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Preface

This report on sustainable development of cities in Asia and Latin America is 
part of the Asian Development Bank (ADB) and Inter-American Development 
Bank (IDB) joint project on Enhancing Knowledge Sharing and South–South 
Cooperation between Asia and Latin America. Among other topics where 
cooperation is explored, urbanization was seen as a key issue because the process 
is expected to continue for both regions as incomes and economies grow. 

Urbanization is a result as well as a driver of growth. Opportunities for 
bettering one’s income and stature tend to be more plentiful in cities, while 
the concentration of resources and talents in a geographical area allows for 
higher productivity in the employment of resources. The rush of people and 
economic activities into cities, combined with the limited capacities and 
experience of developing country governments, has often been accompanied 
by negative externalities such as pollution, congestion, slums, and damage to 
the environment and ecosystems. As the two regions still struggle to deal with 
the consequences of past and continued urbanization, the question arises: Are 
there ways of optimizing the benefits of cities, while minimizing or altogether 
avoiding their negative externalities? In other words: How can sustainable 
urban development be achieved?

Realizing the goal of sustainable living in cities involves understanding 
and tracing the pathways of resource consumption and waste generation in 
cities or what is generally termed urban metabolism. The concept of urban 
metabolism informs how economic activities, urban form, and infrastructure 
influence the metabolic process of a city. This information will be of immense 
value to urban planners and policy makers for taking advantage of industrial 
synergies, planning new infrastructure investments or reconfiguring existing 
ones, prioritizing institutional investments, etc. Having well-planned and 
managed cities directly improves the well-being of urban denizens and the 
environment. But it is also a wise investment from a fiscal point of view in 
terms of savings on costs related to accidents, health hazards, time resources, 
and longevity of physical capital investments. This comparative report is but 
a first step in placing Asian and Latin American cities into such a framework. 
It is in this context that ADB and IDB are collaborating, to respond to and 
anticipate their developing member countries’ needs for meeting the 
challenges of urbanization in a sustainable way. 
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That the process of massive urban expansion started and occurred 
during different periods in Asia and Latin America offers opportunities 
for each region to learn from the other’s experiences. Latin America is the 
most urbanized developing region in the world and experienced the fastest 
expansion from the 1950s to early 2000. Governments in the region have 
long experience with assisting the urban poor, including through provision 
of housing and the now widely adopted conditional cash transfer programs. 
Asia, however, is a late comer—its urbanization started accelerating in the 
1980s, and is expected to continue the fast paced expansion well into the next 
3 decades.  Because Asia is highly populous and has experienced sustained 
growth for the last 3 decades, its urbanization gave birth to some of the 
largest and densest cities in the world, supported by massive investments in 
infrastructure. 

Historically, urbanization is generally far from being a consciously 
planned, deliberate, and anticipated process. Rather, governments tend to 
react and discover accompanying problems when coming face to face with 
them.  But the bright side of the story is that the two regions are home to the 
most dynamic countries in the world and that will dominate the narrative of 
growth and development of the recent past and the foreseeable future. This 
dynamism offers hope for designing solutions because information is now 
far more readily available than when the high-income countries of today 
underwent their urbanization processes. 

The first part of this report introduces motivation for the comparative 
report. The second part describes the processes of urbanization in Asia and 
Latin America and the resultant urban forms. Section three analyzes the 
urban metabolism of cities in the two regions and broadly classifies them 
based on resource consumption. Section four discusses how infrastructure 
can influence the metabolic process in cities. Section five discusses the role of 
governance, and the last section summarizes and concludes with the lessons 
learned from the two regions. 

Juzhong Zhuang
Deputy Chief Economist
Economics and Research Department
Asian Development Bank

Jose Juan Ruiz
Chief Economist
Inter-American Development Bank 
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1 introduction
Cities have been at the center of social and economic interaction for as long as 
human civilizations have existed. The expansion of cities in the 20th century 
has been phenomenal, and now a majority of the world’s 7 billion people are 
living in urban areas (UNEP 2013). As centers of growth and activity, cities will 
continue attracting more people. The urbanization trend continues even as 
technological developments have made physical distance less constraining for 
a wide array of economic activities. At the same time, urbanization has been 
a powerful force for economic growth and poverty reduction. By bringing 
resources into geographical proximity, urbanization enables agglomeration 
effects to be realized, making cities extremely productive and a potent source 
of innovation and creativity. 

The end of the 20th century 
has seen the pace of urbanization 
accelerate in both Asia and Latin 
America, outpacing the rate 
at which the process has been 
unfolding globally (Figure 1). 
Urbanization levels are projected 
to increase continually in both 
regions. Thus, the world’s 
urban population will increase 
substantially, given that Asia and 
Latin America were already home 
to more than half the world’s 
urban residents in 2010. 

As of 2010, Asia and Latin America had 16 of the world’s 22 
megacities—12 in Asia and 4 in Latin America—(megacities are cities with 
populations exceeding 10 million). And the number of megacities is expected 
to rise considerably by 2025, to 20 in Asia and 6 in Latin America (Figure 
2). Asia is already home to almost half the world’s urban residents and its 
urban population is more than three times that of Europe—the region with 

Source: ADB (2012).
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the second largest urban population. Meanwhile, Latin America is the second 
most urbanized region after North America and has the highest urbanization 
rate in the developing world (well ahead of Asia). Nearly 80% of Latin 
America’s people now live in cities; consequently, city dwellers provide the 
bulk of the region’s demand for housing and social services. The region’s 198 
cities that each have populations of 200,000 or more currently host a total 
of 260 million people and have a combined gross domestic product (GDP) of 
$3.6 trillion (McKinsey 2011). By 2025, Latin American cities are expected to 
have 315 million inhabitants and to generate 65% of the region’s GDP, which is 
estimated at $3.8 trillion (McKinsey 2011). Even though the region has already 
undergone the wave of urbanization that most other developing regions are 
expected to experience in the next 15 years, Latin America will experience 
important changes in income, population, and household formation patterns 
in the coming decades (Bouillon 2012). 

Rapid urbanization often means that governments are ill prepared 
to handle the negative spillovers or to maximize the benefits that usually 
accompany the process. The combined characteristics of speed and density 
mean little time for adjustment or learning. The virtual permanence of built-
up areas also means that the growing size and number of megacities may 
continue to be difficult to manage, and high population density leaves urban 
populations vulnerable to catastrophic events and diseases.

Already, accelerated urban growth in developing countries has worsened 
cities’ local environmental problems. People experience significant difficulties 
in their daily lives as a consequence of air quality deterioration, traffic 
congestion, noise pollution, and the unsustainable use of limited land resources. 
As a result, the increasing demands and outputs of human activities exceed 
environmental capacities (Donatiello 2001). The capacity of many urban areas 
is overstretched by the demands of human activity, increasing the need for and 
threatening the quality of basic services. These challenges are compounded 
by higher inequality, congestion, and expansion of slums (lower quality or 
informal housing). As a result of this lower quality of life, governments must, 
as a high priority, formulate policies that have environmental protection as an 
integral part of them. 
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But just as urbanization poses incredible challenges to economies, it 
also has the potential of solving many of the environmental and sustainability 
issues faced by the world because of the sheer influence cities have on resource 
management and use. UNEP (2013) estimates that, as of 2005, 75% of global 
energy and material consumption was accounted for by cities—which cover a 
mere 2% of the world’s land area. Agglomeration makes it possible for cities to 
be more productive than rural areas: 80% of the world’s output, measured in 
GDP, is generated in cities (UNEP 2013). Agglomeration also enables synergies 
in ideas and industries. Bettencourt et al. (2007) show that a 1% increase 
in population in cities leads to a 1.13%–1.34% increase in GDP and in other 
indicators of innovation, such as the number of new patents and the number 
of research establishments. Moreover, urbanization is often associated with 
the development of the service sector, which generally pollutes less than 
manufacturing; facilitates innovation (including for green technologies); and, 
under intelligent regulation, prompts traditional manufacturers to relocate 
away from major city centers. A high density of people and activities helps 
economize on the per capita provision of infrastructure and basic services 
such as health, education, piped water, sanitation, and solid waste disposal. 
A 1% increase in city population only needs 0.77%–0.83% of infrastructure 
expansion to service the expanded population (Bettencourt et al. 2007). 
Finally, rising educational attainment, an increasing middle class, and 
declining birth rates are typically associated with urbanization and can have 
broadly beneficial implications for resource use and the environment.

Cities in developing countries are currently subject to a variety of 
problems associated with the provision of basic needs, increasing rates of car 
and land use, and rising consumption of energy and water. Cities face challenges 
from both over- and under-consumption, which differ by socioeconomic 
group and across geographical boundaries within cities. Growing urban areas 
require better regulation, investment, and spatial and sector planning in the 
medium and long term, based on the main principles and criteria of sustainable 
urban development. Planning, regulation, and investments for the cities of the 
future should incorporate and foster innovations in technology, materials, and 
processes, as well as “best practices” and the empowerment of groups within 
urban society.
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There is a growing recognition that sustainable conditions of urban 
development are an input as well as a result of economic development 
(Monkkonen and Ronconi 2013). Therefore, this report focuses on the physical 
aspects of the environmental sustainability of urbanization more than on the 
social or economic aspects. Urban sustainability is the capacity of a territory to 
sustain a development model that balances economic growth, environmental 
protection, and social integration, while upholding endogenous capacities, 
territorial autonomy, and resource availability. By attaining such balance, 
cities can fulfill their potential roles as mechanisms for addressing growing 
environmental challenges faced by local as well as global communities 
(Kennedy et al. 2012). 

Sustainability is a pressing issue for Asia and Latin America, both of 
which are expected to continue urbanizing. Already, slum dwellers accounted 
for close to 30% of the urban population in the late 2000s,1 implying that a 
substantial part of the urban population lacked access to basic sanitary services. 
In Asia, this translates to close to 500 million slum dwellers, and almost 408 
million people without access to improved sanitation facilities. The figures 
are equally discouraging for Latin America, where almost 24% of the urban 
population, or 115 million Latin Americans, are slum dwellers (ECLAC 2013). 

Pollution and pollution-related health problems are among the most 
conspicuous aspects of the sustainability issue in the two regions. Figure 3 
shows that, of the cities monitored by the World Health Organization (WHO) 
from 2007 to 2010, particulate matter (PM) in the air of 42 Latin American 
cities had PM10 exceeding the 40 micrograms per cubic meter (μg/m3) 
threshold prescribed the European Union as safe.2 In Asia, 116 cities exceeded 
the European PM10 threshold. Almost all cities in both regions exceeded the 
recommended WHO threshold of 20 μg/m3, and had some of the highest 

1 Estimated using data from the UN Millennium Indicators Database Online (UN 2013a), and the 
World Development Indicators (World Bank, WDI database). Both databases were accessed on 3 
September 2013.

2 Data are from the WHO Outdoor Air Pollution in Cities Database (WHO 2011), accessed 3 September 
2013. PM10 refers to “the fraction of particulates in air of very small size (<10 micrograms µg). They 
are small enough to penetrate deep into the lungs and so potentially pose significant health risks” 
(European Commission 2013). 
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concentrations in the world. Asian cities such as Beijing, Delhi, and Mumbai 
have triple the amount of air pollution considered tolerable by the European 
Union. Greenhouse gases (GHGs) tend to exacerbate air pollution. More than 
half the world’s most polluted cities are in Asia, and air pollution contributes 
to half a million deaths a year in the region. Addressing these issues and 
anticipating them should be a priority. With populations living in urban areas 
continuing to expand in the two regions, the negative effects of challenges 
to sustainability will become even more dire if they are not addressed and 
managed. 

In this context, both the Asian Development Bank (ADB) and the Inter-
American Development Bank are supporting research needed to develop a 
rigorous and quantitative characterization of urbanization patterns. The aim 

DF = federal district, EU = European Union, PM10 = Particulate matter with diameter of 10 micrograms or less, 
WHO = World Health Organization.
Note: Annual mean PM10 (Particulate matter with diameter of 10 μm or less). 
Source: WHO (2011).

Figure 3  Annual Mean PM10 for Selected Cities
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is to use the results to identify the mechanisms that link urban patterns to the 
character and intensity of urban resource consumption and waste generation. 
This in turn can inform policy makers of bottlenecks that result in inefficient 
resource consumption and waste generation. 

Glaeser (2013) points out that the massive expansion of urbanization in 
the high-income countries and that of the developing world started in very 
different contexts. Whereas the West started the process in relatively closed 
economies with wealth preceding urbanization, the process in the developing 
world commenced and is continually occurring in the context of more open 
economies, and is usually unfolding faster than income and governance 
institutions can support. The different periods and contexts in the last half of 
the 20th century, when the rapid expansion of urban areas took place in Asia 
and Latin America, therefore offers a unique opportunity for the two regions 
to learn from each other. 
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2 characterizing urban Form 
This section describes the dynamics of urban form in Asian and Latin 
American cities, focusing on the key attributes of urbanization, decongestion 
and suburbanization, fragmentation, and dispersion. 

Urbanization refers to the increase in the shares of urban populations 
over time. Figure 4 shows that the process is an older phenomenon in Latin 
America, which also displays a higher level of urbanization. While Latin 
America took 2 centuries to achieve a 50% level of urbanization, the region 
took only 55 years more to have 80% of its population living in cities, a much 
faster urbanization rate than that of North America or Europe. Asia started 
urbanizing much later, but the speed and intensity of the process in Asia has 
also been remarkable. From 1980 to 2010, Asia added over a billion people to its 
cities—more than all other regions combined—with a further billion set to be 
city dwellers by 2030. The People’s Republic of China (PRC) transitioned from 
10% of its population in urban areas to 50% in just 60 years—a process that 
took 210 years in Latin America and the Caribbean. Moreover, Asia’s urban 
population is projected to continue growing faster than that of other regions. 

Note:  Extrapolation and interpolation were used to estimate urbanization level and corresponding starting 
 years for Latin America and the Caribbean and Northern America.    

Sources:  Estimates based on Bairoch (1988) and UN (2013b). 

Figure 4  Years to Progress from about 10% to 50% Urbanization
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As of 2010, Asia and Latin America were home to the densest cities in 
the world, with average city populations of 9.4 million in Asia and 4.6 million 
in Latin America (EIU 2012). The density of Asian cities, in particular, stands 
out, as is evident by the number of blue columns in Figure 5a. Nonetheless, 
Figures 5b and 5c show that urban density has declined and is projected to 
continue doing so in cities throughout the region, though this is primarily 
due to expansion of physical urban areas rather than a decline in the urban 
populations. The reduction in densities has been particularly striking in 
Ho Chi Minh City, Kolkata, and Manila. Decreasing population densities in 
Asian and Latin American cities calls for careful management to optimize 
infrastructure investment.

Countries in Asia and Latin America have experienced an increasing 
“metropolitanization”—the physical expansion of urban areas. Angel et 
al. (2005) observed that all Asian and Latin American cities in their study 
increased their built-up area during 1990–2000. This massive expansion 
has resulted in new mega urban forms, with new externalities that arise 
from the networks of centers and urban systems that operate on different 
scales (Dematteis 1998). The expanded metropolitanization reflects two 
separate processes: the expansion of big cities into adjacent areas and the 
interconnection of preexisting towns (De Mattos and Fuentes 2012b). This 
implies that some of the biggest urban areas “are evolving from monocentric 
agglomerations to more complex systems made of integrated urban centers 
(cores) and subcenters. In other territories, a considerable number of cities 
and towns are increasingly linking up, forming polycentric integrated areas” 
(OECD 2012b: 20).

Indeed, most cities have expanded horizontally faster than vertically, as 
technological capacities have reduced the barriers to interaction determined 
by distance. Glaeser and Kohlase (2003), for example, estimate that intercity 
transport costs in the United States declined by 90% during the 20th century. 
Other factors fueling urban expansion in recent years include re-invigorated 
road-building activities, low-density suburban development, distant public 
housing projects, and squatter settlements at the urban fringe. An increasing 
number of industries, and hence settlements, also sprang up on the outskirts 
of cities as land prices in urban centers tend to be exponentially higher and 
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Figure 5  City Population Densities
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the assembly of small parcels more difficult than in peri-urban areas. Thus, 
developers may consider locating outside a city if adequate transport facilities 
and infrastructure are available. 

In the broadest sense, the configuration of cities is largely determined by 
geography and history. Cities traditionally emerged in areas that were easily 
accessible through waterways and had reliable supplies of basic needs such 
as water or fertile land. Hence, the cities tended to be located in the plains 
or near waterways, and from there, grew to their current size and form. But, 
since the industrial revolution, technology has played an increasing role in 
influencing urban form. An empirical investigation of 120 cities by Angel et 
al. (2005) identifies urban population, income, and linkages via air transport 
as primary drivers of urban land area expansion—a 100% increase in each 
of these factors can expand urban area by 66%, 50%, and 12%, respectively. 
As a result of increased access to information, policy tools (such as land and 
building taxes, zoning, and regulations; reconfiguration of infrastructure; 
and governance) also influence urban form, and therefore the efficiency of 
cities. Hong Kong, China; Singapore; and Tokyo all demonstrate how using 
these policies to engender an environment where human capital is harnessed 
to work collaboratively can make for successful as well as sustainable cities 
(Glaeser 2011). 

Urban form and the spatial pattern of land use influence the way cities 
use and generate resources and waste, and ultimately the quality of life of 
city dwellers (Dempsey and Jenks 2010). Forman (2008) established that two 
general patterns of urban growth yield particularly favorable results—“satellite 
cities” and “compact concentric zones.” These patterns help preserve large 
patches and corridors of green space for ecosystems while at the same time 
providing for human development. Other patterns of urban growth, such as 
urban sprawl, produce less optimal results. This pattern, “which jumbles 
together fine-scale patches of people and nature on the land is one of the 
least attractive designs. In addition to conserving fewer large patches of land 
for ecosystems, sprawl tends to increase vehicle miles driven by commuters, 
resulting GHG emissions, and infrastructure costs” (UN–HABITAT 2011c: 
2). The greater dispersion of population makes it difficult to concentrate 
enough demand to efficiently deliver public services (OECD 2012a). In Asia’s 
dense cities, with critical masses of people in relatively small areas, supplying 
essential services such as piped water and sanitation is less complex and more 
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cost effective than in dispersed settlements. Asia’s late-comer advantage, plus 
developments in transport and communications technology, facilitate linkage 
and distribution of economic activities in new spatial patterns, mixing city 
center density with new frontiers in an innovative pattern of city systems. 

Figure 6 shows the built-up areas of six Asian cities. The boundaries 
between the amber and gray areas distinguish the metropolitan areas, and 
the red areas represent the built-up or impervious portions of the metropolis. 
Based on these snapshots and analysis of spatial metrics by Ferrao et al. 
(2013) and an analysis of population density, Bangalore, Manila, and (to lesser 
extents) Bangkok and Shanghai exhibit concentric patterns of formation 
while Ho Chi Minh City and Seoul tend to exhibit satellite patterns. In 
Manila, the pattern evolved with 98% of its population growth from 2000 to 
2010 taking place outside of the core city, so that the urban built-up area now 
exceeds the jurisdictional boundary of the Metropolitan Manila Development 
Authority. The same phenomena have been observed in cities in the PRC 
and Mexico, where administrative boundaries adjusted as a response to the 

Note: Scales are not standardized.
Source: Ferrao et al (2013).

Figure 6   Spatial Analysis of Selected Asian Cities

Pervious surface WaterImpervious surface

6a. Manila Metropolitan Region 6b. Ho Chi Minh Metropolitan Region 6c. Bangkok Metropolitan Region

6d. Seoul Metropolitan Region 6e. Bangalore Metropolitan Region 6f. Shanghai Metropolitan Region
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expansion of contiguous built-up areas stemming outward from the core. 
Still, general patterns of concentricity or satellite form alone do not give 
conclusive information on the actual sustainability of a city’s urban form. 
For example, the supposedly “optimal” concentric patterns observed in 
Bangkok and Manila belie the fact that intense human activities are taking 
place in purportedly ecologically sensitive areas and along limited access 
thoroughfares, contributing to environmental degradation and to the over 1.3 
million traffic accident cases globally per year (UN–HABITAT 2011c). 

In the Seoul Metropolitan area (SMA), population density at 10,400 
people per square kilometer (km2) is among the highest of the world’s affluent 
urban areas, exceeded only by Hong Kong, China. From 1950 to 2010, the SMA 
added over 20 million people (Cox 2011). The speed of its population expansion 
has been unprecedented except in Tokyo–Yokohama. Figure 7 shows how the 
urban areas have evolved in a span of 18 years. The satellite pattern is easily 
discernable, and is part of a conscious government effort to decongest the core 
city. The area now accounts for 40% of the SMA’s population, down from a 
peak of 62% in 1970. A significant portion of heavy manufacturing industry 
in the SMA is in the northwest (Incheon), for easy access to deepwater 
ports (Ferrao et al. 2013), supported by accompanying investments in well-
connected transport systems. This has allowed for a satellite pattern of 
development. Statistics Korea (2010) predicts that the SMA population will 
continue to expand, from 24 million people in 2010 to more than 31 million by 
2030, although most of the increase will occur in Incheon and Gyeonggi. 

Source: Kim (2012).

7a Republic of Korea 7b Built Up Area 1985 7c Built Up Area 2003

Figure 7  Evolution of Built-up Area in Seoul

Incheon

Seoul

Gyeonggi
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In Latin America, the development of urban land uses in the Metropolitan 
Region of Rio de Janiero (“metropolitan Rio”) has taken place with decreasing 
density, following the transformation of rural and undeveloped areas into 
urban land. In 1975, metropolitan Rio covered about 434 km2 of land and the 
urban resident population was about 8 million people, for a density of over 
18,000/km2. But, between 2001 and 2010, the total urbanized area jumped 
from about 1,200 km2 to 1,700 km2, an incorporation of about 55 km2 per year 
into urban uses in a nonplanned process. The annual growth rate was almost 
5 times the population growth rate, so that metropolitan Rio’s density in 1975 
was three times that in 2010. This rapid expansion is shown as a pink shade in 
Figure 8a. The expansion from 1975 to 2001, while also substantial, occurred 
over a longer period of time and is represented by the pastel yellow shade.

The effect of both irregular and lower density development in 
metropolitan Rio is illustrated in Figure 8. Figure 8b maps the densities of 
different metropolitan areas. The irregular occupation of often unsuitable or 
environmentally sensitive areas and low-density uncontrolled plot schemes 
in the periphery, and densification of neighborhoods with better services and 
amenities can be explained in part by market forces operating in the context 
of insufficient land-use planning, regulation, and control, and the absence of 
intelligent public housing programs. Figure 9 illustrates the patterns of low-
income settlements in metropolitan Rio. The image on the left shows informal 
settlements that arose in fringe areas in low densities, but without access to 
major infrastructure. The picture shows irregular plots of 300 meters or more 
in the periphery of metropolitan Rio—550 km2 were developed in the city’s 
periphery in this manner during the previous decade (Gemal et al. 2014). The 
image on the right shows a dense slum (favela) in a sensitive and high-risk 
area subject to flooding, and such slums were often built in land reserved for 
preservation.

The middle and upper classes, both in the metropolitan core, i.e. Rio’s 
central districts, and in the conurbation that represents the actual megalopolis 
of metropolitan Rio, are presently the target of high-rise private redevelopment 
in the traditional neighborhoods, with the best services and amenities, as 
well as new private resort-type condominiums, i.e. closed, isolated, low- and 
average-density development patterns.
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Mexico City, one of the heavily populated cities in Latin America, has 
likewise experienced de-densification of 60% during a span of 3 decades. 
The city’s population increased 40% between 1980 and 2010, while the 
metropolitan area expanded by 250% (SEDESOL 2011). Figures 10 and 
11 demonstrate the physical evolution of Mexico City during 4 centuries, 
following a concentric pattern. The enlargement of the metropolitan area 
imposed major transformations in the surrounding rural and urban centers, 
generating growth and development in the region. The use of land surrounding 
small towns changed when it was acquired by industries established outside 
the city. The natural environment of the formerly sparsely populated areas 
became housing land and recreational space for increasing numbers of city 
dwellers and traditional land use changed with little deliberate or adequate 
planning. In effect, Mexico City’s growth promoted the urbanization of 
the municipalities of Cuernavaca, Pachuca, and Toluca, which are beyond 
Mexico City’s metropolitan area (Figure 10) and have traditionally provided 
environmental services to the city. These municipalities now have a 
predominantly urban character and a high urban density. They retain a strong 
level of functional relationships with Mexico City, such as having a significant 
number of residents commuting to work within the central municipalities 
of the metropolitan area and providing work to residents of the central 
municipalities. A high percentage of the three municipalities’ populations 
now work in industrial, commercial, and service activities.

Figures 11 and 12 show a predominant growth of Mexico City along a 
northeast–southwest axis, with Pachuca to the northeast and Cuernavaca and 
Toluca to the southwest.

Source: Gemal et al. (2014).

Figure 9  Irregular Low-Income Group Settlement Patterns
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Source: Ugalde et al. 2014, based on Mejia (n.d.).

Figure 10  Growth of Mexico City’s Urban Area, 1910 to 1970

Source: INEGI (2000).

Figure 11  Growth of Mexico City
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In Medellin, Colombia, the industrial development of the Medellin area 
combined with violence that forced large numbers of people out of rural areas 
triggered an urban growth rate that reached 6% per annum between 1940 and 
1970. The evolution of Medellin’s size is clear from Figure 13. The Medellin 
Aburra Valley’s permanent urbanization process has decreased in intensity in 
recent decades, and currently shows much more moderate growth rates.
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In physical terms, the last 60 years of urban growth in Medellin has 
resulted in the pattern of a dense central urban core with several minor centers 
north and south of Medellin, in the Aburra Valley. This urban form has been 
described as concentric and therefore of low spatial footprint (UN–HABITAT 
2011c). Connectivity in Medellin metropolis is achieved by a high capacity 
road system that also functions as a national road. Topographic conditions 
preclude building ring roads. Most urban facilities, services, and functions are 
located along the road system, as are the industry and the main mass transport 
system—an elevated metro system built in the 1990s that guarantees good 
accessibility to urban centers within the valley. Residential areas, both formal 
and informal, tend to occupy steeper zones.

Nonetheless, the dynamics of city expansion implied the development 
of informal settlements in the city because the growing demand for housing 
generated by the exodus from rural areas was unmet. At first, the informal 
settlement process in Medellin focused on the steepest areas on the city’s 
northern, central-east, and western hillsides, which had adverse conditions 
for human occupation and provision of public services. Conventional real 
estate and urbanization processes focused on the flattest areas of the valley, 
with better accessibility, topography, and location conditions. The highest 
population densities are on the northeastern and northwestern hill slopes, 

Sources:  Ugalde et al. 2014, modified from Rhoda and Burton (2010).

Figure 12  Mexico City’s Urban System

Metropolitan areas of Queretaro,
Mexico City, and Puebla-Tlaxcala

Metropolitan area of Pachuca

Metropolitan area of Toluca

Metropolitan area of Morelos



19Characterizing Urban Form

which support 20,000–52,000 inhabitants/km2 (AMVA 2012). The lowest 
densities occur on the southwestern hill slope, at 4,000–20,000 inhabitants/
km2, and along the river, where some city areas have no housing.

Figure 14 illustrates the issue, with most services and urban infrastructure 
concentrated along the river, where the settlement density is relatively low 
compared to that of the hillsides. Such a settlement pattern implies that 
managing the area will be complex; due to geotechnical factors, the pattern will 
result in environmental impacts associated with the alteration of hydrological 
dynamics, and will involve high costs for mobilizing and operating public 
utilities.

In Latin America, the decline in most cities’ population densities has been 
accompanied by diseconomies and inequities in urban growth due to the lack 
of integrated public investment planning and land-use planning or control. 
The historical problem of income concentration has thus been aggravated by 
urban sprawl and the illegal occupation/densification of unsuitable land (such 
as by the favelas), where provision of public services has not kept pace with 
needs for them.

Sources:  Orsini et al. (2014), from AMVA (2012).

Figure 13  Urban Growth in Medellin, Aburra Valley
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Broadly speaking, the rapid drop in urban density signals a problematic 
global phenomenon. Angel et al. (2005: 1) notes: “If average densities continue 
to decline at the annual rate of 1.7% as they have during the past decade, the 
built-up area of developing-country cities will increase from 200,000 km2 in 
2000 to more than 600,000 km2 by 2030, while their population doubles.” 
The looming outcome is fragmentation—scattered development where 

Source: AMVA (2012).

Figure 14  Population Density in the Aburra Valley
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spatial structures are fragmented by noncontiguous expansion to adjacent 
countryside (Angel et al. 2010b). The implied results are wasteful and high 
levels of land consumption, higher environmental impacts of urbanization, 
and reduced modal share of public relative to private transport (Camagni et 
al. 2002) In addition, because cities historically formed in highly fertile areas, 
their expansion can have negative consequences for food security. Angel et 
al. (2005) argue that the large majority of urban authorities in developing 
countries should prepare realistically for growth, such as by securing the 
necessary public lands and public rights-of-way needed to serve future urban 
growth, by protecting sensitive lands from building activities, or by efficiently 
investing in the infrastructure needed to accommodate growth. 

High density tends to make cities more efficient. It allows quantitatively 
fewer linkages and lower investment in transport and other infrastructure 
to bring things into physical proximity with each other. Figure 15 is one 
illustration of this point. Population density and energy consumption are 
clearly correlated with transport, explained by distances travelled and by the 
tendency to have more competitive public transport in denser cities (Camagni 
et al. 2002). Economies of scale strongly associated with high density also 
allow for lower costs of managing wastes and providing basic services. In 
addition, the proximity and diversity of other industries holds the promise of 
industrial symbiosis, where the waste of one sector in the economy can be 
used as an input by another. 

Nonetheless, density alone is not a desirable characteristic. Densities must 
be sustainable. A low density may mean fewer benefits from agglomeration, but 
a high density without institutional capacity and infrastructure for delivering 
basic services and managing the volume of people, activities, and wastes also 
means congestion, pollution, and a poor quality of life. The result is ultimately 
a drag on productivity and well-being. For example, the Japan International 
Cooperation Agency estimates that the Philippines forgoes 5% of its annual 
output due to productivity losses from traffic congestion in Metro Manila 
(JICA 2013). In a survey by Burton et al. (2004), aspects of urban living that 
were observed to have worsened with densification include noise, road safety, 
amount of open space, crime, and privacy. 
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Nevertheless, compact and contiguous cities are generally preferred 
given the efficiency they provide in terms of transport, infrastructure, and 
waste management. This implies that a reduction in the fragmentation of 
cities is viewed as a step forward in urban development. As open spaces are 
transformed into built-up area, urban development becomes less scattered 
and more contiguous over time. 

To aid the analysis of fragmentation, Angel et al. (2010b) developed 
indicators such as the edge index, the openness index, and the core open 
space ratio, the regional averages of which are presented in Table 1. Angel et al. 
(2010b) estimate that, in the 2000s, a typical urban neighborhood contained 
almost as much open space as built-up area. 

Sources:  Orisini et al. (2014), based on UITP (2001).

Figure 15
Energy Consumption for Transport versus Urban Density in Cities 
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The edge index measures the frequency with which a small built-up 
area is surrounded by open spaces or water. The results suggest that in Latin 
America, built-up areas were usually surrounded by other built-up areas, 
whereas in Asia, built-up areas tended to be evenly bordered by built-up areas 
and open spaces or water. One reason is that Asian cities are more likely to 
be on a coast or an island than are Latin American cities (Monkkonen and 
Ronconi 2013).

The openness index measures the share of open space in a 1 km2 circle 
around each built-up square of 30-by-30 meters. Of the 120 cities Angel et al. 
(2010b) sampled, the openness index indicates that Rajshahi and Saidpur, both 
in Bangladesh, had the largest share of open space per neighborhood (scoring 
95.3% and 75.4%, respectively). As in the edge index, Latin America had the 
lowest openness score, while South and Central Asia had the most fragmented 
cities. 

Fragmentation declined between 1990 and 2000, in both the edge and 
the openness indexes (Figures 16a and 16b). The reduction in fragmentation 
was significant in Asian cities such as Akashi and Bacolod, where the edge 
index dropped 47% and 56%, respectively. Smaller reductions took place in 
Latin American cities such as Guatemala City (20%), Sao Paulo (19%), and San 
Salvador (15%), although the indicator was already very low for these Latin 
American cities in 1990. 

Table 1  Average Fragmentation Indicators for 120 Cities, 2000
Region Edge Index Openness Index Core Open Space Ratio
Eastern Asia 0.462 0.481 0.223
Southeast Asia 0.449 0.412 0.293
South and Central Asia 0.533 0.525 0.238
Western Asia 0.507 0.507 0.268
Northern Africa 0.394 0.443 0.187
Sub-Saharan Africa 0.468 0.388 0.296
Latin America and the Caribbean 0.351 0.335 0.194
Land-Rich Developed Countries 0.474 0.410 0.304
Other Developed Countries 0.385 0.363 0.259

Source: Angel et al. (2010b).
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The core open space ratio takes into account the open areas in the core 
regions of the city. Latin America and the Caribbean as well as Northern Africa 
have the lowest scores—i.e. they have the world’s least fragmented cities. 

The growth of urban public space, especially in less developed countries, 
has been disorganized and unregulated. Consequently, most cities are 
fragmented, chaotic, dispersed, crowded, and environmentally unsustainable. 
This favors segregation, anonymity, and individuality, which have both 
advantages and disadvantages.

Physical fragmentation is, however, just one aspect of sustainability of 
urban developments. While cities in general thrive better with high density, they 
need public spaces such as parks, town halls, and plazas for social interaction 
and to achieve ecological balance. Public space should be understood as a city’s 
main organizing element, which stimulates social cohesion and, as a formally 
planned element, regulates environmental and landscape conditions. Hence, 
public space becomes one of the main foci organizing the growth of a city. 
Public space has been assessed in terms of square meters per inhabitant, and 
in terms of distribution (or concentration) throughout a city. 

In Latin America, public spaces tend to be insufficient due to the 
unregulated development of many of the cities, such as for informal housing. 
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Some cities have improved the provision of public urban spaces in recent 
years. In metropolitan Medellin, Colombia, during 2005–2012 the average 
public space increased from 1.95 square meters (m2) per inhabitant to 2.33 m2, 
but remains well below the international standard of 15 m2, recommended 
by WHO. Although metropolitan Medellin’s public space has increased 
overall, it has done so unevenly. Caldas, Girardota, La Estrella, and Medellin 
municipalities have more than 3.5 m2 per inhabitant; in contrast, Copacabana 
and Envigado have the least public space, at less than 1 m2 per inhabitant. 

The Gini index for public space in metropolitan Medellin, at 0.64, shows 
a great imbalance in its supply of public space, especially in areas dominated by 
informal settlers. In Medellin, the least such space—at 1.43 m2 per inhabitant—
is in informally developed areas with high population densities and poor 
socioeconomic conditions. The highest indicator—at 6.28 m2 per inhabitant—
is in zones with a high percentage of green areas, near creeks, hills, or road 
edges, that are in many cases inaccessible for most citizens. The highest 
indicators are in the districts inhabited by people who have the city’s highest 
socioeconomic levels. Notwithstanding the great difference between the best 
and the worst zones measured in availability of public space, the 0.40 Gini 
index for Medellin municipality is slightly better than for the metropolitan 
area. In this context, Janches (2011) argues that public spaces can be used to 
catalyze transformation in fragmented cities by resolving environmental and 
infrastructural conflicts in communities.

As part of public spaces, urban green areas enhance the environment by 
contributing to social, economic, recreational, cultural, and visual aspects and 
helping to foster commercial development. Green spaces play a key role in 
adaptation to climate change by cooling the environment during heat waves, 
reducing flood risk by storing and soaking away excess water, and providing 
habitat for wildlife. They are also vital for people’s physical and mental 
wellbeing (Ross and Underwood 2010), improving the sense of wellbeing in 
urban environments.

Figure 17 shows green space available in selected cities. Awareness of the 
value of urban green spaces is increasing among households and policy makers 
alike. In Asia, city governments have been gradually promoting such spaces or 
even explicitly requiring them as part of urban renewal programs. For example, 
Bangkok has one of the least green space levels even by Asian standards, at 
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3.3 m2 per person (only Kolkata and Jakarta have lower measures, at 1.8 m2 
and 2.3 m2, respectively) and the city government has made an explicit goal 
to add 8 m2 more for each Bangkok resident (The Economist 2013). Singapore, 
on the other hand, has one of the largest public space in the region, at 66 m2 
(Sreshthaputra 2013). Shanghai has steadily increased its coverage of urban 
green areas, from 22% in 2000 to 38% by 2010—from 4.6 m2 per person to 13.0 
m2 (SMSB 2011). Other major PRC cities are also doing well in this regard: 
Guangzhou has 166.3 m2; Hong Kong, 
China has 105.3 m2; and Beijing has 
88.4 m2 (The Economist 2013). The 
distribution of access to green spaces 
must be carefully planned so that it 
does not impinge on a city’s efficiency. 
Some wealthier city residents have 
moved from city cores to suburbs 
with access to green space. This has 
meant longer commuting times and 
distances, especially in developing 
Asia where transport infrastructure 
tends to lag behind the urban sprawl 
(except perhaps in the PRC). 

In Santiago de Chile, green space per capita has doubled during the last 
20 years, from 2 m2 per capita to 4 m2 per capita (Moris et al. 2014). This is still 
less than the WHO-recommended minimum of 9 m2 per capita as a general 
indicator of a high quality of life (OECD 2013). In addition, there is a clear 
pattern of inequality within the districts of the city, as most of the available 
green spaces are in the upper-income municipalities, while many lower-income 
housing areas have severe deficits of such space (Packe and Aldunce 2010). 
Figure 18 shows this disparity. With few exceptions, the poorer municipalities 
have lower levels of municipal spending per capita, lower levels of education, 
lower income levels, lower levels of human development, lower percentages 
of the population with private health care coverage, less access to banking 
services, and fewer companies operating within their territories. Metropolitan 
Santiago clearly has a severe lack of green spaces for its population, and this is 
highly correlated with other socioeconomic deficiencies. 

m2 = square meter.
Sources: The Economist (2013); Por la Reserva 

(accessed 30 January 2014); Sreshthaputra 
(2013); SMSB (2011).

Figure 17
Green Space per Capita in Selected Cities (m2)
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In Chile, green areas have received much attention in policy making. 
This is reflected in the Green Spaces Policy and Plan published by the 
Regional Government of Santiago, which seeks an ambitious increase in the 
creation and maintenance of such urban spaces, with a special emphasis on 
bridging the gap between different areas within the city (Fuentes 2012; GORE 
2013). Although the success of this policy over time remains to be seen, and 
there are many obstacles to overcome regarding its effective and equitable 
implementation (such as local institutional capacity, funding availability, and 
issues of water scarcity), there is clearly political will to move forward on the 
vital issue of urban sustainability and quality of life.

Contrary to the case of Santiago, in Valparaiso, Chile, the green space 
per inhabitant decreased from 2002 to 2012 in most municipalities. Although 
Valparaiso’s total green surface areas have remained primarily unchanged, the 
city’s population has increased. 

Source: Moris et al. 2014.

Figure 18  Green Space in Metropolitan Santiago de Chile 

Municipality division
Urban surface 2012
Green areas
Not applicable



28

3 material Flows in Selected 
urban areas

“Urban metabolism” is a useful, holistic framework for discussing the 
different consumption and release flows related to activities of urban spheres. 
It identifies links between resource transformation, consumption, and waste 
generation (Broto et al. 2012). It also captures the pathways of the biophysical 
exchange process (Barles 2010). In the same way that food, nutrients, air, and 
other chemicals flow in and out of a living organism, cities constantly have 
materials flowing through them, with infrastructure such as waterways, 
roads, and railways simulating the role of veins and arteries, and urban form 
simulating the physical form of a living organism. 

Material consumption is highly uneven across world regions. The 
globe’s wealthiest quintile disproportionately consumes 80% of all biomass, 
minerals, fossil energy carriers, and metals produced worldwide, while the 
poorest quintile consumes only 20% of such basic materials (UNEP 2013). As 
people in developing regions become wealthier, their material consumption 
has increased, but unevenly. During 1980–2009, absolute consumption 
increased in all regions except Central Asia (where the collapse of the former 
Soviet Union resulted in a decrease in aggregate material consumption). The 
increased consumption occurred most rapidly in East Asia (particularly in the 
PRC and India, and less dramatically in Indonesia and Thailand) but also in 
South America. Conversely, per capita consumption was almost stagnant or 
even declined in some regions, such as Africa, Central America, and North 
America (Dittrich et al. 2011). 

Urban ecology literature argues that metabolism analysis can help 
identify how to make urban development more sustainable. Mapping material 
input and output flows is a diagnostic tool that policy makers use to identify 
and target inefficiencies in the urban system. Figure 19 illustrates how this can 
be done by mapping material input to certain economic activities and their 
consequent outputs through material flow analysis. This method is commonly 
applied in studying city metabolism. 
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An ideal urban metabolism framework would take a holistic approach 
to include everything that affects the exchange process of a city. Ramaswami 
et al. (2012: 801) explained that the efficiency and sustainability of cities 
depend on “complex, cross-scale interactions between the natural system, the 
transboundary engineered infrastructures, and the multiple social actors and 
institutions that govern these infrastructures.” But data constraints prevent 
estimation of all interactions from being fully realized in the immediate future. 
Ferrao et al. (2013) developed a modified and simpler approach to estimating 
these flows from a combination of city-level and national-level data and 
applied the technique to analyze several cities. 

The resulting estimations are summarized in Figure 20, which shows the 
per capita direct material input (DMI) of broad groups of materials in selected 
cities. From the limited sample of cities shown, it appears that the share of 

GDP = gross domestic product, GVA = gross value added, IO = input-output.
Source: Ferrao et al. (2013).

Figure 19  Urban Metabolism Framework
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a city’s biomass inputs tend to be 
associated with its income per capita. 
Bangalore, Bangkok, Ho Chi Minh 
City, and Manila all have at least 30% 
shares of biomass, but higher income 
cities such as Lisbon, Paris, Seoul, 
and Shanghai have lower shares and 
tend to have nonmetallic minerals as 
their dominant material input. 

Following generally the same 
framework as Ferrao et al. (2013), 
Gemal et al. (2014) estimate the DMI 
of the municipalities in metropolitan 
Rio using five broad categories: 
biomass, minerals, fossil fuels, 
metals, and others. The results are 
in Table 2. As in the middle-income 
Asian cities, biomass dominates the 
materials used in metropolitan Rio, 
followed by minerals. 

Compared with Figure 21, the 
DMI in metropolitan Rio is relatively 
low vis-à-vis the Latin American 
average, while all but one (Ho Chi 
Minh City) of the Asian cities in the 
graph exceed the Asian average. 

Ferrao et al. (2013) provide 
a more detailed representation of 
material flows through a diagram 
(Figure 22). The diagram relates 64 
types of material input and output 
to economic sectors that use and 
produce the inputs and outputs, 

DMI = direct material input, t = ton.
Source: Ferrao et al. (2013).

Figure 20  Direct Material Input per Capita, 
Selected Cities, 2000
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Table 2   
Direct Material Input, Metropolitan Rio, 2008

Materials Total  
(billion tons)

Per Capita  
(million tons)

Biomass 118.2 6.8
Minerals 33.6 2.0
Fossil Fuels 11.8 0.7
Metals 9.5 0.5
Others 9.5 0.5
Total 184.3 10.6

Source: Gemal et al. (2014).

Source: Derived from UNEP (2013).

Figure 21  Direct Material Input per Capita 
Consumption, by Region, 2000
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representing the metabolism of the Bangkok metropolitan area in the year 
2000.3 The outermost labels indicate the materials and the sectors. The 
second level label refers to the percentage of broad material categories, while 
the inner most labels refer to the weight of the materials. Stone, coded as NM4 
and classified as a nonmetallic mineral, forms a substantial part of Bangkok’s 
material input. Stone is an input and output of fixed capital formation, export 
activities, and construction, and is shown by the green ribbons connecting 
NM4 to SGFCF, SEXP, and S22. The other major input is agricultural biomass, 
coded as BM1, about 50% of which is exported (SEXP), and 15% is used for 
final consumption (SFC).

Naturally, resource endowments, geographic location, economic 
activities, income levels, and urban form affect a city’s metabolic process and 
outcome. An assessment of material inputs alone will not reveal how efficient 
cities are. For example, Figure 23 does not necessarily mean that Ho Chi Minh 
is the most efficient city because it has the lowest DMI. To gauge the efficiency, 
the authors use the concept of resource productivity, which is a ratio of city-
level GDP and DMI or domestic material consumption. The domestic material 
consumption is the DMI less materials exported from the city. Figure 23 
shows results of the calculations. In general, the cities of Bangkok, Ho Chi 
Minh, Manila, and Shanghai are more resource-efficient than the rest of their 
countries. However, care is needed in drawing general conclusions, as the 
results do not control for industrial structures and geographical constraints. 

Moreover, the information provided only gives the amount of output that 
can be generated per unit of input. It does not take into account the lifecycle 
of materials consumed, and as such does not yet give direct information about 
the impact of material consumption on the environment. For example, a 
city that consumes more biomass, such as Bangalore, would have a different 
waste generation mix and waste lifespan than other Asian cities that have 
nonmetallic materials, such as cement and clay, as main components. The 
types of industries in the cities will also influence material consumption and 
waste, because some types of activities clearly have more ecological impact 
than others. Thus, data limitations so far prevent the establishment of robust 
correlations on how factors such as urban form, infrastructure network, 

3 The same diagram is available in Ferrao et al. (2013) for five other Asian cities.
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and material consumption broadly 
influence the metabolic processes of 
cities. Such an exercise would require 
establishing a large panel of city data 
with observations on the attributes 
of interest measured and derived 
according to an agreed methodology 
or at least standards for purposes of 
comparability. In the future, it would 
also be instructive to examine how 
this productivity has evolved over 
time, which is not yet possible due 
to the limited availability of DMI 
and domestic material consumption 
data. Examining the evolution of 
productivity would also help verify whether the year 2000 (the exercise’s 
current base year) is a “normal year” in terms of material consumption.

Nonetheless, UNEP (2013) attempted to create city typologies using the 
broad types and volumes of materials consumed. The typology is reproduced 
with slight modifications as Figure 24 to give a sense of where the Asian 
and Latin American cities are relative to cities in the rest of the world. Most 
developing Asian and Latin American cities are in the first eight clusters of 
cities, implying that, in terms of total direct material consumption, these 
cities tend to consume fewer resources than do other cities in the world. 
UNEP’s (2013) broad-stroked analysis generally correlates types I and II 
cities with lower income countries; types III–VI correspond with cities in 
countries where industrialization is under way; type VII corresponds with 
cities that are dominant consumers of minerals, and ores; and type VIII would 
be industrializing cities with a significant amount of light manufacturing 
activities, and significant construction and infrastructure. The city types in the 
2nd half of the typology (IX–XV) refer to primarily higher-income countries 
that are more resource hungry and and have higher standards of living. 

With increasing incomes, cities in Asia and Latin America will likely shift 
to higher consumption typologies if present trends continue. Indeed, in a study 
of over 100 countries, Steinberger et al. (2010) confirmed that metabolic rates 

DMI = direct material input, t = ton.
Source: Derived from Ferrao et al. (2013).

Figure 23
Resource Productivity in Asian Cities, 2000 
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increase together with income. Following the consumption growth pattern 
of the currently rich countries is obviously unsustainable for the developing 
economies of today. 

Notes: The vertical axis corresponds to scores of direct material consumption, with low = 1, 
low-medium = 1.5, medium = 2, medium-high = 2.5, and high = 3. Green font indicates Asian cities; 
red font indicates Latin American cities. 

Source: UNEP (2013).

Figure 24  City Typology Based on Direct Material Consumption and Carbon Dioxide Emissions 
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The causal relationship between increased income and rising 
consumption of finite resources needs to be “decoupled” or broken (UNEP 
2013). According to UNEP (2011), decoupling can take two forms—resource 
decoupling and impact decoupling. The former involves reducing primary 
inputs per unit of output, while the latter implies economic growth with less 
negative spillovers on the environment. One mitigating factor is that most of 
the cities in the second typology tend to be older and therefore were developed 
in response to a different concept of urban development and with different 
technological capacity. UNEP (2011) in fact observes that global material 
intensities started declining since the 1970s, suggesting that global resource 
decoupling has been occurring at a rate of 1%–2% per annum since then. The 
Japanese cities in Figure 24 also demonstrate this possibility. The cities in 
Japan, despite being high income are classified as type VII, in contrast to other 
wealthier cities in the world. They have high material consumption in terms of 
electricity, industrial materials, construction materials, and water, and yet the 
resultant carbon dioxide (CO2) emissions are relatively low. Recent advances 
in renewable resources and infrastructure design can be applied for optimal 
use and management of resources in cities.
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4 urban infrastructure and Services 
This section discusses the role of urban infrastructure and services in shaping a 
sustainable urban development. 

The increasing expansion of city limits and the conurbation of more 
populated areas mean it is increasingly challenging to ensure the provision 
of basic infrastructure and services, and to maintain social cohesion and 
coherence in the territorial organization. In most urban settings, it is important 
for the main urban amenities and centers of economic activity to be located in 
the center of the city because the nucleus is the center of urban life and the 
engine of the city’s economy (Ayala and Sanchez 2006). The growth of the city, 
either by extension or densification, should be accompanied by a well-defined 
allocation of and access to infrastructure and services, in response to the 
emerging requirements and socio-spatial dynamics that will be established in 
the area.

Infrastructure services function sustainably when long-term 
environmental, demographic, financial, and managerial considerations 
receive up-front assessment and incorporation into the services’ design and 
implementation. Major infrastructure networks—water, sanitation, transport, 
and energy—can be used successfully for as long as 50 years, or more in some 
cases, before major capital upgrading is required (Ausgrid 2012). Lack of access 
to modern services contributes to poverty and deprivation and limits economic 
development. That adequate, affordable, and reliable energy services are key 
to ensuring sustained material and social development is easy to appreciate.

Infrastructure is a sociotechnical system that can be designed to decouple 
economic expansion from ecological effects (Hodson et al. 2012; UNEP 2013). 
Infrastructure networks heavily influence the metabolic process of a city as 
they shape its geography for resource extraction and waste disposal. They 
create the sociotechnical environment of city dwellers’ daily lives. Thus, this 
report identifies urban transport, energy efficiency, housing, and water and 
wastewater management as key infrastructure areas for building sustainable 
city systems. 
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4.1 transport 

Transport infrastructure is at the heart of urban sustainability. Clean technology 
(such as consolidated use of sugarcane-based ethanol in light engines and 
vehicles, and improved fuel efficiency of vehicles) has mitigated the impact of 
transport on the environment. Nevertheless, fossil fuels, the burning of which 
is a primary source of GHG emissions, remain the main energy used by the 
transport sector. The Emission Database for Global Atmospheric Research 
reports that air, sea, road, and other transport collectively account for 14% 
of global GHG emissions, and 23% of CO2 emissions from fuel combustion 
(ADB and World Bank 2012; EDGAR 2011). In Brazil, with the exception of 
deforestation, the majority of the GHG emission is generated by the transport 
sector as a whole, and most of it comes from the cities. Even in the European 
Economic Area, where transport facilities are advanced and well-planned 
compared with those in Asia and Latin America, in 2009, transport accounted 
for 58% of nitrous oxide emissions and 380 tons of oil equivalent of energy, 
with road transport accounting for close to 80% of this figure (EEA 2014).

Having said this, a well-designed transport system 

•	 consists of connectivity of different areas within and beyond a city; 
•	 takes advantage of the optimal mode (in time and energy consumed) of 

transport from different points; 
•	 encourages the public to take advantage of cleaner energy; and 
•	 maximizes the network and connectivity effects of different modes of 

transport. 

Figure 25 provides estimates of energy requirements by mode of 
transport, under different occupancy scenarios. The significant superiority in 
energy efficiency of mass transport modes such as coaches and trains is clearly 
demonstrated, with a fully occupied coach being 13 times more efficient than 
a single occupancy car. 

Figure 26 shows the share of transport modes in selected cities in Asia, 
Europe, and Latin America. Except in Dhaka, most people in Asian and Latin 
American cities travel in public transport. In Bogota and Buenos Aires, over 60% 
of all trips are by bus. But the dominance of public transport, while desirable, 
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does not speak of its efficiency in 
terms of mobility. In some cities, 
public transport is the only viable 
option for travelling long distances 
because of limitations in income. In 
Dhaka, about 60% of people walk to 
and from their destinations while 
in other Bangladeshi cities, such as 
Bogra and Sylhet, the rickshaw is the 
most popular means of transport. 
But there are true success stories of 
public transport, such as in Hong 
Kong, China and in Seoul, where 
public transport, as a combination 
of well-connected routes of buses, 
rail, and even ferries, accounts for 
70%–80% of trips. The figure for 
Singapore was 59% for 2008, and the 
government has set itself a target of 
70% by 2020 (EIU 2012). 

h = hour, km = kilometer, kWh = Kilowatt-hour, 
p-km = passenger-kilometer (passengers per 
kilometer), p-mpg = passenger miles per imperial 
gallon.
Notes: (1) Blue point legends refer to best practice 

performance, assuming all seats of a vehicle 
are occupied, whereas filled points refer to 
actual performance of a vehicle in typical use.

 (2) In this report, “Taipei City” refers to the 
urban area centered on the city of 
Taipei,China. 

Source: MacKay (2009).

Figure 25
Energy Required by Types of Transport 
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Figure 26  Modal Share of Transport in Selected Cities, 2008–2011
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As Seoul and Hong Kong, China illustrate, the key to an efficient 
transport system is a well-connected multimodal system where different 
means of transport are connected so they maximize the network linkages 
covering the major thoroughfares within the city and its vicinity. Seoul has 
one of the densest public transport systems in Asia, estimated to cover 6.6 
kilometers (km) per km2, compared with the regional average of 1.7 km (EIU 
2012). Such systems are environmentally advantageous in that they help to 
reduce dependence on the private automobile while supporting compact 
development (UN–HABITAT 2011c). They also effectively combine the 
optimal means of transport for the varying topography and geography of cities 
and their neighboring areas, thereby maximizing the network effect from the 
interaction of different modes of transport. This development is slowly taking 
place across Asia and Latin America, although it is occurring in densely built-
up areas and increasing motorization in both regions as incomes continue to 
increase (Dargay et al. 2007). 

Average motorization rates in Asia increased by 230%, from 19 per 1,000 
persons in 2003 to 64 in 2010. The increase is substantially lower for Latin 
America, at 24% during roughly the same period, but it started at a higher 
base of 148 per 1,000 persons (World Bank, WDI database). That the biggest 
increase in vehicle ownership is accounted for by the cities is to be expected. 
Without intelligent investments in mass transport systems, private ownership 
of vehicles may be the most practical option for citizens’ optimal mobility. 
Without clear and enforced vehicle use policies (such as smoke emissions 
tests and retirement of old vehicles), increased private vehicular traffic is far 
from optimal from the point of view of road congestion, air pollution, and 
resource (energy) consumption. The issue is exacerbated by the fact that many 
people in Asia and Latin America can only own a vehicle by purchasing second 
hand ones. Motorcycles have a limited passenger capacity and thus are not a 
very efficient means of transport, but are another popular means of achieving 
mobility (especially in Asia) because they cost less than larger vehicles and are 
easier to manage in heavy traffic. In Ho Chi Minh City, about 90% of trips are 
by motorcycle (Morichi and Acharya 2012). 

In these contexts, it is increasingly important for cities to invest in well-
functioning and well-connected public mass transport systems. Mass transit 
railways only started service in Bangkok in 1999, and gradually extended to 
include the Airport link in 2010 (UNEP 2013). The mass transit system in 
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Metropolitan Manila was only expanded in the late 1990s, while that of Delhi 
was only built in the last decade. But the late development does not preclude 
their success. One successful case is the Stesen Sentral of Malaysia, a hub 
system that is being constructed with direct links to six rail systems, all major 
highways in Kuala Lumpur, the airport, and mass-scale parking facilities (KL 
Sentral 2013). 

Another recent introduction in the two regions is the bus rapid transit 
(BRT) system, which includes dedicated lanes, strictly predetermined station 
stops, and advance ticket purchase similar to metro or light rail systems. BRT 
is also slowly being introduced throughout the two regions (WRI 2010). So 
far, the BRT in Asia and Latin America has had mixed reviews, although it 
has generally been judged better than traditional bus systems operating in 
mixed traffic. The best performers in terms of peak usage on a single BRT 
corridor are Bogota’s TransMilenio’s Avenida Caracas, Santiago’s Alameda, 
and Sao Paulo’s Passa Rapido (WRI 2010). Operational productivity, defined 
as passenger boarding per day per bus-kilometer is highest in Guayaquil and 
lowest in Beijing, Bogota, and Jakarta. 

Tapping into modes of transport that are not based on land can 
be an ecologically sound alternative for decongesting city roads. The 
Cheonggyecheon River in Seoul and the Pasig River in Manila are being 
rehabilitated to reverse accumulated damage and pollution, and as alternatives 
and complements to existing road transport (ADB 2009; UNEP 2013). The Pasig 
River Ferry operations in Manila ceased in 2011 after incurring substantial 
losses but there is talk of reviving it with smaller and more cost-effective 
water vehicles (PRRC 2013). Finally, Medellin, Colombia’s second largest city, 
successfully operates the Metrocables—an aerial cable car public transport 
system that now services the urban areas as well as a nature reserve on the 
city’s edge (UNEP 2013). The box describes the technological transformation 
of Bogota’s transport system.

Despite recent efforts to accelerate investments, most cities in Latin 
America still have considerable gaps in their public transit infrastructure. 
Figure 27 shows the structure of the transport system of metropolitan Rio in 
2010, using the urbanized land surface area as the underlying layer, the map 
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Technological Transformation of Bogota’s Integrated Public Transportation System

In an attempt to reduce the carbon dioxide (CO2) and particulate matter emissions produced by 
urban transport, Bogota decided to modernize its transport system through an initiative called 
Sistema Integrado de Transporte Publico (SITP), or Integrated Public Transportation System. The 
project involves integrating the operational, fare, fare collection, and information system of all 
public transport modes in the city, which include large, medium, and small buses; bus rapid transit; 
and future rail modes. 

With a funding program formulated by the Inter-American Development Bank, a credit 
line of $80 million has been established to facilitate the introduction of hybrid and/or electric 
buses by private operators. Taking into account the transport currently in place, Universidad 
de los Andes has performed a cost–benefit analysis of the funding program for the SITP. The 
analysis indicates that completing the third phase of TransMilenio (the bus rapid transit line) 
and reconfiguring the bus routes would reduce CO2 emissions from 12.4 million tons to 10.9 
million tons in the next 20 years. Introducing hybrid or electric buses in this time frame would 
yield further reduction. If the total amount of the credit were used to purchase hybrid buses, 
CO2 emissions would be reduced by 30,104 tons; spending the money on electric buses would 
result in a reduction of 159,969 tons of CO2 emissions; and the total emissions would be reduced 
by 94,993 if a combination of electric and hybrid buses were used. Furthermore, using hybrid 
buses would reduce particulate matter emissions by approximately 0.010 tons per year, and using 
electric buses would reduce particulate matter generated by 0.011 tons per year. 

The projections were made under the assumption that the percentage of people using 
public transport remains constant over time. However, improving the quality of public buses as 
well as the Transmilenio could induce citizens to stop using their cars. Given that a car produces 
4.16 tons of CO2 emissions per year and assuming a 5% reduction in the use of cars, this shift 
would imply a reduction of 167,000 tons of CO2 emissions per year. Moreover, other mass public 
transport projects such as the light rail, the heavy rail, and additional phases of the Transmilenio 
would enhance the reduction in CO2 emissions. 

The SITP would be efficient in terms of routes, favorable for the environment, and 
financially beneficial. Regardless of the type of buses purchased (electric and/or hybrid), the SITP 
project has a positive net present value and a benefit-to-cost ratio greater than 1. Indeed, the costs 
of infrastructure, personnel training, technology, new buses, and travel time in public transport 
would be outweighed by gains due to decreased travel time in private transport, particulate 
matter and CO2 emissions, operating costs, and fuel and electricity consumption costs.

Source: Universidad de los Andes (2013).

indicates an extraordinary lack of intermodal integration and peripheral 
interconnections, as all modes seek to connect to the historical central business 
district of the city’s nucleus. 
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In metropolitan Santiago de Chile, the integrated system of transport 
(buses and underground metro as seen in Figure 28) allows for an appropriate 
level of infrastructure coverage in many of the city municipalities (Moris et 
al. 2014). However, as the planning process for this system considers only 
municipalities that belong to the portions of Metropolitan Santiago that have 
been officially incorporated into the metropolis and two from the hinterland, 
there are clear territorial inequities within the whole metropolitan area. 
Municipalities that are not included must generate alternative forms of 
transport, which are generally private transport. This is unsustainable on a 
macro scale, as the system encourages the use of motorized vehicles where 
public transport is not available. A shift to private cars increases traffic 
congestion, harms the environment, and can reduce the quality of life by 
increasing the average duration of trips.

Source: Gemal et al. (2014).

Figure 27  Transport Systems in Metropolitan Rio
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Figure 29 illustrates the 
increasing reliance on private 
automobiles for transport in 
metropolitan Santiago. This scenario 
is widely representative of most 
Asian and Latin American cities 
as a result of increased household 
income, low density urbanization, 
and lack of efficient public 
transport. The motorization rate 
in metropolitan Santiago has risen 
consistently during the last 20 years, 
from roughly 130 vehicles per 1,000 
people in 1992 to about 280 in 2012. 
This rise is commensurate with general GDP growth in Latin America, with an 
increasing segment of the population able to purchase a vehicle. However, the 
motorization trend is also related to the morphological growth of the city as 

Source: Moris et al. 2014, based on Chile’s Secretaria de Planificacion de Transport’s urban transport database.

Figure 28  Metropolitan Santiago: Coverage of Public Transport and Subway, 2012

Urban surface 2012
Not applicable
Metro of Santiago
Transantiago

GDP = gross domestic product, km2 = square kilometer.
Notes: (1) Motorization rate refers to the number of 

motorized vehicles per 10,000 population.
                (2) Population density is inhabitant per km2.
Source: INE (2013).

Figure 29  Tendency Graph of Motorization Rate 
and Population Density, Metropolitan Santiago
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well as subsequent modifications to the Santiago Metropolitan Regional Plan, 
which have continued to expand the urban periphery, opening up vast areas 
to urban development, primarily for residential purposes (Beyer 1997). The 
expansion of Metropolitan Santiago is reflected in the declining population 
density between 1992 and 2002. The decreasing density was accompanied 
by a sustained loss of population from the central municipalities of the 
metropolitan area and increases in and expansion of the urban periphery 
(Ducci et al. 2002). New urbanized areas were built on the periphery, and 
primarily were new public housing projects subsidized by the government. 
This territorial expansion and suburbanization continued during 2002–2012, 
but at a far slower pace. Simultaneously, new urban policies emerged providing 
incentives for people to return to the urban center (De Mattos and Fuentes 
2012a). These policies are reflected in an increased population in some central 
municipalities during this period, and in the slight rise in population density, 
although to a level that is still below that in 1992. In this context, as the city 
continues to expand territorially and urban populations are increasingly 
externalized to emergent residential areas in the urban periphery, automobile 
use becomes increasingly necessary for easier access to the economic poles in 
the urban center. 

Medellin is an important example of the role that massive public 
infrastructure and the renewal of the car fleet has in urban sustainability. 
Comparing the energy used by transport in the city in 1996 and in 2010 
shows a 14.6–10.0 gigajoule reduction per inhabitant per annum (Orsini et al. 
2014). This phenomenon is explained mostly in terms of investment in public 
transit systems, which include a cable car system, integration of bus routes 
with the Medellin metro system, and modernization of the automotive fleet. 
The start-up of a BRT system is expected to help increase the efficiency of 
energy consumption in the transport system. These investments and adoption 
of technologies are occurring in a city that tends to maximize population 
concentration in the periphery, and to expand suburbs. 

Unfortunately, the progress in Medellin reversed in recent years, and 
the clean mobility index declined during 2005–2012. This index focuses 
on the modes of transport that use resources (energy) efficiently, aiming at 
decreasing gas emissions and particle concentration. The only trips to be 
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considered clean are by Metro, Metroplus, walking, and cycling in the case of 
the Aburra Valley (Figure 30). Although buses are more energy-efficient than 
private automobiles, they are not included in the “clean” category because they 
operate with diesel or gasoline fuel. Additionally, the country lacks an effective 
policy to scrap older vehicles to promote the use of low-emission engines. The 
proportion of trips made by clean modes has decreased and particle emissions 
(derived from the emission factors 
associated with the automotive 
fleet and traveling surveys) have 
increased considerably. Reflecting 
this trend, air quality deteriorated to 
some extent. Despite the increased 
number of trips by metro or on foot, 
and opening of the Metroplus System 
(BRT) in 2011, the proportional 
use of clean transport modes was 
lower in 2012 than in 2005, and 
the motorization rate within the 
Medellin Aburra Valley increased. 
For example, the share of trips by 
car rose from 13% to 15%, and by 
motorcycle, from 5% to 11%.

Despite the emphasis on mass transit mechanisms, the contributions of 
urban transport based on green mobility, such as biking, to citizens’ quality of 
life and to economic development should not be discounted. The reliance on 
the internal combustion engine is a major source of air and noise pollution and 
negative impacts on health and the environment (European Union 2010). This 
is sufficiently well-recognized that more than 500 cities in 49 countries have 
installed bike-sharing programs. The number of countries with bike-sharing 
programs increased sharply in just 5 years, from a mere 15 in 2008 to 49 in 
2013 (Larsen 2013). Figure 31 shows that the number of bike-sharing programs 
is picking up quickly in Asia, and in Latin America, albeit at a slower pace. The 
large number in Asia is probably accounted for by the PRC, which has 20 of 
the world’s 25 largest bike-sharing programs (EPI 2013). Other cities in Asia 
that have such programs in place include Singapore; Changwon and Goyang in 

BRT = bus rapid transit.
Note:  The inner circle corresponds to 2005 data, 

 the to 2012 outer circle.
Sources:  Orsini et al. 2014, based on origin and 

 destination survey data, 2005 and 2012 
 (AMVA 2012).

Figure 30  Proportion of Trips by Clean Modes in 
the Medellin Aburra Valley Metropolitan Area
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the Republic of Korea; Tokyo, Japan; 
and cities in Taipei,China (Shaheen 
and Guzman 2011). The programs 
are variously run by governments or 
private enterprises, such as the one in 
Singapore. The Asian Development 
Bank has launched tests of bike-
sharing programs in Davao, 
Philippines; Vientiane, Lao People’s 
Democratic Republic; and Indonesia. 
An alternative is scooter-style electric 
bikes, which are faster than pedaled 
bicycles and have significantly lower 
environmental impact per passenger-
kilometer than do other modes of transport (ADB 2009). However, the scooter 
vehicles are only used widely in the PRC (which accounted for 96% of world 
market for them in 2007) and in Japan. 

Municipal governments are also taking considerable steps to expand the 
use of bicycles in Latin American cities. “Stated program goals have primarily 
focused on bike-sharing programs and include promoting increased use of 
existing cycling infrastructure, complementing existing public transportation 
systems, providing an alternative to motor vehicles for short trips, and making 
bicycles more widely available to the 
public. Examples include EcoBici 
in Mexico City, Mejor en Bici in 
Buenos Aires, and B’easy in Santiago; 
Montevideo and Cuenca have 
announced plans to install sharing 
programs by the end of 2013, while 
Goiânia’s plan is still being hashed 
out” (AUSIS 2013: 37). Figure 32 
shows that despite recent efforts 
in bike-sharing programs, Latin 
America is still behind other parts 
of the world, including a number of 
Asian cities, in bicycle usage. 

Source: EPI (2013).

Figure 31  Bicycle-Sharing Programs, by Region
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Figure 32  Share of Bicycles in Total Transport
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Proper infrastructure is critical in the introduction and adoption of 
alternative forms of mobility, for health and safety. Road traffic death rates are 
highest in middle-income countries, at 201 per 100,000 people—equivalent to 
80% of total deaths from road accidents in the world. Accidents impose tragic 
losses on the productivity of individuals involved, and the greater portion of 
road accident victims are aged 15–59, which are considered to be the most 
productive years. Accidents also shorten the longevity of capital equipment 
(WHO 2013). In Asia, the number of people injured in road accidents 
increased by 14% between 2000 and 2010, and in some countries (such as 
Armenia and Georgia) they increased by more than 100% (ADB 2013). Deaths 
were estimated at 185 per 100,000 people in Southeast Asia, and 161 in Latin 
America (WHO 2013). Each year, about $500 billion is spent on constructing 
new roads, but IRAP (2014) argues that investments in simple safety measures 
(such as rumble strips, pedestrian fences, and dedicated lanes for bicycles 
and motorbikes) amounting to 1%–3% of investments on new roads, would 
go a long way toward making existing roads a lot safer. Traffic flow schemes, 
infrastructure design, and conscientious and consistent implementation of 
traffic rules, such as use of seat belts and proper helmets by bicycle and motor 
cycle users, are simple measures that can minimize the effect of accidents in a 
short span of time. Rules on road safety that are in place can be ignored if not 
enforced. In cities where resources are available, investment in closed-circuit 
television cameras can be a cost-effective means of enforcing adherence to 
traffic rules, thus improving road safety. 

4.2 energy 

Cities account for three quarters of the world’s energy consumption and 80% of 
CO2 emissions (UNEP 2013). MacKay (2009) estimates that energy accounted 
for 74% of the world’s GHG emissions as of 2000. Energy efficiency is thus 
part and parcel of a strategy to create cities that are sustainable, but is highly 
influenced by the main activities taking place in a city. The sources of energy 
also matter greatly, as can be deduced from the life cycle of GHG emissions by 
electricity source (Table 3). The majority of Asian countries rely primarily for 
their energy needs on coal, natural gas, and oil—the three top emitters of GHG 
per gigawatt generated, after lignite (ADB 2013; WNA 2011). Latin America, 
on the other hand has significant portions of energy sourced from renewable 
sources. More than 90% of Brazil’s electrical power is derived from hydraulic 
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and renewable sources of primary 
energy (Figure 33), as opposed to 
the European Union and the United 
States, where fossil fuels provide 
most of the electrical power.

Households in developing 
countries still consume much 
less electricity than those in 
developed countries. The latest data 
available indicate that household 
electrification rates remain below 
50% in Bangladesh, Cambodia, the 
Lao People’s Democratic Republic, Myanmar, and Papua New Guinea (ADB 
2013). Even so, the household or residential sector is the second largest 
consumer of electricity, after industry, as shown in the structure of electricity 
demand in Figure 34. As income increases, electricity consumption will rise 
as more households connect to the grid and accumulate more appliances 
powered by electricity. 

Energy efficiency in most Asian and Latin American countries has 
improved substantially during the last 3 decades. Data from the World 
Development Indicators (World Bank, WDI database) suggest an improvement 

Source: ADB (2011).

Figure 34
Electricity Demand in Asia and the Pacific, 2008
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Table 3 
Life Cycle of GHG Emissions by Electricity 

Source
Electricity 

Source/Technology
50th Percentile 
(g CO2/kWh)

Hydroelectric 4
Wind 12
Nuclear 16
Biomass 18
Solar Thermal 22
Geothermal 45
Solar Photovoltaic 46
Natural Gas 469
Coal 1,001

CO2 = carbon dioxide, g = gram, GHG = greenhouse gas,  
kWh = kilowatt hour.
Source: Moomaw et al. (2011).
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by 40% in Asia and 18% in Latin America during 1990–2011. This means that 
economies are able to produce more output per unit of energy input. The 
wealthy, hyper-dense, and service-dominated economy of Hong Kong, China 
is the most energy-efficient economy in the region, producing $22.0 worth of 
national output in purchasing power parity terms per kilo-ton of oil equivalent 
(ktoe)—100% more efficient that the next most energy productive economy: 
Taipei,China (ADB 2013). In Latin America, Colombia is the most energy-
efficient economy, at $13.0 per ktoe, followed closely by Peru at $12.9 and 
Panama at $12.0 (World Bank, WDI database), which also are the countries 
that exhibited the most improvements in the region during the period. These 
numbers are unmatched in Asia despite its denser cities, and suggest that 
important lessons may be learned from Latin America. Regional averages from 
the same dataset suggest that Latin America produces $8.2 per ktoe, while 
Asia produces less, at $6.0. 

The improvements in efficiency were achieved by various means. General 
improvements in clean technology (such as smart buildings, improved fuel 
efficiency, and increased investments in mass transport systems) are behind 
the general drive toward efficiency. In Hong Kong, China, the rapid shift of 
economic activities from manufacturing to services—now accounting for over 
93% of valued added (ADB 2013)—explains a great deal of the extraordinary 
improvements in efficiency. Reconfiguration of infrastructure, allowing for 
modal share of mass transport systems, also contributed. 

An important driver of the differences in energy efficiency improvements 
is the use of renewable resources for energy. Only 12% of Asia’s electricity is 
derived from renewable resources, whereas the figure for Latin America is an 
impressive 64% (EIU 2012). Brazil is well known for pioneering development 
of biofuels into an economically viable and environmentally benign source of 
energy. As of 2012, sugarcane derivatives accounted for 15.4% of the country’s 
total energy supply (USDA 2013). For the rest of Latin America, hydropower 
is the most prominent renewable energy source and OLADE (2011) estimates 
that Argentina, Brazil, Colombia, Mexico, and Peru still have a large amount of 
hydropower potential left untapped. 

But hydropower is less feasible as an option for Asia’s water-resource-
poor regions, where other sources of renewable energy (such as geothermal, 
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solar, and wind) are more viable options. The Philippines, for example, is the 
world’s second largest producer of geothermal energy (next to the United 
States), accounting for 14% of the country’s generated energy (DOE 2013). 
Wind and solar photovoltaic systems are also producing electricity at all-time 
low prices—wind turbine prices are down by 20%–35% from their peak in 2008, 
and the price of solar power has dropped nearly 58% from 2000 (Feldman 
et al. 2013; Bolinger 2013). This promises an era of extensive investment in 
renewable energy sources from the private sector. But proper infrastructure to 
connect users to power sources (which may be far from a city in the particular 
case of wind), for storage, and for monitoring supply and use need to be in 
place to meet the expected increase in demand. Solar panels are still far from 
widespread—except perhaps in high-income Asian countries such as Japan 
and the Republic of Korea, and increasingly the PRC—where households and 
firms can effectively be mini generating plants, fully or partly powering their 
own needs, and selling excess generated electricity to the main grid. 

Infrastructure and systems for renewable energy will no doubt take time 
to institute and put in place. Meanwhile, increasing the efficiency of energy 
provision may help foster sustainability in cities in the shorter horizon. This 
means investing in repairs and maintenance of existing lines to cut transmission 
losses and being able to capture payment for informal connections, which in 
cities with huge numbers of informal settlers can be a difficult challenge. 

4.3 basic Services: Housing, Sanitation, and Water 

4.3.1 Housing

Housing space occupies over 50% of all urban surface areas. Housing issues 
have land-use, social, economic, health, environmental, transport, security, 
political, and other important effects on individual, community, regional, and 
national life (as do all urban issues). Among the most important outcomes 
of housing and land markets are the shape, size, and urban structure of 
cities. Together, these elements make up a dwelling’s surroundings and 
largely influence the way cities consume resources and generate waste. The 
housing sector is therefore an important driver of urban sustainability. Poorly 
functioning housing and land markets frequently create edgeless cities, 
with urban densities very unevenly distributed; fuzzy boundaries between 
a city and its countryside; single-use (commercial, industrial, recreational, 
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or residential) rather than mixed-use neighborhoods; scattered and poorly 
connected urban developments; and fragmented open spaces (Angel et al. 
2011). The housing issue will become even more pertinent as urban populations 
continue to increase while household sizes decrease due to demographic 
changes, increasing demand for dwelling units (McKinsey 2011).

As discussed in the previous section, in the Asian and Latin American 
experience, housing informality has often gone hand-in-hand with urban 
sprawl, because irregular land development and construction usually result 
in the widespread occupation of public spaces such as streets, pavements, and 
viaducts, or the occupation of protected forest or coastal land, riverbanks, 
water reservoirs, mountainsides, and other environmentally sensitive or 
disaster-prone areas. Many of the activities in the housing sector, especially 
when they are associated with decreasing city density and urban sprawl 
(as in Asia and Latin America), may cause urban diseconomies of scale and 
severe environmental impacts. The understanding of this is impeded because 
most indicators used to assess the performance of the housing sector neglect 
environmental impacts and sustainability considerations. Moreover, housing 
sprawl contributes to worsening inequalities in real income distribution. 
Wheeler (2008) finds that urban decentralization is associated with rising 
inequality between household block groups as cities expand from the core.

Cities in the two regions are already struggling to meet current housing 
demand, which is expected to expand in the foreseeable future. For this decade 
alone, Asian cities must prepare to accommodate 120,000 new residents each 
day (UN–HABITAT 2011a). And while UN–HABITAT (2011b) cites Latin 
America as the region with the highest homeownership in the world, the 
majority of the region’s housing needs are being addressed outside formal 
markets. Unfortunately, if current economic and demographic trends are not 
accompanied by an expanded supply of adequate housing units and access 
to mortgage finance, especially for lower-middle-income and low-income 
households, many families may remain or end up in substandard housing. 
Even in the largest, more mature cities, demand is likely to rise substantially, 
from the need to close existing gaps and accommodate new households as 
demographic patterns evolve. For example, housing demand for a city like 
Bogota is expected to increase by 95% between 2007 and 2025, even though 
its population is only expected to increase about 15% during the same period 
(Bouillon 2012).
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Strategically located and planned affordable housing is a possible 
solution to the current housing issues in the cities and an anticipatory response 
to higher demand in the near future. Such housing is, however, extremely 
deficient in both regions, as is easily appreciated from the large number of 
urban informal settlers. Based on UN (2013a) data, Asia and Latin America 
collectively host over half a billion slum dwellers. In some countries, such as 
Bangladesh, Cambodia, Haiti, Jamaica, the Lao People’s Democratic Republic, 
and Nepal, slums house the majority of the urban population.

Cities are expected to attract talent as people search for better 
opportunities to improve their lot. The rural poor, and their descendants 
who tend to dominate the slums, are far from immune to this, and may in fact 
have been pushed into the city by desperate conditions in the rural areas. But 
distorted and poorly functioning housing and land markets tend to relegate 
affordable housing to the informal market. Paradoxically, however, lower-
income groups often end up paying a greater share of their income for shelter 
(often poor and unsafe) than do higher-income groups (UN HABITAT 2011c). 

Figure 35 shows that price-to-income ratios for housing and rent in 
developing cities in Asia are actually higher than in cities in high-income 
countries.4 Owning a median house in Singapore would take 3.5 annual 
median salaries, but in Jakarta the value is close to 15 annual median salaries. 
Rent-to-income ratios similarly exhibit wide divergence: the cost to rent in 
Bangkok is 22.5 median salaries, but only 3.8 in Tokyo. This signals unmet 
demand for housing in the poorer cities. According to UN–HABITAT (2011c), 
rent-to-income ratios tend to be lowest in countries with strong public 
housing programs and highest where demand pressure is strong because of 
high household formation rates. On the supply side, the shortfall is caused 
by limited availability of land, construction materials, and finance; by poor 
infrastructure, limiting the connectivity of the central city to its suburbs; and 
by deficiencies in institutional regulations and instruments for guiding the 
relationship between owners and tenants. 

4 The house-price-to-income ratio and rent-to-income ratio are typical ways of measuring housing 
affordability. The former is the “ratio of the median free-market price of a dwelling unit and the median 
annual household income”; and the latter is the “ratio of the median annual rent of a dwelling unit and 
the median annual household income of renters” UN–HABITAT website, Housing Prices and Rent-
to-Income Ratios (http://ww2.unhabitat.org/campaigns/tenure/indicators/indicator3.htm).
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Bouillon (2012) estimates 
that about 43% of Latin American 
households in the region’s largest 
41 cities experience affordability 
problems that may prevent them 
from accessing adequate housing in 
the formal sector, which generally 
involves buying a house outright 
or qualifying for a mortgage to buy 
a house built using legal building 
codes on legally subdivided and 
serviced land. The most important 
impediment to housing affordability 
across cities in Latin America 
remains low household income. 
However in some cities, the lack 

of capacity to document income (due to labor informality) and the prices 
of private sector dwellings are more important. Figure 36 shows that large 
portions of households in Latin American cities are unable to access formal 
housing. The highest rates are in Caracas, La Paz, Machala, and Santa Cruz, 
where they exceed 70%.

Notes: Missing values do not imply the ratio is 
equivalent to zero. The graph merely 
presents information for which data are 
available.

Source: UN–HABITAT (2011c).

Figure 35  The Ratios of House Prices 
and of Rent to Income, Selected Asian Cities 
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Figure 36  Housing A�ordability in Latin America
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In both Asia and Latin America, the high price of owning or renting 
housing exacerbates the problem of slums. The absence of accessible and 
sufficiently flexible financing leaves the informal sector as the only viable option 
for poorer segments of the population. That slum dwellers play an important 
role in the economies of developing country cities is well recognized. People 
who live in slums and informal housing supply cheap labor and services. They 
play a major role in the recycling efforts of most developing country cities—
reusing, collecting, selling, and retrofitting items that would otherwise have 
been discarded. This role is important in cities where weak governments are 
unable to implement rational and efficient waste management systems. But 
informal settlements often lack access to basic facilities such as sewage systems 
and occupy undesirable or ecologically fragile areas. This can contribute to 
disease outbreaks, flooding, and destruction of natural resources such as 
rivers and waterways. Therefore, it is imperative that solutions be found to 
address housing needs and there are many examples of national governments 
strategically using housing policies to foster economic development and 
promote social justice. For example, investments in housing can generate 
large-scale use of low-skilled labor, thereby promoting employment. 

Several policies can ease the housing problem. The first involves 
government investing massively in affordable housing, which worked well in 
Hong Kong, China and in Singapore. Their governments provided financial 
resources, land ownership, and development rights, enabling the provision of 
large-scale subsidized public housing (UN–HABITAT 2011a). In cities where 
this is not feasible due to financial constraints, private–public partnerships 
can be employed. In Bangkok, the Government Housing Bank of Thailand, 
which provides 38% of lending for housing finance in Thailand, achieved its 
dominant position by encouraging private sector participation in housing 
finance while at the same time mobilizing domestic savings (UN–HABITAT 
2011a). To involve the private sector usually requires clarifying and simplifying 
rules in order to address information asymmetries and “missing markets” 
in housing and land. A study by Monkkonen and Ronconi (2013) suggests 
where improvements can be made. For example, more procedures are needed 
to obtain construction permits in Asian than in Latin American countries, 
construction is more than twice as costly, and Asian firms are more likely to 
cite zoning regulations as an impediment to business expansion than are firms 
in Latin America. Conversely, property registration is more time-consuming 
and expensive in Latin America than in Asia. 
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Another way to look at the problem of slums is from development 
sequencing. As UN–HABITAT (2011a) explained, whereas formal housing 
is planned and serviced before occupation, the reverse happens in informal 
housing, where occupation comes first on often vacant and unserviced lands. 
One possible response would be early prevention through prior investments 
in planned and strategically located massive low-cost housing even before 
slums form (UN–HABITAT 2006). The importance of political will in slum 
prevention is also critical. In some cities, city governments actively coddle and 
attract slum populations in anticipation of electoral rewards in these hyper 
dense, vote-rich communities. But slums, once entrenched, are politically 
difficult to dismantle and expensive to upgrade. Bouillon (2012) highlights 
that, in Latin America, servicing regular land with basic infrastructure would 
cost $1,667 per household but the amount rises exponentially to $4,413–$12,757 
for normal and complex slum upgrading programs. Finally, city governments 
forego large amounts of revenue by having large tracts of prime land occupied 
by slums, and by the presence of slums preventing increases in the market 
value of land near them. In Kolkata alone, the land occupied by informal 
settlers is estimated to exceed 4,000 hectares (UN–HABITAT 2011a). 

However, both regions have had successful slum upgrading initiatives. 
In Bangkok, the Community Organization Development Institute, attached 
to the Ministry of Housing, is dedicated to slum upgrading by providing 
savings, credit, and microfinance; facilitating tenure; making infrastructure 
grants; and financing pilot projects. The Institute’s success has been largely 
attributed to involving local governments, landowners, and slum communities 
in setting up the savings schemes and mapping their own settlements and self-
enumeration, and involving communities in crafting their own development 
plans (Nadkarny and Anderson 2013). 

In Manila, the participation of slum dwellers, together with the salutary 
reputation of a nongovernment organization (NGO)—Gawad Kalinga 
(translated as “to give care”)—are key to the organization’s successful 
approach to homelessness in the city. Slum communities and other volunteers 
are enjoined to participate in projects for planning and building homes, 
which are tied to other community development programs on education, 
health, livelihood, and environment (Habaradas and Aquino 2011). The 
result is sustained improvements in participating neighborhoods, which, 
in 2006, numbered over 850 all over the Philippines. These communities, 
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backed by Gawad Kalinga’s credibility, are partnered with and “adopted” by 
other organizations, such as corporations, and communities, such as Filipino 
communities abroad (MITL 2006). 

In Mumbai, market forces were tapped for urban upgrading. The 1995 
Slum Rehabilitation Scheme granted communities legal claims to titles on 
land they occupied prior to 1995. This legalization resulted in the private 
sector being willing to relocate settlers in half of the slum areas to other areas 
so that the private enterprises could develop and resell the vacated areas as 
high-priced real estate (Johnson and Nadkarny 2013). 

In Latin America, community participation and political commitment for 
infrastructure provision is a key to the success of slum renewal or upgrading 
programs. The Favela Bairro in Brazil, a project to integrate informal settlers 
into the formal city, is an example (using initial funding from the Inter-
American Development Bank). Overall, slum communities involved in the 
Favela Bairro project ended up with substantially improved access to sewage, 
garbage collection services, public lighting, drainage, and connection to street 
networks (Tulier and Grossman 2013).

In Mexico, the government started a large-scale initiative of replacing 
dirt floors with cement in 2000. The program is called piso firme (solid or 
cement floor). Piso firme is a nationwide program that can also be viewed as 
an urban upgrading program. Cattaneo et al. (2009) note that the program 
has significantly reduced incidences of parasite infestations in children and 
improved the cognitive development of children in recipient households. The 
benefits of the program are, however, limited to households with dirt floors 
and that can prove ownership of their homes. 

4.3.2 Sanitation

Closely related to housing and industrial activities is the management of urban 
waste. Cities, as centers for myriad activities, are also principal generators of 
waste. Proper waste management, sanitation, and access to clean water are 
therefore essential to cities’ functioning for the survival and well-being of 
their residents and industries. 
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Waste production tends to 
increase as economic activities 
expand and incomes of urban dwellers 
increase, bringing higher standards 
of living and greater consumption. 
Figure 37 shows the daily per capita 
waste generated in selected cities. It 
is not surprising that cities in richer 
countries tend to generate more 
waste than those in the developing 
countries of Asia and Latin America. 
As cities and incomes in developing 
countries are growing faster than in 
the rich ones, waste generation can 
be expected to converge with levels 
of the richer cities in the absence of 
deliberate intervention. 

Proper waste management is important for minimizing the resources 
needed to take waste out of a city, and a key to doing this lies in knowing the 
components of the waste and how they can be used in a city or an economy. 
Figure 38 shows that most of the waste generated in the sample Asian and 
Latin American cities is organic. Plastic and paper rank as a distant second. 
This appears to be a general characteristic of cities in developing countries, 
while cities in richer countries tend to exhibit a more even distribution among 
the three major waste components, with organics slightly dominating the 
others. The data indicate the types of waste management needed to support 
an urban system more efficiently as it develops. The composition in Figure 38 
suggests that composting may be an ideal response. In fact, numerous cities 
in Asia and Latin America invested in mechanical composting plants in the 
last 20 years, but many of the plants have closed or are operating well below 
capacity. The failure is traced to high operating expenses and the absence of 
proper waste segregation (UNEP 1996). 

Waste management can be approached on several integrated levels. 
The first is to directly reduce waste by reducing consumption. This is usually 

PRC = People’s Republic of China, US = United States.
*Quezon City is the largest of the 17 cities comprising 
Metropolitan Manila.
Source: UNHABITAT (2010).

Figure 37  Waste per Capita in Selected Cities 
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done by information campaigns and by regulations discouraging or banning 
the use of materials that are thought to be more environmentally detrimental 
than others. Implementation of such regulations has had mixed results. For 
example, banning plastic bags in Delhi and selected cities in Metro Manila 
decreased the circulation of plastic bags substantially, although it has yet to 
be clearly demonstrated that the shift to other containers (such as paper bags, 
which can be less durable) has led to overall improved waste disposal. 

The second level is to recover materials already discarded as waste—
recycling. The lack of a waste collection and segregation system in most 
Asian and Latin American cities means heavy involvement of the informal 
sector. In fact, in many cities, such as Delhi and Dhaka, the amount of waste 
recovered by the informal sector exceeds that recovered by the formal sector 
(UN–HABITAT 2010). Clearly, there is profit in segregating reusable waste, 
and the successful experiences of Curitiba and Ho Chi Minh City in exploiting 
the profit motive provide a valuable lesson. The governments led the efforts 
to organize the collection of solid waste, and let the communities and private 
collectors profit from the recycling activities. The systems are not without 
challenges, but by harnessing the incentives and organizing the collection and 
segregation system, the results are that the cities are substantially covered by 
garbage collection and more secure jobs have been created for the informal 

PRC = People’s Republic of China.
*Quezon City is the largest of the 17 cities comprising Metropolitan Manila.
Source: UN–HABITAT (2010).

Figure 38
Composition of Municipal Wastes of Selected Asian and Latin American Cities (%)
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sector in the communities involved (UNEP 2013). Recovery activities range 
from simple rag picking to extracting residue materials from electronic 
leftovers such as computers, televisions, and other equipment, and biomedical 
refuse such as used syringes (UN–HABITAT 2010; Glaeser 2011). However, 
because many of these materials pose health hazards, the fact that these 
activities go unmonitored is worrisome. 

The third level pertains to how unrecovered wastes are disposed of, and 
whether this is done the best way, taking into account the location of other 
industries. Knowing the types of waste generated and the location of industry 
clusters that might use the waste of other sectors presents an opportunity for 
industrial symbioses. Organic wastes generated in cities, if properly segregated, 
can be composted for use in farms near a city. The success of vermiculture 
(worm culture for the production of humus) in cities in Colombia, Cuba, 
and Peru are an example (UNEP 1996). The same projects, however failed in 
Indonesia, when toxics in improperly sorted wastes killed the worms. Also, 
opportunities to use waste materials within cities are limited. Compost in Ha 
Noi and New Delhi, while too contaminated with plastics for farm use, have 
been applied in city parks instead. 

4.3.3 Water 

Urbanization has, in most cases, placed a lot of pressure on the demand for 
clean water, and cities constantly struggle to keep up with the demand. Table 
4 shows that selected Asian cities have nearly universal piped water coverage, 
but the picture is less salutary for unaccounted-for-water—transmission losses 
and leakage. Leakage rates in water-resource-rich Latin America are among 
the highest in the world, estimated as averaging 35% (EIU 2012). Such losses 
are indicative of the large numbers of people in the cities who are not formally 
connected to the water system, or deficiencies in infrastructure repair and 
maintenance. High leakage rates are even more worrisome in the context 
of groundwater use. Use of groundwater can lead to improper resource 
accounting and to land subsidence, increasing the probability of flooding. 
This is especially an issue in the cyclone-prone countries of Asia, where 303 
million Asian urban residents were already vulnerable to coastal flooding and 
245 million are vulnerable to inland flooding (ADB 2012). 
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Provision of basic sanitation or access to improved sanitation facilities 
is one of the Millennium Development Goals toward which progress has 
been slowest in many Asian and Latin American countries (ADB 2013; World 
Bank, WDI database). The sewerage coverage shown in Table 4 supports this 
story. Limited coverage portends dire consequences for freshwater sources 
in or near a city, which often become dump sites for human waste. This is 
especially likely in the very dense cities of Bangkok and Manila, each of which 
was built around a central river (the Chao Praya and the Pasig, respectively) 
and its tributaries. Poor maintenance of infrastructure also contributes to the 
problem. The over 1 million septic tanks in Jakarta are so poorly maintained 
that the groundwater has periodically been contaminated with fecal coliform 
bacteria (UNEP 2010). Waste dumped into rivers and waterways blocks water 
flow, causes irreversible damage to freshwater ecosystems, and can increase 
flooding problems in flood-prone areas. The situation can be exacerbated if 
water installations are not sufficiently safeguarded from contaminants. 

Table 4  Indicators of Water Management in Selected Asian Cities

Unit Bangkok Colombo Jamshed 
pur

Kuala 
Lumpur

Manila Phnom 
Penh

Shen 
Zhen

Singapore
MWCI MWSI

Year 2008 2008 2009 2008 2008/2011 2008 2008 2008
Water Supply 
   Piped  
   Coverage

% of 
population 99 92 81 100 92 62 91 100 100

   UFW/NRW % total 
supply 30.2 35.7 9.9 33.9 21.0 63.8 6.2 13.5 4.4

Wastewater
   Sewerage  
   Coverage

% of 
population 54 14 67 90 26 63 … 100

Financial and Human Resources 
   Operating  
   Ratio

Operating 
expenses/
Operating 
revenues 

0.69 0.62 0.82 0.86 0.49 0.55 0.39 0.77 0.86

   Revenue  
   Collection  
   Efficiency

Collections/
billed (%) 97 98 99 91 99 89 100 99 100

   Staff Members per ‘000 
connections 2.2 3.9 4.0 1.9 2.27 2.42 3.3 … 2.5

… = data not available, MWCI = Manila Water Company Inc., MWSI = Maynilad Water Services Inc., NRW = 
nonrevenue water, UFW = unaccounted-for-water.
Notes: (1) Two main water utilities service Metro Manila: MWCI in the East Concession Zone and MWSI in the West 

Concession zone. (2) Data for Phnom Penh and Singapore are for UFW, which comprises physical water losses 
due to leakages and apparent water losses due to illegal connections and meter inaccuracies. NRW comprises 
UFW and legitimate water consumption that is unbilled, such as free supplies to tenement gardens and fire 
hydrants.

Source: Chiplunkar et al. (2012).
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Urban centers face the challenge of bringing access to water to 
increasing populations and maintaining the systems that deal with resulting 
wastewater. One of the most obvious means of minimizing damage and waste 
is through waste water systems that facilitate extended use of treated water 
for nonpotable needs such as flushing toilets and gardening. This avenue 
appears to be relatively unexplored by some cities. For example, less than 3% 
of Jakarta’s 1.3 million cubic meters of wastewater pass through a treatment 
plant (UNEP 2010). Of the 17 large Latin American cities covered in the EIU 
(2012) study, close to half treat 50% or less of their wastewater before it is 
discharged. In Asia, however, the greater scarcity of water has resulted in 
several highly successful recycling schemes. Reclaimed water that has gone 
through microfiltration, reverse osmosis, and ultraviolet technology comprises 
20% of Singapore’s water supply (EIU 2012). Beijing has had some success in 
requiring city-wide wastewater treatment, but this is limited to institutional 
establishments such as hotels and factories, with poorer performance in the 
residential sector (UNEP 2013). 

UNEP (2010) argues that the key to increasing the coverage of waste 
water treatment is learning to treat wastewater as a precious resource. 
The economic valuation of the benefits of waste water treatment and other 
nonmarket ecosystem services such as gas regulation and waste assimilation 
is still in its infancy (Hernandez-Sancho et al. 2010). Seeing economic as well 
as ecological value could convince governments to consider waste water 
treatment as a worthy investment and encourage them to institute polices that 
would make investing in wastewater profitable for the private sector, if the 
governments cannot do so because of financial constraints. 

Other ways of addressing wastewater can be strategically planned. 
Wastewater, even when only partly treated, can be used by other activities in 
areas near a city. Most of Mexico City’s wastewater is used for irrigation in 
surrounding districts—notably, the Tula Valley (UNEP 2010). Farmers who 
use wastewater can also save on fertilizer cost as effluents tend to be rich in 
nitrogen, phosphorus, and potassium. 
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While the amount of water consumed can be reduced, the gains from 
such a program may be marginal. Except for a limited number of households 
and establishments, people in the developing world seem to use water 
resource wisely: UNEP (2008) estimates that domestic water consumption 
in developing countries is about 60–150 liters a day, versus that in developed 
countries, at 500–800 liters. 

Finally, investments required for building water and sanitation facilities 
can be very high. Due to the large fixed costs involved, most such facilities 
are government owned—at least 84% are publicly owned and managed (Marin 
2009). The limited experience from privatizing management of such services is 
that it has not led to the hoped-for increased investment; however, operations 
and service efficiency have improved when the private sector is responsible 
for certain segments of the operations (UNEP 2010). 
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5 Governance and urban 
Sustainability

This section discusses the role of the public sector in achieving sustainable 
urban development, referred to here as “governance.” Governance is an 
indispensable part of achieving sustainability in cities. Accordingly, the 
roles of governance are divided into three categories for the purposes of this 
section: information and coordination, provision of public goods, and policy 
formulation and implementation.

5.1 information and coordination 

More often than not, only governments have the official means and the 
authority to form a holistic picture of a city’s sustainability situation. 
Governments regularly collect information for administrative records and 
conduct surveys to devise economic and social indicators. City plans and 
blueprints indicating locations, networks, and capacities of infrastructure 
tend to be the exclusive purview of government bodies. Governments have 
information on establishments and the nature of the activities they conduct. 
Thus, given proper organization and the right technology for analyzing the 
information they have, governments are best placed to assess and anticipate 
the needs for achieving sustainability in a city. 

Information collection and analysis is, however, one of the less glamorous 
government functions. Unlike public works investments, which have visible and 
tangible results that could earn political rents in coming elections, information 
work is less conspicuous and therefore rarely receives the budget priority it 
deserves. Recent advances in information and sound techniques have allowed 
scientists and engineers to assess city-wide sustainability; an example is that 
employed by Ferrao et al. (2013) to analyze the metabolism of six Asian cities. 
The accuracy and usefulness of such exercises can be greatly enhanced with 
verification from information that city governments possess. Processing and 
organizing information is therefore one aspect of governance that needs to be 
strengthened. With today’s computerized systems in place, this is relatively 
easy to do and cost effective, especially for the larger cities, where information 
collection and organization can benefit from economies of scale. 
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Up-to-date cadastral surveys can contain information critical to urban 
planning. The surveys can give information on critical and sensitive areas 
such as forests or watersheds that must be given high priority for protection 
against encroachment from built-up areas. But, in Asia and Latin America, 
historical land-use policies have often been very lenient or loosely enforced 
so that some critical areas have been occupied and problems of pollution, 
congestion, ecosystem damage, and floods have been exacerbated. Such cases 
need to be addressed, and considerable resources—legal battles, relocation 
compensation, dredging, and demolition—may be required to stop and attempt 
to reverse the consequences. 

As cities have grown and economic activities expanded, the solid 
waste and wastewater generated have also increased. While UNEP (2013) 
estimates that resource decoupling (the ability of an economy to grow without 
corresponding increases in environmental pressure) has been increasing 
during the last 3 decades, waste management remains a big challenge. The 
information city governments possess can be used to help discover symbiotic 
relationships between activities within a city and its immediate periphery. 
Examples are Mexico City’s use of wastewater for irrigation and Ho Chi 
Minh City’s and Delhi’s use of compost from waste as fertilizer (cited in the 
infrastructure section). 

Another important public sector role that tends to be underappreciated 
is coordination. Good coordination is indispensable for effective and 
integrated action to address environmental issues, which often involves 
multiple jurisdictions (at both local and national government levels), and 
stakeholders from many sectors. The views and priorities are likely to differ at 
the international, national, and local levels. While cities are generally the heart 
of economic and social activity in a country, they do not exist independent of 
the broader environment. 

The coordination role has become even more important given the 
decentralization that took place in the 1980s and 1990s in Asia and Latin 
America, when many previously centralized government functions were 
transferred to local governments. The driving motivation was that local 
governments’ physical proximity to constituents enables them to respond better 
to local needs. Decentralization was also thought to encourage competition 
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among governments, thereby improving overall governance. However, the 
benefits sought will only be achieved if there is sufficient institutional capacity 
at the local government level to handle the devolved functions adequately and 
a strong central coordinating mechanism. Moreover, despite decentralization, 
not all city governments have the mandate to manage the devolved functions. 
The support of and coordination with the national government agencies are 
therefore critical. 

In the Philippines, the Local Government Code of 1991 devolved 
functions—including transport and traffic management, provision of water, 
and solid and wastewater management services—to local government units. 
The Metropolitan Manila Development Authority (MMDA) was tasked 
to coordinate delivery of metro-wide services, but Metropolitan Manila 
comprises 17 heavily populated cities, so the coordination efforts are highly 
complex. Traffic management offers a case in point. Traffic along Epifanio 
delos Santos Avenue (usually referred to simply as “EDSA”), Metropolitan 
Manila’s major thoroughfare, runs through several cities and is managed by 
the MMDA. But smaller road arteries connecting to EDSA are managed by 
the city governments. The coordination difficulties are also exacerbated by 
political differences—the MMDA chair is a presidential appointee and city 
mayors often belong to different political parties. 

In metropolitan Rio, implementing a proper water-use plan and sound 
sanitation infrastructure illustrates the importance of coordination in 
achieving an effective plan. Proper planning of water use and the concomitant 
infrastructure needs must take into account geology, which is tied to issues 
of land-use policies. A historically lenient official attitude toward land-
use control may result from the public sector’s recognition of its failure 
to provide adequate housing for low-income groups. Unfortunately, the 
capacity of municipal governments to actively plan and implement measures 
to prevent irregular and illegal occupations is often quite limited. In Brazil, 
the responsibilities for adequate provision of large-scale drainage in urban 
areas fall mainly on local governments, although, historically, state agencies 
regulate rivers and lakes and, recently, water agencies have also been created 
at the state level. In recent years, a significant increase in and concentration of 
rainwater in parts of metropolitan Rio caused great distress and losses. But the 
problem could not be solved easily, despite the fact that many of metropolitan 
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Rio’s municipalities are in the same hydrographic basin and face common 
urban problems, because none of their sanitation plans are being prepared 
jointly by the municipalities within a hydrological basin. 

Metropolitan Rio also provides an example where the state government 
attempted to make a more effective coordination strategy. Metropolitan Rio’s 
government shut down the Metropolitan Agency after the 1988 Constitution 
came into force and began working on the issues of coordinating activities 
across the metropolis through an executive committee. The state government’s 
initiative to create a new metropolitan framework for coordinating and 
promoting common interests, following the examples of Belo Horizonte, 
Curitiba, and Sao Paulo, is intended to achieve economies of scale and establish 
coordination of facilities that cannot be subdivided by municipality. The aim 
is to do so by fostering the integration of conventional administrative sectors’ 
policies and projects in the spatial context of land-use planning and control, 
taking into consideration environmental protection, hydrographic basins 
and basic macrodrainage and sanitation needs, conurbated urban structures, 
local and regional transport networks, and low-income housing priorities and 
programs.

5.2 Provision of Public Goods 

Public goods ought to be provided by the government precisely because the 
benefits of their positive externalities are not correctly valued and access 
to the benefits is difficult to exclude, so that the private sector will find it 
unprofitable to provide the good or service. 

The infrastructure section suggested several key investments for 
sustainable cities based on experiences in Asia and Latin America: mass public 
transport systems, infrastructure designs that maximize network connections, 
renewable energy sources for transport and establishments, public housing 
and slum upgrading, and solid waste and waste water management systems. 

These investments require huge resources that may be beyond the 
capacities of many cities in the two regions. Where institutional capacities 
and transparent rules are in place, public–private partnership and other 
arrangements that involve the private sector can substantially push forward 
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the agenda for sustainable cities. The success stories of cheap housing in 
Bangkok, Manila, and Mumbai all involved partnerships with the private 
sector or NGOs. While many ecological services tend to be government-owned 
and -managed, multinational companies dominate the world’s private water, 
energy, and waste management subsectors where these are open for foreign 
investments (UNEP 2011). However, political sensitivities may be associated 
with privatizing services that are deemed to be public goods. Moreover, as in 
the waste water case, private sector management does not necessarily result in 
increased investment in maintenance and new equipment, and subcontracting 
parts of the service may be more viable and acceptable to the public. 

In Metropolitan Manila, 11 of the 17 cities subcontract garbage collection 
to private entities. But contracts between the private sector and governments 
face corruption issues such as rent seeking and favor currying in government 
procurement. Procurement in such circumstances often results in poor quality 
services. Local governments thus need to have good institutional capabilities 
and high levels of integrity to ensure that private entities provide good quality 
public services. 

Involving the private sector in providing public services may lighten 
a city government’s financial burden but does not absolve it from managing 
the outsourced services. Such outsourcing needs a rational and transparent 
regulatory infrastructure that guides and monitors the services being provided 
to ensure they meet the needs for a sustainable city. Good institutions that 
have competent, transparent systems (including organized information and 
coordination systems) are public goods that are worthy of investment. 

5.3 Policy Formulation and implementation 

With the process of urbanization expected to continue in Asia and Latin 
America, more environmentally sensitive areas will come within cities’ areas 
of influence. Angel et al. (2005) argue that policies to curtail the expansion of 
urban populations are futile. Often, urban master plans that detail the limits 
of urban expansion (with plans of infrastructure and institutions supporting 
a planned number of urban residents) are created and then shelved shortly 
thereafter. The PRC has a strictly regulated urban residential permit (hukou) 
system, but in 2010 it still had over 170 million city dwellers without the hukou 
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(NBS 2010). Cities, as centers of economic development, present economic 
opportunities and people respond to that incentive. Thus, it is wise to clearly 
identify areas that should be protected in anticipation of urban expansion. 

Urbanization has unfolded at a very fast pace in Asia and Latin America. 
In the world’s largest cities, this process is expected to slow down. Projections 
from McKinsey (2011) indicate that the growth in urban population will occur 
mostly in today’s middle-sized cities, which have 200,000 to 10 million people. 
The growth projections present an opportunity for governments of the middle-
size cites to plan ahead and put in place land-use plans and policies based on 
proper knowledge of topography, geography, and information available from 
land-use and cadastral surveys. Such information can enable preparation, 
such as securing rights-of-way in advance for infrastructure to support and 
guide urban expansion, because doing so when building has already occurred 
on a massive scale is disruptive and expensive (Angel et al. 2005). Anticipatory 
investments in low-cost mass housing, as suggested in the infrastructure 
section, can also prevent or reduce the development of slums. 

The challenges are of course more difficult and pressing for cities where 
built-up areas are well entrenched. For these areas, policies such as emission 
standards, building standards, and taxes, can be employed to improve the 
likelihood that outcomes may be sustainable. However, such policies need to be 
consistently implemented across time and across cities within a metropolitan 
area. 

Well-functioning land markets are also important in addressing the 
problems of informality and access to basic services. The high prices of 
homeownership and renting in Asian and Latin American cities left informal 
settlement as the only viable option for many urban dwellers. Reducing red tape 
and rationalizing regulations can go a long way in reducing costs of acquiring 
decent dwellings. Monkkonen and Ronconi (2013) document that it takes over 
230 days to obtain construction permits in Latin America, at the average cost 
of $192; in Asia it takes an average of 186 days and $418. Property registration 
takes over 77 days in Latin America and over 55 days in Asia. The number of 
days to complete the procedures and the amount of resources involved raise 
the cost of securing affordable housing for many people in the informal sector. 
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In Asia and Latin America, where second-hand vehicles have large 
markets, gradual retirement policies for older fleets need to be in place. The 
most frequent criticism of such a policy, however, relates to equity. Resistance 
to the policy can be reduced by having alternative forms of efficient and safe 
mobility, such as mass transit systems and infrastructure for the safe use of 
alternative transport such as bicycles. 

Political economy considerations understandably loom large when 
introducing new policies. As city governments implement rules and alter 
incentives, they are likely to face opposition from people who stand to lose or 
incur additional costs. But rising income may, over time, result in increased 
demand for a sustainable way of living in cities. In Asia, the urbanization–
environment Kuznet’s curve5 has shifted favorably over time, due to improved 
technology, better policy, and increased awareness, as shown in Figure 39. If 
the same pattern holds true in Latin American cities, lower emissions and 
pollution at the same level of urbanization will come sooner than would have 
been the case in the technology and policy environment of the 2000s. The 
shifts have led to 20% less PM10 (µg/m3) and 27% less CO2 emissions per 
capita. Holding everything else constant, including technology and policy, by 
2050, CO2 emissions per capita will be halved and the PM10 (µg/m3) level will 
be cut by 37%. 

5 The urbanization–environment Kuznets curve is a hypothesized relationship between indicators of 
environmental degradation (in this case, CO2 emissions or PM10) and the level of urbanization. 
In the early stages of urbanization, degradation and pollution increase, but beyond some level of 
urbanization, the trend reverses, so that high levels of urbanization lead to environmental improvement 
(Stern 2003). 

CO2 = carbon dioxide, PM10 = particulate matter with diameter of 10 micrometers or less, 
µg/m3 = micrograms per cubic meter, t = ton.
Source: ADB (2012).

Figure 39  Environmental Kuznet’s Curve in Asia
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6 moving toward Sustainable cities
Urban growth has largely taken place with little plan and anticipation from 
governments in Asia and Latin America. The massive expansion of urban 
populations took place in different periods and contexts in the two regions, 
and has resulted in different urban forms. As Table 5 shows, the urbanization 
experiences in Asia and Latin America have been quite different. The urban 
population in Asia is close to four times that in Latin America; the average Asian 
city has a much larger population, but the urbanization rate in Latin America 
is close to twice that in Asia. In part this reflects the earlier urbanization in 
Latin America, where the process unfolded over a much longer period and 
average incomes have been higher but average growth rates lower in recent 
decades.

Despite the differences, cities in both regions face many similar challenges, 
albeit to varying degrees. One of the most pressing challenges is housing 
informality, which is both a symptom and a result of cities’ attractiveness 
for better economic opportunities. Recognizing the role of informal sector 
dwellers in providing cheap labor and some ecological services (waste 
segregation and recycling), city governments have to plan for proper housing 
sites and access to basic sanitation if informal settlers are not to aggravate 
the environmental problems that cities face. As urbanization is expected to 
continue in both regions, it is worth thinking about ways of preventing slum 
formation. A lesson from Latin America and the Caribbean is that, even though 
informal housing tends to improve over time as households become wealthier 
and governments implement programs to provide basic infrastructure, 
improve neighborhoods, and improve housing tenure, amenities may not 
improve at the same pace across neighborhoods. Poor surroundings and lack of 
amenities tend to endure, because fixing these problems requires costly public 
investment and expropriation of land. In some cases, the deficits persist due 
to lack of planning and funding from local governments, which face increased 
demand for these services from irregularly spaced land developments that did 
not include funding for the services (Bouillon 2012). 
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Asia’s lower average income but more rapid growth has been 
accompanied by rapid urbanization (and industrialization) with severe 
environmental (including health) consequences. While the motorization rate 
in Latin America is roughly three times that in Asia, with Asia’s much larger 
population this translates into roughly equal numbers of vehicles in the two 
regions. Yet the recent increase in the motorization rate in Asia is roughly 
10 times that in Latin America, signaling alarming increases coming in the 
demand for transport infrastructure and in transport-related pollution in Asia. 
Due to increased demand combined with a continued high level of reliance on 
fuel combustion, Asia is home to the globe’s most polluted cities, measured 
in PM10. In this situation, negative externalities of urbanization offset many 
of the lifestyle benefits of agglomeration and higher incomes in urban areas. 
The same problems are experienced in Latin America, albeit with less severity 
due to the region’s significantly higher reliance on renewable sources—more 
than five times that in Asia. That motorization rates in both regions are 
increasing stresses the importance of investing in transport infrastructure 
such as roads and complementary facilities, in programs such as bike lanes and 
bicycle sharing systems, and in public transit systems to ease congestion and 
provide cleaner forms of transport. Such investment is essential for tackling 
environmental issues given that the lion’s share of pollution in most cities is 
from transport emissions.  

Table 5  General Characteristics of Asian and Latin American Cities
Attribute Asia Latin America
Urban Population  (share in parentheses) 1.7 billion (43%) 465 million (79%)
Urban Slum Dwellers (million) 500 115
Cities with PM10>40µg/m3 116 42
Years from about 10% Urban to 50% Urban 95 210
Average City Population (million) 9.4 4.6
Fragmentation Greater Less
Average (national) Motorization Rate (vehicles per 1,000 persons, 2010) 64 148
Increase in Motorization Rate, 2003–2010 230% 24%
Bus Rapid Transit Systems (comparing the two regions) Worse Better
Number of Bicycle-Sharing Programs (comparing the two regions) More Fewer
Energy Efficiency (average per kiloton of oil equivalent) $6.0 $8.2 
Average Share of Electricity from Renewable Sources 12% 64%

µg = microgram, m3 = cubic meter, PM10 = particulate matter of 10 micrograms or greater.
Note: The table collects information from earlier parts of this report. Consequently, sources, definitions, and time 

periods vary.The comparison should therefore be considered indicative rather than precise.
Source: Authors.
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Cities in Asia and Latin America have continued expanding in population 
and land area. But population increases have generally lagged behind physical 
expansion, resulting in decreasing densities. While in most city cases (except 
a few, such as Curitiba and Seoul) the de-densification occurred with little 
deliberate intention from governments, urban sprawl appears to be more 
problematic for Latin America than Asia—because of very high densities, 
de-densification is a welcome means of decongesting in Asia. In fact, some 
authors in the new economic geography literature (such as Anas 2003) 
suggest that de-urbanization, wherein the number of cities grows while the 
densities decrease, is the most efficient path for countries with populations 
that are expected to continue increasing and trading costs that are expected to 
decrease between cities. 

Nonetheless, the process of de-densification needs to be managed 
carefully. The density of ideas, resources, and talent has enabled cities to be 
tremendous engines of growth. Moreover, the shape of the expansion or urban 
form needs to be monitored. In general, the concentric expansion patterns that 
Latin American cities followed tend to be more efficient than the fragmented 
developments in Asia. But, while Latin American cities may have more green 
space per capita than their Asian counterparts, most residents of the less 
fragmented cities generally have farther to go to access green space.

In the UNEP (2013) study on resource decoupling, the typologies of 
most Asian and Latin American cities indicated that their domestic material 
consumption is lower than that of other cities in the world. The Asian and 
Latin American cities are, however, expected to move to high domestic 
material consumption typologies with rising incomes. But incomes and 
resource consumption can be decoupled with the right investments in urban 
designs in infrastructure, which influences resource material flows. 

Asia has invested heavily in transport and road infrastructure during 
its years of rapid growth, mainly to service its growing economies, and has 
started to invest in the connectivity of urban transport modes in the last 2 
decades. The high population density in Asia’s urban areas, and its latecomer 
advantage in adopting already-developed technologies, allow it to develop 
its infrastructure network for delivering public services (and in many cases, 
private services as well) more efficiently. At the same time, urban planners in 
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Asia can learn from the Latin American experience with de-densification in 
designing the infrastructure investments. 

Both regions have started looking into alternative means of mobility 
with less environmental impacts. The number of bicycle-sharing programs in 
Asia is increasing rapidly. The Latin American experience suggests that BRT 
systems can also make a significant difference. In addition, Latin America’s 
roughly 35% higher energy efficiency and higher share of electricity from 
renewables also suggest that Asia’s energy may be used more efficiently and 
with lower average negative consequences for the environment.

Cities in both Asia and Latin America can benefit from improvements 
in governance that enhance coordination and planning and that allow 
for reconfiguring and enforcing metropolitan boundaries, functions, 
and regulations. Improved coordination among municipalities within a 
metropolitan region, and between the metropolitan and national authorities, 
is indispensable in designing infrastructure and implementing policies to 
address the spillovers that inevitably arise from issues of sustainability, such as 
environment, slums, and congestion. The Doing Business Report 2012 points to 
areas of urban governance that can also benefit from spillovers from improving 
the enabling environment for business (IFC and World Bank 2011). Based on 
this, Monkkonen and Ronconi (2013) encouragingly observe that indicators 
for urban regulation have taken a general direction toward improvement and 
cost reduction. However, continued progress is needed. For example, as of 
2010, it takes on average about half a year to obtain a construction permit in 
Asia and the process takes even longer in Latin America. 

With the current urbanization rate of about 80%, urban growth in Latin 
America will be slower in than in Asia. Urban growth in Latin America is likely 
to transpire largely in new or smaller urban areas; in fact, emerging cities (of 
2 million inhabitants or less) will comprise the major share of urban growth 
in the region. The timing, technological context, and policy developments 
suggest that these new urban areas may learn from recent experiences 
elsewhere. At the same time, Asia may continue to learn from Latin America’s 
more advanced and higher-income urbanization process. In this way, Asia 
and Latin America can learn from each other’s experience to help foster the 
sustainability of their continuing urbanization. 
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The sustainable city of the future will have to develop its own systems 
to monitor all aspects of urban sustainability. Managing information for 
the city of the future should transcend traditional statistics at aggregate 
spatial levels to work with geographic information system data banks and 
indicators capable of addressing smaller areas. New tools (such as material 
flow analysis; life cycle analysis, costing, and management; and social multi-
criteria evaluation) will also play a relevant role in constructing a sustainable 
future. As data availability improves, the analysis of urban metabolic flows in 
Asian and Latin American cities can help identify pathways for improving the 
allocation of investment in infrastructure, the regulation and use of resources, 
and the sustainable management of wastes. 
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