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CHAPTER 4
Challenges for megacities

4.1 Overview
4.1.1 Introduction
In this topic, you will explore urbanisation, particularly around the growth and challenges of megacities:
cities with populations of more than 10 million people.

You will learn about where and why megacities have grown in specific places and the factors that have
contributed to their development. You will also look at the challenges that growing urban environments present
for people and the natural environment.

FIGURE 4.1 Japan’s capital city, Tokyo, is the world’s largest megacity. It is home to more than 13 million people,
and more than 38 million people live in Tokyo’s greater metropolitan region.

4.1.2 Key questions
• What factors led to the growth of megacities?
• What patterns or trends can be seen in the way that urban areas and megacities have developed?
• What patterns or trends can be seen in where urban areas and megacities have developed?
• What predictions can be made about future patterns of megacity development?
• What challenges does urbanisation present for people and the environment?
• How do countries manage the challenges presented by urban development? Do responses differ between

developed and developing countries?
• Can megacities be planned in a way that promotes sustainability and the wellbeing of the people who live

there?
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Activity 4.1: Urbanisation and megacities
How much do you know about megacities? Reflect on your own experience and knowledge of urban
environments to answer the following questions.
1. Based on your current knowledge, and without looking up an answer, list the cities that you think have a

population of 10 million or more.
2. Have you ever visited a city with a population of more than 10 million? Describe the type of housing, transport

system, services and public spaces you saw. If you have never visited a megacity, take a virtual visit online.
3. Why might the population of some cities grow very rapidly but not others? What challenges might rapid

population growth present? Would these challenges be different for developing and developed nations?
4. How might climate change affect the severity of challenges faced by megacities?
5. What economic benefits/risks might life in a large city bring?
6. What wellbeing benefits/risks might life in a large city bring?
7. Do you think a megacity can be sustainable?

4.2 Global patterns of urbanisation
4.2.1 The rise of cities
Megacities are a product of both world population growth and urbanisation (increasing levels or proportions
of people living in urban areas), which is now occurring at a rate faster than ever before in human history.
Figure 4.2 shows the percentage of the world’s population living in urban areas and the total number of people
who reside in urban areas.

Urbanisation has its roots in the ability of early communities to produce reliable food surpluses – to feed
the whole community throughout the year rather than each family or smaller group relying on producing their
own food to survive. Working together to produce food for the broader community also led to the division
of labour – different people completing different jobs to achieve a common purpose. This meant that not

FIGURE 4.2 World urbanisation, 2014
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everyone was tied to the land, working to produce food to survive. Instead, those with other skills, such as
craftspeople, were able to work full-time in their own trade and were, in effect, paid by the food surplus.

Over time, skill specialisation increased and eventually trade took place thereby increasing the total wealth
of the community and the individuals within it. The ancient Sumerian city of Ur, dating from 3800 BCE, was
located in what is now southern Iraq and is a good example of how such communities quickly expanded and
thrived. The Sumerians successfully controlled the Tigris and Euphrates rivers to supply water for farming
and drinking in a very arid region.

Urbanisation has always been closely linked to economic development, but important advances in manufac-
turing and production techniques during The Industrial Revolution of the late 1700s and early 1800s spurred
the rapid growth of existing cities in Europe and North America. New factories were generally built in or near
existing urban areas, accelerating the growth of cities during the late 1800s as people flocked to them looking
for work. New York, for example, grew from half a million people in 1850 to 3.5 million people in 1900.

New industrial cities also emerged, including Chicago. Developments in the transport network — such as
canal construction and, later, railways that allowed for more efficient transportation of goods — made Chicago
the fastest growing city in the world. In 1850, the population of Chicago was 29 963, but by 1890 it had risen
to 1 099 850. During this period, the proportion of Americans living in towns and cities more than doubled as
migrants from the surrounding countryside and abroad moved into the cities in search of work.

Most of these large cities in North America and Europe reached their peak by the mid-1900s; other parts of
the world have experienced significant city growth since then. For example, the economies of Latin America
transitioned from agriculture to industry and services as they adopted the import–substitution industrialisation
strategy, making more products rather than importing them. In 1950, more than half of the total employment
in Brazil was in agriculture but by 2000 this had fallen to just over one-fifth. Today, more than half of all
Latin American countries’ populations live in urban areas. By 2050, it is estimated that this figure will rise to
90 per cent.

This kind of economic structural change increased demand for labour, which led to large scale migration
from rural to urban areas. This has been a major contributor to the total growth in urban populations. However,
urbanisation has not only been stimulated by industrialisation and economic development; it can also lead to
a phenomenon known as pseudo-urbanisation, a type of urbanisation without economic growth that results
in large numbers of poverty-stricken residents living in informal settlements, such as the favelas in Rio de
Janeiro and São Paulo, Brazil (favela is Portuguese for slum).
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FIGURE 4.3 Views of New York City, 1874 and 1907

Source: Library of Congress, Prints & Photographs Division,
[LC-DIG-ds-00182]

Source: Library of Congress, Prints & Photographs Division,
[LC-DIG-pga-02708]
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FIGURE 4.4 The Rocinha favela in Rio de Janeiro, Brazil

As shown in figure 4.5 and reported by the UN, the proportion of the world’s population living in urban
areas passed the 50 per cent mark in 2007. This proportion is expected to climb to two-thirds by 2050, largely
due to increases in urbanisation in Africa and Asia. It is estimated that India, China and Nigeria alone will
account for one-third of this growth in the world’s urban population.

FIGURE 4.5 Change in global urban, rural and total population, 1950–2050
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Source: United Nations (2018) World Urbanization Prospects: The 2018 Revision

4.2.2 Patterns in urban growth
Although urbanisation rates have been slowing in recent decades, the number of people living in urban areas
has been increasing steadily. It is important to make the distinction between urbanisation and population
growth in urban areas. Rates of urbanisation refer to the proportion of the total population of an area living
in an urban environment. Urban population growth is the increase in numbers of people living in an urban
area. Urban populations can grow without changing the overall rates of urbanisation if the rural populations
are growing at the same rate. The rate or level of urbanisation measures levels that urbanisation is changing,
usually expressed as a percentage. The United Nation’s urban population projection for 2015–50 is for more
than 2 billion urban dwellers in Africa and Asia alone. It is estimated that two-thirds of the world’s population
will be calling cities home by 2050. These population increases are the result of both natural increases (from
births) and migration from rural areas.
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Figure 4.6 shows that there are considerable differences in the population trends for developed and devel-
oping countries. While developed regions have seen a slight and consistently gradual rise in urban populations
since the 1950s, the growth of urban centres in less developed regions has been far more rapid and is projected
to continue.

FIGURE 4.6 Global urban and rural population growth in developed and developing regions,
1950–2050
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Source: Alirol E, Getaz L, Stoll B, Chappuis F, Loutan L, Urbanisation and infectious diseases in a globalised world,
Lancet Infect Dis, 112, 131–241. Reprinted under STM guidelines.

Urban growth and economic growth
There is evidence to suggest a strong connection between economic growth and urbanisation, with higher
levels of urbanisation associated with higher per capita incomes. This positive correlation can be explained by
the fact that urban locations can have more economic advantages and opportunities than rural areas. Increased
job opportunities and greater wealth expectations have long been major pull factors that have caused cities
to grow from rural migration. According to the World Bank, cities now account for more than 80 per cent of
the world’s Gross Domestic Product (GDP).

FIGURE 4.7 The rise of globalisation has led to the
widespread availability of some brands around the world
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The economic wealth of a country is most commonly measured by its GDP. This refers to the total value
of all goods and services produced within a country, usually over a period of one year. To compare countries,
GDP is converted to a common currency, and expressed as an average per person (or per capita); that is, how
much, on average, each resident of a country produces. Currencies are usually converted to PPP (purchasing
power parity) in US dollars. This method of converting each country’s currency is calculated by finding the
number of units of a country’s currency required to purchase the same basket of goods and services that US$1
would buy in the United States.

There is also evidence to support the view that globalisation and urbanisation are inextricably connected.
Globalisation is the process by which the world has become increasingly inter-connected through freer move-
ment of capital, goods and services. This is reflected in the value of cross-border world trade expressed as a
percentage of total global GDP. Since 1990 it has doubled to around 30 per cent. It manifests itself in the mar-
keting and sale of identical goods and services simultaneously around the world, such as technology, clothing
and fast food ‘superbrands’.

Today, most urban growth is a result of natural increase among those already dwelling in cities. Additionally,
formerly small settlements are being reclassified as urban areas as the populace living there grows from within.

Activity 4.2a: Interpreting data tables and column graphs
Use the following data to explore changes in urbanisation.

FIGURE 4.8 Percentage of people living in urban areas in 2015 and 2050 (projected)

2015
2050 (projected)

Regions

Sub
‐S

ah
ar

an
 A

fri
ca

Nor
th

 A
fri

ca
Afri

ca

La
tin

 A
m

er
ica

 an
d

th
e C

ar
ibbea

n

Sou
th

 A
m

er
ica

Nor
th

 A
m

er
ica

Eur
op

e

Sou
th

‐E
as

t A
siaAsia

Oce
an

ia

40

50

60

70

80

90

100

30

20

10

0

P
er

ce
nt

ag
e 

o
f 

p
o

p
ul

at
io

n 
liv

in
g

 in
 u

rb
an

 a
re

as
 (2

01
5)

220 Jacaranda Senior Geography for Queensland 1 Units 1 & 2 Third Edition

UNCORRECTED PAGE PROOFS



i
i

“c04ManagingChallengesFacingAMegacity_print” — 2018/10/17 — 4:23 — page 221 — #7 i
i

i
i

i
i

TABLE 4.1 Average annual change in urbanisation (%), 1950–2050

1950–
60

1960–
70

1970–
80

1980–
90

1990–
2000

2000–
10

2010–
20*

2020–
30*

2030–
40*

2040–
50*

Asia 1.9 1.2 1.4 1.7 1.5 1.8 1.3 1.0 0.8 0.7

South-East
Asia

1.8 1.5 1.7 2.1 1.9 1.6 1.2 1.1 0.9 0.8

Europe 1.0 1.0 0.7 0.4 0.1 0.2 0.3 0.3 0.4 0.4

North America 0.9 0.5 0.0 0.2 0.5 0.2 0.3 0.3 0.3 0.2

South America 1.9 1.5 1.2 0.9 0.7 0.3 0.3 0.2 0.2 0.2

Latin America
and the
Caribbean

1.8 1.5 1.2 0.9 0.7 0.4 0.3 0.3 0.3 0.2

Africa 2.6 1.9 1.7 1.6 1.0 1.1 1.1 1.1 1.0 0.9

North Africa 2.0 1.6 1.1 1.0 0.6 0.4 0.4 0.5 0.7 0.7

Sub-Saharan
Africa

3.3 2.1 2.1 1.9 1.3 1.4 1.4 1.3 1.1 1.0

Oceania 0.7 0.5 0.1 −0.1 −0.3 0 0 0.1 0.2 0.3

Note: * projected
Source: United Nations, World Urbanization Prospects: The 2018 Revision

TABLE 4.2 Average annual urban population growth rates (%)

1950–
60

1960–
70

1970–
80

1980–
90

1990–
2000

2000–
10

2010–
20*

2020–
30*

2030–
40*

2040–
50*

Asia 3.9 3.5 3.5 3.8 3.0 3.0 2.3 1.7 1.3 0.9

South-East
Asia

4.4 4.2 4.1 4.3 3.5 2.9 2.3 1.9 1.5 1.3

Europe 2.0 1.8 1.2 0.8 0.2 0.4 0.3 0.3 0.3 0.2

North America 2.7 1.8 1.0 1.2 1.6 1.2 1.4 1.1 0.8 0.5

South America 4.6 4.1 3.5 3.0 2.3 1.6 1.2 0.9 0.7 0.4

Latin America
and the
Caribbean

4.6 4.2 3.6 3.0 2.4 1.7 1.4 1.1 0.8 0.5

Africa 4.8 4.4 4.4 4.4 3.6 3.6 3.6 3.4 3.1 2.8

North Africa 4.7 4.4 3.6 3.6 2.5 2.1 2.2 2.0 1.8 1.8

Sub-Saharan
Africa

5.5 4.6 4.9 4.8 4.0 4.1 4.1 3.7 3.4 3.0

Oceania 2.9 2.7 1.7 1.5 1.1 1.6 1.5 1.3 1.2 1.1

Note: * projected
Source: United Nations, World Urbanization Prospects: The 2018 Revision
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TABLE 4.3 Rate of urbanisation and Gross Domestic Product (GDP) per capita

Country Rate of urbanisation (%)
2015–20*

GDP per capita
($US ’000)

Angola 4.3 6.3

Australia 1.4 46.7

Bangladesh 3.2 3.5

Brazil# 1.1 15.1

Burundi 5.6 0.8

Canada 1.0 44.0

Chad 3.8 1.9

China# 2.4 15.5

Denmark 0.5 49.4

Ecuador 1.7 11.2

Germany 0.3 48.7

India# 2.4 6.5

Indonesia 2.3 11.6

Japan −0.1 41.4

Nepal 3.2 2.4

Niger 4.3 0.9

Nigeria 4.2 5.8

Russian Federation# 0.2 26.9

South Africa# 2.0 13.2

UK 0.9 42.6

USA 1.0 57.4

Vietnam 3.0 6.4

Note: * projected, # ‘BRICS’ countries — Brazil, Russia, India, China and South Africa
Source: United Nations, World Urbanization Prospects: The 2018 Revision
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TABLE 4.4 Population growth rates (% change)

1950–
60

1960–
70

1970–
80

1980–
90

1990–
2000

2000–
10

2010–
20*

2020–
30*

2030–
40*

2040–
50*

Asia 2.0 2.3 2.2 2.0 1.5 1.1 1.0 0.7 0.4 0.2

South-East
Asia

2.6 2.7 2.4 2.2 1.7 1.3 1.1 0.8 0.6 0.3

Europe 1.0 0.8 0.6 0.4 0.1 0.2 0.0 0.1 –0.1 –0.2

North America 1.8 1.3 1.0 1.0 1.1 0.9 0.7 0.7 0.5 0.4

South America 2.7 2.6 2.2 2.1 1.6 1.2 1.0 0.7 0.5 0.2

Latin America
and the
Caribbean

2.8 2.7 2.4 2.0 1.7 1.3 1.1 0.6 0.5 0.3

Africa 2.2 2.5 2.7 2.8 2.5 2.5 2.5 2.3 2.1 1.9

North Africa 2.7 2.7 2.5 2.6 1.9 1.7 1.9 1.5 1.3 1.1

Sub-Saharan
Africa

2.1 2.5 2.8 2.8 2.7 2.7 2.7 2.5 2.3 2.0

Oceania 2.2 2.2 1.5 1.6 1.4 1.6 1.5 1.2 1.0 0.8

Note: * projected
Source: United Nations, World Urbanization Prospects: The 2018 Revision
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Explaining and comprehending urbanisation data tables
1. Using table 4.1, construct ten sets or a selection of clustered column graphs for each of the decades to show

contrasting patterns of urbanisation. (You could also construct multiple line graphs to show these patterns.)
2. Describe the differences between the regions noting those that have experienced broadly similar or very

different rates of urbanisation.

Analysing urbanisation data and applying your understanding
3. (a) Semi-logarithmic paper (semi-log paper) is different from common graph paper because the scale

on one axis increases at a constant rate of ten, and divides into cycles, the end of each cycle
being ten times greater than the end of the previous cycle. Using the data from table 4.3,
construct a scattergraph on semi-log graph paper to show the relationship between Gross
Domestic Product (GDP) and rates of urbanisation (2010–15). Label Brazil, the Russian Federation,
India, China and South Africa (the main five emerging national economies, often referred to as
BRICS). Refer to the Resources tab for a worksheet with semi-log graph paper.

(b) Draw the line of best fit (trend line).
(c) What does your graph show about the relationship between urbanisation and economic

development (GDP per capita)?
4. (a) With reference to figure 4.8, compare the levels of urbanisation in 2015 between Africa and Asia,

and the rest of the world.
(b) How are the differences expected to change by 2050? Consider in particular the gap between

their respective levels of urbanisation.
5. (a) Using data from table 4.4 construct histograms to show the estimated population growth for the four

decades between 2010 and 2050 for Africa, Asia, North America, South America, Europe and Oceania.
(b) Does there appear to be a link between population growth rates and levels of urbanisation in Africa and

Asia that is different to the rest of the world?
6. Watch the introduction and interactive data visualisation about urbanisation and economic growth in Brazil,

Russia, India, China and South Africa from the International Institute for Environment and Development (see
the Resources tab). Table 4.3 will also help you to answer these questions.
(a) Describe the changing global pattern of the relationship between urbanisation and national incomes.
(b) Describe China’s trajectory, and suggest two reasons to explain this.
(c) Compare India’s trajectory with that of China.
(d) Write a paragraph outlining how the Russian Federation’s trajectory is different to that of other countries.
(e) Explain how the trajectory of South Africa compares with other countries.
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Digital doc: Semi-log graph paper (doc-29169)

Weblink: International Institute for Environment and Development

4.2.3 Informal settlement

FIGURE 4.9 A favela in Morumbi, on the outskirts of
São Paulo

For decades, the pull factor of a perceived better
life in the city has led many people to leave rural
areas. Push factors, such as extreme poverty or
lack of work opportunities, can lead rural migrants
to see the urban lifestyle as their only means of
survival. In some countries, urban life becomes
attractive because residents benefit from the com-
petition between businesses and from government
assistance. For instance, people in Mexico City
receive cheaper education, health care and trans-
port than their rural counterparts. It is therefore
little wonder that thousands of people from rural
settlements have migrated to the fringes of Mexico
City to improve their standard of living.

Unfortunately, the hopes of such migrants are
not always realised. People are forced to live in slum environments, squatter areas and shanty towns, usually
found on the outskirts of the city. They are overcrowded, and lack access to safe drinking water and sanita-
tion. They are subject to insecure tenure because the migrants illegally occupy unused land. Globally, about
1 billion people live in slums or squatter settlements and it is estimated that around 2 billion people will live
in urban slums by 2030.

Squatter settlements are also often in areas with high environmental risks, such as on mountainsides prone to
landslides or in the vicinity of waste dumps. All of this can negatively affect wellbeing and safety, exacerbating
mental health disorders, including depression and anxiety, or leading to greater violence and crime. The UN
(Habitat) estimates that over half of Africa’s urban population lives in slums and faces the aforementioned
challenges of poor health and crime. In preparation for the 2016 Olympic Games in Rio de Janeiro, a policy of
police occupation of the favelas commenced in 2008. The aim was to rid the favelas of violent drug traffickers.

Dharavi, India

FIGURE 4.10 Dharavi, Asia’s second largest slum, is
located in central Mumbai and is home to more than
1 million people.

Mumbai, formerly known as Bombay, is West
India’s commercial and financial capital. The port
city continues to attract migrants from the rural
hinterlands of central India. With high birth rates
and a large influx of migrants, Mumbai’s popula-
tion continues to grow rapidly. In addition to this,
it is estimated that 15 per cent of all urban dwellers
in India live in slums.

In the middle of Mumbai is Dharavi,
Asia’s largest slum. Covering approximately
240 hectares, it is home to more than 1 million
people, many of whom are second-generation
residents whose parents moved there years ago.
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Originally a small fishing village in the mangroves, Dharavi is now a sprawling economic powerhouse
of small-scale business and light industry. The ‘city within a city’ produces embroidered garments, leather
goods, pottery and plastic, which are sold both locally and on international markets. Annual turnover is more
than US$650 million.

The slums have a severe shortage of living accommodation. Almost none of the people who live in Dharavi
own the land, but many own their homes and businesses, some of which they rent out. Rents are very low
compared with nearby Mumbai. Most houses have electricity, and some have running water but there is little
other infrastructure.

A shortage of facilities means existing ones must be shared. There is, on average, only one toilet for every
1400 people, 78 per cent of which do not have running water. The squalor of open sewer drains and piles of
garbage make the slums a haven for disease, particularly during the monsoon season. Despite the poverty,
Dharavi is the most literate area of India with a literacy rate of 69 per cent. Ironically, crime is much lower
than in other urban parts of the country.

Despite the economic and social benefits to residents, the Indian government has often seen the area
as a social embarrassment to progress. Plans to renew and improve the living standards of slum dwellers
have been proposed since 2004, but they often fail to materialise because of poor consultation, lack of
trust in the government by residents, corruption and a strong desire of residents to live in an unregulated
economy.

Weblink: ‘Slum’ is a loaded term. They are homegrown neighbourhoods.

FIGURE 4.11 Shanty houses in Dharavi
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Activity 4.2b: The challenges of informal settlements
Consider this hypothetical situation and complete the task below.

The central government has put forward two low-risk options for the development of the Dharavi slums.
Option 1: Under the direction of the Slum Rehabilitation Authority (SRA), the 240 hectare area would be zoned
into four types of improved housing with each stage reconstructed one at a time after another has been
completed.
• Area 1 (60 per cent) would have old dwellings replaced by many 20 storey units, which could accommodate

about 100 residents or 20 families per level, i.e. 2000 per building. Each family would be entitled to a new four
room unit with separate kitchen and toilets and would only pay 50 rupees per week. Four high rise blocks
would share a common play area for children.

• Area 2 (20 per cent) would have old buildings replaced with 10 storey units identical to Area 1 but would have
an extra bedroom. Residents would pay 75 rupees per week.

• Area 3 (10 per cent) would be similar, but buildings would only be 5 storeys, meaning more playground space
for children. Payments would be 100 rupees per week.

• Area 4 (10 per cent) would be more up-market units: 5 storeys with two bedrooms, but payments would be
125 rupees per week.

All buildings would be connected to power and would be fitted with running water, sewerage and have garbage
collection. All legal residents and squatters would be eligible. Illegal residents would be moved. Public meetings
would be held and brochures distributed to explain the plan to residents
Option 2: Under the administration of The Central Utilities Department, people would remain in their existing
locations and improvements to services and facilities would be commenced over a three-year period.

Initially, running water and sewerage lines would be installed to improve sanitation and mitigate health risks.
Before these projects are fully completed, belowground electricity and internet cables would be added to each
group of houses. Where houses are temporary, shared hubs and facilities would be installed with people gaining
access through a coded system and low payment.

Included in the installation program is the creation of approximately 500 new jobs where people can either
collect garbage and take it to distribution points for recycling or disposal, or be part of a utility maintenance team
to ensure breakdowns are minimised.

All legal residents and squatters as well as illegal residents would be eligible.
Public meetings would be held and brochures distributed to explain the plan to residents.

Propose and justify actions
Task: Examine the worth of these two proposals and consider which is better for the residents of Dharavi and the
overall future of Mumbai.

You must consider a range of opinions from residents, developers, government officials, engineers and health
professionals. Use the decision-making matrix based on economic, social and environmental criteria to help you
make your decision.

Redevelop Dharavi proposals Environmental (+ and –) Social (+ and –) Economic (+ and –)

Redevelop four areas with
multi-tenement housing units

Leave the slums as they are and
improve facilities and services

 

4.3 Air quality in the megacity
While urban living offers many economic opportunities, jobs and services, urbanisation has always raised
environmental, social and health concerns. High population densities create concentrated health risks and
environmental hazards. Many urban-based activities such as manufacturing also impose external costs on
society. These are costs that are paid by someone other than those responsible for the original activity, such
as cleaning up after decades of industrial pollution.
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4.3.1 Air pollution

TABLE 4.5 Normalised vehicle
emission* of nitric oxides in Jakarta

Districts Nitric oxide

1 0.18

2 0.47

3 0.06

4 0.14

5 0.34

6 0.56

7 0.42

8 0.42

9 0.13

10 0.15

11 0.30

12 0.46

13 0.47

14 0.17

15 0.20

16 0.17

17 0.63

18 0.41

19 0.36

20 0.20

21 0.06

22 0.16

23 0.07

Note: *Normalised vehicle emission load
for each pollutant is obtained by dividing
the vehicle emission load for each area by
the highest total emission load value.
Source: Based on ADB report Study on
air quality in Jakarta, Indonesia, Figure 4.8

As urban populations increase, health conditions worsen, particularly
in developing countries that lack the resources to adequately tackle
the problem of pollution. A 2016 study of air pollution in megacities
by the UN World Health Organization (WHO) and United Nations
Environment Programme (UNEP) demonstrated that ambient air pol-
lution concentrations increased the risk of serious health effects.
According to WHO data, most of the 3.7 million deaths resulting
from outdoor air pollution each year are among urban populations.

Between 2008 and 2013, WHO and UNEP analysed air quality
readings from 795 cities for levels of small and fine particulate matter,
which can increase the risk of non-communicable diseases, such as
stroke, heart disease, lung cancer and asthma, and account for a large
proportion of global mortality. The study found that, globally, air
pollution levels increased by 8 per cent in urban areas. In high income
countries in Europe and the Americas, however, urban air pollution
levels were generally lower than in low income countries in South-
East Asia, which recorded increasing levels of urban air pollution
during that time.

The Asian Development Bank 2002 Integrated Vehicle Emissions
Reduction Strategy for Greater Jakarta specifically measured the air
quality in Jakarta’s regions, including for levels of nitric oxide. Vehi-
cle emissions contributed 71 per cent of the nitric oxide, industry
produced 26 per cent and 3 per cent was generated from domes-
tic sources. Nitric oxide pollution contributes to acid rain, ozone
depletion, lower yield crops and potential long-term health effects in
people, such as respiratory disease. Table 4.5 shows the normalised
vehicle emission of nitric oxide in Jakarta.

WHO data has also shown that unhealthy urban environments,
such as slum areas found in the poorest districts of cities in the devel-
oping world, are closely linked to communicable diseases. These
include diseases such as tuberculosis, which spreads more easily in
over-crowded conditions with a lack of adequate ventilation, as well
as vector-borne diseases such as dengue, a consequence of unsafe
water storage and poor waste management that allow mosquito
populations to thrive.

The traditional view of the relationship between economic devel-
opment and the biophysical environment is that economic growth
leads to environmental decline. This means that, as a country devel-
ops economically, its natural environment will suffer the effects of
land degradation, air and water pollution, resource depletion and loss
of biodiversity. Moreover, the faster a country industrialises in order
to achieve economic growth, the greater the detrimental effects on
the environment.

In recent years, this traditional view of economic development and the environment has been challenged
by some economists, who have argued that once a country reaches a certain level of income, the quality of its
environment improves rather than declines. The Environmental Kuznets Curve (see figure 4.12) was created
to demonstrate this view, based on the work of economist Simon Kuznets. Kuznets developed a hypothetical
curve that graphs economic inequality against income per capita over the course of time. By studying Latin
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American economies with high levels of income inequality, he suggested a country transitioning from being
a primarily rural and agricultural economy to an industrialised urban economy would initially experience
increasing levels of inequality, but these levels would eventually peak and then decline. Using various indica-
tors of environmental degradation, the Environmental Kuznets Curve suggests an environment will become
increasingly degraded as per capita income increases until a certain point at which the community has a strong
enough economy and access to the technology to implement strategies to better manage and protect the quality
of their environment.

FIGURE 4.12 The Environmental Kuznets Curve
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This means that economic growth in high-
income countries results in environmental
improvement rather than decline. Support-
ers of this argument point to examples such
as improvements in air and water quality in
the world’s most developed countries as evi-
dence of their view. Increased wealth provides
both the financial and technological means to
improve environmental quality, and also leads
to an increased demand from people in more
developed countries for a cleaner environment.

Recent studies in China that examined the
relationship between air pollution and indus-
try output in provincial capitals supported
the Environmental Kuznets Curve theory for
urban areas. Figure 4.13 is a scattergraph that
shows the total value of manufactured goods
(Secondary Industry Output, which is converting raw materials into products) per capita produced by China’s
provincial cities measured against air pollution levels of sulfur dioxide, which is produced by burning
fossil fuels.

FIGURE 4.13 Sulfur dioxide pollution in Chinese cities
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Source: Luo Y, Chen H, Zhu Q, Peng C, Yang G, Yang Y, et al. 2014
Relationship between Air Pollutants and Economic Development of the
Provincial Capital Cities in China during the Past Decade. PLoS ONE 98:
e104013. https://doi.org/10.1371/journal.pone.0104013

Although these results show a very weak
negative correlation between the two variables,
they do suggest that provincial cities that have
a low value-per-capita output have a very large
range in pollution levels. This can be explained
by the fact that many will be using old tech-
nologies requiring greater use of fossil fuel
whereas cities with a higher value output are
more likely to use newer technologies, which
burn fewer fossil fuels in their manufacturing
industries.

Critics of the Environmental Kuznets Curve
point out that the data used to create the curve
does not reflect the full range of environmen-
tal effects in the world’s wealthiest countries.
Carbon dioxide emissions, for example, con-
tinue to increase with wealth rather than decline once a certain income level has been reached. Similarly, land
clearing, loss of biodiversity and overuse of resources also continue to increase in wealthier countries as they
develop. The Environmental Kuznets Curve also does not take into account the effects of wealthier countries
outsourcing their most environmentally damaging industries to the world’s poorer countries or shipping their
recyclable waste to developing countries for processing. While development may lead to local pollution levels
in rich countries falling, overall global pollution levels might not.
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Activity 4.3a: Environmental quality and urbanisation

Explain the information and comprehend the implications
1. In your own words, explain the Environmental Kuznets Curve.
2. Make a list of six ways that environmental quality might be measured (for example rate of deforestation or air

quality). Explain whether you think each might demonstrate an Environmental Kuznets Curve, and give
reasons for your decision.

3. Explain the limitations of the Environmental Kuznets Curve when considering the impact of urbanisation on a
global scale.
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Digital doc: Jakarta’s urban districts (doc-29170)

Weblink: Atmospheric chemistry

Weblink: United Nations Population Division

Weblink: Air quality in Jakarta

Weblink: Combatting vehicle pollution

Urbanisation and pollution in Jakarta
Jakarta, in Indonesia, is South-East Asia’s largest city and its origins can be traced back to the 4th century
when a settlement was built at the mouth of the Ciliwung River. In the early 1500s, Portuguese traders were
granted permission to build a fort at Sunda Kelapa, located near the modern city of Bogor. Later that century,
the fort was taken over by the Demak Sutanate, a Muslim state from the north, who named the settlement
Jayakarta.

A century later, Dutch traders captured the port town and renamed it Batavia. It then became the colonial
capital of the Netherlands’ Indies and was extensively rebuilt to resemble a Dutch city, with canals for flood
protection. As occurred in other colonial cities, the European elite occupied an area detached from that of the
indigenous residents. The suburb of Weltevreden was built south of the old city for government officials and
wealthy merchants who wanted to escape the commercial hub and unhealthy conditions of old Batavia. As
the colony prospered, new residential areas, such as Menteng, were built for the growing middle class and
contributed to the rapid expansion of the city in the first half of the 20th century.

FIGURE 4.14 Artist’s impression of Batavia in 1740

Source: Van Ryne, I. The city of Batavia in the island of Java and
capital of all the Dutch factories & settlements in the East Indies,
London : Robt. Sayer, ca. 1740. Digitised item from: Allport Library
and Museum of Fine Arts, Tasmanian Archive and Heritage Office.

These planned suburbs were in sharp contrast
to the traditional informal kampungs that existed
outside the old city. Kampungs were high-density
communities of peasants, mostly migrants from
the surrounding rural areas, who participated in
semi-subsistence farming on the edge of the city.
Kampungs were characterised by an unplanned col-
lection of low-rise wooden or bamboo dwellings,
which lacked access to piped water, sewers or
electricity.

Japanese occupying forces during World War II
renamed Batavia to Jakarta in 1942. The name
was retained in 1945 when Indonesia declared its
independence. By this time, Jakarta had grown
rapidly and had become the most populous city in
South-East Asia.
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In 1950, the first of several master plans designed to guide future growth of the city of Jakarta was produced.
Unfortunately, the planners underestimated Jakarta’s rate of population growth. They had assumed an annual
growth rate of 4 per cent. However, during the 1960s, the city began to develop as a major industrial centre.
This was matched by a corresponding growth in its urban population as migrants from throughout Indonesia
flocked to the city in search of work. Many of those migrants settled in kampungs situated close to where they
could find work. As a result of this excessive, rapid population growth, Jakarta quickly descended into crisis
and struggled to provide essential services.

The Master Plan of Jakarta 1965–85 identified four major problems:
• flooding of the low-lying areas
• poor sanitation, especially in respect to the removal of solid waste
• traffic congestion
• poor housing for the rapidly expanding low-income population.
Although the master plan provided an outline for solving the city’s problems and catering for its future

growth, its achievements were restricted by lack of funds and a reliance on the private sector. The city
of Jakarta continued to grow. In 1955, the population was 1 452 000 and had risen to 8 175 000 by 1990.
Figure 4.15 shows the rapid increase of built-up area in the Jakarta metropolitan area from 1983–2005.

FIGURE 4.15 The growth of built-up areas in the Jabodetabek metropolitan area

1983 1992 2005
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Jakarta Special Capital Region

Built-up area

Key
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Source: Redrawn by Spatial Vision based on World Bank material 'Indonesia Urban Development Towards Inclusive and Sustainable Economic Growth' by Taimur Samad, 
19 September 2012.

The metropolitan area including Jakarta and its surrounding areas is known as Jabodetabek, combining the
names of the Jakarta, Bogor, Depok, Tangerang and Bekasi areas, which are home to a combined 25 million
people.

Data from 2014, using the Asian Development Bank poverty threshold of $25 US per month, showed that
nearly half a million people in Jakarta live in poverty, with North Jakarta and East Jakarta having the highest
levels of poverty.

In addition to Jakarta’s rapid expansion and high levels of poverty, the city’s population density in the
major districts is high. In 2016, the population density in central Jakarta was as high as 18 590 pp/sq km.
In comparison, Australian Bureau of Statistics data from June 2015 shows that the highest population
density of any locality in Queensland is New Farm in Brisbane, which has a population density of
6500 pp/sq km.
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FIGURE 4.16 Land use in Jabodetabek, Indonesia
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Source: MAPgraphics Pty Ltd, Brisbane

TABLE 4.6 Area of cities in Jakarta and population density

City/Regency Area (km2) Population density (pp/km2)

South Jakarta (Jakarta Selatan) 141.27 15 161

East Jakarta (Jakarta Timur) 188.03 12 924

Central Jakarta (Jakarta Pusat) 48.13 18 590

West Jakarta (Jakarta Barat) 129.54 17 004

North Jakarta (Jakarta Utara) 146.66 9 951

Activity 4.3b: Pollution in Jakarta
Use tables 4.5 and 4.6 and figures 4.16, 4.18 and 4.19 to complete the following questions.

Analyse and map pollution data
Go to the Resources tab for a downloadable version of this map.
1. (a) Using the data from table 4.5, construct a choropleth map to show the pattern of nitric oxide

pollution in the districts of Jakarta. (Group the data into five class intervals: intervals <0.10,
0.10–0.20, 0.21–0.30, 0.31–0.40 and >0.40.)

(b) Describe the pattern of pollution revealed by your map.
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FIGURE 4.17 Jakarta’s urban districts
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2. (a) Using the population density data for Jakarta’s districts in table 4.6 and the key showing districts’
locations, create a choropleth map to show the patterns of population density in Jakarta.

(b) Describe the pattern of population density revealed by your map.
(c) With the aid of your maps, and figures 4.16, 4.18 and 4.19, explain the pattern of air pollution across Jakarta.

232 Jacaranda Senior Geography for Queensland 1 Units 1 & 2 Third Edition

UNCORRECTED PAGE PROOFS



i
i

“c04ManagingChallengesFacingAMegacity_print” — 2018/10/17 — 4:23 — page 233 — #19 i
i

i
i

i
i

Digital doc: Jakarta urban districts (doc-29170)

4.4 Health and sanitation management
4.4.1 Disease in urban areas
It is estimated that 150 million people live in cities with perennial water shortage, which is defined as having
less than 100 L per person per day of sustainable surface and groundwater flow within their urban extent. By
2050, demographic growth will increase this figure to almost 1 billion people. With almost 3 billion additional
urban dwellers predicted by 2050 an increasing number of cities of all sizes will struggle to meet the increasing
demand for water, irrespective of adverse effects associated with possible climate change. Most of the future
urban growth will occur in the developing world where the lack of availability of clean water and sanitation
infrastructure can easily lead to outbreaks of disease and other health issues.

History very clearly demonstrates what can happen when large numbers of people move to urban areas
and live in cramped conditions with poor sanitation. Large cities such as New York and London faced similar
problems in the 1800s, when their populations experienced explosive growth. Both cities experienced serious

CHAPTER 4 Challenges for megacities 233

(d) Most of Jakarta’s nitric oxide pollution is generated from vehicles and industry. Based on Jakarta’s population
density and areas of higher nitric oxide pollution, can you make any inferences about where the heavy traffic
and industrial areas of Jakarta are located? Do your predictions fit with the land use map in figure 4.16?

FIGURE 4.18 Jakarta urban area population density
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FIGURE 4.19 Jakarta Urban Area:
Population Density (2010)
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Source: New Geography, The Evolving Urban Form: Jakarta Jabotabek, by
Wendell Cox 05/31/2011, http://www.newgeography.com/content/002255-the-
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Source: New Geography, The Evolving
Urban Form: Jakarta Jabotabek, by Wendell
Cox 05/31/2011, http://www.newgeography
.com/content/002255-the-evolving-urban-
form-jakarta-jabotabek

UNCORRECTED PAGE PROOFS



i
i

“c04ManagingChallengesFacingAMegacity_print” — 2018/10/17 — 4:23 — page 234 — #20 i
i

i
i

i
i

outbreaks of cholera, an infection of the intestinal tract, which is contracted through contaminated food or
water. Cholera causes severe diarrhoea and vomiting, which results in chronic dehydration leading to kidney
failure and eventually death within days. The disease spreads quickly in areas where people live in crowded
conditions and where sanitation and hygiene are poor. New York’s 1832 cholera outbreak left over 3000
people dead out of a population of 250 000, which equates to a city of 8 million having more than 100 000
fatalities. The worst hit areas were neighbourhoods such as Five Points, a slum area where African-Americans
and immigrant Irish Catholics lived in squalid conditions.

During this period, both New York’s and London’s water supplies were managed by private companies.
Public health concerns, however, played a major role in driving the shift from private to government ownership
of water works in both cities.

FIGURE 4.20 Living conditions of working class residents in east
London

The private water companies provid-
ing piped water to London during the
1800s were also criticised for providing
poor water quality. In the early 1800s,
those London households with piped
water experienced an intermittent supply
of untreated water. In poorer districts,
piped water wasn’t available and instead
people would collect water from shal-
low wells using a hand-cranked street-
pump. Households’ ‘sanitation’ was a
cesspool, a pit usually built under the
ground floor, which was considered at the
time to be the primary source of cholera.
Consequently, cesspools were gradually
abolished in the 1840s and houses were
required to be connected to covered sew-
ers, as opposed to the open form of sewers
that had been used previously. These closed sewers, however, flowed directly into the River Thames,
resulting in increased sewage pollution of the river.

John Snow, a London physician, believed sewage dumped into the river or into cesspools near wells could
contaminate the water supply, leading to a rapid spread of disease. He mapped cholera outbreaks by plotting
the distribution of cholera cases. In London’s poor Soho district, he noted a distinct cluster of deaths.

Snow examined water samples from various wells and discovered the presence of an unknown bacterium
in the Broad Street samples. The pump in Broad Street was disabled and the disease soon abated. Therefore,
by identifying the source John Snow was able to demonstrate that cholera was most likely contracted from
faecally contaminated drinking water and not vapours. This was a major breakthrough decades before germ
theory of disease was generally accepted.

The WHO Global Health Observatory data reports that in 2016 every region of the world had instances of
cholera cases. About two-thirds of these cases occurred in developing countries, mostly in sub-Saharan Africa,
and the majority (80 per cent) of the 132 121 cases reported in 2016 were in only five countries: Haiti, the
Democratic Republic of the Congo, Yemen, Somalia and Tanzania. Despite these reported cases, the WHO
estimates that the actual figure of cholera cases each year is far higher: up to 4 million, including up to 143
000 deaths each year.

Cholera is known as a disease of poverty, as it is most prevalent in areas with poor access to clean water
and sanitation facilities. This includes city slums and crowded camps for internally displaced persons seeking
refuge from civil unrest and natural disasters, such as earthquakes or flooding.

Cholera outbreaks also occur in large cities with ageing infrastructure. In 2008, the Vietnamese capital city
of Hanoi experienced a cholera outbreak that produced more than 2490 cases. The outbreak was attributed to
sewage from septic tanks contaminating city lakes where people sometimes wash food.
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Hanoi’s sewers date from the late 1800s, when the city came under French rule as the colony of Indochina.
The French were responsible for creating a modern administrative city with broad, tree-lined avenues. How-
ever, in the process, many lakes and canals were either removed or reduced in size. Today, although almost
eight million people live in Hanoi, the sanitation infrastructure is largely unchanged from the colonial period.

Weblink: The cholera outbreak in London, 1866
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Activity 4.4a: Complete a mean centre analysis
The ‘mean centre’ is the average x and y coordinate in a map area; it is a useful calculation to determine changes in distribution
of events. Complete the following steps to complete a mean centre analysis of figure 4.21, Snow’s 1854 cholera map. (A simpler
worked example has been provided below to help you follow the instructions.)

FIGURE 4.21 Snow’s map of cholera deaths

120 m600

Deaths per household
Water pump

N

Work House

Broad     
     

     
     

     
     

     
     

     
     

     
     

   S
treet

Poland                                    S
treet

Portla
nd     

     
     

     
     

     
   S

treet

Portland
Mews B

erw
ick                                            S

treet

St Ann’s Crt

Edward   S
treet B

rew
ery

Yard

Bentinck Street

D
ufours   P

lace

Great     
   M

arlborough    S
treet

W
ardour

W
ardour 

M
ew

s

M
arshall                                            S

treet

Marshall  Street

W
est   Street

Cross 
    

    
Stre

et
C

arnaby                                                     Street

South  R
ow

M
arlborough   R

ow

King                                        Street

Silve
r

Stre
et

U
p  John  StreetW

arw
ick  Street

U
p  Jam

es  Street

B
ridle 

G
reat                       P

ulteney
Little             W

indm
ill 

C
am

bridge   S
treet

N
ew

               S
treet

H
opkins                    S

treet

Brewery

Cock  C
ourt

Husband  Street

W
illiam

 and M
ary Yard

Peter   
    

    
    

    
    

    
  S

tre
et

B
lenheim

 S
treet

D
uck     Lane

Lit
tle

Pulte
ney

Stre
et

G
reens C

ourt

Gre
at C

row
n C

ourt

Arch
er   

   S
tre

et

G
reat W

indm
ill Street

Brew
er  

    
   S

tre
etGolden

Square
Beak Street

R
egent       S

treet

Tyl
er C

ourt

Ty
ler S

tre
et

Street

Street

Street

S
treet

UNCORRECTED PAGE PROOFS



i
i

“c04ManagingChallengesFacingAMegacity_print” — 2018/10/17 — 4:23 — page 236 — #22 i
i

i
i

i
i

1. Number the grid rows and columns on the figure 4.21 map. Create two tables: one to record the number of
deaths that occurred in each square. Count the number of deaths that occurred in each row of your grid and
in each of the columns (see example below). And record the total in one of the corners.

2. Record the total number of deaths shown on the map.
3. Count the number of deaths for each column and multiply the totals by the column number. For example, the

first column death total was 21 and this is multiplied by 1. The second column total is multiplied by 2 and so
on up to the ninth column.

4. Add up the nine column totals you have calculated and divide by the total number of deaths. This is the
mean column value.

5. Repeat the process for the rows. In row 1 at the bottom there were 7 deaths, hence the total for row 1 is 7.
6. Add the total for the eight rows and divide by the total number of deaths. This is the row mean value.
7. These values are then plotted as coordinates as shown in the worked example and the intersection of these

coordinates is the mean centre for the distribution.
8. Identify the nearest water pump to the mean centre.

Mean centre analysis worked example

n = total number of points shown in the whole map
n = 17

Columns Frequency Col x Freq

1 5 5

2 9 18

3

Totals 17 32

Totals 17 40

3 9

Col x Freq 32
n 17

= = 1.88

Rows Frequency Row x Freq

1 3 3

2 5 10

3 9 27

Row x Freq 40
n 17

= = 2.35
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4.4.2 Access to fresh water
The United Nations has recognised access to water as a human right. Access to clean water sources is expensive
in megacities, particularly in developing countries. The UN cites Jakarta and Manila (a city with a wider
metropolitan population of more than 12 million) as examples, where residents of urban slums are expected
to pay up to ten times more for water than residents of more affluent areas of the same city. A resident of
Manila whose income is in the lowest 20 per cent of the population can pay to have the water connected to
their home, but the cost is so high and their wages so low, that connection will cost them the sum of their
wages for approximately three months.

Three things are required for urban water supplies to meet the needs of their residents.
• A water supply that is ample and sustainable
• Water that is of good quality (potable water, i.e. clean enough for drinking)
• An efficient supply network
The rapid pace of urbanisation has often far exceeded the capacities of many national and local governments

to plan and manage the need for additional water.
In any country, developing or developed, failure to invest in adequate maintenance or increasing capacity

of water supply that keeps pace with increasing demand can result in critical water shortage. This risk is
heightened during drought conditions. Record low rainfall was a key factor in Barcelona’s water crisis in
2008, when the Spanish city experienced the worst drought since records began 60 years ago. Reservoirs
dropped dangerously low to 25 per cent, only 10 per cent above the threshold for safe drinking water.
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Emergency action was taken in the form of fleets of ocean tankers operating for three months at a cost of
$25 million. The government was also forced to allow water to be pumped from the River Ebro in the neigh-
bouring region of Aragon. Barcelona’s water crisis was mostly due to low rainfall but also to its antiquated,
leaky drainage system.

More recently, Cape Town’s water crisis of 2018 illustrates the danger of low investment in water supply.
Alarm bells began to ring 30 years ago when Cape Town’s population grew from 2 million to more than
3.5 million. The city relies almost exclusively on six dams, located in the mountains east of the city, for its
water supply. Rather than tackle the supply problem, the focus of action was on curbing demand. Per capita
consumption did decline as large water users were required to pay more. In 2014, the dams were full but three
years of drought thereafter required the introduction of drastic measures to conserve dwindling water supplies.
Residents were restricted to 50 L per person per day and, to heighten people’s awareness of the problem, the
concept of Day Zero was introduced, marking the day when there would be no water left.

Weblink: United Nations: Water

Weblink: We’re (not) running out of water — a better way to measure water scarcity

Beijing: A thirsty giant
With a population of about 22 million, Beijing is struggling to provide an adequate and reliable water supply
for its residents. The city’s annual per capita water availability is only 120 cubic metres per person, which is
well below the United Nations threshold for absolute water scarcity (see table 4.7).

TABLE 4.7 UN Levels of Water Scarcity (UNDESA)

Level of water scarcity Annual water supplies per person

Water stress Less than 1700 cubic metres

Water scarcity Less than 1000 cubic metres

Absolute water scarcity Less than 500 cubic metres

FIGURE 4.22 Beijing climate graph
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By 2020, the total annual water consumption in Beijing is
expected to reach 4.3 billion cubic metres of water, which is far
more than the available, renewable fresh water resources.

Beijing has three water sources:
• surface water captured from five major rivers within the

Beijing municipality
• groundwater
• diverted water from the Yangtze River through the South-

to-North Water Diversion Project
Beijing is in one of the driest regions of China. As shown in

figure 4.22, for much of the year there is little rain. More than
90 per cent of the annual precipitation falls between July and
October. Consequently, drought can have a devastating effect on
the city’s water supply. The drought of 2017 was the worst on
record. Less rainfall meant less runoff for sustainable refilling
of its surface and groundwater sources.

With 50 000 wells extracting about 1.4 billion cubic metres of
water a year, Beijing has a huge groundwater deficit. Between
2000 and 2012, the North China Plain groundwater table, on
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which Beijing is situated, dropped by 12 metres, a problem which is aggravated by groundwater pollution.
In 2014, China’s Land and Resources Ministry sampled groundwater in more than 200 cities. They found
that 44 per cent of the samples tested ‘relatively poor’ and requiring treatment, and 16 per cent were rated
‘very poor’ and deemed unsuitable for drinking. This presents a major concern for Beijing, as groundwater
currently contributes more than 70 per cent of the city’s total water supply.

Despite being short of water, Chinese cities were accused of wastage by selling it at heavily subsidised
prices. In 2010, and for the first time in seven years, Shanghai raised residential water prices by 25 per cent,
while Beijing put up the price of water for commercial use by nearly 50 per cent. In 2014, Beijing increased
residential water prices by 25 per cent and introduced a separate pricing tier for businesses that saw water
prices double.

Beijing’s water supply has been supplemented by water diverted from the Yangtze River via the South-to-
North Water Diversion project (see figure 4.23). It comprises three routes for diverting water from the Yangtze
to the drier north, where other megacities, such as Chongqing and Shenzhen, also face water shortages. How-
ever, reduced precipitation, a possible indicator of climate change, has already decreased freshwater reserves
in the Yangtze River basin by17 per cent. The scheme has been heavily criticised for the number of people it
has displaced and the potential losses through evapotranspiration.

FIGURE 4.23 The South-to-North Water Diversion project in China
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China’s rapid urbanisation and industrialisation over the past few decades have led to large increases in
wastewater discharge. Total wastewater discharge is mainly from industrial and domestic sources. More than
80 per cent of wastewater is treated but only 10 per cent is recycled. In Beijing, a third of wastewater is reused
for industrial processing or irrigation.

Activity 4.4b: Quenching Beijing’s water thirst
With the population of Beijing expected to soar to more than 50 million by 2050, good management of its water
resources is critical for the city’s future.

The following measures have been identified as possible solutions to the city’s long-term water requirements.
Critically examine each option, assessing its strengths and weaknesses, and propose a justified set of actions to
manage Beijing’s water resources.
Option 1: Decentralise industry from Beijing and reduce the amount of agricultural land in the municipality. This is
in response to a recent study modelling data on all factors that influenced decreases in groundwater storage
(1993–2006). This showed that expansion of Beijing’s urban area at the expense of croplands enhanced recharge
while reducing water lost to evapotranspiration.

Use figures 4.22 and 4.23, and water supply and use data in the ‘Resources and Environment’ section of the
China National Bureau of Statistics weblink in your online Resources to help you make your decision.
Option 2: Raise water prices for all types of consumer.

FIGURE 4.24 Beijing water usage and pricing
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Weblink: China’s South-to-North Water Diversion Project

Weblink: The world’s largest water-diversion project

Weblink: China National Bureau of Statistics

4.4.3 Groundwater pollution and subsidence
China’s Land and Resources Ministry 2014 survey of levels of groundwater contamination showed how much
population growth and consequential urbanisation contribute to the groundwater pollution problem. Exces-
sive groundwater extraction in Jakarta has shown the practice can lead to other environmental problems that
directly impact on its citizens, two of which are significant land subsidence and pollution of groundwater.

Jakarta sprawls across the flat lowland of the northern coast of the West Java province. The city has two
sources of water: the Citarum River catchment in the east, which supplies water via the West Tarum Canal,
and groundwater extracted from three aquifers located inside a bed of quaternary sediment 50 m thick. The
upper unconfined aquifer occurs at a depth of less than 40 m, the middle confined aquifer between 40 and
140 m and the lower aquifer, also confined, between 140 and 250 m (see figure 4.28). Like the 13 rivers in
Jakarta, groundwater flows from south to north.

240 Jacaranda Senior Geography for Queensland 1 Units 1 & 2 Third Edition

Option 3: Use recycled water sourced from new types of sewage treatment plants that are cleaner and produce
higher water quality. Construction of 17 new processing plants has already begun.

FIGURE 4.25 Beijing water supply and recycling, 2013–20
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Source: Adapted from Water Scarcity in Beijing and countermeasures to solve the problem at river basins scale,
Lixia Wang, Jixi Gao, Changxin Zou, Yan Wang, Naifeng Lin, Nanjing Institute of Environmental Sciences, Ministry of
Environmental Protection, Nanjing 210042, China and Beijings Water Resources; Challenges and Solutions JAWRA
Journal of the American Water Resources Association 513:614–623, 2015.
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FIGURE 4.27 Kampungs in north Jakarta FIGURE 4.28 Head of groundwater
level contours (m) of lower aquifer in
Jakarta basin
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It is this deep extraction of groundwater that is believed to be one of the main factors responsible for
the land subsidence observed in the coastal, western and north-eastern parts of Jakarta. Subsidence is also
caused by major building projects on soil of high compressibility. A study of land subsidence in Jakarta
from 1982–2010 found spatial and temporal variations, with the annual rates of subsidence between one and
fifteen centimetres.
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FIGURE 4.26 Informal housing in outer Java
Only 60 per cent of Jakarta’s residents have

access to clean, safe treated water. Unequal access
is highlighted by the fact that most homes in
Jakarta, which are usually in the city’s low-income
areas, rely on individual shallow wells to supply
household needs.

Because there is no efficient municipal sew-
erage system in Jakarta, 75 per cent of house-
hold wastewater is sent to septic tanks. Over 11
per cent of households discharge their wastewa-
ter directly into rivers. Off-site sanitation, which
includes industry and domestic individual treat-
ment plants, make up the remainder. Septic tanks
are a heath concern as many are simply holes dug in
the ground, lined with layers of coral rock and fibre
at the bottom to filter the water. Often poorly con-
structed or old, these septic tanks are prone to leak
raw sewage, which can then leach into the city’s
groundwater supply. It is estimated that more than 50 per cent of the shallow wells, those less than 40 m deep,
are contaminated by bacteria, such as E. coli, that cause pathogenic diseases.

Deeper extraction is mostly carried out by industry – it is much more localised and the rate of extraction
is much greater than that for domestic users. It is estimated that the level of groundwater in north Jakarta has
dropped over 50 m since 1910.

Source: New Geography, The Evolving Urban Form, Jakarta
Jabotabek, by Wendell Cox 05/31/2011, http://www.newgeography
.com/content/002255-the-evolving-urban-form-jakarta-jabotabek
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In general, there is a strong connection between land subsidence and urban development activities that
require water extraction. Evidence of the problem includes structural damage to buildings around the city
centre, expansion of areas prone to flooding and increased inland seawater intrusion. This is because, as the
groundwater level drops, the land above compacts and sinks (see figure 4.29)

FIGURE 4.29 Land subsidence in Jakarta (a) 1982–91 and (b) 1991–97

a) b)

Source: © Springer Science+Business Media B.V. 2011 Abidin, H.Z., Andreas, H., Gumilar, I. et al. Nat
Hazards 2011 59: 1753. https://doi.org/10.1007/s11069-011-9866-9.

 
FIGURE 4.30 Areas inundated by severe flooding, which displaced
more than 25 000 people in Jakarta in January 2014, after the city
was hit by days of torrential rain
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https://reliefweb.int/sites/reliefweb.int/�les/resources/Update on Jakarta Flood as of 21Jan2014-R.pdf.

Every year between December and
March inclusive, north Jakarta is
flooded and residents are moved to
evacuation centres. This natural hazard
is a result of a combination of factors
that include:

• intense wet seasonal rainfall
averaging between 200 and 300
mm per month

• low relief
• shallow river gradients, which

result in flooding when river
discharge is high

• absence of flood plains along
the riverbanks

• rivers choked by rubbish on
river beds

• 8 per cent of the land below sea
level aggravated by land subsi-
dence.
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Weblink: Sewerage and sanitation: Jakarta and Manila

Weblink: Clean water a scarcity in Jakarta

Weblink: Jakarta postpones sewage system building

Weblink: Jakarta floods

Weblink: Jakarta’s waste crisis

Activity 4.4d: Sinking Jakarta
Before completing this activity, got to the Resources tab and watch and read the weblinks Jakarta is sinking!,
Indonesia Crisis: Clean water scarcity in Jakarta and Jakarta is sinking so fast, it could end up underwater.

Explain groundwater and pollution challenges
1. Explain the following terms in your own words:

(a) subsidence
(b) aquifer

2. Why has extracting water from underground made areas of Jakarta more prone to flooding?
3. Explain why reliance on septic tanks in Jakarta has placed people’s water supplies in danger of contamination.

Map and analyse the data

TABLE 4.8 Jakarta special capital territory (660 km2)

Year Population (’000) Mean population density (’000/km2)

1951 2012 3.0

1961 2973 4.5

1971 4579 6.9

1981 6503 9.9

1991 8259 12.5

2000 8389 12.7

2010 9588 14.5

2015 10 323 14.5

4. (a) Using data from table 4.9, construct a composite line (population) and column (population density) graph.
(b) What impact do you think population and population density have on rates of water extraction?

5. The data points on figure 4.31 represent cumulative subsidence (cm) 1974–2010.
(a) Draw three isopleths of land subsidence at intervals of 50 cm from 50 cm to 150 cm. Some parts

of the contours have already been plotted. (A printer-friendly version of this map has been
provided in the Resources tab.)

(b) Describe the pattern of subsidence revealed by your map. Refer to districts and features displayed
in figure 4.30.

(c) How does the pattern of subsidence compare with that which occurred between 1982 and 1991,
as shown in figure 4.29a?

Suggest and justify strategies to combat the issue of subsidence
6. How could each of the following measures combat Jakarta’s land subsidence and flooding problems?

• Land use planning
• Regulation of groundwater extraction
• Sea wall construction
• Flood management control
• Seawater intrusion control (ways to stop seawater entering aquifers)

CHAPTER 4 Challenges for megacities 243

UNCORRECTED PAGE PROOFS



i
i

“c04ManagingChallengesFacingAMegacity_print” — 2018/10/17 — 4:23 — page 244 — #30 i
i

i
i

i
i

FIGURE 4.31 Subsidence points in Jakarta
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Weblink: Jakarta is sinking!

Weblink: Indonesia crisis: Clean water scarcity in Jakarta

Weblink: Jakarta is sinking so fast, it could end up underwater

Weblink: Jakarta water-related environmental challenges

Weblink: Water, megacities and global change

Weblink: Sinking cities

Digital doc: Jakarta subsidence map (doc-29171)
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4.4.4 River pollution

FIGURE 4.32 The location of São
Paulo in Brazil

Source:  Spatial Vision
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Although cities in the developed world have the infrastructure to pro-
vide safe drinking water it does not mean that all their river systems
are free of pollution. In New York, for example, Newtown Creek
runs through an old working-class area of warehouses and industrial
lots in the suburbs of Brooklyn and Queens. It empties into the East
River in Manhattan. Measures designed to reduce the amount of pol-
lution date from the 1920s when restrictions were imposed on local
oil companies to limit how much waste they could discharge into the
creek.

As recently as 2014, New York was still failing to meet the
1972 federal Clean Water Act target, which requires the removal of
85 per cent of all pollutants from incoming sewage after treatment.
Moreover, the city’s treatment plant still experiences frequent over-
flows when sewage loads are too large for the plant to handle. This
is despite New York state’s 1992 order for the city to prevent over-
flows by 2013. The city hopes to be fully compliant by 2022, when
its water treatment expansion program is complete. In the meantime,
large quantities of untreated sewage enters New York harbour during
‘CSO events’ – a combined sewer overflow events – which are often
triggered by rainfall.

Many rivers worldwide are contaminated by pathogenic bacteria
such as E. coli (Escherischia coli). This bacteria is capable of caus-
ing urinary tract infections, neonatal meningitis and intestinal disorders such as diarrhoea and gastroenteritis.
Because E. coli lives in the intestinal tracts of almost all warm-blooded animals, it is present in faeces and
therefore untreated sewage. This is an acute problem for some megacities with inadequate water supply and
treatment infrastructure. This problem is aggravated where rural migrants have settled in areas lacking any
planning and proper sanitation. Raw sewage, including faecal matter, is discharged into rivers, posing a
severe danger for public health. This was demonstrated in a study of pathogenic bacteria and their antibiotic
resistances in São Paulo, Brazil (see figure 4.32), one of the world’s largest megacities.

The Rio Tietê, which flows through the city, is an important water reservoir for São Paulo, but it is heavily
contaminated with untreated waste including sewage. A tributary of the Tietê, the Pinheiros River, is notorious
for its high level of dissolved methane.

CHAPTER 4 Challenges for megacities 245

Activity 4.4e: Pollution in the Rio Tietê
Refer to figure 4.10 to answer the following questions.

TABLE 4.9 Coliform levels in the Rio Tietê

Site Levels (Cfu/100ml) Distance from Biritiba-Mirim (km)

1 0 20

2 115 73

3 1710 104

4 1500 109

(continued)
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TABLE 4.9 Coliform levels in the Rio Tietê (continued)

Site Levels (Cfu/100ml) Distance from Biritiba-Mirim (km)

5 980 125

6 950 137

7 892 156

8 480 179

9 191 185

10 94 275

11 0 350

Explain the data tables
1. Using data from table 4.10, construct a line graph to show how coliform levels in the Rio Tietê vary with

distance from Biritiba-Mirim.
2. Describe the pattern of coliform contamination along the river.

Analyse the data and apply your understanding
3. The level of coliform pollution rises sharply, peaking in inner São Paulo (site 4), but declining in stages in the

west near the River Pinheiros and the city of Carapicuíba? What factors might contribute to this pattern?
(Referring to a detailed online map of the area may help you to form a conclusion.)

4. Write a paragraph outlining the challenges that these levels of contamination might present for residents of
São Paulo. Include details of at least three factors that might influence the severity of the impact on
individuals in the community (such as rainfall or personal wealth).

Weblink: Megacity drought: São Paulo

 

4.5 Vulnerability to natural hazards
4.5.1 Factors affecting vulnerability
With the world’s population becoming increasingly urbanised, more people are working and living in cities
than ever before. The result of this is the concentration of wealth in large urban areas. This excessive con-
centration makes national and global economies more exposed to anthropogenic and natural disasters. The
Lloyd’s City Risk Index 2015–25 quantifies this exposure by calculating the potential GDP@Risk in more
than 300 cities from these threats. GDP@Risk models the expected loss to GDP from a significant natural or
anthropogenic disaster.

Cities, especially in developing economies, struggle to manage rapid population growth. Invariably, it is
poor migrants from rural areas who settle illegally in hazardous areas with poorly constructed housing and
lack of infrastructure, leaving themselves vulnerable to the impact of natural hazards.

Asia has the largest number of people exposed to natural disasters. Verisk Maplecroft, a UK-based risk
management company, has estimated that nearly 1.5 billion people in south Asia are exposed to at least one
natural hazard, the most common being flooding. However, they found that African countries are the most
vulnerable to risk of poor governance and the lack of preparedness for natural disasters.

The Dartmouth Flood Observatory based at the University of Colorado, USA, estimated that between 2003
and 2008, floods that displaced 100 000 people or more occurred in more than 1800 cities across the world.
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Urban researchers are predicting that many of the world’s largest cities can expect to be flooded as climate
change and rapid urban expansion combine.

One example of the way that the rapid urbanisation can make a place more vulnerable to natural hazards
is the Pearl River Delta economic zone in China. The Pearl River Delta economic zone was one of the three
major engines in propelling the rapid economic development of China. During the last 30 years, the Pearl
River Delta has experienced rapid economic growth and urban expansion. The result was an increase in runoff
and abnormal rising water levels during the rainfall season, from June to September. These combined effects
overloaded the limited drainage systems and increased the risk of floods.

The Pearl River Delta area is the most highly populated continuous urban area in the world, with more
than 55 million people living in the area’s cities of Hong Kong, Shenzhen, Dongguan, Guangzhou, Foshan,
Zhongshan, Jiangmen, Zhuhai and Macau. The adjacent metropolitan area of Guanhzhou-Foshan is home to
an additional 22 million people.

Three quarters of the population in this region now live in urban areas. The city of Foshan is the third most
populous city in the region with a population of about 7 million. Since 1990, the municipal government has
been spending 0.5 per cent of the GDP each year on flood mitigation infrastructure projects. Figures 4.33
and 4.34 indicate how river discharge at Makou has increased since 1994 but also the success of measures
designed to reduce the flood risk because maximum river levels have been reduced.

FIGURE 4.33 Maximum
discharge recorded at Makou,
1994 and 2005
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Source: Zhang H, Ma W, Wang X. Rapid Urbanization and Implications for Flood Risk Manage-
ment in Hinterland of the Pearl River Delta, China: The Foshan Study. Sensors Basel, Switzerland.
2008;84:2223-2239.

FIGURE 4.34 Highest water
level recorded at Makou,
1994 and 2005
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Urban land use contributes to flood risk because urban areas contain many impermeable surfaces, such as
roads, carparks and roofs. This creates widespread water run-off after heavy rain. Furthermore, urban drainage
systems are designed to remove rainwater quickly into neighbouring creeks, but in their natural state these
creeks cannot cope with such large volumes of water (see figure 4.35).

In contrast, a catchment in its natural state is more likely to act like a sponge after a rainstorm. Rain is
initially intercepted by trees and shrubs before it hits the ground. It can then soak into the soil layer and later
percolate down into the rock layer, if it is permeable, before making its way slowly to the river. However, if
the rainfall is intense or the catchment is saturated with water from previous rainfall, the water will simply
run over the surface and reach the river more quickly. This may cause the river to flood.
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FIGURE 4.36 Model of a storm hydrograph
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Creeks with a high flood risk have a flash response hydrograph. Discharge rises rapidly after a storm,
creating a high peak discharge. Creeks with a low flood risk have a steady or lag response. The peak discharge
is much lower and the lag time, the difference in time between peak rainfall and peak discharge, is much longer.
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FIGURE 4.35 Drainage basin (arrows indicate volume of water)
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Source: Photo courtesy of Melbourne Water

Storm hydrographs are used to measure the discharge of a creek over time as a result of a rainstorm. The
discharge, normally measured in cubic meters per second (cumecs), is the volume of water passing a point,
usually a gauge station, during a specific period of time. Discharge may also be measured by the height of
the creek water above a measuring weir. Data is plotted on a storm hydrograph as a line, whereas rainfall is
plotted as a histogram (see figure 4.36).
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4.5.2 The effects of climate change
As the sizes of cities and the density of population increase, the natural river systems are less able to cope with
the levels of run-off from non-permeable surfaces of the growing urban environment, but this is complicated
further by the impacts of climate change.

In parts of London, for example, the risk of flash flooding is increasing. British Government scientists now
believe that as a result of climate change, longer and more intense rain episodes will become more common
and will lead to more flooding. Hammersmith and Fulham has recently been found to be the worst borough
for potential flooding, with almost 60 000 homes – 60 per cent of the borough – at risk.

In the north-western London suburb of Brent, however, the flood risk is not from the River Thames. Instead
it is from the smaller tributaries, the Silkstream and Brent rivers, and numerous brooks such as the Wealdstone,
some of which are underground in conduits but emerge at times of flood, and all of which have been heavily
altered from their natural state.

Activity 4.5a: Flooding in Brent, London
Refer to table 4.11 and figure 4.37 to answer the following questions.

Explain the data
1. Using data from table 4.11, construct two hydrographs, one for each discharge point.
2. Describe the shape of the hydrographs and explain why they are this shape.

Analyse the data and apply your knowledge
3. Study the location of the gauging stations in figure 4.37.

(a) What factors might explain the different peaks and lag times at the stations downstream?
(b) How might people living in the lower catchment be affected by these river heights?

TABLE 4.10 Rainfall and height of Brent River

Height above crest of weir (metres)

Date Time Rainfall (mm) Wealdstone Brook Hanwell

16.08.17 18.00 0 0.1 0.5

21.00 0 0.1 0.5

17.08.17 00.00 20 0.5 0.7

03.00 31 1.1 1.8

06.00 24 1.3 2.3

09.00 10 1.0 3.0

12.00 0 0.6 3.3

15.00 0 0.5 3.0

18.00 0 0.4 2.5

21.00 0 0.3 1.5

18.08.17 00.00 0 0.2 1.0

03.00 0 0.2 0.9

06.00 0 0.2 0.8

09.00 0 0.2 0.8
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 FIGURE 4.37 The Brent River catchment
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Source: Contains OS data © Crown copyright and database right 2018; Contains public sector information licensed under the Open Government Licence v3.0

Weblink: Brent rivers and lakes

Digital doc: Brent River catchment hydrographs (doc-29172)

Manila, Philippines
Metropolitan Manila, with a population of more than 12 million, is one of the megacities most exposed to
risk. In a study of megacities at risk, the Economist Intelligence Unit ranked Manila at 55 out of 60 based
on 49 risk indicators including digital, health, personal and infrastructure security. Manila was also ranked
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the highest for rates of death caused by natural disasters, with tropical cyclones (typhoons) and earthquakes
accounting for 80 per cent of the share of total GDP at risk according to the Lloyd’s City Risk Index. Manila
is in the bottom five in infrastructure security, and is second last in digital security. Other south-east Asian
cities in the bottom 10 include Vietnam’s Ho Chi Minh City, Myanmar’s capital, Yangon, and Jakarta.

FIGURE 4.38 Location of the West and
East Valley Fault lines
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Source: West Valley_Fault Line_PHIVOLCS, Bureau of Mines, in 
coordination with the Board of Technical Surveys and Maps, 1963.

Manila is located in a highly active cyclone area, has a high
risk of flooding, and is adjacent to the Eurasian, Philippines and
Sunda plate boundaries, so has high earthquake risk too. The
Marikina River, which flows through Manila, runs in a rift val-
ley along two parallel fault lines: the West Valley Fault and the
East Valley Fault. The Philippine Institute of Volcanology and
Seismology believes that rupturing along the West Valley Fault
has a recurrence interval of 200 to 400 years and could result in a
7.2 magnitude earthquake. A seismic event like this in the vicin-
ity of Manila could result in more than 35 000 fatalities. Manila
is now inside the recurrence interval for another earthquake.

A buffer zone on each side of the fault line, where no build-
ing should be established, was recommended but with such
rapid urban development it has been impossible to enforce. Poor
administration of building standards and the absence of clear
planning directions means that local governments have allowed
crowding of limited urban space.

Manila is also extremely vulnerable to tropical cyclones, particularly from June to September. On average,
the Philippines are struck by 20 tropical cyclones each year. One such example of their devastating effect is
the 2013 Cyclone Haiyan (see page 34).

Predictably, it is the poorer residents who live in hazardous locations, and are vulnerable to flooding, tropical
cyclones and earthquakes without adequate protection.

Weblink: The Philippines National Disaster Risk Reduction and Management Plan, 2011–2028

Weblink: Philippines: When it rains, it floods

 

4.6 Heat islands
4.6.1 Urban heat management
In addition to the risks of disease and pollution, large urban environments can also present a direct risk to the
health and wellbeing of their inhabitants in other ways. Hot urban environments can be extremely dangerous
as heat has the potential to aggravate pre-existing health conditions, including heart disease, lung disease and
asthma (see figure 4.39). Moreover, it is the very old and very young city dwellers who are more susceptible
to heat-related illness, especially in poorer neighbourhoods.

An urban heat island is a built-up area that is significantly warmer than its surrounding rural areas.
The phenomenon was first observed by Luke Howard, a pharmacist working in London during the early
1800s. With a keen interest in meteorology, he recorded and published temperature readings for various
neighbourhoods from 1800 to 1830, when the London population grew from 1 to 1.5 million people.
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FIGURE 4.39 Symptoms of heat illness

Source: National Weather Service

As cities spread, the natural cooling elements
of a landscape disappear. The result is that less
energy is used up by evaporating water and less
of the sun’s energy is reflected. More heat is
also stored by buildings and the ground in urban
areas than in rural areas because materials such
as bricks, concrete and bitumen have a high heat
capacity, or thermal mass – an ability to store
heat during sunshine hours and then release it
slowly. Heating and cooling equipment, and
vehicle exhaust can add to the heat island effect
(see figure 4.40).

Even where urban heat islands are not a major
problem now, they could exacerbate heatwaves
in the future. Researchers in Hong Kong sug-
gest that changes in urban heat island duration
should be included in planning for large cities.
They found that over a 27-year period, the urban
heat island duration in a developing urban area
of Hong Kong increased from 13.6 hours to
17.5 hours.

There are a number of measures that can be
adopted to mitigate the heat island effect. Los
Angeles, for example, was the first city in the
USA to make heat reflecting roofs compulsory
for new and significantly renovated houses. In
2017 it set itself the goal to cool the city by 1.5∘C

FIGURE 4.40 Urban landcover and the heat island effect
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Source: Sharifi, E., & Lehmann, S. 2014. Comparative Analysis of Surface Urban Heat Island Effect in Central
Sydney Journal of Sustainable Development, 73, 23–34. doi: 10.5539/jsd.v7n3p23.
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by 2035. This involved experimenting with painting streets with a sealant that lowers the surface temperature
by 5∘C and increasing the city’s tree canopy by 40 000 trees by 2019.

The Los Angeles Health Department has also flagged urban heat as a serious and growing threat to public
health, particularly as the climate warms. The Los Angeles metropolitan area has a population of around
13 million people, and in October–November 2017 experienced a heatwave that broke many existing heat
records for the area. Part of the LA County authority’s response to heat in the city is the Emergency Survival
Program, which provides tips for avoiding heat illness, but also established ‘Cooling Centres’, community
facilities opened by local authorities on days of extreme heat for people who have no other means of escaping
the heat or might be at greater risk of heat illness, such as the elderly, ill or homeless. This may not help to
reduce the heat island effect, but it does help to mitigate the impact on the most vulnerable members of the
community.

Washington DC has implemented a green area ratio for new developments, while in Seattle a points sys-
tem is used where property owners select various options, such as tree planting, to meet minimum planning
requirements.

Weblink: Evidence on the effectiveness of interventions during heatwaves

Weblink: Cooling urban heat islands

Activity 4.6a: Understanding and mitigating the heat island effect
Refer to figure 4.41 to answer these questions.

FIGURE 4.41 Urban heat island model
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Source: US Environmental Protection Agency, Learn About Heat Islands
Note: This is a model of how features of urban environments affect the rise and fall of day and night surface and air
temperatures.
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Explain the heat island effect and apply your knowledge
1. Describe the contrasting pattern of day and night surface temperatures.
2. Compare the day air temperature profiles with the night air temperature profiles.
3. Explain why the high-density parts of a city experience the highest temperatures.
4. Explain the impact that each of the following measures will have on mitigating the heat island effect.

• Tree planting
• Vegetated roof tops and wall panels
• Light coloured roof tops and pavements

Delhi
With a population of more than 28 million, Delhi, the capital city of India, is one of the world’s largest and
most extensive megacities. Comprising 11 districts of the National Capital Territory of Delhi, it covers an
area of nearly 1500 square kilometres. The average population density is about 11 320 per square kilometre.
Delhi’s North district has the highest population density at 36 155 persons per square kilometre whereas New
Delhi, the least densely populated district, has 4057 persons per square kilometre.

Researchers at the Centre for Science and Environment in New Delhi have identified the heat island
phenomenon as a contributing factor to the risk of excessive heat for Delhi’s inhabitants. The heat island mag-
nitude in Delhi is high, at around 8∘C and, in 2015, was responsible for accentuating heat wave conditions,
resulting in melting tarmac roads and a spike in heat-related deaths.

Activity 4.6b: Coping with heat in Delhi
Examine figures 4.42 and 4.43, and then answer the questions that follow.

FIGURE 4.42 National Capital Territory
of Delhi Administrative Districts
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FIGURE 4.43 Land use in Delhi, 1989 and 2011

Source: © 2014 Bablu Kumar et al.Source: Bablu Kumar, Kopal Verma, and Umesh Kul-
shrestha, “Deposition and Mineralogical Characteristics of Atmospheric Dust in relation to
Land Use and Land Cover Change in Delhi India,” Geography Journal, vol. 2014, Article ID
325612, 11 pages, 2014. https://doi.org/10.1155/2014/325612.

Explain and analyse the data
1. Describe the changes shown in figure 4.43 by identifying districts where particular types of land use

expanded or contracted between 1989 and 2011. Figure 4.42 will help you identify the districts.
2. Refer to table 4.12 to calculate the percentage change in each of the land use categories between 1997

and 2008.

TABLE 4.11 Land use change in Delhi,1997 and 2008

Land use 1997 2008

Built up land 549 791

Rural land (scrub, forest, etc.) 709 508

Water bodies 68 27

3. Examine table 4.13 to complete this question.
(a) Using data from table 4.13, construct a spiderchart to show how the built up density of Delhi’s

nine administrative districts changed during the period 1977–2014. Built-up density is the ratio of
the built-up area to the total area. It indicates how dense the urban area is, irrespective of the
location of urban patches within the administrative boundary. (You will find a blank spiderchart
template in the Resources tab to complete this task.)

(b) Describe the pattern of change shown in your graph.
(c) How do the changes in the distribution of built-up land compare with that of built-up density?
(d) Explain why the Central district may have remained relatively unchanged.
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TABLE 4.12 Built-up density of Delhi’s administrative districts∗

Administrative district 1977 2014

North 0.28 0.43

North East 0.13 0.62

East 0.27 0.60

Central 0.38 0.40

New Delhi 0.05 0.35

South 0.08 0.37

South West 0.04 0.39

West 0.12 0.60

North West 0.01 0.35

Delhi 0.10 0.40

Note: *There are now 11 districts in Delhi. In 2012, the North East district was divided
into North East and Shandara, and the South district was divided into South and South
East. These old boundaries have been maintained in this table to allow for comparison.

4. (a) Study figure 4.44, which shows Delhi’s changing heat island over a four-day period in 2008.
Describe the distribution of relative high and low temperature areas.

(b) What correlation exists between land use and the pattern of isotherms shown in figure 4.44?
5. What impact might the patterns and trends in Delhi’s heat have on the population of the city?
6. Considering the data above, suggest what challenges climate change might pose for the people of Delhi.

FIGURE 4.44 Delhi’s heat island

Source: Assessment of Urban Heat Island Effect in Megacity Delhi by Manju
Mohan, 11 April 2013

 

Digital doc: Spiderchart template (doc-29667)

Weblink: Water stress in New Delhi
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4.7 Food security
4.7.1 Feeding the megacity
The impact of urbanisation on water resources is problematic. Another area of concern is feeding the megacity.
Globalisation of food production has revolutionised the food industry but is only part of the solution to the
problem of providing food security for all the world’s urban populations. As countries become increasingly
urbanised, their land use patterns, infrastructure and economies change. Each of these factors then affect the
production and availability of food. This challenge presents in different ways in developed and developing
nations.

Urban food security in developing countries
Developing countries in particular face two challenges: not having adequate infrastructure to connect
producers with consumers efficiently, and the ability to provide food at reasonable prices.

In 2001, the UN Food and Agricultural Organisation (FAO) launched its ‘Food for the Cities’ initiative
with the aim to promote more sustainable and resilient food systems, particularly in developing countries
experiencing rapid urbanisation and changing land-use. A key component of this initiative was to secure
urban and peri-urban horticulture in local agricultural development plans.

Urban and peri-urban agriculture have an important role to play in providing access to nutrient-rich food.
People living in slum areas inevitably have very limited access to fresh fruit and vegetables. Consequently,
their food supply mainly consists of cheap foods with low nutritional value. Where fresh fruit and vegetables
are available, they are often unaffordable as the poorer urban households spend more than half their income
on food. They are therefore highly vulnerable to increases in food prices.

Urban agriculture has the capacity to overcome this situation by providing a secure source of nutritional food
for the urban poor. Its role in developing countries is important. For example, in Hanoi, Vietnam, 80 per cent
of fresh vegetables and more than a third of the city’s egg supply is produced by urban and peri-urban farms.

FIGURE 4.45 Eagle Street Rooftop Farm covers a 550 m2 rooftop
space in Greenpoint Brooklyn.

However, rapidly growing cities
struggle to sustain agriculture due
to increasing urban sprawl, which
has made land physically unavail-
able and expensive. Farming is then
relegated to any areas that are avail-
able, often near polluted water bod-
ies, drains and in backyards where
irrigation is feasible. In Ghana’s cap-
ital Accra, the Odaw River is used
extensively by urban farmers despite
the fact that the river has become
the receptacle of Accra’s rubbish
and solid waste. This raises seri-
ous health concerns given the city’s
reliance on the area for its vegetable
supply.

In Colombo, Sri Lanka, the prob-
lem is different. There the existing
wholesale and retail markets are poorly located and access is hampered by chronic traffic congestion. This is
exacerbated by poorly maintained markets and unhygienic conditions, resulting from increasing amounts of
organic and inorganic waste, which then present a health risk.
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Urban food security in developed countries
Developed countries, however, can approach this issue in different ways. In 1999, the idea of a ‘vertical farm’
as a way for densely populated areas to feed themselves was launched in the USA. The idea was that not only
could fruit and vegetables be supplied fresher, but also that these vertical farms would have a smaller footprint
compared to the current system of importing vegetables into cities. New York City was one of the early test
cases and since then the ‘skyscraper farm’ industry has expanded.

Singapore relies heavily on imported food and only produces 7 per cent of its vegetables. In 2013, Singapore
opened a vertical farm on a commercial scale that produces 500 kilograms of vegetables every day for a local
supermarket chain.

In the developed world, continued expansion of the city fringe has adversely impacted the supply of fresh
vegetables. In Australia, the food bowls adjacent to both Melbourne and Sydney are threatened by urban
sprawl. If by 2050 Melbourne’s population tops the predicted 7 million mark, it is estimated its fresh food
needs will increase by 60 per cent. However, the loss of adjacent farmland to accommodate Melbourne’s
expansion means that the food bowl’s ability to meet the city’s food requirements is likely to drop below 20
per cent by 2051. This will increase the cost of perishable food, as having food production and processing
close to market has significant cost savings for both producers and consumers. Transport costs are lower and
there is less spoilage and waste. There are also environmental benefits if food does not need to be transported
over long distances.

The Sydney food bowl produces 20 per cent of the city’s needs, including 55 per cent of the supply of meat,
40 per cent of eggs, 38 per cent of dairy products, and 10 per cent of vegetables. Much is produced in small
blocks between two and five hectares in size. However, as urban development expands into the city fringe it
is estimated that on current trends these farms will be responsible for just 6 per cent of the city’s food needs
in less than 20 years.

Weblink: Improved rural urban linkages: Building sustainable food systems

Weblink: The world’s first commercial vertical farm opens in Singapore

 

Activity 4.7a: Feeding a city
Refer to table 4.14 and 4.15 to complete the following questions.

TABLE 4.13 Poverty and food insecurity in Sri Lanka

District Population below
poverty line (%) 2010

Food insecure
population (%) 2010

Colombo 3 38

Gampaha 3 34

Kalutara 6 27

Kandy 10 20

(continued)
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TABLE 4.13 Poverty and food insecurity in Sri Lanka (continued)

District Population below
poverty line (%) 2010

Food insecure
population (%) 2010

Matale 12 22

Nuwaraelyia 7 9

Gallee 10 31

Matara 11 22

Hambantota 7 17

Kurunegala 12 21

Puttalam 10 29

Anuradhapura 6 20

Pollonnaruwa 6 14

Badulla 13 14

Moneragale 14 11

Ratnapura 10 20

Kegalle 11 22

Batticaloe 20 32

Ampara 12 17

Trincomalee 12 23

Jaffna 16 14

Vavuniya 2 10

Source: Epidemiology Unit Ministry of Health, Sri Lanka, and Geetha Mayadunne and
K.Romeshun, Sri Lankan Journal of Applied Statistics, Vol 14-1.

Comprehend and analyse the data to identify patterns
1. Using data from table 4.14, analyse the correlation between the following based on the data provided for

Colombo, Sri Lanka.
(a) the level of urbanisation by district and food insecurity
(b) poverty and food insecurity.

2. (a) Using table 4.15, describe the pattern of farming in Melbourne’s food bowl.
(b) Study table 4.15 and figure 4.46. Referring to specific commodities, explain the factors that might

influence whether food types are well represented in Melbourne’s food bowl or are sourced from
other areas. Consider what may be required in terms of the amount of land required, water
resources or climate needed to produce specific products.

(c) Based on your conclusions about Melbourne’s food bowl, suggest what challenges might affect
the production of food in cities with much higher populations or much lower levels of
development?
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TABLE 4.14 Food types produced in Melbourne’s food bowl by percentage

Food type % of Victoria’s production occurring in
Melbourne’s foodbowl

Dairy 12%

Sugar 0%

Fruit 8%

Oil crops 7%

Cereal grains 3%

Vegetables 47%

Red meat 15%

Chicken meat 81%

Rice 0%

Legumes 1%

Eggs 67%

Source: Sheridan, J., Larsen, K. and Carey, R. 2015 Melbourne’s foodbowl: Now and at seven
million. Victorian Eco-Innovation Lab, The University of Melbourne

FIGURE 4.46 A snapshot of Melbourne’s food bowl
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Source: Sheridan, J., Larsen, K. and Carey, R. 2015 Melbourne’s foodbowl: Now and at seven million.
Victorian Eco-Innovation Lab, The University of Melbourne
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4.8 Waste management
4.8.1 The challenge of waste disposal

FIGURE 4.47 The mountainous dumps of rubbish in urban
areas in Sri Lanka pose a number of health and safety threats
to the workers.

As urbanisation increases so does one of
its unpleasant by-products: solid waste. The
World Bank estimates that by 2025 the
world’s urban population will be producing
more than 2 billion tonnes of waste per year.
Urban areas, by virtue of their high popula-
tion densities, produce an enormous amount
of waste and for cities in many developing
countries, it is becoming an environmental
catastrophe.

Developing nations, urban centres and
megacities produce huge amounts of waste,
but do not always have the infrastructure to
collect or process it. One of the most famous
megacity rubbish dumps in the world is the
enormous ‘Smokey Mountain’ in Manila. With approximately 44 per cent of Manila’s 10 million residents
living in poverty, many of the poorest residents live near the rubbish dump and scavenge there for food and
a living.

Rubbish-lined streets are also common in cities of developing Asian nations that have not yet reached
megacity status. The broader metropolitan area of Colombo, Sri Lanka, has a population of approximately
5.6 million people and has steady population growth. Colombo produces more than 1200 tonnes of waste
each day, which ends up in the city’s mountainous dumps. On the north-east outskirts of the Colombo is the
notorious 90-metre-high Meethotumulla rubbish dump. Such enormous dumps are prone to collapse, burying
homes and people working in the area. Considering the projected growth for cities in Asia, many that are
already struggling to manage their waste, it is easy to see how waste will become an even bigger management
issue in the future.

Weblink: Life after Smokey Mountain

Weblink: Life scavenging in Manila’s garbage mountain

Weblink: Sri Lankan rubbish dump collapse 
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4.8.2 Garbage and disease
Garbage can also contribute to the spread of disease. Dengue, a vector-spread disease, is particularly endemic
in tropical countries like Sri Lanka where the aedes aegypti
to urban and suburban environments. They can lay eggs in as little as 5 to 10 ml of water, which easily collects
in discarded rubbish as small as a bottle cap.

With an annual rainfall of 2400 mm, the blocked drains and uncollected rubbish in Sri Lanka’s urban areas
are ideal breeding grounds for mosquito larvae. This is particularly the case in the south-west, where humid
and wet conditions allow the mosquito to live longer. The heavy monsoon rain seasons do, however, provide
some respite as they flush out the mosquito breeding grounds.

The south-west is also the most urbanised and densely populated part of the country. The population density
of Colombo was approximately 20,000 people per square kilometre in 2017. It is particularly high in the
poorer districts of the city. This allows disease to spread relatively quickly. In 2017, Sri Lanka suffered its
worst outbreak of dengue in history.

and aedes albopictusmosquitos are widely adapted
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Activity 4.8a: Dengue fever
Refer to the Sri Lanka Ministry of Health Dengue Fever data and Sri Lanka Population and Housing data weblinks
in your online Resources to answer the following questions.

Explain and analyse the data
1. Using data from the most recent complete year listed in Sri Lankan Dengue fever statistics, complete the

table below to show the number of reported Dengue fever cases in each administrative district in Sri Lanka.
Refer to the Sri Lankan population statistics to add the percent of urban population in each district. You will
need to add the year in brackets in the final column.

TABLE 4.15 Reported cases of dengue fever in Sri Lanka, 2017

Administrative district Urban pop. (%) Reported cases

Jaffna

Killinochchi

Mulativu

Mannar

Vavuniya

Anuradhapura

Trincomalee

Polonnaruwa

Puttalam

Matara

Batticalaoa

Kandy

Kagalle

Gampaha

Nuuwara Ellya

Badulla

Monaragala

Colombo

Kalutara

Ratnapura

Galle

Matara

Hambantota

2. (a) Using data from your table, choose one of the following techniques to examine the hypothesis that
there is a link between the level of urbanisation and the incidence of dengue fever.
• Scattergraph and best fit line
• Spearman Rank Correlation (see page 49 for how to calculate a Spearman Rank Correlation)
• Choropleth mapping
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(b) What do you notice about the timing of the peaks in both outbreaks and monsoonal rains?
(c) Why do you think there is a time lag between the peaks of rainfall and the spikes in dengue fever?
(d) Write a paragraph comparing the seasonal pattern of dengue outbreaks with Colombo’s rainfall

pattern and suggest reasons for any relationship you can identify between the two.

FIGURE 4.48 Distribution of dengue fever cases in Sri Lanka, 2010–15
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Factors and Population Density on the Distribution of Dengue in Sri Lanka: A GIS Based Evaluation for Prediction of Outbreaks.
PLoS ONE 121: e0166806. https://doi.org/10.1371/journal.pone.0166806 

FIGURE 4.49 Colombo average annual precipitation (mm)
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3. (a) Using the data showing the number of cases of Dengue reported each year in Sri Lanka, create a
line graph to show the change in reported cases of Dengue fever.

(b) Explain the trends during this period.
(c) Explain two factors that might have contributed to the trends you have identified.

TABLE 4.16 Annual dengue cases, 2002–17

Year Number of reported cases

2002 8931

2003 4673

2004 15 463

2005 5994

2006 11 980

2007 7332

2008 6607

2009 35 095

2010 34 109

2011 28 473

2012 44 456

2013 32 063

2014 14 700

2015 29 777

2016 54 945

2017 184 442

Source: © 2014 National Dengue Control Unit — Ministry of Health —
Sri Lanka

 

Weblink: Philippines Department of Health: Dengue management plan

Weblink: Dengue factsheet: World Health Organization

Weblink: Sri Lanka Ministry of Health dengue fever data

Weblink: Sri Lanka population and housing data

Calculating correlations: Spearman’s Rank correlation coefficient
The scattergraph and best fit line are useful for identifying any anomalies (outliers) that don’t fit in with
a general pattern of results. An alternative method is to use a statistical test. This establishes whether the
correlation is statistically significant or if it could have been the result of chance alone. Spearman’s Rank
correlation coefficient is a technique which can only yield a result between 1 and minus 1. You must be
comparing at least 5 pairs of data for the test to work.
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Method — calculating the coefficient
Step 1 Lay out your data in a table.

Step 2 Rank the two data sets. To do this, assign ‘1’ to the largest number, ‘2’ to the second largest and so on.
The smallest value in the column will be assigned the lowest ranking. Do this for both sets of measurements.
If two or more values are the same, or ‘tied’, they are assigned the average rank. For example, if there are
three tied scores that are second they will all be ranked 3 – i.e. 1, 3, 3, 3 – and then 5, 6 and so on. If there are
only two tied ranks, say 7, they become 7.5, 7.5 and then 9, 10 and so on.

Step 3 Find the difference in the ranks (d): This is the difference between the ranks of the two values on each
row of the table. Do not worry about the signs +ve or –ve as in the next step they are squared.

Step 4 Square each rank difference you have just calculated.

Step 5 Add up all these squared differences.

Step 6 Substitute your answers into the formula. The formula has two constant values, 1 and 6.

• Σ = sigma (sum of)
• d = difference between ranks
• n = number of pairs in your data (the number of pairs in your table).

rs = 1 − 6Σd2

n3−n

For example to determine if there s a correlation between the size of a town and the number of petrol
stations, you might consider the following data:

Population Rank
(pop.)

Number of
petrol

stations

Rank (no.
of stations)

Difference
between
ranks

Difference
between ranks

squared

30 000 4 6 5 1 1

20 000 5 5 4 1 1

45 000 2 8 2 0 0

39 000 3 7 3 0 0

58 000 1 9 1 0 0

Σd2 = 2

1 − ( 6 × 2
53 −5 )

1 − 12
120

1 − 0.1 = +0.9
The closer the value is to +1 or −1, the stronger the likely correlation (or likelihood that one variable

causes another). A perfect positive correlation is +1 and a perfect negative correlation is −1. This value of
+0.9 suggests a very strong positive relationship.
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FIGURE 4.50 Positive and negative correlation scale
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 A Spearman Rank significance graph can be used to test the significance of the relationship by looking up
the value of +0.9.
• Work out the ‘degrees of freedom’. This is the number of pairs in your sample minus 2 (n–2). In the example,

it is 3 (5 – 2 = 3 degrees).
• Plot your result on the Spearman’s Rank significance graph. The x-axis shows the Spearman’s Rank

correlation coefficient and the y-axis shows the degrees of freedom (see figure 4.50).

FIGURE 4.51 The Spearman’s Rank significance graph
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• Although 0.9 is a high coefficient, our result is below the 5 per cent significance level, therefore it is quite
possible the result was the product of chance and statistically that is not considered significant. The sample
of 5 towns is, after all, exceedingly small.

• If the result had been above the 0.1 per cent significance level, then we could be 99.9 per cent confident the
correlation has not occurred by chance.
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Remember that just because you get a correlation between two sets of variables does not prove that one
variable causes another variable. It can suggest there is a relationship but only further research can actually
prove that one thing affects the other. The size of the sample is important. The more data you have, the more
reliable your result.

4.9 Economic opportunities and challenges
4.9.1 Urban growth and economic change
India’s economic development
India is expected to increase its urban population by more than 400 million by 2050. The annual growth
in urban population in India between 2010 and 2015 was the highest among the major economies.
As in China, migrants from the rural areas make up a sizeable proportion of the urban population.
The last census revealed that over one-third of the urban population comprises migrants from India’s
rural areas.

India’s economic development has followed a different path from many other countries. Structurally, the
economy transitioned quickly from agriculture to services and has become the third largest economy in terms
of purchasing power parity.

In 1991, the government initiated economic liberalisation reforms. These include the reduction of tariffs
and interest rates, and ended many public monopolies but more importantly encouraged foreign investment
in many sectors of the economy. Consequently, India has progressed towards a free-market economy, with a
much reduced state control of the economy. Per capita incomes have more than doubled since 2005 and by
2015 India outpaced China in terms of GDP growth rate.

China’s economic development

FIGURE 4.52 Shanghai, with a population of 23.41 million and a
population density of 6100 people per square kilometre, is the world’s
second largest megacity behind Tokyo.

The late 1970s marked a major
turning point in the direction of
China’s economic and subsequent
urban development. In 1978, Deng
Xiaoping became premier and
immediately launched a series of
reforms aimed at transforming China
into a more market-based econ-
omy. The open-door policy was
instrumental in this change. This
liberalised China’s foreign trade
system and was accompanied by
the creation of Special Economic
Zones (SEZ) in south-eastern coastal
China. Designed to stimulate eco-
nomic growth, tax incentives were
provided in order to attract foreign
investment and technology. The first
four special economic zones desig-
nated in 1980 were based around four small cities in the Guangdong and Fujian provinces. One of these cities,
Shenzhen, was a small fishing town but is now a hugely successful trade hub and manufacturing centre with
a population of more than 12 million.

CHAPTER 4 Challenges for megacities 267

UNCORRECTED PAGE PROOFS



i
i

“c04ManagingChallengesFacingAMegacity_print” — 2018/10/17 — 4:23 — page 268 — #54 i
i

i
i

i
i

FIGURE 4.53 Workers inspect television panels in a Shenzhen factory

The success of the SEZs encouraged the government to create new foreign trade areas in cities such as
Shanghai. Known as Economic and Technological Development Zones (ETDZ), these zones focus on specific
industries, such as high-tech research and development. In 2013, Shanghai was one of four cities given Free
Trade Zone status and benefitted from faster foreign investments approvals and more relaxed trade regulations.
In 2017, seven more FTZs were approved but unlike the previous ones they are located in underdeveloped
areas in China’s interior to boost regional economies.

These economic initiatives inevitably had a huge impact on China’s rate of urbanisation. With an economy
firmly wedded to exports and investment, China witnessed an explosion in the growth of cities in both number
and scale. This has been fuelled by a tidal wave of migration of 500 million rural Chinese people into the cities
since 1980. With so many people, and therefore potential consumers, now living in urban areas there is now
a significant shift towards a consumption-driven economy.

A product of this rapid urbanisation has been the megacity. The UN definition of urban areas gives China
a total of 6 megacities. However, the New Urbanisation Programme 2014–2020 aims to create even larger
mega-urban regions by merging the nine cities in the Pearl River Delta region, thereby drawing 48 million
people together.

Eleven of these mega-urban regions are planned, the largest of which is Jingjinji. This plan is designed to
create a more balanced economic structure, partly by moving heavy polluting industries and some services
away from the capital of Beijing. This ties in with State Council of China’s decree to cap the size of Beijing
at 23 million people by 2030.

The backbone of these mega regions are the transportation networks. These will comprise new high-speed
and conventional railways, metro systems, light rail and highways. The idea is that with such fast networks
people will feel as though they are all part of the same urban entity. The plans also incorporate extensive areas
of green space and rural areas within the city clusters.
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FIGURE 4.54 Regions of China, including SEZ locations
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Weblink: China’s National Bureau of Statistics

Weblink: China’s growing cities

Weblink: The growth and development of megacities

China’s ghost cities
A somewhat curious bi-product of China’s rapid urbanisation has been the ghost city. These have sprung up
in less-developed provinces such as Qinghai, Sichuan and Gansu in China’s interior. As part of a post GFC
(Global Financial Crisis) strategy they were designed to bring prosperity to the region.

Located in inner Mongolia, Ordos Kangbashi was a product of the region’s prosperous coal mining indus-
try and its ambitious government. The idea behind the project was that the new city would attract people,
especially the new middle class wanting the benefits of a modern city. It was anticipated that many would
come from the Dongsheng district, 25 km to the north.

It was also expected that a new city would diversify the economy by attracting new business and relo-
cated government agencies. Unfortunately, the new city got off to a poor start. Demand for housing was
initially sluggish and investors pulled out, leaving projects unfinished. The local government tried filling its
empty buildings by accepting housing exchange certificates from people elsewhere in China for a property
in Ordos. Called a fangpiao, a housing exchange certificate is granted when a property is requisitioned by

CHAPTER 4 Challenges for megacities 269

UNCORRECTED PAGE PROOFS



i
i

“c04ManagingChallengesFacingAMegacity_print” — 2018/10/17 — 4:23 — page 270 — #56 i
i

i
i

i
i

the government. In the first five years, Ordos’ population grew to 30 000, by 2018 it had reached 153 000,
well short of the original target of 1 million. This has not been helped by a decline of 15 per cent in inner
Mongolia’s GDP in 2017.

Another economic factor influencing the growth of Chinese megacities is the location of employment oppor-
tunities. In 2010, it was estimated that over one-third of rural children were living with close relatives because
their parents had moved to the cities for work. This is partly explained by the hukou system, which restricts
access to education and welfare to the place where the parents were born. A relic of previous government
policy, the system was designed to control where people lived.

FIGURE 4.55 The ghost city, Ordos Kangbashi

Weblink: China’s ghost cities

Activity 4.9: Urbanisation in China
Refer to the China National Bureau of Statistics weblink in the Resources tab to answer the following questions.

Explain and analyse the data
1. Using data from table 4.18, construct a multiple line graph to show the changing level of urbanisation in

China and India from 1900 to 2015.

Analysing data and applying your understanding
2. (a) Create a table to show the annual GDP per capita of each of the provinces of China for the last full

calendar year. (You will find this data in the Annual National Accounts section of the China National
Bureau of Statistics Weblink.)

(b) Using your data table and the blank map of China in the Digital Documents section of your online
Resources, create a choropleth map to show the pattern of annual GDP across China’s provinces
for the last full calendar year.

(c) Describe the pattern evident in your map.
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3. (a) Create a graph to compare the annual disposable income of urban and rural households in China
for the last 20 years. (You will find this data in the Annual People’s living conditions section of the
China National Bureau of Statistics weblink.)

(b) Why do you think encouraging greater migration of rural people to the cities has assisted China in
transitioning to a consumer-based economy?

FIGURE 4.56 China – Urban disposable income vs rural net income (yuan per person)
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4. (a) Using data from table 4.20, determine whether there is a correlation between wage index, an
indication of labour costs, and migration share of total migration in China.

(b) Explain whether or not you think your result could suggest that migration flows were influenced by
wage index differences? Justify your response.

(c) What other factors do you think could explain the pattern of migration?

TABLE 4.17 Wage index and migration share in China

City Wage index Migration share (%)

Jinchang 6.7 0.1

Tianshui 5.7 0.1

Zhuha 6.8 1.2

Guangzhou 6.6 1.2

Shanghai 6.4 0.8

Beijing 6.2 0.7

Quazhu 6.3 1.8

Shenzhen 6.9 2.3

Dongguan 6.9 3.9

 

Digital doc: Blank map of China (doc-29173)

CHAPTER 4 Challenges for megacities 271

UNCORRECTED PAGE PROOFS



i
i

“c04ManagingChallengesFacingAMegacity_print” — 2018/10/17 — 4:23 — page 272 — #58 i
i

i
i

i
i

4.10 Sustainable development in megacities
4.10.1 Challenges and opportunities for developed countries

FIGURE 4.57 Average annual urban growth, 2010–15
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Source: Reproduced under CC BY-4.0 licence https://creativecommons.org/licenses/by/4.0/ ©2018 The World Bank Group, World Bank Staff estimates based on United Nations, 
World Urbanization Prospects.

Waste management and sanitation
Large populations produce large amounts of waste that need to be processed and disposed of somewhere,
but cities don’t have the extensive tracts of land to do this. So where does the waste go? Some developed
countries, such as Australia, export some types of waste to other countries. China and India, for example,
have at different times received Australian recycling for processing. This may be a ’sustainable’ option for
the developed nation’s environment, but not for the developing nations, which may not have the means of
processing the waste in a sustainable or safe way.

The population of New York City, for example, produces around 12 000 tonnes of rubbish a day (with only
about 2000 of that recyclables).

The annual budget for waste removal in New York is approximately US$1.5 billion (2016). In addition to
this, city authorities need to manage street sweeping, and general cleaning and maintenance of public facilities
and streets. Rubbish collected in New York is managed in a number of ways:
• Shipped or trucked about 1000 km to one of the state’s landfills (80 per cent of mixed residential waste)
• Incinerated for fuel (20 per cent of mixed residential waste)
• Recycled (either locally – mostly paper and metals – or overseas – mostly plastics)

New York has implemented policies to help manage this volume of waste in a more sustainable way. In
1989, they began a compulsory recycling program, which runs as part of a broader plan that sees wasted
separated and managed accordingly.
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Other initiatives implemented as part of the city’s waste reduction plan include:
• Reduce the percentage of recyclables that are sent to landfill (the approximate capture rate for common

recyclables, such as paper and plastic, is currently about half)
• Develop household and community composting and separate organic matter collection
• Reduce or eliminate non-recyclable material, such as single-use plastic bags, Styrofoam food

containers, etc
• Implement separate disposal programs for electronics that have reusable and recyclable component parts
• Encourage recycling and reuse of clothing and consumer goods
• Provide incentives for businesses to improve their waste management processes
• Implement school programs to change waste disposal habits of the next generation, including a ‘zero waste’

scheme.

Weblink: Zero waste in New York City: Challenges and opportunities

Weblink: Department of Environmental Conservation

Infrastructure
Poor infrastructure also negatively affects the sustainability and liveability of cities. In some instances, land
on the rural-urban fringe of developed nations’ megacities is sold off to create new housing and industrial
estates. Services such as roads, electricity, water and gas are in place before development begins, but shop-
ping complexes, medical services, schools and recreational facilities that are present in existing suburbs are
generally delayed in new suburbs until the area has an established population – generally, a service needs to
be economically viable before it will be put in place. This creates difficulties for residents who have to travel
long distances for work, school or basic services such as healthcare—often in their own cars, as extensive
public transport infrastructure may not yet be in place. This means that they not only travel further, but are
less likely to do so in a sustainable way that requires any physical exertion, such as walking to a train station
or riding a bike. This contributes to rising obesity levels and health issues.

As cities move outward, they often expand at a faster rate than infrastructure. Traffic congestion inevitably
follows as the road network is choked and unable to cope with more and more people making the daily
commute to work, as employment opportunities are often limited in new outer suburban fringes.

Weblink: Death by suburban sprawl: better urban planning will combat sedentary lifestyles

Impact on the natural environment
The expansion of a city’s urban footprint also makes significant changes to the natural environment. Clearing
vegetation can reduce biodiversity and natural habitats. Natural drainage is impacted as green spaces are lost.

With these changes, water no longer flows over the surface of the land to be taken up by vegetation, into
our waterways or infiltrates the soil, but rather runs across concrete and bitumen into stormwater systems.
Disrupting the natural waterways also leaves some areas at a higher risk of flooding (see section 4.5).
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FIGURE 4.58 The Global Context: Cities today occupy
approximately only 2 per cent of the total land area.
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Source: From “The New Urban Agenda” by Habitat III,
http://habitat3.org/

When an urban grows, food will need to
travel vast distances from farms and factories
to feed the population of a megacity, adding
to each individual’s carbon footprint (the total
greenhouse gas emissions produced as a result
of their activities). With so many people liv-
ing in such a concentrated area, this impact is
potentially significant. The cost of transporting
this food also creates issues for the urban poor
as the cost of transport is added to the cost of
the produce at the market.

Expanding cities and populations in devel-
oped nations also have greater energy needs to
maintain their lifestyle. Generating high levels
of electricity also presents challenges for the
natural environment, particularly in countries
that rely on coal-fired power stations, which
emit CO2. For example, after the forced clo-
sure of many of their nuclear power plants after
the Fukushima disaster in March 2011, Japan’s
CO2 emissions rose to a record high for the year
ending March 2014, just three years after the country reverted to relying on coal and gas-generated power.
Before this, approximately 26 per cent of Japan’s power had been generated by nuclear plants.

Weblink: Japan’s CO2 emissions hit second-highest on record

Social impacts
Closer to the city centre, where land is expensive and in short supply, medium- and high-density housing
replaces many of the original dwellings, changing the character of these inner-city areas. However, services
and infrastructure are already well-established – employment, shopping precincts, educational and health
services are already in place and public transport provides a viable alternative to the family car.

The cost of moving into these areas is often out of the reach of people on lower incomes, first home
buyers and young families, and so they are forced into the outer areas where housing is more affordable.
This urban sprawl places groups with limited income at a greater disadvantage as they often have to travel
greater distances for work or services, which is more expensive than travelling shorter distances, meaning
they spend more of their limited income. This also has flow-on social effects, as those who have to travel
greater distances for work also spend less time at home with their families. These factors combine to create
social segregation between low and middle–high income earners. In countries such as the United States, in
which a significant proportion of the funding for public education comes from local taxes or funding, school
districts with a high proportion of high-income families collect more revenue. This has a direct impact on
standards of educational facilities.

The rise in population also leads to an increase in population density and high-density dwellings. High den-
sity living may have sustainability advantages over urban sprawl, but it can also have a negative social impacts:
less green space, a reduced sense of community and increased crime rates. But the challenges faced by megac-
ities in developed countries also extends beyond the provisions of infrastructure. The development of digital
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communications, for example the rise of e-commerce, also presents challenges for large urban populations,
as the traditional ways of earning an income – manufacturing, trade and service industries – change.

FIGURE 4.59 The impact of urban sprawl on the community

Source: Copyright © United Nations Human Settlements Programme, 2016, World
Cities Report 2016

Can the world’s megacities survive the digital age?

Today, megacities have become synonymous with economic growth. In both developing and developed
countries, cities with populations of 10 million or more account for one-third to one-half of their gross domestic
product.

Many analysts and policymakers think this trend is here to stay. The rise of big data analytics and mobile
technology should spur development, they assert, transforming metropolises like Shanghai, Nairobi and
Mexico City into so-called ‘smart cities’ that can leverage their huge populations to power their economies and
change the power balance in the world.

As technology researchers, however, we see a less rosy urban future. That’s because digitization and
crowdsourcing will actually undermine the very foundations of the megacity economy, which is typically built on
some combination of manufacturing, commerce, retail and professional services.

The exact formula differs from region to region, but all megacities are designed to maximize the productivity of
their massive populations. Today, these cities lean heavily on economies of scale, by which increased production
brings cost advantages, and on the savings and benefits of co-locating people and firms in neighbourhoods and
industrial clusters.

But technological advances are now upending these old business models, threatening future of megacities as
we know them.

Manufacturing on the fritz
One classic example of a disruptive new technology is 3-D printing, which enables individuals to ‘print’ everything
from ice cream to machine parts.

As this streamlined technique spreads, it will eliminate some of the many links in the global production process.
By taking out the ‘middle men,’ 3-D printing may ultimately reduce the supply chain to just a designer on one end
and a manufacturer on the other, significantly reducing the production costs of manufactured goods.

That’s good for the profit margins of transnational companies and consumers, but not for factory cities, where
much of their transportation and warehousing infrastructure may soon become redundant. Jobs in manufacturing,
logistics and storage, already threatened across many large sites, may soon be endangered globally.

In short, 3-D printing has transformed the economies of scale that emerged from industrialization into
economies of one or few. As it spreads, many megacities, particularly Asian manufacturing centers like Dongguan
and Tianjin, both in China, can expect to see widespread disruption to their economies and work forces.
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Decline of the shopping mall
The retail sector is experiencing a similar transformation. Shopping malls, for example, which once thrived in
megacities, are now suffering from the advent of e-commerce.

The value proposition of shopping malls was always that their economies of scale were location-dependent.
That is, for malls to be profitable, they had to be sited near a large consumer base. Densely populated megacities
were perfect.

But as stores have moved online, megacities have lost this competitive advantage. While online shopping has
not completely replaced brick-and-mortar retail, its ease and convenience have forced many shopping malls to
close worldwide. In the U.S. ,mall visits declined 50 percent between 2010 and 2013.

Cities in China, where the government has sought to build its national economy on consumption, will be hit
particularly hard by this phenomenon. China has the world’s largest e-commerce market, and it is estimated that
one-third of the country’s 4000 shopping malls will shut down within the next five years.

As mobile technology continues its spread, accessing even the most remote populations, this process will
accelerate globally. Soon enough, retail websites like Amazon, Alibaba and eBay will have turned every
smartphone into a virtual shopping mall, especially if the dream of drone delivery becomes a reality.

The new work force: Robots, AI and the human cloud
Changes in the business world will also affect cities worldwide.

Thanks to artificial intelligence, or AI, which makes it possible to automate numerous tasks, both manual and
cognitive, these days it’s goodbye, human bank tellers and fund managers, hello robots.

Even in jobs that cannot be easily automated, the digitised gig economy is putting people into direct
competition with a global supply of freelancers to do tasks both menial and specialised.

There are certainly benefits to crowdsourcing. Using both AI and the crowdsourced knowledge of thousands of
medical specialists across 70 countries, the Human Diagnosis Project has built a global diagnosis platform that’s
free to all patients and doctors – a particular boon to people with limited access to public health services.

But by taking collaboration virtual, the ‘human cloud’ business model is also making the notion of offices
obsolete. In the future, medical professionals from various specialties will no longer need to work near to each
other to get the job done. The same holds for other fields.

In a world without office space, traditional business and financial centers like New York and London would feel
the pain, as urban planning, zoning and the real estate market struggle to adjust to firms’ and workers’ changing
needs.

Crisis in the making
At some point, all this change may end up meaning that economies of scale matter much, much less. If that
happens, population size – currently the motor of the modern metropolis – will become a liability.

Megacities have long struggled with the downsides of density and rapid urbanization, including communicable
disease, critical infrastructure shortages, rising inequality, crime and social instability. As their economic base
erodes, such challenges are likely to grow more pressing.

The damage will differ from city to city, but we believe that the profound shifts underway in retail, manufacturing
and professional services will impact all of the world’s seven main types of megacities: global giants (Tokyo, New
York), Asian anchors (Singapore, Seoul), emerging gateways (Istanbul, São Paulo), factory China (Tianjin,
Guangzhou), knowledge capitals (Boston, Stockholm), American middleweights (Phoenix, Miami) and
international middleweights (Tel Aviv, Madrid).

And because 60 percent of global GDP is generated by just 600 cities, struggle in one city could trigger
cascading failures. It’s conceivable that in 10 or 20 years, floundering megacities may cause the next global
financial meltdown.

If this forecast seems dire, it’s also predictable: Places, like industries, must adapt with technological change.
For megacities, it’s time to start planning for a disrupted future.

Source: This article was originally published on The Conversation. Written by Christopher H. Lim and Vincent
Mack. Published under a Creative Commons licence.
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Activity 4.10a: Challenges and opportunities for megacities in
developed nations
Complete the questions below to demonstrate your understanding of the challenges and opportunities of
urbanisation in developed nations.

Explain the challenges and opportunities
1. Create a Venn diagram to summarise the potential challenges and opportunities for individuals in a megacity

in a developed nation. In your answer consider factors including employment, housing, transport, sanitation
and waste management, health and education, food and water security, energy needs and social factors
such as community engagement or crime.

2. Explain the ways in which e-commerce and new technology might affect livability in a megacity in a
developed nation.

Identify the challenges and propose a response
3. Technological developments have led to changing job markets and economies in developed nations. Make a

list of potential challenges that might arise in a city when there are high levels of unemployment. Propose and
justify one strategy that authorities might employ to combat one of the challenges you identified.

4.10.2 Challenges and opportunities in developing countries
Population predictions indicate that over the next 25 to 30 years most urban growth will occur in Africa and
Asia — historically the least urbanised continents in the world. It is also in these places, where birth rates
remain high, that urban growth will continue. It is predicted that Asia will have 30 megacities by 2025. While
Africa will have only three, it has the fastest rate of population increase. By the end of the 21century, it is
estimated that the world’s largest cities will be in Africa. Many countries in the developing world experience
extreme poverty, civil unrest and famine. These push factors tend to drive people to abandon their rural homes
and move to cities, lured by the prospect of safety, employment, shelter and an improved standard of living. It
is in these cities that population growth is highest; the UN estimates that 90 per cent of the world’s population
growth is taking place in the cities of the developing world. The issues faced in these nations mean that the
quality of life of their many inhabitants is seriously threatened.

The UN estimates that by 2030 more than 2 billion people worldwide will be living in overcrowded slums.
In the African nations of Ethiopia, Malawi and Uganda, 90 per cent of the population already lives in urban
slums.

Moving to an urban environment does, however, offer opportunities that are not available in small rural or
regional centres in many developing countries. Access to healthcare and education might be sporadic or far
more difficult in remote areas, and opportunities for work might be rare. In times of drought or civil unrest,
aid agencies are more likely to be accessible in urban centres.

Accommodating rapid population growth
Cities in the developing world lack the infrastructure and capacity to deal with a sustained and large influx
of people. The result is the development of shanty towns or slums on the outskirts of major cities, where
crime rates are high due to a lack of resources and employment. In Mumbai, for example, where housing is
expensive, residents are forced to live in cramped conditions, usually a great distance from their workplace.
The long commute may take as long as two hours on clogged motorways or overcrowded public transport.
Even though many residents reside close to rail and bus services, the city has tended to spread to the north,
meaning that people must commute to the south to access the commercial hub of the city.

The combination of low or no income and a lack of access to education or distance from schools, means
that children and young people living in slums are more likely to be required by their families to work at a
young age before completing much formal education.
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The rapid rise of shanty towns also presents an issue for sanitation, waste disposal and air pollution (see
section 4.4). Without access to power grids or clean fuels, low grade fuels that produce high levels of smoke
and toxic gasses are used for cooking, heat and light sources. In 2009, the World Health Organization estimated
that in developing countries about 56 per cent of the population rely on solid fuels for cooking, with up to 89
per cent of people in the world’s least developed countries having no access to modern fuel sources.

FIGURE 4.60 A view of Maharashtra, India, one of the largest slums in the world

Combating health issues
The urban poor also generally experience poorer health due to a lack of access to clean water, fresh healthy
food and access to or the income to pay for healthcare and medicine when they fall ill. Crowded living condi-
tions with inefficient or non-existent rubbish collection and sanitation also provide the perfect conditions for
the spread of diseases, such as cholera, and parasitic infections, such as worms and diarrhoea. These diseases
are treatable, but without access to healthcare or the money to pay for medicine they can be fatal.

Air quality is lower and airborne viruses such as influenza and Zika virus (a serious health concern in the
lead-up to the 2016 Rio Olympics) are more easily spread in overcrowded urban areas. Recent studies by the
African Population and Health Research Centre found that people who live in urban slums also have higher
child mortality and undernutrition rates, meaning babies and children growing up in this environment are
more susceptible to other illnesses and are more likely to have stunted growth and development.

Weblink: Slum health is not urban health: why we must distinguish between the two

Weblink: Ranking the world’s megacities is a wake-up call for women’s rights

Weblink: World Health Organization: Energy access
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Activity 4.10b: Challenges and opportunities for megacities in
developing nations
Complete the activities below to demonstrate your understanding of the challenges and opportunities of
urbanisation in developing nations.

Identify the challenges and opportunities
1. Create a Venn diagram to summarise the potential challenges and opportunities for individuals in a megacity

in a developing nation. In your answer consider factors including employment, housing, transport, sanitation
and waste management, health and education, food and water security, energy needs and social factors
such as community engagement or crime.

2. Explain the ways in which rapid population growth might affect livability in a megacity in a developing nation.

Identify the challenges and propose a response
3. Rapid increases in urban population present challenges for communities and for the individuals who relocate.

Make a list of potential challenges that might be faced by a low-income family in a developing country moving
from a rural area to an urban area. Suggest and justify one strategy that would minimise the negative impact
of such a move for the family. In your answer, outline clearly who would need to implement the strategy:
government authorities or other agencies such as non-government support agencies or community groups.

4.10.3 The New Urban Agenda (Habitat III)
Quito, Ecuador, played host to the United Nations global summit on Housing and Sustainable Urban Devel-
opment in October 2016. It was the third such conference in a series of three, and has been referred to as
Habitat III.

The four-day conference brought together around 30 000 people from 167 countries with a single aim: the
sustainable development of global cities, no matter what form they take or where they are located. It followed
the adoption of the 2030 Agenda for Sustainable Development set in 2015. The result, the New Urban Agenda,
is a blueprint for sustainable urban development over the next two decades – cities that are not only prosperous,
but also cater for both the cultural and social wellbeing of their inhabitants, while at the same time protecting
the environment.

Goal 11, for example, is designed to ‘make cities inclusive, safe, resilient and sustainable’. Under this
goal, ten or more targets have been set, ranging from the provision of affordable housing, upgrading slum
settlements, the provision of green spaces, improving air quality and the provision of transportation services
that are not only safe, but also affordable and sustainable.

Goal 13 addresses the issue of climate change, recognising that greenhouse gas emissions continue to rise at
unacceptable levels – almost 50 per cent since the 1990s – and that this poses grave consequences for global
warming. We have already witnessed melting ice caps, rising sea levels (threatening, in particular, many
low-lying island and coastal communities) and an increase in weather-related natural disasters, including the
intensity of blizzards, storm activity and cyclones, all of which have intensified.

Goal 6 considers issues related to access to safe drinking water and sanitation for everyone. These two
issues alone are responsible for the inflated mortality rate, especially in children, from preventable disease.
The targets set under this goal are aimed predominantly at rehabilitating and protecting ecosystems, while at
the same time addressing the needs of more than 1.8 billion people who do not have access to an improved
water supply free from faecal contamination and the 2.4 billion people who do not have basic sanitation
services.
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FIGURE 4.61 The 17 Sustainable Development Goals designed to ensure a prosperous future for all while
using the environment in a sustainable way

Source: From Sustainable Development Goals, 2015 United Nations

Sustainable megacities
With both the rate of urbanisation and the size of urban areas increasing, it is important that town planners give
considerable thought to layout, especially in light of the Sustainable Development Goals as adopted under the
New Urban Agenda.

Inner city areas have been transformed through urban renewal, where medium- to high-density housing is
more common. Communal green spaces, and vertical and rooftop gardens help address some of the issues
associated with land clearing of the past.

Outer suburban areas are developing satellite suburbs, where thriving communities enable individuals to
live, work and play in relative proximity to home. Provided that public transport networks also keep pace, cars
are also not needed on a daily basis. The biggest challenge is in ensuring that as cities expand in developing
countries, the living standards of all inhabitants are transformed, in the context of Sustainable Development
Goal 11 (see page 68 for more about sustainable urban planning).

Activity 4.10c: Sustainable Development Goals
Refer to the United Nations: The New Urban Agenda link in the weblinks of your online resources to complete the
following activities.

Explain the Sustainable Development Goals
1. Create a table or chart of the UN Sustainable Development Goals that summarises the aim of each goal and

include two targets set under each goal as examples.
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Suggest and justify a response
2. Choose one of the targets set in the UN’s Sustainable Development that could apply equally to developed

and developing nations (for example, Goal 3 targets aiming to reduce the number of traffic fatalities and
injuries, or to improve the treatment of substance abuse). Propose and justify a two strategies that could be
implemented by a government, regardless of their levels of development, to help meet that target.

FIGURE 4.62 Cities play an important role in ensuring sustainable development

Source: Copyright © United Nations Human Settlements Programme, 2016, World Cities Report 2016

4.10.4 Sustainable solutions: ecocities
An ecocity is built on the principles of sustainable living by eliminating carbon waste and producing energy
only from renewable resources. The move is away from low-density housing to more compact medium- and
high-density housing with most people living within walking or cycling distance of their workplace. Green
spaces and natural habitats meander through and separate settlements, ensuring biodiversity and easy access
for residents to both nature and recreation.

In terms of transport, there is little need for cars, as residents live within walking or cycling distance of
their workplace and shopping hubs. Public transport connects settlements and runs on a frequent and reliable
timetable to meet the needs of those who need to travel longer distances.

Vauban, Germany
Vauban in southern Germany is located in the district of Freiberg and is an example of urban renewal based on
the principles of sustainable living in an urban environment. Approximately 5000 people live in the settlement,
which also boasts more than 600 jobs. Every home is within easy walking distance of a tram stop, schools,
businesses and shopping centres, virtually eliminating the need for private motor vehicles.
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The area was planned around green transportation. A network of shared pedestrian and bike paths have
been integrated into the development and pass through or past open spaces, making the journey to work or
around the neighbourhood more enticing.

Vauban is also well-serviced by public transport, in the form of buses and trams. The development is set
out in a linear style along the tram tracks, with all homes being within easy walking distance of a tram stop.
The tram network provides an easy and direct connection to the larger township of Freiberg.

The level of private car ownership has fallen dramatically with the passage of time, with fewer than 20 per
cent of residences owning a private vehicle. Residential streets do not have parking spaces for cars. Vehicles in
this residential area must slow to a walking pace and operate on the idea of pick up and deliver, with strictly no
parking. Households must make an annual declaration stating their status of owning or not owning a vehicle.
Those with a vehicle must pay a high annual premium, akin to the purchase price of a new vehicle to park
their vehicle in a multi-storey complex on the outskirts of the development. Further incentives to remain car
free include discounted tram rides and membership in a car-sharing club.

FIGURE 4.63 All buildings in Vauban have solar panels on the roof. Excess energy is
fed into the city’s power grid, benefiting all residents.

All buildings must meet minimum low energy consumption targets, and solar panels are a noticeable
addition to rooftops. The city has its own power grid, which purchases excess energy from households to
compensate for any deficiencies in their own energy consumption. Profits from the sale of surplus energy pro-
duction is split equally between households. Under this arrangement, households that produce more energy
than they need make a profit, while at the same time households with an energy deficit have all their energy
needs met for a low annual payment of $200–$300.

Household organic waste is treated in a central anaerobic digester system. Vacuum pipes suck ecological
sewerage into the digester, generating biogas which produces energy that can be used to heat homes or for
cooking. Greywater is purified using biofilm plants. Harmful bacteria in wastewater is filtered through the
naturally occurring bacteria in plants and soil. Once cleaned, the wastewater is returned to the water cycle.

Vauban is part of the much larger city of Freiberg, renowned as being the greenest city in Germany. The
residents of Freiberg share a love of cycling and their town has more than 400 kilometres of bike paths, and
provides parking for 9000 bicycles. The streets there are also relatively car free. While other cities provide
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park-and-ride facilities for motor vehicles, in Freiberg, a bike-and-ride service will be found at many transit
stations. Pedestrians are also a common site on the streets of Freiburg.

Other transportation options are provided in the form of buses, trains and trams. 70 per cent of Freiburg’s
population has a mere 500 metre stroll to the nearest tram stop. Trains run at 7.5-minute intervals during peak
periods and ticket costs are heavily subsidized to encourage residents to use them.

Shops and offices are located on the ground floor of apartment buildings to provide residents with easy
access to commodities they need on a daily basis.

Waste levels have been substantially reduced due to waste minimisation and recycling schemes. An
anaerobic digestion waste system, similar to that used in Vauban, is also in use.

On the outskirts of the city, small privately-owned gardens allow inhabitants to grow their own food. Plans
are in place to increase this number to allow more residents the same opportunity. The region also boasts
more than 600 hectares of parks and 1600 playgrounds to cater for the recreational needs to the population
and foster biodiversity.

Activity 4.10d: Sustainability of the megacities
Complete the following tasks to consolidate your understanding.

Explain the information and identify the patterns
1. Describe the features of an ecocity.
2. Future population growth and the growth of megacities will occur more in the developing world than

developed countries. Explain whether the building of more ecocities might provide a way to manage this
growth.

3. Using a Venn diagram, show the similarities and differences between the problems faced by megacities in
developed and developing countries. Include both challenges and opportunities in your diagram.

Apply your knowledge and suggest a response
4. Investigate Sustainable Development Goal 6, 11 or 13 in more detail. Discuss a specific challenge in

achieving that goal for one megacity in the developed world, and one in the developing world.
5. Use the information presented in this topic to suggest ways that megacities can manage the challenges of

climate change and global warming.
6. Are the sustainable solutions used in places such as Vauban and Freiburg transferable to cities with

populations over 10 million? Justify your answer.

 

Weblink: United Nations: Sustainable Development Goals

Weblink: Cities and urbanisation
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