FOR THE

IB DIPLOMA
PROGRAMME

Geography

Simon Oakes SL AND HL CORE

457,
2
" .
v i
‘¢
. . p
% . - ' : ]
F A ];i »
F a § . t ~ %
iy Al ol .
e ¥ P \ '
v, P 5 Y
=) 4
" f
o
o
4 i ~ i
ey .
b &
21 8
'
- b
' ‘ . =" e L
vV AW .
K' Ny -
A A W L
NG 4 ] e
i . F
s ;
/} ¢ { - i" L iy
. ~ -
- ) ' 14 - 5 e
A pe LY
4 L
(4
T ‘ "‘i‘ i
8 ' N
e i 'P. . ) - .
2 re s
4
-~
-
. P : JUL
- "y -
]
b -
ey =100
IS £5ds '
Fi e ..4.-.414’....,;,-




Also available

Prepare for Success: Geography for
the IB Diploma HL Core Extension -

Global Interactions Geog raphy
978 I 398369 I 9 I GLOBAL INTERACTIONS

Wi, COWE EXTENSION

Support your students to achieve their
best grade with the ultimate course
companion covering Global interactions;
providing explanations of all syllabus
requirements, key terms, top tips,
examiner advice and exam practice
questions to check understanding and
consolidate revision for each topic and
subtopic of the course.




FOR THE

IB DIPLOMA
PROGRAMME

Geography

GLOBAL CHANGE

Simon Oakes SL AND HL CORE

(> HODDER
7 EDUCATION
TTE UK COMPANY



For Sally Eden

Every effort has been made to trace all copyright holders, but if any have been inadvertently
overlooked, the Publishers will be pleased to make the necessary arrangements at the first
opportunity.

Although every effort has been made to ensure that website addresses are correct at time of
going to press, Hodder Education cannot be held responsible for the content of any website
mentioned in this book. It is sometimes possible to find a relocated web page by typing in the
address of the home page for a website in the URL window of your browser.

Hachette UK's policy is to use papers that are natural, renewable and recyclable products and
made from wood grown in well-managed forests and other controlled sources. The logging
and manufacturing processes are expected to conform to the environmental regulations of
the country of origin.

Orders: please contact Hachette UK Distribution, Hely Hutchinson Centre, Milton Road, Didcot,
Oxfordshire, OX11 7HH. Telephone: +44 (0)1235 827827. Email: education@hachette.co.uk.
Lines are open from 9 a.m. to 5 p.m., Monday to Friday. You can also order through our
website: ww.hoddereducation.com

ISBN: 9781398368934
© Simon Qakes 2022

First published in 2017
This edition published in 2022 by

Hodder Education,

An Hachette UK Company
Carmelite House

50 Victoria Embankment
London EC4Y QDZ

www.hoddereducation.com
Impressionnumber 10 9 8 76 54 3 2 1
Year 2026 2025 2024 2023 2022

All rights reserved. Apart from any use permitted under UK copyright law, no part of this
publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or held within any information storage
and retrieval system, without permission in writing from the publisher or under licence from
the Copyright Licensing Agency Limited. Further details of such licences (for reprographic
reproduction) may be obtained from the Copyright Licensing Agency Limited, www.cla.co.uk.

Cover photo ® 0JO Images Ltd/Alamy Stock Photo
Typeset in the UK by DC Graphic Design Limited, Hextable, Kent
Printed in Spain

A catalogue record for this title is available from the British Library.

MIX

Paper | Sup}mﬂlng
responsible forestry
FSC

wsscog  FSC™ C104740




Contents

Introduction

How to use this book

Getting to know the exam

Assessment objectives

The examination paper and questions

Describing and identifying patterns, trends and data
Understanding and using the PPPPSS concepts

Unit 1 Changing population

B 1.1 Population and economic development patterns
B 1.2 Changing populations and places

B 1.3 Population challenges and opportunities

Unit 2 Global climate - vulnerability and resilience

B 2.1 Causes of global climate change
B 2.2 Consequences of global climate change

B 2.3 Responding to climate change and building resilience

Unit 3 Global resource consumption and security

B 3.1 Global trends in consumption

B 3.2 Impacts of changing trends in resource consumption —
the Water-Food-Energy nexus

B 3.3 Resource stewardship possibilities
Glossary

Acknowledgements

Vi
Vi

Vii

13
28

41

41
52
67

81
81

96
109

122

126



Introduction

How to use this book

This book will help you plan your revision and work through it in a methodological
way. The guide follows the Geography syllabus for Paper 2 (SL/HL) topic by topic,
with revision and exam practice questions to help you check your understanding.

B Features to help you succeed

PPPPSS CONCEPTS

These ‘think about’ boxes pose
questions that help you consider and
consolidate your understanding and
application of the key specialized
concepts used in Geography — place,
process, power, possibility, as
well as the two further organizing
concepts of scale and spatial
interaction. Have a go at every
question you come across.

EXAM FOCUS

In the Exam Focus sections at the end of each chapter, example answers to exam-
style questions are given and reviewed. Examiner comments and mind maps are
used to help you consolidate your revision and practise your exam skills.

Keyword definitions

The definitions of essential key
terms are provided on the page
where they appear. These are
words that you can be expected
to define in exams. A Glossary
of these essential terms is given at
the end of the book.

B CHAPTER SUMMARY

At the end of each chapter, a knowledge checklist helps you review everything
you have learned over the previous pages. An Evaluation, Synthesis and Skills
(ESK) summary is also included. This helps show how the knowledge you have
acquired may be applied in order to analyse information, evaluate issues and
tackle big geographic guestions.

You can keep track of your revision by ticking off each topic heading in the book.

Tick each topic heading when you have:

m revised and understood a topic

B read the exam-style questions in the Exam Focus sections, completed the
activities and reviewed any example answer comments.

Use this book as the cornerstone of your revision. Don't hesitate to write in it and
personalize your notes. Use a highlighter to identify areas that need further work.
You may find it helpful to add your own notes as you work through each topic.
Good luck!

B Post-Covid-19 pandemic geography

Finally, please remember that we live in extraordinary times due to the Covid-19
pandemic. In this new edition of the book, some of the updated graphs and charts
extend to the years 2020 and 2021. As a result, they may include unwelcome
surprises when compared with the previous edition. For example, between 2015
and 2019 the number of people in extreme poverty fell from 750 to 630 million.
But during the pandemic the figure rose back to 750 million. Hopefully, things
will improve again as we move further forward into the 2020s. Future readers are
encouraged to carry out online searches and update the data series in this book
whenever possible. This will equip them to make better judgements about the
long-term impacts of the Covid -19 pandemic on global health, welfare, prosperity
and inequality.

CASE STUDIES, DIVERSITY
AND INCLUSIVITY

This book contains a number of
suggested case studies that you might
like to read about. They include:

B population distributions of the
USA and China

B demographic changes and
challenges in India and the UK

B the megacity of Dhaka
B Ukraine's refugee crisis

B climate change issues for the
Philippines, Canada, India
and indigenous Arctic Circle
communities

B waste recycling in Ghana.

Inevitably, it is impossible to provide
case studies for all of the different
countries where IB geographers live.
Also, case studies can only offer a
glimpse of life in a particular place
and may, due to space limitations, be
unable to include the full spectrum
of diverse peoples and communities
who call that place home. We
encourage you to research alternative
examples of life in your own country
or community to use alongside

those featured here. Wherever
possible, care has been taken to
ensure that life in different places has
been represented in a truthful and
unbiased way which is also respectful
of groups who may have been
marginalized or portrayed unfairly in
the past. If, as a reader, you feel we
have fallen short of this goal, please
contact us. We will strive to make any
necessary improvements or additions
to future editions of the book.

The author’s choices of case study,
and the perspectives provided, are
those of the author.




Getting to know the exam

Exam paper Duration Format Topics Weighting

Total marks

Paper 1 options (SL) 2 hours 15 mins  Structured questions and essays 2 options 35

40

Paper 1 options (HL) 2 hours 15 mins  Structured guestions and essays 3 options 35

60

Paper 2 core (SL/HL) 1 hour 15 mins  Structured guestions and essay All 40 (SL)
25 (HL)

50

Paper 3 core (HL only) 1 hour Extended writing and essay All 20

28

At the end of your Geography course you will sit two papers at SL (Paper 1 and
Paper 2) and three papers at HL (Paper 1, Paper 2 and Paper 3). These external
exams account for 80% of the final marks at HL and 75% at SL. The other
assessed part of the course (20% at HL and 25% at SL) is the Internal Assessment,
which is marked by your teacher, but externally moderated by an examiner.

Here is some general advice for the exams:

B Make sure you have learned the command terms (describe, explain, suggest,
evaluate etc.); there is a tendency to focus on the content in the question
rather than the command term, but if you do not address what the command
term is asking of you then you might not be awarded many or even any marks
(specifically, if you confuse ‘describe’ with ‘explain’). Command terms are
covered below.

B If you run out of room on the page, use continuation sheets and indicate
clearly that you have done this on the cover sheet.

m The fact that the question continues on another sheet of paper needs to be
clearly indicated in the text box provided.

B Plan your answer carefully before you begin any extended writing tasks.

Assessment objectives

To successfully complete the course, you have to achieve certain assessment
ohjectives. The following table shows all of the commonly-used command terms
in Paper 2, which this book supports, along with an indication of the depth
required from your written answers.

Describe A1 Assessment objective 1 These command terms require students to demonstrate
Identify AO1 Knowledge and understanding knowledge and understanding, for example: 'Identify

Outline A1 Part (a) of questions 1, 2, 3 and 4 in two greenhouses gases.’

State AO1 your examination will usually include They can be used to set skills-based tasks using

AO1 questions. ‘procedural’ knowledge too (see page vi).

Explain AO2 Assessment objective 2

Suggest AO2 Demonstrate application and analysis

Part (a) of questions 1, 2, 3 and 4 in

your examination will usually include rate may change over time.”

These command terms require students to apply their
knowledge and understanding to a well-defined task
such as: ‘Explain political reasons why a country’s birth

AQO2 questions.
Discuss AO3 Assessment objective 3 These command terms require students to rearrange a
. . series of geographic ideas, concepts or case studies into
Evaluate AO3 Demonstrate synthesis and evaluation geograp : Pt !
] ) a new whole and to provide evaluation or judgements
Towhatextent | AO3 The final parts of Question 4 (a 6-mark | pased on evidence. For example: ‘To what extent do you

5 (a 10-mark essay) are AO3 tasks. negative?’

piece of extended writing) and Question agree that the impacts of population growth are always




vi Introduction

The table below defines command words used most commonly in the Geography Paper 2 examination.

Term Definition

Describe (AO1) Break down in order to bring out the essential elements or structure.

Outline (AO1) Give a brief account or summary.

Explain (AQ2) Give a detailed account, including reasons or causes.

Suggest (A02) Propose a solution, hypothesis or other possible answer.

Evaluate (AO3) Make an appraisal by weighing up the strengths and limitations.

Discuss (AD3) Offer a considered and balanced review that includes a range of arguments, factors or hypotheses.

Opinions or conclusions should be presented clearly and supported by appropriate evidence.

To what extent (A03) Consider the merits or otherwise of an argument or concept. Opinions and conclusions should be presented
clearly and supported with empirical evidence and sound argument.

It is essential that you are familiar with these terms, so that you are able to
recognize the type of response you are expected to provide.

The examination paper and questions

You must answer all of the short-answer questions in Sections A and B of the
examination paper. Examples of these questions appear on pages 12, 28, 66 and 96
(Section A questions) and page 120 (Section B questions). You must also choose
one from two optional questions in Section C of the examination paper.

The Section C essay task asks to what extent you agree or disagree with a
generalized statement. It is an AO3 task, which requires you to write critically and
in a conceptually informed way about the question statement. You are required

to argue for and against a viewpoint, using carefully chosen evidence and ideas,
before arriving at a conclusion. You should spend around 15-20 minutes on this
task. Examples of Section C questions include:

B The benefits of demographic changes over time are greater than any costs.’

To what extent do you agree with this statement! [10 marks]
B ‘The world's poorer countries are least responsible for climate change and

have most to lose because of it.

To what extent do you agree with this statement! [10 marks]

A simplified version of the levels-based mark scheme for these questions looks like this:

B Mark scheme

1-4 marks Response is general, not focused on the question, and lacks detail and structure. No synthesis or evaluation is
expected.
5-6 marks Response only partially addresses the question, with limited subject knowledge links. Evidence is both

relevant and irrelevant, and is largely unstructured. No synthesis or evaluation is expected.

7-8 marks Response addresses most parts of the question, with developed subject knowledge links. Ideas are supported
by relevant evidence. A structured synthesis of different ideas or a genuine evaluation is required.

9-10 marks Balanced response addresses all aspects of the question, ideas are well explained and there is sustained use
of well-integrated evidence. Both a well-structured synthesis and a genuine evaluation are required.

Describing and identifying patterns,
trends and data

A significant number of marks in your examination — typically between 6 and 8 —
are reserved for tasks that require you to use ‘procedural’ knowledge. This means
knowing how to carry out an AOI task such as:

B identifying a maximum or minimum value in a data set

B describing a pattern or distribution on a global or more localized map

B describing one or more trends on a graph showing changes over time.



These tasks do not require you to explain the data you have been shown.
However, you do need to make use of your own ‘procedural’ knowledge.
Geographers generally follow certain procedures when describing data, as the table

below shows.

Procedures to follow when describing a pattern
on a map

Procedures to follow when describing a trend
on a graph

e Offer an overview: is the general picture one of an uneven or
even distribution?

Offer an overview: is the general picture one of a rise or fall
over time?

Refer to the rate of any changes: how steep are the lines on
Refer to the evenness or unevenness of any trend: are there any

Use data in your answer: identify maximum or minimum values if

Draw attention to any anomalies (values that deviate from the

® Refer to points of the compass, or lines of latitude, if this °
brings clarity. the graph?
e |If thereis a scale, make use of it by including estimated .
distances in your answer, if this brings clarity. fluctuations, or are the lines smooth?
e Refer to named places (cities, countries or continents). ™
Refer to data (if values have been plotted at points on this brings clarity.
the map). °
e Draw attention to any anomalies (places or values that stand general trend in some way).
out as being different in some way). °

Distinguish between any actual (past) and projected (future) trends.

Understanding and using

the PPPPSS concepts

An important feature of the new 2017 Geography course is the inclusion of

specialized and organizing Geographic concepts. These are shown in the diagram

to the right and explained below.

Place

Process

A portion of geographic space that is unique in some way.
Places can be compared according to their demographic
characteristics, or disparate exposure to climate change risks.

The characteristics of a place may be real or perceived.

Human or physical mechanisms of change, such as migration

or sea-level changes. Processes operate on varying timescales.
Linear systems, circular systems and complex systems are all
outcomes of the way in which processes operate and interact.

A

Power

The ability to influence and affect change or equilibrium at
different scales. Power is vested in citizens, governments,
institutions and other players, and in processes in the natural
world. Equity and security, both environmental and economic,
can be gained or lost as a result of the interaction of powerful
forces.

Scale

Possibility

Alternative events, futures and outcomes that geographers can
model, project or predict with varying degrees of certainty. Key
contemporary possibilities include the degree to which human
and environmental systems are sustainable and resilient, and
can adapt or change.

Scale

Places can be identified at a variety of geographic scales, from
local territories to the national or state level. Climate change
affects the world at a planetary level.

Spatial interactions

Flows, movements or exchanges that link places together.
Interactions such as migration may lead to two places
becoming interdependent on one another.

Essentially, these six ideas help provide you with a roadmap to ‘thinking like a
geographer’, when tackling an essay question, such as the following example:

Spatial interactions
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Introduction

To what extent do you agree that the impacts of population growth are always
negative!

This is very broad question and as a result potentially tricky to answer well. The
specialized and organizing Geographic concepts can be used to help you
‘scaffold’ your answer. Familiarity with the PPPPSS framework provides you with
the basis for a series of further questions you may want to address as part of your
overall answer, as follows:

m Have many places and societies ever suffered negative impacts of population
growth, such as famine? (This may prompt you to write about Malthusian theory
and case studies.) Or in your view are any negative impacts actually caused
by poor governance and the mismanagement of population growth in these
places!

B What processes lead to population growth? (This may prompt you to write about
population growth resulting from both migration and natural increase in your answer.)

® Do some countries and governments have greater strength and power to adapt
positively to population growth? (This may prompt you to write about examples
of population policies.)

B Is there a possibility that population growth can have positive impacts for
places! (This may prompt you to write about the demographic dividend, or Water-
Food-Energy nexus issues.)

B Are some local-scale communities particularly affected by population growth!
(This may prompt you to write about the impacts of population growth on cities and
megacities.)

B What different kinds of spatial interaction can result from population growth!?
(This may prompt you to write about positive and negative impacts of out-migration
from countries and regions where population is growing rapidly, such as Europe
during its demographic transition.)

In order to write a good essay, you do not need to do all of this, of course. But it
may be helpful to try and draw on two or three of the specialized and organizing
concepts when planning an essay. You can also make use of the important
Group 3 idea of perspectives. Most questions can be debated from the varying
and sometimes contrasting perspectives of different stakeholders or players (all of
whom may be located at either local, national or global scales).



Changing population

1.1 Population and economic

development patterns

The study of population patterns and dynamics is a foundation topic for
Geography. The purpose of this first chapter is to provide you with a broad, factual
and conceptual introduction to population studies. This chapter also introduces

the key concept of development and explores how levels of development vary

spatially at different geographical scales.

Development, like some other key ideas you encounter in your geography course,

is a contested concept. This means that perspectives vary about its value. First, the
term developed country’ is problematic because the phrase suggests that processes
of historical change and progress have now ended for countries like the USA —a
claim that you can surely find reasons to disagree with. Second, some scholars think
the notion of a ‘developed’ country is a biased one, because it is based on Western
assumptions about how societies are expected to change politically, economically
and culturally over time. Others argue that development is an entirely valid idea.

Population distribution
at the global scale

PPPPSS CONCEPTS

Theories and models of the
development process are
increasingly contested. Key
development debates include
questions such as: What does
development really mean? How can
development be measured? Should
any country be described as being
truly ‘developed’ yet?

Population distribution and population density patterns can be investigated
at varying spatial scales. Figure 1.1 shows the global distribution of population.

Important features include the following:

B People are distributed unevenly among the world’s continents. Over half of
Earth's population is in Asia; 1.4 billion people live in Africa and a further
billion are spread across North and South America. The figures for Europe
and Oceania (Australia and New Zealand) are 750 million and 44 million

respectively (2022 data).

m Many people live along coastlines; relatively fewer inhabit the continental
interiors. This is one reason why the Lorenz curve for global population

distribution looks the way it does (Figure 1.2).

® Just one-third of Earth’s surface is land and more than two-thirds of this is
inhabited by fewer than 20 persons per square kilometre, including (when
looking at the national average) Russia, Canada, Australia, Greenland, most of

South America, Antarctica and Saharan Africa.

Keyword definitions

Development Human development generally means

the ways in which a country’s people strive to grow
economically and also to improve their quality of life. A
country’s level of development is most often shown by
economic indicators of average national wealth and/or
income, but can encompass social and political criteria, too.

Scale Places, areas or territories can be studied and
identified at a variety of geographic scales, from a local
level to the national or state level. The global distribution
of population is a macroscale (planetary scale) data
pattern. In contrast, very small-scale patterns are
sometimes called microscale distributions.

Population distribution A description of the way in
which people are spread out across the Earth's surface. For
instance, around 4 billion people live in Asia.

Population density The number of people living within
a specified area. For instance, the population density of
large parts of New Mexico (USA) is less than one person
per square kilometre.

Lorenz curve A diagrammatic expression of the extent

to which a distribution is unequal. The dashed straight
diagonal line on a Lorenz curve shows a perfectly even
and equal distribution. The further away the solid curved
line deviates from this dashed line, the greater the level of
inequality that actually exists for the scenario shown.




Unit 1 Changing population

Tropic of Cancer

Equator

Tropic of Capricorn

Figure 1.1 Dot map showing the global distribution of areas where there is a high density of population
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Figure 1.2 A Lorenz curve showing the unequal distribution of the world’s
population. Table 1.1 on page 3 explores possible reasons for this

Physical and human factors affecting global
population distribution

Both physical and human factors affect population distribution patterns at the
global scale (Table 1.1). Historically, early settlers in any world region lived,
either by choice or necessity, wherever the environment provided them with ‘a
foothold to livelihood'. Even today, around one-third of the world’s economically
active population obtains its food and/or income by actively farming the land.
This means that physical influences on food production — including climate and
soil fertility — remain hugely important factors in determining where more than
2 billion of the world’s people live and work.

B This partly explains the low levels of density in continental interiors:
inaccessibility and extremes of climate (including high daily or annual
temperature ranges) mostly discourage large-scale settlement in central areas
of Asia, Saharan Africa, Australia and South America.



1.1 Population and economic development patterns

m Historically, fewer people have settled permanently in regions where water
availability is lacking for all or part of the year, such as the Sahara and Gobi
deserts. In contrast, a linear distribution of population can be observed in
Figure 1.1 following the course of major rivers including the Nile and Amazon.

m Population tends to be sparse in mountainous regions such as the Tibetan
plateau and American Rockies.

In the absence of technology, physical factors help establish whether or not a
region will become home to a significant human population. Over time, however,
imbalances between regions may become amplified or lessened on account of
human factors.

m For instance, hot and dry climates may attract large numbers of settlers once
sufficient capital and technology are available to provide water supplies artificially.
Between 2000 and 2010, several states in the USAY arid southwest experienced
rapid population growth rates more than double the national average. These were
Nevada (35 per cent), Arizona (25 per cent) and Utah (24 per cent). This rapid
growth has been sustained by pipeline transfers of water from the Colorado River.

B The uneven distribution of mineral deposits and fossil fuels can help explain
pockets of prosperity in areas where population is generally sparse as a result
of climatic factors. The growth of large urban areas in the Middle East —
including Riyadh in Saudi Arabia and Doha in Qatar — has been made
possible by ‘petrodollars’ (oil wealth), which pays for air conditioning and the
desalinization of seawater,

B In geography, explanations which over-emphasize physical influences but
neglect human factors are generally criticized on account of their so-called
environmental determinism.

Table 1.1 How physical and human factors can influence large-scale variations
in population distribution

Keyword definitions

Arid A climate whose precipitation
is less than 250mm annually.

Desalinization The removal of
salt water and other minerals from
seawater. The process is costly and
requires desalinization plants to be
built.

Environmental determinism The
over-simplistic and discredited
idea that what human societies
can or cannot achieve is decided
mainly by physical environmental
factors — such as climate and local
resource availability. This view
ignores important technological,
cultural and political factors,

such as innovation, cooperation
or conflict.

Sparse population Dense population
Physical accessibility Rugged mountains (Alps) Flat lowlands (Netherlands,
" High plateaux (Tibet) Nile valley)
E Relief and soils Frozen soils (Siberia) Deep humus (Paris basin)
.E Eroded soils (Sahel) River silt (Ganges delta)
E Climate Low temperatures (Canada Longer growing season
) and Alaska) (tropical Asia)
£
& | Vegetation Dense forest which restricts Grassland ecosystems
human activity (Amazonia) (eastern Europe)
Water supply Insufficient or unpredictable Mostly reliable all-year supply
supply (Australian desert) (Western Europe)
w Economic factors Extensive agriculture (few Ports (Singapore)
g workers needed per unit area) Intensive farming (China)
< | Political factors Low levels of state investment Forced movements (Soviet
E (interior of Brazil) settlement of Siberia)
S | Technological factors Lack of technology needed to Irrigation and desalinization
= increase water availability technologies available

3



Unit 1 Changing population

Hazards, resources and human settlement

Another useful way of investigating population distribution is to think critically

about the following hypothesis: ‘People are most likely to live where resources are

maximized and hazards are minimized.’ Is this statement broadly true? In fact, the
relationship is far more complex than it may appear initially.

m  Firstly, it is important to recognize that hazards and resources are, essentially,
two sides of the same coin. Both are best described as ‘relationships’ between
humans and the natural world. The only difference is that resources are a
‘positive’ interaction and hazards are a ‘negative’ interaction (Figure 1.3).

m Secondly, many things found in the natural environment are both a hazard
and a resource: rivers and coastlines function as sources of water, food or
transport and yet can be incredibly dangerous to live next to. Many of the
world’s highest-density pockets of population are located in tectonically
hazardous areas. This is because they have been drawn to coastlines that have
formed along continental plate boundaries. The Californian coastline is a
good example of this: the economic success of Los Angeles and San Francisco
owes much to their position on the Pacific coastline. However, these are also
dangerous places to live on account of the high earthquake risk.

B Relationships between people and the environment are constantly changing
because of technology. We can build defences to protect ourselves from river
flooding while continuing to make use of its water as a resource. Thanks to
water transfer schemes, the city of Las Vegas currently prospers in a desert area
that was once viewed as a life-threatening environment.

In summary, the relationship between physical factors and population distribution
is complex, dynamic and mediated by technology. It is best to think carefully
before making sweeping and deterministic generalizations that attempt to link the
presence or absence of people with particular types of hazard or climate.

A hot arid climate

becomes a hazardous
I environment for people
. ) * Areas with a high risk of
recurring flooding are

dangerous places to live

Mineral and fossil fuels
become valuable resources

for societies that can make
|| i use of them
: Resource
» A reliable supply of

groundwater can be used
to support a settlement

Figure 1.3 Hazards are harmful interactions between humans and the
natural world; resources are beneficial interactions

Global patterns and classification
of economic development

PPPPSS CONCEPTS

Think about how human and
physical factors interact in ways
which give rise to uneven population
patterns at continental and global
scales. Also, think about how
differences in power may allow one
group of people to unfairly exploit
and profit from the natural resources
that rightly belong to another group

of people.

Becoming familiar with the world development map is still viewed as an important
foundation step for studying Geography. The uneven pattern of global development
is shown in Figure 1.4. This shows the world divided crudely into a core of high-
income developed countries, a semi-periphery comprised of middle-income countries
(or emerging economies) and a periphery of low-income developing countries. The
characteristics of these three global groups are outlined further in Table 1.2.

The distribution pattern for emerging economies (EEs) and low-income countries
(LICs) is complicated and is changing constantly. Key features are that:

most South American countries are EEs

both Asia and Africa now have more EEs than LICs

some Eastern European countries (including some European Union members)
have been classified as EEs.



1.1 Population and economic development patterns

The global pattern of economic development has changed radically over time. In

the 1980s, there was still a clear divide between the rich ‘Global North' and the

poor ‘Global South’. This crude economic division now appears outdated when

you consider that:

m China has become the world's largest economy

m several of the world's highest-income countries, including Qatar, Kuwait and
Singapore, are part of what used to be called the ‘Global South’

B large numbers of millionaires and billionaires can be found in every populated

continent, including Africa.

However, the terms Global North and Global South remain useful — for example,
in relation to studies of historic climate change responsibility and climate justice
(see page 67) or the geography of global power.

Key

World Bank category Average income (US$)

[ Low-income countries

Low income 1035 or below

[_] Emerging economies

Middle income 1036-12,695

[ High-income countries

High income 12,696 or more

Figure 1.4 The world map of development (World Bank data 2020)

Table 1.2 The three main groups of countries (classified by per capita
income and economic structure)

Low-income
developing

This group of around 30 countries is classified by the World Bank as
having low average incomes of US$1035 or below (2020 values) and

countries a low per capita gross domestic product (GDP). Agriculture still plays
an important role in their economies. Some of these states suffer from
Global s . flict: . . - .
iphery political instability and conflict; some, including Somalia and Eritrea,
Perp have been described disrespectfully as 'failed states (the term ‘fragile
state’ may be preferable to use).
Middle- These are around 100 countries that have begun to experience higher
income rates of economic growth, usually due to rapid factory expansion and
emerging industrialization. The number of EEs has increased rapidly in recent
economies decades: this is linked to the spread of globalization and investment by
(EEs) transnational corporations (TNCs) in EEs (leading to economic ‘take-
Global semi- off' being achle:.re’d).. Emer_glng ec'onomms are roughly synonymous with
. the World Bank’s ‘middle-income’ category of countries and include
periphery

China, India, Indonesia, Brazil, Mexico, Nigeria and South Africa. They

are home to 75 per cent of the world's population and a rising number

of the 'global middle class' (people with discretionary income they can

spend on consumer goods). Definitions of this vary: some organizations
define the global middle class as people with an annual income of over
US$10,000; others use a benchmark of US$10 per day income.

High-income
developed
countries
(HICs)

Global core

This group of nearly 80 countries is classified by the World Bank as
having high average incomes of US$12,696 or above (2020 values).
Around half are sometimes called ‘developed’ countries. Many are
states where office work has overtaken factory employment, creating
a 'post-industrial’ economy. There are around 40 smaller high-income
countries and territories (of roughly one million people or fewer),
including Bahrain, Qatar, Liechtenstein and the Cayman Islands.

Keyword definitions
Global North and Global South A

way of distinguishing between the
privileged, powerful and wealthy
countries of the Western world

and Japan (‘Global North') and the
African, Asian and Latin American
countries (‘Global South’) who were
historically marginalized, oppressed
or colonized by European countries
in particular. Many geographers
use the ‘Global South’ term in
preference to ‘developing countries’
because the latter may be viewed as
a disrespectful or patronizing label.

Globalization The variety of
accelerating ways in which places
and people have become connected
with one another as part of a
complicated global system.

Transnational corporations
(TNCs) Businesses whose
operations are spread across the
world, operating in many nations
as both makers and sellers of goods
and services. Many of the largest
are instantly recognizable ‘global
brands’ that bring cultural change
to the places where products are
consumed.
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Measuring economic development using gross
domestic product (GDP)

Gross domestic product (GDP) is a widely used measurement of national
economic wealth that can be used to map spatial variations in economic
development. It is one of the bestknown measures of national and global
prosperity used by the World Bank, which recently estimated pre-pandemic global
GDP in 2019 at about USS$87 trillion, The World Bank's predicted post-pandemic
value for 2025 is US$121 trillion.

Calculating GDP is not an easy task. Numerous earnings of citizens and businesses
need to be accounted for, not all of which are easily recordable. Work in the
informal sector of employment is notoriously hard to quantify. Table 1.3 shows
the numerous steps that are taken to calculate GDP data.

Table 1.3 Quantifying a country's economic development in four steps using
the GDP formula

Step

1 Individual countries make a calculation of their GDP each year, using globally
agreed guidelines (overseen by the United Nations). Data are generated using
a country-specific formula which establishes the weighting given to different
economic sectors, such as agriculture and industry. This same weighting — or set of
sums — is re-applied every year until it is felt the formula should be changed
(for instance, when a country is developing rapidly).

2 The figures are then verified by international organizations such as the
International Monetary Fund, the World Bank or the African Development Bank.

3 The next step is to convert all of the national GDP estimates into a common
currency, US dollars, in order for comparisons and ranking (however, the volatility
of exchange rates means that some GDP data may quickly become an unreliable
way of comparing countries).

4 Economists believe that, at the same time as they are converted into US dollars,
each country’s GDP data should additionally be manipulated so that an estimate
of the real cost of living, known as purchasing power parity or PPP, is factored
in. Simply put, in a low-cost economy, where goods and services are relatively
affordable, the GDP should be increased and vice versa. This is why, if you consult
Wikipedia, you will find two estimates given of every country’s GDP. Brazil, for
instance, had a 'nominal’ GDP of US$1.64 trillion in 2021, and a 'PPP’ GDP of
US$3.32 trillion. This suggests that the price of, say, a chocolate bar, is relatively
cheaper in Rio than it is in New York — can you see why this is the case?

While there is some obvious merit in using GDP to measure development, there
are considerable grounds for criticism too. A good example is the way Nigeria's
government doubled the size of its own GDP in 2014 to become Africa’s largest
economy, ahead of South Africa. Had Nigeria suddenly become richer!

®m In fact, what had happened was a ‘re-basing’ of the GDP formula.

® Up until then, Nigeria's national film industry, known as Nollywood, had been
excluded from the country’s GDP data. This was because the GDP formula
has been written in 1990 when the structure of Nigeria's economy was very
different and the film industry, banking and telecoms had barely taken off.

B The Nigerian government therefore decided to reduce agriculture’s share of
GDP from 35 per cent to 22 per cent; contrastingly, the weight of telecoms was
increased from just 1 per cent of GDP to 9 per cent. Nollywood earnings were
included in the calculation for the first time.

B Asaresult, Nigerian GDP for 2013 was US$509 hillion, 89 per cent larger
than the previous year. Like most countries, during the Covid-19 pandemic,
Nigeria experienced economic decline and the figure fell to US$432 billion
(2020 value).

Keyword definitions

Gross domestic product (GDP)

A measure of the total value of
the output of final goods and
services inside a nation’s borders.
Each country’s annual calculation
includes the value added by any
foreign-owned businesses that have
located operations there.

Informal sector Unofficial forms
of employment that are not easily
made subject to government
regulation or taxation. Sometimes
called ‘cash in hand’ work,
informal employment may be the
only kind of work that low-skilled
ot marginalized people can get.

Purchasing power parity (PPP)

A measure of average wealth

that takes into account the cost

of a typical ‘basket of goods’ in a
country. In low-income countries,
zoods often cost less, meaning that
wages go further than might be

expected in a high-income country.

PPPPSS CONCEPTS

Think about the processes by which
data are created. How reliable and
valid are the data we use to study
people and economies? Do the

data perhaps tell us more about the
process that created them than they
do about any ‘real’ or measurable
phenomenon?



1.1 Population and economic development patterns

Variations in population and
development at the national scale

Within all countries, population density varies between local regions, resulting in
an uneven population distribution. In some cases, the differences are extreme:
99 per cent of Egypt’s people live in the Nile valley (just 4 per cent of the total land

area). More than 30 per cent of the UK'’s population are in the southeast of England,

living at a density level of more than 300 persons square kilometre. In contrast, just
4 million people inhabit Scotland, despite its much larger area. This population
imbalance is both caused by, and further creates, a national economic balance.

Periphery Periphery

emmm—s e
- .

Figure 1.5 Backwash processes in the Friedmann core-periphery model

Regional imbalances arise initially within countries because of physical factors

and the natural advantages of certain locations over others (such as raw material
availability or the presence of a coastline). Subsequently, these favoured areas
become national-scale ‘core’ regions. They build on their natural advantage through
time: the centripetal (attracting) force they exert draws in ambitious migrants,
investors and resources from other regions. This virtuous circle of spiralling growth
was called ‘cumulative causation’ by the theorist Gunnar Myrdal. The inflows of
migrants and resources to the core are called backwash effects (Figure 1.5).

The result of cumulative causation is the development of national core-periphery

systems that keep strengthening over time on account of positive feedback effects.

Sometimes, this process of core-periphery polarization can be seen operating

at larger spatial scales than the state level. Within the European Union (EU),
free movement of labour has helped an international core-periphery pattern

to develop. The EU core region encompasses northern France, Belgium and
much of western Germany. It includes the world cities of Paris, Brussels and
Frankfurt. Labour migration flows from eastern and southern Europe are directed
overwhelmingly towards these places.

A strong economic core develops fuelled by the
in-migration of people (workers and investors)
from the peripheral regions of a state.

w3 -~

In economic theory, additional core regions form as
part of the development process over time. The growth
of these cores is fuelled by flows of raw materials and
workers from neighbouring areas.

Keyword definitions

Backwash Flows of people,
investment and resources directed
from peripheral to core regions.
This process is responsible for the
polarization of regional prosperity
between regions within the same
country.

Core-periphery system The uneven
spatial distribution of national
population and wealth between two
or more regions of a state or country,
resulting from flows of migrants,
trade and investment.
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Voluntary internal migration

Much of the voluntary internal migration that takes place within core-periphery
systems is directed from rural to urban areas. This rural-urban migration is the
result of push and pull factors and is encouraged further by the availability of good
transport links and communications.

B In terms of the numbers involved, rural-urban migration is the most
significant population movement occurring globally. Within a few years, there
will be one billion rural-urban migrants living in the world’s towns and cities.

m Global urbanization passed the threshold of 50 per cent in 2008, meaning
that the majority of people now live in urban areas. By 2040, it is expected
that over 70 per cent of the world’s population will live in rowns and cities
compared with less than 30 per cent in 1950. Table 1.4 and Figure 1.6 explain
why rapid urbanization is still happening in many places.

m Not all internal migration is voluntary of course, as we shall see (see page 24).
Factors such as conflict or land grabs have forcibly displaced many rural
communities in lower-income countries. People may have no choice but to
look for work in cities.

Table 1.4 Causes of rural-urban migration

The main factor almost everywhere is employment. Foreign direct
investment (FDI) by TNCs in cities of emerging economies provides a range
of work opportunities with the companies and their supply chains. We

can distinguish between formal sector employment (working as a salaried
employee of Starbucks in Sao Paulo, for instance) and the informal sector
(people collecting material for recycling at landfill sites in Lagos). Urban
areas offer the hope of promotion and advancement into professional roles
that are non-existent in rural areas. Additionally, schooling and healthcare
may be better in urban areas, making cities a good place for young
migrants with aspirations for their children.

Urban pull
factors

The main factor is usually poverty, aggravated by population growth (not
enough jobs for those who need them) and land reforms or land grabs
(unable to prove they own their land, subsistence farmers must often
relocate to make room for TNCs and cash crops). Agricultural modernization
reduces the need for rural labour further (including the introduction of farm
machinery by global agribusinesses like Cargill). Resource scarcity in rural
areas with population growth, such as northeast Nigeria, may play a role in
conflict and forced migration (in which case people may not be classified as
economic migrants, however).

Rural push
factors

Keyword definitions

Internal migration The movement
of people from place to place inside
the borders of a country. Globally,
most internal migrants move either
from rural to urban areas (‘rural—
urban’ migrants) or between urban
areas (‘urban—urban’). In high
Income countries, we sometimes
find people relocating from urban
to rural areas — a process called
counterurbanization.

Urbanization An increase in the
proportion of people living in
urban areas.

Land grab This term typically
describes the acquisition of large
areas of land in low-income and
middle-income countries (and
historically in some high-income
countries like the USA and
Australia) by domestic or outside
forces, including international
businesses and governments.
Indigenous people who have
occupied land for centuries or
millennia may be told they no longer
have the right to remain where they
have always lived.

Intervening obstacles Barriers

to migrants such as a political
border or physical feature (deserts,
mountains and rivers).

‘Shrinking | Rural dwellers are gaining knowledge of the outside world and its

world’ opportunities. The ‘shrinking world" technologies we associate with
technology | globalization all play important roles in fostering rural-urban migration.
Satellites, television and radio 'switch on’ people in remote and impoverished
rural areas. As more people in rural Africa and Asia begin to use inexpensive
mobile devices, knowledge is being shared. Successful migrants communicate
useful information and advice to new potential migrants. Also, transport
improvements, such as South America’s famous Trans-Amazon Highway,
have removed intervening obstacles to migration.

Information
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Figure 1.6 A model of rural-urban migration
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1.1 Population and economic development patterns

= Megacity growth and national disparities

A megacity is home to 10 million people or more. In 1970 there were just three;

in 2020, there were 33 according to the UN. They grow through a combination of
migration and natural population increase due to large numbers of children being
born (on account of the fact that many migrants are young adults of child-rearing
age). Megacities are home to half a billion people worldwide.

Keyword definition

Informal housing Areas of
housing built by the local
population in places where
government has struggled to
provide sufficient fully-planned

Megacity growth can give rise to marked disparities in terms of how a nation’s housing and infrastructure. While
population is distributed: some informal housing may be of a
®  Around one third of Japan’s 125 million people lived in Tokyo and its poor standard, often it is not. The
surrounding metropolitan area in 2020. bhest examples are built in bricks,
B One sixth of Mexico’s 130 million people lived in or around Mexico City in 2020. steel and cement by experienced
professionals.

Megacities in low-income (developing) and middle-income (emerging) countries
have grown especially rapidly (Figure 1.7). Sdo Paulo gains half a million new
residents annually from migration. New growth takes place on un-used land at the
fringes of the city where informal housing is built by the incomers. Centripetal
migration sometimes brings people to municipal dumps (Lagos), floodplains

(Sao Paulo), cemeteries (Cairo) and steep, dangerous hill slopes (Rio). Over time,
informal housing areas may consolidate as expensive and desirable districts. Rio's
long-electrified informal neighbourhood of Rocinha has, for decades now, been
served by everything from health clinics to hair salons and McDonald’s. More
recently, it has become a tourist visitor destination.

International migration continues to bring population growth, albeit far more
slowly, to megacities in high-income countries (for example, eastern Europeans
and North Africans moving to Paris, or Mexicans to Los Angeles). There is
residual internal migration taking place in high-income countries too, for instance
from the rural heartlands of the USA to New York.

New York

Karachi New Delhi Beijing
20m 14m 23m 16m

21 m (+5%) 17m (+31%) 33m (+43%) 20m (+25%)
: . P

Mexico City
20m

Tokyo
22 m (+10%)

37m
39 m (+5%)

Los Angeles
13m Lagos
9 . 10mM Shanghai
16 m (+23%) 5 15m (50%) ' o
S RS 24'm (20%)
w B
Sao Paulo N & B
20m ;!\ o
23 m (+15%)
Dhaka :
Rio de Janeiro 15m
12m Mumbai — | 23m (+53%) )’
14m (+17%) 20m :
. 2021 . " 22m (+10%)
Buenos Aires Kolkata Manila
14m 14 m 12m
16m (+14%) 19 m (+36%) 14m (+17%)

Figure 1.7 Selected megacity growth over time (millions of people, 2011 and 2021). Purple numbers are 2011 figures
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CASE STUDY

Qverall, the USA has a low average population density of

33 persons per square kilometre. The figure varies greatly
from place to place within the USA, however. High densities
are found along the eastern coast, especially in the cities

of New York, Philadelphia and Baltimore. This is, in part, a
legacy of the way Europeans colonized the land and founded
new settlements along the eastern seaboard in the 1600s
and 1700s. Subsequently, economic activity has remained
focused on the eastern coastline and the opportunities for
trade it brings.

Over time, early European settlers moved westwards,

killing or displacing and then marginalizing the indigenous
populations of each territory they entered. Large clusters
of population developed historically around the Great Lakes
in cities such as Detroit and Chicago. However, much of
the interior of the USA has a low density of fewer than

20 people per square kilometre. In many areas west of the
Rocky Mountains the figure is less than one person per
square kilometre. This reflects the aridity of the Western
Desert, including large parts of Texas, New Mexico, Nevada
and Arizona. In recent decades, some cities in this region,
such as Phoenix, have gained population thanks to irrigation
and water transfer schemes. Much of the area remains

UNEVEN POPULATION DISTRIBUTION IN THE USA

Cleveland

“F'QQ% ®m Over 3,000,000
- Uy 4
0 00 _ . JZ;% <y| ® 1.000,000-3,000,000
| Gulf of Mexico & 500,000-999,999
km

Figure 1.8 The uneven population distribution of the USA

devoid of settlement and population though. Some low
density rural areas are home to marginalized Native American
populations, for example the Navaho Nation in northwestern
New Mexico (located above El Paso on the map).

Finally, the west coast — from San Diego to as far north

as Seattle — is more densely populated, especially the
conurbations surrounding the major cities of Los Angeles
and San Francisco. Many migrants were attracted here

on account of its hot, dry climate and the opportunities
provided by the Pacific coastline for trade with Asia. Los
Angeles has become a global entertainment industry hub,
which is home to Hollywood. The USA is sometimes said
to display a 'binary’ settlement pattern: the world cities of
New York and Los Angeles are equally powerful magnets for
migrants and investors alike.

Keyword definition

Indigenous population An ethnic group that has
occupied the place where they live and call home for
hundreds or thousands of years.

Philadelphia
timore

Key

Persons.-’km2
Atlantic I Over 100 WM 20-100
Ocean 1-19 Less than 1

Population of major cities
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PPPPSS CONCEPTS

Think about the strengths and
weaknesses of Figures 1.8 and 1.9 as
ways of showing how population is
distributed between different places
within a country. Can you suggest
any improvements? Which map has
the better key, and why?
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CASE STUDY

China is home to around 1.4 billion people. This is four
times greater than the population of the USA. Yet, despite
this contrast in the number of people, some similarities in
their distributions, are obvious. The highest concentrations
of people are found along China's east coast. Density
reaches a maximum in the province of Jiangsu, a major
economic hub with a rich history which is home to many of
the world’s leading expaorters of electronic equipment and
has been China's largest recipient of foreign investment
over many years. Further south, an urban mega-region

has grown around the Pearl River Delta. It includes the
conjoined cities of Shenzhen, Dongguan and Guangzhou.
Hong Kong and Macao also form part of this region.
Although both territories have been returned to China, they
were former British and Portuguese colonies respectively
and have long been important trade hubs where many
people have wanted to live.

Population density falls markedly towards the west in China.
This reflects both human factors (the reduced potential

for international trade with distance from the coastline)

and physical factors. Parts of China’s interior are extreme
environments. The Tibetan plateau is a high-altitude region
covering 2.5 million square kilometers, where temperatures
fall as low as —40°C in the winter months. The Gobi desert
is a vast, sparsely populated area that overlaps part of
northern China.

UNEVEN POPULATION DISTRIBUTION IN CHINA

Political influences

In the last 45 years, major population relocations have taken
place, which have reduced the population density of some
provinces while increasing the density of others markedly.
China's total population has not grown very rapidly on
account of (until recently) strict political controls limiting

the number of births (see page 34). Therefore, population
changes in most regions are largely attributable to migration.

China's population distribution is shown in Figure 1.9
using a choropleth map. This is a type of map which uses
differences in shading or colouring to indicate the average
value (in this case of population density) found

in a particular area or territory. Figure 1.8 is also a
choropleth map.

Figure 1.9 The uneven population distribution of China shown as a choropleth map

Since 1978, when political and economic reforms began
in China, more than 400 million people have left rural
areas in search of a better life in cities.

Only a strict registration system called hukou has
prevented rural villages from emptying altogether.
During this time, the percentage of China's population
living in cities has risen from 20 to nearly 65 per cent.

Between 1990 and 2010, the population of Guangdong
province in the Pearl River Delta grew from 62 million to
104 million: a phenomenal rise over a 20-year period.
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B CHAPTER SUMMARY

KNOWLEDGE CHECKLIST:
= The global pattern of population distribution

= The influence of physical and human factors on global
population distribution, including hazards and resources

= The concept of economic development

= The global pattern of economic development

= The classification of economic development using GDP
per capita

m Core-periphery patterns of population and economic
development at the national scale

= The process of voluntary internal migration (rural-urban
migration)

m Megacity growth and its impacts on national disparities

= Two contrasting examples of uneven population
distribution (USA, China)

EVALUATION, SYNTHESIS AND SKILLS (ESK)

SUMMARY:

= How physical and human influences on population
patterns vary in their relative importance

= How population and development patterns can be studied
at varying scales

= How interactions between rural and urban places help
explain uneven patterns of population and development

EXAM FOCUS
DESCRIBING PATTERNS AND TRENDS

Once you have acquired knowledge and understanding of a
topic, your course may require you to apply what you have
learned to stimulus material, such as a map or chart. Each
structured question in Section A of your examination begins
in this way.

It is essential that you have mastered the skills needed to
describe patterns and trends competently. This is because
structured questions usually begin with a skills-based task.

Below are sample answers to two part (a) exam-style short-
answer questions that use the command word ‘describe’.
Read them and the accompanying comments.

Study Figure 1.1 (page 2). Describe the pattern shown.
[3 marks]

The pattern is extremely uneven overall. Very large areas of the
Earth’s land surfaces are underpopulated, including large parts
of Central Asia and Northern Russia, Canada and Greenland.
The highest densities of population are found north of the
Tropic of Cancer in Eastern Asia and Europe. India is another
highly populated country shown on the map. In Africa,
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Figure 1.10 Global population changes 1945-2020

1980

South America and North America population is distributed
along the coastlines, with far fewer people in the continental
interiors. One exception to this is the line of population which
follows the Nile Valley from north into Central Africa.

Examiner’'s comment

This is a well-articulated answer which includes the most
important features of the distribution. The description
does more than simply naming or listing countries. It also
makes good use of the points of the compass and lines of
latitude to convey an overview of where most people live.
The description is supported with the use of terminology
(such as ‘continental interior’) which provides clarity and an
‘expert voice’. Qverall, this would score full marks.

Study Figure 1.10 (below). Describe the trends for
(i) developed countries (HICs) and (ii) developing
countries (LICs and EEs). [2 + 2 marks]

The most important trend shown is an overall increase in
world population from just under 3 billion to nearly
8 billion between 1945 and 2020. Growth was most rapid

In 2020, developed
countries were 75% [=>
urbanized -

In 2020, developing

countries were 51%
urbanized

1990 2000 2010 2020
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in the 1980s and 1990s but slowed down after around Examiner’s comment
2010. Also shown are trends in urban growth for developed This is a poorly thought-out answer to the question set. The

and developing countries. The number of people living

question does not ask for changes in total world population

In urban areas in developing countries has grown very to be described. The first two sentences are therefore
rapidly and continues to rise steeply through the entire irrelevant. Trends for the developing world are described
period shown. The number of people living in rural parts correctly although no supporting data are used. Trends for
of developing countries stays the same after about 1980. developed countries are not dealt with satisfactorily. Overall,
There are far fewer people in either rural or urban parts of this answer would only score 2 marks. Could you improve it?

developed countries.

Pay attention to the mark allocation

Although 4 marks are available overall, this question is shown to have a tariff of 2 + 2 marks. Rather than answering with
a single paragraph, it would be far better to write two short paragraphs. The first would deal with developed countries
and the second with developing countries. By doing so, you would be able to judge more easily whether you have
provided a balanced answer which deals equally well with developed and developing countries.

1.2 Changing populations

and places

The study of population is also called demography. Geographers are interested

in the demographic changes that occur in particular places over time. Processes
of change vary greatly from place to place as a result of economic, cultural and

political factors.

Population change and
demographic transition

Keyword definition
Demography The study of
population dynamics and changes.

Different countries may have very different demographic characteristics. These

characteristics also change over time. Table 1.5 provides definitions of several key

demographic terms and an overview of how they vary spatially and temporally for

different countries.

Table 1.5 Key demographic indicators (2021 data unless stated otherwise)

Term Definition Spatial and temporal variations

Crude birth rate  The number of live births per .
(CBR) 1,000 people per year in a region.

In historical pre-industrial societies, the rate used to be around 45/1,000/year;
today, no countries have a CBR close to this figure. The world average is
18/1,000/year.

The CBR becomes lower not only on account of falling fertility but also due
to increasing life expectancy (which means a higher proportion of each 1,000
people are not of child-bearing age).

Crude death rate  The number of deaths per 1,000 o
(CDR) people per year in a region (a
measure of mortality).

In historical pre-industrial societies, the rate used to be 40-50/1,000/year. Today,
the world average is just 8/1,000/year. The lowest rates are now found in middle-
income countries with a very youthful population and improved healthcare, such
as Algeria, where the pre-pandemic CDR was 5/1,000/year in 2019.

e The CDR can increase due to disasters or disease: in Haiti, in 2010, it rose from
8 to 32/1,000/year on account of a large earthquake; during 2020 and 2021,
many countries experienced a minor rise in CDR due to the Covid-19 pandemic.
Natural increase  The difference between the CBR Itis rare for a country's rate of NI to exceed 3 per cent per annum.
(NI) a.nd CDR. It can be recorded Youthful migrant populations, such as those found in many megacities, have a
either as the net change per high rate of NI due to the presence of a large proportion of fertile adults and
1,000 people or as a percentage. relatively fewer older people.
Life expectancy ~ The average number of years a e The average world life expectancy was 73 in 2022 (in 1960 it was 52). In most

member of a particular society
can expect to live.

of Latin America and Asia, the figure is 70 years or higher. In 2022, the world's
lowest was 53 in Central African Republic; the highest was 85 in Japan and Hong
Kang. In most countries, national averages obscure a difference between men and
women of around six years (Japan's female life expectancy is 88; for men it is 82).

—->
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Term Definition Spatial and temporal variations

Fertility rate The average number of childrena e Today, most countries have an average fertility rate of three children or fewer,
woman gives birth to during her whereas in 1950 the world average was five. Fertility has fallen throughout Asia
lifetime. (Figure 1.11).

e Some sub-Saharan African countries have a high rate of five or six, including
Somalia and Niger.

Infant mortality ~ The number of deaths of infants e  Globally, estimates of the average rate vary. This uncertainty reflects the

rate under one year old per 1,000 live difficulties of recording the data in an accurate and consistent way in different
births per year. states. In 2019, the World Heath Organization estimated the average rate to be
29 per 1,000.

e Sierra Leone had the world's highest rate in 2019 (81 per 1,000). Afghanistan
had the world's highest rate in 2015 (115 per 1,000).

6
PPPPSS CONCEPTS

Study Table 1.5 on the previous

page which looks at births, deaths
and life expectancy in different
countries over time. Can you also
think of reasons why the CBR and
CDR might vary from place to place
within some of the countries that are

2.1 Replacement rate
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Figure 1.11 Falling fertility in Asia 1950-2015 (Data sources: United Nations,
World Bank Group)
Changing population structure and dependency ratios
The term population structure refers to the division of a population into a series T
of groups according to age and gender. The information is shown as a population Keyword definitions
pyramid for a particular historical year (Figure 1.12). Population structure The make-
B People are divided into cohorts (age groups) placed either side of the vertical up of a population in terms of age,
axis, with males on one side and females on the other. gender, occupation, ethnicity or
B The size of each age group can be shown either as an actual number (in any other selected criterion.

thousands or millions) or as a percentage of the total population. . .
) P g pop Population pyramid A type of bar

This graphical expression of data allows us to see how fertility rates and life chart used to show the proportion
expectancy have affected a country or smaller-scale place’s population structure. of males and females belonging to
We may also be able to see what the effects of past migration, wars, disasters, different cohorts (age groups) for a
economic recessions or epidemics have been on particular age groups, or men and place or country.

women. Most European population pyramids for 2020 show a dip in the number of
people aged 45 compared with those aged 50: this reflects a global economic crisis
in the early 1970s which led many couples to delay having children. As a result,
fewer babies were being born in 1975 (the people aged 45 in 2020) compared with
1970 (the people aged 50 in 2020).

When comparing the pyramids of different countries, important characteristics can

be identified which offer clues about their relative levels of economic development.

m Concave sides to a country’s pyramid can indicate low life expectancy and a
very high death rate. This is because few individuals survive to move from one
cohort to the next (but note that concave sides for a city’s population pyramid
might be caused by youthful in-migration rather than high mortality).

B A wide base for a country indicates a relatively high birth rate but low life
expectancy. As a result, the pyramid narrows rapidly because large numbers of
those born are not surviving to reach an older age (Figure 1.13).
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B Perpendicular sides relative to the base of a country’s pyramid tell us that the
majority of those born survive to an old age. This indicates a middle- or high-
income county.

One common feature of most age—sex pyramids is more women than men surviving
into the oldest cohorts. For ages 90-99, there were just 49 men per 100 women
worldwide in 2020 (and only 29 men per 100 women for age 100 and above).

Population pyramid Age (years)
85+
Male 80-84 Female  , jic of
The lower male 75-79 an increase in
life expectancy 70-74 birth rate
is clearly shown 65-69 around
(compared with 60-64 65 years ago
women) 55-59
50-54
45-49
40-44 Periods of
35-39 increased
30-34 fertility or
This change is 25-29 decreased
probably due to 20-24 mortality
a fall in fertility 15-19
linked with an \ 10-14
economic crisis 5-9
or conflict 0-4

r T T T L T

7 6 5 4 3 2 1 0 0 1 2 3 4 5 5] 7
Population (millions)

Figure 1.12 A population pyramid (the annotations help explain its irregularities)

Age (years)
% Males % Females 85+ % Males % Females
80-84
) . ) . 75-79 ) .
Relatively high mortality Relatively few Higher proportion

70-74 Relatively low

rate is shown, for 65-69 mortality rate

example, by the smaller

older people of older age female

groups compared

size of the 20-24 group 60-64 with men
compared with the 55-59
15-19 group 50-54
45-49
40-44 Start of
35-39 declining
30-34 birth rate
3599 15 years
20-24 agoe
15-19
10-14
5-9
0-4
15 10 5 0 5 10 15 15 10 5 0 5 10 15
Population (millions)
Wide base - large number of children being born Narrow base - fewer children being born

Figure 1.13 Contrasting population pyramids for a low-income and a middle-income country

B The dependency ratio

The dependency ratio is a shorthand measure that compares the proportion of

a population that is economically ‘non-productive’ with the proportion that (in
theory) generates wealth. In practical terms, the youngest and oldest cohorts are
unproductive dependants whereas the middle-aged groups are wealth producers.
The dependency ratio expresses the relationship between the active and inactive
segments of a society using the following formula:

(% under 15) + (% over 65) %1

00
(% aged 15-64)

dependency ratio =

A high score of around 6070 suggests a lack of balance. It indicates that there
are relatively high numbers of dependants in comparison with working people.

15
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The dependency ratio is rising in many high-income countries and emerging
economies as numbers of retired people increase. For instance, just under

70 per cent of UK citizens are of so-called working age (16—64). Taxes on their
wages help pay for: the state pensions of the 21 per cent who are retired; the costs
of schooling the young; and healthcare costs for both dependent groups. By 2030,
only 36 per cent will be of working age. Dependency in Japan is predicted to
become an even greater challenge (Figure 1.14). In South Korea, the percenrage
aged over 63 is predicted to rise from 11 in 2011 to 30 by 2050.

Under

Million PPPPSS CONCEPTS

Key 140
Over — The idea of who is dependent — and
60 _ 120 who is not — is worth exploring.
100 Perspectives vary on the matter;
] rules about school and working ages
21-59 80 differ from place to place. The
60 ‘official' dependency ratio formula

uses certain underlying assumptions
] about which age groups and people

20 are dependent — do you agree with
them?

40

20

0

1950 60 70 &80 90 2000 10 20 30 40 50

Figure 1.14 The changing dependent population of Japan, 1950-2050
(projected)

However, the dependency ratio is a crude measure for several reasons:

The age of 15 is a poor choice of dividing line for youthful dependency: in
many countries, young people remain at school or college until later.

The proportion of women who work and pay taxes that fund services for the
young and older people varies greatly between countries. In many countries,
unsalaried working-age women are playing an essential (if unpaid) social and
economic role that involves looking after children and managing households.
Children in some countries do not always attend school. They work instead,
despite United Nations actions to prevent this from happening.

Many older people in high-income countries actively create wealth. Many
retired people own sizeable assets such as rental properties or company shares,
which generate an income. Others continue to work (see page 30).

The demographic transition model (DTM)

The demographic transition model (DTM) is a generalized attempt to establish
linkages between a sequence of population changes occurring over time and the
economic development of a country (Figure 1.15). As the years pass, both vital
rates (the CBR and CDR) are lowered. Table 1.6 shows possible reasons for this.
Originally, the model distinguishes between four different demographic phases:

1

4

Traditional (‘high and fluctuating’) stage: a pre-industrial agrarian society with
no population growth.

Early transitional stage: the first phase of industrial development, which brings
accelerating population growth.

Late transitional stage: a later phase of industrial development, which brings
decelerating population growth.

Advanced (‘low and fluctuating’) stage: a ‘post-industrial’ or late capitalist
society with little or no population growth in the longer term.

The model was based originally on data from England and Scandinavia. As such,
it provides an insight into European demographic history and can be used as a
starting point when speculating about what the future may hold for other countries.

Critics of the model say that we can study demographic changes over time without
needing to classify countries as belonging to ‘less advanced’ or ‘backward’ stages
when compared with Europe. It is the use of numbered ‘stages’ — with European
countries all appearing in a ‘top’ class — that makes the DTM a Eurocentric model.
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A fifth stage is sometimes added which shows the projected population decline for

countries such as Japan.

Stage 2 Stage 3

Late
expanding

Stage 4

Stage 1

High
fluctuating

High Low

fluctuating

Early
expanding

Stage 5

Decline
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Figure 1.15 The demographic transition model (DTM)

Table 1.6 Reasons why the CBR and CDR fall over time as a country develops

Why has the CBR fallen over time in many places?

Why does the CDR fall when a country develops?

1 Emancipation of women Advances in women's rights allow women
to make more independent choices about relationships, family size,
and careers.

2 Political changes New laws increasing the age of marriage will reduce
the number of births.

3 Compulsory education People may worry more what the consequences
of an unwanted pregnancy might be for their career, reputation or
family relationships; they are also taught about contraception.

4 State healthcare Government programmes may try to reduce
teenage pregnancy and disease transmission by encouraging use
of contraception.

5 Secularization In some countries, evolving religious beliefs have led to
changing attitudes towards abortion and birth control.

6 Materialistic society In a consumer society, the cost of raising a child
grows because of the expense of purchasing clothing, toys, holidays
and technology.

7 State welfare In some countries, some people no longer rely on
children to care for them in old age because the state provides
healthcare and pensions.

8 Decline of the family as a unit of production As countries develop,
family life is no longer organized around subsistence farming. It may
therefore make less economic sense to have many children.

1 Improved food supply Agricultural revolutions may include
(1) the intensification of farming and increased food yields
on existing lands and (2) the extensification of production
to make use of remoter areas as transport infrastructure
improves. For instance, between 1650 and 1750,
important changes were made to crop rotation systems in
Europe, allowing additional food to be grown.

2 Healthcare Disease prevention and treatments have
improved globally. Well-planned economies can provide
comprehensive care (Singapore and Switzerland are
sometimes used as good examples). Emergency services/
ambulances can provide immediate help for injured
people. Immunization against polio has led to its
eradication in many states; smallpox has vanished.

3 Hygiene, sanitation and safety When sewer systems
were installed in nineteenth-century European cities, life
expectancy rose. Globally, primary school education aims
to raise public awareness of the means by which diseases
are transmitted. Most countries have health and safety
laws that regulate many aspects of everyday life, including:
road safety and seat-belt use; rules about smoking
and alcohol use; fire exits for buildings; safety tests for
technology and toys.
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Here are some important points to remember about the DTM: PPPPSS CONCEPTS

B The crude death rate falls first (as food supply improves and medicine becomes . -
available). Only much later does the crude birth rate fall (when women Think critically about the strengths .
have fewer children as a result of cultural, legislative and economic changes and wgaknesses oftheldemoacraphic
transition model as a way of

in S_Odem' L . . . predicting future possibilities
m This means there is a time lag between the economically induced fall in for population change in different
CDR and the later fall in CBR, which is governed by cultural and not merely olaces.

economic changes.

m However, different societies vary greatly in terms of their religious and cultural
beliefs. It is therefore difficult to predict how long this time lag will last for in
different places and societies. In some European countries, the entire process
took approximately 200 years to complete. In contrast, other countries have
completed the entire transition more recently in just a few decades, including
Thailand and China. There is no way of knowing how long fertility will
remain high in some African countries and regions. That will depend on the
pace of economic and cultural changes. For this reason, population projections
for Africa in 2100 range from 2.5 billion to 4 billion people.

CASE STUDY

POPULATION CHANGE IN THE UNITED KINGDOM

Birth rates and death rates fell in the UK during the twentieth century, continuing a trend that dates even further back to the
early 1700s (Figure 1.16). Two important phases of population change stand out during the 1900s:

Phase 1: Before the 1970s

Population was still growing due to natural increase. The death rate had been falling since the 1800s, thanks to major
improvements in food supply, health and hygiene. This trend continued during the early decades of the 1900s, bringing the
death rate to its current low level by mid-century. However, it took until the 1970s, and the end of a post-Second World
War ‘baby boom’, for the declining birth rate to reach the same low level as the death rate, finally bringing natural increase
largely to a halt. To summarize, total population grew from 38 million to 55 million between 1901 and 1971, on account

of a positive, though generally declining, rate of natural increase. (Note that low growth in the 1930s means that the UK is

widely viewed as having entered stage 4 then, rather than in the 1970s.)
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Figure 1.16 Changes in the CBR and CDR for the UK, 1700-present (Source: Guinness, P. and Nagle, G., Advanced
Geography, Hodder & Stoughton)




1.2 Changing populations and places

Phase 2: Since the 1970s

Total population increased more slowly in the 1980s and 1990s. In recent years, new growth has mostly been due to
immigration and people living longer (the number of over-80s will double from 3 to 6 million between 2010 and 2030). Both
the death rate and the birth rate have remained at a low and fairly constant level. As a result, family sizes are small while

life expectancy keeps creeping ever upwards, thanks to science and medicine. To summarize, total population grew fram

55 million to 67 million between 1971 and 2020, with migration and migrant births playing an increasingly important role.

During the Covid-19 pandemic which began in 2020, the number of daily and weekly deaths rose significantly during
successive waves of the pandemic. As a result, the UK's crude death rate rose slightly from around 9/1,000/year to
11/1,000/year. In contrast, the crude birth rate fell slightly. In common with past pandemic or war events, an initial decline
in births may later be followed by higher numbers of births in years after the event. It is therefore likely that the CBR will
be rising again by the mid-2020s. However, changes in international migration following Brexit and the pandemic may
complicate the situation if this affects the numbers of women of child-bearing age who are resident in the UK.

Regionally, there are noticeable variations in the UK's population structure, fertility rate and life expectancy. The highest life
expectancy is found in the Isle of Purbeck on the southern coast of England, where women now live on average to the age
of 87. In contrast, male life expectancy in the city of Glasgow is 72 (the UK average was 81 in 2020).
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ge
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Figure 1.17 The UK's population pyramid in 2020 (showing ages 0-90) (Source: Office for National Statistics
© Crown copyright)
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CASE STUDY

POPULATION CHANGE IN BANGLADESH

Bangladesh is well on the way to completing its demographic
transition: the country is very close to entering stage 4 of the
DTM (Figure 1.15). Between 1990 and 2020, life expectancy
rose by 14 years, from 59 to 73. In part, this is due to
improved healthcare and reduced infant mortality. Also, the
famines which some Asian countries once suffered from
have become a thing of the past, thanks in part to modern
agricultural technigues and the green revolution.

The most striking demographic trend has been the way
fertility has plummeted in the last 40 years. Bangladesh's
government has adopted policies that have helped bring this
about without coercion.

B Government employees and volunteers have worked
tirelessly to distribute free contraceptive pills and advice
across the entire country: in 1975, 8 per cent of women
of child-bearing age were using contraception {(or had
partners who were); in 2020 the number was over
60 per cent (Figure 1.18).
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The proportion of girls who attend school has increased
over the same time period.

Family planning, education and changing social attitudes
have empowered women by giving them greater
autonomy. As a result, more women have decided to
follow careers and have delayed having children.

The result is a fertility rate that fell rapidly from 6.3 in
1975 to 3.4 in 1993. Since then it has declined more
slowly to reach 2.0 in 2020. This is now slightly below
the replacement level needed for a population level to
stabilize in the long term.

Keyword definitions

Green revolution A period when the productivity
of global agriculture increased greatly as a result
of new technologies including fertilizers and
selectively bred high-yield crops.

Replacement level The fertility rate required to
maintain a population at its current size.
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Figure 1.18 Changes in the fertility rate and life expectancy for Bangladesh
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Consequences of megacity growth

Urban growth on a very large scale can help provide a wide range of work
opportunities for new migrants and established megacity residents. However, it may
give rise to potentially insurmountable social and environmental challenges too.

Megacity challenges

Table 1.7 shows how two developing world megacities — Mumbai and Karachi —
have grown over time. Continued growth of these and other megacities is
inevitable. As wealth grows in developing countries and emerging economies, more
young rural folk will develop aspirations beyond agriculture. Continued arrivals of
large numbers of new people threaten the sustainability of these places, however.

PPPPSS CONCEPTS

Think about the social and economic
changes that have empowered
women in Bangladesh by giving
them greater control over the
number of children they would like

to have.
Table 1.7 Examples of rapid megacity growth driven by rural-urban migration

Mumbai Karachi

Before Islamabad was founded in 1960, the port city of Karachi
was the capital city of Pakistan.

Approximately 17 million people lived in Karachi in 2020,
making it the most highly populated city in Pakistan and one of
the world's most populous megacities (Tokyo is the largest).

This megacity is Pakistan's centre of finance, industry and
trade. People flock to the city for work from rural areas all over
Pakistan, including the Sindh and Punjab provinces.

Once living there, rural-urban migrants can find formal or
informal employment in a range of industrial sectors including
shipping, banking, retailing and manufacturing.

e India's Mumbai urban area is now home to over 20 million .
people, having more than doubled in size since 1970. People
move there from the country's poorer rural states, such as Uttar 4
Pradesh and Bihar.

o Urban employment covers a range of sectors and skill levels.
Global brands like Hilton and Starbucks are presentin Mumbai. In o
retail areas, like Colaba Causeway, large numbers of people work
selling goods to the country's rising middle class.

e Dharaviis an informal housing area in Mumbai. It has a buoyant o
economy: 5,000 people are employed in its plastics recycling
industries. However, rising land prices across Mumbai mean there
is great pressure to redevelop this and similar areas.

Figure 1.20 shows three interrelated goals that city managers must pursue if they
are to provide for sustainable urban living. Top-down strategies that can help Keyword definition
Special Economic Zone (SEZ)

A part of a city or country where

deliver one or all of these goals include robust policies for job creation, such as
the establishment of Special Economic Zones (SEZs) where low tax rates are
used to attract foreign investors and promote industrial growth. SEZs in Jakarta
(Indonesia) and Shenzhen (China) have made these megacities magnets for
investment and migration (Figure 1.21). However, they have also given rise

to ‘overheating’ problems, including traffic congestion, air pollution (dubbed

business tax and trading laws are
more liberal than those found

in the rest of the state, for the
purposes of stimulating investment
and industrial activity.

‘airpocalypse’ in China) and wider welfare concerns.

China has accommodated rural-urban migration by planning and constructing
new housing and cities on an enormous scale. Three major megacity clusters now
exist in China’s Yangtze River Delta (including Shanghai), Pearl River Delta
(including Shenzhen, which used to be just a fishing village) and the Bohai Sea
rim (including Beijing).

Achieving long-term
holistic environmental

management
(land, water, air)

Providing work and Safeguarding the quality
economic opportunities of life of different
for many millions groups of people
of people \ (housing and schools)
Sustainable
megacity
management

-

— P

Figure 1.20 Three interconnected goals for sustainable Figure 1.21 Jakarta, Indonesia

megacity management

21



22

Unit 1 Changing population

However, even the best-planned housing policies can struggle to match demand
with supply in megacities where hundreds of thousands of new arrivals are added
to the population annually. Housing shortages are acute in parts of the African
megacities of Lagos and Kinshasa, for example.

‘Bottom-up’ urban community development strategies may also play an important
role in megacity management. Poor migrant communities in Lagos have to take
bottom-up steps to improve their local environment and access to housing by
themselves without much state support. As a result, informal community-built
settlements have grown throughout Lagos. They are densely populated owing to
the shortage of available land.

In the case of Makoko, an informal settlement on the edge of Lagos Lagoon,
makeshift homes have been built above the water on stilts using affordable
building materials such as tin sheets and wooden planks. They have also
reclaimed land from the lagoon using waste materials and sawdust to create

new islands for building on. The estimated population of Makoko ranged from
100,000 to 400,000 in 2020. Most people make a living in the informal economy,
including fishing. This goes back to Makoko's origins as a fishing village outside
Lagos: as the city grew it has been swallowed up in the urban area. Now, Makoko
is sometimes refered to as ‘the Venice of Africa’

PPPPSS CONCEPTS

Try to consider the perspectives and
feelings of the people who live in
the places you write about, and
think carefully about the language
you use. Words do harm when they
reinforce unfair stereotypes, for
example calling someone’s well-built
and modern home a ‘slum’ because
it is located in an informally-planned
part of a city. Dharavi has suffered in
this way, frequently called a 'slum’ by
outsiders. Find out more here:
www.theguardian.com/cities/2014/
nov/28/slum-loaded-term-
homegrown-neighbourhoods-
mumbai-dharavi

CASE STUDY

DHAKA

According to the World Bank, Dhaka in Bangladesh is

the fastest-growing megacity in the world (Figure 1.22).
Between 1990 and 2005, the city doubled in size from 6 to
12 million. In 2020, its population reached 22 million and by
2050 Dhaka will be home to an estimated 35 million people.
The challenges for Dhaka are extreme, even by the standards
of other Global South megacities. The Bangladesh Centre for
Advanced Studies estimates that half of Dhaka’s population
lives in informal housing, some of which is located in unsafe
areas beside rail lines, and along riverbanks, and is in real
need of improvement.

B Many migrants arriving in Dhaka will work for low pay
in the country’s textile industry, which is its largest
economic sector. Foreign TNCs have flocked to Dhaka
in recent years. It is likely that you and your friends will
own clothes made in Bangladesh.

B There has been international concern over standards of
health and safety at work in Bangladesh following the
highly publicized collapse of the Rana Plaza factory in 2011,
which led to the deaths of over one thousand workers.

Rural migrants continue to travel to Dhaka. They
believe — rightly or wrongly — that life there will be an
improvement on the places they have left behind.

B The Bhola district, for instance, is located in southern
Bangladesh. This region is vulnerable to climate change
(see page 64).

B Migration is seen as a potential adaptation strategy
to the heightened risk of flooding; some people have
abandoned the area altogether. In other cases, families
are attempting to relocate to higher or better-drained
land. To meet the costs of moving, it becomes necessary
for some household members to migrate to urban areas.
There, they work and send money home as remittances
to help their family adapt.

B \Women migrate in especially large numbers. A distinct
neighbourhood has developed in Dhaka that is home to
thousands of female garment factory workers who have
migrated there from rural Bhola.

Dhaka's government has plenty of issues to be concerned
with in addition to population growth.

B Poverty reduction is a key government target. Good
progress has already been made — between 2010 and
2020, the proportion of Dhaka's population living in
extreme poverty reportedly fell from 31 per cent to
20 per cent.

B The city is very vulnerable to flooding during the
monsoon season (April-July). The 1998, 2004 and 2020
floods were particularly severe and brought large
economic losses.

Yet despite these challenges, Dhaka is also the crucial
growth engine for an emerging economy whose per capita
GDP has risen from US$300 in 1970 to US$2500 in 2021.
When adjusted for purchasing power parity (see page 6),
the current figure is actually closer to US$6400.

Figure 1.22 Dhaka, megacity and capital city
of Bangladesh

PPPPSS CONCEPTS

Think critically about the possible costs and benefits
of relocating to Dhaka for a teenager living in relative
poverty in rural Bangladesh.
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Forced migration, refugees and
internally displaced people

Refugees are people who have been forced to leave their country. They are defined
and protected under international law, and must not be expelled or returned to
situations where their life and freedom are at risk. In addition to refugees, many
people worldwide have become internally displaced people (IDPs) after fleeing
their homes. In 2020, the conflict in Syria, which started in 2011, had generated
nearly 7 million refugees and over 6 million IDPs, half of whom were children.

According to United Nations data:

Millions of refugees worldwide

More people were forced to migrate in 2014 than in any other year since the
Second World War. In that year, around 14 million people were driven from
their homes by natural disasters and conflict. On average, 24 people were
forced to flee their homes each minute — four times more than a decade earlier.
Since 2014, refugee numbers worldwide have kept rising but not as quickly as

in 2014.

The global total of displaced people reached 78 million in 2020. Of these,
around 48 million were internally displaced and 30 million were refugees.
Recent forced movements of people have been caused by wars in Burundi,
Central African Republic, South Sudan, Syria and Yemen. Thousands

more have fled violence in Central America. Figure 1.23 shows the list of
countries that in 2020 had generated most refugees on a rolling annual basis
since the 1970s. Note that Figure 1.23 pre-dates the conflict in Ukraine — see
page 26.

During 2019 and 2020, 4 million Venezuelans were displaced abroad by
rising economic hardship. The UN does not include most Venezuelans in

its official refugee data because they have not applied for asylum in the
countries where they now live.

Refugees by country of origin

Keyword definitions

Refugee A person who has been
forced to leave their country in
order to escape war, persecution or
natural disaster.

Internally displaced people (IDPs)
People who have found shelter in
another part of their country after
being forced to flee their homes.

Estimated number 2020
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Figure 1.23 The main source countries for refugees 1975-2020 (fluctuations indicate periods when many people fled
each state and also years when large numbers returned home) (Source: United Nations High Commissioner for Refugees)
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Causes of forced migration

There are many reasons why people are forced sometimes to flee their homes.
These include conflict, land grabbing and climate change.

B Conflict

Between 1945 and 1970, most previously colonized African countries finally
gained their freedom from European rule and became independent states.
However, the long period of colonial rule had all too often resulted in economic
and social neglect, along with inadequate or inappropriate political systems and
boundaries as well as continuing exploitation by TNCs. As a result, persisting
continued geopolitical instability within and between some of these newly
independent countries has led to the widespread forced migration of people.
Today, there are over 6 million refugees scattered across Africa. Large numbers are
living in Chad, Kenya and Sudan; significant source countries include Somalia,
Rwanda, Democratic Republic of the Congo (DRC) and Angola; many more are
internally displaced — in 2021, there were nearly 3 million IDPs in Nigeria alone.

B Land grabbing

This is an economic injustice that typically involves the acquisition of large
areas of land in some countries by domestic governments and individuals,

and TNCs. In some instances, land is simply seized from vulnerable groups by
powerful forces and not paid for. Indigenous groups, such as subsistence farming
communities, may have no actual legal claim to their ancestral land. Due to their
marginalization, they may lack the financial resources needed to defend their
rights in a court of law, compounding the injustice further. Around the world
there are many instances of unjust land grabs resulting in social displacements
and refugee flows. You may be familiar already with the example of Amazonian
rainforest communities losing their land to logging companies.

B Climate change

Climate change acts to intensify rural poverty and conflict in some countries.

Movers who might previously have been classed as economic migrants become .
S e e L _ Keyword definition

refugees due to an increasingly hostile environment.

® Sudan’s semi-arid Darfur region is home to settled farmers but also nomadic Desertification The

P . . z I R i R T L

groups. Between 2003 and 2003, land grabbing and conflict led to the intensification (‘deepening’) or
displacement of 2 million people. In this case, competition over land was extensification (‘widening’) of arid,
exacerbated by drought, desertification and shrinking water supplies. Twenty desertlike conditions.

years later, these troubles persist.
B Since 1990, millions of refugees have moved to escape drought in the Horn of

Africa; many have moved from Somalia and Ethiopia into neighbouring Kenya.

Rainfall was very poor in 2019, 2020 and 2021, leaving millions of Kenyans and How interlinked are the different

Ethiopians at risk of displacement on account of rising food insecurity. causal factors and processes of
climate change, land grabs and

. . conflict in the examples used on
Consequences of forced migration pages 23-25, or other examples you

There are consequences both for individuals and countries. have researched?

B Consequences for migrants
Many millions of people worldwide are living in [DP or refugee
camps. In 2020, the countries with the largest numbers of
internally displaced people were Colombia (5 million), Syria
(6.6 million) and Afghanistan (3.6 million). In 2022, Ukraine
suddenly joined the list, with around 7 million people internally
displaced in the first three months of conflict with Russia.
Forced to flee their home and possessions, IDPs and refugees
suffer serious economic and social losses.
B In many camps, adults are left unable to work: there are
simply no opportunities to make a living (Figure 1.24).
B Children may cease to be schooled: this has highly
damaging long-term impacts for these individuals and
their societies. According to one estimate, half of all forced
migrants are agecl under 17 and as marny as 90 per cent no Figure 1.24 An |IDP camp in Sulaymaniya h,
longer receive any education or a satisfactory schooling. Iragi Kurdistan
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m Life in refugee camps can be very tough for vulnerable groups, including older
people, the very young and women.

B Many refugees who have escaped horrific conditions continue to suffer trauma
long afterwards as a result. This includes many girls and women who survived
ISIS or Daesh rule in Iraq and Syria during the 2010s.

B Consequences for neighbour states

The majority of refugees do not attempt an ambitious long journey to a distant
developed country. Instead, they travel no further than the nearest state
neighbouring their home country. This is particularly the case for families with
young children and sick, injured or elderly relatives. This puts enormous pressure
on states with the most refugees, such as Lebanon, and Turkey (where over 3
million Syrians now live) and Poland (where millions of Ukrainians fled to).

B Consequences for high-income countries

Since the early 20005, rising numbers of refugees from North Africa and the
Middle East have attempted to reach Europe by crossing the Mediterranean in
unsafe fishing boats. By 2021, an estimated 1.5 million people had attempted the
crossing, including many refugees of varying faiths and ethnicities from Syria and
war-torn African nations like Somalia, Eritrea and Ethiopia. In 2021, an estimated
120,000 people made the crossing, departing mainly from Libya. Many issues arise
for European countries as a result of this movement of people:

B EU coastguards have struggled to prevent deaths at sea in the Mediterranean.
In one notorious incident, around 800 people died when a boat capsized in
rough seas off the Italian coast near Lampedusa in April 2015. Every year
since, many thousands more have died in similar circumstances.

B All EU states — along with most other countries — are obliged to take in
refugees, irrespective of whatever economic migration rules exist. This is
because they have signed the Universal Declaration of Human Rights (UDHR),
which guarantees refugees the right to seek and enjoy asylum from persecution
(Table 1.8). The cost of care can be considerable, however. It is estimated to
cost US$15,000 a year to cater for the needs of one recently arrived refugee
(over the same time period, refugees pay an average of $129,000 in taxes).
Refugees may be recovering from severe physical or psychological harm. Caring
for unaccompanied children is a major concern.

B Although the number of refugees granted asylum each year typically amounts
to less than 0.1 per cent of the EU's population, many European citizens are
unhappy with what they view as a high number. It has become an emotive
issue that divides community opinion and affects people’s voting behaviour
in elections and referendums.

B During 2020 and 2021, Greece's government imposed strict Covid-19
lockdown rules on 120,000 refugees living in refugee camps called Open
Accommodation Facilities (OAFs). These restrictions led to worsening mental
and physical stress for many refugees, and made educational goals for refugee
children even harder to achieve. Worse, the arrival by boat of a further 10,000
refugees in Greece during 2020 increased the risk of Covid-19 outbreaks in
the OAFs. Some international aid organizations have criticized the Greek
government’s handling of its refugee crisis.

m However, in the longer term many forced migrants will find employment and
may make important contributions to the societies and economies of the
places that have granted them refuge.

Table 1.8 How the United Nations offers protection to refugees

The Refugee
Convention (1951)
and Convention
relating to
Stateless Persons
(1954)

e The 1951 Refugee Convention is the key legal document that forms the basis of all UN work in support of refugees.
Signed by 144 states, it defines the term 'refugee’ and outlines the rights of refugees, as well as the legal obligations
of states to protect them. The core principle is 'non-refoulement’. This means that refugees should not be returned to
a country where they face serious threats to their life or freedom. This is now a core rule of international law.

e The 1954 Convention relating to Stateless Persons was designed to ensure that stateless people enjoy a
minimum set of human rights. It established human rights and minimum standards of treatment for stateless
people, including the right to education, employment and housing.

The Office of

the United
Nations High
Commissioner for
Refugees (UNHCR)

e UNHCR serves as the ‘guardian’ of the 1951 Refugee Convention and other assodiated international laws and
agreements. |t has a mandate to protect refugees, stateless people and people displaced internally. On a daily basis
it helps millions of people worldwide at a cost of around USS5 billion annually. UNHCR works often with the UN's
World Health Organization (WHO) to provide camps, shelter, food and medicine to people who have fled conflict.

e UNHCR also monitors compliance with the international refugee system.
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CASE STUDY

MILITIA GROUPS

Since 2000, destabilizing militia groups have arisen in
numerous local contexts, including al-Qaeda in the Arabian
Peninsula and the Taliban in Afghanistan. Daesh (at times
also called 1S, ISIS or ISIL) wages its so-called jihad against
all other religions. Its soldiers have pursued a strategy

of annihilating minority communities including Christian
Assyrians, Kurds, Shabaks, Turkmens and Yazidis. Many
people have become refugees.

Different branches of the Boko Haram militia group
have gained notoriety on account of their brutal actions
in Borno state in Nigeria, and in neighbouring Niger.
‘Boko Haram' translates loosely as 'Western education is
forbidden'. The militants are strongly opposed to what
they see as the spread of Western culture, among which
they include the culture of gender equality.

B In 2014, 200 Nigerian schoolgirls were abducted by the
Boko Haram militant group. Other targets have included
the police, students, the media, churchgoers and
ordinary civilians. In 2020, another 300 students were
abducted in Katsina state.

B By 2020, 1.5 million people had been displaced throughout
Borno state owing to Boko Haram, while in Niger's Diffa
region more than 280,000 people have been forced from
their homes. In total, Boko Haram may be responsible for
nearly 3 million IDPs in Nigeria and its neighbours.

Life remains tough for people even when they have found
shelter in United Nations IDP camps. Human Rights Watch is
a civil society organization (CSO) that has documented the
rape of women and girls living in IDP camps in Maiduguri, in
northeast Nigeria. Camp dwellers also live in constant fear
of further attacks from Boko Haram.

You can find out more about the humanitarian crisis
caused by Boko Haram at the Amnesty or United Nations
UNOCHA websites.

Keyword definition

Militia groups An armed non-official or informal military
force raised by members of civil society. Militia groups may
be characterized as either freedom fighters or terrorists in

varying political contexts, or by different observers,

CASE STUDY

In February 2022, Russian forces launched an attack against
the state of Ukraine, bombing cities closest to Russia and
neighbouring Belarus with artillery shells. Within days,

the settlements of Luhansk, Mariupol, Kharkiv and capital
city Kyiv were badly damaged. Despite Russian assurances
that only military targets would be attacked, tens of
thousands of Ukrainian citizens were killed in the first
attacks, triggering the forced migration of around 14 million
people in the first three months of the conflict. That
represents around 30 per cent of the country's population
of 44 million.

Europe had not experienced such a fast and large refugee
flow since the Second World War (1939-45). In common
with all refugee crises, the countries receiving the largest
numbers of arrivals in February and March 2022 were those
bordering the affected state, in this case Poland, and to a
lesser extent Hungary and several of its neighbours. Figure
1.25 shows the enormous numbers of refugees fleeing
Ukraine during the first three months of the war, along with
the even larger internally displaced population.

B As time progresses, there may be further movement of
some people into the larger Western European countries
of Germany, France and ltaly where long-established
Ukrainian migrant and diaspora communities already
exist. Refugees may seek out friends and relatives
already living in those countries.

® Around 2.5 million people of Ukrainian descent live in
North America, suggesting that some refugees may
eventually move there too.

B |t may be many years before Ukrainian refugees feel
that it is safe to return home, or are able to following
the damage Russian forces have done to their cities
and homes.

THE POLITICAL CAUSES OF UKRAINE'S REFUGEE CRISIS

The majority of the initial wave of refugees were women
and children: around 2 million (around half) of those
moving in the first two months were children. This has put
great responsibility on host nations for Ukrainian refugee
communities to ensure that the rights of the children are
protected, as expected by the UN Convention on the Rights
of the Child. These children had already suffered interrupted
education during the Covid-19 pandemic.

Causes of the refugee crisis

Conflict in Ukraine dates back to 2014 when Russia seized
control of the southeastern Ukrainian territory of Crimea.
From the perspective of Western countries, the full invasion
of Ukraine in 2022 was the culmination of an increasingly
assertive and aggressive approach to Russian foreign

policy. Actions in Ukraine can be viewed in terms of ethnic
nationalism and Russian leader Vladimir Putin’s desire to
reclaim what he views as Russia‘s ‘rightful” historic territory.
Under Putin, Russia has behaved as a ‘revanchist’ state
{meaning that the country’s government seeks to regain old
territorial losses).

Writing in Geography Review in 2021, shortly before the
Russian invasion of Ukraine, Professor Paul Richardson
(Birmingham University) observed that:

‘The argument goes that regaining “lost” territory becomes
a symbol of retrieving Russia’s past position, power and
prestige. In this storyline, the return of Crimea — which was
given as a gift to the Ukrainian Republic of the Soviet Union
by Nikita Khrushchev in 1954 — is a symbol for the honour,
respect and renewed strength of Russia under President
Putin. This debate over territory, power and identity can

be traced back to the early 1990s and the traumatic
transition from Soviet Union to Russian Federation.
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Fifteen independent states (including Ukraine) emerged
from the Soviet Union at the end of 1991. With this
fragmentation came a sense of geographical loss for many
Russians, and confusion over the identity of a new Russia in
a new world.'

From a Russian perspective, Ukraine's government has
‘betrayed’ Russia in the years since 1991 by aspiring to join
the European Union and the Western defensive alliance
NATO. Tensions first became apparent when Ukraine's

Poland has taken in
3.5 million refugees

Romania
961,000

Hungary

644,000

president signed an association treaty with the EU in 2013;
it is no coincidence that Russia’s seizure of the southern
region of Crimea happened shortly after.

PPPPSS CONCEPTS

Explain two strengths of the way data showing
interactions between places have been represented
graphically in Figure 1.25.

Belarus 27,000

Slovakia
442,000

Moldova
471,000

Figure 1.25 The 6.5 million recorded refugee crossings into neighbouring countries (purple and brown circles)
and 7 million internally displaced people in Ukraine (green circle) as of 24 May 2022, three months after conflict
began. Note that refugees do not always remain in the countries they first cross into (Source: UNHCR)

B CHAPTER SUMMARY
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the CBR and CDR

= Reasons for variations in population structure and
dependency ratios

m The demographic transition model (DTM)
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Bangladesh)

= The challenges of megacity growth for societies, including
the need for top-down planning

= The challenges of megacity life experienced by individuals
in poor communities

A case study of megacity growth (Dhaka)

Global trends in refugee flows and movements of
internally displaced people (IDPs)

= The human and physical causes of forced migration

m The consequences of forced population movements for
migrants, neighbouring countries and high-income countries

= Two contrasting examples of forced movements with
political and environmental causes (Ukraine's refugee crisis
and militia groups, including Boko Haram)
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= How some population changes and movements involve
spatial interactions that link different places together

= How population changes, interactions and movements are
represented graphically using trend lines, charts and maps

= How push factors for refugees are interlinked
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EXAM FOCUS

COMPLETE THE ANSWER ELIMINATE IRRELEVANCE

Below is a sample AO2 short-answer question, and an Below is a sample AO2 short-answer question and an
answer to this question. The answer contains a basic point answer to this question. Read the student answer carefully
and an explanatory link back to the question, but lacks any and identify parts that are not directly relevant to the
development or exemplification. Without this, full marks question asked. Write out the answer, then draw a line
are unlikely to be awarded. Write out the example answer through the information that is irrelevant and justify your
below, then improve the two basic reasons that have been deletions in the margin.

[ by adding your own development or exemplification. . . .
given by acding your own cevelopm rexempiinication Suggest two possible economic reasons for a falling

Explain two possible negative consequences of fertility rate in a country. [2 + 2 marks]

negacty Ikl 2 E 2 ar] 1 Economic changes can include industrialization and the

1 The first possible negative consequence is traffic decline of subsistence farming. When families no longer
congestion and air pollution. This is because major work together to farm the land, there is less economic
cities are home to such large numbers of people. benefit in having a large number of children. Fertility in

Europe fell in the 1800s when large numbers of people

2 The second possible consequence is a lack of green : ! 12
abandoned subsistence farming and moved to cities to

space. The sheer number of people moving to megacities : .
means that all open areas quickly become built on. find paid employment.

: . 2 Qver time, important social changes often take place.
Answer short questions concisely For instance, fewer people may pay strict attention

to religious teaching which prevents the use of
contraception. Once this has happened, it is common
to see the fertility rate falling in a country. Throughout
Asia the fertility rate is now generally lower than three
children per woman.

In both of the answer spaces, space has been used up
in repeating the question ('The first possible negative
consequence is..."). Try to avoid doing this.

1.3 Population challenges
and opportunities

Global and regional population trends

During the twentieth century, the world’s high-income countries experienced
significant changes in (1) average family size and (2) the proportion of people
surviving to an older age, giving rise to the phenomenon of an ageing population.
Another important development has been changing social attitudes towards the
role of women in society. This has affected the sex ratio of some societies.

The global issue of ageing

In Japan, Iceland, Italy, Australia, Germany and many other countries, life

expectancy is now 80 years or higher. More than 20 per cent of the population
in these countries are currently aged 65 or over. In the future, the proportion of Keyword definitions
older citizens in high-income countries will grow higher still, while most middle-
income countries will also begin to experience the effects of widespread ageing
(Figure 1.26). Globally, the number of older persons aged over 60 is expected to
exceed the number of children aged under 15 for the first time by around 2050,
helped significantly by the long-term legacy of China's one-child rule (which left
the world's largest nation of 1.4 billion people with its own particular challenge).

Ageing population A population
structure where the proportion
of people aged 65 and over is
high and rising. This is caused

by increasing life expectancy and
can be further exaggerated by the
Migration can be another cause of an ageing population. When Poland joined the effect of low birth rates. It is also
European Union in 2004, the total number of Polish emigrants living overseas rose called a ‘greying’ population.
quickly from 2 million to 3 million. Out-migration of the young has accelerated
the rate at which Poland's population is ageing: loss of the young means that those
who are not make up a larger proportion of a shrunken population.

Sex ratio The relative proportions
of men and women in a society’s
population.
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A key concern for governments of countries with an
ageing population is meeting the economic cost of - ‘!
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care for the growing proportion of people who — in -t
many cases — no longer generate much new income .l
themselves. Potentially enormous amounts of money
must be made available for older people’s day-to-day
living expenses, health treatments and housing costs.
Japan’s healthcare and nursing home costs by 2025
are expected to be almost USSI trillion (about 12 per
cent of GDP).
In additional to the financial costs of an ageing Key
population, rising longevity is placing an emotional %
burden on younger and middle-aged people who = 3320'?21 9
must increasingly act as (unpaid) carers for older ] 18.0-19.9
relatives who have developed Alzheimer's disease or [116.0-17.9
dementia. Thanks to improvements in healthcare, = 14.0-15.9
fewer people now die in their 60s and 70s from o189

cancer, heart diseases or strokes. Instead, more
people survive into their 80s and 90s, ages at which
vulnerability to degenerative brain diseases and
disorders becomes greatly increased. Many young
people are totally unprepared for the role reversal
that will occur in later life when, instead of being
cared for by their parents, the situation is reversed.
Moving relations to a care home may help make life
more manageable, but the effects of Alzheimer's are
still upsetting to witness in a loved one.

Figure 1.26 Actual and projected ageing
population trends for selected countries

Figure 1.27 Regional variations in the proportion of the
population aged 65 and over in England, Scotland and Wales
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B Ageing population challenges at the local scale

The issues are amplified further at the local scale sometimes. [n countries where
10omes and services for older people are funded by local taxes levied on working
I I for older peopl funded by local t | I king
people, districts with an unusually high proportion of older people face the most
severe financial challenges. In the UK, for instance, many coastal settlements
ave hich proportions of older people iving there as a result of age-selective

1 high prog f older people living tf It of age-select
migration (Figure 1.27).

B The benefits an ageing population can bring PPPPSS CONCEPTS

- £ _—c 1o e _‘ n N ~ I‘.'I ._‘. ‘ 5 ’ . .
It is, of course, quite wrong to write about older people as if they are only a burden Think about the processes that give

_ rise to unequal numbers of older
m Many older people continue to work into their 70s and sometimes 80s. people living in different places at

on society.

Working for longer is gradually becoming a new social norm. Some older varying scales.
doctors and nurses came out of retirement to help support health services

during the Covid-19 pandemic in European countries, for example. Older

workers have important roles as consultants too: they have plenty of

experience and insights to draw on which younger workers lack.

B Insome professions, there is not necessarily an upper age limit for participation
in the work force. Think of acting (Figure 1.28) or politics — the billionaire
Donald Trump was elected as US President at the age of 70; his replacement,
Joe Biden, was 78 when he took office in 2021.

B Around the world, older people have invaluable family, community and civil
society roles to play. They may assist with care for grandchildren, friends or
other relatives; share history through storytelling to younger generations,
which helps to enrich cultures and sustain traditions; participate in the work of
voluntary organizations.

It is important also to note that the very idea of an ‘older population’ aged over 65
[ ) POt 2
is increasingly an oversimplification. There is usually a great difference — in terms of
physical health, stamina and the ability to continue generating income — between
highly active people in their 70s and far more infirm people ;mt'd 90 and over.
ghdby Peof POt g

Figure 1.28 Many people over retirement age contribute economically in
highly significant ways, including actor Michael Gambon

Trends in family or household size

The global fall in fertility rates was explained in Table 1.6 (page 17). In most
countries, women now give birth to fewer than three children on average. This has
had the effect of reducing the average size of a family. In the past, it was usual to find
two parents sharing their home with up to six or more children in European, Asian
and South American countries. Today this is far less common and a typical nuclear
family comprises between three and five individuals living under the same roof.
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Other important social changes have also led to a reduction in the average family
or household size alongside changing attitudes and assumptions about the gender
and sexuality of people who share a home together.

B In many high-income countries, it is less common now to find older people
living with their children and grandchildren. The extended family (where
three generations live together) has become largely a thing of the past in some
places. Government support in the form of pensions and healthcare has meant
older people can remain independent and no longer need to rely on their
children to support them in old age, thus, they may continue to live alone.

B Insome high-income countries, many older people own their houses outright
because they bought them at a time when prices were lower. The cost of
remaining there is therefore low. In Europe, an increasing number of older
widows aged 85 and over live alone in homes they own.

m Divorce has become more socially acceptable in a growing number of
countries, resulting in a larger number of single-parent households or blended
families (when two divorcees re-marry and both already have children from
their first marriages).

m Improved rights for LGBTQ people, include the right to marry in an
increasing number of countries, including Ireland and Brazil. Some couples
subsequently raise children; others remain as two-person households. More
broadly, assumptions about what a ‘typical’ family or household looks like have
changed over time in many (though not all) countries where LGBTQ rights
are accepted and protected. The result is far greater diversity in household
make-up than before.

Sex ratios

A common feature of age—sex pyramids is an excess of male births over female

births. The naturally occurring ratio is 105 boys born for every 100 girls (this

imbalance reflects chromosome variations in sperm). In some societies the ratio of

male to female children is even more skewed, however. This is usually the result of:

B sex-selective abortion (which is made possible by modern technology allowing
couples to discover the gender of a foetus at an early stage of pregnancy)

m female infanticide (the killing of unwanted newborn female babies, also called
gendericide, which sadly still happens in some parts of the world).

According to UN statistics, between 100 and 200 million women are ‘missing’
globally on account of these practices being carried out, both in the past and the
present. Table 1.9 shows several countries where the boy:girl ratio of registered
births differs significantly from the expected natural balance.

Table 1.9 Examples of countries with a skewed sex ratio at birth (showing
significantly more males than females) in official births data

Average sex ratio at birth 2020 (number of males per 100 females)

Albania 108
Argentina 108
China m
Denmark 107
India m
Spain 107
Vietnam 109

Source: www.cia.gov/the-world-factbook/

Typically, the favouring of boys reflects the uneven status of men and women in

many societies, especially among older age groups. This can be the product of

an antiquated legal system that does not allow women to inherit land or wealth

(Figure 1.29).

B In the past, there was a very strong cultural preference for boys in China.
The country’s one-child rule — which was introduced in 1980 (see page 34)
— led quickly to the growth of a highly unbalanced population pyramid. In
very poor rural areas, rates of female infanticide were sometimes very high.

31
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An extreme boy:girl ratio of 4:1 was recorded in some rural counties in the
years immediately after the rule was introduced, reflecting the pressing need
felt by many poor farming families to gain a male heir. China’s 2020 census
revealed there were 105 males for every 100 females in China as a whole (put
another way, 51 per cent of China’s population is male).

B Based on 2022 data, the sex ratio in India has changed dramatically, helped
by government actions such as the Beti Bachao, Beti Padhao (‘save the girl,
educate the girl’) scheme, which aims to end the sex-selective elimination of
female foetuses. The total number of males per 100 females fell from 108 in
1990 to 98 in 2020, the first time India has ever recorded a female majority
— due to a falling sex ratio of boys to girls at birth, along with increasing
female longevity. However, some rural regions still retain a high local
imbalance due to higher male births and male out-migration. In Daman and
Diu region, there were an estimated 140 men for every 100 women in 2022.
(Source: www.theguardian.com/world/2021/nov/25/india-has-more-
women-than-men-for-first-time-survey-finds)

Key

[ Property and inheritance rights
are protected by law and
adequately enforced

I Equal inheritance rights are
protected by law in theory, but
cultural and religious customs
can affect outcomes for women

I Equal inheritance rights are not
guaranteed by law, or widows
have no inheritance rights

[ No data

Figure 1.29 The uneven global pattern of inheritance rights for women
(Source: OECD 2011)

Population management policies

The range of population issues affecting societies requires governments to

manage them.

B ‘Carrot’ (reward) and ‘stick’ (fine or punishment) policies have been used to
reduce or increase birth rates in different contexts.

B Economic measures are needed to deal with the challenge of rising older
dependency; these may be accompanied by other legislation in relation to the
retirement age.

B DPolicies designed to encourage gender equality and improved rights for women
may also have the indirect effect of reducing a society’s fertility rate.

= Policies for ageing societies

Planning for the ‘demographic time bomb' is one of the greatest political
challenges of our times. Small steps taken by some governments already include:
B minor adjustments to the retirement age

Keyword definition

B encouraging workers to invest more of their earnings in personal pension schemes
m stimulating public discussion on whether families should do more to care for Wicked problem A challenge that
older relatives. cannot be dealt with easily owing to

its scale and/or complexity. Wicked
problems arise from the interactions
of many different places, people,
things, ideas and perspectives within
complex and interconnected systems.

However, the measures introduced so far in countries like Germany, the UK

and Japan fall far short of what is needed. Governments do not want to raise
taxes for younger workers; nor do they want to upset older voters by raising

the retirement age too high or too fast. In democracies, it is too tempting for a
serving government to leave the wicked problem of an ageing society for a future
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administration to try and fix! As a result, it remains unclear how many states will
be able to fund services for the older people through taxation by mid-century.

Poland'’s government has acknowledged that its whole state pension system will

become unsustainable unless people are prepared to work longer.

B This is a country where pension costs, at 12 per cent of GDP, are higher than
the HIC average of 8 per cent. Part of the problem is early retirement, with
many people stopping work before they reach 60.

B Another issue is the current shortfall in taxes to pay for pensions: Poland has
lost millions of young workers in recent years. It may be the case, however,
that a large number of young Ukrainians could settle permanently in Poland.
The future has become highly uncertain since Russia invaded Ukraine.

m  Although some migrants send home money as remittances, this does not
compensate the government for the taxes it might have raised if more of its
citizens had remained at home.

When Poland’s government tried to raise the retirement age in 2016, angry crowds
gathered in front of parliament where some set fire to pictures of ministers. As a
result, no change was made. It remains unclear, however, how Poland will pay for
services for older people in coming decades.

B Global interactions between national governments

Increasingly, national governments are working together to tackle the ageing
population challenge. The (G8 group of nations (which included Russia prior

to 2014 and is now called the G7) met in 2013 to first discuss the challenge

of dementia and how best to coordinate their efforts to tackle it. The global
number of dementia sufferers is expected to treble to 135 million by 2050. After
their summit meeting, the G8 announced its plans to develop a coordinated
international research action plan to target gaps in medical research. However, the
unprecedented health challenges of the Covid-19 pandemic have meant that the
issues of ageing and dementia have slipped as a priority during the last few years.

B The role of civil society and businesses

It is not just governments that need new policies for changing times. Civil society o

and businesses are adapting to the new reality of an ageing population too. Keyword definition

B Many civil society organizations (CSOs) and non-governmental organizations Civil society Any organization or
(NGOs) raise money for vulnerable older people or campaign to raise movement that works in the area
awareness about issues affecting them. Age International is a charity that between the household, the private
takes a special interest in helping older people in some of the world's poorer sector and the state to negotiate
countries. matters of public concern. Civil

® German supermarket chain Kaiser has adapted many of its stores in ways that society includes non-governmental
appeal to older shoppers. This includes brighter lighting, slower escalators, organizations (NGOs), community
non-slip floors and extra-wide aisles that mobility scooters can navigate easily. groups, trade unions, academic

B In Japan, new shopping malls are being designed with older people in mind. institutions and faith-based
Older shoppers can access medical clinics and participate in leisure activities organizations.

targeted specifically at older age groups. Over-60s already account for 40 per
cent of Japan’s domestic consumption.

Future consumer spending growth in most high-income countries will be driven
increasingly by older people. More and more businesses are adapting their products
and services accordingly.

Pro-natalist and anti-natalist policies

Some countries have adopted pro-natalist policies that aim to raise the national PPPPSS CONCEPTS

fertility rate. _ ) )
m Part of the Polish parliament’s response to its ageing population problem has Ul iyl
the place where you live has been

been new legislation that pays women for each child they have in an effort . i

boost the country’s falling population. Under a new scheme announced designed with the needs of older
to boos countrys fatiing poputation. Wscheme anhoune citizens in mind. What more could
in 1202—1, every woman receives a Il‘ft‘)‘nthly payment of lOOOIzlotys (around e
US$250) for second and any additional children, up to their third birthdays.
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B Many European countries make monthly child allowance payments to
families. In 2020, French mothers received the equivalent of around US$200
per child per month (excluding their first child). Long concerned with
underpopulation, the French government first introduced cash payments for
children during the 1930s. In the decades after the Second World War, France
had the highest child allowances in Europe, often accounting for around
30 per cent of a family's income.

Other countries have taken the opposite approach by introducing anti-natalist
policies designed to curb population growth and prevent overpopulation from
occurring. The best-known example is China’s one-child rule, which lasted from
1980 until 2016. With 1.4 billion people living there in 2022, China is one of the
world’s two most populated countries (India is the other). Without the one-child
rule, it is estimated that China's population might have risen to 1.7 billion, with
potentially negative consequences.

m In the 1930s, the Chinese fertility rate was high. Under the Communist
leadership of Chairman Mao Zedong, women were encouraged to have five or
six children.

B A devastating famine was linked to the deaths of 25 million people between
1939 and 1961, however. Following this, China’s leaders came to believe that
the country now had too many mouths to feed; increasingly strict rules began
to dictate how many children could be born in China.

W At first, attempts were made to persuade people to have fewer children using
the slogan ‘Late, sparse, few”. In 1980, persuasion turned to force when the one-
child rule was introduced.

m Initially, the rule stipulated that all couples, whatever their circumstances,
could have one child only (although some minority ethnic groups were exempt
and were allowed more). If people disregarded the policy and had a second
child, they were fined US$4,000. This represented a lot of money for poor
Chinese families and only affluent couples could afford to pay. Additional
sanctions were used: if a state official had a second child then they would lose
their job.

B The growth of China's population from 1960 to 2015 is shown in Figure
1.30. The fall in birth rate demonstrates clearly how change was managed by
the state.

B In the early 2000s, the rule was softened progressively. Two babies were
permitted for: people living in the countryside; parents whose first child was a
girl; parents whose first child had been born with a disability.

Keyword definitions
Underpopulation A theoretical
state of imbalance where there
are too few people relative to
the resources a nation possesses
to make effective use of them,
lowering quality of life for all as
a result.

Overpopulation A theoretical
state of imbalance where there
are too many people relative to
the resources a nation possesses.
The resulting unemployment and
insecurity threatens everyone’s
quality of life.

In 2015, all women became free to give
birth to two children, thereby bringing
the one-child era to an end, and in

Key
=8— Crude birth rate
=& Crude death rate

50 4

—e— Total population

2021 three children were permitted.
Fears of overpopulation have been
replaced by the mounting challenge
of a ‘top-heavy’ population pyramid
with a high dependency ratio (Figure
1.31). This means that more births
may be required in the future, rather
than fewer. Unfortunately, evidence
suggests that the one-child rule
lasted long enough for social norms
(attitudes) to change permanently in
favour of smaller families, and China's
birth rate has continued to fall since
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Figure 1.30 Population growth in China, 1950-2020
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Figure 1.31 China's projected population structure in 2025 (Source: US
Census Bureau, International Database)

= Gender equality policies

Prevailing social attitudes about women'’s role in society play an important part in
determining fertility rates and any consequent political attempt to increase or curb
fertility. Pro-natal or anti-natal policies can, in turn, have implications for gender
equality, which is why they can become controversial. For instance, the Polish
government’s decision to pay women to have more children has been attacked by
gender equality campaigners who say it encourages the stereotyping of women as
‘stay-at-home mothers. The Congress of Women, a women’s lobby group, has said
the proposal will discourage Polish women from working and strip them of their
financial independence.

B Changing attitudes in China

Alongside the one-child rule, China’s government has tried to change social
attitudes (the way people think). Greater gender equality has lowered the fertility
rate in many societies by removing the imperative for couples to produce a

son who will inherit the family’s wealth or name (see page 32). The one-child
rule’s terrible side-effect of female infanticide (see page 31) prompted China’s
government to fund education campaigns to bring about social change. In some
rural districts, attempts were made to re-educate prospective parents using posters
bearing the slogan ‘daughters are as good as sons’ — the hope being that fathers
might learn to think more positively about having a girl as their only child.

Orther factors have played a positive role in changing social attitudes towards

gender in China recently:

B Economic development and rising property prices have helped erode Chinese
society’s traditional preference for sons by increasing the cost of raising a male
heir. Traditionally, Chinese families who could afford to would buy a property
for their son before he was allowed to marry. Soaring housing prices in China's
major cities have made this an expensive tradition to maintain.

B Accompanying this, China has become a country with strong female role
models. Many of the country’s very wealthiest individuals are women who run
their own businesses, such as Yang Huiyan, the head of a real estate company,
whose personal fortune amounted to US$34 billion in 2021. Many of the
world'’s very richest ‘selfmade’ women are Chinese. Topping the list in 2020
was ‘touchscreen Queen’ Zhou Qunfei (founder of Lens, a company which
makes touchscreens for mobile devices).
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Some commentators believe that the roots of these still-unfolding positive
attitudinal changes can be traced back to the early communist policies of Mao
Zedong who reportedly proclaimed that ‘women hold up half the sky

B Anti-trafficking policies

One important aspect of international efforts to achieve greater gender equality
has been coordinated action to tackle trafficking in human beings. This is a
highly gendered form of crime because victims are overwhelmingly female.

® Human trafficking can be seen as ‘one of the dark sides of globalization’
according to the Institute for the Study of Labour (IZA) in Bonn.

B The International Labour Organization estimated in 2021 there were 25
million victims of human trafficking worldwide, while crime agency Interpol
categorizes human trafficking as the third largest transnational erime
following drug and arms trafficking.

B Female victims of trafficking found in the USA came from 66 countries in
different regions (China, Mexico and Nigeria, for example).

The United Nations Convention against Transnational Organized Crime was
signed in 2000. The European Parliament has recognized the gender dimension
of human trafficking, stating that: ‘Data on the prevalence of this crime show
that the majority of its victims are women and girls. Sexual exploitation is by far
the first purpose of trafficking in women. Most trafficked women are forced into
commertcial sexual services.! The main EU instrument for fighting trafficking in

human beings is Directive 2011/36/EU, adopted in 2011.

The issue of trafficking highlights the continuing need for improved social status
for women in parts of the world today.

Population as a resource

The world’s seven billionth person was most probably horn on 31 October 2011.
Global population will have reached 8 billion in 2023. Are these landmark events
good news or bad news for the global economy and environment! The debate over
whether population growth is a blessing or burden — or both — is a very old one.

‘People are the ultimate resource, argued Julian Simon, an American professor of
environmental economics, in 1980. Referring to the repeated waste of lives in war
during human history, Simon wrote memorably:

There came to me the memory of reading a
eulogy delivered by a Jewish chaplain over
the dead on the battlefield at Iwo Jima, saying
something like, ‘How many who would

have been a Mozart or a Michelangelo or an
Einstein have we buried here?

The argument we can infer from this is a compelling one: population growth

is beneficial because a larger ‘pool’ of people is likely to produce more truly
exceptional individuals who will innovate and design in unanticipated ways that
benefit everyone else enormously. Would you own a phone or tablet if fewer people
had been born in the past and, as a result, iconic inventors such as Steve Jobs,
Rosalind Franklin and Alexander Popov had never lived!

Another advantage of a large population is the sizeable labour force that can help
a country to industrialize. People are the human resources that allow domestic
industries to thrive or act as a magnet for foreign investors. Much of China's
‘economic miracle’ can be attributed to the enormous size of its cheap labour force.

The demographic dividend

It is not just population size that matters. Economists and geographers are
interested in the benefits brought by a particular type of population structure.

Keyword definition

Human resources The working-
age people found in a place who
can generate wealth with the
skills and capabilities they possess
(dependent on their educational
levels, the languages they speak
and their capacity to innovate and
invent).
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A concept called ‘the demographic dividend’ (DD) is used to frame the debate. In
essence, this is a short-term demographic benefit that is ‘cashed in’ by a country
when it moves from stage 2 to stage 3 of the DTM (see page 16).

m During the early decades of stage 3 of the DTM, a ‘bulge’ develops in the
population pyramid between roughly the ages of 15 and 35. These are the
more youthful and energetic cohorts of the working-age population.

®m This bulge is a product of the time lag of demographic transition: declining
infant mortality (occurring immediately following improvements in health,
hygiene and food supply during stage 2) is only followed later by a fall in the
number of births (because moral codes governing birth control and social
expectations of women are at first resistant to change).

B The population pyramids for Angola and Vietnam in Figure 1.15 (page 17)
show this. In Angola (stage 2), women still give birth to five children and
the dependency ratio remains high with many young dependants, whereas
Vietnam (stage 3) has recently gained a low ratio of very young dependants
compared with working-age groups.

The DD played an important role in the emergence of the ‘Asian Tiger’

economies during the 1960s and is one reason for China’s fast growth in recent

decades. In such cases, the movement of large, youthful cohorts into working age,

accompanied by falling births, boosts economic and social development because:

B alarge, young workforce serves as a powerful magnet for ‘footloose’ global capital

B workers with fewer children begin making investments, contributing to
financial growth

B women become more likely to enter the formal workforce, promoting greater
gender equality

B salaried workers quickly become consumers, so global retailers and media
corporations view these countries as important emerging markets (Disney and
other streaming services are targeting India in particular).

More recently, numerous emerging economies in Asia, Latin America and,
increasingly, parts of Africa have begun to enjoy their own demographic dividend,
as Figure 1.32 shows.

B Asia: Indonesia is currently cashing-in a major demographic dividend (67 per
cent of its 275 million people are of working age and 95 per cent are classified
as literate by the World Bank, according to the 2021 data).

B Latin America: Brazil began to enjoy its demographic dividend around 2000; in
2020, it was home to 156 million working-age people out of a total of 212 million.

B Africa: South Africa is beginning to profit from the demographic dividend.
Mauritius, Moroceo and Algeria recently experienced falling fertility.

= 65

o Projected

Q

il

© g0 4

&

=

o

‘_".f 55 A

=]

o

2 Afri
50 e

> —— Asia

; ~— Latin America

£ = Europe

':‘-.; 45 1 —— North America

g T I | |

1960 1980 2000 2020 2040

Year

Figure 1.32 Trends in the proportional size of the working-age population
by global region, 1960-2040 (projected) (Source: PolicyProject.com)

Global North countries, generally, enjoyed the demographic dividend a long
time ago, with some exceptions. Ireland experienced a late decline in fertility in
the 1980s that delivered a demographic dividend in the 1990s (its ‘Celtic Tiger’
growth phase). The USA, where a relatively large influx of younger immigrants
has provided an extended demographic dividend, is an important reminder that
migration shapes population structure too.
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B Other factors affecting the demographic dividend

A demographic dividend is not always delivered when population structure
changes. From an economic perspective, some governments are not able to make
the most of their human resources because of other factors:

B A large working-age population could be viewed as a wasted opportunity
if numeracy and literacy are weak (a concern for some Indian states, where
primary and secondary education performance still needs to improve).

m Good governance is essential. Performance of the manufacturing and tertiary
sector is determined by economic policies that affect levels of free trade,
entrepreneurial activity and inward investment. Providing a framework for
growth remains a challenge for some African countries including Uganda,
where the median age is 18 and youth unemployment is high. More
opportunities are needed for large numbers of young people who want work.

B In Egypt and Tunisia, where government revenue was, until recently, allegedly
siphoned off for the benefit of a small ruling clique, ordinary people received
little in the way of ‘trickle-down’ benefits from their own demographic dividends.

m Political instability jeopardizes the climate for long-term investment. Erratic
and unpredictable rule can be a powerful deterrent for global capital.

® Youthful out-migration, as in Mexico, may jeopardize receipt of the
demographic dividend.

The demographic dividend is, at best, a temporary benefit only. Once several
decades have passed, a large number of older workers cease working. With fewer
young workers to fund care for the older people, the dependency ratio begins

to rise again, this time involving retirement costs (a ‘demographic debt’) rather
than childcare expense. As we have seen, Japan, which moved through the
demographic transition ahead of other Asian nations and benefited from a
demographic dividend and economic boom in the 1960s, must now pay for an
increasingly older population. By 2030, we will know if China, whose recent
demographic dividend and ‘economic miracle’ owe so much to the 1980 one-child
rule, can afford to do the same.

CASE STUDY

INDIA'S DEMOGRAPHIC DIVIDEND

India’s imminent demographic dividend is one important
reason for its new ‘superpower’ status. Until recently, a
dependency ratio close to 0.6 had slowed the country’s
growth. Now, falling fertility means that by 2030 it could
be as low as 0.4. This will mean a higher proportion of
population contributing to economic output (and with
fewer children to look after, more women entering paid

® India’s giant labour force could attract foreign investors
who are deterred by rising wages in China (costs in India are
nearly four times lower than in China).

However, India's demographic dividend may fail to
materialize fully:

B The literacy rate in 2020 was 78 per cent (compared with

employment). Figure 1.33 compares trends for China and
India: as you can see, China has already ‘cashed-in’ its DD;
India is about to.

In theory, the future is bright for India on account of
population change. In 2018, the working-age (16-64)
the first time.

B While many Asian countries are ageing, approximately
half of India’s 1.4 billion people are under the age of
26. That means in theory a growing pool of salaried

a growing middle class.

B Between 2006 and 2019, consumer spending in the
country almost quadrupled, from US$500 billion to
US$2 trillion. Further growth can be expected.

population size exceeded the dependent population size for

waorkers who are also buyers for goods and services, and

98 per cent in China). Without improvement, this threatens
India's economic development: large numbers of young
workers may lack the skills needed to find well-paid
employment and contribute to national economic growth.

India’s government has been criticized for its strict
investment rules and ‘red tape’, which have sometimes
deterred foreign companies from entering the country
and employing more workers (India’s colonial history of
exploitation by British and Dutch companies may help
explain why its present-day government has created
some of these protective rules). In some industrial
sectors, TNCs have been obliged legally to work in
partnership with a local Indian company if they want to
gain market access: not all companies are prepared to
work in this way.
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As a result, political and social factors could mean that
India may not catch up economically with China despite its
increasingly favourable demographic characteristics. Even
before the Cavid-19 pandemic, around 20 million working-
age Indians were unemployed — economists might view this
as a missed opportunity.

PPPPSS CONCEPTS

Think critically about the relative importance of
demographic, political and social processes of change
in determining whether India’s economic power may
possibly increase in the years ahead.

Working-age population (16-64 years old)
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Figure 1.33 India and China’s working-age population sizes, 2005-45 (projected) and
the estimated average age of their working populations by 2045 (Source: PwC analysis
based on various historical and forecast sources, including Oxford Economics)
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SUMMARY:

= How population change and population policies can help
empower women

= How population growth and change can affect the
balance of economic power between different countries

= How the issues of population change, gender equality and
economic development are interrelated
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EXAM FOCUS

MIND-MAPPING USING THE GEOGRAPHIC CONCEPTS

The Geograpic concepts for this course were introduced on page vii and have featured throughout the first three chapters of
this book.

Use ideas from all of the chapters you have read to add extra detail to the mind map below (based around the Geograpic
concepts) in order to consolidate your understanding of the topic of changing populations.

Spatial interactions

Some benefits of demographic

transition depend on interactions
between different places.

China's demographic dividend

Place relied on foreign companies
Different places will be wanting to make use of
experiencing either costs or benefits Chinese labour.

currently according to their level of
development. The costs of an ageing
population only begin to be
experienced by places when
they enter stages 3 and

Scale
Costs and benefits may not be
experienced evenly between different
local places or countries. While a country
as a whole may benefit from demographic
transition, some local rural areas
may not do.

4 of the DTM. Benefits and
costs of
demographic
Power changes over
time Processes

Demographic changes are

linked with changing social attitudes

towards gender equality. The process
of empowerment for women is integral to
any account of demographic transition.
The benefits for women of a lower
fertility rate are an important
~ part of the discussion.

Population change is linked with
the important process of economic
development. Demographic transition
is caused by economic growth but it

also promotes further growth too.
The two processes are
interrelated.

Possibility
The balance of eventual costs and

benefits is not certain when a population

begins to change. The attitudes of
individuals, societies and governments are
vital in determining whether the benefits
of a demographic dividend are
eventually realized.

PLANNING AN ESSAY

Below is a sample Section C exam-style essay question. Use some of the information from your mind map, or your own
ideas, to produce a plan for this question. Aim for four or five paragraphs of content; each should be themed around a
different key point you want to make, or a particular concept or case study. Once you have planned the essay, write the
introduction and conclusion for the essay. The introduction should define any key terms and ideally list the points that will be
discussed in the essay. The conclusion could evaluate the overall balance of benefits and costs and justify why any of these
costs or benefits are especially important for particular geographic contexts, scales or perspectives.

‘The benefits of demographic changes over time are greater than any costs.” To what extent do you agree with
this statement? [10 marks]




and resilience

2.1 Causes of global climate
change

Global climate - vulnerability

Earth’s armosphere has warmed and cooled many times in the past leading to
climate change. There are two possible reasons why climate change can occur:

B Changing concentrations of greenhouse gases (carbon dioxide, methane
and nitrous oxide) affect temperature. These greenhouse gases (GHGs) allow
sunlight to pass through Earth’s atmosphere but trap the heat that is radiated
back towards space (short-wave sunlight is absorbed when it hits the ground,
or water, and is later re-emitted as long-wave infrared heat radiation). Without
GHGs, the Earth would be —18°C (too cold for life to have evolved). If the
concentration of GHG rises above its naturally occurring level, however, this
is the climatic equivalent of putting extra blankets on a bed. More heat is
retained, resulting in a warmer, more energetic and less predictable climate
system.

m Various kinds of external forcing may occur. This means the amount of
sunlight reaching Earth is reduced or increased. This may be because of
changes in the Sun’s activity or Earth’s distance from the Sun, for instance.
Any such change in the global energy balance results in a fall or rise in global
mean surface temperature (GMST).

2. As this short-wave
energy passes through
the atmosphere it
might hit dust particles
or water droplets and
be scattered or
reflected.

6. Some long-wave energ
escapes into space.

5. Long-wave energy is
quite easily absorbed by
naturally occurring
greenhouse gases in the
atmosphere. Of these,
carbon dioxide is by far
the most abundant.

1. Solar energy enters
the atmasphere.

3. Only a little short-wave
radiation is absorbed in
the atmosphere.

4. Solar energy heats the Earth's

surface, which then radiates
long-wave (heat) energy into
the atmosphere.

‘“--

Key

s Short-wave energy
Long-wave energy

Figure 2.1 The greenhouse effect

Changes in the global energy
balance and feedback effects

Keyword definitions
Climate change Any long-term
trend or movement in climate
detected by a sustained shift in
the average value for any climatic
element (for example, rainfall,
drought, hurricanes).

Greenhouse gases (GHGs) Those
atmospheric gases that absorb
infrared radiation and cause world
temperatures to be warmer than
they would otherwise be.

External forcing A term used to
describe processes that impact
on Earth's climate system, which
originate from outside of the
climate system itself, such as

variations in solar output.

A range of evidence suggests that Earth’s climate has changed in the past on
varying timescales (Table 2.1). Some deviations from the long-term average
conditions lasted for millennia; other less dramatic fluctuations have occurred
over shorter periods of centuries, decades or years.
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Table 2.1 Evidence of naturally occurring climatic variations over time

Evidence What the data or evidence tell us

Fossil and Fossils, sedimentary rocks and sediments (containing pollen grains) offer clues about environmental changes over time. The
geological geologically recent appearance and later disappearance of woolly mammoths in what is now Europe indicates that periods of
records cooling and warming occurred in the past.

Landscape  Evidence for past sea-level changes is provided by raised beaches (landforms which show sea level used to be higher than it
evidence is today) and drowned valleys called rias and fjords. From these, we surmise that Earth’s ice caps have changed size, along
with the volume of water stored in oceans.

Tree rings Trees produce one new ring of growth per year, during the growing season. A warmer year results in a wider ring. Patterns of
slower and faster growth can be observed that allow us to estimate temperatures in the past.

Agricultural  Historical grape harvest dates have been used to reconstruct summer temperatures in Paris, France, from 1370 to 1879.
records These contribute to our understanding of the so-called 'Little Ice Age’ (a relatively cold phase from around 1300 to 1850) and
the ‘medieval warm period’ (300-1300) that preceded it.

Various theories and data explain why the global energy balance and GMST have
fluctuated over time, thereby giving rise to environmental changes such as those
in Table 2.1. In addition to explaining why world temperatures have sometimes
risen or fallen, this chapter also explores how positive feedback and negative
feedback processes help determine the strength and duration of any changes.

B DPositive feedback loops are knock-on effects in natural systems, which act to
accelerate and amplify any changes that have already started to occur. When
one element of a system changes, it upsets the overall equilibrium, or state of
balance, thereby leading to changes in other elements that reinforce what is
happening.

B Negative feedback occurs when a system adjusts itself in ways that lessen
or cancel out the effect of the original change. In this case, feedback has
triggered changes in other elements, which act in the opposite direction from the
initial change. As a result, equilibrium or balance is restored.

Figures 2.2a and 2.2b show examples of positive and negative feedback thart help
illustrate how these processes operate. The diagrams show two possible ways

the climate system could respond to more carbon dioxide being added to the
armosphere (for example, as a result of fossil fuel use). The first scenario suggests
accelerated warming as various system changes take place, which strengthen
one another. In contrast, the second scenario of negative feedback involves some
‘knock-on’ effects cancelling out the impact of the initial change.

There is widespread concern among the world's climate scientists that positive
feedback effects associated with human emission of carbon dioxide will be far
greater than negative feedback effects in the coming decades. As a result, there isa
significant risk of a high rise in GMST (of 4-6°C) occurring by 2100 (see page 58).

a b
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temperature i .
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greenhouse the oceans
ds
9 Reduced CO; has a Global temperature
More CO, Increased ‘dampening’ effect increase
in the oceanic and reduces
atmosphere temperatures global temperatures

CO, back Warm water
into the - less able
Dissolved CO, - Reduces More plant
to dissol .
atmosphere released by o omenEge CRUEE SN Increased take up of CO;, growth

warmer oceans

Figure 2.2 The contrasting effects of (a) positive feedback and (b) negative feedback in the climate system
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m Solar radiation variations PPPPSS CONCEPTS

The amount of solar radiation entering Earth’s atmosphere can vary, both in the Think about the importance of the
short and longer term. Table 2.2 explains possible reasons for this. process of feedback for the study

of geography. Could population or
migration processes be affected by

Table 2.2 Reasons for solar radiation variations

Cause Severity and duration of solar radiation changes positive _c’)r negative feedback, for
instance?

Wolcanic Major past volcanic eruptions have led to a short-lived period of global

emissions and cooling lasting for one or two years only. This is because of ash and

global dimming  dust particles being ejected high into the atmosphere, blanketing
Earth and reducing incoming insolation. Krakatoa's eruption in 1873
led to global dimming and a fall in GMST of 1°Ciin 1874.

Changes insolar A variety of output cycles have been detected in the amount of energy

output emitted by the Sun. The most obvious of these is an 11-year sunspot
activity cycle. Sunspots are dark areas where intense magnetic storms
are happening, which increase solar output (Figure 2.3). A long period
with almost no sunspots lasting from 1645 to 1715 is called the
Maunder Minimum. It has been linked to the cooler conditions that
existed during the Little Ice Age.

Changes in Three known cycles occur in Earth’s orbit around the Sun, resulting in

Earth’s orbit warming and cooling over long periods of time as incoming levels of
solar radiation change (Figure 2.4). Firstly, every 100,000 years, Earth's
orbit changes from spherical to elliptical, changing the solar input.
Secondly, Earth’s axis is tilted at 23.5 degrees, but this changes over Keyword definition
a 41,000-year cycle by between 22 and 24.5 degrees, also affecting
solar input. Thirdly, Earth’s axis wobbles, changing over 22,000 years,
bringing further climate change. These orbital cycles are usually
termed Milankovitch cycles (the theory of astronomical climate forcing
was developed by Milutin Milankovitch).

Global dimming Suspended
particulate matter in the
armosphere can reflect solar
energy back into space and so
have a net cooling effect. This
phenomenon can occur naturally

Cosmic collisions  Large asteroids colliding with Earth may have caused dramatic, though
short-lived, climate change in the past. The mass extinction of the
dinosaurs is thought to have been caused by a large meteor strike
65 million years ago. Its explosive impact would have thrown up

because of volcanic emissions
but can also be caused by human

an enormous volume of debris. A vast dust cloud may have blocked pollution too — meaning that fossil
sunlight and prevented photosynthesis for up to 10 years. This fuel burning may be both warming
would have been long enough for the food chains that sustained the and cooling the planet at the
dinosaurs to collapse entirely. same time!
Interglacial Glacial Interglacial Glacial
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W Terrestrial albedo changes and feedback loops

During periods when Earth has grown warmer in the past, temperature changes
may have accelerated because of the loss of ice cover. Ice has a high albedo of
around 80 per cent, which means it reflects four-fifths of all incoming solar
radiation. If some white-coloured sea ice melts in the Arctic, for instance, darker-
coloured water will be revealed. The water has a lower albedo because of its dark

Keyword definition

Albedo How much solar radiation
a surface reflects. White surfaces
have the highest albedo, or
reflectivity.
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colour and, consequently, it absorbs more heat. As it warms, the water becomes
more likely to melt any remaining sea ice. This results in the opening up of more
areas of open ocean, and so the process repeats. When the water grows warmer, so
too do the air masses that are in contact with it. The result is accelerated warming
of the atmosphere.

This positive feedback process means that even a small change in sea ice coverage
can have a significant impact on global climate potentially. In theory, even a small
reduction in sea ice cover could lead eventually to an ice-free Arctic.

There are periods in Earth’s past when the planet has been entirely ice free; at other

times the majority of land has been covered with ice. Geologists believe that:

m Earth may have become a giant ‘snowball’ during two distinct Cryogenian ice
ages that occurred around 650 to 750 million years ago

®m during much of the Paleocene and early Eocene geological epochs (about
65-35 million years ago), ‘hothouse’ conditions meant the poles were probably
free of ice caps — and crocodiles lived above the Arctic Circle!

Feedback cycles linked with albedo changes occurring both on land and water
may have played an important role in producing both outcomes.

Feedback cycles are not always predictable, however. Consider how Figure 2.5
suggests an alternative scenario for the Arctic:

1 Ice melts to expose the darker ocean which absorbs more sunlight.
2 Asthe ocean warms, there will be increased levels of evaporation.
3 This will create more cloud, especially in the lower atmosphere.
4

The light-coloured cloud has a high albedo and reflects incoming solar
radiation (much as the ice used to).

5 Asaresult, less light reaches and is absorbed by the ocean surface.
6 The temperature of the water falls, as does that of the air mass in contact with it.

This is an example of how negative feedback could help the climate system to self-
correct if Arctic ice begins to melt.

Sea ice melts and Increased
darker ocean evaporation from
begins to absorb the warmer ocean

Ocean Sea ice begins
temperature to re-form
decreases slightly
A

Negative
feedback

More solar
radiation is
reflected

Albedo
increases

Increase in the More low
atmosphere’s clouds in the
albedo atmosphere

Figure 2.5 How a negative feedback loop might operate to nullify
environmental change
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B Methane gas release and feedback loops

Methane is a very powerful greenhouse gas, enormous volumes of which are
stored in frozen soils in Earth's permafrost regions. Around one quarter of Earth’s
surface is affected by continuous or sporadic permafrost, including tundra, polar
and mountain regions (Figure 2.6). Some researchers estimate that the amount
of methane in permafrost equates to more than double the amount of carbon
currently in the atmosphere. The effects of permafrost thawing may also be
magnified potentially over time in positive feedback loops. In theory, this could
take Earth’s climate beyond a ‘tipping point’ (the point of no return).

Globally, permafrost covers 23 million square kilometres (mostly in Earth’s
northern hemisphere). It formed during past cold glacial periods and has persisted

through warmer interglacial periods, including the Holocene (the last 10,000 years).

However, reports indicate that it is now shrinking at an alarming rate:

® One estimate shows that the tundra climate zone (where most permafrost is
found) may shrink in size by about 30 per cent by 2100.

B According to scientists at NASA, temperatures in Newtok, Alaska, have
risen by 4°C since the 1960s. A high of 19°C was recorded in December
2021, well outside the month’s normal temperature range of —4°C to -10°C in
winter months.

B Based on current evidence, it is likely that widespread thawing of permafrost
will have occurred by 2100.

Key
- Continuous permafrost
E Discontinuous permafrost

Figure 2.6 Present-day permafrost distribution

Keyword definition

Permafrost Ground (soil or rock
and included ice) that remains
at or below 0°C for at least two
consecutive years. The thickness
of permafrost varies from less
than 1 metre to more than

1.5 kilometres.
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The enhanced greenhouse effect

A wide range of evidence demonstrates beyond doubt that Earth's climate is

warming. In 2021 and 2022, the Intergovernmental Panel on Climate Change
(IPCC) published its sixth set of assessment reports since monitoring work began
in 1988. The UN-backed and Geneva-based IPCC’s reports are thousands of pages
in length and draw on the work of many hundreds of scientists and their peer-
reviewed research papers.

In its sixth assessment, the IPCC warned that the world:

B has already warmed about 1.1°C since the late nineteenth-century average

B s ‘likely’ to reach the critical 1.5°C warming threshold by 2040, even in the
‘best-case scenario’ of successful mitigation (deep cuts in GHG emissions)

B s on track for warming of 3°C since the pre-industrial period.

Humans, according to leading IPCC scientists, are ‘unequivocally’ (meaning there Keyword definition
is no doubt) to blame for the recent phase of global warming which has in turn
warmed the atmosphere, ocean and land. The contribution to global warming of
natural factors is estimated to be close to zero by the IPCC.

Climate emergency The
declaration of an ‘emergency’
makes the important point that

B The period 2010-2020 was ‘very likely’ (more than 90 per cent probability) humanity is facing an existential
hotter than any other decade in the last 125,000 years (Figure 2.7). threat similar to being in a state

m [n 2020, NASA noted that ‘the last seven years have been the warmest seven of war. This means that climate
years on record’ and environment issues must be

m Nearly 2 billion people experienced a record high annual average temperature re-positioned at the very centre
in their own country in 2021. of government policy, rather than

being treated as an ‘add-on’ to more
important economic concerns, as
has often previously been the case.
“We are in an emergency heading
for a disaster,’ according to UN
secretary-general Anténio Guterres,

Combustion and deforestation have helped raise carbon dioxide levels in the
armosphere higher than they have been in two million years, according to the
IPCC. Agriculture and fossil fuels have contributed to ‘unprecedented’ methane
levels higher than at any point in the last 800,000 years. Facts such as these have
meant the phrase climate emergency is used increasingly by politicians, scientists
and concerned citizens.
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Figure 2.7 Global temperature anomaly trends (these data, used by NASA, show each year's
deviation from the 1951-80 average) Source: NASA's Goddard Institute for Space Studies (GISS)

The rate of change is exceptional in historical terms, which is why the prevailing

viewpoint held by the large majority of the world’s climate scientists is that

humans are to blame. In other words, the cause is anthropogenic (see page 48).

The key steps in the argument are as follows:

m Carbon dioxide emissions have been rising since 1750, the start of Europe’s
Industrial Revolution, from a level of 280 ppm (parts per million) to 416 ppm
at the start of 2022. This represents an increase of nearly 50 per cent.
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Carbon dioxide concentration (ppmv)

Even more worryingly, if you convert other GHGs (methane, nitrous oxide)
into their equivalent amounts of CO,, then you find that we reached a 2022
level in excess of 480 ppm of CO, equivalents).

This is because economic growth, rising consumption and population
changes have led to: worldwide use of carbon-rich fossil fuels as an energy
source; widespread deforestation; and enhanced methane emissions derived
from livestock (bovine flatulence) and the decomposition of organic wastes
in landfill sites.

A steep trend line can be viewed in carbon dioxide data: there was

gradual growth up to the early 1900s and then very rapid growth.

Recent measurements have been taken offshore at Mauna Loa, Hawaii,
every year since the 1950s and show a rise each year of around 1-2 ppm.
Older evidence comes from “fossil air’ trapped in ice. Permanent ice in high
mountains and polar ice caps has built up from snow falling over hundreds
of thousands of years. Cores 3—4 kilometres long have been extracted from
the Vostok ice sheet in the Antarctic, producing ice that is more than half a
million years old and containing bubbles of ancient air. After analysing the
evidence, scientists believe that carbon dioxide and methane concentrations
are now higher than at any time in the last 800,000 years (Figure 2.8).
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Figure 2.8 Atmospheric carbon dioxide concentrations (parts per million by volume/ppmv) measured from Vostok ice
cores and recent Mauna Loa data

Global patterns of carbon emissions

You will probably be familiar already with the general pattern of global carbon
emissions. The highest polluters in terms of total carbon output are high- and
middle-income countries with large populations, including China, the USA,
India, Russia, Japan and Germany.

When comparing countries there are three important things to remember: Keyword definition

Data showing per capita carbon footprints reveal a very different pattern. The
highest figures belong to oil-rich Middle Eastern states including Qatar and
Kuwait. The USA and EU countries have relatively high per capita carbon
footprints but so too do many Caribbean countries where wood is burned
widely as a fuel. China has a relatively low per capita carbon footprint (but a
very high total footprint due to its 1.4 billion people).

Per capita carbon footprint
The amount of carbon dioxide
EMmissions an average person in a
country is responsible for as they
go about their everyday life.
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m Current data show the present-day anthropogenic
carbon flow generated by different countries.
However, data showing which countries are
responsible for most of the anthropogenic carbon
stock already in the atmosphere reveal a very
different pattern. Germany, for example, may be to
blame for around 7 per cent of all anthropogenic
carbon emissions dating back to 1750 (according to
the World Resources Institute). In 2022, Germany
accounted for only about 2 per cent of current
carbon flow. Therefore, our perception of which
countries should be held most to account for
anthropogenic climate change may alter depending
on whether we look at carbon stock or carbon flow
data — or both (Figure 2.9).

B We need to think carefully about globalization
and trade too. Some high-income countries
claim to have reduced their carbon emissions
in recent years, However, falling domestic
emissions mask the fact that many high-income
countries routinely import much of their food
and consumer goods from other countries since
deindustrialization and globalization took
place. Although they have reduced their own
emissions, they have increased their overall
carbon consumption through importing energy-
intensive goods produced in emerging economies.
Some people believe countries should be held
accountable for the carbon emitted by goods
they consume but which were made in other
places. If we factor in global trade, then a very
different pattern of responsibility for climate
change emerges. Germany's annual share of global
carbon emissions rises to almost 10 per cent,
for instance.

United States
China

Russia

Brazil
Indonesia
Germany
India

United Kingdom
Japan
Canada
Ukraine
France
Australia
Argentina

Mexico

Keyword definitions

Anthropogenic carbon flow The current amount of carbon
emission released annually by a country (for example, due
to fossil fuel burning and cement making) produced in each
nation. The figure can be adjusted upwards to factor in

the carbon equivalents of other greenhouse gas emissions
(methane and nitrous oxide).

Anthropogenic carbon stock The total size of the store
of anthropogenic carbon emissions released into the
atmosphere since industrialization began around 1750.

Deindustrialization The loss of traditional manufacturing
industries in some high-income countries due to their
closure or relocation elsewhere. Since the 1960s, many
industries have all but vanished from Europe and North
America. Instead, they thrive in Asia, South America and,
increasingly, Africa.

PPPPSS CONCEPTS

Think about how our perceptions of which places and
populations are most to blame for anthropogenic carbon
emissions varies according to which measurement is used.

Per capita emissions, national current emissions and historical
emissions all produce different ‘blame’ lists (although some
states rank highly in all ‘blame’ lists, notably the USA). There

is also carbon ‘embedded’ in trade to think about — some
powerful high-income countries import goods produced in
other countries: should these spatial interactions be factored
into the carbon footprint of high-income countries? Figure 2.9
is important because of the ‘climate justice’ question raised

by cumulative emissions data. Several high-income states are
overwhelmingly responsible for the state of the climate today —
yet they are not nearly as threatened by the climate emergency
as many low-income countries of the Global South.

Key
. Fossil fuel use and cement

. Land use changes including
forest removal
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Figure 2.9 The 15 largest contributors to cumulative CO, emissions 1850-2021, with separate subtotals for
fossil fuel emissions and emissions linked with land use changes (including removal of forest). Find out more
at: www.carbonbrief.org/analysis-which-countries-are-historically-responsible-for-climate-change
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Table 2.3 analyses the role and actions of selected individual states and groups of
countries in relation to global carbon and GHG emissions.

Table 2.3 The role and actions of selected states and groups of countries in
relation to global emissions

Role and actions

USA m The USA is the world's second biggest emitter, generating just under one fifth
of all anthropogenic GHGs annually, and an estimated 30 per cent of cumulative
emissions since 1850. This is despite its population size being less than 5 per
cent of the global total.

m  From 2000 to 2020, its per capita carbon emissions fell by around 25 per cent.
The main reason for this is a shift from coal to gas burning within the USA's
energy mix. A gas-fired plant produces half the emissions of a coal-fired one.

m On a per capita basis, the USA still has a carbon footprint twice as large as
China. But despite the Trump administration’s (2017-21) climate change
scepticism, the country as a whole is slowly moving in the right direction.

China m  China became the world's largest carbon emitter in 2007 on account of
widespread industrialization since the 1970s (see page 88). A massive
programme of poverty alleviation (requiring more, not less, energy) has been
the country’s priority.

m Chinain 2020 contributed around 30 per cent of world emissions while
accounting for one fifth of world population. Its emissions continue to rise, in
part, due to higher coal consumption.

m  China’s leaders want to reduce the rate at which their emissions rise and
have made a (non-binding) pledge to reduce the carbon intensity of the
country's growth by adopting more renewable energy into their mix.

For instance, China doubled its construction of new wind and solar power
equipment in 2020. Such actions will not lead to a cut in total emissions but
will curb the rate at which China's emissions grow.

India = India is home to nearly one fifth of the world's population. Currently, it
contributes more than 5 per cent of global CO, emissions.

Qatar m The oil-rich desert state of Qatar has high per capita emissions that are more
than double those of the USA. The country's great oil wealth is used to fund
high energy usage, including widespread use of air conditioning.

Japan m Japan's emissions have increased by several per cent since 2011 as a result

and of a substantial increase in the use of fossil fuels in power generation. This is

Germany part of a reaction against the use of nuclear power following the accident at
Fukushima in 2011. Germany is also phasing out nuclear power but hopes to
restrict emission rises by adopting renewable energy sources. It also hopes to
become less reliant on Russian gas.

Low- = Many lower-income countries, such as Somalia, continue to make a negligible Keyword definitions

income contribution to anthropogenic GHG emissions, although economic changes

countries in many African countries, such as Nigeria and Kenya, mean that energy
consumption there is rising.

Carbon intensity The amount of
CO, emitted per unit of GDP. If a
country’s carbon emissions rise less
slowly than its GDP is increasing,

W The complemty of the dynamlc climate SyStem this suggests some action is being
This chapter has demonstrated that climate change science is far from simple. taken to reduce emissions at the

There is uncertainty over the operation of feedback loops. Nor can we predict same time as industrial output is

with any certainty what kinds of economic and demographic changes will take increasing.

place globally or in particular countries, as Unit 1 showed. As a result, climate
change presents us with a wicked problem which — because of its complexity —
defies attempts to establish exactly what its effects would be. Unfortunately, this
uncertainty is seized upon by climate change sceptics as a reason to avoid taking
any action to reduce GHG emissions.

Renewable energy Wind, solar
and tidal power sources that
result from a flow of energy from
the Sun.
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Other factors introduce greater complexity yet into climate change models.
Natural climatic cycles like the El Nifio Southern Oscillation (ENSQ) and the
North Atlantic Oscillation (NAQO) are independent phenomena that operate
naturally on shorter, decade-long timescales. They introduce year-to-year climatic
variability into numerous different local contexts. Both phenomena can bring
colder conditions temporarily to places that are predicted to get warmer on

account of long-term climate change. This complicates our understanding of long-

term climate change and can undermine public faith in IPCC expert predictions.
People who lack deeper scientific understanding of the issues may — quite
understandably but erroneously — view one unusually cold winter as ‘irrefutable
proof’ that the planet cannot be warming up.

Figure 2.10 provides a useful summary of some of the many different influences on
climate change processes and the high levels of complexity and uncertainty that
affect future predictions of climatic change.

Keyword definition

El Nifio Southern Oscillation
(ENSO) A sustained sea surface
temperature anomaly across the
central tropical Pacific Ocean.

It brings a change in weather
conditions that can last from two
to seven years. Along with La
Nifia events, El Nifio events are
part of a short-term climate cycle
that brings variations in climate
but only for a few years.

Main climate characteristics —

\
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PPPPSS CONCEPTS

Think about the complexity of the
climate system. Why might different
people living in different places have
varying perspectives on whether or
not climate change is a ‘fact'?
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Figure 2.10 The complexity of global systems and feedback loops affecting climate change
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B CHAPTER SUMMARY
KNOWLEDGE CHECKLIST:

= The natural greenhouse effect and the energy balance between incoming

short-wave radiation and outgoing long-wave radiation

= Evidence for changes in the global energy balance over time
= Causes of solar radiation variations over time, including sunspots, orbital

changes and global dimming due to volcanic eruptions

= The complexity of positive and negative feedback loops, and their effects on

global climate
= Terrestrial albedo changes and associated feedback loops

= Methane gas release from permafrost and associated feedback loops

= Human activity and the enhanced greenhouse effect

= Global patterns and trends for anthropogenic greenhouse gas emissions

EVALUATION, SYNTHESIS AND SKILLS (ESK) SUMMARY:
= How study of the climate system and feedback loops reveals the complexity

of processes of change

= How global interactions make it hard to determine which places have the
greatest responsibility for anthropogenic greenhouse gas emissions

EXAM FOCUS
SUPPORT OR CHALLENGE?

Below is a sample Section C exam-style essay question. It
asks how far you agree with a specific statement. Below
this is a series of general statements that are relevant to the
question. Using your own knowledge and the information
in this chapter (and possibly some material from earlier
chapters relating to population growth and economic
development), decide whether these statements support or
challenge the statement. In each case, tick the appropriate
box. Then make notes detailing why you have made these
choices.

‘The causes of climate change are mainly natural in
origin.” To what extent do you agree with this
statement? [10 marks]

STATEMENT

Changes in Earth’s orbit have
led to long-term changes in
climate, including ice ages.

SUPPORT CHALLENGE

The rise in carbon dioxide since
1750 is unprecedented.

Volcanic activity may lead to
a temporary period of global
dimming.

Industrialization, deforestation
and cattle farming are most
likely responsible for recent
temperature rises.

Sunspot activity can influence
climate for decades or longer.

Positive feedback naturally
amplifies climate change
irrespective of whether human
factors are to blame.

SPECTRUM OF IMPORTANCE

Below is another sample Section C exam-style essay
question (also on the topic of climate change), and a list of
general points that could be used to answer the question.
Use your own knowledge and the information in the
chapters you have read so far to reach a judgement about
the importance of these general points to the question
posed. Arrange them in order of their relative importance
along a spectrum. Having done this, write a brief
justification of your placements, explaining why some of
these factors are more important than others. The resulting
diagram could form the basis of an essay plan.

‘Population growth is the main reason why
climate change is unavoidable in the 21st century.’
To what extent do you agree with this statement?
[10 marks]

1 The industrialization of Europe and North America in
the 1800s

The industrialization of China and India since the 1970s
The growth of the global middle class

Positive feedback effects leading to permafrost thawing

Positive feedback effects leading to Arctic ice melting

on s WN

The failure of world leaders to take action to stop

climate change

7 The need for low-income countries to catch up with
high-income countries

8 The predicted increase in world population from

8 billion to 9 or 10 billion

9 Widespread forest removal in countries like Brazil and
Indonesia

10 Over-consumption of the Earth's resources by the
countries of the rich Global North.
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2.2 Consequences of global

climate change

Climate change brings a range of new or amplified risks for the environment
and vulnerable places and people. Predicted impacts on the physical
environment can be modelled in a structured way by examining in turn
possible consequences for:

the hydrosphere (the world’s water cycle and stores). Major ice sheets have
lost mass, land-based glaciers have shrunk and Arctic sea ice cover has fallen
significantly during the last 40-50 years

the atmosphere (and the size of its carbon store). According to the IPCC, by
2100, global temperature is ‘likely’ to have risen by more than 1.5°C relative
to 1850 and may rise by more than 4°C (Figure 2.11). The IPCC is ‘virtually
certain’ (this means 99-100 per cent sure) of further permafrost thawing,
which will release further methane into the atmosphere

the biosphere (the world's ecosystems, flora and fauna). The IPCC’s 2022
report notes, with a high level of statistical certainty, the ‘widespread
deterioration of ecosystem structure and function, resilience and natural
adaptive capacity, as well as shifts in seasonal timing. Hundreds of local losses
of species have been driven by increases in the magnitude of heat extremes.
Some losses are already irreversible, such as the first species extinctions
driven by climate.” Australia’s Great Barrier Reef is a hotspot of concern — the

PPPPSS CONCEPTS

Think about the different possibilities
shown in Figure 2.11. What factors
might affect whether the lowest

or highest scenario turns out to be
correct? Why is a range of projected
temperature changes shown in

each case?

Keyword definition
Anthropocene The current
geological age we are now living
in, viewed as the commencement
of a period in which human
activity and industrialization have

2,300km reef has suffered a string of mass bleaching events in 2016, 2017, 2020
and 2022 — all caused by ocean temperatures rising above their historically
normal peak of 30°C. A new record was set in December 2021.

become the dominant influence
on Earth's climate and the natural
environment.

Interactions between the hydrosphere, atmosphere and biosphere are complex
and hard to predict. For example, for every 1°C of warming, the armosphere can
potentially hold 7 per cent more water. Interlocking relationships among these

three subsystems (such as the ocean’s ability
to absorb carbon dioxide) are what make
climate change complex and difficult to
model, as Chapter 2.1 showed. This section
explores interactions that scientists believe
are likely possibilities.

Remember that even if all human GHG
emissions (new carbon flows) were to be
halted tomorrow, some degree of change
remains inevitable. This is because up to 40
per cent of the anthropogenic carbon stock
already in the atmosphere will remain there
for more than 1,000 years. It is therefore
‘virtually certain’ that some level of warming
will continue well beyond 2100.

The significance of the changes we will be
examining in this chapter are so great that
many scientists say we have entered a new
era of Earth’s history — the Anthropocene.

Temperature
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Figure 2.11 The IPCC's range of projected global temperature
changes for 2100
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Water and carbon storage

Approximately 97 per cent of all water on Earth is oceanic and saline. Most of the
fresh water that makes up the remaining 3 per cent is locked up in land ice, glaciers
and permafrost. This makes up the majority of the Earth’s cryosphere (Figure 2.12).
Aside from cryospheric water, a relatively tiny amount of fresh water is stored in the
form of groundwater, lakes, soil, wetlands, rivers, biomass and the atmosphere.

Sea ice, e.g.
the Ross Ice
Shelf

Permafrost,
eg.

the Alaska

North Slope

Ice caps, e.g.
the Iceland
ice cap

Cryospheric
water

Keyword definitions

Cryosphere Those portions of
Earth’s surface where water is in
solid form.

Mass balance The difference
between the amount of snowfall
gained by a glacier or ice sheet,
and the amount of ice lost through
the processes of calving (blocks
breaking off) and/or melting.

Alpine glaciers,
e.g.
Mer de Glace,

Ice sheets, e.g.
the Greenland
ice sheet

France

Figure 2.12 The five locations of water in the cryosphere

B Water storage in the cryosphere

The available evidence suggests that the cryosphere is, in general, becoming
reduced in size. Patterns and trends are not uniform, however. In Antarctica at
altitudes above 400 metres, glaciers are not thinning and may even be gaining
mass. This is because snowfall is increasing across the Antarctic Peninsula
(because warmer air can hold more moisture). However, this increased snowfall in

upper regions is not enough to offset melting at lower altitudes. Overall, across the

whole Antarctic Peninsula, around fourfifths of all glaciers are receding.

Table 2.4 examines changes affecting different frozen water stores within the
cryosphere. In many cases, there is a reported reduction in the mass balance of
the ice store. The human implications of the loss of some or all of these stores
include sea-level rise (page 55) and the threatened loss of water supplies in some
heavily populated world regions (page 100).

Table 2.4 Evidence of changes in cryosphere storage

Store Changing characteristics

Ice caps and Alpine glaciers =

Ice caps occur all over the world, from the polar regions to mountainous areas such as the Himalayas,

the Rockies, the Andes and the Southern Alps of New Zealand. The Furtwangler Glacier on Kilimanjaro is
Africa’s only remaining ice cap. It is melting rapidly and may soon disappear.

m  Alpine glaciers are thick masses of ice found in deep valleys or in upland hollows. These glaciers are
particularly important in the Himalayas where meltwater from 15,000 Himalayan glaciers supports

perennial rivers such as the Indus, Ganges and Brahmaputra. In turn, these are relied on by hundreds of
millions of people in South Asian countries (Pakistan, Nepal, Bhutan, India and Bangladesh).

m  Gladial retreat is clearly evident in aerial photographs of retreating glacier snouts and vanishing ice, for
instance at Wolverine Glacier in Alaska or Iceland’s Skalafellsjokull Glacier (Figure 2.13). China’s Urumgi No.
1 glacier has reportedly lost more than 30 per cent of its volume since 1962 and may vanish by 2070-2090.
Permafrost m The vast permafrost ring around the Arctic Ocean has already begun to thaw in places where
temperatures have risen by several degrees since the 1960s (see page 61).
m This thawing is releasing large amounts of carbon dioxide and methane, potentially affecting the global

climate further.
9
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Store Changing characteristics

Greenland and Antarcticice m
sheets

An ice sheet is a mass of glacial land ice extending more than 50,000 square kilometres. The two major
ice sheets on Earth today cover most of Greenland and Antarctica. Together, they contain more than

99 per cent of the freshwater ice on Earth (the Antarctic ice sheet covers the same area as the USA and
Mexico combined; the Greenland ice sheet is much smaller).

Overall, Antarctica is losing more ice than it gains each year. The deficit is more than 160 gigatonnes per
year (1 gigatonne is 1 billion tonnes). Warmer surface air temperatures around the northern Antarctic
Peninsula are having a dramatic effect.

If the Greenland ice sheet melted altogether, scientists estimate that sea level would rise about
6—7 metres. If the Antarctic ice sheet melted, sea level would rise by about 60 metres.

Greenland and Antarcticice m

Ice shelves are floating platforms of ice that form where ice sheets and glaciers move out into the
oceans; they exist mostly in Antarctica and Greenland, as well as in the Arctic near Canada and Alaska.

The Antarctic ice sheet is melting from below, as increased upwelling of relatively warm, deep water
comes into contact with the underside of the ice shelves.

shelves
|
Arcticseaice [
|
|

Within the Arctic Circle lie northern parts of Russia, Canada, Alaska (USA), Greenland and Scandinavia,
as well as the Arctic Ocean, parts of which remain covered with sea ice all year.

Future temperature rises are projected to be greatest at high latitudes and in recent decades the Arctic
has heated twice as fast as the rest of the world.

Some experts predict the region will be entirely ice free by 2050. Record temperatures 18°C higher than
usual in Siberia during 2020 suggest it may occur even sooner.

-
2019

Figure 2.13 Retreat of Iceland’s Skalafellsjokull glacier, 1989-2019
(Source: Geography Review 35(1))
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m Carbon storage in oceans, ice and the biosphere

Carbon moves naturally from one store (such as vegetation biomass) to another
(the atmosphere) in a continuous cycle. The processes by which the carbon moves
berween these stores are known as transfers or fluxes. The recent increase in
GMST has begun to affect the pattern of global carbon stores and fluxes.

Given that water covers two-thirds of Earth’s surface, the ocean plays a very

important part in the carbon cycle.

B According to data collated by the Global Ocean Data Analysis Project
(GLODAP), the oceans contain around 40,000 gigatonnes of carbon in the
form of dissolved carbon dioxide, marine organisms and dissolved organic
matter.

B [t is estimated that about 30 per cent of the CO, that has been released into
the atmosphere has diffused into the ocean through direct chemical exchange.
Dissolving carbon dioxide in the ocean creates carbonic acid.

m If this had not occurred then armospheric concentrations of carbon dioxide
would be even higher than they are.

B Unfortunately, the increased acidity of ocean water has harmful effects for
coral reef organisms and other sensitive species.

In addition, the pattern of carbon stored in ice and ecosystems is changing:

® Permafrost ice thawing releases methane gas (CH,), which is one part carbon
and four parts hydrogen.

B The total amount of carbon stored in the terrestrial (land) biosphere has
been estimated at just over 3,000 gigatonnes of carbon. The largest amount is
held in tropical and temperate forests. In some places, canopies of tall broad-
leaved trees — and their associated under-canopies and shrub layers — have a
growing risk exposure to wild fires and so-called ‘megafires that are reportedly
increasing in frequency. According to one study based on NASA satellite data
and [PCC climate projections, there will most likely be a 35 per cent increase
in the days with high danger of fire across the world by 2050. Vegetation in
eastern states of the USA, southeastern Australia, the Mediterranean and
southern Africa is at greatest risk.

B Across the world, ecosystems are under threat in ways which may affect their
future functioning and, in turn, biosphere storage of carbon. Figure 2.14 shows
a survey of ecosystem changes and stresses compiled by the IPCC in one of
their 2022 reports. See also pages 59-61.

Changes in Species
ecosystem structure range shifts
Terrestrial ~ Freshwater Ocean  Terrestrial  Freshwater Ocean

cl @ @ @ @ @ @ e
Africa . . . . Q . clima:a'c-lhange
~Q @ @ © @ O @
i @ O @ @ O @ @ vesn
SOUCtEn;tx?qlearirclg ® 6 6 6 0 o oW
v @ @ @ @ @ @ U
woses @ @ O @ @ O i brorved changes
Small Islands . . . . . . ecosystem structures and species
“® ® 0 0 0 O e
Antarctic . O . . Q . IPCC scientists are that climate

change is responsible)

W Sea-level rise

Historically, sea levels have always been higher during warm periods and lower Keyword definition
during cold phases. During the most recent Pleistocene Ice Age, Russia and
the USA were joined together following a eustatic fall in sea level of around
100 metres (the 50-metre-deep Bering Strait, which today separates the two
countries, was drained entirely of water).

Eustatic A fall or rise in the height
of Earth’s oceans due to changes in
how much water is stored there.
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A warmer climate results in deeper oceans for two reasons. Both are related to

temperature increases, but in different ways:

B melting of land-based glaciers and ice caps (and so increased runoff of water
from the land to the sea)

B thermal expansion of the oceans (water actually expands slightly in volume as
its temperature rises, like liquid in a thermometer: in a warmer world the sea
level would rise even if no ice had melted).

Together, thermal expansion of the oceans and worldwide glacial melting are

projected to bring a series of eustatic sea-level rises (Figure 2.153).

B Already these combined processes are giving rise to a total global average
sea-level rise of approximately 3 millimetres per year.

B In total, global sea level has risen by 210 millimetres (2019 data) since 1900.

B The IPCC projects a further world sea-level rise of 600-1100 millimetres by
2100, much of it due to thermal expansion.

B Significant glacier and permafrost meltwater runoff will produce another metre
of sea-level rise by around 2200 (even if GHG emissions are cut significantly).

B Without any action to cut emissions, large-scale melting of the Greenland and
Antarctica ice sheets could contribute 7-metre and 60-metre rises respectively
(but this would take hundreds or thousands of years).

. sy y
g Maldives k\fﬂ %D /_)V *—"i

Snow and ice melt
Positive
feedback

Albedo falls loop

Mare heat absorbed by
exposed land and water

Greater thermal expansion
and input of water to ocean

Figure 2.15 A simple feedback loop
showing why ice melting and sea-
level rise may accelerate
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Figure 2.16 Pacific islands threatened by rising sea levels (2021 population data)

It has long been recognized that any sea-level rise will have a bigger effect on

some countries than others. The worst impacts will be for places that are coastal

and low-lying, such as the Maldives islands (Figure 2.16). Other vulnerable places

include estuaries or islands exposed to storm surges driven by cyclones, such

as the UK’s Thames estuary. The places affected worst may be those suffering

additionally from local sinking of the land. In these regions, the net effect will be

an even greater rise in the level of water.

m The Ganges delta, in Bangladesh, is sinking by 10 millimetres a year as
sediments settle. Some vulnerable low-income communities live here.

m Southern England is sinking by several millimetres a year due to a geological
process called isostaric tilting, triggered by the end of the last ice age.

PPPPSS CONCEPTS

Think about the timescale over which
future sea-level rise processes may
take place. What are the main risks
for people and places? Will individuals
and societies in different places be
able to adapt to these changes?
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Extreme weather risks

An extreme weather event is defined as the occurrence of a value of a weather
or climate variable (such as precipitation, wind strength or temperature)
that is above or below a threshold value near to the previously observed
maximum or minimum value. By definition, ‘rare” high-intensity events ought
to occur naturally from time to time. How, therefore, can we know if a given
extreme weather event is (1) a rare occurrence that lies in the far tail of a
statistical distribution but which was to be expected; or (2) an unexpected and
unpredictable product of a changing climare!
Some leading scientists believe they can answer this question: they have
concluded that global warming has significantly’ increased the probability of some
unusual recently occurring weather, Event attribution studies attempt to explain
how the odds of particular weather events have changed in response to global
warming. While the IPCC says there is ‘unequivocal’ evidence that weather is
changing, computer models still cannot prove beyond all doubt that an individual
storm or flood is a direct result of climate change (i.e. it would not have happened
if Earth's climate was stable). For this reason, many leading scientists continue to
use phrases like ‘virtually impossible’ and ‘almost certain’ (as opposed to simply
‘impossible’ or ‘unequivocal’) in their attribution studies. For example, the World
Weather Initiative (WWI) climate science group has concluded that:
m the 2021 North American heatwave (when a record-breaking temperature
of 49.6°C was reached in the Canadian village of Lytton) would have been
‘virtually impossible without human-caused climate change’
B the 2020 Siberian heatwave (with a recorded high of 38°C in Verkhoyansk)
would have been ‘almost impossible without climate change’.

Keyword definitions

Extreme weather event An
occurrence such as drought or a
storm which appears unusually
severe or long lasting and whose
magnitude lies at the extreme
range of what has been recorded
in the past.

Event attribution A developing field
of science which tries to determine
whether there is a direct causal link
between an individual case of flood,
fire or storm and global climate
change. Event attribution is still
very hard to do in practice.

PPPPSS CONCEPTS

Think about why there is uncertainty
over whether particular extreme
events can be attributed to climate
change processes.
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Figure 2.17 Winter rainfall and July temperatures in the UK, 1910-2020: can you identify any long-term trends using

these data? How confident are you about any observations you make, and why?
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Another approach has been to calculate how much more likely specific extreme
weather events have been made by global warming (but without saying climate
change is certainly their cause. For example, scientists estimate that the heatwave
in southeastern Australia in 2017 was made twice as likely by climate change.

Extreme weather events need looking at on a case-by-case basis, of course. Natural
variability will always bring periodic extreme floods, droughts and heatwaves

to different places; it takes years of data to distinguish this from any underlying
trend. For this reason, the precise link between various extreme weather events
and climate change is still debated. However, as Table 2.5 shows, there are highly

logical reasons why we should expect some hydro-meteorological hazards to

become more commonplace on account of a rising GMST.

Table 2.5 How climate change could increase the risk of hydro-meteorological hazards associated with extreme

weather events

Type of hazard

Characteristics of this hydro-meteorological
hazard

Why climate change might increase this
hazard’'s strength or frequency

Floods

The IPCC estimates that more than one billion people
and around US$10 trillion in global assets will face

a significant risk of coastal flooding by 2100 in a
‘medium’ warming scenario.

The global pattern of flooding is complex but includes
high occurrence:

m along coastlines and on the floodplains of major
continental rivers

m in areas with a monsoon climate, especially
deforested regions.

= In awarmer world, more evaporation takes
place over the oceans — and what goes up must
ultimately come down.

m Climate scientists believe rainfall patterns are
changing in many parts of the world as the world's
oceans warm.

= Figure 2.17 shows UK winter rainfall and July
temperatures between 1910 and 2020. One
interpretation of these data is that there has been
an increase in extreme winter rainfall and summer
heat since the 1980s.

Cyclones (hurricanes,
typhoons and
depressions)

Cyclones, or storms, are low-pressure weather systems
that bring multiple risks of high wind speeds, heavy
rainfall and flooding:

m  Most tropical cyclone (hurricane and typhoon)
tracks lie 5-20° north or south of the equator
(Figure 2.18). These tropical storms start life as
a body of warm, moist air over a tropical ocean
that has reached the critical temperature of 26°C.
Driven by the rotating Earth's Coriolis force, a flow
of air develops around a central eye.

m  Mid-latitude depressions form between 40°N
and 60°N (where tropical and polar air masses
converge at the polar front, under conditions
of divergent flow in the jet stream). ‘Bomb’
depressions are exceptionally severe.

m The devastation of New Orleans by Hurricane
Katrina in 2005 and the Philippines by Typhoon
Haiyan in 2013 truly ignited the important debate
about whether climate change may be leading to
the development of mare high-intensity storms.

m  Cyclones draw strength from heat in ocean surface
waters; basic physics and modelling studies
suggest that tropical storms will become more
intense, because warmer oceans provide more
energy that can be converted into cyclone wind.

= Some studies have shown more tropical storms
occurring with a maximum wind speed exceeding
210 km per hour (category 4 and 5 storms on the
Saffir-Simpson scale).

Droughts A drought is an extended period of low rainfall = InIPCC climate change scenarios, many parts of the
relative to the expected average for a region. Drought world are projected to experience temperature rises
periodically occurs: that may lead to increasing frequency and severity of
= in semi-arid or Mediterranean climates, when the drought (see page 100). Europe’s heatwave of 2003

rainy season s late led to 35,000 deaths, many of them older people.
= in the mid-latitudes, due to changes in the m  The 2021 North American heatwave claimed the lives
behaviour of air masses and the jet stream (parts of around 2,000 people and caused an estimated
of Europe had severe droughts in 1976, 2006, 2011 U559 billion in economic losses. Attribution analysis
and 2019) suggests this extremely rare weather event would
m either side of the Pacific Ocean due to ENSO cycles be "150 times rarer' in th? ab.sence of climate change
(see page 50) (www.worldweatherattribution.org/wp-content/
’ uploads/NW-US-extreme-heat-2021-scientific-report-
WWA.pdf). This sparked debate on whether events
that might previously have occurred once every 200
years might begin to recur every 20 or 30 years.
Landslides Landslides occur on slopes whenever the shearing m  More landslides are to be expected in some coastal

stress acting on the slope exceeds its shearing
resistance. For instance:

m along coastlines during storms

m onslopes that are saturated by heavy rain.

areas if a combination of higher tides and stormier
conditions results in increased rates of coastal
erosion.
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Figure 2.18 The tracks and intensity of tropical cyclones: how might more energy in the climate system impact on
this pattern?

Spatial changes in biomes
and ecosystems

Keyword definitions

Expected ecological changes linked with climate change include the longitudinal

shift of vegetation biomes. Figure 2.19 shows the global biome map. By 2100,

some of the boundaries may have shifted significantly. This is because, as the .
illustration suggests, the characteristics of the vegetation are determined by the Biome L'ﬁl‘j__’t‘_pla'lnc‘t'dl'}'-Sc}ll.t’:_
climate currently found in different places. plant .;'md animal r_‘unjlul.mlnt‘s ,
B The boundary between coniferous forest and the polar tundra ecosystem in covering vast areas of the E;'{r.th.%
high latitudes of the northern hemisphere is called the tree line. Climate cn.m.}nc‘ntﬁ, For example, tropical
change research from the Scott Polar Institute has reported that the tree line rainforest, desert and grassland.

is definitely moving north on average. In places, the movement may equate Tundra A ‘cold desert’ ecosystem
to around 100 metres per year. The rate of movement is uneven, however, on composed of tough short grasses
account of lacal factors, including suirable soil and the absence or presence of that survive in extremely cold,
animals that destroy saplings. sometimes waterlogged, conditions

® The tundra biome is predicted to shrink in size by at least 20 per cent this at high latitudes where trees
century on account of the northward movement of trees (Figure 2.20) and the cannot grow. The tundra is
thawing of permafrost. underlain by permafrost.

Tree line The boundary between the
coniferous forest and tundra biomes.
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Key B Deciduous forest O] Temperate grassland
B Tropical rainforest B Coniferous forest [ Desert and semi-desert
[[] Tropical monsoon forest [ Savanna grassland [ Tundra

B Mediterranean [ Temperate evergreen forest [ Alpine and ice desert

Figure 2.19 The global biome map
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PPPPSS CONCEPTS

Think carefully about what the
pattern of change is likely to be

for Earth’s biomes. Local factors in
different places will influence what
happens and not just climate change.

Figure 2.20 The current tree line in northern Russia; in the future, will it
advance further north?

W Habitat loss and animal migrations

Major changes to food webs are likely to occur in polar regions due to the larger

temperature rises expected there.

® On land, many species will need to migrate northwards permanently,
mirroring expected shifts in biome distribution patterns.

B Annual animal migration patterns will also be modified. Four thousand
bird species undertake seasonal migrations between different continents, for
example between Africa and Europe. Evidence suggests more species will
remain in Europe during winter if conditions get warmer. This will have
potentially harmful knock-on effects for food webs in both Europe and Africa.

m  Much of the polar bear’s time is spent hunting for seals along the northern edges
of the Arctic Ocean, in places where there is very little plant life. When seals
are scarce, the polar bears roam inland into the tundra, in the very far north
of Russia and Canada. In contrast, brown bears graze and hunt at the southern
edges of the tundra, close to the forest boundary. To escape freezing conditions and
food scarcity in winter, they hibernate, insulated by fat from the cold. In a rapidly
warming scenario for the Arctic, many aspects of bear behaviour may change.

m Global warming will increase forest fires and insect-caused tree death in
Arctic regions. The loss of old-growth forest represents a potential habitat loss
for lichens, mosses, fungi and birds such as woodpeckers.
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B Ocean life will be affected as Arctic ice thins and shrinks, and the water
below warms. Summer ice has already decreased by about 10 per cent since
1979. There was a slight recovery in 2007-08 but the underlying trend is loss
(Figure 2.21).

Figure 2.21 Arctic regional changes in sea
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by 2100.

The human impacts and risks
of global climate change

The future effects of climate change are by no means certain, as we have seen,
but the potential risks are enormous. Risk is an important concept in the study of
geography and can be defined as ‘a real or perceived threat against any aspect of
social or economic life, or the environment’. Figure 2.22 shows the risk equation:
this is a way of exploring the concept of risk, which involves highlighting the

role that a society’s vulnerability and capacity to cope (or resilience) play in
determining the size of a threat.

[«

* \ulnerability is a function of where people live, an
lifestyles. (Do they live by a river? Were they
outside when the storm or flood struck?)

* \ulnerable groups are high-risk segments of the

The risk can be a threat to population (such as elderly or deaf people, or
people’s lives and/or to their migrants with poor language skills who may not
ECONOMIC Prosperity. understand hazard warnings).

. Hazard x Vulnerability
Risk = - G
Capacity to cope (resilience)

A population's capacity to cope, or level of resilience, is determined by:

» wealth (a rich country can afford adaptation costs, for example flood defences)

s peoples levels of preparedness (do floodplain residents keep a ‘flood kit' for emergencies?)
* the emergency service response (national or international).

Figure 2.22 The risk equation
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As we have seen, climate change is projected to increase the strength, frequency
and unpredictability of extreme weather events. Figure 2.23 shows selected
expected global effects of climate change and some of the associated risks for

individuals and societies in different places.

Canada

On 17 January, blizzard conditions prevailed for 18
straight hours in Newfoundland. The daily snowfall
record was broken at St John's International Airport,
with over 75 ¢m recorded. This storm contributed to

Arctic sea ice extent

During its growth season, Arctic sea ice expanded
to its eleventh-smallest annual maximum extent on
record. During its melt season, the sea ice shrank to
its second-smallest minimum extent on record.

Europe

The year 2020 was Europe's warmest year on record.
The warmth was widespread, as at least 17 individual
countries reported record high annual temperatures
for the year.

the snowiest January on record for St John's.

Alaska

Alaska’s 2020 state-wide
temperature departure of
0.8°C above average was
the smallest since 2012.

Contiguous USA

The contiguous USA

had its fifth-warmest Atlantic hurricane season
year since national — Above-average activity:
records began in 1895. | L 30 storms, 14 hurricanes.
Furnace Creek in Death | The year 2020 had the
Valley, California, reached highest number of tropical

54.4°C on 16 August, the ;'_ cyclones in a single year,

hottest temperature on B : surpassing the previous
Earth, pending record of 28 set in 2005.
verification.

Eastern North Pacific hurricane season
Near-normal activity: 17 storms, 4 hurricanes

Hurricane Eta and lota (2-18 November 2020) . _ ) E;s:;,:;;aheaw =1
Maximum winds: Eta: 240 km hr—, 130 knots (kt) | L /" during 14-20 April
lota: 260 km hr-1, 140 kt B | \ triggered widespread
The storms made landfall as category 4 | flooding and landslides
hurricanes within 25 km of each other in in Ethiopia, Somalia

Nicaragua less than 2 weeks apart. Rwanda and Burundi

Chile

The central southwestern region
of Chile continued to experience
a 'mega drought’ in 2020, as it
reported its eleventh consecutive
year with a rainfall deficit.

Antarctica

The highest air temperature ever
recorded on the continent (18.3°C), was
observed on the northeast tip of the
Antarctic Peninsula on 6 February. In
austral spring, anomalously cold
stratospheric temperatures contributed
to the longest-lived ozone hole
observed over the last 41 years.

Argentina
Argentina observed its fifth
driest and second warmest
Global average temperature year on record. 3 5 . gudi
The year 2020 was one of the e =
warmest since global records T e = g

began in the mid-to-late 1800s. .

Cyclone Gati (21-25 November 2020)
Maximum winds: 185 km hr=', 100 kt
Gati was the strongest cyclone on record
to make landfall in Somalia. -

Morth Indian Ocean
cyclone season
Near-normal activity:
5 storms, 4 cyclones.

- -'r'. South Indian Ocean
(| cyclone season

' | Below-average activity:
./ 11storms, 6 cyclones.

Cyclone Amphan

(16-21 May 2020)

Maximum winds: 270 km hr-1, 145 kt
Amphan affected parts of Bangladesh
and India. It was the costliest cyclone
on record for the basin (US$13 billion
in damage).

Figure 2.23 Notable climate anomalies across the world in 2020, as reported by the NOAA (Map and boxed text credit:
Professor Jamie Woodward). You can download this image as a poster at https://www.hoddereducation.co.uk. Go to
Magazines/Magazine Extras/Geography Review Extra Resources/Volume 35, Number 4, Centrepiece
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Siberia

Annual mean temperatures were
more than 5°C above average across
vast territories in northern Siberia.

Typhoon Goni

(26 October—6

November 2020)

Maximum winds:

315 km hr-1, 140 kt
- Goni was the strongest
TS, storm to make landfall
in the historical record.
I
L

a;aa' { /7’;
Australia hadits %

fourth-warmest year
since national records
began in 1910.
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WHAT IS THE NOAA?

The National Oceanic and Atmospheric Administration (NOAA) is a US
government agency whose mission is to ‘understand and predict changes in
climate, weather, oceans and coasts, to share that knowledge and information
with others, and to conserve and manage coastal and marine ecosystems and
resources’. NOAA coordinates research programmes and collects a wide range
of environmental data. You can find out more here: www.tinyurl.com/2d224zev.

THE REPORT

A key responsibility of NOAA is climate monitoring and climate data analysis
from local to global scale. Each year NOAA publishes data on climate anomalies
from the previous year. Its State of the Climate report for 2020 was published in
August 2021, A climate anomaly is defined here as a period of unusual dimate
that differs from average conditions measured over a period of several decades
or longer. A climate anomaly could be air temperature or aridity for a particular
month, season or year being markedly out of line when compared with average
climate. Some notable climate anomalies for 2020 are shown in Figure 2.23. This
geography of climate anomalies shows how the climate system is responding

to greenhouse warming in different ways in different parts of the world, from
the poles to the tropics. Note that some records of climate phenomena are
only a few decades long (such as satellite monitoring of cyclones), while air
temperature records in parts of Europe go back several centuries.

ANALYSIS

As our planet warms, some regions are becoming drier while others are
witnessing more high-energy storms. There is more energy in the atmosphere
and a greater capacity to store and transport moisture. Many regions
experienced conditions in 2020 that deviated significantly from typical
conditions. In the case of Arctic sea ice, the minimum extent was the second
lowest in the era of satellite monitoring (since 1979). Europe experienced

its warmest year on record in 2020, with 17 countries reporting record high
mean annual air temperatures. A key feature of recent climate trends has been
changes in the behaviour of tropical storms. The year 2020 set a new record for
the number of tropical cyclones surpassing the previous record (28) set in 2005.
This pattern of climate anomalies reflects a global system adjusting to new
energy conditions. When does a climate anomaly become normal? What type of
climate anomalies undermine social stability?

M Impacts on agriculture, soils and crop yields

An important aspect of climate change to consider is the potential impact on
agriculture. One third of the world’s population earns a living from farming — and
the other two-thirds depend on the food these farmers produce.

Climate may change in ways that threaten both subsistence agriculture

(the informal agricultural economy) and cash crops produced by the world’s
agribusinesses (large transnational farming and/or food production companies,
such as Cargill or Del Monte).

B Desertification and the extension of arid conditions in sub-Saharan Africa
could adversely affect agriculture in regions like Same District in Tanzania and
Kitui District in Kenya.

Soil erosion by water is a major threat to the sustainability of agriculture in
many tropical and subtropical regions in both low-income and high-income
countries. Global warming is expected to lead to a more vigorous hydrological
cycle, including more total rainfall and more frequent high-intensity rainfall
events. These rainfall changes could have significant impacts on soil erosion
rates. Some research suggests rainfall erosion may be on the rise already across
parts of the USA. According to soil scientists, when rainfall amounts increase,
erosion and runoff will increase at an even greater rate: the ratio of annual
rainfall increase to erosion increase is in the order of 1:7.
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m Productive land could be lost to sea-level rise, especially valuable fertile alluvial
soils on river floodplains and deltas.

B Increased hurricane frequency could devastate agriculture. In 2018, Hurricane
Michael cost the USA US$L.5 billion in crop and poultry losses.

Not all climate change impacts on soil and agriculture are negative, of course.
Shifting rainfall, temperature and biome patterns mean that certain areas will
become more productive or better suited to higher-value crops or land uses.

m Positive impacts on the limits of cultivation can already be seen in southern
Greenland where the growing season is a month longer than it used to be. In
2007, broccoli was grown there for the first time.

B The climatic conditions needed for different varieties of grape to prosper are
highly specific. As a result of climate change, some countries, including Poland
and China, are gaining newfound success as wine-growing regions.

B However, these small benefits in no way compensate for the massive losses
expected when viewed at a global scale.

B Health hazards

Another aspect of climate change to consider is the health hazard posed by

disease and food insecurity:

B Vector-horne diseases such as malaria and water-borne diseases (for example,
diarrhoea) could increase with climate change.

B Some scientists think that climate change may have played a role in ebola
outhreaks by changing the behaviour of bats (the suspected carriers of the 2014
ebola outhreak). Computer modelling suggests that, in parts of central and
western Africa, the range of some bat species could be expanding. This would
mean increased contact between bats and humans.

B Some places may experience increasing food insecurity alongside water
shortages: less food will be produced in regions where rainfall decreases and
desertification occurs (such as the Sahel and large parts of Asia, according to
IPCC projections).

B Migration and transport movements

United Nations agencies estimate nearly 30 million people worldwide were
displaced by floods, fire or drought during 2020. The UN predicts a further 200
million people may have to move by 2050 and has identified 28 countries now

at extreme risk from climate change. Of these, 22 are in Africa. The majority of

people displaced by more severe climates will be the very poor. Unable to afford to

travel long distances, they are likely to become IDPs or refugees in neighbouring

states (see page 23).

m The International Red Cross estimates that each year 400 weather-related
disasters result in forced migration. As we have learned, while climate change
cannot be linked conclusively to the occurrence of any one particular event,
there is an anticipated correlation between a higher GMST and an increased
frequency of extreme weather.

m More people may become climate change refugees on account of rising sea
levels. Dozens of islands in the Indian Sunderban region are being regularly
flooded, threatening thousands. The Maldives, located southwest of India and
Sri Lanka, is gravely at risk from rising sea levels (refer back to Figure 2.16). It
consists of a chain of 1,190 low-lying islands that are surrounded by the waters
of the Indian Ocean. Bangladesh is the most vulnerable large country, with
60 per cent of its land less than 5 metres above sea level. Page 22 explored how
coastal regions of Bangladesh are vulnerable to rising sea levels. Bhola villagers
will have no option but to migrate; many will move to Dhaka where they may
struggle to find employment and housing.

PPPPSS CONCEPTS

Viewing issues from different
perspectives is part of what being a
geographer involves. As time passes,
however, more people think it is
immoral to attempt an evaluation

of climate change as a ‘balanced’
scenario with ‘winners and ‘losers’.
To be clear: the IPCC models show
nearly 4 billion people living in
contexts that are highly vulnerable to
climate change, including hotspots
of high human vulnerability in
Central and East Africa, South Asia,
Central and South America and
Small Island Developing States.

It is surely unethical to look for a
so-called ‘balance’ between (i) the
challenges ahead for the poorest
half of humanity (across the world,
whether they are living in low-
income countries or high-income
countries) and (i) predictions

of improved broccoli and grape
harvests in Europe.

Keyword definition

Food insecurity When people
cannot grow ot buy the food they
need to meet basic needs.




2.2 Consequences of global climate change

®m Shipping movements and global interactions in an

ice-free Arctic

With summer sea ice currently shrinking by 12-13 per cent each decade, the
Arctic Ocean could be ice free by 2050. Already, it is becoming more accessible
for shipping:

In 2017, new icebreaking liquid natural gas (LNG) carriers began to travel
from Siberia to the Pacific. Russia began transporting LNG in this way to
reduce its dependence on selling gas through pipelines to Europe. Following
the 2022 war in Ukraine, Russian trade may swing further away from Europe
and towards Pacific markets.

The new shipping vessels used to carry the gas have been engineered to
withstand temperatures as low as —50°C.

The route from Yamal, Siberia to Japan takes just 14 days during summer months
via the new northern sea route along the Arctic coast of Russia (Figure 2.24).

In winter, when sea ice reforms, the route closes. In the future, however, it may
be possible for vessels to make the same journey all year round.

Data from Northern Sea Route
Administration show that a total of 1055
vessels gained sailing permission for the
route in 2021, carrying around 17 million
tonnes of shipments. Russia’s government
plans to make far greater use of the route
in coming years, aiming for annual
shipments of 150 million tonnes of LNG or
other commodities by 2030.

Key
= lcebreaking LNG carriers

= Conventional LNG carriers

Figure 2.24 The new summer route taken by Russian shipping

M Risk amplification

Climate change risks are heightened further by a range of human processes:

Population growth can lead to increased numbers of people living in a
vulnerable state of poverty. For instance, numbers living in sub-Saharan
Africa have doubled since 1990, meaning that twice as many people are now
at risk of famine caused by drought.

Many large cities and megacities are places where predicted climate change
risks are high. In particular, many more people will live in increasingly high-
risk urban zones situated along floodplains and coastlines. Between 2020 and
2030, Lagos (Nigeria) and Kinshasa (Democratic Republic of the Congo), will
add 5 million and 6 million people to their respective populations. Both have
a known flood risk and much of the new housing growth will be precisely in
areas where the risks are greatest (for instance, in areas of informal housing
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built around the lagoons or on coastal sandbars in Lagos). The US state
of California is sometimes described as a ‘hazard hot-spot” whose growing
population is exposed to wildfires, droughts, flooding and earthquakes.

m Deforestation throughout Southeast Asia (Bangladesh, Malaysia, India and

Indonesia) has modified hydrological systemns, making overland flow far more
ndonesia) has modified hydrological syst e overan _ PPPPSS CONCEPTS
likely. The biomass interception store has been removed (which naturally

functions like a valve, slowing down the passage of rainwater onto the land). Think about the way human and
Inevitably, flooding increases in deforested areas like the Ganges basin. physical processes combnjle o
B Deep-rooted conflicts, such as India and Pakistan’s dispute over the Kashmir create the possibility of a riskier

region, could be exacerbated by food and water shortages in the future, potentially
jeopardizing international cooperation aimed at tackling climate change.

world, where more people may be
forced to migrate for safety.

B CHAPTER SUMMARY

KNOWLEDGE CHECKLIST:

m The hydrosphere, atmosphere and biosphere, and
their linkages

m Projected effects of climate change on the cryosphere
(water stored as ice)

m Projected effects of climate change on global carbon
stores (water, ice and the biosphere)

= The causes and possible consequences of global
sea-level rise

= Evidence for increasing risks (frequency and severity) of
different types of extreme weather

= Projected effects of climate change on biomes, the tree
line, habitats and animal migration

= How climate change could affect agriculture and crop yields

m Climate change risks for human health (food availability
and the incidence of disease)

= The implications of climate change for patterns of
migration and ocean transport

EVALUATION, SYNTHESIS AND SKILLS (ESK)
SUMMARY:

= How the evidence used to predict the timing and scale
of possible climate change is complex, difficult to collect
and sometimes contradictory

= How the impacts of climate change are likely to be
uneven and to affect some places and people more
adversely than others (some may even benefit)

EXAM FOCUS

COMPLETE THE ANSWER

Below is a sample AO2 short-answer question (based

on Section A of the examination), and an answer to

this question. The answer contains a basic point and

an explanatory link back to the question, but lacks

any development or exemplification. Without this, full
marks are unlikely to be awarded. Write out both parts
of the answer, then improve it by adding your own
development or exemplification to the two basic reasons
shown below.

Explain two possible effects of global climate change
on the amount of the world’s water which is stored in
ice. [2 + 2 marks]

1 Warmer temperatures would lead to widespread
melting of ice. For instance, large amounts of water are
stored in glaciers around the world. Ice in these places
will begin to melt.

2 The largest amounts of ice are stored in Antarctica and
Greenland. Climate scientists worry that a high rise in
global temperature may lead to this ice melting, which
would reduce the amount of water stored in ice.

Avoid repetition

ELIMINATE IRRELEVANCE

Below is a sample AQ2 short-answer question and an
answer to this question. Read the student answer carefully
and identify parts that are not directly relevant to the
question asked. Note down the information that is irrelevant
and justify your deletions.

Suggest two possible economic impacts of climate
change for some people. [2 + 2 marks]

1 Patterns of settlement mean that many cities and
important infrastructure are in coastal areas which
have high exposure to extreme climate hazards like
hurricanes, along with rising sea levels. As climate
change worsens, the magnitude of the losses will
increase, along with more people being forced to
migrate to other areas. Economic damages from climate
change will be especially bad in countries with greatest
exposure to the changes which are happening.

2 Arctic sea ice cover has already begun to shrink at an
alarming rate. At the end of 2016, air temperature in the
Avrctic was 20°C higher than was normal for the time
of year. Once the ice begins to melt, changes in albedo
mean that the rate of melting increases even more rapidly
because of positive feedback. Polar bears lose valuable
hunting habitats. However, one benefit may be that it is
easier for shipping to make use of the Arctic region.

In each part of the first answer, anly a very simple idea has been set out. But in both cases, there is repetition of this idea
without adding any valuable extra explanation, development or exemplification. Try to avoid doing this. Instead, add some
real detail of a place or environment, such as the name of a glacier or a fact about the volume of water stored in Antarctica.
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2.3 Responding to climate
change and building
resilience

Any future temperature rise must be limited to less than 1.5°C above pre-
industrial levels if irreversible, unmanageable and highly damaging impacts
are to be avoided for the environment and societies. This equates to just
over 300 ppm of carbon dioxide in the atmosphere. Why, therefore, are the
scale and pace of action to tackle climate change not greater! Why is more
not being done to reduce carbon emissions and to build resilience against

environmental changes, some of which — according to the IPCC —

are now

unpreventable! The answer to these questions may lie in Table 2.6. It analyses
disparities in exposure to climate risk and vulnerability among different

groups of people.

B While some countries and groups of people have high-risk exposure, others do
not (at least in the short term).

B The power to act is also spread unevenly among stakeholder groups. Many
of the people and countries who have most to lose from climate change
also have least power to bring about the real political changes that are
needed at both national and global levels (such as binding commitments to
reduce carbon emissions and fossil fuel use, while also investing heavily in

renewable energy).

B These are important climate justice issues.
m It is vital to act before society’s adaptation limits are reached.

Table 2.6 Disparities in the vulnerability of different people and places to
climate change might affect their perception of risk

Characteristics of people
and places that may affect vulnerability

How personal and
societal perspectives
might vary on the need
to respond to climate
change

Location and e Temperate or semi-arid People living where risks are
vulnerability region? greatest — including islands and
e Coastline or continental coastal regions, areas at risk
interior? of increased drought and high
. . latitudes — may want urgent
e High or low latitude? . Y g
action.
Wealth, educationand e Low- or high-income Citizens in higher-income
vulnerability countries? countries may learn more about
e Arecitizens well-educated  the issues through formal
about climate change risk education and the media; but
and resilience? they may also believe they can
adapt to climate change, and
so are complacent.
Age, gender and e Older people or younger Younger people who will be
vulnerability people? alive in the 2070s and 2080s
o Men or women? may want to take action to
safequard their own future.
Men's and women's views tend
to be broadly similar.
Risk perceptions and e \What does government People may be influenced by

vulnerability

and the media say about
climate change?

politicians and news channels
that are sceptical about climate
change. Ex-US President
Donald Trump is a sceptic.

Keyword definitions
Resilience The capacity of
individuals, societies, organizations
Of environments to recover

and resume ‘business as usual’
functions and operations following
a hazard event or other system
shock.

Climate justice Concerned

with setting out moral or legal
principles of fairness in the way
different people are treated, based
on our ethics and values. Climate
justice describes a way of thinking
which directly links the causes,
consequences and costs of climate
change with ideas about justice
and human rights. It seeks to frame
climate change as an ethical, legal
and political issue — as opposed to a
purely physical ‘problem’.

Adaptation limits Points

beyond which a community or
environment cannot be protected
from growing risks through
adaptive actions. There are ‘hard
adaptation’ limits (no adaptive
actions are possible, even where
money is available) and ‘soft
adaptation’ limits (protection is still
possible but the costs are excessive).

PPPPSS CONCEPTS

When you have finished reading this
chapter, review Table 2.6 and think
about the extent to which you agree
or disagree with its propositions.



68 Unit 2 Global climate — vulnerability and resilience

CASE STUDY

The Philippines is a middle-income nation of 109 million
people with a GDP per capita (PPP) of US$3,000 in 2021.
Between 2000 and 2020, around 60,000 people lost their
lives to the combined effects of different natural disasters.

The 7,000 islands are located at latitudes 5-20°N of

the equator — within the tropical cyclone (typhoon) belt
(Figure 2.25). They are hit by around 20 major storms each
year. Some of the islands are isolated, making it harder

to warn people living there of approaching storms. In

2011, a combination of coastal and river flooding, driven

by Typhoon Washi, washed away housing on the banks and
sandbars of the Cagayan river, killing 1,250 people. In 2013,
Typhoon Haiyan — the strongest storm ever recorded making
landfall in the Philippines - killed 6,300 people and caused
US$2 billion in damage (Figure 2.26). Typhoon Odette, 2021,
was responsible for US$1 billion losses. Some scientists
think there is a correlation between the increasing intensity
of storms striking the Philippines and the progression of
climate change.

The human and economic impacts of storms can be severe
and have stayed high over time because of:

®m the vulnerability of the country’s still-growing population
(60 per cent of the population — around 66 million
people - live in coastal areas, some of them in informally
constructed homes)

CLIMATE CHANGE VULNERABILITY IN THE PHILIPPINES

B the growing value of property assets (Manila is a
megacity of more than 20 million people)

B rising economic risks (Manila is now a major hub
for global technology companies, providing many
outsourcing services including design, animation and
call-centre operations).

The Philippines is also praised for its social protection
database and systems, designed to help displaced households
manage and recover from risks and shocks (for example, after
Typhoon Haiyan, emergency cash payments were made to
families affected by the disaster. However, the civil society
organization (CSO) Oxfam believes that more must be done
to map the most hazard-prone areas and to enforce stricter
land-use zoning laws.

Figure 2.25 A major tropical storm (typhoon) passing
over the Philippines

Figure 2.26 The impact of Typhoon Haiyan in the Philippines in 2013
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CASE STUDY

CLIMATE CHANGE VULNERABILITY IN LONDON, UK

London faces a threat of flooding caused by storm surges driven by depressions into the Thames Estuary from the North
Sea. The last serious event was in 1953 when 300 people died. The UK's Environment Agency believes there remains a one-
in-a-thousand chance of London being flooded in any given year, owing to the limits of the protection offered since 1984
by the Thames Flood Barrier (Figure 2.27). Closing the barrier seals off part of the upper Thames from the sea and unusually
high tides that might push seawater into central London. When not in use, the six rising gates rest out of sight on the
riverbed, allowing free passage of river traffic though the openings between the piers.

However, climate change may mean that the risk of the barrier failing is growing because of (1) global eustatic sea-level rise
(mainly because of thermal expansion) and (2) more powerful storms (see page 58) that generate higher tides (also known
as storm surges). Eventually, either a new multi-billion-dollar flood barrier or an even more expensive tidal barrage may need
to be built. The high cost of defending this city appears to be justifiable when risk and vulnerability are examined in detail:

B Eight million people live in London, around one million of whom (in half a million homes) are at direct risk of flooding.
Elderly or disabled floodplain residents are especially vulnerable to a sudden-onset flood event.

m If the Thames did burst its banks in central London due to a tidal surge, Westminster (where the UK government is
based) would be under 2 metres of water; 16 hospitals and 400 schools would be flooded; 140 railway stations are at
risk; underground subway stations would fill entirely with water in the event of a flood.

B London's total level of risk is growing all the time, as more people migrate there and new housing developments increase
the total value of vulnerable property. An estimated US$1 trillion of property is now at risk.

Such disastrous events are most likely preventable, however. London is protected already to a very high standard and the UK
government can be expected to pay for whatever new adaptation measures are required as and when climate risks worsen.

Figure 2.27 The Thames Flood Barrier
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Figure 2.28 Parts of London at risk from a 5-metre storm surge (the Thames Barrier currently protects areas of
central London)




70 Unit 2 Global climate — vulnerability and resilience

CASE STUDY

CLIMATE CHANGE VULNERABILITY AMONG INDIGENOUS ARCTIC COMMUNITIES

Local indigenous populations in the Arctic region face an
entirely unsustainable future on account of climate change,
according to scientists who are working in the region.

B In northwest Greenland, many of the region’s Inuit
communities maintain a strong cultural connection to the
Arctic landscape through their traditional livelihoods of
hunting and fishing. An important part of the traditional
way of life is the seasonal hunt for different animal
species, including seals and narwhals.

B In places where the sea ice is breaking up earlier and
forming later, however, they are losing safe access to
traditional hunting grounds for large parts of the year.
In the future, there will be no access at all (Figure 2.29).
Observations show that the Arctic is warming twice as
fast as the rest of world because of its high latitude.
Summer sea ice cover has decreased by about 50 per
cent since the late 1970s (see page 61).

CANADA .~

B On Greenland's Disko Island, the main town of
Qeqgertarsuaq is home to just under 1,000 inhabitants.
Thick winter sea ice used to provide dog-sledding routes
that connected Disko to other places. The recent reduction
in sea ice means that Disko residents are at risk of
becoming isolated, in addition to losing their ice hunting
grounds.

B There are other climate risks too. In 2017, the largest
wildfire ever recorded in Greenland happened near
Disko Island, driven by combustion of dried-out peat in
the active layer. Wildfires release vast stores of additional
GHGs, contributing to a concerning environmental
feedback loop.

This is an extreme form of vulnerability: Inuit culture and the
physical environment are so highly interconnected that it is
hard to imagine how communities will have a sustainable
future if the ice itself does not.
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Figure 2.29 Settlement positions and summer sea ice in the Arctic
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Government strategies for climate change

There are three broad ways in which governments respond to the threat of

climate change:

® Do nothing.

B Act to reduce the severity or intensity of climate change by reducing the
output of greenhouse gases and/or increasing the size and amount of GHG
storage or sink sites. This is called mitigation.

m  Adjust to changes in the environment, for example by building coastal
defences, rather than trying to stop climate change from happening. This is
called adaptation.

Figure 2.30 shows examples of mitigation and adaptation strategies which a

government might adopt. There are two important differences between the two

approaches that can affect political decision making:

m  Mitigation has upfront economic costs. Humans need to spend money now
to develop renewable sources, recycle more and reduce energy consumption.

®  Adaptation has future economic costs. Humans in the future will need to
spend money to cope with a changing climate, for example by building
higher flood defences or growing drought-resistant crops.

Keyword definitions

Mitigation Any action intended to
reduce GHG emissions, such as using less
fossil fuel-derived energy, thereby helping
to slow down and ultimately stop climate
change. Mitigation can be practised by
stakeholders at different scales, from a
citizen cycling rather than driving, to a
government setting strict national targets
for reduced carbon emissions.

Adaptation Any action designed

to protect people from the harmful
impacts of climate change but without
tackling the underlying problem of
rising GHG emissions.

Figure 2.30 Adaptation and mitigation strategies a government might adopt
Source: David Redfern
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B Global geopolitical efforts PPPPSS CONCEPTS

Global concern about climate change has been mounting since the late 1980s. Tt e b i e 2 et A e
Figure 2.31 summarizes how the global community has moved forwards slowly over |ocal and national governments in the
a 35-year period towards a shared agreement on how to tackle the issues. Events place where you live have adopted
can be studied in greater detail online using the UN's interactive climate change either mitigation or adaptation

action timeline: http:/funfccc.int/timeline/ strategies for climate change.

1988

Figure 2.31 A timeline for global geopolitical efforts to tackle the challenge of climate change

B Strengths and weaknesses of COP21

World political leaders began signing the Paris Agreement in April 2016. As of
July 2021, 195 UN members had signed the treaty, 193 of whom had ratified it.
The Paris Agreement requires all parties to put forward their best efforts through
‘nationally determined contributions’ (NDCs) and to strengthen these efforts in
the vears ahead. This includes requirements that all parties report regularly on
their emissions and on implementation efforts.

The Paris Agreement’s central aim is to avoid a temperature increase of 2°C, and
make every effort to limit the increase to a lower target of 1.5°C. Additionally:
GHG emissions will be allowed to rise for now (but technologically enhanced
carbon capture will be needed later this century to reduce GHG levels).
Emissions targets will be set by countries separately, but reviewed every five
years. After each five-year review, emissions levels will be decreased further.
The Agreement also provides for enhanced transparency of action by
insisting that accurate emissions records will be kept and made available

to all other countries.
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m High-income countries will share their lower-GHG science and technology
with developing countries and the most vulnerable countries.

m High-income countries will provide finance for lower-income nations most
affected by anthropogenic climate change.

m High-income countries that have historically contributed a large proportion of

the anthropogenic GHG stock in the atmosphere will recognize the ‘loss and
damage’ inflicted on poor countries because of climate change. In doing so,
they acknowledge that the sources of GHG emissions may be spatially distant
from the countries most impacted by them.

Some strengths and weaknesses of the outcomes from the COP21 Paris

Agreement are shown in Table 2.7.

Table 2.7 Strengths and weaknesses of the COP21 Paris Agreement

Strengths

Weaknesses

= Getting 195 countries to agree on
anything is a major achievement!

m From a scientific perspective, COP21
gives us hope that so-called ‘dangerous
climate change’ across all continents
can be avoided.

= From an economic perspective, the
agreement gives countries time to
decarbonize their economies ‘without
sacrificing economic prosperity on the
altar of environmental wellbeing'.

= From a political perspective, it allows
all governments to hold each other to
frequent account regarding emissions
levels and targets. Ten-year reviews, for
instance, would be too infrequent.

m  Finally, from the perspective of poorer,
low-lying Global South countries
like Bangladesh, elements of COP21
‘promise a degree of justice for those
adversely affected by wealthier
countries’ previous GHG emissions’.

m  Massive GHG reductions will be required
by 2050 to keep the temperature
increase below 1.5°C; some countries
may find it too expensive to phase out
things like coal-fired power stations over
the required timescale.

m If a country is hit by an economic
recession or experiences political
change, its priorities may alter and
climate could slip down the domestic
agenda. (In the USA, President Trump
reversed decisions made by President
Obama, for instance.)

= Replacing fossil-fuel economics with
renewable-energy ones sufficient to
maintain decent lifestyles requires
technologies that have yet to be
invented.

m  The Paris Agreement is ‘merely a
statement of intent, albeit an important
one. The key to its success or failure lies
in...the fine details of how countries
respond when one or more fail to
honour their commitments”.

Source: Noel Castree, Geography Review 30 (1)

m European agreements

In addition to UN action on climate change, European Union (EU) member
states have agreed among themselves to curb carbon emissions.

B The European Union is the world’s largest political grouping of high-income

nations.

m EU countries acknowledge that they are responsible for much of the

anthropogenic carbon stock already in Earth’s atmosphere (as opposed

to the current carbon flow that also comes from a large number of

emerging economies).

B The EU will no longer help other states to develop, including low-income
countries whose current energy supplies are inadequate.

m In 2021, the EU adopted a European Climate Law, with the legal aim of
reaching net zero GHG emissions in the EU by 2050. The law also set an

ambitious intermediate target of reducing GHG by at least 55 per cent by 2030

compared to 1990 levels. Many people think that the long economic recovery
from the Covid-19 pandemic, combined with the aftermath of Russia's
aggressive invasion of Ukraine in 2022, makes this goal near-impossible

to achieve.

PPPPSS CONCEPTS

Think critically about the different
scales of climate change action. In
addition to national governments,
local governments may also try to
help meet targets through their
actions. The USA under President
Donald Trump withdrew from the
Agreement in 2020, but re-joined

in 2021 under President Biden. Even
though the national government
had removed the USA from the
agreement, the Mayors of many

US cities continued to act, at the
local scale, to reduce their emissions
in line with the Paris Agreement.
The attitudes and views of the US
government do not represent all of
the different people and places that
make up the USA. See also page 78.

Keyword definition

Net zero The balance between
the amount of greenhouse gas
produced and the amount removed
from the armosphere. We reach
net zero when the amount we add
is no more than the amount taken

away.

PPPPSS CONCEPTS

Think about why a binding global
agreement on climate change is
thought to be essential if limiting
global temperature increase to 2°C
is to remain a possibility.
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B Carbon emissions trading schemes and offsetting

Carbon emissions trading schemes (ETS) are an example of climate change
mitigation. The aim is to achieve a progressive reduction in the total of GHG
emissions produced by a national or regional economy.

m ETS are a form of environmental economics: this is viewed by some
economists as the best way of protecting the world from environmental harm
while avoiding excessive amounts of direct government regulation. Instead,
market forces are relied on to bring about the changes that are needed. ETS
use a market solution to tackle an environmental problem.

B The idea is to harness the market power of businesses and consumers. Both
groups can be expected to choose low-carbon products and services if they are
priced less expensively than high-carbon goods and services.

m ETS operate using a cap and trade system.

B Almost one-third of the global population lives under an ETS (Figure 2.32).

B The EU emissions trading system (EUETS)
EUETS is the world’s largest ETS. Introduced by the European Union in 2003,

it encompasses thousands of power stations, factories, oil refineries, cement-
making works and chemical operations. All participants in the scheme are given
a tradable emissions allowance (or credits) by the EU. One allowance gives the
holder the right to emit one tonne of carbon dioxide or its equivalent.

B Polluters who find they have insufficient credits must either cut their emissions

or incur fines, which will increase the price of their products. However, they
may also buy unused credits from other participants. By setting a cap or limit
on GHG omissions, the EU has created tradable allowances.

B This means that there is an incentive for businesses to decarbonize their
operations because they will then be left with unused carbon allowances that
can be sold for a potential profit.

B The scheme does not stop here, however. Over time, the number of allowances

issued by the EU is reduced each year for all participants. This means
that, ultimately, the entire economic system begins to decarbonize as more
businesses adjust to life in a low-carbon economy.

B The fossil fuel funding controversy

At COP26 in 2021, a group of 20 countries — including Canada, Costa Rica,
The Gambia, Italy, the UK and the US — announced that they would end

funding (as loans or aid) for all fossil fuel projects abroad. While this may seem

like positive news, critics quickly pointed to the way many of those countries
are still using and developing their own domestic fossil fuels.

For example, although 40 per cent of US electricity comes from gas, its
government has said it will no longer help poor countries to develop their own
gas supplies.

Critics of this policy believe it is immoral for high-income countries which
are currently developing their own new gas projects to simultaneously block
financing for fossil fuel-powered energy generation in low-income countries.
By doing so, they arguably condemn a significant portion of populations to
continued energy poverty. The strongest critics use the phrase environmental
racism to describe what they see as climate injustice involving rich Global
North countries.

Issues such as this provide further insight into the way that climate change has

become an ethical and political bartleground — and not just a physical problem
to solve.

Keyword definitions

Cap and trade An environmental
policy that places a limit on the
amount a natural resource can be
used, identifies the resource users,
divides this amount up into shares
per user, and allows users to sell
their shares if they do not wish to
use them directly.

Environmental racism Any
policy, practice or directive

that differentially affects or
disadvantages (whether intended
or unintended) individuals, groups
or communities based on race.
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North America

Meither the USA or Canada have nationwide
schemes, but some states have taken action
unilaterally (Quebec, California).
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Figure 2.32 Carbon trading schemes in 2020

B Carbon offsetting

China

Launched its national power sector ETS in
2021, bringing the world's largest carbon
market online after three years of preparation.
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Phase 4 commenced in 2021.

2021-2025 period establishes a
cap on emissions from 2021 for
the first time.

Carbon offsetting is another widely used mitigation strategy that aims to marry
business principles with environmental goals. Our everyday actions — such as
driving and heating or cooling buildings — consume energy and produce carbon
emissions. Carbon offsetting is a way of compensating for your emissions by funding
an equivalent carbon dioxide saving elsewhere. The suggestion that we ‘plant a tree’
after taking an aeroplane flight is a well-known example of the offsetting principle.
B Various commercial organizations offer offsetting services: consumers pay a
small, additional sum of money when they purchase a good or service; the
company promises to invest this money in forestry, for instance.

m However, critics say there is insufficient monitoring of these schemes and the
methods used to calculate how much carbon dioxide saving should be done. In
the grand scheme of things, the carbon savings from offsetting do not amount
to very much vet on a global scale either. Greenpeace’s Executive Director
Jennifer Morgan has argued: “There’s no time for offsets. We are in a climate
emergency and we need phasing out of fossil fuels!

B ‘Technological fixes' and geo-engineering

Technology is viewed by many people as the best way to ‘fix’ the problem of climate
change. By asserting that yet-to-be-invented technology will solve the issues, it

is easier to justify carrying on with ‘business as usual’. In order to succeed, the

Paris Agreement, as we have seen, relies heavily on technology that has yet to
mature. In particular, it is hoped that technology can be used to remove part of the
anthropogenic carbon dioxide store that is already in the atmosphere. This way,

new anthropogenic flows of carbon dioxide can be accommodated for many years

to come while developing, low-income countries use coal and oil to industrialize.

Table 2.8 provides an analysis and evaluation of several geo-engineering strategies
that might offer a silver bullet’ solution to climate change. Geo-engineering

technologies aim to do one of two things:

B accelerate the removal of carbon dioxide from the atmosphere (carbon dioxide

removal, or CDR)

B reflect more sunlight back into space (sunlight reflection methods, or SRM).

Keyword definition
Geo-engineering The deliberate,
large-scale manipulation of the
planetary environment in order to
counteract anthropogenic climate
change.
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The deliberate intention to manipulate climate through these technologies
distinguishes them from other human activities — such as coal burning or forest

clearance — which unintentionally lead to changes in climate.

Table 2.8 Possible ‘technological fixes' for climate change using geo-engineering

Strategy  Analysis Evaluation
Carbon CCS involves capturing carbon dioxide released by the burning of e 5o farthe technology has been piloted at only a
capture fossil fuels and burying it deep underground (Figure 2.33). This handful of coal-fired power stations worldwide:

and storage  technique promises to be extremely important (given that coal will
(Ccs) remain a very significant part of the global energy budget for years to
come due to its abundance and low cost). CCS works in three stages:

itis far from being a mature technology with only
around 20 plants operating worldwide in 2020. But
the IPCC says that greater use of CCS is essential if

1 The carbon dioxide is separated from power station emissions. global warming is to be limited to 1.5°C.
2 The gasis compressed and transported by pipeline to storage areas.  ®  CC5 Will be expensive because the technology is
o . complex and still being developed. Progress has
3 ltisinjected into porous rocks deep underground or below the . -
. been made by Chevron in Western Australia.
ocean for permanent storage (geo-sequestration). . . o
. . e There is uncertainty over how successful it will be.
CCS could make an enormous difference to the size of the For carbon dioxide o remain tranped underaround
anthropogenic carbon store. The IPCC estimates that CCS (1) has the - PP g
. . . - there must be no possibility of any leak to the
potential to reduce coal-fired power station emissions by up to 90
- , surface. The gas cannot be allowed to re-enter the
per cent and (2) could provide up to half of the world's total carbon .
PR . atmosphere once it has been removed.

mitigation until 2100.

Sunlight SRM technologies aim to readjust the global energy balance. The e Costs and safety risks associated with the
reflection hope is to reduce incoming solar radiation to offset the global heating introduction of potentially millions of orbital
methods caused by rising greenhouse gas emissions. These technologies mirrors are likely to be very high.

(SRM) include: e Stratospheric aerosol injections might disturb

1 placing mirrors in near-Earth space orbit in order to reflect more regional weather systems around the world,
sunlight back into space including storm systems.

2 mimicking the global dimming effect (see page 43) of huge e Geopolitical tensions may arise if one country using
volcanic eruptions by injecting tiny sulfate aerosol particles into this technology disrupts another country’s weather.
the stratosphere where they would scatter sunlight back to space e  Aerosol particles destroy stratospheric ozone

3 whitening low-level marine clouds by spraying seawater into (contributing to the ‘ozone hole” effect). Ozone
them; the increased albedo (see page 43) would lead to more depletion allows cancer-causing ultraviolet
reflected sunlight. radiation to penetrate the atmosphere.

e Screening out some of the Sun’s radiation will

reduce the efficiency of solar power systems.
Source: Mike Hulme
Emission source Separation and capture
Power plant
releasing
carbon dioxide Liquefier/compressor
from coal/oil/gas Storage Injection
tank

Carbon dioxide
E—

Cap rock, impermeable layer

Aquifer

Figure 2.33 How carbon capture and storage (CCS) works

PPPPSS CONCEPTS

Think about how realistic the
technological possibilities shown in
Table 2.8 are. Do you expect to see
them implemented in your lifetime,
and on what timescale?
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Civil society and corporate strategies
to tackle climate change

There is an urgent need for action at many different scales to deal with the

threat of climate change. Governments have a crucial role to play in establishing
frameworks within which low-carbon strategies can succeed. However, action
needs to be taken additionally by individuals, civil society organizations (CSOs)
and businesses alike now that we have arrived at a ‘carbon crossroads’ (Figure 2.34).
Time is running out to adopt stronger mitigation measures.

Unfortunately, the complexity and long-term nature of the climate change threat

means that some people, businesses and governments still do not view it as a

priority for action.

m The global financial crisis (2008=09), the Covid-19 pandemic and geopolitical
instability (such as conflict between Russia and Ukraine) have combined
to create a new era of uncertainty for citizens of many nations. Around
100 million people have fallen back into poverty and SDG targets are now far
more likely to be missed. Global gas prices increased ten-fold between 2020
and 2022.

®m Many people — in richer
and poorer countries alike
— have experienced a fall
in disposable income since
the pandemic began in
2020 and are worried about
their financial future.
They may now be more
reluctant to buy ‘eco-
friendly’ household goods
and appliances if there is

Carbon crossroads

The Intergovernmental Panel on

Climate Change (IPCC) explores four
potential futures, depending on what
policies governments adopt to cut emissions

greater expense involved.
Even now, some people
still do not believe credible
reports about climate
change in the media and
label it ‘fake news’ instead.
The resulting ‘culture wars'
tension in civil society
may threaten our ability to
respond to the challenges
ahead effectively.
Meanwhile, the [PCC
argues that people and
environments can adapt
to climate change but

only ‘within limits

While delays occur, the
effectiveness of adaptation
will ‘decrease with
increasing warming’.

The choices we face now

Business as usual

Emissions continue rising| Emissions rise to 2080
at current rates then fall
RCP 8.5 RCP 6.0

anges in rainfall
patterns and -
monsoon systems

CO; concentration
three to four times higher
than pre-industrial levels

~_Reduced risk of
~ " 'tipping points’ and
S ~ »=irreversible change

Arctic summer

Figure 2.34 The carbon crossroads (representative concentration pathways (RCP), are
different climate change projections used by the IPCC)
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CASE STUDY

NON-GOVERNMENTAL AND CORPORATE ACTION IN THE USA

Many high-profile US politicians, including ex-President Trump, are climate change sceptics. As a result, citizens who care
about the issue believe it is more important than ever to act in whatever ways they can to reduce carbon emissions (no
matter how small the scale of action). When the Trump administration announced its withdrawal from the Paris Agreement
in 2017 (a decision subsequently reversed by President Biden in 2021), many individual US states and cities continued to work
towards their own net-zero goals.

B The city of Seattle has its own Climate Action Plan (CAP), which aims to make the city carbon neutral by 2050. Adopted
in 2013, Seattle CAP focuses on city actions that reduce greenhouse emissions and also "support vibrant neighborhoods,
economic prosperity and social equity’. (Source: www.seattle.gov/environment/climate-change/climate-action-plan)

B Across the USA, many civil society and business stakeholders have never stopped believing they can make a difference,
even when Trump was in the White House. Table 2.9 shows a selection of non-governmental US stakeholders and
analyses the actions they have taken in response to climate change.

Table 2.9 Examples of civil society and corporate campaigning in the USA

Individuals,

groups and

businesses Actions analysis

NextGen Climate = NextGen Climate in an environmental pressure group whose mission is to engage politically with younger

(a civil society people about the connected issues of climate change and clean energy. They advise potential voters on which
organization) politicians share their environmental concerns.

= The organization has sometimes used a field operation in Las Vegas, Nevada, which is viewed as being on the
‘front line” of climate change in the USA: Las Vegas has doubled its consumption of water twice since 1985 and
has suffered from severe droughts in recent years including 2016 (Figure 2.35).

Citizens ®  Inrecent years, increasing numbers of Las Vegas citizens and garden businesses have begun to adapt to what
they perceive to be a permanent change towards even more arid conditions. Homeowners favour drought-
tolerant ‘desert landscaping’ and are abandoning water-hungry grass lawns.

= |n colder states such as Montana, individual actions could involve turning down a home's thermostat by
1°C; this brings a 3 per cent reduction in total household energy use. This action cannot be forced through
legislation and relies on action by individual citizens. Government can, however, play a role by educating people
about the issues.

Businesses = Despite having much to lose if people were to abandon the use of fossil fuels, some US energy companies such
as Chevron and ExxonMobil play an active role in supporting geo-engineering. Indeed, a corporate strategy of
supporting CCS technology may be essential to their long-term profitability: it would mean consumers can keep
using oil and gas while trusting CCS to remove anthropogenic carbon from the atmosphere (see page 76).

®  Technology companies such as Apple and Microsoft claim they remain highly committed to meeting their own

carbon reduction targets.
PPPPSS CONCEPTS

Think about who has the
greatest power to make a
difference in relation to climate
change. Is it the United Nations?
The US President? TNCs? What
arguments and evidence could
help you make a case for each of
these choices?




2.3 Responding to climate change and building resilience 79

B CHAPTER SUMMARY
KNOWLEDGE CHECKLIST:

m Social and geographic disparities in climate change risk and vulnerability

m Examples of countries and communities with contrasting vulnerahility to
climate change, including the Philippines, the UK (London) and Greenland
(Inuit communities)

= The difference between adaptation and mitigation strategies used by
governments

= The global geopolitical response to climate change, including the Kyoto
Protocol, Paris Agreement and more recent COP conferences

= Carbon emissions trading schemes (ETS) and the value of offsetting

= The importance of geo-engineering as a possible "technological fix" for
climate change, including carbon capture and storage (CCS}) and sunlight
reflection methods

= Civil society and corporate strategies for climate change (using the USA as
an example)
EVALUATION, SYNTHESIS AND SKILLS (ESK) SUMMARY:

= How perspectives on the need for climate change differ among individuals
and societies

= How views vary on the possibility of whether dangerous environmental
changes can be avoided

= How optimistic scenarios rely on the power of technology to provide a “fix’
for climate change

= How action can be taken at the local and not just the national scale.

EXAM FOCUS
SYNTHESIS AND EVALUATION ESSAY-WRITING SKILLS

Below is a sample answer to an exam-style essay question. Section C of your examination offers a choice of two essay

questions for you to choose from. Having made your choice, you need to plan carefully an essay response which synthesizes
and evaluates information (under assessment objective AO3). You can draw on ideas from any of the chapters in this book.
This means that as you progress through the course, a greater volume of ideas, concepts, case studies and theories becomes

available for you to synthesize. This sample answer draws on ideas from all of the first six chapters of this book.

The question has a maximum score of 10 marks. Read it and the comments around it. The levels-based mark scheme is

shown on page vi.

‘The world’s poorer countries are least responsible for climate change and have most to lose because of it.” To

what extent do you agree with this statement? [10 marks]

The amount of greenhouse gases in Earth's atmosphere has been increasing ever

since the Industrial Revolution in Europe in the 1700s. Recently the concentration
passed 400 ppm. If the global temperature rise is not kept below 1.5°C, the predicted
impacts of sea-level rise and temperature and rainfall changes could be catastrophic for
countries everywhere and not just the poorest ones, as this essay will argue. (1)

The countries with the most to lose socially and economically include those
whose physical position makes them extremely vulnerable to the impacts of
climate change. This includes islands like the Maldives and low-lying countries
like Bangladesh, much of which is very close to sea level. Temperature rises are
predicted to be highest at high latitudes and this means there is high vulnerability
too for Inuit communities in the Arctic Circle (as sea ice melts, they lose their
hunting grounds). Finally, all countries with coastlines such as France, the UK, the
USA, China, Nigeria and South Africa are vulnerable to sea-level rise. (2)

It is true that many countries with coastlines and high vulnerability to climate change
are low- or middle-income countries. Historically, these nations have contributed less
to the anthropogenic carbon store in Earth's atmosphere than high-income European
and North American countries. The high-income countries had their Industrial
Revolution long ago. Factaries were fuelled by coal burning and these countries must
accept historic responsibility for much of the rise in atmospheric carbon dioxide over
the last 250 years. Therefore we can accept that the statement is broadly correct,
because countries like Tanzania, Jamaica and Vietnam - all of whom are threatened
by sea-level rises — have historically emitted relatively little greenhouse gas. (3)

1 This is a good, clear start,

which introduces the concept
of climate change and uses
evidence expertly. The basis of
an argument is also established.

This paragraph argues in favour
of the statement convincingly.
Each point is exemplified

with a named country, which
strengthens the case that is
being made.

Here there is strong place-based
knowledge of high-income
nations and the historical period
when their economies grew.
There is a strong focus on the
guestion that is being asked and
constant reference is made to the
idea of ‘responsibility’. This shows
that the answer should score well
for AO2 (applied knowledge).
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It is also true that many low-income countries that are
threatened by climate change have limited power to

do anything about it. They have less political influence
globally than high-income countries. Big TNCs are rarely
headqguartered in low-income countries and it is these
companies that will also have a great deal of power over
what will happen, including oil and gas companies. These
global giants are headquartered in the USA, Russia, the
UK and other high-income countries. (4)

However, it Is also true that some of the highest emissions
today come from middle-income countries. China is the
world’s largest polluter. India is increasing its emissions
because more coal is being burned. Indonesia and Brazil
are bath responsible for higher rates of deforestation.
This removes an important carbon sink from the climate
system. What happens in these countries will very much
determine whether or not GHG emissions cross the

500 ppm threshold, beyond which very severe impacts
occur. Therefore they do have some responsibility and
power over what will happen. (5)

4 By shifting the focus away from states to the companies

that are headquartered in those states, the answer
shows a good grasp of the concept of power. Larger
TNCs may have greater economic power than small,
low-income countries, and it is useful to link them to the
discussion. However, this paragraph does not feel as if

it focused sufficiently on ‘responsibility’. How could you
modify this paragraph in order to improve its focus?

Here, a counter-argument has been advanced. The

word ‘however’ has been used strategically to show

the reader that a second point of view is now being put
forward. This shows that the answer is well structured
and deserves AO4 credit. There is also strong knowledge
and understanding of emerging economies (they are
economically ‘poorer’ countries than high-income
European states, so this is a valid line of argument). A
very good point is also made about the scale and degree
of climate impacts. For this possibility to be avoided, all
countries must take some responsibility.

Furthermore, some high-income countries have a great deal to lose because 6 ‘Furthermore’is another good

of climate change. Water shortages in US cities like Phoenix and Las Vegas are
predicted to become severe. London’s Thames flood barrier could fail if sea-
level rises continue. Finally, the Inuit populations | mentioned earlier are often
the citizens of high-income countries like the USA and Scandinavian nations.

word to use when constructing
the counter-argument. Excellent
points are made here, too, that
invoke the geographic concept

Poorer communities are found at the local scale in high-income countries, which of scale.

complicates the argument further. (6)

In conclusion, the statement is only partially correct. While it is true that
high-income countries started the problem of anthropogenic climate change, many
low-income and middle income countries are now major polluters as well. Also, the
effects of climate change could be highly damaging for countries everywhere and

not just low-income ones. (7)

Examiner’'s comment

7 This style of essay question
requires a formal conclusion.
Although short, the conclusion
provided here does its job
adequately.

Overall, this is a very strong essay that should reach the highest mark band. It is a balanced, structured and well-evidenced
essay. Use is made of key geographic concepts. The writing is critical and reflective and thus meets the AO3 criteria.

Content mapping

You are now two-thirds of the way through the course and there is a large amount of material that can be drawn on to
help answer this essay. This answer has made use of case studies, concepts, theories and issues drawn from all of the first
six chapters of the book. Using the book’s contents page, try to map the content.




and security

3.1 Global trends in consumption

Global resource consumption

The concept of natural resources was introduced in Unit 1.1 in the context of
the study of population distribution. In the past, geographers were concerned
with the balance between (1) natural resources, (2) the number of people

on the planet and (3) the role of technology in ‘unlocking’ new resources
(thereby allowing more people to live off the land). According to that view,
the possibility of sustainable development (see Unit 3.3) was determined by
the interrelationship between population size, natural resource availability and
access to technology.

Now, it is widely recognized that a fourth element — consumption — must be
added to this equation (Figure 3.1). This is because different individuals and
societies consume resources in varying amounts and at contrasting rates,
Changes in one population’s lifestyle (as the country grows economically) can
have a greater impact on global levels of resource use than population growth in
a poor country might.

This chapter explores consumption patterns, trends and issues for three vitally
important and interrelated categories of natural resource: water, food and energy

(Table 3.1).

What natural Can
resources technology ‘unlock’
are there? new resources?

How much
does a typical
person consume?

How many people
are there?

Figure 3.1 It is important to factor in consumption when we study the
relationship between population, resources and sustainable development

Table 3.1 An overview of the importance of water, food and
energy resources

Water Food Energy

Keyword definitions
Sustainable development Meeting
the needs of the present without
compromising the ability of future
generations to meet their own
needs.

Consumption The level of use

a society makes of the resources
available to it. Economic
development and changing
lifestyles and aspirations usually
result in accelerated consumption
of resources.

Water security When all people,
at all times, have sustainable
access to adequate quantities

of acceptable-quality water for
sustaining livelihoods, wellbeing
and development.

Food security When all people, at
all times, have physical, social and
economic access to sufficient, safe
and nutritious food that meets their
dietary needs and food preferences
for an active and healthy life.

Energy security When all
people, at all times, enjoy the
uninterrupted availability of the
energy they require to meet their
needs, and at an affordable price.

Without sufficient food
intake, people suffer
undernourishment and, in

Water is essential for human
settlement and activity.
Where water resources are

Energy is vital for subsistence
societies: fuel is required
to keep people warm and

scarce, people have learned
to adapt to life with scarcity.
However, a series of changes
threaten local and global
water security including:
population growth; new
lifestyle pressures that

place greater demands

per capita on water
supplies; the appropriation
of some people’s water

by other societies in

an interconnected and
globalized world; and
climate change.

turn, undernutrition (which
can lead to a person being
underweight for their age
and deficient in vitamins and
minerals). About 800 million
people are undernourished
globally and the UN's Food
and Agriculture Organization
(FAOQ) is committed to
tackling this. However, by
2050, food demand may
double worldwide due to
changing lifestyles and
some population growth.
Food security may become
threatened.

cook food. The needs of
industrialized societies are
greater: additionally, people
require energy to light

their homes, power their
transport and manufacture
commodities they have
become dependent upon.
Experts predict a 40 per
cent increase in global
energy demand by 2040. To
safeguard global energy
security, over half a trillion
dollars of investment is
needed every year until then.
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Unit 3 Global resource consumption and security

Poverty reduction and the new
global middle class (NGMC)

One of the most remarkable feats in human history has been the lifting of one
billion people out of absolute poverty during the past couple of decades. Much of
the growth has taken place in Asia and Latin America. Over 800 million people
have been lifted out of poverty in China alone over a 40-year period, according to
the World Bank.

The World Bank is a hugely important source of information about extreme poverty
today and sets the International Poverty Line. This measure was revised in 2015: a
person is currently considered to live in extreme poverty if they are living on less
than USS1.90 per day. According to this measure, the proportion of people living

in extreme poverty worldwide fell from 43 per cent in 1981 to 9 per cent in 2019
(Figure 3.2). In 2019, the number of people in extreme poverty was estimated to have
fallen to 630 million by the World Bank. During 2020 and 2021, however, the figure

returned to 750 million on account of the Covid-19 pandemic’s economic impacts.

This means that 90 per cent of the world’s population lives above the extreme
poverty line. A growing number (around 2.5 billion in 2021) belong to the new
global middle class (NGMC): this means they earn or spend more than US$3,650
a year, or USS10 a day. A further 4 billion people belong to a poorer group called
the fragile middle class. They earn or spend between USS2 and USS$10 a day:
theirs is a precarious position and they might slide back into extreme poverty
easily, were an economic crisis or major natural disaster to occur where they live.
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Figure 3.2 The falling share of the world's population living in extreme
poverty (earning less than US$1.90 a day), 1981-2030 (projected)

2000 2010 2020 2030

m Global poverty reduction

Overall, the global economy has grown enormously since the mid-twentieth
century, and far faster than population (Figure 3.3). Global poverty has been
halved since the introduction of the Millennium Development Goals in 2000,
with the greatest progress made in Asia.

m  About one billion fewer people lived in conditions of extreme poverty in 2019
than in 1990.

m However, poverty remains widespread in sub-Saharan Africa and some parts of
southern Asia. The poverty rate in sub-Saharan Africa fell only 10 percentage
points over the same period.

B The World Bank estimates that the number of people in poverty (those who
are barely getting by on US$1.90 equivalent per day) rose by around 120
million between 2020 and 2021. Formerly part of the fragile middle class, their
incomes contracted during the Covid-19 pandemic.

m Climate change is predicted to drive another 70-130 million members of the
fragile middle class back below the poverty line by 2030, mainly in sub-Saharan
Africa and South Asia, unless urgent action is taken.

Keyword definitions

Extreme poverty When a

person’s income is too low for
basic human needs to be met,
potentially resulting in hunger and
homelessness.

New global middle class
(NGMC) Globally, the middle
class is defined as people with
discretionary income. They can
spend this on consumer goods
and, at the upper end, private
healthcare, holidays or even
cars. Precise definitions vary:
one classification is people with
an annual income of between
US$3,650 and US$36,500; an
alternative classification is people
earning more than US$10,000
annually.

Fragile middle class Globally,
there are 4 billion people who
have escaped extreme poverty

but have yet to join the so-called
NGMC. These are people who live
off US$2-10 per day and is broadly
similar to the idea of a ‘lower
middle’ class.

Millennium Development Goals

A set of interrelated global targets
for poverty reduction and human
development. They were introduced
in 2000 at the UN Millennium
Summit; their successor, the
Sustainable Development Goals,
followed in 2015.
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The reasons for these changes are complex but relate in part to globalization

and trade, in addition to work carried out by the United Nations and other
international agencies. Richard Freeman of Harvard University has attributed
some of the changes to a population dynamic he calls ‘the great doubling” The
global labour force doubled to 3 billion people when China, India and Eastern
European countries began to participate more fully in the world economy after a
series of political changes in the 1980s. Another theory is that emerging economies
have enjoyed the ‘trickle-down’ of scientific and medical know-how from Europe,
North America, Japan and South Korea. An alternate view is that some Global
South countries have finally begun to prosper in recent decades because of reduced
colonial and neo-colonial interference in their economic and political affairs.

In truth, there are many reasons for the broad ‘headline’ of global poverty
reduction, and poverty trends in different countries should be analysed on a case-
by-case basis. According to globalization critics, it may also be the case that the
‘success story’ of poverty reduction has been overstated. Figure 3.4 shows how data
can be used selectively to present a number of contrasting viewpoints on poverty
in the world today. Review the evidence and ask yourself: ‘Is the world becoming

more or less unequal?”.
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Figure 3.3 Comparing growth in world GDP and world population size,

1950-2020

The poverty rate in sub-Saharan
Africa fell by one-fifth to 40%
between 1990 and 2019; but
population growth has meant
the number of poor living here
has doubled, from 200 million
to about 400 million.

The richest eight people alive
in 2021 (all are men) hold
personal wealth equivalent to
that possessed by the poorest
half of humanity, numbering
almost 4 billion people

in total.

Around 100 million Indians
lived in US$1.90 poverty in
2020; yet 140 of the world's
billionaires were also Indian
citizens — including two of
the top 12 earners.

Poverty in East Asia fell from

809% of the population living
below US$1.90 a day in 1981
to 18% in 2005. Much of the
progress was in China, where
0.8 billion people have been
lifted out of extreme poverty.

Global GDP — US$8S5 trillion
in 2020 — is shared unevenly
between rich and poor
countries. It is also shared
unevenly among rich and
poor people within different
countries.

The world's richest nations

are also home to 100 million
people who live below these
countries’ offidal poverty lines,
including 37 million US
ditizens (in 2021, according to
the US's own poverty measure).

Of the billion people
worldwide who have escaped
US$1.90 a day absclute
poverty since the 1980s, most
would still be deemed as being
very poor by the standards

of most high-income countries.
750 million people live on
less than US$1.90 a day (the
World Bank extreme poverty
measure); and 4 billion
people get by on just

US$2-10 a day (purchasing
power equivalent).

Between 2015 and 2019 the
number of people in extreme
poverty fell from 750 to 630
million. But during the
Covid-19 pandemic the figure
rose back to 750 million.

Figure 3.4 Analysing evidence of poverty and inequality at different scales
(where not stated, data are 2020 values)

Keyword definition
Neo-colonial A term originally
used to characterize the indirect
actions by which developed
countries exercise a degree of
control over the development

of their former colonies (more
recently, it has become widely
used to describe some of China's
overseas activities too). Indicators
of neo-colonial control include
conditions attached to aid and
loans, cultural influence and
military or economic support
(either overt or covert) for
particular political groups or
movements within a country.
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B ‘The rich get richer while the poor get poorer’

Some critics of globalization claim that ‘the rich get richer while the poor

get poorer’. How can this assertion be reconciled with the World Bank’s

headline news about successful global poverty reduction! The answer lies in

an analysis of relative differences in wealth. In 2017, Oxfam calculated that:

m the richest 1 per cent of the world's population has seen its share of global
wealth increase from 44 per cent in 2009 to 99 per cent by 2016

m the richest eight billionaires possess the same wealth as the poorest half of
humanity — that is around 4 hillion people! By this measure, the world has
never been a less equal place.

Data like these suggest an ‘explosion in inequality’ at a time when nearly one
billion people still live on less than US$1.90 per day. This indicates that wealth
gap extremities (the range of values between the world’s very richest and poorest
people and countries) have increased.

The already-rich do take a disproportionately large share of each year's new
economic growth. This is because they are in the best position to invest their
existing capital in new opportunities, such as property in world cities like
London or Beijing. Property prices tripled in value between 2005 and 2015. In
contrast, the majority of ordinary people’s wealth and incomes have grown more
slowly over time because they have fewer financial assets to invest in wealth-
making purchases.

All of this means that as extreme poverty has fallen, the number of people
living in relative poverty has risen in many societies. When the assets and
earnings of the hyper-rich balloon in value, the average (per capita) level

of wealth rises. As a result, some poorer people — whose earnings are static
or have risen modestly — are reclassified as having below-average earnings
despite the fact that they have experienced no actual decline in income. To
summarize, ‘the rich get richer while the very poorest do not’ is perhaps a
more accurate view of what has happened in many parts of the world.

M The new global middle class

Figure 3.5 is a geographical representation of the world’s population in 1988 and
2011, and the spread of incomes in different countries and regions. As you can see,
total world population grew significantly (by around 2 billion); sub-Saharan Africa
experienced the largest proportional rise in numbers. The diagram also shows the
changing distribution of wealth within China, India and other groups of countries
during the 1990s and early 2000s (two key decades during which the world's
economic and geopolitical make-up changed greatly):
B The modal (most common) income has increased in most countries and regions.
B The number and proportion of people with a middle-class income of US$3,650
or greater also rose.

B Investigating the NGMC

Historically, the phrase ‘middle class’ came to describe a socio-economic

group sandwiched between the workers (or ‘working class’) and the ‘upper’
class in European countries. Today, the idea of a ‘global middle class’ is used

to describe a growing mass of people who no longer experience the absolute
poverty still endured by almost one billion people globally. However, they have
not yet achieved the affluent lifestyles of the middle classes in high-income
countries.

Opinions vary on what exactly defines this ‘middle class’ Essentially it means
those who are left with disposable income after essentials (shelter, heating, food)
have all been paid for. At the lower end of the middle-class income range, this
might include someone who can afford to buy a non-essential t-shirt or pair of
sneakers. At the upper end of the income range, it means having enough money
to buy a fridge, air-conditioning system or even a cheap car.

PPPPSS CONCEPTS

Geographies of power and money
are closely linked. But always
remember the very important
difference between wealth (what
you own) and income (what you
earn) when you are analysing
patterns of inequality and the
geography of rich and ‘poor’
countries or people.

Keyword definition

Relative poverty When a person’s
income is too low to maintain

the average standard of living in a
particular society. Asset growth for
very rich people can lead to more
people being in relative poverty.
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Figure 3.5 Changes in global income distribution 1988-2011 suggest a rising modal income in many places and a
growing proportion of middle-class earners. This was a key period of global transformation which included the
‘'emergence’ of the so-called BRICS economies (Brazil, Russia, India, China and South Africa) and MINT countries
(Mexico, Indonesia, Nigeria and Turkey) (Data source: World Bank)
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B By one estimate there are currently 2.5 billion people in the NGMC (Figure 3.6),
but this will grow to more than 3 billion by 2030 as more of the fragile middle
class see their incomes rise.

B Asiais almost entirely responsible for this growth: its middle class was
estimated to number 1.7 billion in 2020. By 2030, Asia will be the home of
3 hillion middle-class people (10 times more than North America).

m There is also substantial middle-class growth in other emerging economies
(Table 3.2). The middle class in Latin America is expected to grow from
180 million to 310 million by 2030, led by Brazil. In Africa and the Middle
East, it is projected to more than double, from 140 million to 340 million.
The Covid-19 pandemic has meant that projections such as these are
becoming less reliable, however.

Remember that estimating a country or population’s income or spending is not
easy (see Unit 1.1, page 6, for an account of the difficulties of calculating GDP
data accurately). Different countries use different currencies. Also, money goes
further in some places than others. Income figures for different countries are
therefore adjusted — sometimes crudely — to take into account purchasing power
parity (PPP). For example, the average income in China was roughly US$13,000
in 2022 but this becomes US$20,000 when adjusted for PPP. It is therefore
important to remember that some data used to report the NGMC phenomenon
may not be entirely accurate or trustworthy.

4500 A
‘New global middle class’ of around 2.5 billion people
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Figure 3.6 Estimated proportions of world population in different income
brackets, 2021 (Data sources: World Bank and Pew Research Centre)

Table 3.2 Emerging economies and their growing middle class, 2022
(Data source: Pew Research Centre)

Population
Country (millions), 2022 Selected data

Indonesia 278 The middle class of people earning more than US$10 a day is predicted to grow from 52 million in 2020 to
135 million by 2030.

Mexico 131 70 per cent are middle class or high earners, each spending on average US$9,000 annually (Mexico is the
USA’s second-largest export market). Average wage was US$2.70 an hour in 2020.

India 1402 Around 100 million Indians were middle class in 2019, around 1 in 14 people. This was expected to rise to
300 million by 2025. However, the number actually shrank to 70 million during the pandemic - and it will
now take longer for India’s middle class to grow.

China 1440 Estimates of China's middle class varied from 600 million (50 per cent) to 800 million (67 per cent) in
2021. In either case, China is certainly the world's largest market for consumer items like phones and TVs.

Brazil 215 The size of the middle class grew from 31 per cent of the population in 2000 to 47 per cent in 2012. Many
are high earners of more than U$$20,000 a year.

Total 3.5 billion
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Trends in resource consumption

Poverty reduction and the growth of the NGMC have led to a reappraisal of

(1) what a ‘typical’ ecological footprint will look like by mid-century, and

(2) the implications for future water, food and energy security. Based on the
present global average consumption of plant energy (as a direct food source, or
used indirectly for animal feed or other purposes), Earth’s carrying capacity, by
some estimates, stands at 11 billion people. But if average consumption were to
rise by 50%, then the population carrying capacity of Earth falls to just 7.5 billion.

® Renewable and non-renewable resource
consumption

Some natural resources are renewable, including sustainably managed
cropland and forest, wind power and solar energy. Others are non-
renewable, including minerals and fossil fuels. The rate at which both
renewable and non-renewable resources are used can have implications for
future generations.

B Most water supplies and the biomass that provides food are renewable,
provided safeguarding principles are applied to their management. For
instance, hunting and fishing quotas need to be used sometimes to prevent the
permanent loss of certain animal and fish populations.

m Overfishing can leave insufficient fish in the sea to reproduce the next
generation. The worst-case scenario is a complete fish stock collapse. For
example, the collapse of the Newfoundland Grand Banks cod fishery
in Canada in 1992 led to the loss of one of the world's most productive
fishing grounds. The fishing industry, government and consumers
collectively managed the ecosystem unsustainably. They increased
their catch of fish (a system output) far more quickly than the natural
replacement rate of young fish being born (a system input). A system
threshold was eventually crossed, which led to the collapse of the entire
fish stock. It has never recovered.

B Water sources like aquifers and inland lakes can be mismanaged
similarly. The inland Aral Sea has all but vanished. More than any
other water body in the world, it has come to epitomize the devastating
economic and ecological effects of excessive demands placed upon
freshwater stores.

B Non-renewable resources, including minerals and fossil fuels, exist only in
finite amounts. The best that can be hoped for is that (1) we can slow down
the flow from these stocks, or (2) a technological ‘fix’ will allow new reserves
to be discovered or recovered.

Population growth and rising affluence combine to make it harder than ever

to conserve the use of renewable resources (thereby avoiding a ‘tipping point’
from being reached, beyond which those resources may no longer be available).
Population and development growth processes also make it more likely that the
moment of peak oil will arrive soon. However, another point of view is that rising
demand for resources — often accompanied by rising prices for commodities —
stimulates research for alterative supplies and sources of water, food and energy.
This theme is returned to in Unit 3.3.

Keyword definitions

Ecological footprint A crude
measurement of the area of land or
water required to provide a person
(or society) with the energy, food
and resources needed to live, and
to also absorb waste (Figure 3.7).

Carrying capacity The maximum
number of people an area of land
can support with current levels of
technology.

Renewable resources Natural
resources that are replenished by
the environment over relatively
short periods of time. Forestry is
a renewable resource: regrowth
occurs after wood has been cut
provided the rate of use does not
exceed the forest’s capacity to
regenerate naturally.

Non-renewable resources Mineral
and fossil fuel resources that are
available only in limited supplies.
Fossil fuels were created as the
remains of marine creatures
decayed millions of years ago,
under huge amounts of pressure
and heat. They cannot be

replaced easily.

Peak oil The point when the
maximum rate of global oil
production is reached (likely to be

before 2030).
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ECOLOGICAL FOOTPRINT ANALYSIS

Researchers look at how much land, sea and other natural resources are used to produce what people consume. They also
consider how much land is needed to dispose of an individual’s or society’s waste. The Global Footprint Network (GFN)
otganization has been attempting the tricky business of measuring ecological footprints since 2003 using the framework
shown in this illustration.

Y

Carbon pr %ﬁj"“‘,,?

Represents the amount of forest land that could 5 &'m Hyig ﬁ_i-‘-*if_.ﬂ-&'&h
sequester CO; emissions from the burning of &' ""‘..Ls ) o
fossil fuels, excluding the fraction absorbed by 00" .
the oceans, which leads to acidification. a

Grazing land

Represents the amount of grazing land
used to raise livestock for meat, dairy,
hide and wool products.

Cropland

Represents the amount of
cropland used to grow crops
for food and fibre for human
consumption as well as for
animal feed, oil crops and
rubber.

Forest
Represents the amount of forest required to
supply timber products, pulp and fuel wood.

Fishing grounds

Calculated from the estimated primary
production required to support the fish
and seafood caught, based on catch
data for marine and freshwater species.

Built-up land

Represents the amount of land covered by human
infrastructure, including transportation, housing,
industrial structures and reservoirs for hydropower.

Ecological footprints are studied and calculated at the individual, national and global scale:

Individual e Measured by energy consumption, today's average individual US citizen has a per capita ecological footprint 20
times larger than a person living in the pre-industrial 1700s.
@ Inother words, the same area of land that supports 10 US individuals with high-impact lifestyles today could
support 200 low-impact lifestyles.
e If world population stabilizes at 9 billion around 2050 — and economic development eventually grants the majority
of these people an 'American’ living standard — this becomes equivalent to 180 billion ‘pre-industrial’ individuals, in
terms of energy consumption.

National e Chinais a state whose ecological footprint has expanded in size greatly.
Since China opened itself up to foreign investment in 1978, GDP has risen by a staggering 12,000 per cent. Rising
wages have fuelled consumption of branded goods in shiny new shopping malls.
® Since 1970, China’s total ecological footprint has doubled in size and is now the largest in the world (the per capita,
or individual, ecological footprint of Chinese citizens is half that of US citizens, however).
Global e Since around 1970, the world has been in a state of 'ecological overshoot’. Earth's total biocapacity is 12 billion

hectares (1.8 hectares per person) while humanity's ecological footprint in 2020 was around 18 billion hectares
(2.7 hectares per person).

e In other words, we are using the equivalent of 1.7 Earths to support our consumption (2020 estimate). If we maintain
our current lifestyle and consumption patterns, by 2030 we will need more than two Earths.

Figure 3.7 The ecological footprint concept
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Patterns and trends in global
water consumption

Water is the most fundamental human need; as we have seen, only 3 per

cent of the world’s water is non-saline and much of this is locked in ice

(see page 53). With world population increasing in size and wealth, water

consumption is rising. Growing demand for water comes from a mixture of

urban consumers, agricultural producers, industry and hydropower dams

(Table 3.3). Figure 3.8 shows that total freshwater withdrawals are predicted

to increase by 2025 in all regions of the world.

B In 1900, total freshwater use was just under 600 cubic kilometres; by 1950
it had more than doubled.

m Total demand for water is projected to exceed 5,000 cubic kilometres

by 2025.
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Figure 3.8 Patterns and trends of annual freshwater withdrawals by
region, 1995 and 2025 (projected)

Table 3.3 Causes and symptoms of increased global water consumption

Agriculture,
food and
drink
production

Crop cultivation, crop processing, food distribution (and even the final
recycling phase for food and drink packaging) all require water.
Agriculturally driven water stress is especially evident in the Indus river
basin, which is home to the world’s largest irrigation system. Irrigation
accounts for over 90 per cent of water withdrawn from available sources for
use in many semi-arid regions of the developing world.

At the Ogallala Aquifer, which stretches from Texas to South Dakota, the
water level is dropping by 90-150 cm per year. This decrease will threaten
one third of irrigated agriculture in the USA within the next 40180 years,
with potentially huge impacts on grain supplies and prices.

Industry

After agriculture, industry is the second largest user of water.

Emerging economy growth since the 1980s has increased the amount

of industrial activity worldwide. According to World Trade Organization
statistics, the value of world merchandise exports rose from US$2 trillion
in 1980 to USS$19 trillion in 2019, which gives some idea of the extra
pressure placed on water supplies in recent decades.

Household
water
consumption

Poverty reduction and NGMC growth increases water consumption
globally: more people than ever before expect to have unlimited access
to safe water for drinking, bathing, showering and domestic appliances
(washing machines); sanitation and sewerage systems also place a
heavy demand on water supplies.

Worldwide, 3 billion people lacked safe running water at home in 2020
(those in poverty and half of the ‘fragile middle’). However, as poverty
alleviation increases further, more of this 3 billion are expected to make
the transition to greater affluence (with the expectation of clean fresh
tap water 24 hours a day, 7 days a week). This inevitably means more
water consumption in many parts of the world where there are already
water shortages, including North Africa and the Middle East.
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® Consumption of embedded water

The term embedded water describes the volume of water required to produce a
crop, product or service (and which then becomes part of its ‘water footprint’).
For example:

B A can of cola contains 0.35 litres of water, yet it requires an average of
200 litres to grow and process the sugar contained in that can.

m It takes 2,900 litres to ‘grow’ a cotton shirt and 8,000 litres to produce a pair
of leather shoes; that is, the amount of water required to grow feed, support
and process that fraction of a cow that makes just one pair of leather shoes.

As a result of embedded water, the average European requires 4,600 litres of water
to sustain their lifestyle on a daily basis. That number exceeds greatly the number
of litres needed for bathing, hygiene, drinking and cooking. This is because

the calculation takes into account all of the water used to grow crops and raise
animals over their lifetime to provide the meat and dairy products many people
eat each day. Factor in the additional water used by power stations and industrial
processes and you will begin to see how our use of embedded water greatly
enlarges the size of each person’s individual ‘water footprint’.

Figure 3.9 is a representation of net embedded water flows between world regions.
Each ribbon in the circle shows the net balance (for example, there is a net
transfer of 77 billion tonnes of water from South America to Europe once all trade
between the two regions has been analysed). This includes embedded water in
coffee exported from Brazil to the Netherlands, for example.

AFRIC4

AUSTRALIA
OCEANIA
Figure 3.9 Estimated annual embedded water flows between (and in some
cases within) world regions. Numbers indicate the volume of water in
cubic kilometres

Different diets have very different water demands; as a result, people in high-income
countries consume much greater volumes of embedded water than individuals in
low-income countries. A meat and dairy diet uses many more litres of embedded
water per day than a vegetarian diet. This is because crops that could be directly
consumed by humans are eaten by animals which themselves require additional
water to meet their hydration and respiration needs (the interrelations between food

Keyword definition

Embedded water A measure

of the amount of water used in
the production and transport to
market of food and commodities
(also known as the amount of
‘virtual water’ or ‘water footprint’
attached to a product). Embedded
water may include the use of local
water resources and the use of
water resources in distant places.

PPPPSS CONCEPTS

Think about the importance of

the key geographical concept of
spatial interactions for the study
of global water consumption. Many
places in the world rely on water
from other places at varying scales.
Some parts of a country draw their
drinking supplies from another

part of that country. They also eat
imported food and goods from other
countries, which have high levels of
embedded water.
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and water security are returned to in the next chapter). ‘Luxury’ drinks also have a
high embedded water value. Table 3.4 shows the amount of water required to grow
crops and complete the manufacturing process for some common beverages.

Table 3.4 Water needed to produce one litre of beverage (litres)

Apple Orange Bottled
Coffee Wine juice juice Beer Tea water
1,100 960 950 840 300 130 5

Patterns and trends in global
food consumption

With world population size growing by around 80 million a year, there are always
more mouths to feed. By mid-century, there will be 9 billion people: far more food
will be required than today. The productivity problem is compounded further by
the nutrition transition to a meat and dairy diet which is taking place among
the NGMC in emerging economies, along with a continued rise in per capita
consumption of meat in high-income countries.

Figure 3.10 shows the global pattern of food consumption measured by daily
calorie consumption per person.
B The relatively low values in much of Africa and parts of Asia, including India,

reflect the fact that many people living in these regions still rely on a relatively

basic vegetarian carbohydrate diet (such as rice).

B The higher values seen elsewhere show how traditional diets (often low in
meat and high in vegetables) are giving way to more meat and ‘fast food’
among the emerging middle class. During the 1990s, China’s annual meat
consumption per capita increased ten-fold from 5 to 50 kilograms. In Brazil,
the figure rose from 30 to 80 kilograms.

B With greater disposable income, the rising global middle class also generates
higher demand for imported products like European cheese and cured meats,
South American avocados and coffee. As a result of dietary changes, diabetes
and obesity are on the rise in many emerging economies.

m Figure 3.11 shows projected growth in middle-class spending worldwide by
2030: this gives some indication of world regions where meat, dairy and luxury
food consumption is expected to rise even further.

Key
calorie/capita/day

|:| No data

[ ]1,700-2,299
[ 12,300-2,899
B 2,900-3,900

Figure 3.10 The global distribution of daily calorie intake per person, 2018
(Source: FAQ)

Keyword definition
Nutrition transition A change
in diet from staple carbohydrates
towards meat and fish proteins
and dairy products. This happens
typically when incomes rise from

US$2 a day to USS$I10 a day.

)|
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Sub-Saharan Africa

Middle-class consumer spending
Outer ring: 2030 in trillions, USD (projected)
Inner ring: 2009 in trillions, USD
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Figure 3.11 The growth of global middle-class spending by 2030 (with
implications for food consumption)

B Geographic implications of the NGMC’s

nutrient transition

The global pattern of daily calorie intake is only part of the picture of the
increased pressure that rising affluence places on food production systems.
The pressure is intensified even further by the inefficient way food chains

operate:

® Animals use up a lot of converted biomass energy roaming around,
defecating and respiring.

m Beef cattle eat about 8 kilograms of grain or meal for every kilogram of
meat they produce.

m Cartle rearing therefore places excessive and wasteful demands on
grain (and water) supplies that could be used to provide for human
populations directly.

m Fewer grains and cereals are left to be sold as food on global markets

if large volumes are being used as inputs for wasteful cattle farming
systems.

Dietary and lifestyle changes have further implications for agricultural
production systems and the species they rely on:

Livestock farming has become the new focus of Asian agriculture,
bringing with it a steep rise in emissions of methane, a powerful
greenhouse gas. This contributes to climate change, which may affect
crop vields negatively in some parts of the world (see pages 63-64).
Rising affluence also puts pressure on particular plant and animal
species if their use or consumption is linked culturally with social
prestige. Southeast Asia is being stripped of Siamese rosewood as

a result of the ability of China'’s emerging middle class to purchase
sought-after hardwood furniture that used to be out of their price
range. Shark fin soup is an important but expensive dish traditionally
consumed at Chinese weddings by those who can afford it. As incomes
have risen, the number of sharks killed worldwide to meet growing
demand has doubled. Unless action is taken, stocks of these and other
renewable plant and animal resources may eventually collapse altogether.

PPPPSS CONCEPTS

Think about the varied ways in which
animal farming has impacts on
physical systems and processes at
different scales.
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Patterns and trends in global
energy consumption

Every country meets its growing energy needs in a particular way, known as its
energy mix. Figure 3.12 shows global trends in energy use. Total consumption has
soared upwards, especially since the 1940s; you can also observe the individual
trends for different types of energy. Total energy consumption can be measured in
(1) kilograms or tonnes of oil equivalent per year, (2) gigajoules (or exajoules) per
year or (3) megawatt hours per year.

Keyword definition

Energy mix The proportions of
hydrocarbons, renewable energy
sources and nuclear energy

that a country uses to meet its

18,000 - domestic needs.
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Figure 3.12 Global energy use 1950-2050 (projected) (Source: BP Statistical
Review of World Energy 2015)

Total energy demand is predicted to grow by around 40 per cent between 2000

and 2030 (Figure 3.12). This is on account of the continued rising energy use of

the NGMC, and projected energy demands for the half of the fragile middle class

who are poised to join the NGMC by becoming ‘powered up’ before 2030.

B Nearly 3 billion people worldwide still use wood for fuel, filling their homes
with life-shortening smoke.

B Two-thirds of them could begin making use of electricity supplies in the near
future, ending their reliance on traditional biofuel.

B Energy mix patterns

Three main types of energy are used to produce electricity and generate heat.
They are (1) hydrocarbons, (2) nuclear power and (3) renewable sources of modern
energy. Table 3.5 provides a brief profile for each of these.

Table 3.5 Profiles of the three main types of energy source used globally

Hydrocarbons Hydrocarbon fuels contain carbon and hydrogen. During combustion, hydrogen is oxidized to produce water and carbon
(non- dioxide. Hydrocarbon fuels include:
renewable e ‘conventional’ oil and gas supplies found underground
fossil fuels) coal {a combustible sedimentary rock, and the 'dirtiest’ of all hydrocarbons in terms of carbon emissions)
e 'unconventional’ oil and gas supplies including shale gas, which is found trapped in sedimentary rocks thousands of
metres underground. Shale gas is released by injecting a high-pressure mixture of water, sand and chemicals into
the rocks. This process is called hydraulic fracturing — or ‘fracking’ (Figure 3.13).

Renewable Renewable energy sources result from the flow of energy from the Sun or Earth’s interior. They include:
energy @ wind turbines (this is a variable power source, however, due to changing weather)
sources

e solar power (this can be converted into electricity using photovoltaic cells, or converted into heat energy, for
example, using mirrors; like wind power, its efficiency is subject to the weather)

wave and tidal power (energy harnessed directly from the power of moving water)
hydroelectric power, or hydropower (often involving multipurpose dam schemes)
e geothermal (heat from within Earth; associated with tectonic plate margins, for example, Iceland).
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Nuclear Nuclear fission power provides around 15 per cent of global energy but its future share remains in question after the
power (fission meltdown at Japan's Fukushima Daiichi nuclear power plant in 2011.

and fusion) e There are more than 440 nuclear plants around the world; 60 more are under construction and around another 400
are in the early planning stages or have been proposed (2022 figures).

e In 2019, four countries made up 70 per cent of global uranium production for nuclear power: Kazakhstan (the largest),
Namibia, Canada and Australia.

Nuclear power stations do not emit carbon dioxide but there are significant environmental concerns about the
radioactive uranium fuel and the long-term problem of disposing of nuclear waste.

A growing number of governments and businesses are investing in an emerging technology called nuclear fusion.
Unlike nuclear fission when atoms are split, nuclear fusion does not produce significant radioactive waste and could
never result in a nuclear accident, such as Fukushima or Chernobyl. Some scientists expect to see nuclear fusion in the
global energy mix by the 2040s.

Sand holds fissures The fracking process
open so gas can Wwell triggers tiny explosions
escape that shatter and crack

the hard shale rocks to
Ground surface release the methane gas
inside, causing it to flow
Gas flows | 51t to the head of the

out well.
Water, sand and
chemical agents n The process is carried out
pumped down vertically or, more
into shale layers commonly, by drilling
Fissures horizontally to the rock
|' / layer. The process can

create new pathways to
Shale release gas or can be
used to extend existing
channels.

Hydraulic fracturing
or ‘fracking’ |_

Figure 3.13 How hydraulic fracturing (or "fracking’) captures shale gas

An individual country’s energy mix pattern is determined by a number of factors.

m Physical factors Physical geography determines whether coal or oil is found
within a country’s borders. Renewable energy opportunities depend on factors
such as sunlight intensity, wind speeds, tidal water and deep glacial valleys
(for hydropower). Table 3.6 shows how physical geography has favoured some
countries with large shale gas reserves.

m Enwironmental concerns Worries about climate change have led to a growing
number of global commitments to do more to reduce carbon emissions (see
page 72). As we have seen, the Paris Agreement asks for countries that have
ratified it to produce regular reports on their emissions and attempts to reduce
carbon emissions (which may involve phasing out the use of coal).

m  Public perception After the nuclear power disaster in Japan in 2011, many countries
turned their backs on nuclear power temporarily or permanently. Germany and
Switzerland have both announced that they will phase out nuclear power entirely.

m Economic and political factors The rise and fall of oil and gas prices in recent
years have had knock-on effects for the profitability of renewable energy.
Meanwhile, nuclear power is more clearly back on the agenda for some
European countries, including the UK, owing to fears of becoming dependent
on Russia for gas supplies (since the annexation of Crimea in 2014, European
governments have been less keen to do business with Russia). Soaring gas
prices during the second year of the pandemic in 2021 provided renewed
impetus for governments to develop alternative renewable or nuclear power
sources (France announced it would build as many as 14 new fission reactors
by 2050 in order to end the country’s reliance on fossil fuels).

B Access to technology Renewable energy production has decreased in cost
considerably in recent years, thanks to constant innovation. In some parts of
the world, the costs of solar power production now compete with the costs of
fossil fuel extraction and use. In the future, renewables are likely to be used far

gests.

more widely as costs fall further still, as Figure 3.12 sugg



3.1 Global trends in consumption

Figure 3.14 shows the global pattern of energy use for coal between 2000 and 2021.
Despite its high carbon emissions, coal use soared upwards in the early years of the
twenty-first century, especially in Asia. What does this suggest about the relative
power of the factors driving energy choices in Asial You can see that consumption
of coal peaked in 2013 and has fallen slightly (though unevenly) since then. To
what extent might this suggest that the world could be starting to turn its back on
polluting coal in favour of renewable energy sources or cheap gas!
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Figure 3.14 Global patterns and trends in coal consumption, 2000-21 (Source: International Energy Agency)

Table 3.6 Selected states with large shale gas reserves (technically
recoverable resources)

Technically recoverable shale gas resources (trillion cubic metres)

Country Reserves Country Reserves
Algeria 20 China 32
Argentina 23 Mexico 15
Australia 12 Russia 8

Brazil 7 South Africa "

Canada 16 United States 19

Total recoverable global shale gas resources: 163 trillion cubic metres

B CHAPTER SUMMARY

KNOWLEDGE CHECKLIST:

= The concept of consumption The nutrition transition in middle-income countries

m Global progress towards poverty reduction = An overview of global food consumption patterns

= The rise of the new global middle class (NGMC) and and trends
the fragile middle class m The changing importance of hydrocarbons, nuclear

= The ecological footprint concept power and modern renewables

= Global consumption of renewable and EVALUATION, SYNTHESIS AND SKILLS (ESK)
non-renewable resources SUMMARY:

= An overview of global water consumption patterns = How resource consumption in different local contexts
and trends depends on spatial interactions with other places

= The concept of embedded water = How population growth, poverty reduction and resource

= An overview of global food consumption patterns pressures are interrelated

and trends
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EXAM FOCUS
DESCRIBING PATTERNS AND TRENDS

As the Exam Focus at the end of Unit 1.1 explained, your course may require you to apply what you have learned to stimulus
material, such as a map or chart. Each structured question in Section A of your examination begins in this way. Below is a
sample answer for an exam-style short-answer guestion using the command word ‘describe’. Read it and the accompanying
comments.

Study Figure 3.14 (page 95). Describe how the trends shown vary for (i) Asia (ii) European Union and North America.
[2 + 2 marks]

(i) Since 2000, consumption of coal in Asia has risen steeply, especially after around 2002. Consumption has more than
doubled from roughly 2,000 million tonnes to nearly 5,000 million tonnes.

(ii) Consumption has fallen in Europe and America, with most of the decline occurring since 2014 and especially in 2020.
Their combined figure has declined from about 1,500 million to 1,000 million tonnes.

Examiner’s comment

Both answers here are concise and well-written. The main trends are identified. Key time periods are highlighted. Data are
used to support the answer (this is also called ‘quantifying” your answer). The phrase ‘more than doubled’ is a very useful
one to employ (because it emphasizes the significance of the change). Full marks would be awarded here. As practice, write
your own description of changes in each of the other regions shown in the Figure.

DEVELOP THE DETAIL

Below is a sample AO2 short-answer question, and an answer to this question. The answer contains a basic point and an
explanatory link back to the question, but lacks any development or exemplification. Without this, full marks are unlikely
to be awarded. Write out the two basic reasons that have been given below, and then improve them by adding your own
development or exemplification.

Using Figure 3.14, explain two reasons why coal consumption is very low in some parts of the world. [2 + 2 marks]
(i) Coal consumption is low in some countries where people cannot afford to buy coal.

(ii) Coal found in some countries does not get consumed there. This may be because someone else is using it instead.

How to ‘max out’ your marks

4 marks (2 + 2) are available here. The example answer provided might only score 1 mark (0 + 1) as it is does not reach
the standard required. Hopefully, the details you have added have resulted in a much better answer. Ideally, you will have
written in far more detail about poverty in specific countries as part of your answer. The second point the student has
provided could be developed into a strong answer focused on historical and ongoing injustices (for example, coal reserves
in African nations have been exploited by foreign companies who have mined coal cheaply to power electricity production
in other countries). As a rule, use of real place names and factual evidence increases greatly your chance of being awarded
extension marks in a question like this.

3.2 Impacts of changing trends in
resource consumption — the
Water-Food-Energy nexus

As we saw in Unit 3.1, global projections indicate that demand for freshwater,
energy and food will all increase significantly over the coming decades under the
twin pressures of population growth and economic development (including the
growth of the new global middle class, and their nutrition transition). In Unit 2.2
we reviewed the projected effects of global climate change on water availability
and crop vyields: in some places water and food production will become harder
irrespective of economic and demographic processes.
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In recent years, the concept of a Water-Food-Energy nexus (WFE nexus) has o

emerged as a useful way to analyse the complex, mounting and interrelated Keyword definition

pressures on our three main global resource systems. Water-Food-Energy nexus (WFE

B According to the United Nations Food and Agriculture Organization (FAQ), nexus) The complex and dynamic
the WFE nexus ‘presents a conceptual approach to better understand and interrelationships between
systermnatically analyse the interactions between the natural environment and water, energy and food resource
human activities, and to work towards a more coordinated management and systems. Understanding these
use of natural resources across sectors and scales’ interrelationships is essential if

B According to the UK’s Royal Geographical Society (with Institute of British natural resources are to be used
Geographers): ‘Nexus thinking draws attention to the urgent need to address and managed more sustainably.

the interconnected challenges of food, water and energy security, through
integrated research that spans the social and environmental sciences, in ways
that go beyond separate disciplinary, sectoral and policy silos.

Figure 3.15 shows the WFE nexus: you will already recognize some of the ways in
which issues affecting these three crucial natural resources are interconnected or
interrelated. This chapter now explores these interactions in greater depth.

* 'Fracking’ for shale gas is a
water-intensive process

* Dam building for hydroelectric
power reduces river flow
for some places

Water

Energy

Water-Food-
Water Energy nexus Energy

* Crop production uses * Biofuel production and wind
large amounts of turbines reduce the land
‘embedded’ water available for growing food

» Pollution from oil and coal
Foo production can ruin farmland

» \Water used for drinking
supplies leaves less Food
for agriculture

Figure 3.15 The Water-Food-Energy nexus

Nexus interactions and connections

Figure 3.16 shows more of the complex interactions that require ‘nexus thinking’
to be applied to the national management of:

B water insecurity resulting from food and energy production

B food insecurity resulting from water and energy production

B energy insecurity resulting from food and water production.
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* Agriculture accounts for 70 per cent of total global
freshwater withdrawals, making it the largest user of water
(Figure 3.17). Meat and dairy diets compound matters:
producing 1 kg of potatoes requires 500 litres of water;

1 kg of beef requires 15,000 litres.

* 35 per cent of water used globally by the industrial sector is
needed for mining, transport, processing or energy-related
industries. Growth is expected in all of these sectors.

 Exploitation of domestic shale gas is seen as an important
way to reduce energy security concerns by freeing sovereign
states of dependency on energy imports. However, shale
gas wells use vast quantities of freshwater. Estimates vary,
but a typical US well uses an average of between 5 million
and 8 million gallons of water. This is equivalent to a week
of water use for New York City. Also, chemicals used in
fracking fluids may pose health risks. In Bradford County,
Pennsylvania, a major shale gas-producing area of the USA,
local people assert they have been poisoned and have lost
access to safe water.

* The Guarani Aquifer underlies 1.2 million square kilometres
of land shared by Brazil, Argentina, Paraguay and Uruguay.
Pollution from cattle rearing enters the hydrological system
and threatens the supply of safe water in multiple states.

 Large-scale water hydropower infrastructure projects
can have positive nexus impacts by providing water
storage for irrigation and urban uses. However, this
might happen at the expense of downstream
water users who suffer from reduced river flow.

» Some of the world's key agricultural centres are
threatened by water scarcity. Based on their
population density, vulnerable regions include: eastern
parts of North America, central parts of Europe,
Northern Asia, India, Southeast Asia, Japan and the
Middle East.

« Some megacities that many people have migrated to
are located in areas of water stress. The water
requirement of many of the world's growing cities,
such as Mexico City, Cairo and Los Angeles, exhaust
available supplies for local agriculture.

* World production of biofuels is rising rapidly. The
Earth Policy Institute estimates that land turned over to
biofuels in the USA in one two-year period could have
been used to produce grain for 250 million people.

¢ In Indonesia, huge areas of land have been taken over
for palm il production to produce ethanol (a biofuel).
In addition to energy production, the TNCs who buy
Indonesian palm oil, such as Unilever, use it in the
manufacturing of a range of commercial food
products.

* Marine pollution from oil spills can harm fish stocks

resulting in food insecurity. The worst impacts are

for low-income communities who are reliant on
fish for subsistence needs. For example, in
2022, a leak from Ecuador’s heavy crude oil
contaminated water supplies in the
Cayambe Coca National Park which
impacted indigenous Kichwa communities.
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¢ The food production and supply chain currently consumes about 30 per cent of total energy consumed globally according to the
FAQ. Energy is required to produce, transport and distribute food as well as to extract, pump, lift, collect, transport and treat
water. The predicted growth in food production to meet rising consumption demands (see page 91) means that even greater
amounts of energy will need to be found.

« Surface mining of coal leads to the deposition of large amounts of rock and soil waste, ruining productive land and impacting
negatively on water quality once material is washed into river systems by runoff from rainfall. In excessive cases, deposition of
spoil during mountain-top mining can bury streams and rivers.

« A common and serious issue associated with coal mining all over the world is acid mine drainage, in which any mined deposit
containing sulfide reacts with air and water to produce sulfuric acid. If sulfuric acid reaches rivers, a safe water supply is
threatened. The damage to irrigated crops and farm animals can be very serious.

« Water safety concerns and public protests have slowed down shale gas exploration and production in Europe (fracking has been
banned in Germany and France). In some people’s view, this is a missed opportunity to become less reliant on energy
pathways to the Middle East and Russia (and the geopolitical risks this dependency creates).

Figure 3.16 How national water, food and energy security issues interact with one another
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Figure 3.17 Global production of key resources in areas where there is water scarcity
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PPPPSS CONCEPTS

B The value of nexus thinking for resource

management

Ideally, resource management should involve a broad range of multi-sectoral
stakeholders (Figure 3.18). These may include local and national governments,
development banks and agencies, international organizations, research
institutes and universities, civil society organizations and TNCs. Without a
high degree of cooperation between a range of powerful stakeholders, it is easy
to see why some of the conflicts and tensions shown in Figure 3.16 will be
almost impossible to resolve.

In a 2021 report, the UN's Food and Agriculture Organization (FAO) uses the Red
River, Vietnam's second-largest river basin, as an example of nexus interactions
and management.

B A series of four storage and hydropower reservoirs in the upstream reaches
of the Red River regulate water flows. When full, the reservoirs become
most effective in supplying electricity. In contrast, keeping the reservoirs low
makes them most effective in capturing large monsoon river flows, thereby
preventing downstream flooding in the capital city Hanoi.

B The same reservoirs and river system are also the main water source for
domestic uses and irrigation of almost 750,000 hectares of rice farming in the
Red River delta, which is critical to Vietnam'’s long-term food security.

B An on-going project involving US and Italian researchers, Vietnam Electricity
and Vietnam'’s Ministry of Agriculture hopes to better integrate different nexus
objectives. The researchers are concerned that a conservative over-emphasis
on flood protection has limited performance on other dimensions, especially
water supply management.

B As water becomes scarcer, and competition grows between different interest
groups with varying energy, agricultural and flood prevention objectives,
improved nexus thinking among stakeholders is vital. You can read more here:
www.fao.org/3/chb7654en/chb7654en.pdf

One recurring criticism of the Water-Food-Energy nexus
approach, however, is that integrated management

Think about how global flows and
interactions bring environmental
impacts at contrasting local and
global geographic scales.

Keyword definitions

Safe water Water that is safe

to drink or to use for food
preparation, without risk of health
problems.

Water scarcity When the annual
supply of water directly available per
person falls below 1,000 cumecs.

Energy pathways Flows of energy
that link producer regions with
consumer regions. In physical
terms, pathways take the form of
pipelines, electricity power lines
and the routes taken by gas and oil
tankers, or trains carrying coal.

| Goals and Interasts [

plans are not new and have not always worked
in the past. Integrated water resources
management (IWRM) is a well-established
approach to river basin management, for

Different social, economic and environmental
goals and interests related to:

instance. The FAO response to this
criticism is: ‘By explicitly focusing on
water, there is a risk of prioritizing
water-related development goals
over others, thereby reinforcing
traditional sectoral approaches.
The nexus approach considers
the different dimensions of water,
energy and food equally and
recognizes the interdependencies

Population
growth

Urbanization

Diversifying
and changing
diets

Cultural and
societal beliefs
and behaviours

DRIVERS

of different resource uses to
develop sustainably.
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Change
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Figure 3.18 The FAO's model of the Water-Food-Energy nexus
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Climate change and the
Water-Food-Energy nexus

Climate change will exacerbate the challenge of meeting simultaneously

the water, food and energy consumption needs of different societies. As o

we saw in Unit 2.2, changing rainfall and temperatures will affect biome Keyword definition

distributions, food availability, crop yields, livestock health and the spread Food availability Sufficient

of disease. More extreme weather events could lead to agricultural failure. quantities of food of appropriate

quality to support a population,

W Future climate change and water supply Supg“ed_ through dmne?fiﬁl .

Climate change is projected to bring heightened water scarcity to many Procuction or imports, including
. food aid.

vulnerable places and societies. If extreme weather events such as drought

become more frequent, desertification (Figure 3.19) and land degradation

may increase in regions such as the Sahel, where rainfall has undergone a

significant decrease recently.

B The Sahel region is a long strip of semi-arid drylands that borders the southern
Sahara. It comprises parts of many countries including Sudan, Chad, Burkina
Faso and Niger.

m Climate data for the Sahel suggest that a long-term reduction in rainfall may
be taking place. Rainfall was lower in recent decades than during earlier
decades of the twentieth century.

®  Over 60 million people live in the Sahel belt. There is very little money and
technology available in Sahel countries to help people adapt to the challenge
of shrinking water supplies.

B In turn, less water means greater food and energy insecurity: crops cannot
grow, livestock may die and there is less biomass to be burned as fuel.

Other areas at high risk of heightened water scarcity include desert fringes
in Australia, China and the USA (Figure 3.19). Water shortages in parts of
the USA will not impact on food and energy supply in the same way as in
the Sahel, however.

Key
[ Areas of existing desert

¢ Eesiidnd _ : i - Regions at risk of desertification

Tropic of
Capricorn

Figure 3.19 Vulnerability to desertification

m Future climate change and food supply

Figure 3.20 shows a wide range of possible ways in which climate change might
affect food supplies globally.

Rising temperatures and changes in rainfall patterns have a direct effect on crop
yields, as well as an indirect effect through changes in the availability of irrigation
water or an increase in the frequency of wildfires. Livestock farming in the Sahel,
the fringes of the Australian desert and other semi-arid regions will be affected

in terms of greater water requirements for livestock and livestock heat stress.



3.2 Impacts of changing trends in resource consumption — the Water-Food-Energy nexus 101

The FAQ is concerned this could trigger a shift from transitory food insecurity to
chronic insecurity for some societies.

B Transitory food insecurity is short term and temporary. Many people living
in semi-arid regions naturally experience short-term fluctuations in food
availability and food access. This is due to the highly seasonal nature of
agriculture in parts of the world where no rain falls for long parts of the year.
The Kishapu District in Tanzania gets very little rain, for instance, but has
fertile land. During the wet season, farmers grow crops that take a short
time to mature, such as sorghum, finger millet and sunflowers. With careful
planning, potential food insecurity can be overcome: surplus harvests are
stored for use in the dry season.

m Chronic food insecurity is long term or persistent. People are unable to meet
their minimum food requirements over a sustained period of time. Climate
change threatens places like Kishapu District with this more chronic form
of food insecurity. Longer periods of drought mean that natural resources
in this fragile environment will lose resilience: soil erosion and the
permanent loss of vegetation may bring desertification. Any reduction in
the growing season reduces farmers’ ability to generate a food surplus
at harvest time. Without this, communities will not be able to survive the
dry season.

Increased
Increased intensity of extreme |and degradation
events which harm crops and desertification
Increased heat Chanage in rainfall
e p . ge in rainfall amount
stress in livestock Disruption and patterns (frequency and intensity)

to fish
Increased | ve Decreased Damage to
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Figure 3.20 Potential impacts of climate change on global food supplies
(Source: WWF)

m Future climate change and energy supply

There will be many direct effects of climate change on renewable

energy production.

B Shrinking ice stores and changing river regimes may threaten hydroelectric
power supplies. Power generation companies in China currently make use of
massive seasonal runoff from the Himalayas and the Tibet plateau. However,
climate change threatens to permanently reduce the size of glacial ice stores
in the region. In the long term, it could lead to dangerous water and power
shortages — because there will be very little ice left to melt.
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® Changes in wind patterns, cloud cover and rainfall may impact on renewable
energy production using wind or solar power (however, there may be both
positive and negative effects). Biofuels may become harder to grow in some
places unless additional irrigation water is provided — with knock-on effects for
water security.

Fossil fuel energy production is a nexus element that is less clearly affected by
climate change: our ability to mine coal or use existing gas and oil wells is not
impacted on in any obvious negative way by temperature rises. In fact, global oil
reserves may increase in size on account of improved access to Arctic Ocean oil
and gas fields as a result of sea ice melting.

m Figure 3.21 shows oil and gas fields under the Arctic Ocean: 30 billion barrels
of recoverable oil and many trillion cubic metres of gas are believed to lie
beneath the Beaufort Sea and Arctic Ocean. TNCs like Shell, Chevron and
Statoil began exploratory undersea drilling there in 2012.

m Between 2014 and 2021, world oil prices mostly stayed below US$80 per
barrel, falling as low as zero during the first months of the pandemic as
demand temporarily collapsed. This compares with prices of US$90-140
in the period 2008-13. This price volatility shows why it is hard to know if
expensive offshore projects will ever go-ahead — because oil needs to be priced
at around US$90 per barrel for Arctic Ocean oil to become profitable. Oil
prices rose steeply above USS100 per barrel in 2022 once more, following the
Ukrainian crisis.

Climate change does bring political uncertainty over the continued use of fossil

fuel energy supplies, however.

® Climate change mitigation — including potentially binding global agreements
to reduce carbon emission (see Unit 2.3) — may compel governments to invest
more money in renewable energy while curbing fossil fuel use (which could be
done by introducing a carbon tax, or passing laws to prevent exploitation of
Arctic oil and gas).

B One argument that is sometimes used to support shale fracking is that gas is a
cleaner energy source than coal in terms of carbon emissions. Governments
may therefore become more willing to permit fracking, despite the alleged
threat to water security that this brings.

One final element of uncertainty that climate change introduces into energy
supplies is the way in which hotter temperatures could increase the demand
for air conditioning or desalinized water — both of which put high pressure on
energy supplies.

A

Key
[ High potential
[ Medium potential
[ Lower potential

Figure 3.21 Oil and gas fields under the Arctic Ocean (map shows potential
for profitable exploitation in different places)



3.2 Impacts of changing trends in resource consumption — the Water-Food-Energy nexus 103

CASE STUDY

WEFE RESOURCE INSECURITY IN INDIA

Few regions are more environmentally insecure than South Asia. The region faces rising sea levels and regularly experiences
coastal flooding already — which is of particular concern in a region with heavily populated coastal areas. India — which
houses nearly a fifth of the world’s population, yet contains less than 5 per cent of its annual renewable water resources —
is viewed as having high vulnerability to, and limited resilience against, more severe IPCC climate change projections

(Table 3.7). Figure 3.22 shows some of the processes of change which threaten the country's food security.

Table 3.7 Future nexus possibilities for India

Population India is home to around 1.4 billion people and along with China is one of the world's two most highly populated
trends counties. It has not fully completed demographic transition yet and has a rate of natural increase of 10/1,000/
year. This means there could be 1.7 billion people living in India by 2050, by which time the country may be
experiencing water and food security challenges due to a changing climate.

Population density in India is 460 people per square kilometre, which is considerably higher than the average
population density of the world as a whole.

Water 250 million people lacked access to clean water in 2020; trying to improve their situation will increase the
possibilities pressure on parts of the country where water is already in scarce supply.

India’s total demand for water is expected to exceed all current sources of supply and the country is set to
become water scarce by the year 2025 (measured as per capita water availability of less than 1,000 cubic
metres nnually).

The situation will worsen even further if ice stores in the Western Himalayas — which provide water supplies to
much of India and South Asia — become permanently reduced in size due to climate change.

Food Because of rising temperatures, India's agricultural productivity could fall by up to 40 per cent by 2080. Of
possibilities particular concern is the productivity of the Punjab region in northeast India, which currently produces large
amounts of the country’s wheat and rice but has suffered frequent droughts in recent years.

Food insecurity problems will manifest most acutely in India’s least wealthy regions and may exacerbate
conflicts between different social groups. Signs of tension are already visible: hundreds of thousands of farmers
staged protests in New Delhi in 2020-21. Read more at: www.newsecuritybeat.org/2021/02/climate-change-
indian-farmers-protest

Energy In recent years, electricity has been provided for hundreds of millions of Indian citizens. In 2021, the World Bank

possibilities estimated than only 3 per cent — around 50 million people - still lacked electricity. This has been achieved in
part through greater use of coal and in part by greater use of hydropower — India has increased the number of
hydropower projects on the Indus basin's western rivers. However, water flows (and energy production) could
be reduced as a result of future climate change. Meanwhile, consumption of coal is contributing to the problem.

Figure 3.22 Food security under threat in India




104 Unit 3 Global resource consumption and security

CASE STUDY

capacity of large areas

WEFE RESOURCE SECURITY IN CANADA

All states face WFE security challenges on account of climate change, some of which may be linked to the physical threats of
sea-level rise or increased extreme weather events. Compared with many other countries, however, Canada is viewed widely
as having relatively low vulnerability. Models suggest that Canada’s major cities are among the world’s most resilient when it
comes to future climate change, though Vancouver's low-lying coastal location makes it relatively vulnerable to sea-level rise.

Figure 3.23 demonstrates that large habitable areas of Canada are under-populated currently; in the future, the carrying

of Canada will be able to support greater not fewer numbers of people if GMST continues to rise.

Table 3.8 shows future nexus possibilities for Canada.

Key
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Figure 3.23 Population distribution in Canada and some projected effects of climate change
(Source: http://media.web.britannica.com/eb-media/10/70010-004-AFC7AD58.gif)

Table 3.8 Future nexus possibilities for Canada

Population
trends and
patterns

Water
possibilities

Just 38 million people live in the world's second largest country by area, resulting in a population density of
less than 4 people per square kilometre. In stage 4 of the demographic transition model, Canada’s population
will not increase greatly either.

Vast areas of Canada are unpopulated and some regions may become more rather than less habitable. While
some coastal land may be lost, Canada does not face the same serious threat of losing large areas of habitable
land that many other states face.

Canadian people as a whole are unlikely to suffer greatly from water scarcity: with such a small population and
vast land area, any locally occurring water shortages can always be tackled using transfer schemes from other
parts of the country.

Food
possibilities

In parts of Canada, the annual mean temperature has increased by 1.5°C since 1900. Initially there was a
view that further rises in temperature will increase the length of the thermal growing season with positive
opportunities for agriculture in some regions of Canada. However, it is now apparent that extreme weather
could be ruinous for agriculture in many parts of Canada. Three of British Columbia’s worst wildfire years on
record occurred between 2017 and 2021.

A likely consequence of warmer waters is a change in the composition and abundance of fish spedies in different sea
areas. In some areas the commercial value may be reduced, while in other areas it might increase.

Energy
possibilities

Opportunities for hydropower may increase with higher rates of ice melting due to climate change. At the same
time, demand for electricity may decrease due to warmer temperatures. The net result may be greater rather
than lessened energy security.

Melting sea ice may open up opportunities for oil and gas extraction in Canadian Arctic waters.
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Note that although Figure 3.23 shows some possible positive side-effects of climate change, it is important we do not try
to portray some countries (such as Canada) as possible climate change beneficiaries, or ‘winners'. Climate change, if too
little is done, spells disaster for the world, Canada included. In an interconnected world, the ripple effects of worsening
food and water shortages, extreme weather events, sea-level rises and refugee movements are forecast to be ruinous for alf
societies. Understanding this is at the heart of what it means to be an ‘internationally minded’ IB student.

Waste disposal and recycling

The ecological footprint calculation (page 88) gives consideration to the amount of
land and resources required to dispose of our waste. The more levels of consumption
rise, the more waste there is to tackle. In emerging economies, waste disposal has
become a major challenge, especially for megacity planners (see page 21).

B Thanks to rising incomes and higher standards of living, China generates
waste at a rate that has risen twice as fast as population growth over the past
several decades.

B Due to rising incomes and higher standards of living and consumption over
time, the amount of household waste created in China quadrupled from around
60 million tons to 240 million tons between 1990 and 2019.

B However, the amount fell slightly to 235 tonnes in 2020 — a sign that improved
environmental awareness and increased recycling are beginning to have a
positive effect.

m International waste flow patterns and issues

Many discarded and broken consumer items originating in high-income
countries are transported to low-income countries for disposal and recycling
(Figure 3.24). Large international flows of waste connect European states
with Ghana, for instance.

m Since 1999, the EU's Landfill Directive has reduced the proportion of waste
that can be buried in landfill sites. In order to meet targets, greater amounts of
waste are sent for recycling. A large proportion of this waste — which includes
paper, plastics and metals — is exported overseas for recycling.

m China used to lead in global waste trade, importing more than 55 per cent
of the world’s plastic waste. But in 2017, the Chinese government ended this
trade, banning plastic waste imports. Since then the pattern of global waste
flows has changed: Malaysia has become the top plastic importer. Other
countries competing for trade include Bangladesh, Laos, Ethiopia and Senegal.
Waste streams can be profitable; plastic waste (along with paper and metal
waste), if processed correctly, can be recycled and sold as a raw material for the
manufacture of new products. However, the work is most profitable when done
in places offering cheap labour and limited environmental regulation (Figure
3.24) — and China no longer fits this description, hence the changes which
have occurred. Find out more at: www.theguardian.com/us-news/2019/
jun/17/recycled-plastic-america-global-crisis.

B Sometimes, very large waste items are sent to other countries. Shipbreaking is
the process of dismantling an obsolete naval vessel. Owing to cheaper labour
costs and fewer health and safety regulations, the vast majority of global
shipbreaking takes place in Bangladesh and India.

B Toxic waste was moved illegally from Europe to Ivory Coast in 2006. Tens of
thousands of Ivorians suffered ill health after toxic waste alleged to produce
hydrogen sulfide was dumped by a ship in the employ of Trafigura, a European
TNC. A long legal battle to win compensation for the victims resulted
eventually in a US$46 million cash settlement which was meant to be shared
by all those affected (though in practice, many did not receive the money and
their campaign for justice was still ongoing in 2021). Critics of the dumping of
toxic waste in the Global South, and particularly in African countries, have
described the practice as ‘toxic colonialism’ or ‘environmental racism’
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CASE STUDY

INFORMAL E-WASTE RECYCLING IN GHANA

E-waste — electrical and electronic waste — is one of today's fastest-growing transnational waste streams. By managing it
well, society can recover valuable raw materials and reusable parts, with significant associated carbon dioxide emissions
savings (compared with using new natural resources). E-waste includes every bit of abandoned electronic and electrical
material belonging to computers, old TVs, phones and printers, amounting to 50 million tonnes annually worldwide.
Normally, the parts are dismantled and the waste burned to extract expensive metals, including gold, silver, chromium, zinc,
lead, tin and copper. Large numbers of people in India and China, including children working in family-run workshops, take
part in informal e-waste recovery. Some of the worst and most widely reported problems have arisen in Ghana, however.
You can watch an informative video at: https://youtu.be/X60gBav)3jY.

Electronic waste imports into Ghana exceed 200,000 tonnes annually, of which 70 per cent are second-hand goods,
including donations of old computers sent to schools by charities. However, around 15 per cent of second-hand imports will
turn out to be broken beyond repair. Additionally, many non-functioning and non-reusable electronic devices are sent there
deliberately from the EU (despite European laws that are supposed to prevent this).

There are no distinct policies in Ghana for the regulation and management of e-waste. As a result, a large informal industry
has developed around the recovery of e-waste, but there are no clear regulations to prohibit unsafe work practices.

B The settlement of Agbogbloshie or Old Fadama consists of about 80,000 people, situated on the left bank of the Odaw
River in Accra (a city with a total population of 2 million in 2020). The establishment and growth of Agbogbloshie is driven
by poverty and the migration of desperate people from the north of Ghana, some of whom are escaping conflict. Over the
years it has grown into a dumping ground for old electrical and electronic products. Hundreds of tonnes of e-waste end up
there every month as a final resting place, where they are broken apart to salvage copper and other metallic components
that can be sold.

B In Agbogbloshie, entire families work in appalling conditions. The method of extracting and recovering valuable materials
from old computer circuit boards is highly hazardous. The burning process releases toxic substances into the atmosphere,
soils and water, with dire health consequences. Known health problems include acute damage to the lungs from
inhalation of fumes of heavy metals such as lead and cadmium.
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B CHAPTER SUMMARY
KNOWLEDGE CHECKLIST:

® |nteractions occurring within the Water-Food-Energy
(WFE) nexus

= How the WFE nexus can affect water security and safe
water access

= How the WFE nexus can affect food security
and availability

= How the WFE nexus can affect energy security and
energy pathways

= The value of nexus thinking for resource security

m Future climate change and water supply

Future climate change and food supply

Future climate change and energy supply

Contrasting examples of how climate change could
affect national resource security (India and Canada)

Waste disposal and recycling issues

International waste flow patterns and issues

Informal e-waste recycling in Ghana

EVALUATION, SYNTHESIS AND SKILLS (ESK)
SUMMARY:

= How different WFE nexus elements interact spatially
with one another

= How perspectives may vary on which resource security
issues are most important

EXAM FOCUS

SYNTHESIS AND EVALUATION ESSAY-WRITING SKILLS

Below is a sample answer to an exam-style essay question (see also pages 79-80). Section C of your examination offers

a choice of two essay questions for you to choose from. Having made your choice, you need to plan carefully an essay
response which synthesizes and evaluates information (under assessment criterion AO3). You can draw on ideas from any
of the chapters in this book. This means that as you progress through the course, a greater volume of ideas, concepts, case
studies and theories become available for you to synthesize. This sample answer draws on ideas from all three units of this

course.

The guestion has a maximum score of 10 marks. Read it and the comments around it. The levels-based mark scheme is

shown on page vi.

To what extent can the Water-Food-Energy nexus concept help societies to improve how they manage their

natural resources? [10 marks]

The Water-Food-Energy nexus concept basically involves
thinking about the way that water, energy and food resources
are interrelated. For instance, when a society makes high
demands on agriculture there are also high demands on water
supplies and energy. This is because water is needed to grow
the food and energy is needed to transport it to market. (1)

Thinking about natural resources in this way can be very useful
when a society is planning for sustainable development. A
good example of this is the Red River in Northern Vietnam
where the government is building a series of reservoirs.

The water will be used to power turbines and generate
hydroelectricity. However, doing so also creates huge problems
for food supplies because many of the areas of rice farming
lower down In the Red River delta do not receive as much
water now that it is trapped in the dam. What this shows is
that nexus thinking was needed at the planning stage when
the dams were being built, and perhaps the dam designers
should have thought more carefully about the needs of the rice
farmers. (2)

Many people believe that climate change is going to place
more stress on water, food and energy supplies in many
parts of the world. The IPCC has predicted that drought
could increase in some parts of the world such as Arizona in
the southern USA. This will create huge problems for water
supplies to cities like Phoenix. It will also create problems for
agriculture and possibly hydroelectric power, if dam levels

in the Colorado River fall too low. Therefore, it is vital that
planners use the nexus concept and realize that water supply
shortages will have knock-on effects for food and energy
sectors as well. (3)

1 This first paragraph provides a reasonable
definition of the Water-Food-Energy nexus in
excess, although it is a pity that natural resources
are not also defined, as this is the other key
concept which features in the essay title.

This is a useful and broadly accurate case study
that shows why Water-Food-Energy nexus thinking
is needed. It would be interesting to know what,

if anything, could have actually been done at the
planning stage to accommodate the rice farmers
while also meeting the needs of the energy sector.
Ideally, we need to know how helpful the Water-
Food-Energy nexus concept has been in practice
(rather than simply as a theory or model).

This paragraph also uses evidence well to
exemplify the issues for the USA while linking
nexus thinking with the topical issue of climate
change.
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On the other hand, it can be argued that the nexus concept 4 In this paragraph, the answer begins to address
does not always help societies to manage their natural the other side of the argument. This suggests the
resources more sustainably. In any situation the needs of essay has been well planned. Use of the phrase
either water, food or energy producers may take priority over ‘on the other hand’ helps the reader know that
everyone else because of their financial or political power. This we are now addressing the counter-argument.
happens in some parts of the world where powerful TNCs This paragraph is in danger of becoming over-
divert water supplies for their food crops and do not really generalized but luckily a brief example is provided
care about what the implications are for local people’s water latterly which helps to strengthen the argument. It
supplies. This happened in Kerala in India. (4) is also good to see the key concept of power being

used and there is understanding demonstrated
of the way that nexus thinking may not prevail if
powerful forces pursue their own selfish ends.

It is also difficult to get different countries to work together
towards nexus management goals. Not only do the needs of
water, food and energy producers in one country like the USA
all have to be satisfied, so too do all the different user groups

in Mexico, because they are all sharing the same water supply, 5 Another good counter-argument is raised here,
i.e. the Colorado River. In reality it could be very hard to arrive which draws on the concept of geographic scale
at a working agreement that makes everybody happy. (5) (even if the word ‘scale’ is not actually used). Here,

the writer of the essay grasps well the complexity
of dealing with the needs of user groups within a
country and also between countries.

Examiner’s comment

It is a pity that there is no conclusion or final judgement included as part of this essay. It would be unlikely to score full marks
as a result, because we do not know the extent to which the writer ultimately agrees or disagrees with the title.

Overall, the use of evidence and the balance between arguments both in favour of and against the statement mean that this
answer would certainly reach the penultimate mark band of seven or eight marks. Can you write a conclusion which follows
on from this essay that might help it to advance to the top band of 9 or 10 marks? Aim to write no more than 100 words.
You should review both sides of the argument briefly and make a final comment on the helpfulness or value of the nexus
concept.

Content mapping

You have now almost completed the course and there is a large amount of material that can be drawn on to help answer
this essay question. This answer has made use of case studies, concepts, theories and issues drawn from all of the first
eight chapters of the book. Using the book’s contents page, try to map the content.
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3.3 Resource stewardship
possibilities

Can Earth cope with more people? When the 8 billion milestone is passed in
2023, media reports will undoubtedly be mixed in their views. Some writers
will be concerned and pessimistic. Others will be relaxed and optimistic.
Many will stress the urgent need for natural resources to be managed using
stewardship principles at both local and global scales (Figure 3.25). Divergent
views were aired similarly in 1999 when the 6 billion milestone was reached,
and in 1987 when Earth’s population first reached 5 billion (Figure 3.26).

In fact, people have held diverging beliefs about the costs and benefits of
population growth for hundreds of years. This section begins by reviewing a
debate that dates back to at least the 1700s.

* Population growth will
eventually outstrip the
natural resource base of
the planet

* Rising wealth and
consumption will hasten the
time in which this happens

® The impetus to feed
more mouths will stimulate

- research and ‘unlock’
Resource Opt!m'ﬂ": more resources

f S view * Population growth results
in a greater number of

inventive human minds

s Population growth can be
managed with sensible
conservation strategies for
natural resources

s Good governance is
essential for resource
stewardship

Figure 3.25 Three diverging views on the possibility of sustainable natural

resource manag ement
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Figure 3.26 Population size milestones and the time it took to reach them

Keyword definition
Stewardship An approach to
resource management which views
humans as ‘caretakers’ of the
natural world.
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Pessimistic views on population growth

Modern study of possible relationships between population and resources can
be traced back to Thomas Malthus (1766-1834). The English author of the
essay Principle of Population (1798) was convinced that population growth was
a dangerous process. He argued there was a fixed environmental ‘ceiling’ to
population growth and that a growing number of people would outrun their
food supply ultimately in the absence of any constraints (or ‘checks’) on their
reproduction. Malthus maintained that:

1 A human population can potentially grow at a geometric rate, doubling every
25 years or so. Two parents have four children, eight grandchildren, and so on
(i.e. the population growth trend is 2, 4, 8, 16, 32...).

2 Improvements in food production from the land could, at best, increase at an
arithmetic rate, in the view of Malthus (ie. 1, 2, 3,4, 5...).

3 Very quickly, according to this argument, the ratio between population and
food supply will become too large for a disaster of some kind to be avoided.
No matter how few people there are to begin with, the exponential population
growth curve will eventually intersect the arithmetic food line. Figure 3.27
shows population growth finally overshooting the food supply.

4  Once ‘overshoot’ has occurred, the growing lack of food per capita becomes a
‘positive’ check on further population growth: some combination of famine,
disease and war is inevitable, according to Malthus. This will bring population
numbers back to sustainable levels.

=
[==]
J

Arithmetic growth
(food supply)

L
=]
|

5 Alternatively, ‘negative’ (preventive) checks might be introduced before the
ceiling to growth is reached. Positive checks can be avoided if, for example, a
society adopts a later age of marriage, which would reduce its fertility rate.

His arguments were grounded in evidence which he collected (although critics
have since questioned its quality). Firstly, Malthus had observed personally a
close correlation between fluctuations in crop prices and marriage rates in rural
England (when prices were low, farming incomes fell; people delayed getting
married and having children as a result). Secondly, there were clear limits to
European agricultural productivity gains in the early 1800s (when agricultural

Geometric
growth
(population)

10 <

Levels of population and food supply
S
|

o

science was still in its infancy). Malthus’ pessimistic argument was also informed oz 4 &6 &8 10
in part by the economically and politically unstable times he lived through. In Time periods
neighbouring France, food shortages played an important role in the violent Figure 3.27 The classic ‘Malthusian
revolution that had just taken place. equation’

m Neo-Malthusian views

More than 200 years have passed since Malthus wrote his famous essay and its
influence is still felt strongly. Ideas and concepts introduced by Malthus are used
widely by academics and journalists alike in contemporary accounts of famines
and population policies. For instance, China’s one-child rule (page 34) is often
described as an example of a ‘preventive check’ on population growth.

Two especially influential twentieth-century books adopted and updated the
framework Malthus introduced. Limits to Growth (1972) and Beyond the Limits
(1992) were written by a group of academics calling themselves the Club of Rome.
m They argued that the world is fast approaching a point where a positive check
to further growth is inevitable.
B Applying a conceptual approach very similar to the ecological footprint (see
page 88), the Club of Rome used computer modelling of the world system
to conclude that humans will soon overshoot the carrying capacity of the
environment at a global scale. There is certainly plenty of evidence, included
in Units 2 and 3 of this book, that might help support such an argument.
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m Figure 3.28 shows the Limits to Growth projections. As you can see, it
incorporates the geometric or exponential growth rate of population suggested
by Malthus. For this reason, the Club of Rome’s work has been labelled as
‘neo-Malthusian’ The Limits to Growth model also includes new features. You
can observe the pollution increases that are anticipated when an increasingly
resource-deprived population is forced, finally, to use even the most impure
and polluting minerals, ores and fuels.
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Figure 3.28 The Limits to Growth model (a pessimistic projection that shows world
population falling once resource availability collapses in the 2030-40s)

Optimistic views on population growth

Both Malthus and the Neo-Malthusians can be criticized for narrow thinking,
From a Marxist economic perspective, food shortages are less likely to arise from

ecological limits than they are from unfairness in the way natural resources are
owned, managed and consumed. Some of the data shown in Figure 3.4

(page 83) support this view. From a philosophical perspective, Julian Simon's
arguments (page 36) can be used to reject the portrayal of people as a ‘problem’ by
the Neo-Malthusians.

Used today, Malthusian arguments can, at worst, sometimes appear to have racist
undertones — for example, when neo-Malthusians assert that the main cause of
African food shortages is African population growth rather than the systematic
appropriation of Africa’s food and natural resources by colonial and neo-colonial
forces both in the past and present.

Writing in the 1960s, Ester Boserup produced a thesis which many people view

as the ultimate anti-Malthusian theory, While Boserup did not set out to attack

Malthus directly, implicit in her work are many points that can be used to build a

case against Malthus and the Club of Rome.

B Boserup’s optimistic theory claims that population growth stimulates resource
development, and not the other way around. Instead, it is the drive to feed
more mouths that stimulates the scientific community into working to raise
the carrying capacity of their environment.

B Boserup’s own research work involved making anthropological studies of
subsistence farming improvement in very poor countries during the 1960s. Her
convincing field evidence suggests that population growth encourages crop
rotation and changes in land ownership, which increase greatly the efficiency of
land use. Crucially, such reforms occur only when the threat of population pressure
is evident and the carrying capacity of the land is about to be exceeded. Her argument
is likened often to the old saying that ‘necessity is the mother of invention’,
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m Does the evidence support the Boserup thesis?

Over time, Boserup envisaged a series of sudden leaps forward in the scale of food
production, each triggered by the necessity of accommodating population growth.
In contrast, Malthus and the Club of Rome foresaw food and resource shortages
arising because of society’s inability to innovate at a rate which can keep up with
population growth (Figure 3.29).

Population growth
Malthus, 1798 & Boserup, 1965
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Food demand Can import
increases Food demand more food
increases A
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growth or
Less food declines
for everyone
Leads to .
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Figure 3.29 Diverging theories about the relationship between food/resource availability and population growth
(Source: Mike Witherick)

History does show that Malthus was wrong. Food supply growth actually
outstripped population growth globally during the 1800s and 1900s. In many of
the most densely populated nations of the world, successful use of technology has
raised the carrying capacity of the land via three routes:

1 Intensification of agriculture involves raising the yields of existing land, perhaps PPPPSS CONCEPTS

through crop rotation, irrigation, drainage and land reform. In the case of European countries in
the 1700s and 1800s, extensification
had one further dimension - food
and other natural resources were
appropriated from Asian and African
3 Technological developments include (1) pesticides and fertilizers, (2) the colonies. Europe’s colonial power
development of high-yielding cereals (IR8, the world’s first high-yielding rice, was such that it could feed its own
is a famous example) or livestock, and (3) mechanized techniques (which have growing population by taking food
increased milk and egg production dramatically). from other places and people:

2 Extensification of agriculture involves developing remote areas for farming
when transport infrastructure improves (as happened in North America
during the early 1900s).
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However, some people dispute the apparently relaxed attitudes of population
growth optimists in the twenty-first century. As we have seen, the climate change
and WFE nexus challenges that lie ahead are enormous (and some would say
insurmountable). The new context of rising consumption by the NGMC must be
factored in too (‘classic’ population theories and models pay far more attention to
changes in a population’s size than they do its wealth).

Balanced views on population growth

Is 9 billion people too many? Or 11 billion, should it come to that? There is no
simple answer to that question because so many different interrelated issues

and dynamics are involved (Figure 3.30). Along with the WFE nexus and
climate challenges, these also include changes in population size and structure,
technological innovation, economic development processes and the changing
aspirations of men and women as they escape poverty. Whether the entire world
can feed itself, as ever, will be determined in part by how far principles of equity
and justice are applied to the question of who gets fed — and who does not.

The interconnections shown
may create or exacerbate
major challenges

and conflicts
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growth
and rising
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Figure 3.30 Interrelated issues that may help determine future population
growth possibilities

On the one hand, history offers hope by demonstrating repeatedly how human
ingenuity has helped us thrive in difficult places and at tough times: 9 (or 11)
billion people will provide a very large number of minds. Surely there will be
enough brainpower to conjure up whatever technological fixes the future requires!
Improvements in the efficiency and cost of solar power, for instance, could hold
the key to wide-scale desalinization of seawater, which would unlock in turn the
agricultural food-producing potential of vast areas of desert.



114 Unit 3 Global resource consumption and security

Yet on the other hand, signs have arrived already that we are on the edge of
an unsustainable future: the early warning signals of sustained rises in global
temperature, melting ice and global sea level (see Unit 2.2) cannot be ignored.

A pragmatic, balanced response to the uncertainties ahead could involve doing
more to conserve resources, rather than continuing with ‘business as usual’ while
relying on future technological fixes such as carbon capture and improved solar
power. Improved governance of the natural resources we already use could go a
long way towards improving global prospects for a sustainable future.

m More could be done to address the equity of natural resource availability and
consumption. Global food production continues to keep pace with population
growth, for instance: it is just distributed unevenly. In a single day, one North
American consumes 3 kilograms of food compared with the 0.5 kilograms that
are available to an average person living in Africa’s Sahel region. The problem,
it can be argued, is not that there are too many people in the world but that
human society does not think and act yet as a unified global community: food
and resources are still not being shared equally and fairly.

B More could be done to reshape the relationship between humanity and
the natural world. Powerful governments, organizations and businesses
need to act as ‘stewards’ by adopting conservation and preservation
principles in order to safeguard natural resources for the future (see
Table 3.9). There is no reason why this cannot be done while also
promoting continued economic development. As pages 105-06 explain,
economic systems are currently extremely wasteful and much can be done
to streamline their efficiency.

Table 3.9 The stewardship approach to managing natural resources
combines conservation and preservation strategies

Conservation  Conservation involves the efficient and non-wasteful use of natural
resources. It is an important foundation concept for sustainable
management (or sustainable development). This is because it
acknowledges that humanity has an obligation to consume resources
in an efficient way that does not leave its descendants deprived of
things they will need to survive.

Preservation  While conservationists view the environment as a source of natural
resources that can be made available for (sustainable) commercial
exploitation, a preservation management approach views nature
and especially wilderness as something best left apart from human
commerce. National Parks and so-called ‘re-wilding’ strategies
have their roots here. However, there is strong potential for adverse
economic effects on people. This is because commercial use of the land
could be banned altogether under a 'keep off the grass' management
approach.

Stewardship Environmental stewardship involves a combination of different
conservation and preservation strategies. It is a philosophy which sees
humans become 'caretakers’ of the natural world. There is overlap here
with the concept of sustainable development: as stewards, we care
for the physical environment so that it can be inherited by successive
generations, thereby delivering inter-generational equity.

Balanced stewardship approaches to resources management can be illustrated by
looking at efforts to manage and use marine (ocean) ecosystems more sustainably.
Table 3.10 shows a range of stewardship actions carried out at different scales by a
variety of different stakeholders.
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Table 3.10 Stewardship actions in relation to the way ocean resources are
managed and consumed

Global actions e

The United Nations Food and Agriculture Organization (FAO)
aims to ‘ensure long-term conservation and sustainable use of
marine living resources in the deep sea and to prevent significant
adverse impacts on vulnerable marine ecosystems’. As part of its
stewardship work, the FAO can designate marine protected areas
(MPAs) in the high seas. However, many illegal fishing activities
still occur due to a lack of any real means of enforcement.

World Oceans Day is a 'global day of ocean celebration and
collaboration for a better future’ held every year on 8 June. This
collaboration between the charity The Ocean Project, the United
Nations and many other partners raises awareness of ocean
issues.

International
and national
actions
(fishing
quotas/limits)

The EU Common Fisheries Policy (CFP) is a set of stewardship
rules designed to conserve fish stocks in European waters. Catch
limits called total allowable catches (TACs) are regularly updated
for commercial fish stocks using the latest scientific advice on fish
stock status. TACs are shared between EU countries in the form of
national quotas.

Sometimes these quotas are controversial because they affect
livelihoods for people who fish.

Local actions
(no-catch and

No-take zones are a type of MPA. According to the National
Oceanic and Atmospheric Administration (NOAA), no-take MPAs

conservation totally prohibit the capture of fish or other marine organisms. The

zones) Channel Islands National Marine Sanctuary is a multiple-use MPA,
approximately 4,000 square kilometres in size, located near the US
Californian coast. Only limited scientific research is allowed there.
All fishing within the specified area has been banned. But as a
result, some fishermen have become unemployed.

Businesses Globally, aguaculture has grown rapidly since the 1980s. Salmon,

(aquaculture cod, trout, scallops and prawns are now reared in huge volumes in

production) cages in coastal waters.
However, fish farming can lead to the outbreak of diseases that
spread to wild populations.

Citizens Individual consumers choose not to buy threatened species, or to

(campaigning eat fewer fish.

and

consumption)

Civil society organizations, such as France’s annual 'La Semaine de
la Péche Responsable’ (sustainable fish week), try to educate the
public about sustainability issues in the hope that behaviours will
change and more people will adopt stewardship principles.

PPPPSS CONCEPTS

Think about the different stakeholders
and actions shown in Table 3.10.

In your view, who has the greatest
power to make a real difference in
terms of how ocean resources are
managed for the future? Why?

Keyword definition
No-take zone An area of water
where fishing has been banned
completely.

Progress towards sustainable
development

The stewardship strategies shown in Table 3.10 are part of a greater quest for
sustainable development. Widely adopted after the 1992 UN Conference on
Environment and Development in Rio, sustainable development means: ‘meeting

the needs of the present without compromising the ability of future generations to
meet their own needs.

Three goals form the basis of sustainability, or sustainable development

(Figure 3.31).

B Economic sustainability: individuals and communities should have access to a
reliable income over time.

m  Social sustainability: all individuals should enjoy a reasonable quality of life.

B Environmental sustainability: no lasting damage should be done to the

environment; renewable oceanic, terrestrial and armospheric resources must be

managed in ways that guarantee continued use.

Interconnectedness

Figure 3.31 A model of
sustainable development
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For the last of these goals to be met, there must be either a significant reduction PPPPSS CONCEPTS

in world economic output, or new technological fixes that increase resource
availability and repair environmental damage. The former may not happen
voluntarily; this is because economic growth is the goal of free market economies.
The latter may prove expensive to implement on a scale large enough to be
effective. Actions intended to support sustainable management of the oceans
should, therefore, be assessed with a critical eve.

To what extent do the strategies
outlined in Table 3.10 operate on

a sufficiently large or bold scale to
have a significant positive impact on
global sustainable development?

Units 1 and 2 have demonstrated that current patterns of consumption across

the world are no longer sustainable; the ability of Earth to meet our water, Keyword definition

i‘)iodi enerrjy amk'l o(tjher neet'lls now and in the tutulre 1}5 serlu';us}lyl ]eol_}ardized.h Circular economy An approach
Auc ve done ¢ .- YOIrte 5 < v ] . : : . ]

] U{:,l c;ue\e s tok l,e Un-&l{-mt .t“o imy l[_J_r_m.n.t steps 1111t 1le rig ‘.lt . 1re¢it.|0n q_re‘ t le to business management and

UN’s Sustainable Development Goals initiative and the growing commercia product design that maximizes the

adoption of circular economy approaches to resource use and waste efficiency of resource use, and aims

management. ultimately to phase out waste and

pollution altogether.

M The UN Sustainable Development Goals

The Sustainable Development Goals (SDGs) ate a revised and enlarged
version of the earlier Millennium Development Goals (MDGs) of 2000-15
(which committed world leaders to combat poverty, hunger, disease, illiteracy,
environmental degradation and discrimination against women). The post-
2015 transformative plan of action is now based around 17 interrelated goals.
Collectively, these address what experts view as the most urgent contemporary

global clhalllenges. Most of them feature prominently in this book and they are PPPPSS CONCEPTS
shown in Figure 3.32.

B Both the SDGs and earlier MDGs provide a ‘roadmap’ for human development Think about the possibility of

by setting out priorities for action. all or any of these goals being
B The SDGs integrate and balance the three economic, social and achieved by 2030. Use evidence and
arguments from this book to support

environmental dimensions of sustainable development shown in Figure 3.32 as

. .. our views.
part of a comprehensive global vision. Y
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Figure 3.32 The UN Sustainable Development Goals for 2030
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At the time of writing, the UN’ latest SDG progress report was available online at
https://unstats.un.org/sdgs/report/2021/ (in future years, the year will change to
2022, 2023, etc.). The document includes several headline findings that are relevant
to your course and which reinforce important points this book has made previously:
® Goal 1 No poverty ‘Based on current projections, the global poverty rate
is expected to be 7 per cent (around 600 million people) in 2030, missing
the target of eradicating poverty.’ (This success is analysed in this book on
pages 82—-86.)

® Goal 2 Zero hunger ‘Prior to the pandemic, 650 million people were going
hungry, and some 2 hillion people were suffering from food insecurity — figures
that had been rising since 2014." (This food security challenge is addressed on
pages 91-92.)

® Goal 5 Gender equality ‘The impacts of the pandemic have adversely affected
progress towards gender equality. Violence against women and girls has
intensified; and women have suffered a disproportionate share of job losses.”
(Gender equality is explored on pages 35-36.)

B Goal 6 Clean water and sanitation ‘Between 2015 and 2020, the proportion of
the global population using safely managed drinking water services increased
from 70.2 per cent to 74.3 per cent. (Water security is the focus of pages 89-91.)

B Goal 7 Affordable and clean energy ‘The global electricity access rate
improved from 83 per cent in 2010 to 90 per cent in 2019, with 1.1 billion
people receiving electricity for the first time... The share of renewable energy in
total final energy consumption gradually increased to 17.1 per cent in 2018, up
from 16.4 in 2010. (Global patterns of energy use are described on pages 93-95.)

m Goal 13 Climate action ‘Despite a pandemic-related economic slowdown, the
climate crisis continues largely unabated. Concentrations of greenhouse gases
continued to increase in 2020, reaching new record highs. The world remains
woefully off track in meeting the Paris Agreement target of limiting global
warming to 1.5°C above pre-industrial levels and reaching net-zero carbon
dioxide (CO,) emissions globally by 2050

M The circular economy

The focus of this book’s final section is a resource stewardship approach called
the circular economy. This is a way of thinking about resource use which aims

to jointly nurture ecological and economic health in order to promote truly
sustainable development. It is a far bolder vision than either increased recycling
or improved efficiency of primary resource and fossil fuel use (which merely delays
the inevitable exhaustion of finite reserves). Its philosophy derives from the study
of natural systems (such as ecosystems, or the water and carbon cycles).

Traditional, linear systems often use natural resources (including water, food and
oil) wastefully to create products. When goods are sold, ownership passes from
producer to consumer. This includes responsibility for waste disposal when an item
is used up or breaks — and as a result, most waste ends up in landfill sites.

In contrast, the circular economy has the following characteristics:

m  All outputs are reprocessed and all waste is viewed as a resource. Reuse may be
more efficient than recycling. Vehicles, plastics and buildings are all designed
with a view to dismantling and reusing parts later: this is called ‘closing the loop’.

m Food is managed more carefully at all stages of the supply chain. All waste
is composted. Natural resource stocks are maintained, benefiting both the
environment and society.

m To optimize the function of a circular economy, a performance economy can be
operated as part of the equation: people rent or share goods instead of buying
them. This way, the manufacturer retains ownership of the product (and its
embodied resources) and responsibility for waste. Companies are encouraged to
innovate more creative and cost-effective ways of recycling and reusing.

Figure 3.33 portrays the circular economy as twin biological and technical cycles
operating in tandem. This cradle-to-cradle framework was designed by architect
William McDonough and chemist Michael Braungart. The key aim is to progress
beyond current linear and wasteful economic systems and to ultimately ‘design
out’ waste altogether.
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Figure 3.33 The twin biological and technical loops of the circular economy

The Ellen MacArthur Foundation is a leading advocate of the circular economy
concept and helped influence the thinking behind the European Union’s 2015
European Circular Economy Action Plan (CEAP). Early signs shows CEAP

is working, albeit slowly — the EU's overall ‘circularity rate’ (the percentage of
recovered materials used in production of new goods) has increased from 4 per cent
to 13 per cent in 2021. Some EU states have ambitious national commitments — the
Netherlands aims to reduce its use of primary raw materials by 50 per cent by 2030,

for example.

Important steps towards the implementation of circular economy principles have
already been taken at varying geographic scales (Table 3.11). Notably, the 2015
Sustainable Development Goals (SDGs) include a commitment to reduce waste in
food systems globally (Goal 12).

Table 3.11 Examples of the application of circular economy principles at varying scales

Global The SDG target is to halve food waste worldwide by 2030. The EU has committed to this target.

governance  The gy already has long-standing ‘circular’ legislation in place: the 2003 Directive on Waste from Electrical and Electronic
Equipment (WEEE Directive) provided for the creation of collection schemes where consumers return their WEEE, such as
fridges, to the manufacturer free of charge.

National The US Department of Agriculture and Environmental Protection Agency has set a national food waste reduction goal

targets (matching the UN's global goal).
France adopted an anti-waste law in 2020, which actually bans the destruction of unsold goods and encourages their
sale through secondary markets. Unsold food products cannot be destroyed either.

Local Suzhou New District, near Shanghai in China, is home to 4,000 manufacturing firms, many of whom have interlinked

initiatives their operations and become interdependent. Manufacturers of printed circuit boards use copper that is recovered from

waste generated by other companies in the park (rather than using virgin copper produced by mining firms elsewhere).

B Can the circular economy succeed?

A lack of commercial incentive is preventing wider uptake of circular thinking
currently. To achieve circular economy goals, companies everywhere must design
products that last longer andfor make greater use of recycled materials. Yet if costs
rise and profits fall, where is the incentive! Lower oil prices between 2014 and 2021
provide a case in point. Owing to the falling cost of the key raw material for plastic
(oil), the production of new plastic became less expensive than the process required
to recycle old plastic into new materials. This is because the cleaning and preparation



3.3 Resource stewardship possibilities 119

of used plastics takes a lot of water, energy and effort (and there are worrying WFE
nexus implications here too). The circular economy may therefore not succeed if
neoliberal beliefs prevent governments from intervening strategically in markets.

The ‘tsunami’ of throwaway medical waste brought by the Covid-19 pandemic
shows how far we remain from universal adoption of circular economy principles.
Personal protective equipment (PPE) is essential for preventing the spread of
disease — but at what cost to the environment? At the pandemic’s peak, 130 billion
throwaway masks entered landfill each month (and just one single face mask can
release 170,000 microfibres per day into the seas). A lateral flow test (LFT) creates
around 10 pieces of small plastic waste: widespread use of LFTs in high-income
countries sent another 40 billion pieces of plastic to landfill each month during
2021 according to one estimate (Figure 3.34).

Pessimists might therefore view circular economy thinking as ‘too little, too late’,
They may point despairingly towards the vast quantities of resources and waste
associated with China’s production of half the world’s aluminium, steel and cement.
Yet China increasingly leads the way in promoting renewable energy and in setting
targets for reusing waste. Unlike successive neoliberal governments of the USA,
Chinese leaders are often quick to impose legislation to accelerate changes.

Optimists, though, are excited by recent socio-technical changes that both support
and are shaped by circular thinking. Longer-lasting products such as graphene

are being used already in manufacturing; new edible forms of plastic are being
developed. The fast-marturing technology of driverless cars could play a pivotal role

in making product rental — and not ownership — the new social norm. Moreover,
many Millennials participate willingly in a ‘sharing economy’ and are committed to
sustainable development goals. This generation is now part of the political decision-
making process. Youthful civil society organizations (CSQOs) are pressurizing big
businesses to do more as part of a global ‘right to repair’ movement. Campaigners in
the UK want the right to repair to be protected by law — this would oblige companies
who make consumer electronics to repair and upgrade them when asked by
customers. A US-based CSO called As You Sow has called on Microsoft to make its
devices more easily repairable. ‘Microsoft facilitates premature landfilling of its devices
by restricting consumer access to device reparability, according to As You Sow.
Optimists may therefore conclude that the technological, economic and — perhaps

more importantly — political building blocks for a circular economy are already
in place.

COVID-19 Self-Test (Rapid Antigen Test)

12107757
el 20210731

Figure 3.34 Each Covid-19 lateral flow test generates around ten pieces
of non-recyclable plastic materials. Billions of these tests have been
manufactured, used and discarded

Keyword definition
Neoliberal A philosophy of
managing economies and societies
which rakes the view that
government interference should
be kept to a minimum and that
problems are best left for market
forces to solve.
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B CHAPTER SUMMARY

KNOWLEDGE CHECKLIST: = The role of the Sustainable Development Goals (SDGs) as a
= Pessimistic views on population growth, including human development and resource stewardship ‘roadmap’
Malthus and the Neo-Malthusians (Club of Rome) = Progress made so far towards SDG targets being met
= Optimistic views on population growth, including the = The value of the circular economy approach for
Boserup thesis sustainable development in a post-Covid-19 world

m Balanced views on the population-resources relationship, EVALUATION, SYNTHESIS AND SKILLS (ESK)
including the concepts of resource stewardship, resource SUMMARY:

conservation and resource preservation = How perspectives differ on the possibility of avoiding

= The power of different stakeholders to promote stewardship positive checks to population growth

approaches (in relation to ocean resource management) = How different management approaches have been

= The concept of sustainable development and the adopted at varying geographic scales in order to achieve
possibility of achieving its aims more sustainable outcomes for people and the planet.

EXAM FOCUS
INFOGRAPHIC ANALYSIS

Section B of your examination consists of an ‘infographic analysis’. In Section A, you are required to describe data, such

as a graph showing a trend, or the pattern on a map. The task in Section B takes ‘graphical literacy’ one step further by
requiring that you additionally evaluate the strengths and weaknesses of the way data are presented. You will be shown an
infographic and, among other things, may be asked to:

m explain strengths and weaknesses in the presentation methods used (an AO2 task)
B suggest possible improvements that could be made (an AO2 task)

®m evaluate the infographic for evidence of possible bias in the way facts are presented or language has been used
(an AQ3 task).

Figure 3.35 shows an exam-style infographic. It is followed by a series of questions, each of which is accompanied by a
student answer and examiner commentary.

Working world of the future

New technology and

artificial intelligence

(Al) is going to kill off Average global
many kinds of work... life expectancy
at birth

645 3.7
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yeal
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of crisis is inevitable

Maost populous countries 2030
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Source: United Nations.

Figure 3.35 A look at the working world of the future
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a Identify which country has experienced:
(i) the smallest increase in the number of people

(ii) the greatest proportional increase in population size. [1 + 1 marks]

(i) The USA
(ii) India

Examiner comment

Both answers are correct. The first question requires you to compare millions with billions, which might lead some to give
the wrong answer. The second question requires you to estimate proportional increases. India — which has increased from
1,310 million to 1,530 million — has grown proportionately larger than the USA, which has risen from 322 million to

356 million.

b Explain TWO weaknesses in the way this infographic presents its facts. [2 + 2 marks]

1 Some of the language used is not easy to understand and relies on the reader having specialist knowledge. It is not
clear what a ‘professional triber’ is. A good infographic might include footnotes to help explain a term like this.

2 The graphic used to show the increase in life expectancy is unhelpful. It is not very clear what the circles are meant to
represent.

Examiner comment

Overall this answer might score 3 out of the 4 possible marks. The first point is clear and well-explained. The weakness is
made very clear when the student explains what else might be expected of a good infographic (i.e. footnotes). The second
answer is less clear. It is true that the circles used to show the increase in average global life expectancy do not convey
information in an easy-to-understand way. However, for 4 marks we might expect the answer to go a bit further, perhaps by
identifying the infographic’s failure to use actual proportional circles to display the information.

¢ To what extent does this infographic promote a pessimistic view about population growth? [6 marks]

On the one hand, the infographic paints a very negative picture of the future. It does this by using very strong language,
such as the word ‘kill". The phrase ‘some kind of crisis is inevitable’ sounds very sensationalist too. It is also an opinion
because not everyone agrees that a Malthusian crisis will occur this century.

On the other hand it is not entirely pessimistic. New jobs are shown, which suggests that new technologies are developing
as time passes, much as Boserup argued. The ‘urban farmers’ might be using new food technology developed to cope with
growing populations. The increase in life expectancy that is shown is good news, because it shows that UN sustainable
development goals are being reached and more people are living to reach an old age.

Overall, however, the tone is more negative and pessimistic than positive.

Examiner comment

This is a well-structured answer that shows clear understanding of what is meant by the command phrase ‘To what extent...’
(there is an expectation that an answer should argue both for and against the viewpoint that is being put forward, i.e. that
the infographic is pessimistic). The response is also grounded in knowledge and understanding of geographical theory,
including the writing of Malthus and Boserup. This means that a developed answer is provided which is both knowledgeable
and authoritative.

A number of pessimistic and optimistic views are identified and explained before a brief final judgement is arrived at. This
gives a good indication of the kind of answer that might be expected from a student if full marks were to be gained using
no more than the 8-9 minutes of reading and writing time allowed for this type of question in the actual examination
(overall, the exam lasts 75 minutes and there are 50 marks to be gained in total).




Glossary

Adaptation — Any action designed to protect people
from the harmful impacts of climate change but
without tackling the underlying problem of rising GHG
emissions.

Adaptation limits — Points beyond which a community
or environment cannot be protected from growing risks
through adaptive actions. There are ‘hard adaptation’
limits (no adaptive actions are possible, even where
money is available) and ‘soft adaptation’ limits
(protection is still possible but the costs are excessive).

Ageing population — A population structure where the
proportion of people aged 65 and over is high and rising.
This is caused by increasing life expectancy and can be
further exaggerated by the effect of low birth rates. It is
also called a ‘greying’ population.

Albedo — How much solar radiation a surface reflects.
White surfaces have the highest albedo, or reflectivity.

Anthropocene — The current geological age we are now
living in, viewed as the commencement of a period in
which human activity and industrialization have become
the dominant influence on Earth’s climate and the
natural environment.

Anthropogenic carbon flow — The current amount of
carbon emissions released annually by a country (for
example, due to fossil fuel burning and cement making)
produced in each nation. The figure can be adjusted
upwards to factor in the carbon equivalents of other
greenhouse gas emissions (methane and nitrous oxide).

Anthropogenic carbon stock — The total size of the store
of anthropogenic carbon emissions released into the
atmosphere since industrialization began around 1750.

Arid — A climate whose precipitation is less than 250 mm
annually.

Backwash — Flows of people, investment and resources
directed from peripheral to core regions. This process
is responsible for the polarization of regional prosperity
between regions within the same country.

Biome — Large planetary-scale plant and animal
communities covering large areas of the Earth's
continents. For example, tropical rainforest, desert
and grassland.

Cap and trade — An environmental policy that places a
limit on the amount a natural resource can be used,
identifies the resource users, divides this amount up into
shares per user, and allows users to sell their shares if
they do not wish to use them directly.

Carbon intensity — The amount of CO, emitted per unit
of GDP. If a country's carbon emissions rise less slowly
than its GDP is increasing, this suggests some action
is being taken to reduce emissions at the same time as
industrial output is increasing.

Carrying capacity — The maximum number of people
an area of land can support with current levels
of technology.

Circular economy — An approach to business management
and product design that maximizes the efficiency of

resource use, and aims ultimately to phase out waste and
pollution altogether.

Civil society — Any organization or movement that works
in the area between the household, the privare sector
and the state to negotiate matters of public concern.
Civil society includes non-governmental organizations
(NGOs), community groups, trade unions, academic
institutions and faith-based organizations.

Climate change — Any long-term trend or movement in
climate detected by a sustained shift in the average value
for any climatic element (for example, rainfall, drought,
hurricanes).

Climate emergency — The declaration of an ‘emergency’
makes the important point that humanity is facing
an existential threat similar to being in a state of war.
This means that climate and environment issues must
be re-positioned at the very centre of government
policy, rather than being treated as an ‘add-on’ to more
important economic concerns, as has often previously
been the case. ‘We are in an emergency heading
for a disaster,’ according to UN secretary-general
Anténio Gurerres.

Climate justice — Concerned with setting out moral or
legal principles of fairness in the way different people are
treated, based on our ethics and values. Climate justice
describes a way of thinking which directly links the
causes, consequences and costs of climate change with
ideas about justice and human rights. It seeks to frame
climate change as an ethical, legal and political issue —
as opposed to a purely physical ‘problem’.

Consumption — The level of use a society makes of the
resources available to it. Economic development and
changing lifestyles and aspirations usually result in
accelerated consumption of resources.

Core-periphery system — The uneven spatial distribution
of national population and wealth between two or more
regions of a state or country, resulting from flows of
migrants, trade and investment.

Cryosphere — Those portions of Earth’s surface where
water is in solid form.

Deindustrialization — The loss of traditional
manufacturing industries in some high-income countries
due to their closure or relocation elsewhere. Since the
1960s, many industries have all but vanished from
Europe and North America. Instead, they thrive in Asia,
South America and, increasingly, Africa.

Demography — The study of population dynamics and
changes.

Desalinization — The removal of salt water and other
minerals from seawater. The process is costly and
requires desalinization plants to be built.

Desertification — The intensification (‘deepening’)
or extensification (‘widening’) of arid, desert-like
conditions.

Development — Human development generally means
the ways in which a country’s people strive to grow



economically and also to improve the quality of life. A
country’s level of development is most often shown by
economic indicators of average national wealth and/or
income, but can encompass social and political criteria, too.

Ecological footprint — A crude measurement of the area
of land or water required to provide a person (or society)
with the energy, food and resources needed to live, and
to also absorb waste.

El Nifio Southern Oscillation (ENSQO) — A sustained sea
surface temperature anomaly across the central tropical
Pacific Ocean. It brings a change in weather conditions
that can last from two to seven years. Along with La
Nifia events, El Nifio events are part of a short-term
climate cycle that brings variations in climate but only
for a few years.

Embedded water — A measure of the amount of water
used in the production and transport to market of
food and commodities (also known as the amount of
‘virtual water’ or ‘water footprint” attached to a product).
Embedded water may include the use of local water
resources and the use of water resources in distant places.

Energy mix — The proportions of hydrocarbons, renewable
energy sources and nuclear energy that a country uses to
meet its domestic needs.

Energy pathways — Flows of energy that link producer
regions with consumer regions. In physical terms,
pathways take the form of pipelines, electricity power
lines and the routes taken by gas and oil tankers, or
trains carrying coal.

Energy security — When all people, at all times, enjoy the
uninterrupted availability of the energy they require to
meet their needs, and at an affordable price.

Environmental determinism — The over-simplistic and
discredited idea that what human societies can or cannot
achieve is decided mainly by physical environmental
factors — such as climate and local resource availability.
This view ignores important technological, cultural
and political factors, such as innovation, cooperation or
conflict.

Environmental racism — Any policy, practice or directive
that differentially affects or disadvantages (whether
intended or unintended) individuals, groups or
communities based on race.

Eustatic — A rise or fall in the height of Earth’s oceans due
to changes in how much water has been stored there.

Event attribution — A developing field of science which
tries to determine whether there is a direct causal link
between an individual case of flood, fire or storm and
global climate change. Event attribution is still very hard
to do in practice.

External forcing — A term used to describe processes that
impact on Earth’s climate system, which originate from
outside of the climate system itself, such as variations in
solar output.

Extreme poverty — When a person’s income is too low for
basic human needs to be met, potentially resulting in
hunger and homelessness.

Extreme weather event — An occurrence such as drought
ot a storm which appears unusually severe or long lasting
and whose magnitude lies at the extreme range of what
has been recorded in the past.

Food availability — Sufficient quantities of food of
appropriate quality to support a population, supplied
through domestic production or imports, including
food aid.

Food insecurity — When people cannot grow or buy the
food they need to meet basic needs.

Food security — When all people, at all times, have
physical, social and economic access to sufficient, safe
and nutritious food that meets their dietary needs and
food preferences for an active and healthy life.

Fragile middle class — Globally, there are 4 billion people
who have escaped poverty but have yet to join the
so-called NGMC. These are people who live off US$2—
10 per day and is broadly similar to the idea of a ‘lower
middle’ class.

Geo-engineering — The deliberate, large-scale
manipulation of the planetary environment in order to
counteract anthropogenic climate change.

Global dimming — Suspended particulate matter in the
atmosphere can reflect solar energy back into space
and so have a net cooling effect. This phenomenon can
occur naturally because of volcanic emissions but can
also be caused by human pollution too — meaning that
fossil fuel burning may be both warming and cooling the
planet at the same time!

Globalization — The variety of accelerating ways in which
places and people have become connected with one
another as part of a complicated global system.

Global North and Global South — A way of distinguishing
between the privileged, powerful and wealthy countries
of the Western world and Japan (‘Global North') and the
African, Asian and Latin American countries (‘Global
South’) who were historically marginalized, oppressed
or colonized by European countries in particular. Many
academic geographers use the ‘Global South’ term in
preference to ‘developing countries’ because the latter
may be viewed as a disrespectful or patronizing label.

Greenhouse gases — Those atmospheric gases that absorb
infrared radiation and cause world temperatures to be
warmer than they would otherwise be.

Green revolution — A period when the productivity of
global agriculture increased greatly as a result of new
technologies including fertilizers and selectively bred
high-yield crops.

Gross domestic product (GDP) — A measure of the total
value of the output of final goods and services inside
a nation’s borders. Each country’s annual calculation
includes the value added by any foreign-owned
businesses that have located operations there.

Human resources — The working-age people found in
a place who can generate wealth with the skills and
capabilities they possess (dependent on their educational
levels, the languages they speak and their capacity to
innovate and invent).

Indigenous population — An ethnic group that has
occupied the place where they live and call home for
hundreds or thousands of years.

Informal housing — Areas of housing built by the local
population in places where government has struggled
to provide sufficient fully-planned housing and
infrastructure. While some informal housing may be

123



124

of a poor standard, often it is not. The best examples
are built in bricks, steel and cement by experienced
professionals.

Informal sector — Unofficial forms of employment that
are not easily made subject to government regulation or
taxation. Sometimes called ‘cash in hand’ work, informal
employment may be the only kind of work that low-
skilled or marginalized people can get.

Internal migration — The movement of people from place
to place inside the borders of a country. Globally, most
internal migrants move from rural to urban areas (‘rural—
urban’ migrants) or between urban areas (‘urban—urban’).
In high income countries, we sometimes find people
relocating from urban to rural areas — a process called
counterurbanization.

Internally displaced people (IDPs) — People who have
found shelter in another part of their country after being
forced to flee their homes.

Intervening obstacles — Barriers to migrants such as a
political border or physical feature (deserts, mountains
and rivers).

Land grab — This term typically describes the acquisition
of large areas of land in low-income and middle-income
countries (and historically in some high-income
countries like the USA and Australia) by domestic forces
or outside forces, including international businesses and
governments. Indigenous people who have occupied land
for centuries or millennia may be told they no longer
have the right to remain where they have always lived.

Lorenz curve — A diagrammatic expression of the extent
to which a distribution is unequal. The dashed straight
diagonal line on a Lorenz curve shows a perfectly even
and equal distribution. The further away the solid curved
line deviates from this dashed line, the greater the level
of inequality that actually exists for the scenario shown.

Mass balance — The difference between the amount of
snowfall gained by a glacier or ice sheet, and the amount
of ice lost through the processes of calving (blocks
breaking off) andfor melting.

Militia groups — An armed non-official or informal
military force raised by members of civil society.

Militia groups may be characterized as either freedom
fighters or terrorists in varying political contexts, or by
different observers.

Millennium Development Goals — A set of interrelated
global targets for poverty reduction and human
development. They were introduced in 2000 at the UN
Millennium Summit; their successor, the Sustainable
Development Goals, followed in 2015.

Mitigation — Any action intended to reduce GHG
emissions, such as using less fossil fuel-derived energy,
thereby helping to slow down and ultimately stop climate
change. Mitigation can be practised by stakeholders
at different scales, from a citizen cycling rather than
driving, to a government setting strict national targets
for reduced carbon emissions.

Neo-colonial — A term originally used to characterize the
indirect actions by which developed countries exercise a
degree of control over the development of their former
colonies (more recently, it has become widely used
to describe some of China's overseas activities too).

Indicators of neo-colonial control include condirions
attached to aid and loans, cultural influence and
military or economic support (either overt or covert)
for particular political groups or movements within
a country.

Neoliberal — A philosophy of managing economies
and societies which takes the view that government
interference should be kept to a minimum and that
problems are best left for market forces to solve.

Net zero — The balance between the amount of
greenhouse gas produced and the amount removed from
the atmosphere. We reach net zero when the amount we
add is no more than the amount taken away.

New global middle class (NGMC) — Globally, the middle
class is defined as people with discretionary income.
They can spend this on consumer goods and, at the
upper end, private healthcare, holidays or even cars.
Precise definitions vary: one classification is people with
an annual income of between US$3,650 and US$36,500;
an alternative classification is people earning more than
US$10,000 annually.

Non-renewable resources — Mineral and fossil fuel
resources that are available only in limited supplies.
Fossil fuels were created as the remains of marine
creatures that decayed millions of years ago, under
huge amounts of pressure and heat. They cannot be
replaced easily.

No-take zone — An area of water where fishing has been
banned completely.

Nutrition transition — A change in diet from staple
carbohydrates towards meat and fish proteins and dairy
products. This happens typically when incomes rise from
USS$2 a day to US$10 a day.

Overpopulation — A theoretical state of imbalance where
there are too many people relative to the resources a
nation possesses. The resulting unemployment and
insecurity threatens everyone's quality of life.

Peak oil — The point when the maximum rate of global oil
production is reached (likely to be before 2030).

Per capita carbon footprint — The amount of carbon
dioxide emissions an average person in a country is
responsible for as they go about their everyday life.

Permafrost — Ground (soil or rock and included ice) that
remains at or below 0°C for at least two consecutive
years. The thickness of permafrost varies from less than
1 metre to more than 1.5 kilometres.

Population density — The number of people living within
a specified area. For instance, the population density of
large parts of New Mexico (USA) is less than one person
per square kilometre.

Population distribution — A description of the way in
which people are spread out across the Earth's surface.
For instance, around 4 billion people live in Asia.

Population pyramid — A type of bar chart used to show
the proportion of males and females belonging to
different cohorts (age groups) for a place or country.

Population structure — The make-up of a population in
terms of age, gender, occupation, ethnicity or any other
selected criterion.

Purchasing power parity (PPP) — A measure of average
wealth that takes into account the cost of a typical



‘basket of goods’ in a country. In low-income countries,
goods often cost less, meaning that wages go further
than might be expected in a high-income country.

Refugee — A person who has been forced to leave
their country in order to escape war, persecution or
natural disaster.

Relative poverty — When a person’s income is too low to
maintain the average standard of living in a particular
society. Asset growth for very rich people can lead to
more people being in relative poverty.

Renewable energy — Wind, solar and tidal power sources
which result from a flow of energy from the Sun.

Renewable resources — Natural resources that are
replenished by the environment over relatively short
periods of time. Forestry is a renewable resource:
regrowth occurs after wood has been cut provided
the rate of use does not exceed the forest’s capacity to
regenerate naturally.

Replacement level — The fertility rate required to maintain
a population at its current size.

Resilience — The capacity of individuals, societies,
organizations or environments to recover and resume
‘business as usual’ functions and operations following a
hazard event or other system shock.

Safe water — Warer that is safe to drink or to use for food
preparation, without risk of health problems.

Scale — Places, areas or territories can be studied and
identified at a variety of geographic scales, from a
local level to the national or state level. The global
distribution of population is a macroscale (planetary
scale) data pattern. In contrast, very small-scale patterns
are sometimes called microscale distributions.

Sex ratio — The relative proportions of men and women in
a society’s population.

Special Economic Zone (SEZ) — A part of a city or
country where business, tax and trading laws are
more liberal than those found in the rest of the
state, for the purposes of stimulating investment and
industrial activity.

Stewardship — An approach to resource management
which views humans as ‘caretakers’ of the natural world.

Sustainable development — Meeting the needs of the
present without compromising the ability of future
generations to meet their own needs.

Transnational corporations (TINCs) — Businesses whose
operations are spread across the world, operating in
many nations as both makers and sellers of goods and
services. Many of the largest are instantly recognizable
‘global brands’ that bring cultural change to the places
where products are consumed.

Tree line — The boundary between the coniferous forest
and tundra biomes.

Tundra — A ‘cold desert’ ecosystem composed of tough
short grasses that survive in extremely cold, sometimes
waterlogged, conditions at high latitudes where trees
cannot grow. The tundra is underlain by permafrost.

Underpopulation — A theoretical state of imbalance
where there are too few people relative to the resources a
nation possesses to make effective use of them, lowering
quality of life for all as a result.

Urbanization — An increase in the proportion of people
living in urban areas.

Water-Food-Energy nexus (WFE nexus) — The complex
and dynamic interrelationships between water, energy
and food resource systems. Understanding of these
interrelationships is essential if natural resources are to
be used and managed more sustainably.

Water scarcity — When the annual supply of water directly
available per person falls below 1,000 cumecs.

Water security — When all people, at all times, have
sustainable access to adequate quantities of acceptable-
quality water for sustaining livelihoods, wellbeing and
development.

Wicked problem — A challenge that cannot be dealt with
easily owing to its scale and/or complexity. Wicked
problems arise from the interactions of many different
places, people, things, ideas and perspectives within
complex and interconnected systems.
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