability of
these metrics along the gradient of the distance from the city center, the complexity
of the built-up patches of BMA was more or less uniform or stable as indicated by
the SHAPE metric.

4.3.2 Projected Changes (2014-2030)

The simulation results revealed that the area of built-up lands would increase from
2153.9 km? in 2014 to 2530.9 and 3029.4 km? by 2020 and 2030, respectively
(Table 4.4; Fig. 4.8). The annual rate of change was estimated to be at 62.83 and
49.85 km?/year, respectively (Table 4.5).

PLAND would increase from 19.95% in 2014 to 23.45 and 28.06% in 2020 and
2030, respectively (Table 4.6). The rate of built-up increase would be, in general,
higher in middle distances, between 10 km and 40 km as shown by the simulated
increase in PLAND along the gradient of the distance from city center (Fig. 4.9).

2020 2030

B Built-up
[ Non-built-up gy — |K|lomstars
B Water N 0 125 25

Fig. 4.8 Projected urban land use/cover maps of BMA

Table 4.4 Projected urban 2020 2030

land use/ f BMA (km?

and usefeover o m) g ileup 253091 3029.37
Non-built-up 8263.30 7764.84
Water 120.57 120.57

Total 10914.78 10914.78
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Table 4.5 Projected urban 2014-2020 | 2020-2030
EK,? A”iiﬁg)ver changes in Built-up 376.99 498.46
Annual rate of change (km*/year) 62.83 49.85
Non-built-up —376.99 —498.46
Annual rate of change (kmzlyear) —62.83 —49.85
Water 0.00 0.00
Annual rate of change (km*/year) 0.00 0.00
Table 4.6 Projected Class-level (built-up) spatial metrics 2020 2030
landscape pattern of BMA PLAND (%) 2345 28.06
PD (number per km?) 4.86 7.56
ENN (mean) (m) 76.39 74.67
CIRCLE (mean) (0 < CIRCLE < 1) 0.25 0.23
SHAPE (mean) (1 < SHAPE < o) 1.10 1.08

The simulated increase in PD from 2014 to 2020 and 2030 suggests that built-up
patches would be more fragmented in the future. The simulated decrease in mean
ENN from 2014 to 2020 and 2030 indicates development of new built-up patches in
between, but not connected to, the old patches. The simulated increase in PLAND
and PD supports this interpretation. The simulated decrease in the mean CIRCLE
and SHAPE values indicates less elongated and low-complex patches of built-up
lands, respectively. Along the gradient of the distance from the city center
(Fig. 4.9), the PLAND of the simulated patches of built-up lands would also be
higher at distances closer to the city center. PD would increase dramatically by
2020 and 2030 from the city center to 35 km, but would still be relatively higher in
middle distances (30—40 km). By contrast, the mean ENN would be stable across
the distance from city center. The mean CIRCLE value would decrease slightly by
2020 and 2030 beyond the 5 km distance from the city center. The mean SHAPE
value would also decrease slightly and be stable beyond the 10 km distance from
the city center.

4.4 Driving Forces of Urban Development

During the study period, BMA experienced drastic changes in urban development
policy and planning. Urban development policy is deeply related to land use
management and socioeconomic development. As a result, “the agriculture to
built-up” conversions in Beijing City was due to the demand for land for urban
residential space, new public facilities (including transportation network) and
business/industrial districts (Long et al. 2013). The following section focuses on the
socioeconomic factors such as the functional change, population, and economic
growth in BMA.
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4.4.1 Functional Change

Beijing City has been strongly influenced by dynamic changes in China. During the
26-year study period, Beijing City has transformed from an industrial center to
political, cultural, scientific, and technological center (Wang and Nakayama 2008;
Zhang 2012; Yang et al. 2013, 2015). From a spatial perspective, this means the
transformation of Beijing from a monocentric to a polycentric city. The concen-
tration of all economic activities within the business center of the core city is a sign
of a functionally monocentric urban region. However, functionally polycentric
regions are determined by the distribution of economic activities in a lot of hubs in
the city or region.

Until 1988, urban growth was based on a monocentric city model, whereby the
industry was located in the city center. Agricultural lands were converted to
industrial lands during this period because the government supplied industrial sites
to factory owners free of charge. As a result, low land use efficiency became
widespread. Agricultural areas were transformed to wastelands during the “Great
Leap”, while many industrialized development projects suffered setbacks around
1960. Consequently, there were many vacant lands in areas that were planned as
industrial sites.

In order to promote land market development, the Land Administration Law was
amended in 1988 to separate land use rights and land ownership (Zhang 1997; Ding
2003). The amendment allowed land users to rent and transfer land use rights as
well as charge land users whether they were state-owned or private (Du et al. 2014).
As a result, Beijing municipality earned income and incentive to convert agricul-
tural land to industrial area.

After 1988, urbanization policy changed from a monocentric city model to
polycentric city model (Beijing Municipal Commission of Urban Planning 1993—
2010). As a result, the urban functions in the BMA changed from industrial to
political, cultural, art, and scientific, while other economic functions were dis-
tributed in other satellite cities in the suburban area (Fig. 4.10). Each satellite city
included industrial site and residential area. This policy has been enforced since
2001 for the 2008 Summer Olympics and Paralympics Games (Zhang and Zhao
2009). With economic development, rent in Beijing City center increased rapidly
(Ding and Zhao 2014). Many residents have moved to suburban area to secure
residential spaces at an affordable price, even though their working place is located
at the city center. Moving out of the city brought traffic congestion and expansion of
new transportation infrastructure such as highway and subway. Housing land
development has been undergoing. There are many housing construction sites with
advertisement in Changping district, which is one of satellite cities, located in about
34 km from the Beijing City center with subway network to the city center
(Fig. 4.4e—f). Changping district is characterized as having high-tech R & D and
tourism services.
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Fig. 4.10 Urban master plan for Beijing City. Source Yang et al. (2015)

These changes are reflected in landscape metrics. Between 2000 and 2014, the
PLAND and PD of built-up lands increased substantially (Table 4.3), while the
mean ENN decreased substantially after the 20 km distance from the city center
(Fig. 4.7). These metrics indicate development of new satellite cities with expan-
sion and scattering of patches of built-up lands. According to Fig. 4.9, this trend
may continue in the future. These results support the following suggestion by
Burger and Meijers (2012): in morphologically monocentric cities, the decrease of
density can be observed with increasing distance from the city center; In polycentric
form, cities of similar size can be located close to each other (Burger and Meijers
2012).
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4.4.2 Population Growth

Beijing City’s population increased from 8.7 million in 1978 to 21.5 million in 2014
(Fig. 4.11 left). The rapid population increase was mainly attributed to migrants
since Beijing City strictly enforced China’s “one child policy”. Consequently,
migrants increased the demand for residential areas and infrastructure. Originally,
the developing area was mainly concentrated in the city center. However, population
pressure resulted in the construction of high-rise residential buildings.

Urbanization has expanded to the rural area to release population pressure
(Fig. 4.11 right). High demand for residential lands resulted in the conversion of
agricultural lands and green spaces as well as increased air and water pollution.
Farmers who were living in the rural area were moved to high-rise buildings
constructed by the government or developers. These landless farmers were then
assigned low-level service works in the urban areas.

4.4.3 Economic Growth

Figure 4.12 (right) presents the Gross Regional Production (GRP) of Beijing City
from 1978 to 2014 in nominal price. GRP continues to grow rapidly. The ratio of
tertiary sector in the total GRP is gradually increasing year by year. This resulted to
both national government and Beijing Municipality encouraging industrial shift
from secondary sector to tertiary sector (Zhang 2012). One of the reasons why the
governments pushed for the industrial structure shift is to reduce environmental
pollutants. To achieve this target, Beijing City relocated polluting industries outside
its administrative territory. Although industrial shift and industrial relocation have
succeeded, these policies forced not only rapid population increase (Geng et al.
2014) but also expansion of the gap between urban area and rural area (Fig. 4.11
right). Rapid industrialization and urbanization caused many environmental issues
such as air pollutants, water pollutants, soil erosion, food security, etc.
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Fig. 4.11 Beijing City: (left) Population and migrant; (right) Urban and rural population. Source
Beijing statistical information net (http://www.bjstats.gov.cn/rkjd/shcx/)
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Fig. 4.12 Economic growth in Beijing City and a comparison between urban and rural areas (real
values at 1990s levels): (left) Urban and rural income per person, (right) Beijing’s GRP in three sectors.
Source Beijing statistical information net (http://www.bjstats.gov.cn/), IMF cross country macroeco-
nomic statistics (https://www.quandl.com/data/ODA/CHN_NGDP_D-China-GDP-Deflator)

4.5 Implications for Future Sustainable Urban
Development

The results of the urban land use/cover change simulation indicated that the area of
built-up lands in BMA would continue to increase in 2020 and 2030. In addition,
the PD of built-up lands would also increase. As a result, built-up patches would be
more isolated in the future. This implies that urban expansion under the current
scenario would continue in the future. Therefore, current environmental problems
confronting Beijing City such as air and water pollution as well as water scarcity
will also continue to persist based on the urban land use/cover change patterns.
Beijing City and the national government are faced with these environmental issues
associated with urban development.

Air pollution impacts on both health of residents and business activities. The
origins of air pollutants are listed such as yellow sand, automobile emissions, and
coal fuel for business use (power generation) and consumer use (heating and
cocking). Currently, the national government intends to shift to a low-carbon
society and reduce coal fuel use by adopting air pollution-control measures and
global warming mitigation measures (Khanna et al. 2014).

BMA suffers from a water shortage because the water resource in the northern
part of China is very limited. The increasing demand for water aggravates the
problem. Therefore, it is important for BMA to have a stable water resource. The
“South-North Water Diversion” project has been in operation, supplying water from
the Yangtze River to Beijing, Tianjin and other cities with relatively scarce water
resources. It started to supply water to Beijing City in 2014. However, the amount
of water supply is less than what was planned due to water quality deterioration; the
cost is also high (Zhao et al. 2015). Large-scale project for water resource devel-
opment faced difficulties to be sustainable in terms of environment and economy.
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Considering sustainability, the policy is changing from supply-based management
to demand-based management.

Sustainable urban development is characterized by a well-balanced relationship
between environmental quality, social justice, and economic progress (Estoque
2017). Rapid economic growth has brought huge urban development and sustain-
able urban development issues related to social and physical environment man-
agement (Cao et al. 2014). At present, the relationship between environmental
quality, social justice, and economic progress is getting imbalanced. The national
government has tried to keep a well-balanced relationship between the environ-
mental, social, and economic aspects of urban development, even with lower
growth target as “the new normal”. It is a big challenge and an indispensable target
to maintain BMA as ecumene.

4.6 Concluding Remarks

Beijing Metropolitan Area has been growing remarkably. The result of the urban
land use/cover change simulation indicated that built-up lands would expand even
further from the central area in the near future. Its rapid urbanization has been
driven by various interrelated factors. Its land management system has changed. Its
main function has changed from an industrial center to political, cultural, and
science and technological center. Its population and economic growth together
played a key role in its urban development. However, there are a number of key
urban issues to be considered in its future development, such as the increasing gap
between urban and rural areas, environmental pollution, etc. (Wang et al. 2012).
Both the local and national governments, including all sectors of the society, need
to push for the sustainable urban development of Beijing Metropolitan Area. If this
is resolved, this capital city will be a useful compass for sustainable development.
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Chapter 5
Manila Metropolitan Area

Ronald C. Estoque

Abstract Metro Manila, the national capital region of the Philippines, is one of the
megacities in Asia. This chapter traces its origin and examines its urban primacy. It
also examines the recent (1993-2014) and potential future (2014-2030) urban land
changes, i.e., changes from non-built-up to built-up lands, in Metro Manila and its
surrounding areas using geospatial tools and techniques. Some of the possible key
factors influencing the urban development of Metro Manila and the potential
implications of its rapid population growth and urban land changes to its future
sustainable urban development are discussed. The analysis showed compelling
evidence for Metro Manila’s urban primacy over the other metropolitan areas and
regions in the country based on population and gross domestic product. Over the past
21 years (1993-2014), the area of built-up lands has increased almost twofold,
transforming the landscape of Metro Manila and its surrounding areas. The relatively
small land area of Metro Manila, its geographic characteristics and population and
economic growth, the concentration of key urban functions/services and opportu-
nities in the area, and its accessibility are hypothesized to be among the key factors
influencing the spatiotemporal patterns of urban land changes and the overall urban
development of the region. The simulated urban land changes indicated that built-up
lands would continue to expand in the future (2014-2030) under the influence of
infill and sprawl development patterns. The intensifying pressure of urbanization due
to rapid population growth and urban land changes poses many challenges that need
to be considered in sustainable urban development and landscape planning.

5.1 Origin and Brief History

Metropolitan Manila (Filipino: Kalakhang Maynila, Kamaynilaan), commonly
known as Metro Manila and the National Capital Region (NCR) of the Philippines
(Fig. 5.1), is the seat of government and the economic and political center of the
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country. It is one of the megacities in Asia. Metro Manila is composed of Manila,
the capital city of the country, Quezon City, the country’s most populous city, the
Municipality of Pateros, and the cities of Caloocan, Las Pifias, Makati, Malabon,
Mandaluyong, Marikina, Muntinlupa, Navotas, Parafiaque, Pasay, Pasig, San Juan,
Taguig, and Valenzuela (Fig. 5.2).

There are various accounts on the origin of the word “Manila”. One of which is
that Manila was derived from two Tagalog words: “may”, meaning “there is”’; and
“nilad”, the name of a shrub that originally grew abundantly along the shores of the
Pasig River and Manila Bay (www.aenet.org/philip/manila.htm) (see Fig. 5.2a).

The history of Manila may date back to the year 900 AD based on the Laguna
Copperplate Inscription, from which the first reference to “Tondo” is found and
thought to be referring to the present-day district of Manila City (Fig. 5.2a) (Postma
1992). Before Miguel Lopez de Legaspi established the capital of Spanish colo-
nization in Asia for the next 300 years (1565-1898), Muslim people were living at
the mouth of the Pasig River by the Manila Bay, located in the present-day Metro
Manila (Porio 2009) (Fig. 5.2a). The Spanish built the walled city known as
Intramuros (within the walls) to serve as the seat of their colonial government
(Fig. 5.2a).

Due to its central location in the vital Pacific sea trade routes, the richness of the
country, its vast undeveloped resources and the opportunities for profitable
investment, Manila was called “The Pearl of the Orient” (Manila Merchants’
Association 1908). The Manila-Acapulco galleon was among the first known
commercially traveled trade routes in the world, which lasted from 1565 to 1815
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Fig. 5.1 Location and LandScan population of Metro Manila, Philippines
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(Fish 2011). This makes Manila as one of the original “global cities”. Today, Tondo
and Intramuros are among the six districts of the city of Manila (Fig. 5.2a).

The British occupied Manila from 1762 to 1764. At this time, Bacolor,
Pampanga became the headquarters of the exiled Spanish colonial government. The
British occupation ended by virtue of the Treaty of Paris of 1763. The signing of the
Treaty of Paris of 1898 ended the Spanish—American War in the same year (1898).
It also ended the Spanish colonial rule in the Philippines. During the Philippine
Revolution against Spain (1896-1897) and the Philippine—American War (1898—
1902), several places became the headquarters of the revolutionary government,
including San Miguel and Malolos in the Province of Bulacan. In 1898, Marikina
also became the capital of the then Province of Manila. The American occupation in
the Philippines started in 1898 and ended in 1946 (Caoili 1988; Porio 2009).

On August 7, 1901, Manila became a chartered city. In 1905, due to the small
area of Intramuros, the American colonial government commissioned the famous
American architect and urban planner Daniel H. Burnham to design a plan for the
development of Manila. Both the Spanish and American colonial governments
initiated the development of Manila as a primate city (Caoili 1988; Porio 2009).
However, according to Felino Palafox, Jr., a prominent Filipino architect, an urban
planner and environmentalist, Burnham’s grand plan for Manila, i.e., grand scale,
wide radial boulevards, landscaped parks, and pleasant vistas, was not followed,
and this is one of the major loopholes in the urban development of Manila (Macas
2014). In Burnham’s grand plan, Manila was envisioned to cope with population
growth to an anticipated level of 800,000 people (Alcazaren 2004; Morley 2011).
However, in 1948, this population level had already been surpassed when Manila
recorded a population of 983,906 people (Stinner and Bacol-Montilla 1981).

During the Japanese occupation (1942-1945), Manila remained the capital city
of the country. However, on July 17, 1948, the Congress approved Republic Act
No. 333, declaring Quezon City as the capital of the Philippines in place of Manila.
On May 29, 1976, the stature of the nation’s capital was transferred back to the city
of Manila by virtue of Presidential Decree No. 940 under President Ferdinand E.
Marcos, Sr. This was made a few months after the creation of the present-day
Metropolitan Manila under Presidential Decree No. 824 (November 7, 1975). In
2012, a Quezon City councilor passed a resolution urging the Philippine Congress
to enact a law, declaring Quezon City as the “new” capital of the Republic of the
Philippines. As of writing, Manila City remains as the capital of the country.

Since the creation of Metro Manila 40 years ago, its member local government
units (LGUs) have grown and all of them, except one (Pateros), have been con-
verted into cities. The cityhood of each of these LGUs provides an overview of the
spatiotemporal pattern of the socioeconomic growth and urban development of
Metro Manila (Fig. 5.2a). Figures 5.3, 5.4, and 5.5 provide a glimpse of the
present-day Metro Manila.
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Fig. 5.2 a Cityhood of the member local government units (LGUs) of Metro Manila; b 2010
population; ¢ land area; and d 2010 population density. Source The data on land area (2007) and
population (2010) were consolidated from the Philippine Statistics Authority-National Statistical
Coordination Board (http://nap.psa.gov.ph/; http://www.nscb.gov.ph); the boundary map was
downloaded from the Philippine GIS Data Clearinghouse (http://philgis.org/), with some updates
from the author on the boundary of Manila City on the bay area, i.e., western part

5.2 Primacy in the National Urban System

5.2.1 The Philippines and Its National Urban System

The Philippines is one of the 11 sovereign states or countries in the southeastern
region of Asia. In terms of land area, it is ranked 73rd worldwide and 6th in
Southeast Asia (UN 2013). With a population of 100.10 million as of 2014, the
Philippines is ranked 12th worldwide and second in Southeast Asia (World Bank
2015a). In terms of population density, the Philippines, with 336 people per km?, is
ranked 32nd worldwide and second in Southeast Asia (World Bank 2015b). In
general, the Philippines is considered a highly urbanized nation (ADB 2014), with
45.3% of the country’s 2010 total population of 92.34 million living in urban areas
(UN 2015).

The Philippines is an archipelago composed of 7107 islands, with a total land
area of approximately 300,000 km?”. The country is divided into three island groups
—Luzon (north), Visayas (middle), and Mindanao (south) (Fig. 5.6a), and into 18
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Fig. 5.3 Inside Binondo district (the world’s oldest Chinatown) in Manila City, Metro Manila,
Philippines. Source Author’s fieldwork (2015)

regions’ based on cultural, ethnological, and geographical characteristics (Fig. 5.7).
Under a democratic-presidential form of government, the Philippines is politically
and administratively divided into 81 provinces, 144 cities, 1490 municipalities, and
42,029 barangays (PSA 2015a). The provinces are the primary administrative and
political divisions in the country, while the barangays are the smallest adminis-
trative units. As provided by the 1987 Philippine Constitution and the subsequent
laws enacted by the Philippine Congress, the country is also divided into legislative
districts allocated among the provinces, cities, the Metropolitan Manila area, and
the registered national, regional, and sectoral parties and organizations.

In the National Framework for Physical Planning: 2001-2030, 12 metropolitan
areas are identified as the country’s leading industrial, financial, and technological
centers that serve as the main hubs for international trade (NEDA 2002, 2007; ADB

'Region I—Tlocos Region; Region II—Cagayan Valley; Region III—Central Luzon; Region
IV-A—CALABARZON; Region IV-B—MIMAROPA; Region V—Bicol Region; Region
VI—Western Visayas; Region VII—Central Visayas; Region VIII—Eastern Visayas; Region
IX—Zamboanga Peninsula; Region X—Northern Mindanao; Region XI—Davao Region; Region
XII—SOCCSKSARGEN; XIII—Caraga; ARMM—Autonomous Region in Muslim Mindanao;
CAR—Cordillera Administrative Region; NCR—National Capital Region (Metro Manila); NIR—
Negros Island Region. See also Fig. 5.7.
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Fig. 5.4 Inside Makati City, Metro Manila, Philippines. Source Author’s fieldwork (2015)

2014). These include Metro Manila, Metro Cebu, Metro Davao, Metro Cagayan de
Oro, Metro Angeles, Metro Iloilo-Guimaras, Metro Bacolod, Metro Naga, Metro
Baguio (BLISTT?), Metro Batangas, Metro Dagupan (CAMADA?®), and Metro
Olongapo (Fig. 5.6).

According to the United Nations (UN), the territorial spread of cities of different
sizes across the whole territory of one country constitutes a national urban system
(UN 2015). Such a system can be linked to the organization of the government at
various levels: national, regional, and local levels (Kim and Law 2012; UN 2015).
For the case of the Philippines, the spatial distribution of its 12 metropolitan areas
(Fig. 5.6a) provides an overview of its national urban system and the regional,
social, and economic agglomerations in the country.

ZBLISTT—Acronym for the city of Baguio and municipalities of La Trinidad, Ttogon, Sablan,
Tuba, and Tublay in the province of Benguet (see Estoque and Murayama 2013a). See also the
‘note’ section in Fig. 5.6.

3CAMADA—Acronym for the municipalities of Calasiao, Mangaldan, and Dagupan in the pro-
vince of Pangasinan.
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Fig. 5.5 A glimpse of the urban development (high-rise buildings and urban green spaces) of
Bonifacio Global City (also known as The Fort), Metro Manila, Philippines. Source Author’s
fieldwork (2015)

5.2.2 Primacy of Metro Manila

Urban primacy indicates the degree of dominance of one urban area (e.g., city or
region) based on population, economy, and urban functions and services. This
section examines the urban primacy of Metro Manila by comparing its population,
which has been classified as 100% urban population (PSA 2013), and its gross
regional domestic product (GRDP)* with the other metropolitans and regions in the
country.

Figure 5.6b shows that Metro Manila is not the “largest” metropolitan in the
Philippines in terms of land area. It has a land area of 638.55 km?, which is much
smaller than Metro Cebu, Metro Iloilo-Guimaras, Metro Naga, and Metro Baguio,
but more especially Metro Davao and Metro Cagayan de Oro (Fig. 5.6b). However,

“Gross Regional Domestic Product (GDP) is the aggregate of gross value added of all resident
producer units in a region. It includes regional estimates on the three major sectors and their
subsectors, namely the (a) agriculture, fishery, and forestry sector, (b) industry sector (mining and
quarrying, manufacturing, construction, and electricity, and water), and (c) service sector (trans-
port, communication and storage, trade, finance, ownership of dwellings and real estate, private
services, and government services) (http:/nap.psa.gov.ph/).
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Fig. 5.6 Metropolitan areas in the Philippines. a spatial distribution of metropolitan areas across
Luzon (with seven), Visayas (with three) and Mindanao (with two); b land area distribution among
the metropolitan areas; and ¢ individual share of the metropolitan areas in the total population of
the country (2010). Source The data on land area (2007) and population (2010) were consolidated
from the Philippine Statistics Authority-National Statistical Coordination Board (http:/nap.psa.
gov.ph/; http://www.nscb.gov.ph). Note In this article, the cities and municipalities included in
each metropolitan are based on latest updates. In NEDA (2002, 2007), the municipality of Tublay
in the province of Benguet was not yet included in Metro Baguio, and the municipality of Carmen
in the province of Davao del Norte was not yet included in Metro Davao

in terms of population, as of 2010 it has the largest percentage share, accounting for
12.84% (11.86 million) of the total population of the country (92.34 million). Its
share is more than four times the share of the second highest, that is Metro Cebu
with 2.76% (Fig. 5.6¢). In fact its share is even higher than the share of all other
metropolitan areas combined with 11.95%. This shows how dominant Metro
Manila is among the metropolitans in the country in terms of population, despite
having a much smaller land area.

As mentioned earlier, Metro Manila is also called the National Capital Region
(NCR), one of the 18 regions in the country. Figure 5.7a shows the population
density of the Philippines based on regional boundary. In 2010, Metro Manila
(NCR) had the highest population density with 18,567 people/km?, followed by
CALABARZON (IV-A) (770 people/kmz) and Central Luzon (III) (471
people/km?). The Cordillera Administrative Region (CAR), where the summer
capital of the country, Baguio City, is located, and MIMAROPA (IV-B) had the
lowest population density with 84 and 93 people/km?, respectively. This shows that
Metro Manila’s density in 2010 was 24 and 220 times the density of
CALABARZON and CAR, respectively.
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Fig. 5.7 Regions of the Philippines. a population density of the regions (2010); b individual share
of the regions in the total gross domestic product of the country (2010); and ¢ per capita domestic
product of the regions (2010; at constant 2000 prices; In 2000, 1 USD = 29.47 PHP). Source The
data on land area (2007), population (2010), and GRDP (2010) were consolidated from the
Philippine Statistics Authority-National Statistical Coordination Board (http://nap.psa.gov.ph/;
http://www.nscb.gov.ph); the boundary map was downloaded from the Philippine GIS Data
Clearinghouse (http://philgis.org/). In this figure, the Negros Island Region (NIR), which was
created on May 29, 2015, under Executive Order No. 183, is still merged with Regions VI and VII

In terms of GRDP, in 2010 Metro Manila (NCR) had the highest share, with
35.75%, followed by CALABARZON with 17.70% and Central Luzon with 8.96%
(Fig. 5.7b). ARMM had the lowest share with 0.84%, followed by Caraga (XIII) with
1.13% and Cagayan Valley (I) with 1.75%. This shows that Metro Manila’s (NCR’s)
GRDP share in 2010 was more than two times the share of CALABARZON and 42
times the share of ARMM. Metro Manila (NCR) also had the highest per capita GRDP
in 2010 (171,442 PHP), followed by CALABARZON (79,699 PHP), CAR (74,104
PHP), and Central Luzon (50,207 PHP) (Fig. 5.7c). ARMM also had the lowest per
capita GRDP (14,588 PHP), followed by Bicol Region (V) (21,004 PHP) and Caraga
(26,504 PHP).

The land area of Regions IV-A (CALABARZON) and III (Central Luzon) is
more than 16,000 and 21,000 kmz, respectively, that is about 25 and 33 times the
area of Metro Manila (NCR). This is the reason why, as of 2010, CALABARZON,
with 12.61 million people, and Central Luzon, with 10.14 million people, have the
largest and third largest population among all regions in the country, respectively,
with Metro Manila in between, with 11.86 million people. In fact, these two regions
have been part of the various current development plans for Metro Manila because
of their potential critical roles in the national urban system and in influencing the
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future development of the country’s capital region (more discussion on this issue in
Sect. 5.5).

Overall, based on population and GRDP, the urban primacy of Metro Manila (or
the NCR) in comparison with the other metropolitans and regions in the Philippines
is evident and overwhelming. The case of Metro Manila provides evidence for a
positive relationship between concentration of people and economic growth.
However, the primacy of Metro Manila creates an imbalance in the urban hierarchy
and development processes in the country. Nevertheless, the identification and
inclusion of other metropolitan areas in the national framework for physical plan-
ning for the whole country (NFPP: 2001-2030) promotes countryside develop-
ments and a more balanced national urban system. Metro Manila and its governing
agency, the Metropolitan Manila Development Authority (MMDA), were both
created by law. However, the other metropolitan areas in the country still lack a
legal framework and governing structure. The absence of such legal framework and
governing structure impedes metro-wide urban development planning and imple-
mentation (e.g., see Estoque and Murayama 2013a).

5.3 Urban Land Use/Cover Patterns
and Changes (1993-2030)

This section discusses the observed and projected urban land changes, i.e., changes
from non-built-up to built-up lands, in Metro Manila and its surrounding areas.
Remote sensing-derived urban land use/cover maps and spatial metrics were used to
detect the temporal and spatial patterns of urban land changes. The details of the
urban land use/cover mapping, change detection and simulation modeling, and
spatial pattern analysis are described in the methodology chapter (Kamusoko 2017).
Estoque and Murayama (2017) provide a comparative analysis of the trends and
spatial patterns of urbanization in Asia and Africa.

5.3.1 Observed Changes (1993-2014)

The urban land change analysis revealed that the area of built-up lands in Metro
Manila and its surrounding areas has increased almost twofold over the past 21 years
(1993-2014) (Fig. 5.8; Table 5.1). Itincreased from 455.5 km?in 1993 to 848.6 km?
in 2014 (Table 5.1). This increase translates to an annual rate of change (increase) of
18.7 km?/year. The annual rate of change during the 1993-2001 period was slightly
higher than during the 2001-2009 period (Table 5.2). During the 2009-2014 period,
it increased substantially. It is also worth noting that built-up expansions in the area
have been occurring and “moving” beyond the boundary of Metro Manila (Figs. 5.8
and 5.9). This is indicative of a sprawl urban development pattern.
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Fig. 5.8 Urban land use/cover maps of Metro Manila and its surrounding areas classified from
Landsat imagery
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Table 5.1 Observed urban land use/cover of Metro Manila and its surrounding areas (kmz)

1993 2001 2009 2014
Built-up 455.50 594.28 716.94 848.63
Non-built-up 1981.58 1831.10 1704.43 1554.47
Water 1147.12 1158.82 1162.83 1181.10
Total 3584.20 3584.20 3584.20 3584.20

Table 5.2 Observed urban land use/cover changes in Metro Manila and its surrounding areas
(km?)

1993-2001 2001-2009 2009-2014
Built-up 138.78 122.65 131.69
Annual rate of change (kmzlyear) 17.35 15.33 26.34
Non-built-up —150.48 —126.66 —149.96
Annual rate of change (km*/year) —18.81 —15.83 —29.99
Water 11.70 4.01 18.27
Annual rate of change (kmzlyear) 1.46 0.50 3.65

Table 5.3 shows the spatial metrics for the built-up class. The percentage of
landscape (PLAND) metric measures the proportion of a particular class at a certain
time point relative to the whole landscape. In 1993, the built-up class had a PLAND of
18.7%, which increased to 24.5, 29.6, and 35.3% in 2001, 2009, and 2014, respec-
tively (Table 5.3). The patch density (PD) metric is a measure of fragmentation based
on the number of patches per unit area, in this case per 100 ha or 1 km?, in which a
patch is based on an 8-cell neighbor rule. The PD of the built-up class decreased from
3.81n 1993 to 2.6 in 2009, indicating that the patches of built-up lands in the study area
became less fragmented and more aggregated. However, built-up lands in 2014 were
more fragmented than in 2009 as indicated by the increase in PD between these two
time points. This suggests that densification/infill development was more dominant
during the 1993-2009 period, while sprawl/diffusion of new built-up patches was
more active during the 2009-2014 period.

The Euclidean nearest neighbor distance (ENN) metric is a measure of disper-
sion based on the distance of a patch to the nearest neighboring patch of the same
class. For the study area, the mean ENN of the built-up patches increased from
103.62 min 1993 to 105.65 and 111.19 m in 2001 and 2009, respectively. In 2014,
it decreased to 103.07 m. The increase during the 1993-2009 period can be due to
the aggregation of neighboring built-up patches as indicated by the increase in
PLAND and the decrease in PD during the same period. The increase in PLAND
and decrease in PD redefined the average distance between neighboring built-up
patches (Table 5.3). The decrease in mean ENN from 2009 to 2014 can be due to
the expansion of the old built-up patches and the development of new patches in
between but not necessarily connected to the old patches, as indicated by the
increase in PLAND and PD during the same period.
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Table 5.3 Observed landscape pattern of Metro Manila and its surrounding areas

Class-level (built-up) spatial metrics 1993 2001 2009 2014

PLAND (%) 18.69 24.50 29.61 35.31
PD (number per km?) 3.82 3.12 2.58 3.19
ENN (mean) (m) 103.62 105.65 111.19 103.07
CIRCLE (mean) (0 < CIRCLE < 1) 0.33 0.34 0.37 0.35
SHAPE (mean) (1 < SHAPE < o0) 1.26 1.26 1.28 1.25

The related circumscribing circle (CIRCLE) metric measures the circularity of
patches. The value of CIRCLE is O for circular or one cell patches and approaches 1
for elongated, linear patches one cell wide. For the study area, the mean CIRCLE
value of the built-up patches showed an increasing trend during the whole 1993—
2014 period (Table 5.3), indicative of the development of more elongated patches
exhibiting a linear pattern. It can be noted that built-up expansion at the outer
portions of Metro Manila, especially during the later periods, followed the road
network (Figs. 5.8 and 5.9). The increasing trend can be due to the aggregation of
much smaller, circular isolated built-up patches.

The shape index (SHAPE) metric is a measure of complexity. This metric has a
value of 1 when the patch is square and increases without limit as patch shape
becomes more irregular. For the study area, the mean SHAPE value of the built-up
patches ranged from 1.25 to 1.28 across the whole 1993-2014 period (Table 5.3),
indicating complexity in the shape of the built-up patches. Although the mean
SHAPE value increased slightly between 2001 and 2009, it also decreased between
2009 and 2014, suggesting that the complexity of the built-up patches was more or
less stable across the whole 1993-2014 period.

Figure 5.10 presents all the metrics for the built-up class of the study area along
the gradient of the distance from the city center across all time periods from 1993 to
2014. PLAND decreases as the distance from the city center increases, indicating
that the proportion of built-up lands near the city center was relatively higher. By
contrast, PD increases first as it approaches the 25-km distance from the city center
and then decreases in farther distances. This implies that there were more patches of
built-up lands in middle distances. Built-up patches were relatively more dispersed
in farther distances, as shown by the increasing trend of the mean ENN across the
distance from the city center. The figure also shows a slightly increasing trend of
the mean CIRCLE value along the gradient of the distance from the city center,
indicating that the patches of built-up lands were slightly more elongated or linear
in farther distances. However, despite the variability of these metrics along the
gradient of the distance from the city center, the complexity of built-up patches was
almost uniform or stable as indicated by the mean SHAPE value.
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Fig. 5.10 Observed class-level spatial metrics for built-up along the gradient of the distance from
city center of Metro Manila. Note The y-axis values are plotted in the same range as those in
Fig. 5.12

5.3.2 Projected Changes (2014-2030)

The results of the urban land change simulation revealed that the area of built-up lands
would increase from 848.63 km” in 2014 to 978.34 km”in 2020 and 1112.27 km” in
2030 (Figs. 5.9 and 5.11; Table 5.4). It would increase at the rate of 129.71 km*/year
from 2014 to 2020 and 133.92 km?/year from 2020 to 2030 (Table 5.5). The spatial
pattern analysis also revealed that the simulated built-up patches in 2020 and 2030
would be more aggregated as indicated by the simulated increase in PLAND and
decrease in PD (Table 5.6). The simulated increase in mean ENN also indicates that
more neighboring built-up patches would become connected. This simulated aggre-
gation of built-up patches would redefine the average distance between neighboring
built-up patches. The simulated increase in the average values of CIRCLE and
SHAPE indicates more connected, elongated/linear, and complex patches of built-up
lands, respectively.
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Fig. 5.11 Projected urban land use/cover maps of Metro Manila and its surrounding areas

Table 5.4 Projected urban 2020 2030

land use/cover of Metro 1

Manila and its surrounding Built-up 978.34 1112.27

areas (km?) Non-built-up 1424.76 1290.84
Water 1181.10 1181.10
Total 3584.20 3584.20

Along the gradient of the distance from the city center (Fig. 5.12), the PLAND
of the simulated built-up in 2020 and 2030 would also be higher at distances closer
to the city center. PD would decrease dramatically in 2020 and 2030, but would still
be relatively higher in middle distances. By contrast, the mean ENN would increase
dramatically, though it would still follow the pattern, i.e., mean ENN increases
along the gradient of the distance from the city center, especially for the 2020
simulated built-up patches. The mean CIRCLE value would also increase in 2020
and 2030, especially at 0-5 km and 20—40 km distances from the city center. The
mean SHAPE value would also increase, but would also be relatively more uniform
or stable along the gradient of the distance from the city center (Fig. 5.12).
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Table 5.5 Projected urban 2014=2020 | 2020-2030
m‘frssﬂz%?;}lf?ies " Built-up 129.71 133.92
surrounding areas (km?) Annual rate of change (km*/year) 21.62 13.39
Non-built-up —129.71 —133.92
Annual rate of change (kmzlyear) -21.62 —13.39
Water 0.00 0.00
Annual rate of change (km*/year) 0.00 0.00
Table 5.6 Projected Class-level (built-up) spatial metrics 2020 2030
A TR
areas PD (number per km?) 0.69 0.48
ENN (mean) (m) 168.37 181.92
CIRCLE (mean) (0 < CIRCLE < 1) 0.37 0.42
SHAPE (mean) (1 < SHAPE < o) 1.43 1.56

5.4 Driving Forces of Urban Development

As discussed above, the urban land changes in the study area over the past 21 years
(1993-2014) have been remarkable, with most of the changes occurring at the outer
parts of Metro Manila and in its surrounding areas (Sect. 5.3.1). It can be observed
that during the early 1990s, a large portion of Metro Manila’s landscape had already
been covered with built-up (Fig. 5.8). Thus, the space for future development was
very limited and located mostly in the northern and southern parts of the region.
Metro Manila is located in between two main bodies of water: Manila Bay on the
west and Laguna de Bay on the southeastern side (Fig. 5.2a). Thus, since the 1990s,
although there were some infill developments in the central area, the spatial
expansions of built-up lands in the region have been mostly toward the northern and
southern directions because of this geophysical feature (Figs. 5.8 and 5.9).
Population growth is probably the most important common driver of urbaniza-
tion elsewhere in the world. Since the formal creation of Metro Manila in 1975, the
number of its member LGUs has remained the same; its population, however, had
grown rapidly. In 1970, Metro Manila only had 3.97 million population, but in
2010 it already had 11.86 million (Stinner and Bacol-Montilla 1981; Ortega 2014;
Estoque and Murayama 2015; https://psa.gov.ph), resulting in an almost threefold
increase over a 40-year period. This population increase could have also raised the
need for various urban services including housing and commercial and business
centers, which means that more non-built-up lands had to be converted into
built-up. The urban land change analysis from 1993 to 2014 (Sect. 5.3.1) provides
some evidence for this proposition. The rapid population growth of Metro Manila is
the result of the combined effect of natural birth and migration. Between 2005 and
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Fig. 5.10

2010 alone, Metro Manila had a total of 284,000 domestic and 19,000 foreign
migrants (PSA 2012).

Metro Manila, being the country’s capital region, houses most of the national
government offices responsible for the three major sectors of the national economy:
the agriculture, fishery, and forestry sector, the industry sector, and the service
sector. The country’s central business districts, international airport, and most of the
Philippines’ prime educational and research institutions, and cultural, sports and
healthcare centers are also located in Metro Manila. The concentration of these
urban functions and services and various socioeconomic opportunities such as
employment in Metro Manila is a major factor why people flock to the area.

Economic growth is another important driver of rapid urbanization. In fact,
population and economy influence each other. A large and healthy population can
provide the manpower needed for the economy: production, distribution, con-
sumption, and resource maintenance. In return, a vibrant and productive economy
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can create various socioeconomic opportunities for the people. It can also attract
more investments and people. As of January 2015, Metro Manila has an employ-
ment rate of 90.7% (PSA 2015b); 3.5% higher than the July 2008 employment rate
of 87.2% (NSO 2010).

Gross domestic product (GDP; called GRDP when it is measured per region) is
among the most important indicators of the size and vigor of an economy. The
time-series statistical data (see http:/nap.psa.gov.ph) show that Metro Manila’s
GRDP and per capita GRDP have been continuously increasing over the past
14 years (2001-2014). Metro Manila’s share of 30.59% to the country’s total GDP
in 2001 increased to 36.29% in 2014. Its per capita GRDP of 30,000 PHP in 2001
also increased to 42,000 PHP in 2008 (based on constant 1985 prices), and from
162,000 PHP in 2009 to 203,000 PHP in 2014 (based on constant 2000 prices).

Among some other physical factors, accessibility is an important physical factor
for the urban development of Metro Manila. Metro Manila is accessible by land, air,
and water. Its accessibility and relative position promotes and enables high inter-
action with neighboring provinces and regions in the country, as well as with other
Asian cities. The pull factor of Metro Manila due to its primacy seems to have
outweighed the risk factor inherent to its geographic location. With its location in a
low-lying coastal area and the presence of the west valley fault on the eastern part,
Metro Manila is vulnerable to various natural hazards such as floods, earthquake,
and tsunami, among others. However, despite all these environmental hazards,
Metro Manila has been continuously growing. People continue to flock to the area
to seek for better opportunities and socioeconomic progress.

In general, the relatively small land area of Metro Manila, its geographical
characteristics and population and economic growth, the concentration of key urban
functions/services and opportunities in the area, and its accessibility are considered
to be among the key factors influencing the spatiotemporal patterns of urban land
changes (Figs. 5.8, 5.9, and 5.10; Tables 5.1, 5.2, and 5.3) and the overall urban
development of the region. In addition, there are also a number of urban
development-related legislations that guide urban development planning and
implementation in the country, including Metro Manila, the country’s prime urban
center (see ADB 2014).

5.5 Implications for Future Sustainable Urban
Development

5.5.1 Sustainability, Population Growth,
and Urban Land Changes

Sustainability is one of the important concepts to emerge in the Earth’s current
geological epoch, the Anthropocene, also known as the “Age of Man”. This con-
cept encapsulates three important dimensions known as the triple bottom line, that
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is, people (social justice), planet (environmental quality), and profit (economic
prosperity) (Elkington 1997; Estoque and Murayama 2014). Sustainable urban
development, characterized by a well-balanced relationship between environmental
quality, social justice, and economic progress, is an important component and an
indispensable part of the sustainability goal of humankind. According to the
Sustainable City Agenda of the International Council for Local Environmental
Initiatives (ICLEI), “sustainable cities ensure an environmentally, socially, and
economically healthy and resilient habitat for existing populations, without com-
promising the ability of future generations to experience the same” (http://www.
iclei.org/activities/our-agendas.html).

The socioeconomic conditions in Metro Manila have improved over the years.
However, its overall sustainability, including its environmental sustainability,
remains an important issue. This section examines the potential implications of
Metro Manila’s population growth and built-up expansion pattern to its socioeco-
nomic and urban environment. A brief overview of some of the current major urban
development plans for Metro Manila is also provided.

To a great extent, the strength and primacy of a city lie on its population. At
18,567 people/km” density in 2010, Metro Manila is one of the densest urban
agglomerations in the world. The large population of Metro Manila, which has also
been projected to reach 16.8 million by 2030 (World Bank 2015a), has been a major
factor to its primacy over all metro areas and regions in the Philippines (Figs. 5.6 and
5.7). However, its high and continuously increasing population density also causes
various socioeconomic problems, such as congestion (including traffic congestion)
and urban poverty (urban poor and slum areas, including those living in informal
settlements or squatter areas) (Mathur 2013; ULI 2013; Porio 2015). To address
these issues, the national government has to keep up the pace on the delivery of the
needed urban services to the rapidly growing population of its prime urban region.

In Sect. 5.4, population increase and economic growth have been discussed as
among the many possible factors that influence the rapid urbanization of Metro Manila.
It has also been highlighted that the GRDP of Metro Manila has been increasing, and
that despite the increase in population, the per capita GRDP has also been increasing.
However, whether this economic growth has been translated into various basic
socioeconomic services for the local population is another important issue.

In other words, Metro Manila’s increasing population has a critical implication
to its future sustainable urban development particularly to its per capita socioeco-
nomic condition. Both the local and national governments need to make sure that
the issue on congestion and urban poverty in the region are taken into consideration
in landscape and urban planning.

The implications of the spatiotemporal patterns of built-up expansions in Metro
Manila and its surrounding areas can be further examined using the
diffusion-coalescence urban growth theory (Dietzel et al. 2005; Wu et al. 2011;
Estoque and Murayama 2015, 2016). The theory suggests that urbanization exhibits
a cyclic pattern in time and space driven by two alternating processes: diffusion, in
which new urban patches are dispersed from the origin point or seed location, and
coalescence or the union of individual urban patches, or the growing together of the
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individual patches into one form or group (Dietzel et al. 2005; Wu et al. 2011;
Estoque and Murayama 2015, 2016).

As discussed in Sect. 5.3, the patches of built-up lands in the study area, in general,
have become more aggregated over the years. This is one indication that built-up
expansion, especially in Metro Manila, has been moving toward the coalescence phase,
and this observation is consistent with previous findings (e.g., Estoque and Murayama
2015). From 2009 to 2014, the PD of the built-up class increased, and this was due to
the diffusion of new built-up patches, especially on the outskirts of Metro Manila
(Table 5.3; Figs. 5.8 and 5.9). The urban land change simulation indicated that
built-up lands would continue to expand and again undergo the process of aggregation
or coalescence in the near future (Tables 5.3 and 5.6; Figs. 5.9 and 5.11). The process
of coalescence can result in an infilling growth pattern, whereas the process of con-
tinuous diffusion and expansion can result in a sprawl development pattern (Estoque
and Murayama 2015). The urban land changes in Metro Manila and its surrounding
areas are characterized by both infilling and sprawl urban development patterns.

While an infilling growth pattern has some potential advantages, e.g., the use of
existing infrastructures, the promotion of walkable neighborhoods, and the prevention
of the associated external costs of sprawl development, it also has some potential
disadvantages, e.g., increased traffic congestion and pollution, limited open space,
potential loss of urban green spaces, and crowded services (Estoque and Murayama
2015, 2016). For Metro Manila and its surrounding areas, infilling pattern poses a
threat to their remaining urban green spaces, which are important sources of various
urban ecosystem services’ and valuable elements for sustainable urban development,
especially if such pattern will continue undisrupted. That said, this should not be a
problem if future urban development will follow the concept of “sustainable cities”,
where urban green spaces are kept, improved, restored, or introduced. On the other
hand, the sprawling pattern detected in the area also has various important implica-
tions (e.g., higher urban development costs, greater disturbance or loss of natural
habitat, etc.), and thus requires landscape and urban planning in a wider scale.

5.5.2 Current Major Development Plans

In a recently published project report, Ten Principles for Sustainable Development
of Metro Manila’s New Urban Core, by the Urban Land Institute (http://uli.org), a
new urban core for Metro Manila has been identified. Metro Manila’s urban core is
composed of Manila City and Makati City, but in this newly identified urban core,
Taguig City replaces Manila City (ULI 2013). Urban Land Institute (ULI) is a
nonprofit research and education organization, whose mission is to provide

SEcosystem services refer to the benefits that ecosystems (cropland, forest, etc.) generate for and
provide to people. Such benefits can be tangible (goods, e.g., cropland for providing food) or
intangible (services, e.g., forest for absorbing CO,), large or small, and direct or indirect (MEA
2005; Estoque and Murayama 2013b, 2016).
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leadership in the responsible use of land and in creating and sustaining thriving
communities worldwide. In the said project report for Metro Manila, ULI proposes
ten principles for the sustainable development of Metro Manila’s new urban core
(ULI 2013, p. 21):

1. create one Metro Manila, which should be the common goal and vision of its
member LGUs and the national government;

2. improve urban mobility, where an integrated transport and infrastructure must
be put in place;

3. make beautiful places by establishing business improvement districts and
high-quality public spaces;

4. work together through collaboration and partnerships, such as with private
sector;

5. establish good governance through a streamlined regulatory framework and
effective development control;

6. engage everyone in an inclusive, participatory, and transparent process;

7. empower people by establishing community improvement districts to enhance
education, awareness, and employment opportunities;

8. be prepared—disaster preparedness and resilience;

9. restore human dignity through affordable housing policy and delivery; and

10. go beyond smart communities by aiming for more livable and sustainable

communities.

Landscape and urban development planning in a wider scale has also been the
subject of various major development plans for Metro Manila. Such development
plans include the Metro Manila Greenprint 2030 by the Philippine national gov-
ernment through the MMDA in partnership with the World Bank, AusAID and
Cities Alliance, and the Mega Manila Dream Plan, formally titled the Roadmap for
Transport Infrastructure Development for Metro Manila and Its Surrounding
Areas, by the Philippine national government through the National Economic
Development Authority (NEDA) and Japan International Cooperation Agency
(JICA).

The Greenprint is a 20-year development and spatial plan, envisioned to provide
an overall framework and recommendations on the use of land and other resources
in Metro Manila (MMDA 2012). The four main goals of the Greenprint are as
follows: (i) to provide an urban environment that is more conducive for investors,
entrepreneurs, and innovators, as well as creative minds that will enhance com-
petitiveness vis-a-vis other cities in Asia; (ii) to improve coordination among key
players, especially the 17 LGUs of Metro Manila; (iii) to guide the future urban
form of Metro Manila, taking into consideration its neighboring areas in Region III
(Central Luzon) and Region IV-A (CALABARZON) (see Figs. 5.7a and 5.13); and
(iv) to be a primary infrastructure, providing green systems and the clustering of
economic activities to improve livability (JICA and NEDA 2014; Estoque and
Murayama 2015).



5 Manila Metropolitan Area 107

200 km
'.
150 km
Za 100 km
. o
|
|
L ] .
g n
D v
% O
[1Mega Manila
[—10Other Provinces % .
GCR -
[ Region 11 h :
I Metro Manila A
["1Region IV-A °
0 25 50 100 150 4
[ — P
Kllomet?rs (7. %

Fig. 5.13 Map of the proposed Mega Manila and Greater Capital Region (GCR). Source Author’s
own elaboration based from JICA and NEDA (2014)

In connection with the new urban core concept (Makati City and Taguig City),
ULI (2013) suggests that, in order to achieve a more livable and sustainable
community, Greenprint 2030 should include provisions for reducing pollution,
improving the pedestrian environment, making Metro Manila more
environment-friendly, and for promoting the use of public transportation, as well as
walking and biking. However, ULI (2013) also points out that although these
provisions are promising, a well-crafted interventions plan is needed.

The Mega Manila Dream Plan, on the other hand, is an integrated plan for
improving the transport system in Metro Manila and its surrounding areas, and for
addressing the pressing, interlinked problems on transportation, land use, and the
environment (JICA and NEDA 2014). In this plan, Mega Manila will be composed
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of Metro Manila and the provinces of Bulacan (part of Region III), Rizal, Cavite
and Laguna (parts of Region IV-A) (Fig. 5.13). In addition to the list of short term
and medium-long term priority projects on transport system (including airports and
seaports) and industrial development, the plan also presents a spatial development
strategy, aiming to expand the national capital region (NCR) of the Philippines into
a “Greater Capital Region” (GCR), with the integration of Metro Manila (or the
NCR), Region III, and Region IV-A (Fig. 5.13). It can be noted that these three
regions have the largest population and GRDP share among all regions in the
country today (Fig. 5.7).

The Mega Manila Dream Plan highlights the need for regional integration in
order to achieve a tri-engine growth for the GCR: (i) gate to wellspring of hope;
(i1) place for livable communities; and (iii) space for dynamic business centers.
Moving away from a monocentric to a polycentric urban development, five primary
growth centers are envisioned to be established and spatially distributed from north
to south: three in Mega Manila, in which Metro Manila will remain as the central
function area (the other two are in the provinces of Bulacan, and Cavite-Laguna);
one in the north (Subic-Clark-Tarlac); and one in the south (Batangas-Lipa-Lucena)
(Fig. 5.13). The Mega Manila Dream Plan has been evaluated of its feasibility from
the economic, financial, social, and environmental perspectives by comparing it
against a “do nothing” scenario. JICA and NEDA (2014) concluded that if a set of
proper interventions are made, traffic congestions can be removed from most of the
road sections. Compared to the present situation, the overall transport cost will
decrease by 13% and the air quality in Metro Manila will improve. The socioe-
conomic conditions in adjoining provinces will also improve.

5.6 Concluding Remarks

History tells us that Manila is one of the original global cities, i.e., as part of the
Manila-Acapulco galleon, one of the first known commercially traveled trade routes in
the world. The analysis showed compelling evidence for Metro Manila’s urban pri-
macy over the other metropolitan areas and regions in the country based on population
and gross regional domestic product. Over the past 21 years (1993-2014), the area of
built-up lands has increased almost twofold, transforming the landscape of Metro
Manila and its surrounding areas. The relatively small land area of Metro Manila, its
geographic characteristics and population and economic growth, the concentration of
key urban functions/services and opportunities in the area, and its accessibility are
hypothesized to be among the key factors influencing the spatiotemporal patterns of
urban land changes and the overall urban development of the region.

The simulated future urban land changes indicated that built-up lands would
continue to expand in the future (2014-2030) under the influence of infill and
sprawl development patterns. The intensifying pressure of urbanization due to rapid
population growth and urban land changes poses many challenges that need to be
considered in sustainable urban development and landscape planning. The region’s
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natural environment, an important asset toward sustainable urbanization and
comfortable urban life, needs to be protected and conserved. There is also a need to
address the other key urban issues, including urban poverty, congestion, limited
urban green spaces, and disaster preparedness, among others. To overcome these
issues, both the local and national governments, including all sectors of the society,
need to implement and observe the ten principles outlined above (ULI 2013) and
support development plans that can promote sustainable urban development, such
as the Metro Manila Greenprint 2030 and Mega Manila Dream Plan. If these
principles are observed and if these plans are realized, this primate city in the Orient
will have a better prospect of becoming a high-ranking world-class city.
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Chapter 6
Jakarta Metropolitan Area

Akio Yamashita

Abstract Jakarta Metropolitan Area expands outside of DKI Jakarta (Daerah
Khusus Ibukota Jakarta: Special Capital Region of Jakarta) and includes Bogor and
Bekasi in West Java Province and Tangerang in Banten Province. Land use/cover
pattern and change analysis indicated that built up area in Jakarta expanded in all
directions since 1989. The east—west development strategy, which was designed to
prevent the deterioration of the aquifer environment, has not appeared to be thor-
oughly implemented. This may have caused, in part, escalation of land subsidence
due to excessive groundwater pumping for urban water demand. Therefore, proper
urban and land use planning at watershed or metropolitan scale is required for the
sustainable development of Jakarta.

6.1 Origin and Brief History

Jakarta, the capital city of Indonesia, is located on the coast of Java Sea (Fig. 6.1).
Jakarta originally prospered as a port city of the Hindu Sunda Kingdom and was
called Sunda Kelapa. This name still remains as the name of a port in central Jakarta
(Fig. 6.2). In 1527, the Muslim Banten Sultanate conquered the land and changed
the name to Jayakarta.

In 1619, the Dutch East India Company occupied the land and changed the name
to Batavia. In 1645, the construction of Batavia Fort was completed, and the fort
was used as a base for the Asian colonial policy by Holland (Fig. 6.3). The town
center of Batavia is the current Kota area, and there are still Dutch colonial squares
and architecture (Fig. 6.4). In 1808, Daendels, the Governor General of the Dutch
East Indies, moved the administrative center to Weltevreden (called Gambir at
present), the city which is more on the South and inlying. The administrative center
in Jakarta remains in Gambir at present, where the Indonesian Presidential Palace
and Merdeka Square with the National Monument are located (Fig. 6.5).
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Fig. 6.1 Location and LandScan population of Jakarta Metropolitan Area, Indonesia

In 1942, Japan occupied the Dutch East Indies and changed the name of the city
Batavia to Jakarta. After the Second World War, Indonesia declared its indepen-
dence. However, countries like Holland refused to accept it, which led to the
Indonesian War of Independence. In 1949, Indonesia finally gained independence.
Jakarta became the capital city of Indonesia (Yamashita 2014).

During the early 1950s, the urban structure of Jakarta followed the Dutch
colonial development pattern (Konagaya 1999). After the 1960s, new business
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Fig. 6.2 Sunda Kelapa. Source Author’s fieldwork (2008)

districts were formed along Thamrin Street and Sudirman Street on the south of
Gambir (Figs. 6.6 and 6.7). The triangular-shaped area made of Sudirman Street,
Kuningan Street, and Gatot Subroto Street is called the Golden Triangle, where the
majority of major business offices in DKI Jakarta are located. By the 1980s, the
urban area extended further south, beyond the southern Kebayoran Baru, an
exclusive residential district.

During the latter part of the twentieth century, Jakarta has developed rapidly as
Indonesia’s capital city and seen its population significantly increased (see also
Sect. 6.2.1). Population density now exceeds 16,000 people per km” in central
Jakarta and is over 8000 people per km? in its environs (Fig. 6.1).

Land use analysis based on old topographic maps (Fig. 6.8) revealed that Jakarta
urban area was formed around Kota area and Gambir in the 1930s (Yamashita
2011, 2014). The Kota area was an old inner-city district during Holland’s occu-
pation, while Gambir is the current center. Although the inner-city districts
expanded slightly during the 1960s, the overall urban development pattern
remained the same (Fig. 6.8). However, urbanization progressed rapidly in Jakarta,
while the surrounding urban areas extended between 1960 and 2000 (Fig. 6.8 and
see also Sect. 6.3.1). Today, Jakarta metropolitan area expands outside of DKI
Jakarta (Daerah Khusus Ibukota Jakarta: Special Capital Region of Jakarta) and



114 A. Yamashita

Fig. 6.3 A former warehouse of the Dutch East India Company. Source Author’s fieldwork
(2010)

includes Bogor and Bekasi in West Java Province and Tangerang in Banten
Province. Jakarta Metropolitan Area is now called “Jabotabek” (or “Jabodetabek”
with the initial of Depok City in West Java State).

6.2 Primacy in the National Urban System

6.2.1 Population Growth of Indonesia and Jakarta

The total population in Indonesia (Fig. 6.9) increased more than three times from
75 million in 1950 to 240 million in 2010 (UN 2015). The population in Jakarta
increased from 1,450,000 (that is 1.9% of the total population) in 1950 to 5,980,000
in 1980; while between 1980 and 2010, the population increased to 9,630,000
(which corresponds to 4.0% of the total population). The population in Jakarta
increased approximately six times from 1950 to 2010 (Fig. 6.9). During the past
60 years, the population growth rate in Jakarta was double that of the population
growth rate in Indonesia. Furthermore, following the expansion of urban areas in
Jakarta, the population of Jakarta and its environs (called Jabotabek) has exceeded
20 million, and became one of the world’s largest megacities (Yamashita 2014).
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Fig. 6.4 Architectures in Kota area. Source Author’s fieldwork (2008)

6.2.2 National Urban System in Indonesia

The Indonesian archipelago comprises more than 13,000 islands of various sizes.
The main islands include: Java, with the capital Jakarta; Sumatra on the west side;
Kalimantan, which borders Malaysia; New Guinea, which borders Papua New
Guinea; and Timor that borders East Timor, world famous tourist attraction Bali,
and Sulawesi. There are 28 cities with populations of 300,000 or more (UN 2015):
11 in Java, 7 in Sumatra, 4 in Kalimantan, 2 in Sulawesi, and one each in Batam,
Bali, Lombok, and Ambon. These cities play central roles in each island politically
and economically. Figure 6.10 shows that the country has a typical primate city
type urban system, with the most prominent population in the capital Jakarta. In
addition, this figure shows population accumulation in Java, where the second
(Surabaya), third (Bandung), and fifth (Semarang) most populated cities exist as
well as the capital Jakarta.

Such population accumulation in Java has been present since the period of Dutch
rule. The Transmigrasi program promoted migration from densely populated
islands to less densely populated islands in order to improve economic growth
based on agriculture and natural resource development in local areas. Nevertheless,
Java has more than half of the country’s total population of 240 million. Led by the
capital Jakarta, the economic dominance of Java remains unchanged till today.
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Fig. 6.5 National monument in Merdeka Square. Source Author’s fieldwork (2008)

6.3 Urban Land Use/Cover Patterns and Changes
(1989-2030)

6.3.1 Observed Changes (1989-2013)

Figures 6.11 and 6.12 show that built-up areas extended to surrounding areas such
as Bekasi on the east side, Tangerang on the west side, and further into the south
side (that is, toward Bogor City and its environs, which is a suburban summer
retreat). While some of these built-up areas were developed from natural green
lands such as forests and grasslands, the majority of them were developed from
farmlands such as rice paddy fields (Fig. 6.8).

Table 6.1 shows that built-up areas increased from 311.88 to 623.48 km” during
the past 24 years. The built-up area increased at an annual rate of 10.08 km*/year
during the “1989-2001" period, while annual built-up rate decreased to 6.28 km?/
year during the “2001-2010” period (Table 6.2). However, built-up areas expanded
rapidly since 2010, at an annual rate of 44.71 km*/year (Table 6.2).

The PLAND, PD, ENN, CIRCLE, and SHAPE landscape metrics (Table 6.3;
Fig. 6.13) were analyzed to assess landscape pattern changes for the built-up lands
(Estoque et al. 2014; Kamusoko 2017).
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Fig. 6.6 Buildings along Thamrin street. Source Author’s fieldwork (2008)

The percentage of landscape (PLAND) metric is a measure of proportion of
built-up area to the whole area. PLAND increased substantially from 22.61 in 1989
to 43.76 in 2013 (Table 6.3). This is attributed to the rapid built-up area expansion
of Jakarta, which occupied only about one fifth of the metropolitan area in 1989, but
covered nearly 50% of Jakarta area in 2013. Figure 6.13 shows that PLAND
increased within all distance buffer zones from city center. However, the percentage
increase was higher near the city center, particularly within the 0-20 km distance
buffer zones.

The patch density (PD) metric is a measure of fragmentation of built-up area
patches based on the number of patches (regardless of the size) per unit area (in this
analysis per km?), in which a patch is based on an 8-cell neighbor rule. PD
increased from 7.72 in 1989 to 9.24 in 2013 (Table 6.3). Generally speaking, if
suburban small settlements were taken over expanding central urban area, PD
should decrease because the expanding core urban center patch aggregated the
suburban small patches. In Jakarta, however, PD actually shows temporal increase.
The reason for this tendency may be due to new small settlements that continue to
form outside the widespread central urban area in Jakarta. PD within distance zone
10-15 is lower in more recent years because built up area in central Jakarta has
grown with aggregating existing fragmented patches. On the other hand, PD
beyond distance zone 20-25 has become high with time, implying new built up area
patches emerged mainly in this zone (Fig. 6.13).
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Fig. 6.7 Buildings at the golden triangle. Source Author’s fieldwork (2008)

The Euclidean nearest neighbor distance (ENN) metric expresses dispersion
based on the distance from a patch to the nearest patch. The mean ENN decreased
from 92.17 in 1989 to 82.13 in 2013 (Table 6.3). This trend is similar to the
changes that were observed with PD. If the size of each patch increased, the mean
ENN would also increase. In Jakarta, however, new small patches emerged while
existing patches expanded. The mean ENN tends to show higher in farther distance
zone (Fig. 6.13). It is because farther distance zone is larger in size.

The related circumscribing circle (CIRCLE) metric indicates the circularity of
patches. This metric ranges from O for circular or one cell patches to 1 for elongated
linear patches one cell wide. The mean CIRCLE value of Jakarta showed little
change between 1989 and 2013 (Table 6.3). The shape index (SHAPE) metric
indicates the complexity of patches. The value of 1 means a patch shape is square.
The higher the value is, the more irregular a patch shape is. The mean SHAPE value
of Jakarta gradually decreased between 1989 and 2013 (Table 6.3). The values of
these two metrics mean that built up area in Jakarta sprawled to every direction, not
always along some specific linear features such as railway and highway since 1989
(Fig. 6.12).

The land use/cover change and landscape metrics analysis confirmed that the
built-up area in Jakarta expanded in all directions since 1989. However, the east—
west development strategy was actually proposed in the urban development master
plan for Jakarta, called Structure Plan, which began in 1985. Since the Dutch
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Fig. 6.8 Land-use maps of Jakarta. Source Yamashita (2011)

colonial rule, development in Jakarta progressed from the frequently flooding north
coast toward the southern part, which has a better living environment. However,
further development in the southern part could have caused deterioration of the
aquifer environment because the hills and mountains around Bogor in the southern
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Fig. 6.9 Population increase ratio of Indonesia and Jakarta. Source UN (2015)
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Fig. 6.10 Population and its rank of major 28 cities in Indonesia (2013). Source UN (2015)

part were the water reservoir of urban areas in Jakarta. Therefore, development
progressed in the east—west direction along the highway stretching from the center
of Jakarta, toward Bekasi in the east side and Tangerang in the west side, creating
large housing estates and industrial districts (Konagaya 1997) (see also Sect. 6.4).
Yet, based on the result of this analysis, the east—-west development strategy has not
appeared to be thoroughly implemented. This is because urban development—in
particular the conversion of water catchment areas into built-up areas—partly
contributed to the land subsidence due to excessive groundwater pumping for water
consumption in Jakarta and its environs (see also Sect. 6.5).
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Fig. 6.11 Urban land use/cover maps of Jakarta Metropolitan Area classified from Landsat
imagery

6.3.2 Projected Changes (2013-2030)

The projected land use/cover changes indicate that built up area will continue to
expand in the future (Tables 6.4 and 6.5; Fig. 6.14, see also Fig. 6.12). Built-up
area would increase from 623.48 in 2013 to 650.52 km? in 2020 at an annual rate of
3.86 km?/year. However, built-up area is expected to increase further by
61.88 km?, at an annual rate of 6.19 km*/year between 2020 and 2030. This sug-
gests that another wave of rapid urbanization would likely occur between 2020 and
2030 under the current simulation scenario.
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Fig. 6.12 Observed and projected urban land use/cover changes in Jakarta Metropolitan Area

Table 6.1 Observed urban 1989 2001 2010 2013

land use/cover of Jakarta Buil 311.88 | 43278 | 48934 | 623.48

Metropolitan Area (km?) uilt-up : : : :
Non-built-up 1067.21 968.12 930.34 801.44
Water 148.82 127.00 108.23 102.99
Total 1527.91 1527.91 1527.91 1527.91

According to landscape pattern analysis (Table 6.6; Fig. 6.15), PLAND will
increase within all distance buffer zones. The mean SHAPE value will also increase
slightly, particularly in distance zones beyond 15 km from city center. The mean
CIRCLE value has the similar tendency. These simulation results imply that built
up area will fill most area within 15 km from the city center of Jakarta and that will
also spread comparatively linearly and irregularly in the outer edge of Jakarta.
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Table 6.2 Observed urban land use/cover changes in Jakarta Metropolitan Area (km?)

1989-2001 2001-2010 2010-2013
Built-up 120.91 56.56 134.14
Annual rate of change (km?/year) 10.08 6.28 44.71
Non-built-up —99.08 —37.79 —128.90
Annual rate of change (km2/year) -8.26 —4.20 —42.97
Water -21.82 -18.77 =5.25
Annual rate of change (km*/year) -1.82 -2.09 -1.75

Table 6.3 Observed landscape pattern of Jakarta Metropolitan Area

Class-level (built-up) spatial metrics 1989 2001 2010 2013
PLAND (%) 22.61 30.89 34.47 43.76
PD (number per km?) 7.72 8.10 8.78 9.24
ENN (mean) (m) 92.17 86.39 84.51 82.13
CIRCLE (mean) (0 < CIRCLE < 1) 0.35 0.34 0.32 0.32
SHAPE (mean) (1 < SHAPE < 00) 1.27 1.26 1.25 1.22

6.4 Driving Forces of Urban Development

The major rivers flowing through Jakarta to the Java Sea are the Ciliwung River and
the Cisadane River. The downstream basins of these rivers have rather a flat terrain,
though gradually sloping from south to north, and are low-lying areas 100 m above
sea level or lower. Therefore, when the urbanization progressed within and around
Jakarta, there were few topographic restrictions, resulting in radial expansion of
urban land use (Yamashita 2012, 2013).

According to Konagaya (1999), urban expansion progressed toward the south
until the 1980s, since the area has a better living environment. During this time,
districts with accumulated offices, shopping malls, condominiums, etc., were
developed in many locations in DKI Jakarta. The Golden Triangle is a represen-
tative example of office and condominium accumulation, and the Block M near
Kebayoran Baru in the south is a representative commercial center in a suburban
area, while Mangga Dua in the north is an example of existing urban core
redevelopment.

Up to 1997, when the economic crisis hit in Indonesia, many housing estates and
industrial districts were developed along the highway stretching in the east—west
direction (the Merak Highway toward the west and the Cikampek Highway toward
the east), taking into account the east—west development strategy. In 1996, 13 giant
housing estates with a 1000 ha or larger development area existed within Jabotabek
(one in DKI Jakarta, two in Bogor Regency in the south, three in Bekasi Regency in
the east, and seven in Tangerang Regency in the west) (Konagaya 1999). These
massive developments were encouraged by a series of financial deregulation poli-
cies in Indonesia during the 1980s (Winarso and Firman 2002). This deregulation



124

PLAND (%)

ENN (mean) (m)

SHAPE (mean) (= 1)

Fig.

A. Yamashita
100 15
o
80 E
& s 10
40 ﬂ.
g 5
20 E
0 0
0-5 5-10 10-15 15-20 20-25 25-30 0-5 5-10 10-15 15-20 20-25 25-30
Distance from city center (km) Distance from city center (km)
250 0.5
==
200 § P 0.4
150 £ § 0.3
w o=
100 3G 02
e Vi
I [RTRLN e
0 0.0
5:10; 10:15::15-:20° 20-25:7:25:30 05 510 10-15 15-20 20-25 25-30
Distance from city center (km) Distance from city center (km)
1.5
12 ®1989 2001
0.9
06 2010 = 2013
0.3
0.0
0-5 5-10 10-15 15-20 20-25 25-30
Distance from city center (km)
6.13 Observed class-level spatial metrics for built-up along the gradient of the distance from

city center of Jakarta Metropolitan Area. Note The y-axis values are plotted in the same range as
those in Fig. 6.15

Table 6.4 Projected urban 2020 2030

land use/cover of Jakarta -

Metropolitan Area (km?) Built-up 650.52 712.39
Non-built-up 774.41 712.53
Water 102.99 102.99
Total 1527.91 1527.91

enhanced suburban housing markets for middle- and high-income classes and
housing development by private sectors. One example is the development of Lippo
Karawaci. It was begun in 1992 by Lippo Group, an Indonesian big business. It is a
composite housing estate, built near an interchange of the Merak Highway, where
high-rise office buildings, condominiums (Fig. 6.16), a large shopping mall, and a
university are even located. A golf course is at the center of the housing estate,
surrounded by an exclusive residential district (large sites with yards) for the
wealthy class. Residential areas for the middle class are distributed at the outer rim
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Table 6.5 Projected urban land use/cover changes in Jakarta Metropolitan Area (km?)

2013-2020 2020-2030
Built-up 27.03 61.88
Annual rate of change (km*/year) 3.86 6.19
Non-built-up -27.03 —61.88
Annual rate of change (kmzlyear) -3.86 —6.19
Water 0.00 0.00
Annual rate of change (km*/year) 0.00 0.00
2020 2030

B Built-up
I Non-built-up
B Water

Fig. 6.14 Projected urban land use/cover maps of Jakarta Metropolitan Area
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Table 6.6 Projected Class-level (built-up) spatial metrics | 2020 2030

landscape pattern of Jakarta % 565 5

Metropolitan Area PLAND (%) . 0.00
PD (number per km?) 1.85 1.37
ENN (mean) (m) 104.73 108.10
CIRCLE (mean) (0 < CIRCLE < 1) 0.31 0.32
SHAPE (mean) (1 < SHAPE < oo) 1.29 1.30

of the housing estate (Fig. 6.17), and housing complexes and terraced houses for
residential and commercial use can be seen.

The major industrial districts are mainly located in Bekasi Regency and
Karawang Regency further east, along the Cikampek Highway on the east side
(Konagaya 1999). The MM2100, one such district in Bekasi Regency, was
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developed in the 1990s by a joint venture of Japanese and Indonesian companies
(Fig. 6.18). About 170 factories and businesses are located in the 805 hectare site
(as of 2008), including many Japanese-affiliated companies. There are several other
industrial districts in the area, developed with capital from Japan.

Foreign direct investment (FDI) from countries such as Japan, the United States,
Singapore, Korea, and China was a major driving factor for urban expansion of
Jakarta. However, FDI for Jakarta decreased substantially due to the Asian
Currency Crisis in 1997. On the other hand, investment from Korean companies has
been increasing recently. The Japanese government has also provided financing
through ODA since 2010, based on the Jobodetabek Metropolitan Priority Area for
Investment and Industry, and development of infrastructure including the new
international port, public transportation, and road networks, is in progress (Ikuta
2011).
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Fig. 6.16 Condominiums in Lippo Karawaci. Source Author’s fieldwork (2008)

6.5 Implications for Future Sustainable
Urban Development

As a megacity in a developing country, Jakarta has the typical issues of excessive
urbanization which are characterized by insufficient employment creation oppor-
tunities and infrastructure development (such as water supply and sewage systems)
that is lagging behind the rapidly increasing population. This has resulted to various
social and environmental problems. Here, according to Yamashita (2014), water
environmental problem will be emphasized because it has become especially
serious in Jakarta lately.

The Jakarta Metropolitan Area has experienced rapid urban growth over the past
decades. Furthermore, the projected land use/cover changes indicate that future
built-up expansion will likely continue in the southern part of Jakarta, where major
aquifer zones for the metropolitan water demand are found. This implies that
impervious surfaces (built-up areas) will continue to replace the natural landscape.
As a result, water environment (rivers, canals, and groundwater) will be affected
both in water quality and quantity.

Jakarta is built on low-lying marshlands and has an extensive waterway network.
The waterway network in Jakarta seems to have been used to flow out rainwater and
wastewater into the sea. Two things can be pointed out as a qualitative aspect of
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Fig. 6.17 Houses for middle class in Lippo Karawaci. Source Author’s fieldwork (2008)

water environmental problem in the canals and ditches in Jakarta: serious nonpoint
source pollution caused by urbanization, and rubbish dumping by residents living
alongside the river.

Impervious surfaces in Jakarta have accelerated the delivery of pollutants from
the built-up environment to canals and ditches. For example, a large amount of dust
and rubbish, which exists on the surface of the land flows into canals and ditches. In
fact, some canals and ditches in central Jakarta turned grey, and in some cases it is
smelly along many parts of the canals and ditches.

In addition, inadequate public services such as sewage systems and rubbish
collection following rapid population growth have led to significant water envi-
ronmental issues. People tend to drain household wastewater directly into the
waterway and dump rubbish. With regard to measures to deal with pollution such as
worsening nonpoint source pollution and rubbish dumping, it is important to
improve public infrastructure, such as the sewage system and rubbish collection
service.

On the other hand, change from permeable surface to impermeable surface is
significant from a quantitative perspective of water environmental problem.
Rainwater that runs off the land surface instead of penetrating into the soil suggests
a decrease of the amount of groundwater recharge. Rapid urbanization and popu-
lation growth drastically increase the requirement for the pumping of groundwater.
This results in land subsidence. Jakarta is currently facing serious land subsidence
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Fig. 6.18 Entrance of the MM2100 district. Source Author’s fieldwork (2008)

and expanding areas below sea level (called “zero meter areas”). Such areas are also
seen in large coastal cities in Japan. However, a problem unique to a large tropical
city such as Jakarta is that there are frequent flood inundations during the wet
season. Heavy storm water in a short period of time is not able to penetrate into the
impermeable land surface and does not flow out into the sea through river or
waterway due to land subsidence. As a result, whenever there is a rain downfall,
roads become flooded.

In Jakarta, construction of discharge channels is under way. However, such a plan
for channels alone is not adequate to deal with flooding. Comprehensive flood
control including the land use plan in the wider areas at watershed scale is necessary.
In Jakarta, included in the structure plan in the 1980s, the east-west development
strategy was launched and measures were taken in order to slow down the devel-
opment of the upper reaches of the river in the south, seen as water source cultivation
areas (Konagaya 1997). Although such measures brought some success, they are not
entirely satisfactory as the development from forests to farmlands continues in the
south. There is development restriction in the highly elevated, steeply sloped areas
for water source forest conservation, but these areas are relatively small for the
overall watershed. In order to reduce flooding and slow down land subsidence, it is
necessary not only to successfully complete construction of discharge channels, but
also to build facilities to store rainwater and to cultivate groundwater at each
catchment and to facilitate systems to make a good use of such water.
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6.6 Concluding Remarks

Jakarta, a port town facing the Java Sea, was a hub of the Dutch East India
Company and became a center of marine traffic for Asia. Rapid urbanization pro-
gressed after independence, for about 50 years in the late twentieth century.
Especially after the 1980s, large scale development had been conducted also in
suburban areas by FDI from Japan and other countries, resulting in making Jakarta
one of the world’s top megacities. But such rapid urban development caused serious
environmental problems as well. For the sustainable development of Jakarta in the
future, it is necessary to point toward urban policy and land use planning based on
proper arrangements of population and industry on watershed scale or metropolitan
area, while developing infrastructure in urban areas.
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Chapter 7
Hanoi Metropolitan Area

Duong Dang Khoi

Abstract Vietnam in general and Hanoi in particular, have experienced rapid
urbanization due to economic reforms and open door policies in the last two decades.
The purpose of this chapter is to examine the observed and projected urban land
changes (i.e., changes from non-built-up to built-up lands) between 1989 and 2030, as
well as to understand the driving forces of urban development in Hanoi Metropolitan
Area (Metro Hanoi). Their implications for Metro Hanoi’s future sustainable devel-
opment are also discussed. History reveals that the urban development of Metro Hanoi
is closely related to feudal dynasties and political status of Vietnam. The observed
urban land changes show that Metro Hanoi has undergone rapid urbanization over the
past two decades. This rapid urbanization was mainly driven by economic develop-
ment, urban planning, population growth, and urban policies. While urbanization has
produced positive economic outcomes, serious problems have since emerged. The
detected spatiotemporal patterns of the observed and simulated urban land changes
can be used to assist strategic urban planning in Metro Hanoi.

7.1 Origin and Brief History

Hanoi, the capital city of Vietnam, is located in the Red River delta in the northern
region of Vietnam (Fig. 7.1). The capital city consists of 12 urban districts, one town,
and 18 rural districts. The topography is characterized by deltas and mountainous
areas. The altitude in the northern part of the city is lower than the southern part.

The origin and development of Metro Hanoi is closely related to the Ly-Tran
(1010-1397), Le (1428-1789), and Nguyen feudal dynasties (Nguyen et al. 2010)
as well as the French colonial rule (1802—-1945) and post-second world war con-
flicts (1945 to present).

In the Ly-Tran dynasty, King Ly Cong Uan selected the Dai La region, now
Hanoi, to construct the capital city of Vietnam. According to Nguyen et al. (2010),
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Fig. 7.1 Location and LandScan population of Metro Hanoi, Vietnam

when the King visited the Da La region, the King saw a cloud that looked like a
flying dragon and named the capital, Thang Long (Dragon). Since then, Thang
Long City was recognized as the center of politics, economy, and culture in
Vietnam. In the early days, Thang Long was well known as the center of markets.
Each market specialized in a particular product, e.g., rice noodle market and
bamboo hat market. Craft workers across the Red River Delta of Vietnam left their
native homeland to settle in the markets of Thang Long. Over time, urban infras-
tructures were gradually constructed. In 1029, the King Ly Thanh Tong constructed
his royal palace. During the Ly dynasty, several architectural buildings were con-
structed in Thang Long. Thang Long continued to expand and grow until the Tran
dynasty. During the Tran dynasty, Thang Long was divided into 61 wards. Each
ward specialized in producing a handicraft product. During the 1258—1288 period,
the Mongol Empire invaded Vietnam several times. The Tran dynasty failed to
protect Thang Long from the Mongol invasion. The King then moved to An Ton
district, Thanh Hoa province in 1397.

In 1406 under the Le dynasty, the Ming Empire of China attacked Vietnam. The
King of Vietnam and his people lost against the Ming Empire. Thang Long was
renamed Dong Quan. In 1418, the Ming Empire was defeated in a battle led by Le
Loi. In 1430, Thang Long was renamed Dong Kinh, but its original name, Thang
Long, was restored in 1527. Until 1749 (Le-Trinh dynasty), many buildings were
constructed in Thang Long. In 1789, when Quang Trung became the King, Hue
province was selected as the capital city of Vietnam.

Under the Nguyen dynasty and the French colonial rule (1802—1945), from 1803
to 1805, the King of the Nguyen, Gia Long, reconstructed new areas of Hanoi in the
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style of French architecture. When the French dominated northern Vietnam and
settled in Hanoi, the population of Hanoi was less than 100,000 people. Hanoi City
had three separate areas consisting of the castle of the King Nguyen, a small
commercial area and rural areas around the wall castle. By 1902, Hanoi became the
capital of the Indochina. French planners greatly transformed the appearance and
functions of the city. In particular, roads, drainage, electricity networks, and grid
street system were constructed.

Vietnam became independent in 1945. However, Hanoi was at war against the
occupation of French and the United States until 1975. Between 1945 and 1975, the
government moved people and industries from Hanoi to other regions due to the
wars. In the late 1980s, Vietnam launched open door policies known as the “Doi
Moi” (renovation policies). The population of Hanoi increased substantially to 3.2
million in 2007, attributing to rural-urban migration (HSO 2009). In 2008, due to
rapid urbanization in the inner area of Hanoi (Figs. 7.2 and 7.3), the Vietnam
National Assembly approved the extended boundary of Hanoi. To date, the city
covers about 3329 km?, with a population of about 6.4 million. A large area of the
new Hanoi is classified as “rural areas” (HSO 2009). In terms of population size,
Hanoi is second to Ho Chi Minh, which has a population of 6.8 million. The
so-called “New Hanoi” is expected to become the center of politics, education,
science, economy, and international exchanges. The other objective is to distribute
inhabitants, industries, universities, hospitals, administration bodies, and over-
crowded areas of the city to suburban areas (VET 2008). The city’s GDP increased
three times between 2000 and 2008. In 2008, Hanoi received about US$18.8 billion
worth of foreign development investment, accounting for 7% of the total investment
in Vietnam (HSO 2009).

Fig. 7.2 A view of a highly urbanized area in Tuliem district, Hanoi City. Source Author’s
fieldwork (2015)
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Fig. 7.3 A view of a residential expansion in Tuliem district, Hanoi City. Source Author’s
fieldwork (2015)

7.2 Primary in the National Urban System

7.2.1 Vietnam Urban System

Urbanization is a global trend in the recent years. The United Nations (2008)
estimated that about 50% of the world population lives in urban areas. This pro-
portion may increase to over 72% by 2050 (United Nations 2012). Urbanization has
taken place exponentially in the past two decades in Southeast Asia, especially in
large urban areas. Many cities in the developing countries have radically shifted
from agriculture- to industry-based economy (World Bank 2011). Similarly, since
the launch of economic reforms and open door policies in the late 1980s, Vietnam
has experienced a rapid urbanization rate. Vietnam’s annual rate of urbanization has
been estimated at 3.4% (World Bank 2011). There were 500 urban areas in the
1990s and this increased to 656 in 2003 (World Bank 2011). In particular,
urbanization has occurred rapidly in large cities such as Hanoi, Ho Chi Minh, and
Danang. Hanoi City has been one of the fastest growing cities in Vietnam (World
Bank 2011).

Vietnam’s economic development was centered on highly urbanized areas such
as Hanoi, Ho Chi Minh, Danang, and Hue. In terms of economic geography, Hanoi
is in the north, Ho Chi Minh is in the south and Danang and Hue are in the central
region. The government has issued a series of policies to foster both economic
growth and urban development. For example, Government Decision 10 (1998),
which concerns the urban development strategy 2020, offered incentives for the
development of medium and small cities while maintaining the growth of the
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largest cities. The 2011-2020 economic development strategy confirmed that
urbanization was one of the most important strategies to achieve the country’s goals
of industrialization and modernization.

The Vietnam urban classification system, established in 2001 and revised in
2009 by the decree 42/2009/ND-CP, has served as the foundation of urban policies
in Vietnam. According to the decree, Vietnam urban system is classified into six
urban types based on economic activities, physical development, population den-
sity, the ratio of nonagricultural labors, and socioeconomic infrastructures. In terms
of economic activities, the decree states that an urban center is a specialized center
of national, interprovincial, provincial or district level, or a center of an
intraprovincial region, which plays a role in promoting socioeconomic development
of the whole country or a certain region. The town in the lowest level of the urban
classification system must have at least 4000 inhabitants. Nonagricultural labor in
the inner of urban must be more than 60% of total population. Urban infrastructures
and facilities are social facilities (e.g., schools, hospitals, administrative building,
and other public facilities) and technical infrastructures (e.g., roads, water supply
system, and electricity system).

Hanoi and Ho Chi Minh are termed “special cities” because they considerably
contributed to Vietnam development in terms of economic and political aspects. In
2009, Vietnam urban system was comprised of two special cities, five class-I cities,
12 class-II cities, 40 class-1II towns, 47 class-IV provincial towns, and 625 class-V
small towns. Local governments often expect to promote their urban status to a
higher ranking level in the classification in order to receive a bigger amount of
budget from central government. Therefore, the urban classification provided
incentives for cities to try to move to a higher class (Coulhart et al. 2006). In 2009,
special cities, class-I cities, class-II cities, class-III cities, and class-IV cities con-
tributed to 30.5, 6.9, 5.2, 5.7, and 3%, respectively, of the total GDP of Vietnam.
Annual city population growth of the urban classes from 1999 to 2009 varied from
1.1% in the central coast to 3.7% in the northern midlands (World Bank 2011).

7.2.2 Primacy of Metro Hanoi

The ranking of cities in a country or in the world can support investors in the choice
of location and serves as an important guide for future city development. In this
section, urban primacy is based on city area, economic activities, population, and
the ratio of nonagricultural labor, and infrastructure.

The extent of Hanoi expanded exponentially from 461 km? in 1961 to 3329 km?
in 2015. The designation of Hanoi as the development center for the northern region
of Vietnam resulted in territorial expansion and rapid economic growth over the last
decades. Recently, Hanoi is ranked as the biggest urban area of Vietnam, followed
by Ho Chi Minh City with a total area of 2095.6 km®.

In regard to urban economic activities, Hanoi and Ho Chi Minh City are major
contributors of the total GDP of Vietnam (Fig. 7.4). For instance, in 2009, these two
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Fig. 7.4 Contribution of the city classes to the total GDP of Vietnam in 2009. Note SCs are
special cities of Vietnam consisting of only Hanoi and Ho Chi Minh. Source General Statistic
Office, Vietnam

cities contributed 30.5% of the total GDP. In terms of economic growth, Hanoi was
ranked as the second after Ho Chi Minh City. The other urban areas in the city
classes I, II, III, and IV accounted for 20.8% of the country’s total GDP (GSO 2009).
In general, nonagricultural activities were often concentrated in large cities. Hanoi
and Ho Chi Minh City specialize in manufacturing and services industries. Many
special economic zones, some of which are situated in urbanized areas, play
important roles in the promotion of regional economic development in Vietnam.
These are referred to as Industrial Clusters (IC), Industrial and Processing Zones
(IZ), High-Tech Zones (HTZ), and Economic Zones (EZ). ICs consist of small-scale
manufacturing enterprises located in one area in order to improve efficiency. In 2007,
there were 333 ICs in Vietnam. IZs specialize in manufacturing industrial products
and supporting services. In 2009, there were 264 IZs in the country, in which
construction sector was a major fraction. HTZs are defined as high-tech enterprise
and its supporting services. They are located only in Hanoi, Ho Chi Minh, and
Danang City. The HTZs have been growing gradually. Lastly, EZ areas are border
and coastal economic zones. By the end of 2010, there were 23 border gate economic
zones and 15 coastal economic zones in Vietnam (World Bank 2011).

In terms of urban population, Metro Hanoi is ranked second to Ho Chi Minh
City. Hanoi and Ho Chi Minh City accounted for almost 14% of the total urban
population of the country, and all urban areas in the classes I, II, III and IV
constituted 18% (Fig. 7.5) (GSO 2009). Income disparity between Metro Hanoi and
its surrounding areas resulted in a large number of migrants into Hanoi. For
example, in 2009, the average income varied from 11.0 million VND in the
Northern Midlands to 23.1 million VND in the Red River Delta which includes
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Fig. 7.5 Total population of the city classes of Vietnam in 2009. Notes SC are special cities
consist of Hanoi and Ho Chi Minh City. Source General Statistic Office, Vietnam

Hanoi (GSO 2009). In addition, highly educated people and highly skilled workers
often expect to settle in Hanoi because they can have better jobs with higher salary
and access to better living facilities. Therefore, Hanoi has attracted a large number
of highly qualified workers from rural areas across the country.

Regarding urban infrastructures and facilities, Hanoi offers better common
facility services than other provincial cities and towns. In addition, the percentage
of households that has access to safe water and electricity in Hanoi was higher than
other provincial cities and towns (GSO 2009). However, the quality and the
quantity of infrastructures in Hanoi, which are lower than international standards,
are still a major constraint for rapid socioeconomic development of the city in the
future. Currently, Metro Hanoi is urgently in need of modern infrastructures such as
railway system, subway system, water supply and drainage system, electricity lines,
and wastewater and solid waste processing facilities.

7.3 Urban Land Use/Cover Patterns and Changes (1989-
2030)

7.3.1 Observed Changes (1989-2014)

Tables 7.1 and 7.2 and Figs. 7.6 and 7.7 show the urban land use/cover changes in
Metro Hanoi. There was a substantial increase in built-up areas between 1989 and
2014, indicating rapid urbanization. Built-up area increased from 23.2 km? in 1989
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Table 7.1 Observed urban land use/cover of Metro Hanoi (km?)

D.D. Khoi

1989 1999 2009 2014
Built-up 23.22 51.36 94.10 129.63
Non-built-up 1568.54 1543.17 1533.51 1557.68
Water 168.86 166.08 133.01 73.31
Total 1760.62 1760.62 1760.62 1760.62

Table 7.2 Observed urban land use/cover changes in Metro Hanoi (km?)
1989-1999 1999-2009 2009-2014

Built-up 28.15 42.73 35.54
Annual rate of change (km*/year) 2.81 4.27 7.11
Non-built-up —25.36 —9.66 24.17
Annual rate of change (km*/year) —2.54 -0.97 4.83
Water —2.78 —33.07 —59.70
Annual rate of change (km>/year) —0.28 -3.31 —11.94

1989 1999

2009

2014

Bl Built-up /
[ Non-built-up / [ — |Kilometers
Bl Water 0 5 10 20

N

Fig. 7.6 Urban land use/cover maps of Metro Hanoi classified from Landsat imagery
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Fig. 7.7 Observed and projected urban land use/cover changes in Metro Hanoi

to 129.6 km? in 2014 (Table 7.1), while the non-built-up areas decreased from
1568.5 to 1557.7 km?. The city expanded into its surrounding areas such as Thanh
Xuan, Hoang Mai, Long Bien, Ha Dong, North Tu Liem, and South Tu Liem. In
addition, Ha Tay province was merged into Hanoi City in 2008. Therefore, a large
portion of the suburban districts still remains as agricultural land and plays an
important role in supplying food and fresh vegetables to Hanoi. The built-up growth
rate has accelerated over the study period. For example, during the 1989-1999
period, Metro Hanoi had an annual gain of built-up of 2.81 km*/year. This rate
increased to 4.27 km?/year and 7.11 km?/year during the 1999-2009 and 2009—
2014 periods, respectively (Table 7.2).

Table 7.3 shows the landscape pattern metrics for the built-up class. The per-
centage of landscape (PLAND) metric measures the fraction of a class to the whole
landscape at a specific time point, while the patch density (PD) metric is a measure of
fragmentation based on the number of patches per unit area (per 100 ha or 1 km?), in
which a patch is based on an 8-cell neighbor rule. The Euclidean nearest neighbor
distance (ENN) metric is a measure of dispersion based on the average distance of a
patch to the nearest neighboring patch of the same class. The related circumscribing
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Table 7.3 Observed landscape pattern of Metro Hanoi

Class-level (built-up) spatial metrics 1989 1999 2009 2014
PLAND (%) 1.46 3.22 5.78 7.68
PD (number per km?) 0.50 0.84 1.78 3.36
ENN (mean) (m) 240.95 198.40 152.03 111.48
CIRCLE (mean) (0 < CIRCLE < 1) 0.39 0.41 0.41 0.32
SHAPE (mean) (1 < SHAPE < o0) 1.22 1.24 1.27 1.25

circle (CIRCLE) metric measures the circularity of patches. The CIRCLE value
ranges from O for circular or one cell patches to 1 for elongated, linear patches one cell
wide. The shape index (SHAPE) metric is a measure of complexity. This metric has a
value of 1 when the patch is square and increases without limit as patch shape becomes
more irregular.

From 1989 to 2014, the PLAND metric increased from 1.46 to 7.68%. The PD
metric significantly increased from 0.5 to 3.36, which indicates that the built-up
became more fragmented over the years. However, the mean ENN decreased from
241 to 111.5 m. The decrease in mean ENN was attributed to the expansion of old
built-up patches as well as the development of new built-up patches. This suggests
that a combination of infill development, leapfrog/sprawl urban growth processes
were dominant in Hanoi during this period. The mean CIRCLE value increased
between 1989 and 2009, indicating that substantial patches of built-up land became
more elongated or exhibited a linear pattern. However, the mean SHAPE value
increased slightly between 1989 and 2009, and decreased between 2009 and 2014.
This suggests that the complexity of the built -up patches was more or less stable.

Figure 7.8 shows all the metrics for the built-up class along the gradient of the
distance from the city center between 1989 and 2014. PLAND decreases as the distance
from the city center increases, indicating that the proportion of built-up land near the
city center was relatively higher. In contrast, PD increases first as it approaches the
10-km distance from the city center and then decreases with distance. This indicates
that there were more patches of built-up land in middle distances. The built-up land
patches were relatively more dispersed in farther distances. This is shown by the
increase in mean ENN from the city center. The mean CIRCLE value does not show a
clear trend. However, the mean CIRCLE value was over 0.5 in the 25-30 km buffer
zone in 1989, indicating that some built-up patches were more elongated or linear. The
figure also shows that the mean SHAPE values were more or less stable over the years
across the gradient of the distance from the city center. This suggests that the built-up
patches had a more or less stable shape complexity, which was also not high.

7.3.2 Projected Changes (2014-2030)

The projected urban land use/cover changes show that built-up area would increase
from 129.6 km® in 2014 to 230.82 km® in 2030 (Figs. 7.7, 7.9, and 7.10;
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Fig. 7.9 Projected urban land use/cover maps of Metro Hanoi
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Tables 7.4, 7.5, and 7.6). The landscape pattern analysis (Table 7.6) indicated that
the simulated built-up patches in 2020 and 2030 would be more aggregated as
shown by the simulated increase in PLAND and decrease in PD relative to 2014.
However, PD would increase slightly from 2020 to 2030, indicating that some
patches of built-up lands would become more fragmented.

The simulated increase in mean ENN from 2014 to 2020 is due to the simulated
aggregation of built-up patches, redefining the average distance between neigh-
boring built-up patches. This is supported by the simulated increase in PLAND and
decrease in PD during the same period. The simulated decrease in mean ENN from
2020 to 2030 is due to the predicted slight increase in PD, which would also
redefine the average distance between neighboring built-up patches. The simulated
increase in the mean CIRCLE and SHAPE values from 2014 to 2030 indicates that
built-up patches would become more connected, elongated, and complex in shape.
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Table 7.4 Projected urban land use/cover of Metro Hanoi (kmz)

2020 2030
Built-up 197.30 230.82
Non-built-up 1490.01 1456.49
Water 73.31 73.31
Total 1760.62 1760.62

Table 7.5 Projected urban land use/cover changes in Metro Hanoi (km?)

2014-2020 2020-2030
Built-up 67.67 33.53
Annual rate of change (km*/year) 11.28 3.35
Non-built-up —67.67 —33.53
Annual rate of change (km2/year) —11.28 -3.35
Water 0.00 0.00
Annual rate of change (km*/year) 0.00 0.00
Table 7.6 Projected landscape pattern of Metro Hanoi
Class-level (built-up) spatial metrics 2020 2030
PLAND (%) 11.69 13.68
PD (number per km?) 0.34 0.37
ENN (mean) (m) 181.29 161.92
CIRCLE (mean) (0 < CIRCLE < 1) 0.44 0.45
SHAPE (mean) (1 < SHAPE < o0) 2.14 2.17

Along the gradient of the distance from the city center (Fig. 7.10), the PLAND of
the simulated built-up patches in 2020 and 2030 would still be higher at distances closer
to the city center. PD would first increase within the 15-km distance from the city
center, before it would decrease in farther distances. The mean ENN would increase at
distances farther from the city center. The mean CIRCLE and SHAPE values would
have a wavy pattern along the gradient of the distance from the city center.

7.4 Driving Forces of Urban Development

The observed urban land changes (i.e., changes from non-built-up to built-up lands) in
Metro Hanoi were due to a number of drivers and their interactions. Some of the most
important driving forces are economic development, urban planning, population
growth, and urban policies (World Bank 2011). Many studies have empirically
confirmed the roles of socioeconomic factors in spatial urban growth (e.g., Verburg
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et al. 2004; Antrop 2005; Hersperger and Burgi 2007; Schneeberger et al. 2007).
Generally, socioeconomic factors drive the spatial growth of a city, whereas bio-
physical factors are often constraints to city expansion. For instance, the spatial urban
growth of Metro Hanoi has been limited by streams, water bodies, and wetlands (Ho
and Shibayama 2009), and controlled by an urban green network (Uy and Nakagoshi
2008) and cultural heritages. In this study, only the socioeconomic drivers of
urbanization are discussed.

7.4.1 Economic Development

Economic development is recognized to be the most important factor of urban-
ization in Vietnam. In 1986, the Vietnam government introduced liberal market
mechanisms, and encouraged private sector initiatives. Since the inception of
reform policies, the government has implemented a variety of policies in order to
foster economic growth and urban development. For example, the 2010-2020
socioeconomic development strategy prioritizes industrialization and modernization
goals and emphasizes that urban development is one of the most important
strategies to promote regional economic development goals. This trend had been
observed in China, India, and Indonesia in the late 1970s (World Bank 2011). The
relationship between economic development and urban growth can be found in
many studies (e.g., Verburg et al. 2004; Schneeberger et al. 2007; Cheshire et al.
2008). In particular, most foreign investments in Vietnam have been concentrated
in urban areas. As a result, highly urbanized areas have attracted a large number of
rural labor. Hanoi, Hai Phong, Ho Chi Minh City, Binh Duong, Dong Nai, Da
Nang, and Can Tho are some examples of these highly urbanized areas.

7.4.2 Urban Planning

Urban planning has been an important factor affecting urban land change patterns in
Metro Hanoi. The boundary of Hanoi City has changed many times from 1956 to
2008. Hanoi City occupied an area of about 70 km? between 1956 and 1960. Urban
growth was mainly concentrated to the south area of the Red River. The core
districts then consisted of Hoan Kiem and Ba Dinh. From 1960 to 1968, the city
expanded to about 130 km”. The city had four core districts and four suburban
districts. During the same period, urban growth was concentrated mainly in the
southern and northern region of the Red River. However, the area of Hanoi
exponentially increased to 2123 km” between 1981 and 2000. In this period, urban
growth was concentrated mainly in the northern region of the Red River consisting
of Dong Anh and Gia Lam suburban districts. Ha Tay province was merged with
Hanoi City. According to the Hanoi development plan toward 2030, Hanoi City is
expected to increase to about 3344 km”. Metro Hanoi is designed to have a central
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city, five satellite cities, towns, and rural areas. Central city, satellite cities and
towns will be separated by green corridors and ring roads.

7.4.3 Population Growth

The Urban proportion of the total population in the country was 10% in 1950 and
21.5% in 1975. In 2009, it further increased to 29.6% (GSO 2009). The increase
was attributed to regional economic development policies and migration during the
last two decades. Between 2004 and 2009, for instance, Metro Hanoi and the other
major cities in the country had a high net migration (Fig. 7.11).

For Metro Hanoi, its rapid population growth is considered to be a very
important factor to its urban expansion. In the 1989-1999 and 1999-2009 periods,
the urban population of Hanoi increased by about 1.42 times and 1.7 times,
respectively. But because of the inclusion of Ha Tay province, the urban population
of Metro Hanoi decreased from 58.2 to 40.8% from 1999 to 2009 (Fig. 7.12). The
new Hanoi covers the area of the old Hanoi and Ha Tay province terrestrial area.

7.4.4 Urban Policies

Urban policies have significantly affected the development of Metro Hanoi. Major
urban policies in Vietnam include city boundary control, immigration control,
urban finance, land market, and urban classification system (World Bank 2011).
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Administrative boundary control policy means that the central government provides
the approval for urban boundary expansion. Historically, this policy has been
recognized as an effective tool for controlling city size and its sprawl. Immigration
control policy refers to urban residency permission. This policy was effective from
1954 to 1990. After 1990, this policy was relaxed. As a result, the population of
Hanoi increased rapidly. Urban finance means provision of finance for urban
construction from central government budget. The urban finance policy strongly
affected the growth rate of infrastructure and urbanization. Urban land markets were
largely ignored from 1954 to 1990. The 1993 Land Law established land markets in
Vietnam. This resulted to the rapid conversion of farmland to urban in many cities
around the country. Vietnam’s city and town classification system also enforced
urbanization. This system relates to the allocation of the public budget from the
central government for construction of urban infrastructure and other investments.
The recent changes in urban policies such as industrial development in the rural
fringe areas, the new dynamics of the private housing sector, and the commercial
redevelopment of the inner city also contribute to urban expansion in the city.

7.5 Implications for Future Sustainable Development

Sustainable city (eco-city) is one of the sustainable development goals adopted by the
United Nations. Cities cover only 3% of land surface of the earth, but they consume
most energy and release most emissions. The sustainability of cities can be measured
by a large number of indicators classified as social, economic, and environmental
indicator groups. In terms of future city development, city development indicators can
be used to measure different stages in the process of achieving sustainable city goals.
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Rapid population growth and built-up expansion strongly influence the future sus-
tainable development of Metro Hanoi. This section examines the relationships
between population growth, built-up expansion, and the future sustainable develop-
ment goals of Metro Hanoi. The current plan for Metro Hanoi is briefly reviewed.

7.5.1 Population Growth

In 2010, Vietnam had a population of 86.93 million (urban population: 26.22 mil-
lion; rural population: 60.70). It has been projected that urban population will
increase to 44 million in 2020 and 52 million in 2025 (MONRE 2011). Metro Hanoi
is one of the biggest cities of Vietnam in terms of total population. The current
population of Hanoi is about 6.4 million. It has been projected that Hanoi population
will increase to about 9.2 million in 2030 (GSO 2009). Population growth will lead
to rapidly increasing demands for lands for new residential areas and infrastructure
development projects. This will lead to infilling of new built-up patches in the core
districts of the city. The analysis of the PLAND and PD metrics indicates that
between 1989 and 2014 more new built-up patches were established in the distance
of about 10 km from the city center (Fig. 7.8). This implies that population growth
clearly influenced infilling process in the core districts of the city.

7.5.2  Built-up Expansion

The results revealed that the observed built-up expansion in Metro Hanoi includes
city boundary expansion and infilling process. The infilling process is characterized
by expansion of old built-up patches and a rapid decrease in green space patches
and public space patches in the core districts of the city such as Hoan Kiem, Tay
Ho, Hai Ba Trung, and Ba Dinh. Figure 7.8 shows that the PD of built-up lands
increased within the distance of the core district area between 1989 and 2014. The
results of the urban land change simulation also showed that the area of built-up
lands would increase substantially in 2020 and 2030. Also, the landscape pattern
analysis suggested that the simulated built-up patches in 2020 and 2030 would be
more aggregated as shown by the simulated increase in PLAND and decrease in
PD. However, PD would increase slightly from 2020 to 2030, indicating that some
patches of built-up lands would become more fragmented. These results suggest
that urban expansion under the current scenario would continue in the future.
Hence, current challenges will continue to persist. The expansion of the city
boundary of Hanoi has resulted in a rapid increase of new built-up patches like new
apartment buildings and new public facilities in the suburban districts of the cities
of Tu Liem, Ha Dong, Thanh Xuan, Long Bien, Gia Lam, Dong Anh, and Soc Son.

The expansion of Hanoi has plays a great role toward the achievement of
Vietnam’s socioeconomic development goals. However, rapid urbanization has
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negatively affected the quality of life, and the quality of urban air and surface
waters. Currently, Hanoi is dealing with air pollution, wastewater, and solid wastes.
These environmental issues affect the quality of urban life and sustainability of the
city. Air pollution in Hanoi is mainly caused by vehicles and construction activities,
as well as by suspended particulates, SO,, NO,, CO, and volatile organic com-
pounds from the manufacturing sector (Hung 2010). Wastewater is another serious
source of pollution in Hanoi. It is estimated that Hanoi discharges about
670,000 m® of wastewater each day, while only a small volume (7%) is treated each
day (MONRE 2012). Solid waste is also a major concern. In Hanoi, solid wastes
consist mainly of domestic solid waste (6500 tons per day), industrial solid waste
(1950 tons per day), and medical solid waste (15 tons per day) (MONRE 2011).

7.5.3 Current Development Plans

The infilling and expansion patterns of built-up lands in Metro Hanoi have resulted in
various sustainable development challenges. In responding to the challenges of rapid
urbanization, the Vietnam government approved the Hanoi region master plan 2020
and vision 2050 (Hanoi master plan). The master plan aims to control the infilling or
densification process in the core districts of the city and support the future sustainable
development goals of the Hanoi region (GOV 2008). The Hanoi region in the master
plan includes Metro Hanoi and its surrounding provinces consisting of Ha Tay, Vinh
Phuc, Hung Yen, Bac Ninh, Hai Duong, Ha Nam, and Hoa Binh. The region covers an
area of 13,436 km?. The total population of the region is predicted to reach 15 million
in 2020 and 18.2 million in 2050. The master plan highlights the aim to reduce or
minimize the infilling of new built-up patches in the core districts of Hanoi by building
nearby provincial cities. This means that Metro Hanoi and its satellite cities in the
neighboring provinces will be interconnected. In the master plan, Metro Hanoi will
serve as the center for politics, finance, commerce, research institutes, and high-tech
industries. Its satellite cities will serve as manufacturing centers. For example, Hai
Duong will be designed as the center for light industries and food processing indus-
tries. Hoa Binh City will be designed as the center for tourism services, and Vinh Phuc
as a center for industries and urban services. Bac Ninh, Hung Yen, and Ha Nam will be
the centers for heavy industries, light industries, and agriculture production.

In addition, in 2013 the Hanoi plan 2030 and vision 2050 (Hanoi plan) were
approved by the Government of Vietnam (GOV 2013). The Hanoi plan highlights the
strict conservation of old built-up patches and restricts the establishment of new
built-up patches as well as high-rise buildings in the core districts of the city. In terms
of the spatial arrangement of the city, the Hanoi plan indicates that Metro Hanoi will
include the core area (core districts of the city) and five satellite cities. Hoa Lac, Son
Tay, Xuan Mai, Phu Xuyen, and Soc Son are designed as the satellite cities of Metro
Hanoi. Each satellite city will play particular functions. Hoa Lac will be designed as
the center for high-tech industries, research institutes, and national universities. Son
Tay will serve as the center for tourism services, resort buildings, and cultural



7 Hanoi Metropolitan Area 149

activities. Phu Xuyen will be designed as the center for industries and food processing
industries, and Soc Son as the center for international gateway, hospital, and uni-
versity clusters. Ring roads and highways will be upgraded and constructed to connect
the central city with the satellite cities. The green buffers, which cover 70% of the total
area of the new Hanoi, can reduce overloading in terms of population density, con-
gestion, and urban services in the core area of Hanoi. This large green space and the
satellite cities are expected to contribute significantly toward the achievement of the
sustainable economic development goals of the new Hanoi. In terms of the sustainable
environmental goals of the new Hanoi, the plan emphasizes on the strict protection of
the city’s green spaces which include natural forests, urban green parks, rivers, and
lakes. The plan also emphasizes the building of solid waste recycling factories in
satellite cities and urban wastewater treatment factories. It also aims to improve
environmental monitoring activities concerning air pollution and water pollution.

7.6 Concluding Remarks

Based on the urban land use/cover change and landscape pattern analysis, it is
found that Metro Hanoi has undergone rapid urbanization over the past two decades
(1989-2014). The spatial expansion of built-up lands has been influenced by both
infill and extension development patterns. The expansion of the built-up area was
mainly driven by economic activities, population growth, urban planning, and
urban policies. The analysis of landscape metrics along the gradient of the distance
from the city center revealed that built-up patches were clearly more dense near the
city center, with discontinuously scattered pattern at distances farther from the city
center. The urban land change simulation indicated that built-up lands would
continue to expand in the future (2014-2030). The landscape pattern analysis
indicated that the simulated built-up patches would be more aggregated (2014—
2020). However, PD would increase slightly from 2020 to 2030, indicating that
some patches of built-up lands would become more fragmented.

In general, the rapid urbanization of Metro Hanoi, including its rapid built-up
expansion, has brought positive and negative impacts. On the one hand, Metro
Hanoi’s contribution to the national GDP has increased and the living standards and
urban services for most inhabitants in the city have improved. On the other hand, a
number of urban-related issues have emerged, such as rising land and housing prices,
traffic congestion, and urban pollution (air pollution and wastewater). Because of
these issues, the government of Vietnam approved the Hanoi master plan and the
Hanoi plan for future sustainable development. These plans aim to control the
infilling or densification process in the districts near the city center. In particular, the
Hanoi plan restricts the establishment of new built-up patches and high-rise build-
ings in the core districts near the city center. New built-up patches such as new
residences are only allowed in suburban districts. If the Hanoi plan is realized, the
infilling or densification process near the city center would be efficiently controlled.
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Chapter 8
Bangkok Metropolitan Area

Akio Yamashita

Abstract Bangkok, the capital city of Thailand, has a high density population and
viable economic prospects. According to the results of land use/cover change and
landscape metrics analyses, built-up area in Bangkok increased substantially
between 1988 and 2014. Built-up areas expanded almost evenly along the existing
urban areas in all direction. Urban growth process in Bangkok was dominated by
extension and densification. The land use/cover projection under the current sce-
nario indicates that built-up area will fill most area within 30 km from the city
center of Bangkok and that will also spread comparatively linearly and irregularly
to the outer edge of Bangkok. After the 1980s, the influx of foreign companies
including Japan promoted the development of Bangkok Metropolitan Region
(BMR). Such prominent urban development of Bangkok brought various urban
problems, such as traffic and water environmental problems. Countermeasures
against these problems are highly important for sustainable development in the
future.

8.1 Origin and Brief History

During the era of Ayutthaya Kingdom from 1351 to 1767, the capital Ayutthaya
was located to the north of Bangkok, about 60 km on the upper stream of the Chao
Phraya River. The capital city flourished as the trading center connecting India, the
Arab world, and China. Trading goods from the west were transported by land from
the west coast, Tenasserim, to Ayutthaya instead of taking a detour of Malay
Peninsula by ship, and then traveling down the Chao Phraya River to Gulf of
Thailand and heading for China. During those days, Bangkok was a front line base
for Portuguese hired troops to protect Ayutthaya. “Bangkok,” which means
“Makok-covered village” in local language, was an undeveloped wetland.
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In 1767, the Ayutthaya Kingdom was destroyed after the invasion of Burmese
Troops, after which Ayutthaya fell into ruin. Phraya Tak who fought off the
Burmese Troops ascended the throne as Taksin and set the capital in Thonburi
located at the downstream of Ayutthaya and right coast of the Chao Phraya River
(the Thonburi Kingdom). As the father of Taksin was a Chinese, he managed to
fight off Burmese troops with assistance from China. Thonburi was then chosen as
the capital, which was an advantageous place for trading with China. However, this
Thonburi Kingdom did not last for long. In 1782, Taksin was executed during a
coup inside the palace. Chao Phraya Chakri, one of military commanders, ascended
the throne (Rama I). He later moved the capital to Bangkok (Fig. 8.1), located on
the opposite side of Thonburi across the Chao Phraya River and named the place
Krung Thep (capital of angel). This is the beginning of the current Thai Royal
Family (Chakri Kingdom or Rattanakosin Kingdom) and local Thai people still call
Bangkok “Krung Thep” to this day. The purpose of moving the capital to Bangkok
was for protection from the threat of Burmese troops of the west. Bangkok was an
ideal land for defense as the Chao Phraya River is a natural fort and the east side is a
wetland.

By the early nineteenth century, Banglamphu Canal (Fig. 8.2) and Ong Ang
Canal were built outside of the existing Khu Mueang Canal built during the
Thonburi Kingdom, and along the canals, the castle walls were also built. Canals
played a big role of draining water from swamps, securing daily water for residents,
transportation, and defense of the capital. The area surrounded by these canals and
the Chao Phraya River is called Rattanakosin Island and forms the center of
Bangkok where the palace is also located. In 1853, Padung Krung Kasem Canal
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Fig. 8.1 Location and LandScan population of Bangkok Metropolitan Area, Thailand
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Fig. 8.2 Banglumpoo Canal. Source Author’s fieldwork (2006)

was built extending outside. As a result, the urban area of Bangkok extended twice.
This new canal was for transportation. During this time, the construction of major
roads including the current Rama IV Avenue became active. Given the swampy
conditions of Bangkok, ships were the main mode of transport. However, the arrival
of Europeans during the mid-nineteenth century promoted road construction in
Bangkok. Nonetheless, shipping still remains as one of the main means of trans-
portation in Bangkok today (Fig. 8.3).

Between the latter half of nineteenth century and the early twentieth century, the
modernization policies such as emancipation of slaves and revolution of local
administrative system were promoted. A centralized administrative framework
centered on royal family was built in Bangkok. This modernization, which was led
by the King, was to prevent Thailand from being colonized by European countries.
In 1932, Siamese revolution occurred and Thailand became a constitutional
monarchy (Tomosugi 1998, 2003). In the 1960s after World War II, rapid economic
development increased the population in Bangkok dramatically (see also Sect. 8.2)
and the urban area largely expanded (Fig. 8.4).

According to a temporal land use analysis based on old topographic maps
(Yamashita 2011), the built-up area in Bangkok until the 1950s was within a radius
of 5 km. However, the majority of the surrounding areas have already been con-
verted to agricultural land. Therefore, the area had almost no natural green land. In
the 2000s the built-up area expanded in a radial pattern to a radius of about 20 km,
especially to the eastern side of the Chao Phraya River (Fig. 8.5).
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Fig. 8.4 Overview of urban area in Bangkok. Source Author’s fieldwork (2006)
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8.2 Primacy in the National Urban System

The total population in Thailand grew from approximately 20.6 million in 1950 to
about 69.1 million in 2010 (UN 2015). The population has increased 3.4 times from
1950 to 2010 (Fig. 8.6). The total population in Bangkok was 1.4 million in 1950,
corresponding to 6.6% of the national population. However, the population in
Bangkok increased to 8.2 million in 2010, which was about six times more than that
of 1950 (Fig. 8.6). The urban population of Bangkok corresponds to 11.9% of the
total population in Thailand. The population growth rate of Bangkok is nearly
double that of the entire country during the past 60 years.

Figure 8.7 ranks the cities with a population of more than 300,000. This figure
shows that the population is mainly concentrated in the capital city Bangkok. The
second city, Samut Prakan (population of 1,490,000), is located next to Bangkok
and forms a part of Bangkok Metropolitan Region (BMR). Only these two cities
have a population of over 1 million in Thailand. Therefore, according to population
distribution, the urban system in Thailand is apparently a primate city type.

The large population in Bangkok is due to mass-migration from other areas into
Bangkok. According to Niwa (2010), many people migrated from the northern and
northeastern parts of Thailand to the Bangkok Metropolitan Region (BMR),
including the Bangkok Metropolitan Administration (BMA) and neighboring dis-
tricts. On the other hand, the Thai Government has introduced policies to redress
disparities between BMR and the other areas. However, the city remains dominant
given the high concentration of population and economic activities in Thailand.
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Fig. 8.6 Population increase ratio of Thailand and Bangkok. Source UN (2015)
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Fig. 8.7 Population and its rank of major nine cities in Thailand (2013). Source UN (2015)

8.3 Urban Land Use/Cover Patterns and Changes
(1988-2030)

8.3.1 Observed Changes (1988-2014)

Figures 8.8 and 8.9 show that built-up area in Bangkok increased substantially
between 1988 and 2014. The results of land use/cover change analysis indicate that
built-up area grew from 706.73 km? in 1988 to 2107.62 km? in 2014 (Table 8.1).
This means the built-up area of Bangkok almost tripled during the past 26 years.
The annual rate of built-up area expansion was 37.27 km?/year during the “1988—
1999” period (Table 8.2). However, the annual rate of built-up area change sig-
nificantly increased to 51.85 and 94.50 km*/year during the “1999-2009” and
“2009-2014" epochs, respectively (Table 8.2). The results of land use/cover
change analysis show that rapid urbanization occurred in Bangkok during the study
period.

According to Estoque et al. (2014) and Kamusoko (2017), various spatial
metrics for the built-up class, including the percentage of landscape (PLAND),
patch density (PD), Euclidean nearest-neighbor distance (ENN), related circum-
scribing circle (CIRCLE) and shape index (SHAPE), were analyzed (Table 8.3;
Fig. 8.10).

The PLAND metric increased from 5.91 in 1988 to 17.98 in 2014. Note that
built-up area occupied less than 20% of Bangkok even in 2014. Figure 8.10 shows
that while PLAND increased in all distance buffer zones, the percentage was higher
close to the city center.

The PD metric increased slightly from 1.11 in 1988 to 1.36 in 2009. However,
PD decreased substantially from 1.36 in 2009 to 0.35 in 2014 (Table 8.3). This
suggests that urban growth process was dominated by extension and densification.
The built-up areas expanded along the existing roads, canals, and settlements, and
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Fig. 8.8 Urban land use/cover maps of Bangkok Metropolitan Area classified from Landsat
imagery

also merged with suburban small built-up patches. Nevertheless, the PD metric
varied within the different buffer zones between 1988 and 2014. For instance, PD
within 15-20 km zone is lower in more recent years because built-up area in central
Bangkok has grown with aggregating existing fragmented built-up patches in this
zone. On the other hand, PD beyond distance zone 30-35 km has become high until
2009 (Fig. 8.10). This implies new built-up patches emerged outside the central
urban area in Bangkok.

The mean ENN decreased from 189.56 in 1988 to 173.64 in 2009. Nonetheless,
the mean ENN increased substantially from 173.64 in 2009 to 373.38 in 2014
(Table 8.3). This trend is related to the change in PD, which suggests that urban
growth process was dominated by extension and densification. For example, new
small built-up patches emerged outside the 30-35 km distance buffer zone. Note
that the mean ENN also tends to be higher with distance, particularly in 2014.



8 Bangkok Metropolitan Area

m Observed built-up expansion (1988-1999)

= Observed built-up expansion (1999-2009)
mm Observed built-up expansion (2009-2014)
IProjected built-up expansion (2014-2020)
0 Projected built-up expansion (2020-2030)

= Non-built-up
= \WVater

JBuilt-up (as of 1988)

159

N

ML L IKilometers

0510 20

Fig. 8.9 Observed and projected urban land use/cover changes in Bangkok Metropolitan Area

Table 8.1 Observed urban land use/cover of Bangkok Metropolitan Area (km?)

1988 1999 2009 2014
Built-up 706.73 1116.68 1635.14 2107.62
Non-built-up 11,246.93 10,806.37 10,225.53 9612.69
Water 1875.11 1905.71 1968.10 2108.45
Total 13,828.77 13,828.77 13,828.77 13,828.77

Table 8.2 Observed urban land use/cover changes in Bangkok Metropolitan Area (km?)

1988-1999 1999-2009 2009-2014
Built-up 409.96 518.46 472.48
Annual rate of change (kmzlyear) 37.27 51.85 94.50
Non-built-up —440.56 —580.84 —612.84
Annual rate of change (km*/year) —40.05 —58.08 —122.57
Water 30.60 62.39 140.35
Annual rate of change (kmzlyear) 2.78 6.24 28.07
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Table 8.3 Observed landscape pattern of Bangkok Metropolitan Area

Class-level (built-up) spatial metrics 1988 1999 2009 2014

PLAND (%) 591 9.37 13.79 17.98
PD (number per km?) 1.11 1.12 1.36 0.35
ENN (mean) (m) 189.56 185.55 173.64 373.38
CIRCLE (mean) (0 < CIRCLE < 1) 0.41 0.41 0.42 0.46
SHAPE (mean) (1 < SHAPE < 00) 1.25 1.25 1.25 1.29

The mean CIRCLE and SHAPE values showed little change between 1988 and
2014. This suggests a stable and less complex growth process because built-up
areas expanded almost evenly along the existing urban areas in all direction since
1988 (Fig. 8.9).

8.3.2 Projected Changes (2014-2030)

The land use/cover projection under the current scenario indicates that built-up area
will continue to expand in the future (Tables 8.4 and 8.5; Figs. 8.9, 8.11, and 8.12).
Especially, another wave of rapid urbanization will come during the 2020s. While
built-up area will increase from 2107.62 km” in 2014 to 2211.56 km” in 2020 with
annual rate of 17.32 km?/year, more 433.96 km? built-up area will expand between
2020 and 2030 with annual rate of 43.40 km*/year.

According to landscape pattern analysis (Table 8.6; Fig. 8.12), PLAND would
increase in all distance zones. The PD metric also shows the same tendency.
However, the mean SHAPE and CIRCLE values would likely decrease between
2020 and 2030 in the 5-30 km distance buffer zones. These simulated results imply
that built-up area will fill most area within 30 km from the city center of Bangkok
and that will also spread comparatively linearly and irregularly to the outer edge of
Bangkok.

8.4 Driving Forces of Urban Development

Bangkok is located in the Chao Phraya River delta, which is fertile. In the early
twentieth century, most of the land was used for cropping of rice (refer to Fig. 8.5).
On the other hand, the natural environment in Bangkok often caused flood damage
during the wet season. In the wake of the large flood in 1980, the Greenbelt was set
up in the east and west outskirts of Bangkok to restrict development activities and
absorb flood flow. However, the construction of Suvarnabhumi International
Airport (which opened in 2006) resulted in housing construction even in the
Greenbelt of east suburb.
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Primacy position of Bangkok in Thailand is extremely high (see also Sect. 8.2).
This is mainly resulted from strong centralized administrative structure centered on
the capital city Bangkok. Although, in Thailand, local authorities in cities, towns,
and districts were established by the 1950s, their authorities are still limited
(Tamada 2003). Since the 1990s, decentralization was promoted. However, polit-
ical primacy of Bangkok where the central government is located is still high. This
encouraged the prominent development of Bangkok. On the other hand, having a
look at Bangkok as a local authority, its area of the day when Bangkok city was
established in 1936 was 41 km?, but the administrative area has gradually expanded
according to the extension of wurban area. The Bangkok Metropolitan
Administration (BMA) area integrated surrounding areas in 1972 and covered
1569 km? (Hashimoto 1998). Such an extension of the administrative area and
centralization has elevated Bangkok’s financial and economic status. As a result,
the population expanded. To date, Bangkok Metropolitan Region (BMR) has
extended over its administrative boundaries including the neighboring provinces.

On the other hand, the increase of foreign investments to the suburban areas of
BMR promoted the expansion of built-up areas. In Thailand, after the 1980s, influx
of foreign companies including Japan has been active, and they focused on BMR as
a location. However, after the 1990s, many Japanese car industries moved to
suburban areas particularly east waterfront area, Samut Prakan Province or Chon
Buri Province (Ikuta 2011). According to Une (2009), one of the reasons for
gathering Japanese car parts industries to a suburban industrial estate is the zone
system based on Investment Incentive Regulation which gives more favorable
treatment to companies located farther from BMA. After all, such influx of factories
and accompanying growth of office functions and service industries in the suburb
enhances population migration from rural areas. As a result, it promotes the
development of extending BMR.

8.5 Implications for Future Sustainable Urban
Development

According to land use/cover change and landscape metrics analyses, the built-up
areas in Bangkok substantially increased since 1988. Urban growth process was
dominated by extension and densification. Furthermore, the projected land
use/cover change results indicate that built-up area will continue to expand in the
future. Such prominent urban development of Bangkok brought various urban
problems. Countermeasures against traffic and water environmental problems are
highly important for sustainable development of future Bangkok because the
problems are particularly severe in Bangkok.
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Fig. 8.10 Observed class-level spatial metrics for built-up along the gradient of the distance from
city center of Bangkok Metropolitan Area. Note The y-axis values are plotted in the same range as
those in Fig. 8.12
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Table 8.4 Projected urban
land use/cover of Bangkok
Metropolitan Area (kmz)

Table 8.5 Projected urban
land use/cover changes in
Bangkok Metropolitan Area
(km?)

2020

I Built-up

[ Non-built-up

B Water

163

2020 2030
Built-up 2211.56 2645.52
Non-built-up 9508.76 9074.80
Water 2108.45 2108.45
Total 13,828.77 13,828.77

2014-2020 |2020-2030
Built-up 103.93 433.96
Annual rate of change (km*/year) |17.32 43.40
Non-built-up —103.93 —433.96
Annual rate of change (kmzlyear) —17.32 —43.40
Water 0.00 0.00
Annual rate of change (km*/year) |0.00 0.00

2030

[ IKilometers
012525

50

Fig. 8.11 Projected urban land use/cover maps of Bangkok Metropolitan Area
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Fig. 8.12 Projected class-level spatial metrics for built-up along the gradient of the distance from
city center of Bangkok Metropolitan Area. Note The y-axis values are plotted in the same range as
those in Fig. 8.10
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Table 8.6 PijeCtes Class-level (built-up) spatial metrics | 2020 2030

st BBk 5
PD (number per km?) 0.64 0.82
ENN (mean) (m) 22556 | 200.85
CIRCLE (mean) (0 < CIRCLE < 1) | 0.54 0.54
SHAPE (mean) (1 < SHAPE < o0) 2.22 2.22

8.5.1 Traffic Problem

Compared with the continuous extension of built-up areas after the 1990s, the
provision of public transportation in Bangkok was delayed. As a result, the number
of car possession increased and traffic jam in Bangkok was the worst in the world.
According to Morisugi and Fukuda (1998), the number of car possession per capita
was 0.18 in 1989 but increased to 0.28 in 1993. As the price of fuel was also cheap,
car usage rate increased. Also in Bangkok, as shipping was the main traffic means
in the past, construction of main road network was delayed. Many streets were like
blind alleys, and caused chronic traffic jams. Facing these problems, starting from
the construction of the first phase Metropolitan Highway Network (27.1 km)
between 1982 and 1987, the second phase Metropolitan Highway Network and
inner ring road and outer ring road (National Route No. 9) and main road passing
Suvarnabhumi International Airport to Southeast Chon Buri (National Route No. 7)
were constructed. However, traffic jam during peak hours of commuting in the
morning and evening remains to be a problem. For future sustainable development
of Bangkok, as well as further road maintenance including widening of ordinal
roads as well as main roads, the strategies are necessary to reduce the amount of
traffic into the center. According to land use/cover change analysis, built-up areas in
Bangkok expanded with integrating the existing built-up patches. However, the
emergence of separated urban cores in the suburb should be expected in the future.

After the 1990s, construction of overhead railways and subways started. By
now, two overhead railways (Sukhumvit Line and Si Lom Line) and two subway
lines, and ARL (Airport Rail Link) connecting the center of Bangkok and
Suvarnabhumi International Airport have been established. The Bangkok Mass
Transit System Public Company Limited (BTSC), which manages overhead rail-
ways, has a large extension plan of public transportation which will cover the
extending urban areas of Bangkok by 2030. The company is also considering
introducing Light Rail Transit (LRT). If this extension of public transport network
is achieved, reduction of traffic jam and improvement of traffic convenience for
residence in extending urban areas is expected.
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8.5.2 Water Environmental Problem

Rapid expansion of impermeable built-up areas and population growth in Bangkok
caused serious water environmental problems. One problem is water contamination
in canals and rivers due to the undeveloped sewage system. The other problem is
land subsidence caused by over pumping of groundwater because of the increased
water demand. According to Yoshida (1998) and Yoshikoshi (2011), the coverage
of sewage system was only 2% in 1996, although main source of water contami-
nation is from industrial and domestic wastewater. As a result, the wastewater flows
out into the canals and rivers without cleaning well. Especially in the canals running
through central Bangkok, its contamination is so bad that some places have a zero
dissolved oxygen record (Fig. 8.13).

On another front, the amount of pumped groundwater increased dramatically
after the 1970s. According to Yoshikoshi (2011), the annual groundwater pumping
was about 700,000 tons in 1970. It increased to over two million tons in 1999. Due
to such increment of groundwater pumping, land subsidence problem came to the
surface. Particularly, in the existing built-up areas, the east part of the Chao Phraya
River, the total amount of land subsidence can be over 2 m. As an influence of land
subsidence, there are cases of leaning and cracking buildings (Fig. 8.14). Also,
advancing land subsidence increases flood damage during rainy seasons and pro-
longs the flood period. In order to address this land subsidence problem, the
government introduced regulation and the charging system on the amount of
pumping groundwater and the public water supply facilities sourced from rivers
were expanded and maintained (Endo 2010).

Fig. 8.13 Seriously polluted canal in central Bangkok. Source Author’s fieldwork (2006)
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Fig. 8.14 A cracked building by land subsidence. Source Author’s fieldwork (2009)

Even after taking such countermeasures for land subsidence, Bangkok was still
suffering from large flood damage in 2011, and it also had a drought in 2015 which
caused water shortages. Some measures to improve water quality of canals in urban
areas were taken (Fig. 8.15), but are still not enough. Against future expansion of
built-up areas, measures for water environmental problems are half way through as
well as expansion of public transport. It is necessary to control built-up expansion

Fig. 8.15 A signboard appealing canal water purification. Source Author’s fieldwork (2006)
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and to design a future land use/cover plan which is familiar with water environment
for sustainable urban development in Bangkok.

8.6 Conclusion

Bangkok is in an extremely high primary position as the capital city. It has a high
density population and viable political and economic prospects. Urban growth
process in Bangkok was dominated by extension and densification. The built-up
areas will continue to expand in the future. The formation of suburban centers in the
outskirts of BMR has progressed. However, the suburban centers can be included
into extended urban core and form single and larger urban areas in the future.
Countermeasures to stop such extension of BMR and excess concentration should
be taken. At the same time, extension of public transport network, road network,
and environmental infrastructure development like water supply and sewage sys-
tems are necessary to achieve sustainable urban development.
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Chapter 9
Yangon Metropolitan Area

Ronald C. Estoque

Abstract Yangon Metropolitan Area, also known as the Greater Yangon, is
Myanmar’s largest commercial center and home to the country’s former capital,
Yangon City. This chapter traces the origin and examines the urban primacy of
Yangon Region, the region where this metropolitan area is located. It also examines
the recent (1989-2014) and potential future (2014-2030) urban land changes, i.e.,
changes from non-built-up to built-up lands, in the metropolitan area using
geospatial tools and techniques. Finally, it discusses some of the possible key
factors influencing the urban development of the area and the potential implications
of its rapid population growth and urban land changes to its future sustainable urban
development. The analysis showed compelling evidence for Yangon Region’s ur-
ban primacy over the other regions/states in the country based on population
density and proportion of urban population. Over the past 25 years (1989-2014),
the area of built-up lands in the study area has increased more than threefold. The
geographic location and landscape characteristics of the metropolitan area and its
population growth and status as the largest commercial center in the country and the
home of the country’s former capital city are hypothesized to be among the key
factors influencing the spatiotemporal patterns of urban land changes and the
overall urban development of the area. The simulated urban land changes indicated
that built-up lands would continue to expand in the future (2014-2030) under the
influence of infill and sprawl development patterns. The intensifying pressure of
urbanization due to rapid population growth and urban land changes poses many
challenges that need to be considered in sustainable urban development and land-
scape planning.
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9.1 Origin and Brief History

Yangon Metropolitan Area, also known as the Greater Yangon,1 is located in
Yangon Region, one of the 15 current states/regions of Myanmar. The region’s
capital is Yangon City, which is also the former capital city of the country. Greater
Yangon is geographically located between around 17° 06’ and 16° 35'N latitude
and between 95° 58" and 96° 24’E longitude, east of the Ayeyarwaddy River delta,
once known as “the rice bowl of Asia” (Fig. 9.1). Yangon City is located 34 km
upstream from the mouth of Yangon River, in the Gulf of Martaban of the
Andaman Sea. In 2012, agricultural lands occupied 51% of the Greater Yangon,
while urbanized lands occupied 22% (JICA and YCDC 2013).

This section briefly describes the origin and history of Yangon Region, in which
the study area is located, based on the Yangon Region historical context, a section
of the United Nations Development Program’s publication, entitled Local
Governance Mapping—The State of Local Governance: Trends in Yangon (UNDP
2015). The reader is referred to this source for a more detailed account of the origin
and history of the region.

According to the Yangon Region historical context (UNDP 2015), the Mon
people® were the first to inhabit the area where the current Yangon Region is
located. The region thus became part of various Mon kingdoms, which were also
responsible for the establishment of the origins of Shwedagon Pagoda and the
foundation for the city of Dagon, which later became Yangon. Nowadays, the
Shwedagon Pagoda is Yangon’s most famous landmark. After 1057, the place came
under the control of Burman kingdoms.

In the early 1850s, following the second Anglo-Burmese War, the entire “Lower
Burma,” i.e., including today’s Ayeyarwady, Yangon, and Bago Regions, came
under British colonial rule. During the British period, Yangon Region was inte-
grated into British India as Hanthawaddy district and part of Pegu (i.e., Bago)
Division. Yangon, then called Rangoon by the British rulers, was designated as the
administrative center. During the 1920s and 1930s, Rangoon emerged not only as
an administrative center, but also as a political center. It also became one of
Southeast Asia’s important cities, prominent in various aspects, such as architec-
ture, culture, transport and logistics, and economic development.

In 1948, Yangon became the center of Burma’s independence movement and the
capital of the Union of Burma. Following independence, Yangon Division, formerly
Hanthawaddy sub-division, became a regular division, centrally administered by the
newly independent Burma. After World War II, Yangon continued to grow. However,
due to housing problems, slums and squatter settlements also emerged. During the

"The Greater Yangon (with an area of 1500 km?) includes Yangon City (with an area of 784 km?)
and parts of the six neighboring townships of Kyauktan, Thanlyin, Hlegu, Hmawbi, Htantabin, and
Twantay (JICA and YCDC 2013) (see Fig. 5.15).

>The Mon people are an ethnic group from Burma (Myanmar). They were believed to be among
the first groups of people to inhabit Southeast Asia (Indochina).


http://dx.doi.org/10.1007/978-981-10-3241-7_5

9 Yangon Metropolitan Area 173

QS‘CII'O"E 100°I0‘O‘E

)

4

20°0'0"N+

-20°00°N
10
C—Jkm ’X
R 2010 LandScan Population
i B 1-1000
s
10°0'0"N Myanmar Y —— E ;gg} :38% 1 No Data
! E 4081 - 5138380 @ City center
95°00°E 100°00°E 0009 —— Major roads

Fig. 9.1 Location and LandScan population of Yangon Metropolitan Area, Myanmar

1950s, while a number of nearby towns were still being built, Yangon City was
already among the most cosmopolitan and globalized cities in Asia.

Under the 1974 Constitution of Burma, “states” and “divisions” had the same
status. Thus, Yangon Division became a major administrative component of the
“Socialist Republic of the Union of Burma,” which was then composed of seven
states and seven divisions. While the central government had the overall control,
people’s councils were also introduced. However, the participatory nature of the
governing structure was essentially removed with the suspension of the 1974
Constitution in 1988 and when the country was under direct military control.

In 2002, the construction of the new national capital Naypyitaw in Pyinmana
Township of Mandalay Division was initiated. Between 2005 and 2006, some
government offices and staff were transferred from Yangon to the new capital,
though a number of government offices were retained in Yangon. In May 2008, a
national referendum for the new Constitution was held. Under the new Constitution,
Yangon Division became Yangon Region. As a major administrative component of
the now known Republic of the Union of Myanmar, Yangon Region has an equal
status with the other country’s states and regions.

Today, the world-famous architectural heritage of Yangon City, including the
colony’s administrative buildings, industrial and commercial centers, and main
transport infrastructure, is considered an important legacy of the British colonial
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government. Most of present-day urban structural arrangements and features have
their roots during the colonial period. Based on the latest statistics, Yangon Region
accounts for more than 14% of the national population (Census Report 2015) and
22% of the gross domestic product (GDP) of the country (JICA and YCDC 2013).
Figures 9.2, 9.3, and 9.4 show some snapshots of Yangon.

rlfnn-im'-sgm:w ~4
AR AR

Fig. 9.3 Chinatown in Yangon City, Myanmar. Source Yuji Murayama’s fieldwork (2011)
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Fig. 9.4 Urban development on the outskirt of Yangon City, Myanmar. Source Yuji Murayama’s
fieldwork (2011)

9.2 Primacy in the National Urban System

The Republic of the Union of Myanmar, commonly known as Myanmar and for-
merly known as Burma, is one of the 11 sovereign states or countries in Southeast
Asia. In terms of land area, it is ranked 39th worldwide and second in Southeast
Asia (UN 2013). As of 2014 census, Myanmar is ranked 28th worldwide and fifth
in Southeast Asia with a population of 50.28 million (Census Report 2015; World
Bank 2015a). In terms of population density, Myanmar with 82 people per km? is
ranked 118th worldwide and eighth in Southeast Asia (World Bank 2015b). It also
has an urban population of 14.88 million, i.e., 29.6% of the country’s total popu-
lation (Census Report 2015).

According to the United Nations (UN), the territorial spread of cities of different
sizes across the whole territory of one country constitutes a national urban system
(UN 2015). Such a system can be linked to the organization of the government at
various levels: national, regional, and local levels (Kim and Law 2012; UN 2015).
Administratively, Myanmar is officially divided into 15 states/regions, 74 districts,
and 412 townships/sub-townships (Census Report 2015). The five largest cities in
Myanmar based on total population in 2014 are the following: Yangon with 5.21
million (State/Region: Yangon), Mandalay with 1.23 million (State/Region:
Mandalay), Naypyitaw—the national capital—with 1.16 million (State/Region:
Naypyitaw), Bago with 0.50 million (State/Region: Bago), and Hpa-An with 0.42
million (State/Region: Kayin) (Census Report 2014).

This section examines the urban primacy of Yangon Region across the whole
country of Myanmar. Urban primacy indicates the degree of dominance of one
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urban area based on population, economy, and urban functions and services
(Estoque 2017). However, due to data constraints, only population-related indica-
tors were considered, namely total population, population density, and urban
population based on the latest population and housing census data (Census Report
2015). More specifically, these indicators were used to compare Yangon with the
other regions/states in the country.

Figure 9.5 shows that Yangon is among the smallest regions/states, accountin