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landscape using freely available remotely 
sensed data (Google Earth imagery). 

This study was based around Pensi La, 
in the Suru Valley, Zanskar, Ladakh (see 
Figure 1). Pensi La is approximately 4,400 m 
above sea level, with local mountain peaks 
reaching around 6,000 m above sea level. The 

Most glaciers in the Himalayas 
are thought to be receding, but 
many areas are poorly studied. 

The project described in this article aimed 
to investigate environmental change in 
the Indian Himalaya by under taking 
geomorphological mapping of a glaciated 

Mapping glacial 
landscapes
A case study from the Himalaya
How can we best map changes in the glacial system? This article presents a case 
study from Ladakh to show how Google Earth can be used as a fieldwork technique, 
and how understanding the impacts of climate change on glaciers can help us assess 
local impacts on water security. The article is useful for topics on glacial systems 
and landscapes, water security issues, and fieldwork techniques for the NEA 

area contains a number of lakes and glaciers 
(including the Drang Drung and Pensilungpa 
glaciers). Two rivers originate here, the Suru 
and the Stod, both tributaries of the Indus. The 
Pensilungpa glacier contributes to the Suru, 
while the Drang Drung glacier contributes 
meltwaters to the Stod. 

Naomi Holmes

Drang Drung glacier

GeogRev31_4.indd   2 01/03/2018   1:39 pm



www.hoddereducation.co.uk/geographyreview 3

What do we know about the area?
Because they are remote, at high altitudes, and 
therefore difficult to access, little is known 
about many of the glaciated landscapes of 
the Indian Himalaya. There are no physically 
monitored glaciers and no meteorological 
stations in the study area. Most of the limited 
research that is available has been carried out 
using remotely sensed data. These studies have 
often measured changes in glacier length 
and area and used these data to represent a 
glacier’s response to climate change. More 
studies are now being conducted as we become 
increasingly aware of the importance of 
understanding how these glacial landscapes 
responded to climatic changes in the past. 
This will help us predict future glacier change. 

Glacial landscapes: a systems 
approach
Glacial landscapes are dynamic environments. 
The landscapes that we see today are the result 
of thousands of years of glacial processes acting 
on the Earth. Glacial systems have inputs 

The Pensi La area. A number of kettle 
lakes formed by the melting of glacial 
ice can be seen. The Pensilungpa glacier 
is in the valley to the right hand side of 
the photo.
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Figure 1 Map showing the location of the study area
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of the existing glacier show that glacial ice was 
present there in the past, and has retreated. 
Glaciers in the area have shown a decrease in 
length and area. 

However, more information is needed to 
determine how much of the glacial retreat 
indicated in Figure 2 is due to recent climate 
change. In order to fully interpret landscape 
change we need more information about the 
features, in particular understanding of their age.

Is fieldwork still necessary?
Although much information can be obtained 
using satellite imagery and remote-sensing 
methods, fieldwork is important for a number 
of reasons. 

It is hard to accurately map some of the 
features using the aerial imagery, for example 
debris cover on the glacial snouts can make it 
hard to map the edge of the glaciers. These can 
be mapped more accurately by field-mapping. 
Ground-truthing of your interpretations is 
an important part of any remote-sensing 
investigation. 

Mapping the landscape features gives us 
information about what the landscape was 
like in the past, but does not tell us when it 
was like that. Techniques which allow us to 
directly date landscape features can provide 
a timescale for changes in the past, and these 
can involve sampling or work on the ground. 
For recent changes these dates may come from 
assessing historic aerial imagery; for longer-
term changes approaches could be based on 
estimating the age of lichens growing on rock 
surfaces (see Further reading) or on high-tech 
analysis of cosmogenic nucleides which can 
determine the age of rock surfaces. 

Fieldwork and remote-sensing data 
collection therefore need to be used together 

via meltwater. Erosion occurs at a range of 
temporal and spatial scales. Areas outside 
the ice margin can be eroded too, for example 
through proglacial meltwater channels. 
Debris of all sizes (up to large boulders) can 
enter the glacial ice either supraglacially or 
subglacially. The debris is then transported 
by ice f low supraglacially, englacially or 
subglacially, or via glaciofluvial processes. 
Debris is deposited in different environments, 
giving rise to a wide variety of landforms. 

Mapping glacial landscapes in 
the Himalaya
Using Google Ear th, a team of young 
volunteers worked alongside university 
academics to produce a map of the glaciers 
and the geomorphological features in the area. 
Features mapped included alluvial fans, dirt/
debris cones, glaciers, lakes, moraines and 
rivers. Mapping of glacial features from aerial 
imagery requires the researcher to interpret 
the imagery by applying their understanding 
of glacial processes and landforms. Initial 
mapping by the volunteers (Figure 2) 
demonstrated some of the issues that occur 
with this, for example moraines were difficult 
to identify and glacier snouts were hard to 
delineate due to debris cover (Figure 3). 

By mapping the present-day position of the 
glaciers and the glacial geomorphology, the 
current and past extent of the glaciers can be 
reconstructed. 

How is the landscape changing?
There is a detailed geomorphological record of 
past glacial activity visible in the Google Earth 
imagery. From the geomorphological mapping 
it is clear that the Pensilungpa glacier was 
larger in the past. The moraines down-valley 

and outputs, and they interact with other 
systems. Changing the inputs, outputs and 
interactions influences a glacier’s behaviour 
and determines the impact of a glacier on the 
landscape. Understanding how these glacial 
systems have behaved in the past can provide 
us with important information that can be 
used to help place recent and current changes 
in a long-term context. 

The glacier system
Inputs to a glacier system include snowfall 
and rock debris. Outputs include meltwater, 
evaporated water vapour and rock debris. 
Snow and ice move through the glacier 
system as a result of glacier flow, transporting 
debris through the system too. A glacier 
can typically be divided into two zones: 
an upper accumulation zone where annual 
accumulation is greater than ablation, and a 
lower ablation zone where annual ablation is 
greater than accumulation. The point at which 
these zones meet is known as the equilibrium 
line, and its altitude varies according to 
topographical and climatic conditions. 

Where overall inputs are greater than 
outputs a glacier will grow, and when inputs 
are less than outputs a glacier will recede. 
This can be measured by monitoring the mass 
balance of a glacier (measuring the gain and 
loss of ice from the glacier).

Debris erosion, transportation  
and deposition 
Glaciers are effective at eroding, transporting 
and depositing debris. Direct glacial erosion 
occurs through three main methods: 
abrasion, crushing and plucking (see 
Glossar y for def init ions). Signif icant 
amounts of erosion can also occur indirectly 

Drang Drung

Pensilungpa

Figure 2 Preliminary mapping from Google Earth imagery

Abrasion  The wearing down of rock 
surfaces by the grinding effect of rock 
fragments frozen into the base of glaciers.

Crushing  The pressure exerted by basal 
rock fragments acting on the bedrock 
surface beneath a glacier.

Englacial  Embedded within a glacier.

Glaciofluvial  Produced by or due to the 
action of a meltwater stream or river deriving 
most or all of its water from a glacier 

Plucking  The removal of well-jointed or 
loosened blocks of bedrock which become 
frozen to the base or side of a glacier 
and are plucked from the ground by the 
overriding glacier as it moves. 

Subglacial  Underneath a glacier.

Supraglacial  At the surface of a glacier.

Glossary 
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Questions and activities
1 Little is known about the history of the 
glaciers in the Indian Himalaya. Discuss the 
reasons for this. 
2 Why is it still sensible to map landforms in 
the field when they have been mapped from 
satellite imagery?
3 If you had the opportunity to carry out 
fieldwork in the study area, which techniques 
would you use and why? 
4 Changing climate will continue to impact 
the glaciers and water-resource availability. 
How might local populations be affected by 
this in future years?
5 Use Google Earth to explore a glaciated 
region. Can you identify any geomorphological 
features from the imagery? Look at the historic 
imagery. How has the landscape changed?
6 Think about ways in which you could use 
this type of imagery to support your NEA on 
a glacial topic.

in the region by studying natural indicators 
preserved in the sediments in the lakes at 
Pensi La. For example chironomids (midges) 
are sensitive to temperature and counting their 
preserved remains in sediments can help us 
develop records of past temperature. 

Water security in the Himalaya
The term ‘water towers’ is used to convey 
the importance of mountains in providing 
freshwater to much of the world. Climatic 
changes are impacting mountainous areas and 
it is important to understand how the supply of 
freshwater may be affected. Ladakh is a high-
altitude cold desert with low precipitation, 
most of which falls as snow in winter. Meltwater 
(from glaciers and snow) makes a substantial 
contribution to the discharge of the rivers. The 
many people who live in the region rely on 
this meltwater as a water source. As glaciers 
dwindle in size local people are coming up 
with sustainable solutions to the challenges 
surrounding water resource availability, 
including creating artificial glaciers (see the 
back cover of GEOGRAPHY REVIEW Vol. 31, No. 2). 

Conclusion
Very few studies have been carried out in 
this important glaciated landscape. It is 
crucial that more research is undertaken to 
improve understanding of how the glaciers 
may respond to future climate change, how 
this may impact water availability and the 
impacts this may have on human populations. 

to increase the understanding of such glacial 
landscape systems. 

What was the climate like in  
the past?
Glaciers respond to two main climatic 
parameters: temperature and precipitation. 
There are no historical meteorological data 
sets for the area of study. However, it may 
be possible in the future to reconstruct the 
past temperature and precipitation patterns 

• Current and previous glacial landscape 
systems can be mapped using freely 
available satellite imagery.
• Fieldwork is essential to ground-truth the 
desk-based mapping and to collect samples 
for further analysis.
• Indian Himalayan glaciers in the Pensi 
La area are reducing in size as global 
temperatures rise.
• The impact of glacial retreat on water 
resource availability is important and will 
affect many populations.

Key points 

Naomi Holmes is a lecturer in physical 
geography at Sheffield Hallam 
University and was a scientist on 
two youth expeditions to the Indian 
Himalayas. 

Figure 3 Google Earth screenshot showing the area mapped in Figure 2

Learn more about glaciers and glaciology 
here: www.antarcticglaciers.org

Find out about proxy data used to 
reconstruct past climate and environment 
from NOAA: www.tinyurl.com/yc9vepqz

Read more about artificial glaciers at 
GlacierHub: www.tinyurl.com/ycxpk8gm

A paper on using lichens to date landscape 
features: www.tinyurl.com/yb4sjx9w

Woodward, J. (2017) ‘The big picture: Ice 
stupas and water security’, GEOGRAPHY REVIEW 
Vol. 31, No. 2, p. 42.

Further reading Further reading

The debris-covered snout 
of Pensilungpa glacier
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question and answer making the grade

This range of question styles and skills 
requires practice, especially under timed 
conditions, to make sure you can tackle them 
all in the available time. 

Question 1
Part (a) (i)
Question 1 (a) (i) is a data-stimulus question, 
but you are required to do some thinking. 
First, you need to understand what Figure 1 
shows, i.e. immigrant source countries for the 
USA. Second, you need to think about how the 
distribution shown could influence flows of 
money. This is much more than a simple task 
such as ‘which countries are the largest sources 
of immigrants?’ or being asked to explain the 
distribution of immigrants. 

The sequence of questions explored here 
is typical of the new A-levels. Initial 
questions are short and involve data-

stimulus skills, but this shifts quickly towards 
longer essay questions worth 12–20 marks. 
On many exam papers (including H481, 
but not shown here) there are 6–8 mark 
questions sandwiched between the short and 
long questions.

This type of exam paper presents a 
number of challenges:

 ■ Short questions need to be answered 
quickly, but precisely — often using your 
analysis and interpretation skills to find 
information in a figure.

 ■ 6–8 mark quest ions of ten demand 
detailed explanations of one process, or 
detailed knowledge and understanding 
of a case study, but these are not essay 
questions and you could spend far too long  
on them.

 ■ Essay quest ions invar iably require 
discussion and evaluation, exploring several 
different perspectives or arguments, backed 
up by evidence. These questions need some 
thinking time as well as writing time. 

Global migration,  
power and borders
This Question and Answer looks at questions from the OCR sample A-level Human Interactions 
exam paper H481.02. Question 1 is from Option B, Global Migration and question 2 is from 
Option D Power and Borders. The questions range from short-answer data-stimulus to essay-
style questions. The topics are covered in other specifications, although question style 
and mark tariffs will vary (Box 1). The exam comments are the responsibility of GEOGRAPHY 
REVIEW and have neither been provided nor approved by the examination board

Figure 1 Number of immigrants living in the USA by country of birth, 2013 

>500

250–500

100–249

10–99

<10

Number of 
immigrants 
living in the USA 
(thousands)

USA

For an update on migration, 
with highlights from the 2018 UN 
Global Migration Report go to:   
www.hoddereducation.co.uk/
geographyreviewextras

GeographyReviewExtras
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These economic and business links mean 
visa and immigration requirements are 
flexible, allowing large numbers of 
skilled workers to move freely. 

Exam comment
This answer scores 3 marks. The first 
sentence provides the basic explanation 
(the factor) and the next two sentences are 
logical, linked extensions of this idea gaining 
a further 2 marks. Shelly avoids the trap of 
introducing a totally different factor such 
as distance. Organising your answer into 
three short sentences in this way is a good 
technique to maintain the answer focus. 

Part (a) (iii)
Question 1 (a) (iii) is again a very different 
question. It is not about the data on immigration 
and what these show, but instead is a skills 
question about the technique used to display 
the data. You need to quickly switch from 
thinking about immigration flows, to thinking 
critically about presentation techniques. The 
question uses the phrase ‘how effective’, which 
means you can identify both good and not so 
good aspects of Figure 1. It could be useful to 
think about other ways the data could have 
been shown — for example in graph form, or 
as a table. Would these have been more or less 
effective? This question is point-marked, so you 
need to find four different points to make. 

Question
(iii) For the data presentation technique shown 

in Figure 1, suggest how effective the 
technique is for showing the number of 
immigrants living in the USA by country 
of birth. (4 marks)

Laura’s answer 

The colours used on the map make it easy 
to tell which countries are high sources 
of immigrants (e.g. Mexico) and which 
are low (e.g. Madagascar). The shading 
also helps to show that some continents 
have low numbers, such as Africa, and 
some higher, such as South America. 
On the other hand it is hard to tell how 
significant the migrant flows are for origin 
countries, because the total populations 
of those countries are not shown. 

Exam comment
Laura’s answers scores 3 marks. There are 
three clear comments on the effectiveness 
of the map, but for the fourth mark Laura 
needs an additional point. For instance, 
recognising that the numbers shown are 

Exam comment
Dale’s answer has two clear reasons:

• The terms ‘remittances’ and ‘investment’ 
both link clearly to the idea of 
flows of money. 

• In both cases there is reference to Figure 1 
in terms of named countries.

• The use of the word ‘second’ 
differentiates one reason from another. 

Part (a) (ii)

Question 1 (a) (ii) is very different from part 
(i). Here, the three available marks have to 
come from one factor which is then expanded 
on, twice. Think of this as explain � extension 
� extension to get 3 marks. The trap for the 
unwary is writing down three different factors 
(basic explanations): this would only score 
1 mark. This style of question is testing your 
depth of understanding. One obvious factor 
is how close countries are to the USA (Mexico, 
Canada) but there are others such as strong 
economic ties (UK, Japan, South Korea). 

Question
(ii) Explain one factor that might account for 

the spatial variations in Figure 1. (3 marks)

Shelly’s answer 

Countries which have highly educated 
and skilled workers, such as Japan, 
Germany and the UK, have large 
immigrant populations in the USA. 
Workers are likely to migrate because 
they work for major US multinational 
corporations such as Ford or Microsoft. 

Question
(a) Study Figure 1, which shows the number of 

immigrants living in the USA by country of 
birth, 2013. (i) Suggest two ways the number 
of immigrants living in the USA by country of 
birth, shown in Figure 1, can influence flows 
of money. (2 marks)

Dale’s answer 

As there are high numbers of 
immigrants from China and India, 
there are likely to be large flows of 
remittances back to these countries 
from the USA. Second, if there is a 
large Vietnamese or Filipino community 
in some US cities this could stimulate 
investment in shops selling cultural 
goods like food and clothing. 

Box 1 Other exam boards

These questions could be used as class 
or homework activities in preparation for 
specifications other than OCR, bearing in 
mind differences in question and mark-
scheme style.
• Edexcel covers material similar to Power 
and Borders in Topic 8A Health, Human 
Rights and Intervention, and migration in 
8B Migration, Identity and Sovereignty. 
• AQA has similar topics in Component 2 
Human Geography, especially Section C 
Population and the Environment. 
• Eduqas covers migration in the Global 
Governance: Change and Challenges topics.

Vietnamese students in 
an elementary school in 
Austin, Texas
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such as the UN, NGOs like Oxfam and 
governments of other countries. Usually 
interventions aim to protect the human 
rights of victims of conflict as well 
as meeting their basic needs such as 
housing, health and food supply. 

Some military interventions are carried 
out at a distance, such as the no-fly 
zones used in Iraq in 1991–2003, Libya 
in 2011 and Bosnia in 1993–1995. These 
aimed to prevent the use of air power 
against civilian populations and to 
deny some armed forces the ability to 
move freely. In some cases they were 
sanctioned by the UN Security Council 
but implemented by NATO. 

Although they can prevent some 
conflict, without action on the ground 
no-fly zones may have limited effects. 
In addition, they do nothing to help 
local people who may have been 
displaced, or be suffering from food and 
water shortages. In the Bosnia conflict, 
NATO-led UN-sanctioned bombing and 
ground-force intervention was eventually 
needed in 1995 to end the genocide and 
war crimes being committed. It could be 
argued this came too late in the conflict, 
i.e. after the Srebrenica massacre and 
towards the end of a conflict where more 
than 100,000 people had died, and the 
UN ‘safe haven’ set up around Srebrenica 
in 1993 had failed. 

In Sudan, the 2000s conflict in Darfur 
led to widespread genocide, the 

USA

Question 2 

Question

‘For local communities in areas of conflict, 
intervention can create more problems than it 
solves.’ Discuss. (16 marks)

This question is a high-demand one. The focus 
in on conflict and interventions. Interventions, 
in order to protect human rights, could be 
carried out by the United Nations, national 
governments and NGOs. Interventions could 
be in the form of military action, but also 
much broader humanitarian work to reduce 
suffering and protect people. Notice that ‘local 
communities’ are a focus in the question. 

The question is set up as a contentious 
statement — that such interventions can create 
more problems than they solve — implying 
that interventions do more harm than good. 
Is this true? This is the key to the ‘discuss’ 
command word. A good answer will consider 
how true the statement is, by presenting 
evidence for and against, before coming to a 
supported judgement. It is possible to answer 
this question using one major case study as long 
as this has the required depth. Alternatively, 
different examples of intervention could be 
used in a comparative way. 

Benjamin’s answer 

Intervention in conflict is relatively 
rare, and can be done by organisations 

absolute numbers rather than percentages 
of the origin country population would have 
extended her last idea. 

Box 2 gives you some pointers about world 
maps in exam questions.

Figure 2 A Pacific-centred map showing the highest data category from Figure 1

Box 2 World maps

You should notice that Figure 1 has only one 
country named: the USA. This illustrates the 
importance of basic geographical country 
knowledge. Questions 1 (a) (i) and (ii) are difficult 
to answer if you do not know your countries.

Some other points about Figure 1, and 
world maps in general, are worth noting:
• China, India, South Korea and Japan look 
physically distant from the USA on Figure 1, 
but changing the map projection (Figure 2) 
changes this perspective.
• Referring to locations on the world map 
using compass points is always preferable 
to ‘top, middle, left and right’.
• Data on Figure 1 are absolute numbers: 
this means that 500,000+ Chinese 
immigrants in the USA is likely to be a much 
smaller proportion of the huge Chinese total 
population compared to 500,000+ from 
South Korea with a population of 51 million.
• Patterns on world maps need a ‘stand 
back’ approach: look for broad patterns 
(such as the low number of immigrants 
from Africa, and high number from Asia) 
rather than looking too closely. 
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• The answer is logically written, moving 
from example to example but maintaining 
a continuous evaluative thread. 

• There are judgements within the main 
body of the answer, and at the end by 
way of a conclusion. 

• There is some focus on ‘local communities’ 
but this is an area that could be 
strengthened — for instance reference 
to different groups of people (genders, 
ethnicities). 

Exam comment
A mark scheme for this question is 
shown in Table 1. Benjamin’s is a Level 3 
answer because:

• It includes a good range of place-specific 
detail on interventions, including dates, 
organisations and their roles. 

• It is analytical and evaluative, because 
it considers how far the interventions 
outlined might be considered successful 
or otherwise. 

displacement of hundreds of thousands 
of people as refugees and a major 
humanitarian crisis. Intervention in the 
Darfur crisis was largely non-military 
and consisted of UN peace-keeping 
troops, observers and humanitarian 
assistance by the UN FAO and UNHCR. 
Many NGOs such as MSF and Oxfam 
provided humanitarian aid to Darfur. 
These interventions can be seen as 
successful in terms of supporting people 
already displaced, but they did little to 
end the conflict.

Since the partition of Sudan into Sudan 
and South Sudan in 2011, the United 
Nations Mission in South Sudan (UNMISS) 
has been present as a peace-keeping 
force with about 12,000 personnel from 
dozens of UN member states. Despite 
UNMISS, internal conflict has continued 
since 2011, leading to about 1.5 million 
internally displaced people. UNMISS 
protection has allowed NGOs and 
UN agencies to provide humanitarian 
assistance and improve food, water and 
health for many communities. However, 
UNMISS has not created stability in South 
Sudan or improved the governance of 
the country. 

Overall, it could be argued that 
interventions are better than doing 
nothing. However, they often appear 
to occur late in a conflict when human 
rights abuses have occurred up to a 
level that the international community 
can no longer ignore. At that stage 
intervention comes too late for many 
people. Interventions that have a limited 
remit, such as no-fly zones, may do little 
to protect people compared to an ‘on 
the ground’ intervention. However, 
intervention on the ground is costly, 
risky and usually very long-term (e.g. 
UK troops were in Afghanistan between 
2002 and 2014). Few countries agree 
to contribute. 

Table 1 Indicative mark scheme for question 2

Knowledge and understanding Analysis, interpretation and evaluation Quality of extended response 

Level 3 Comprehensive, with accurate 
place-specific detail

Comprehensive application; a clear, developed and 
convincing analysis with a detailed and substantiated 
evaluation that offers secure judgements leading to 
rational conclusions

Well-developed line of reasoning which 
is clear and logically structured

Level 2 Thorough with some partially 
accurate place-specific detail

Thorough application; a clear and developed analysis 
that shows accuracy with a detailed evaluation that 
offers generally secure judgements, with some link 
between rational conclusions and evidence

There is a line of reasoning presented 
with some structure

Level 1 Basic, with inaccurate place-
specific detail

Basic application; simple analysis that shows limited 
accuracy with an unsupported evaluation that offers 
simple conclusions

The information is basic and 
communicated in an unstructured way

British troops in Afghanistan, 
2009. Intervention is costly, 
risky and usually long term
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 ■ increasing availability of data from 
sources such as mobile phones, social 
media and sensors

 ■ inc reased use of t he inte r net to 
access datasets

 ■ developments in data storage and 
processing technologies

 ■ the release of freely available big-data 
processing software

All of these changes have enabled more 
people than ever to generate, collect and 
process big data, much of which is either 
collected with no specific purpose in mind 
or is a by-product of another activity.

With this widespread use big data has 
become something of a buzzword. The term 
is now so widely used that there is some 
confusion about what exactly big data are. 
Even if we take the term literally, and define 
it simply as ‘a large amount of data’, how much 

Over the past decade, the idea of ‘big data’ 
has become a focus of global interest, 
attracting the attention of academics, 

governments and industries. Though the term 
first appeared in the 1990s, it did not attract 
the attention of the mainstream media and the 
wider geography community until 2011. This 
was when big data analysis was reportedly used 
to locate the terrorist Osama bin Laden after 
traditional intelligence operations had failed to 
find him. Since then, big data have been widely 
used in issues like climate-change assessment, 
disease surveillance, disaster response and 
monitoring critical infrastructures. 

The principles of big data are not new 
(meteorologists such as the Met Office, for 
example, have arguably been using big data to 
predict the weather for decades). However, the 
use of big data has started to gain widespread 
popularity due to:

Big data
What does it mean?
Geographers and data scientists are increasingly working with ‘big data’ in order to conduct 
their research. It is an area of analysis you need to understand. But what is meant by big 
data, why is this tool attracting so much interest, and how can geographers use it?

are we talking about? And is the volume of 
data all that matters?

How big is big?
In fact, big data has no clear definition and 
its definition varies depending upon who 
you are talking to. Attempts have been made 
to define it using simple examples such as 
‘anything that is too big to fit in an Excel 
sheet’ or ‘anything that is too big to fit on a 
laptop’. Such statements are intended to be 
illustrative, and it would be naïve to suggest 
that a scientific term could be defined by 
such rules. If nothing else, the notion that 
simply upgrading your laptop could re-classify 
your data would be a worrying thought for 
data scientists.

In reality, big data are about much more than 
size. Indeed, the best definitions cite several 
characteristics, which normally include:

Jonny Huck
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collected using a structured questionnaire). 
The results are coarse in resolution (aggregated 
to areas, rather than being available for each 
individual). So although the census represents 
a large amount of data, it cannot be considered 
as big data. 

The comparison between Google Traffic 
and the census is summarised in Table 1.

Big data science
One of the pioneers of big data for commercial 
purposes was Walmart (the company that owns 
ASDA supermarkets). Walmart reportedly has 
about 40 petabytes (40 million gigabytes) of 
data collected from the 250 million customers 
who use its 11,000 stores every week. Much of 
this material would be familiar to geographers, 
relating to store locations, customer addresses 
and demographic information, as well as 
details of which customers bought what 
products and when.

The dataset is constantly analysed in real 
time in order to predict sales demand, identify 
where to build new stores, and establish how 
to maximise profit based upon a wide range 
of variables such as what the weather is 
doing, what is trending on Twitter, and which 
sports teams have won that day. For example, 
such analysis allowed Walmart to work out 
that strawberry Pop Tart® sales in the USA 
increase by seven times before a hurricane. 
Walmart does not understand why this is the 

time, not merely the one that would be the 
quickest under ideal conditions. In addition to 
this, you can look into the future to see what 
the predicted traffic will be like on a given day 
and time (e.g. ‘what will be the fastest route 
to work at 8 a.m. next Monday?’) Predictions 
are based upon the past patterns identified in 
Google’s big data analysis.

Let’s have a think about the data used by 
Google and compare this to our definition 
of big data. Coverage of drivers across all 
roads in multiple countries, combined with 
all the additional data on traffic incidents, 
roadworks, weather and so on will certainly 
be high in volume and variety. The data are 
collected in real time, so are high in velocity, 
and are collected at the individual level, so are 
high in resolution and, insofar as is possible, 
exhaustive in scope (in terms of roads). 
Google Traffic is, therefore, a good example 
of big data.

The UK census
For the purposes of comparison, let’s now 
consider another example of the analysis of a 
large dataset against these criteria. The national 
census is taken by the UK government every 
decade, and is widely used by geographers for 
data about demographics, poverty, religion, 
employment and other social variables. 

Thinking about our definition of big data, 
the census is intended to be exhaustive in 
scope (aiming to cover every citizen in the 
UK) and is undoubtedly large in volume. 
Censuses, however, are neither high in 
velocity (with the survey taken only every 
10 years) nor diverse in variety (data are 

 ■ large in volume (terabytes or peta-
bytes of storage)

 ■ high in velocity (being produced in real 
time or near real time)

 ■ wide in variety (many different types of 
information, possibly stored in different ways)

 ■ exhaustive in scope (representing all 
or almost all of a population rather than 
just a sample)

 ■ high in resolution (not exhibiting any 
aggregation or generalisation)

A list like this gives a much more reasonable 
set of criteria for determining whether or not 
data are ‘big’, and provides us with a simple 
framework against which we can assess 
datasets to determine just how ‘big’ they are.

Are my data ‘big’?
Google Traffic
Think about the Google Maps app on your 
phone. Not only can it tell you where you are, 
show what direction you are facing and give 
you directions for the most efficient route from 
one place to another, but it can even account 
for real-time traffic conditions. It is able to do 
this because Google is constantly streaming 
data from a variety of sources relating to 
roadworks, traffic incidents, the weather and 
other variables, as well as tracking movement 
data from the phones of Android users as they 
travel around the road network. 

Google is able to combine all of this 
information with its existing (and constantly 
updated) data on the global road network 
and speed limits in order to determine where 
traffic congestion is taking place. This allows it 
to direct you to the most efficient route at that 

Table 1 Comparing Google Traffic and the 
UK census against big data criteria

Criterion
Google 
Traffic

UK  
census

Volume ✓ ✓

Velocity ✓ ✗

Variety ✓ ✗

Scope ✓ ✓

Resolution ✓ ✗

Big data ✓ ✗

Walmart has about  
40 petabytes of data from 
its customers, which it 
uses to predict demand…

…such as increased sales 
of strawberry PopTarts 
before a hurricane
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means to gain unprecedented insight into 
both urban and environmental systems, using 
the tools carefully and with understanding of 
the issues highlighted in this article.

This example highlights the biggest risk 
with big data methods, and the danger of 
relying upon relationships between data that 
are not understood. However, the fact that it 
was able to out-perform traditional methods 
for 4 years represents an important step 
forward in data science. 

Ebola 2014
Big data methods are now applied to various 
global health situations, notably the 2014 
Ebola outbreak in Africa, during which 
researchers used mobile-phone data to map 
Ebola outbreaks in real time so that aid 
could be directed as efficiently as possible. 
In addition to this, they could predict 
future transmission patterns and analyse 
environmental factors that might promote the 
spread of Ebola, so that steps could be taken 
to prevent outbreaks before they occurred. For 
example, by analysing social-media data and 
local news reports, researchers were able to 
predict the outbreak in Guinea more than a 
week before the World Health Organization 
reported it. 

Conclusion
Big data have had a profound impact upon 
both the commercial and the scientific worlds. 
Many of our day-to-day activities, such as 
navigating through a city, shopping or simply 
using a smartphone, now involve both the 
creation of big data and the use of systems 
that are based upon analysis of such data. It is 
important for geographers to understand big 
data and the nature of the ‘digital footprints’ 
that we leave behind in everyday life.

Looking into the future, it has been 
suggested that there is a risk big data will 
start to affect how, where and why we move, 
act and interact, rather than simply recording 
and predicting these things. For now, however, 
geographers should embrace big data as a 

• Big data are defined by multiple 
characteristics, not just size.
• Big data represent a different approach 
to scientific investigation.
• Big data hold challenges, mainly arising 
from the lack of understanding of why 
patterns in data exist.
• Despite these challenges, big data have 
the potential to provide geographers, 
researchers, governments and industries 
with an unprecedented insight into the 
behaviour of people and systems.

Key points 

Dr Jonny Huck is a lecturer in 
geographical information science at 
The University of Manchester.

case, but has calculated that there is a 
significant relationship between the two 
variables, and can act accordingly in order 
to maximise sales. 

In many ways, this is the key to big 
data: the ability to f ind meaningful 
relationships between variables that 
otherwise seem to be unrelated. This 
is an unusual approach to scientif ic 
investigation. Traditionally, scientists 
come up with a hypothesis, collect a 
sample dataset, and use that dataset 
to test the hypothesis. With big data, 
however, scientists do not need to develop 
hypotheses, they can simply collect vast 
quantities of data and analyse the figures 
for patterns. 

Walmart, therefore, did not need to 
guess that hurricanes and strawberry 
Pop Tarts are related. The company 
simply collected as much data as possible 
and used high-powered computers to test 
everything against everything else. When 
a relationship was found, Walmart didn’t 
need to worry about why the two things were 
related, it simply put the strawberry Pop Tarts 
by the tills when a hurricane was forecast, safe 
in the knowledge that sales would be good.

Big data risks
Google Flu Trends
Finding relationships between things without 
having to understand why they are related 
might seem attractive, but it can also be risky. 
For example, in 2008, a team of researchers 
from Google announced that they were able to 
track the spread of influenza across the USA. 
They claimed that they could do this without 
needing the results of any medical check-ups 
and more quickly than the US government’s 
Center for Disease Control and Prevention 
(CDC). Google’s tracking took only a day, in 
comparison with the CDC’s which took more 
than a week.

Google was faster because it was using 
big data, tracking the outbreak by finding a 
historical correlation between what people 
searched for online and whether they had 
f lu symptoms at the time. Google didn’t 
develop hypotheses about which search terms 
(e.g. ‘f lu symptoms’ or ‘nearest pharmacy’) 
might be related to the spread of the disease 
itself, the researchers simply took the top 
50 million search terms and let the algorithms 
do the work. 

Google Flu Trends was an incredibly 
valuable tool for 4 years until 2012, when 
it started to significantly over-predict f lu 
instances. Because the patterns that the tool 
relied upon were not based upon scientific 
hypotheses, there was no way to understand 
why it had gone wrong, and the service had 
to be withdrawn. 

A page with links to articles about big data: 
www.tinyurl.com/ycf8nqc7

‘Empowering GIS with big data’, GIS 
Lounge: www.tinyurl.com/ybc65cru

‘Big data concepts and benefits explained’, 
TechRepublic: www.tinyurl.com/yclehne2 

The Ebola story from Datanami: www.
tinyurl.com/y7gv5jdc and from IBM: 
www.tinyurl.com/nx7xfjq

Health map plotting current disease alerts: 
www.healthmap.org/en/

Further reading Further reading

A Médecins sans Frontières medic 
in Guinea during the 2014 Ebola 
outbreak. Mobile phone data were 
used to map local outbreaks
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geographical skills making the grade

Places have multiple dimensions. They 
are inf luenced by connections and 
f lows, they have a specific location, 

and they have different meanings for local 
and more distant populations. Meaning is 
personal (subjective) as well as social and 
cultural. Places are also dynamic, changing 
minute by minute, day by day, month by 
month. Such changes can have either positive 
or negative impacts on the identity of a place 
and the way it is represented.

In past issues Geographical Skills has 
considered fieldwork techniques that can 
be used to research town centres, such as 
measures of retail diversity, questionnaires 
and clone-town indices. This column looks 
at some ways of assessing urban identity and 
how it contributes to ‘urban health’. Urban 
health in this context refers to the wellbeing 
and resilience of the place rather than to the 
health of the population. 

Defining a ‘healthy place’
As a starting point for an investigation you need 
to read about the place you are studying and 
about ways to study places. This reading of the 
‘literature’ allows you to set the scene and to 
place the particular questions you are asking in 
the context of what else is known or not known. 
It also helps you to establish a general context 
for the geographical issue or topic that you are 
studying. In other words, this is the opportunity 
to review the most up-to-date literature to 
provide a background to your research. Table 1 
gives examples of contrasting research sources 
and their possible degree of bias.

Measuring urban health
David Holmes shares some ideas about qualitative fieldwork you 
might carry out on the theme of changing places

Table 1 Reviewing research sources

Type Sources and their reliability Possible degree of bias

Academic papers University researchers. Peer reviewed and assessed. Generally technical and 
sometimes hard to understand

Likely to be least biased

Mixed

Likely to be more biased

Technical documents Central government, NGOs etc. High degree of credibility within a particular 
industry so can be good sources

Textbooks (including 
undergraduate)

Big publishers, written by a team of authors and edited. Can be selective in 
the information and arguments presented

Magazines, newspapers 
and published leaflets

Wide variety in here, some very good, others more questionable. Often up-
to-date

Social media and personal 
communication

Twitter, Facebook, personal blogs and any ‘unregulated’ information online. 
Need to be careful with some of these.
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Figure 1 The Project for Public Spaces (PPS) vision of what makes a great place. The core 
shows the four key attributes of a great place, the inner ring the ‘intangibles’ and the 
outer ring the ways of measuring them
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You may need to use qualitative (non-
numerical) techniques and methods as well 
as quantitative (‘counting’) measures in this 
type of fieldwork. A qualitative study can be 
more challenging than quantitative fieldwork, 
as you have to use a set of skills to develop 
your own social and cultural awareness. 
Qualitative data may be in the form of texts, 
images and descriptions of behaviours, 
actions and practices that are witnessed in 
the urban landscape. 

There is a lot of research in this area that 
can be used as a starting point for coming 
up with your own ideas on how to classify a 
successful urban place. Figure 1, for example, 
is from the Project for Public Spaces (PPS), a 
planning, design and educational organisation 
helping people create and sustain public 
spaces that build stronger communities. 
PPS has developed its own model for a great 
place that could be used to help measure the 
health of urban places. Table 2 gives a list of 
indicators of successful urban places. 

Classifying urban retail areas
Urban places can be very different in their 
scale, feel and retail offering. The terms 
‘high street’ and ‘town centre’ tend to be 
used interchangeably, but the former is a 
component of the latter. If you are doing an 
independent investigation, a study at a high-
street scale (or comparison of different parts 
of the high street) is more manageable than 
one of the whole town centre.

Researchers have attempted to classify 
urban retail areas according to scale — from 
small market towns to large city centres. 
Figure 2 is an example of a classification 
based largely on retail offering. Healthy and 
resilient shopping environments are likely to 
have several of the following characteristics: 

 ■ a retailing centre that serves the needs of 
the local community

 ■ leisure, entertainment and cultural facilities
 ■ access to public and private-sector services
 ■ an employment and business sector
 ■ accessibility by a number of transport  

options 
 ■ perceived by the local community as 

their town centre
Town cent res today have comple x 

functions. Places can have a range of retail 
identities (Figure 3) and most will show a 
mixture of characteristics, although they will 
often be skewed towards a particular identity. 

Table 2 Examples of qualitative indicators of successful urban places that could be linked 
to place health

1 Interesting and stimulating urban shapes and design

2 Areas for informal and casual meetings including warm and friendly bars and pubs

3 A wide variety of food and drink at different prices and people can eat indoors and outdoors

4 A balance between having space and feeling safe within a defined space

5 Senses heightened by a sense of belonging connected to historical and cultural identity

6 Surprises to provide topics of conversation and to keep people awake with exciting things 
to see, do and experience

Source: ‘Making a city: urbanity, vitality and urban design,’ Journal of Urban Design, Vol. 3, No. 1, 1998. 

A field manual for measuring urban design 
qualities: www.tinyurl.com/ydb3bxfz

More information on Project for Public 
Spaces: www.pps.org/about/ 

Further reading Further reading

City centres
Serving a wide catchment area beyond a single 
local council area. A wide range of activities and 
areas that perform different main functions, 
e.g. business quarters 

Town centres
Often the principal centre in a local council area. In rural 
areas they are likely to be market towns and similar, 
providing a range of facilities and services

District centres
Usually groups of shops, containing at least one supermarket or 
superstore and a range of non-retail services, such as banks, 
building societies and restaurants, as well as local public facilities, 
such as a library

Local centres
Usually include a range of small local shops, serving a small catchment. 
Typically include a small supermarket, a newsagent, a sub-post of�ce and a 
pharmacy. Other facilities could include a hot-food takeaway and laundrette. 
Large villages may perform the role of local centre

Small parades
Usually fewer than 10 units, normally retail. Given the size of these centres they are not 
usually covered by the local council plan. However, they are still an important 
neighbourhood feature so could be included in neighbourhood plan

Fake or 
genuine?

A contested rural place

Source: thegreatbritishhighstreet.co.uk

Figure 2 A model defining a hierarchy of town-centre types based on scale and retail offering
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 ■ What ’s unique here/what ’s spec ia l 
about this place?

 ■ Who are the people using the spaces? 
 ■ Who is marg inalised or e xc luded 

from this space?
 ■ What is the ‘ feel’ of the urban neigh- 

bourhood?
 ■ What is the evidence of the urban space 

needing improvement? 
All of these contribute to the internal 

and external images of the health of an 
urban place.

An alternative approach is to focus more 
heavily on the design and architecture of 
a place. This is a more quantitative style of 
fieldwork. Some research will show you that 
there are plenty of techniques already available 
online. For example there are methods to 
measure the design qualities of a place and 
how these influence people’s decisions about 
where to walk. 

Conclusions
The vitality of a town is complex. It can change 
over time and from different perspectives. The 
proportion of vacant street-level properties in 
a town centre is one obvious way of discerning 
its health. Another is retailer representation. 
These are relatively easy to measure or research. 
But you can also investigate health through a 
more complex set of identities, as described 
above. In the central urban landscape, 
qualitative and quantitative fieldwork can 
compliment each other, generating contrasting 
as well as challenging perspectives.

Table 3 Strengths and weaknesses of different town-centre identities

Identity Strengths Weaknesses Example

Community-
focused

Local engagement
Partnership working
Varied high street for locals

Low spend per visitor 
High proportion of betting and charity shops
Long-lasting vacant shops

Deptford

Sustainable 
destinations

High visitor volumes
Good transport links and connectivity
Thriving night-time economy

Higher levels of crime
Lower spend per visitor 
Possibly large numbers of vacancies

Cheltenham

Specialists High levels of business confidence
Interesting local events
Attractive high street with good visitor offering

Some vacant retail units
Moderate levels of reported crime
Issues with car parking and central access

Skipton

Global 
celebrities

Large yearly volumes of visitors
Good level of business confidence
High levels of retail sales

Limited local produce/arts on offer
Weak community spirit
Exclusive: limited offering for people with lower incomes

Liverpool

Source: thegreatbritishhighstreet.co.uk/pdf/Successful-Town-Centres.pdf?2

David Holmes works as a geography 
education and assessment consultant. 
He is an author with a keen interest 
in fieldwork and technology in 
geography. David also works as a 
schools partner trainer with ArcGIS 
Online. He can be contacted at david@
david-holmes-geography.co.uk or visit 
www.david-holmes-geography.co.uk.

Images of town centres can 
be used to tell us a lot about 
places, their health and identity

Source: thegreatbritishhighstreet.co.uk

Figure 3 A classification for the identity of town centres
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For example they may offer local specialisms 
or be seen as a sustainable destination. Table 3 
looks at these strengths and weaknesses in 
more detail and provides UK examples of 
different town centres based on identity. 

Assessing the image of a place
One important factor in creating a vibrant 
town centre seems to be it s design, 

‘feeling’ and architectural identity. If this is  
positive, people will be more likely to visit, and  
engage with the place. But what kind of  
primary data can you collect as a base of 
evidence for this?

The most obvious evidence will be 
photographic — carefully framed pictures to 
show what a place is like. Some questions to 
focus on might include:
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Food security can be defined as a 
‘condition that exists when all people, 
at all times, have physical and economic 

access to safe and nutritious food to meet their 
dietary needs and food preferences for an 
active and healthy life.’ This definition came 
out of the World Food Summit in 1996. It rests 
upon three conditions, known as the ‘pillars’ 
of food security:

 ■ Availability of food resources. Food 
security can only exist when there is a 
sufficient food supply at national, regional 
and local levels relative to the requirements 
of the population. Food availability is about 
quantity, and it depends first on production 
and import levels.

 ■ Access to food resources. This pillar is 
about food quality; it refers to the ability of 
all people to have an adequate diet — in other 
words, to the type of food that a household, 
a community or a nation can obtain or buy.

Food  
security
A global challenge

Why is food security such a huge global issue, and what 
can be done to address the problem in the future?

Roberta Sonnino

For a quiz on water  
and food issues go to:  
www.hoddereducation.co.uk/
geographyreviewextras

GeographyReviewExtras

Figure 1 The global geography of food security

16 million  Developed countries

47 million  Latin America/Caribbean

227 million  Africa

553 million  Asia and the Paci�c

Brazil’s Zero Hunger project used school 
meals to improve food security
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 ■ the available flows and stocks of natural 
resources (which have an impact on food 
availability)

A changing problem
Third, food security is a dynamic crisis. 
Although the problem is very old, its main 
features and manifestations vary across 
time and space. Today, food insecurity is 
essentially a global crisis of malnutrition that 
encompasses not just hunger but also obesity 
and overweight. Simply put, millions of people 
can afford to over-consume food because 
many other millions cannot consume enough. 

Land use is also key. The physical space 
available to produce food is limited and it 
is constantly shrinking, due to urbanisation 
and increasing environmental degradation. 
Using land to grow products for the global 
fast-food industry (such as animal feed) often 
means depriving local communities of the 
opportunity to grow food (such as fruit and 
vegetables) that is necessary for a healthy diet. 

What causes food insecurity?
At the most immediate level, food insecurity 
crises are triggered by shocks, such as wars 
or natural disasters, which impact the 
availability of (or access to) nutritious foods 
for a population. 

An example is the food price crisis of the 
2000s (Figure 3). Analysts have identified 
three main factors which led to this crisis: 

 ■ the global growth in biofuel production, 
which took land away from food production 

An interconnected issue
Second, food insecurity is not an isolated 
problem but relates to many other big 
challenges of our time, including climate 
change, resource depletion and water scarcity. 
As shown in Figure 2, food security is closely 
related to environmental and social issues: 
food security influences, and is influenced by:

 ■ the levels of income and employment of 
a population (which affect their capacity to 
access good food)

Food system activities
Producing food: natural resources, inputs, technology
Processing and packaging food: raw materials, standards, consumer demand
Distributing and retailing food: marketing, advertising, trade
Consuming food: preparation, consumption

Social welfare
• Income
• Employment
• Wealth
• Social and 
 political capital
• Human capital
• Infrastructure

Environmental 
security
• Ecosystems 
 stocks, �ows
• Ecosystems 
 services
• Wealth

Food system outcomes contributing to:

Food security

Food 
utilisation

Nutritional value
Social value
Food safety

Food 
access

Affordability
Allocation
Preference

Food 
availability
Production
Distribution
Exchange

Source: Ericksen 2008

Figure 2 Food security as related to other social and environmental issues

 ■ Utilisation of food resources. This 
is the biological dimension of food 
security, which refers to how (and how 
well) the human body is able to use the 
foods consumed and to convert them 
into nutrients.

Achieving food security essentially 
means ensuring that there is enough food 
of adequate nutritional quality available 
to people over time and space. This is 
known as stability of food resources, and 
makes up a fourth fundamental pillar of 
food security.

The nature of the problem
As a global problem, food security has 
three defining features.

A major challenge 
First, it is a huge challenge for the world 
today. Recent figures provided by the Food 
and Agriculture Organisation (FAO) of 
the United Nations indicate that there 
are nearly 800 million hungry people in 
the world — people who do not assimilate 
the nutrients that are necessary for normal 
growth and body maintenance. As 
Figure 1 shows, although hunger is mostly 
concentrated in developing countries, the 
problem (often described as ‘food poverty’) is 
increasingly present also in the global North. 

The magnitude of the food security crisis 
has made it a high priority on the global policy 
agenda. The eradication of hunger was the first 
of the eight UN Millennium Development 
Goals adopted by world leaders for the period 
2000–15. In 2015, the achievement of ‘zero 
hunger’ was included in the 17 UN Sustainable 
Development Goals.

Food insecurity is often triggered by violence 
and displacement. Here a young woman 
fleeing Boko Haram arrives at a Médecins 
sans Frontières clinic in Chad
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to grow biofuel crops, and led to food-
price increases

 ■ increased oil prices, which raised the cost of 
using agricultural machinery, manufacturing 
inputs, food processing and refrigeration

 ■ the increased occurrence of droughts and 
f loods, caused by climate change, which 
further decreased the amount of agricultural 
land available to grow food

Where does it happen?
Some places on the planet are much more 
vulnerable to food security crises than others. 
Official figures provided by FAO show that 
between 1990 and 2015 the total percentage 
of hungry people in the world reduced by 
nearly half, but there are marked differences 
in progress. In central and eastern Asia and in 
Latin America government policies designed 
to protect poorer parts of the population have 
helped reduce food insecurity. However, in 
southern Asia and sub-Saharan Africa, war, 
civil unrest and the displacement of refugees 
have severely hampered progress towards the 
eradication of hunger. 

The global geography of food insecurity is 
clearly very uneven, and this is due to a range 
of factors that are rooted in colonial history.

Historical factors
Between the six teenth and twentieth 
centuries, colonial powers in the global 
North began to demand goods (such as coffee, 

human population increases exponentially 
(e.g. from 2 to 4 to 8 to 16 million people), 
agricultural production can only increase 
arithmetically (e.g. from 2 to 4 to 6 to 8), 
since farmers tend to bring the most fertile 
land under cultivation first. For the supporters 
of productivism, which is still the dominant 
position in global and national policies, 
human progress is limited by availability of 
resources. We therefore need to increase food 
production through scientific advancement. 

This approach has the benefit for countries 
of the North that it creates opportunities for 
multinationals to invest in countries of the 
South. The argument against productivism 
is the widely accepted figure that we throw 
away one third of all the food produced in the 
world. Increasing production cannot become 
a priority until we address this waste, which 
is caused by lack of infrastructure in the 
global South to deal with harvested crops, 
and irresponsible consumer and retailer 
behaviour leading to over-consumption in 
the industrialised North. The FAO has also 
calculated that world agriculture in the early 
2000s produced 17% more calories per person 
than it did 30 years earlier (despite a 70% 
population increase).

Livelihood strategies
The main barrier to global food security is 
not food availability, but poverty: too many 
people in the world do not have sufficient 
resources to grow or purchase enough food. In 
his Poverty and Famines: An Essay on Entitlement 
and Deprivation (1981), Nobel prize-winning 
economist Amartya Sen used the example of 
the 1943 Bengal famine to show that national 

sugar, tea, tobacco, cocoa and cotton) that are 
produced in the South of the world. Growing 
these crops for export took land away from 
the production of foods that were necessary 
for the subsistence of local communities. In 
many colonies, particularly in Latin America, 
peasants were granted small plots of land to 
grow food for their families but were also 
required to produce goods for export, often 
working under slavery. 

In the twentieth century, agencies like the 
World Bank and the International Monetary 
Fund (IMF) gave loans to developing countries 
on condition that they implemented policies 
called ‘structural adjustment programmes’ 
that aimed to promote trade liberalisation 
and privatisation. Countries that had been 
self-sufficient in food, growing subsistence 
crops, were quickly turned into ‘food-deficit’ 
countries heavily dependent on trade. This 
made them vulnerable to global food-
price hikes, as illustrated by the example of 
Somalia in Box 1.

What can be done?
There is a spectrum of strategies that can 
be used to address the food security crisis. 
At the two opposite ends of this spectrum 
are ‘productivist’ approaches that target 
the availability pillar of food security and 
‘livelihood’ approaches that prioritise access 
to nutritious food.

Productivist strategies
‘Productivism’, or the idea that global food 
security depends on increasing levels of food 
production, is rooted in Thomas Malthus’ ‘law 
of population’. Malthus stated that whereas 

Source: UNFAO

Figure 3 The food price crisis, 2000–07

Box 1 
Creating hunger in Somalia

Somalia was traditionally a pastoral 
economy based on economic ‘exchange’. 
Nomadic herdsmen and small farmers 
produced food which they bartered for 
other goods. 

In the 1980s, the International Monetary 
Fund and the World Bank imposed a 
tight austerity programme to pay for the 
country’s external debt. This opened up 
the national market to cheap surplus grains 
(‘food aid’) produced in the global North. 

This phenomenon, commonly known as 
‘dumping’, displaced local food producers, 
who could not compete with the prices of 
imports. It led to the gradual disappearance 
of traditional crops (such as maize) and 
eventually to the collapse of the country’s 
agricultural infrastructure.

Rather than supporting the re-creation 
of domestic markets, donors encouraged 
Somalia to grow ‘high value-added’ fruits, 
vegetables, oilseeds and cotton for export, 
making national agriculture very exposed to 
changes in the global market.
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exciting opportunities emerging for human 
geographers interested in playing an active 
role in the fight against the challenge of global 
malnutrition.

Questions for discussion
1 What is the re lat ionship between 
poverty, environmental degradation and 
food insecurity?
2 What changes are needed at different scales 
to improve food security? Are such changes the 
same for developed and developing countries?
3 What is the specific contribution that 
geographers can make to food security policies 
at the global, national and local levels?

relat ionships between producers and 
consumers. To achieve this goal, Brazil used 
its school meal programme to create markets 
for small farmers and improve children’s 
access to fresh food. Under this scheme, 
financial resources for school meals in Brazil 
are allocated based on the socioeconomic 
status of the region. The school authorities 
have to use at least 30% of their budget to 
purchase seasonal products from family 
farmers, giving preference to those in the most 
marginal local communities (e.g. traditional 
and indigenous farmers).

The lessons that can be drawn from the 
example of Brazil are that

 ■ food security has to be addressed at both 
the national and the local level simultaneously

 ■ the solution to the problem must involve 
both the supply and the demand side of 
the food system

Creating food security requires a multi-
scale approach that creates strong spatial, 
economic and sociocultural relations between 
quality food producers and vulnerable 
consumers, taking into account place-
based needs, priorities and values. There are 

food availability does little to alleviate hunger 
if individuals lack access to food. As he stated 
in a famous quote:

‘ Famine is not typically the product of a 
lack of food; rather, famine may arise 
from problems in food distribution 
networks or from governmental 
policies in the developing world. ’Brazil: a success story

As mentioned earlier, the most remarkable 
progress in the fight against hunger has 
occurred in countries that have placed food 
security, poverty alleviation and social justice 
at the heart of their national policies. This 
is the case, for example, in Brazil, the first 
country to achieve (in 2009) the Millennium 
Development Goal of halving extreme poverty 
(against the levels of 2001). At the same time 
Brazil improved its national food security 
— shown by a decrease in the percentage of 
food-insecure households (from 35 to 30%) 
and in the incidence of underweight children 
under the age of five (from 5.6% in 1989 to 
2.2% in 2007).

At the core of the Brazilian success is 
a programme called Zero Hunger, which 
was launched in 2003 to create new food 
distribution networks that strengthened 

• The concept of food security is complex 
and is built upon the pillars of food 
availability, food access, food utilisation 
and the stability of these conditions over 
time and space.
• Food security is a global challenge and a 
dynamic problem that relates to many other 
social and environmental crises of our time.
• Food security crises are caused by both 
immediate factors and systemic failures in 
the global food system that can be traced 
back to colonial times.
• Emerging evidence (from Brazil, for 
example) shows that food security raises 
the need for a place-based approach that 
promotes collaboration between actors 
located at different scales and different 
ends of the supply chain.

Key points 

Roberta Sonnino is a professor in the 
School of Geography and Planning at 
Cardiff University, where she is also the 
director of the MSc Programme Food, 
Space and Society.

A video summarising the criticism of 
productivist approaches to food security 
from a human rights and access-based 
perspective: www.youtube.com/
watch?v=FjXrJYrG_is

A video illustrating the functioning and 
success of school meals as a food-security 
tool in Brazil: www.youtube.com/
watch?v=DlExLpFZfwA

Further reading Further reading

Food market in Senegal. Growing food for 
the local population is critical

It is estimated that we throw 
away one third of all food 
produced in the world
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centrepiece new horizons

Water and development  in Zambia 
How does an NGO work to improve water security in a sub-Saharan country?

Figure 1 Location map of Zambia
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Water stress
Zambia (Figure 1) experiences acute water 
shortages during the April–November dry 
season, and has suffered 30 years of below-
average rainfall. This water stress has both 
economic and health impacts. More than 
1,000 children under 5 die every year from 
diarrhoea. WaterAid Zambia was formed 
in 1994. The inclusion of water security as 
a Millennium Development Goal in 2000 
and a Sustainable Development Goal in 
2015 has helped to raise its profile with the 
Zambian government.

Rural water provision 
in Monze
The Monze district, 150 km south of 
Lusaka, is a fertile agricultural area with a 
population of 215,000. WaterAid has carried 
out a 3½ year programme here in which: 
• 120,000 people in 240 villages gained 
access to water
• 39 new toilet blocks were built with 13 
new boreholes and 4 new wells
• 400 wells and boreholes were repaired 
• 63 community groups were developed 
to manage WaterAid resources, working 
with the Southern Water and Sewerage 
Company (SWASCO)
• community groups have helped 7,500 
individuals to build their own safe toilets, 
and have spread water safety messages
• 27 ‘sanitation champions’ have been 
trained to educate the population

‘Life in Zambia’ WaterAid video: 
www.tinyurl.com/y8c8t365 

WaterAid’s global strategy 2015–20: 
www.tinyurl.com/y97qgxtg

Sustainable Development Goal 6: https://
sustainabledevelopment.un.org/sdg6

Miller, G. (2016) ‘Development update: 
Water shortages in São Paulo’, GEOGRAPHY 
REVIEW Vol. 29, No. 3, pp. 33–36.

Further reading Further reading

A farmer irrigating his 
smallholding using 
river water carried in 
buckets, Monze 

GeogRev31_4.indd   20 01/03/2018   1:40 pm



21www.hoddereducation.co.uk/geographyreview

Water and development  in Zambia 
How does an NGO work to improve water security in a sub-Saharan country?

You can download a pdf of 
this spread to print as a poster at:   
www.hoddereducation.co.uk/
geographyreviewextras

GeographyReviewExtras

Sustainable water in Chisekesi
Chisekesi is a village of 2,500 people just south of Monze town. A solar-powered pump 
installed by WaterAid Zambia supplies 30% of its dry-season water. During daylight hours 
groundwater is pumped into an elevated tank which feeds water under gravity to two kiosks 
supplying the village. The kiosks are staffed to prevent overuse and depletion of groundwater. 
A 20-litre tank of water costs 15 p and this revenue allows SWASCO to generate enough funds 
to run the system. These kiosks also serve as a community hub where sanitation products are 
sold and health advice is given. A further pump is planned.

Urban water issues
WaterAid Zambia is also working in 
urban environments such as the informal 
settlement of Ng’ombe in Lusaka. Outside 
Aisha School, taps connected to the mains 
are unlocked for up to 4 hours a day to 
allow access to clean water. However, the 
school has only two functioning toilets 
and hand-washing facilities are primitive. 
Sewerage in the settlement is primitive and 
household goods are cleaned in open access 
urban streams. During the wet season these 
streams flood, spilling filthy water into local 
houses. The Zambian government’s 2010 
water policy includes a focus on sanitation 
improvements in slums, and the education 
programmes that WaterAid Zambia has 
established are being used to improve 
health, alongside work by other NGOs.

The future
WaterAid Zambia’s programmes need funding 
and staff. Economic growth in Zambia is over 
6% this decade, and the charity believes 
private-sector partnerships and funding are 
a way to scale up its programmes. Its key 
challenges are the increased water stress 
caused by climate change, in the form 
of more droughts and flash floods, and 
providing clean water to urban areas.

Ollie Davies is a geography teacher at 
City of London School.

Solar-powered 
pump in Chisekesi

Kiosk for purchasing 
water, Chisekesi

Stream in Ng’ombe
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Recent research in the Amazon
What does long-term research in the Amazon tell us 
about the relationship between the rainforest ecosystem, 
climate change, deforestation and the carbon cycle? 

Oliver Phillips and  
Adriane Esquivel Muelbert

For a presentation about the 
carbon cycle go to   
www.hoddereducation.co.uk/
geographyreviewextras

GeographyReviewExtras

Rainforests and the 
carbon cycle

The RAINFOR team 
monitoring the 
tree canopy in the 
Peruvian Amazon
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We know that global temperatures 
have been increasing, causing ice 
sheets and glaciers to melt and sea 

level to rise. But what are the consequences 
of climate change for tropical forests? And 
why does it matter? This article describes 
the most recent findings from the RAINFOR 
project about the impacts of climate change 
on tropical forests. It explains how researchers 
collect data from the forest and use this to 
develop scientific understanding. And it 
details the findings from this research which 
show how we can help to protect the world’s 
most diverse ecosystem and the services it 
provides to our planet.

Why do rainforests matter?
In tropical rainforests, evolution and ecology, 
let loose by the warm, moist climate and lack 
of damaging frosts or fires, have created an 
extraordinary diversity of creatures and plants, 
interacting in ways we are still only beginning 
to comprehend. And while rainforests are a 
source of wonder and inspiration for biologists, 
they are also vitally relevant to all our lives 
— wherever we happen to live on the planet.

Ultimately driving all this complexity are 
trees. Or, to be precise, leaves — along with 
abundant sunlight, water, carbon dioxide and 
nutrients. Through photosynthesis, plants 
capture carbon dioxide and use it to build 
their tissues (wood is mostly carbon) while 
releasing oxygen and so sustaining the rest 
of us into the bargain. Individually, rainforest 
trees are no ‘better’ at photosynthesis than 
any other plant, but because of the favourable 
conditions for growth, collectively they 
manage to do more of it, and for longer, than 
any other major ecosystem on Earth. This 
helps ensure there is more energy to power 
the ecosystem and all its diversity, and also 
greater potential to lock up carbon.

Damage to the ecosystem
Yet tropical ecosystems are increasingly 
impacted by human action. Deforestation 
and burning, mostly driven by the demand 
for agricultural land for beef, soya, palm oil 
and other crops, have destroyed huge areas. 
Most of the Asian rainforests are gone, and 
one fifth of the largest rainforest of all, the 
Amazon, has been destroyed. Less obvious are 
the threats such as fragmentation of habitat 
and climate change. 

One source of hope is that people are 
realising the valuable role that such forests play 
in our climate system. Not only do they store 
huge amounts of carbon (around 100 billion 
tonnes in the Amazon), but they also recycle 
large quantities of water, sustaining rains 
that feed crops well beyond their borders. 
These climate impacts of tropical forests 
benefit all of us. 

Figure 1 Carbon emissions vs carbon uptake for different Amazonian countries
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New discoveries
We at the R AINFOR project have been 
studying the ‘ecosystem ser vices’ that 
Amazonia provides for many years, and have 
been making some surprising discoveries. 
For example, our research with colleagues 
working in permanent research plots across 
the Amazon has found that, for at least 
30 years now, the trees in the remaining intact 
Amazon forests have actually been growing 
bigger, taking up an extra half billion tonnes 
of carbon each year. This could be a result 
of there being more carbon dioxide in the 
atmosphere. 

Over recent decades, tropical forests 
worldwide have absorbed one f if th of 
global fossil-fuel emissions, approximately 
equivalent to all the emissions from cars and 
trucks. Nature is therefore doing us all a big 
favour in helping to slow climate change. In 
fact, we have been getting a free ride, with 
global forests and oceans together mopping 
up more than half our carbon waste. The 
sheer scale of the ecosystem service provided 
by the Amazon forests alone means that, for 
most South American countries, forest carbon 
uptake has actually outstripped their total 
emissions from burning fossil fuels (Figure 1).

But this balance is on a knife edge. Carbon 
emissions from all nine Amazon nations are 

Recording the 
circumference 
of trees in Peru
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In 2005, and again in 2010, drought 
reversed the enormous sink provided by 
the Amazon rainforest by killing millions 
of trees. Forests are much more than carbon 
of course, and a key question for researchers 
is what these climate changes will mean for 
biodiversity (Box 2). 

So far, after each drought tree growth 
has fully recovered. But the overall trend 
of increasing mortality raises important 
questions of whether the carbon sink will 
persist as the world’s forests become hotter 
and climates more variable. 

However, the biggest danger to the 
Amazon is not just climate change, but the 

increasing, and the gap between uptake by 
mature forests and those emissions is getting 
smaller. This is also due to the increased rate 
at which Amazon trees are dying, as our 
recent work discovered (Box 1 and Figure 2).

Drought and fire
True to their name, tropical rainforests are 
wet places. Most receive two or three times 
the rainfall of central England, for example. 
But most have a drier season, and droughts in 
some regions such as southern Amazonia have 
been getting more frequent and hotter. In some 
years tropical trees are experiencing conditions 
probably unknown in thousands of years.

Figure 2 Forest monitoring sites
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Box 2 Which Amazon 
trees will resist drought?

Nowhere on Earth has more species 
than tropical forests. Climate change in 
these environments potentially threatens 
thousands of tree species. But how can we 
know which are at risk? 

One way is to use details of species 
distributions to predict their climate 
sensitivity. For example, seedlings of 
species from dry locations may resist 
drought for longer than seedlings of species 
from wetter areas nearby. But would that 
be true for adult trees? And would it hold 
across the scale of a whole continent?

We evaluated drought experiment results and 
compared them with the known distributions 
of hundreds of species across Central and 
South America, from dry to extremely wet 
areas. We found that the distribution of 
tropical trees does predict their ability to 
tolerate drought: the wetter the centre of 
distribution, the more vulnerable the species.

Droughts are becoming more frequent and 
hotter in Amazonia. Our results suggest that 
if this trend persists it could cause the decline 
and loss of unique species across the region, 
and have important consequences for the 
services these forests provide to people.

Box 1 A changing carbon 
store

RAINFOR’s partners and other researchers 
have been taking a close-up look at Amazon 
forests since the 1980s, tracking the lives of 
hundreds of thousands of individual trees and 
thousands of species. 

Our analysis of trees across the Amazon 
(Figure 2), involving 321 plots, 30 years, eight 
nations, and almost 500 people, first of all 
confirms earlier results. The Amazon forest has 
acted as a vast store for atmospheric carbon. 
That is, trees have been growing faster than they 
have been dying. The difference between carbon 
released and carbon stored — the ‘sink’ — has 
helped slow climate change by taking up an 
additional 2 billion tonnes of carbon dioxide each 
year. This extra carbon has been mainly going 
into mature forests which should be at a dynamic 
equilibrium and thus close to carbon-neutral.

However, we also found a long, sustained 
increase in the rate of trees dying in ‘intact’ 
Amazon forests. Tree mortality rates have 
increased by more than a third since the 
mid-1980s, while growth rates have stalled since 
the early 2000s. This has had a significant impact 
on the Amazon’s capacity to take up carbon.

Growth in soya 
plantations is 
driven by rising 
meat consumption
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fairer ways of living together on a planet 
where distances are rapidly shrinking. A key 
challenge is to reward the communities who 
are working to keep their climate-protecting, 
carbon-rich forests standing. If we can do 
this, the Amazon and its millions of species 
may still have a bright future. It is in all our 
interests to make sure this happens (Box 4).

rights for forest dwellers who want to protect 
their land. 

Different models of development do exist. 
For example, by using mixtures of compost and 
charcoal, indigenous peoples have managed 
to turn patches of normally nutrient-starved 
tropical soils into artificial, rich ‘black earths’ 
that can yield bountiful crops in small farms.

In contrast, the push of industrial farming 
into forests is driven by forces far from the 
Amazon. Growth in soya planting is largely 
driven by rising consumption of meat. Many 
beef cows in Britain are fed with soya beans 
grown in the Amazon. There are also huge 
markets for palm oil and soya oil used in 
biodiesel and countless other products. With 
the right knowledge and action, these forces 
can still be reversed and this is why campaigns 
to avoid products that destroy rainforests can 
make a real difference.

Forest conservation is not just about 
managing trees and products. It ultimately 
depends on people, and especially on finding 

Box 3 Measuring the impact of roads

The BR 319 is one of the longest Amazonian roads — 850 km of abandoned motorway connecting 
Manaus and Porto Velho, two of the most important cities in the Brazilian Amazon. The road was 
built in the 1970s by the Brazilian military government, allowing people access to colonise the 
Amazon region. Lack of maintenance degraded the road and it was eventually closed to protect the 
forest. Most of the settlers moved into small towns at its northern and southern ends.
New research
Brazilian researchers measuring the impact of roads on the ecology of tropical forest have now 
installed a series of inventory plots along BR 319. During the summer of 2015 our team visited 
these plots, remeasured the diameter of almost 7,000 trees and collected samples from hundreds 
of new trees. These data are being compared with previous measurements to help us understand 
the dynamics of tree communities and the carbon cycle in the heart of the Amazon. The road also 
provides access for illegal loggers that can lead to violent clashes with local communities.
The future
BR 319 is now being slowly revived by the Brazilian government, which could encourage 
deforestation. The road threatens an important area of Amazonia, the quality of life of local 
communities, and the ecosystem services the forest provides both locally and globally. 

Box 4 Carbon-cycle 
findings of RAINFOR 

Our researchers gathered data for up to 
30 years from 1-hectare randomly chosen 
plots scattered across the 5 million km2 of 
remaining Amazon forest. To understand 
changes on the scale of the Amazon 
requires measuring hundreds of these plots 
again and again to discover how they have 
grown or died. We also need to identify 
the tree species — up to 300 in 1 hectare, 
compared to about 50 native tree species 
in the whole of the UK. This work requires 
dedication by teams of scientists working 
in the RAINFOR project across the different 
nations of the Amazon (Bolivia, Brazil, 
Colombia, Ecuador, French Guiana, Guyana, 
Peru, Suriname and Venezuela). 

We have discovered, using the same 
approach, that African forests also provide 
a carbon sink service and we estimate that, 
in most years, the world’s tropical trees have 
stored an extra 1.2 billion tonnes of carbon. 

Oliver Phillips is professor of tropical 
ecology, University of Leeds. He 
coordinates the RAINFOR project, an 
international network of scientists 
who are working to understand the 
ecology of Amazonian forests and 
how they are changing. Adriane 
Esquivel Muelbert is a research fellow 
in the School of Geography, University 
of Leeds.

• Rainforests are a carbon sink, absorbing 
20% of global fossil fuel emissions.
• Much forest has been lost, 
particularly in Asia.
• Deforestation, drought and fire are 
damaging the remaining forest.
• We need to understand the ecosystem in 
order to protect the forest.
• This protection is important not just for 
biodiversity and for the local population, 
but for the global carbon balance.

Key points 

combined changes in both climate and land 
use. For example, while a drier forest is a more 
vulnerable forest, it will still be a forest unless 
it burns. Fires used to clear land for farming 
easily escape out of control in a drought. 
Amazon trees have evolved without fire. They 
have none of the protective features like thick 
bark or heat-resistant seeds which their relatives 
in fire-prone areas have evolved. Once burned, 
the canopy thins, dead wood accumulates on 
the ground, the hot tropical sunlight pours in, 
and the whole system is primed to burn again. 

The future Amazon
We know that this century the Amazon forest 
will be challenged as never before. Roads, 
farms, and mines will continue to chip away 
at its fabric, and to break remaining forests 
into smaller blocks (Box 3). Those forests 
still standing will experience unprecedented 
climatic stress. To help them survive requires 
finding better ways of living in the region, 
with much less use of fire, and much stronger 

A cooperative of 
small farmers in Brazil 
rearing seedlings for 
reforestation 
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geographical ideas new horizons

Lovelock and Margulis proposed that at 
this point in its long history, life on Earth 
— referred to as the biosphere or Gaia — 
has the capacity to affect the other spheres 
constituting ‘the Earth system’ in order to 
maintain itself. For Lovelock and Margulis, 
the biosphere is thus a controlling element 
and the goal (or ‘telos’) of the Earth is the 
maintenance of life. 

This makes it sound as though life is 
somehow conscious, a sort of ‘super organism’. 
Indeed, the use of the Greek word Gaia has 
led some to argue that the hypothesis is not 
scientifically valid. However, Lovelock and 
Margulis were suggesting that all components 
of life on land and in water will, when placed 
under environmental pressure, ‘unconsciously’ 
act together to keep the planet in a suitable 
state for life. This is a testable hypothesis, 
not an argument for some kind of mystical 
consciousness. It simply states that the organic 
and inorganic domains of the Earth system 
are deeply intertwined and, if circumstances 
permit, tend towards stable states that enable 
life to endure, and even to flourish.

Why is it still important?
Even after more than four decades, the 
Gaia hypothesis remains distinctive and 
significant. Why so? 

First, since Charles Darwin published On 
the Origin of Species in 1859, most biologists 
have believed that organisms adapt slowly to 
their environmental conditions rather than 
affecting those conditions — with the notable 
exception of humans since around 2,000 years 
ago. The hypothesis suggests that, at the global 
scale, life in all its forms can change the very 
circumstances that give rise to life in the 
first place. 

Second, Lovelock and Margulis’ hypothesis 
is that life has no one goal or end point. This 
means that the Earth is indifferent to which 
particular mixture of life-forms exists at any 
one time, and that includes the survival of 
human beings. Previous mass extinctions, 
notably of the dinosaurs, show this to be true. 

Third, despite the obvious power of modern 
humans to alter the Earth system, the Gaia 
hypothesis is that the ‘whole’ is more powerful 
than any one of the parts. The implication is 

In ancient Greece, Gaia was the name for 
all life, personified as a goddess (‘mother 
Earth’). Since the 1970s the word has been 

used in scientific investigations of the past, 
present and future of our planet. The so-called 
Gaia hypothesis was first put forward by 
British scientist James Lovelock and American 
microbiologist Lynn Margulis in 1974. Since 
then it’s been tested and discussed widely, and 
it seems even more relevant today. 

What is the Gaia hypothesis?
The Earth has undergone remarkable changes 
during its 4.6 billion year history. One key 
process was the emergence of life around 
3.8 billion years ago, followed by evolution 
of complex, interdependent species on land 
and in the oceans. 

A second key development was the 
emergence of ‘couplings’ between major 
components of the Earth’s surface — such 
as the atmosphere and the cryosphere (the 

frozen part of the hydrosphere including areas 
like the Arctic today). These couplings mean 
that change in any one component produces 
changes in other spheres through flows of 
energy and matter. Changes can be started 
‘internally’ (by events on Earth, such as major 
periods of volcanic activity) or ‘externally’ (by 
events such as a meteor hitting the planet’s 
surface). Currently, human activities are a key 
internal driver of change. 

In 1974, Lovelock and Margulis proposed a 
new idea in a scientific paper published in the 
academic journal Tellus. Their hypothesis was 
that ‘… the biosphere [i]s an active adaptive 
control [sub-]system able to maintain the 
Earth in homeostasis…’. Homeostasis is the 
ability of any system to keep certain features 
more or less constant over time, by adjusting 
the relationship between components of the 
system. For instance, in humans sweating is a 
homeostatic response to heating that’s intended 
to maintain a regular body temperature. 

The Gaia  
hypothesis

The Gaia hypothesis about the 
future of life on Earth was first 
proposed in 1974. What exactly is 
the hypothesis? Why does it remain 
important? How valid is it? And 
why is it relevant to geographers?
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an up-scaling of technology in order to better 
control Gaia. In practice, only democracy, 
autocracy or military force will decide whose 
arguments prevail.

The Gaia hypothesis is fundamentally 
geographical. It highlights the global effects of 
the changes to life on Earth occurring locally 
and regionally. In the so-called Anthropocene 
(see Further reading), it particularly highlights 
the capacity of place-based human activities 
in different countries to alter the entire Earth 
system at a rate that’s almost unprecedented in 
geological history. In a sense, the hypothesis 
invites us to attend to ‘the geography 
of everything’: that is, the connections 
between all human activities today and 
the hydrosphere, cryosphere, lithosphere, 
atmosphere and biosphere. More than this, the 
hypothesis suggests that any attempt to avoid 
Gaia’s ‘revenge’ will require extraordinary 
levels of international cooperation between 
cities, regions and countries. These levels will 
need to be maintained long-term, most likely 
in the face of frequent disagreement, strife and 
even armed conflict. 

Geographers have a role to play in both 
assessing the scientific validity of the Gaia 
hypothesis and suggesting feasible and fair 
ways to protect life on Earth — our own 
human lives and the lives of other species. 
The scientific findings of physical geographers 
about Earth system change need to be married 
to human geography’s concern with the nature 
and quality of people’s relations with each 
other at different scales, and with our one 
and only planet. 

planet. Clouds have a strong albedo effect, 
regulating the surface temperature. As our 
oceans warm because of anthropogenic 
climate change, phytoplankton are likely 
to decline. Yet phytoplankton have been 
shown by geoscientists to provide an 
important component of the nuclei that 
allow water to condense and form clouds 
above the Southern Ocean. It follows that 
anthropogenic climate change may disrupt 
natural homeostasis and create a ‘positive 
feedback’. This sort of evidence confirms 
the outcomes of Lovelock’s models. 

However, the feedback systems of 
a changing Earth are so complex that 
we still lack evidence confirming the Gaia 
hypothesis now and in the past. Fortunately, 
satellite-based Earth observation systems, 
better computer models, and new groups of 
‘Earth system scientists’ mean that Lovelock 
and Margulis’ proposition is not many years 
away from being verified or falsified.

Why is it relevant to 
geographers?
If proven to be true, Gaia has enormous moral 
and practical implications for human beings. 
Its lesson is that humanity could well be 
triggering ‘runaway’ environmental changes 
that will compromise our ability to survive as 
a species. This is no literal ‘life goddess’ taking 
revenge on Homo sapiens, but the irresistible 
processes of planetary homeostasis. 

Note that while the hypothesis can be 
shown to be true or false, its implications are 
matters for debate. There is no scientifically 
‘correct’ response to the ‘revenge of Gaia’ so 
far as humans are concerned. Some people 
might advocate a return to pre-industrial 
‘green’ lifestyles, but others might argue for 

Castree, N. (2015) ‘Geographical ideas: The 
Anthropocene’, GEOGRAPHY REVIEW Vol. 29, 
No. 2, pp. 30–31.

Further reading Further reading

Noel Castree is a professor of 
geography at The University of 
Manchester.

Box 1 James Lovelock’s books about Gaia

After his 1974 paper with Lynn Margulis, Lovelock became the chief proponent of the Gaia 
hypothesis. He sought to refine and better evidence it in a series of books (not all of which are 
listed below).

The first was Gaia: A New Look at Life on Earth (Oxford University Press, 1979), the initial 
‘full length’ presentation of what, at the time, was a new and tentative proposition. The book 
attracted much attention, both positive and critical. 

Nine years later Lovelock published The Ages of Gaia (Oxford University Press, 1988). This 
book considered various negative and positive feedbacks in the Earth system using new 
scientific evidence and better computer models than were previously available. The evidence 
and models lent further credence to the hypothesis.

In 2006 Lovelock published The Revenge of Gaia (Allen Lane). This focused less on the hypothesis 
and more on what humans can realistically do to avoid a global environmental catastrophe. In 
2009 The Vanishing Face of Gaia: A Final Warning (Allen Lane) appeared, which further updated 
the Gaia theory, warned again of human folly and yet offered hope for intelligent human action. 

Lovelock’s most recent book is A Rough Guide to the Future (Penguin, 2014). It is in some 
ways his most optimistic. Without discounting the challenges ahead, the book identifies ways 
humans can use technology — and not only nuclear power, which he has long advocated — as 
a way of intelligently evolving the biosphere. 

that, if they do not act with humility, people 
could be eliminated as a new ‘steady state’ is 
achieved by Gaia in response to the ‘internal 
forcings’ caused by reckless human activity. 

Finally, as is obvious from the previous 
three points, the hypothesis obliges us to 
take a planetary perspective and think long 
term. In 1974 Lovelock and Margulis were 
challenging scientists to become much better 
at interrogating global-scale, irreversible, 
multidimensional changes. In 2018, the 
scientific community still has a long way 
to go before it understands the Earth as a 
dynamic, integrated set of sub-systems. But 
the community does lend more credence to the 
Gaia hypothesis today than it did 44 years ago.

How valid is the hypothesis?
So were Lovelock and Margulis right? And 
has Lovelock, now in his 90s, been wise 
to write a string of books about Gaia (see 
Box 1) when few other scientists were willing 
to support him? There is reason to answer yes 
to both questions. 

First , Lovelock has r un computer 
simulat ions where t he geog raphica l 
conditions of life are changed significantly. 
These simulations reveal how life affects those 
conditions as much as adapts to them. For 
instance, in a world of black and white daisies, 
Lovelock shows how increasing solar radiation 
(an ‘external forcing’) gives white daisies an 
advantage. Furthermore, their ability to reflect 
heat serves to keep temperature constant even 
as radiation levels increase — a so-called 
‘negative feedback’. 

Second, there is evidence of homeostasis in 
the long-term environmental record studied by 
geoscientists. For instance, the Southern Ocean 
has long been one of the cloudiest parts of the 

James Lovelock
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Global energy 
security
Rethinking the geopolitics

The issues around energy security are changing, as fracking 
releases unconventional supplies of fossil fuels, and as international 
efforts are made to reduce carbon dioxide emissions. What 
does this mean for the geopolitics of energy supply?

Michael Bradshaw

The term ‘geopolitics’ describes the 
relationship between geographical 
features , l ike oceans, and t he 

decisions of national governments on the 
international stage. This article discusses how 
two fundamental challenges to the global 
energy system are requiring us to rethink the 
geopolitics of global energy security.

Resource wars and energy 
scarcity
In the early 1970s, Western countries experi-
enced an energy crisis when the Organisation 
of Petroleum Exporting Countries (OPEC) 

placed an embargo on the sales of crude oil to 
the USA, Japan, the UK and the Netherlands. 
The Arabic countries in OPEC protested 
against these countries’ support of Israel in 
the 1973 Yom Kippur War. The result was a 
dramatic increase in the oil price (from $3 to 
$12 a barrel). Fuel shortages in the USA and 
Europe meant that cars owners had to queue 
at petrol stations. 

The Organisation for Economic Cooperation 
and Development (OECD), comprising the 
major oil-importing industrial economies, 
responded by creating the International 
Energy Agency (IEA). This was intended 

to help coordinate their energy strategies 
and support the development of a ‘strategic 
petroleum reserve’. The OECD also sought 
to increase its own oil production in regions 
such as Alaska, the Gulf of Mexico and the 
North Sea. By the 1980s OPEC’s influence 
had waned, but the notion of energy security 
— defined as secure and affordable access to 
energy supplies — had become core business 
for Western governments. 

Since then, oil (and gas) importing states 
have tried to diversify their sources of supply 
and reduce their overall dependence on energy 
imports. Energy-exporting states have tried to 

Fracking has brought 
in an age of ‘fossil 
fuel abundance’
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Drill baby drill!
The shale gas industry is unique because the 
level of production from each well rapidly 
peaks and then declines. This means that 
to maintain overall levels of production it is 
necessary to keep drilling new wells, hence 
the term ‘drill baby drill’, associated with the 
industry. If the number of wells drilled — the 
rig count — falls, production declines. 

Although the cost of drilling an individual 
well is modest compared to a conventional 
gas or oil well, this need to constantly drill 
is costly and means that unconventional oil 
and gas are vulnerable to downturns in price. 
The large number of wells and the intrusive 
process are controversial. Environmental 
groups and affected communities maintain 
that the process has negative impacts on the 
environment and on human health.

US energy independence
Over the last decade, the development of 
shale gas and tight oil has dramatically 
increased domestic oil and gas production in 
the USA. This means the country has become 
less dependent on oil imports, with global 
implications. At the turn of the twenty-first 
century the USA was preparing to become 
a significant importer of liquefied natural 
gas (LNG), but in early 2016 the first LNG 
exports began. In 2015 in the USA 300,000 
wells were fracked, accounting for 67% of total 
gas production. 

Already, this new-found energy abundance 
has changed market expectations. OPEC, in 
combination with other oil exporters including 
Russia, has had to reduce production to 
reclaim its market share and bolster the price. 

Shale resources are found worldwide, but 
the unconventional oil and gas revolution 
has struggled to spread around the globe. 
In some places, the new techniques have 

not yet worked with local geology, in 
others there is strong public resistance 
to shale development. Despite this, 
unconventional oil and gas has already 
changed the global situation. We now live 
in world of fossil fuel abundance, rather 
than scarcity.

Climate change 
The Intergovernmental Panel on Climate 
Change (IPCC) was set up in 1988 by 
the World Meteorological Organization 
(WMO) and t he United Nat ions 
Environment Programme (UNEP). Its 
purpose was to provide the 195 member 
states with regular assessments of the 
science of climate change, its impacts and 
future risk, and options for mitigation and 
adaptation. The Fifth Assessment Report, 
published between September 2013 
and November 2014, is the basis of the 

maximise their market share and gain what 
they consider to be a fair price. One way 
they have done this is to nationalise their oil 
industries, which were previously controlled 
by the international oil companies (IOCs). 
Today, the national oil companies (NOCs) 
of the oil-exporting states control 90% of the 
world’s oil reserves and account for 75% of 
global oil production. 

However, there are two developments 
that are fundamentally changing the global 
energy system:

 ■ The ‘unconventional oil and gas’ revolution 
(shale gas) that has heralded a new era of 
‘fossil fuel abundance’.

 ■ The Paris Climate Change Agreement 
that aims to hold: ‘the global temperature 
rise this century well below 2ºCelsius above 
pre-industrial levels and to pursue efforts to 
limit the temperature increase even further 
to 1.5ºCelsius’. 

An age of ‘fossil fuel abundance’
Geologists have known for a long time that 
shale contains oil and gas. It is the source of 
more conventional forms of oil and gas that 
have accumulated in more permeable rock 
formations. The challenge has been to release 
the trapped oil and gas molecules from the 
more impermeable shale rock. 

In the USA a technique has been perfected 
that uses horizontal drilling (as opposed to 
vertical drilling) to access the shale layers. 
Hydraulic fracturing (fracking) is then carried 
out, pumping large volumes of liquid at high 
pressure into the rock to create small fractures. 
Once the well has been drilled, fracking takes 
a matter of hours. The fracking fluids contain 
a mixture of chemicals and sand or ‘propant’ 
which holds open the micro fractures in the 
rock. This allows the shale gas or tight oil to 
flow into the well and then to the surface. 

negotiations of the United Nations Framework 
Convention on Climate Change (UNFCCC), 
the key international treaty to reduce global 
warming and cope with the consequences of 
climate change. 

The Kyoto Protocol and the  
Paris Agreement
The UNFCCC’s Kyoto Protocol to reduce 
greenhouse gas (GHG) emissions was 
adopted in 1997, but was only enacted in 
2005. Thirty-seven industrialised countries 
and the European Union committed to reduce 
GHG emissions:

 ■ by an average of 5% against 1990 levels 
during the period 1990–2012

 ■ by at least 18% below 1990 levels during 
the period 2013–2020

At the end of 2015, at the 21st meeting of 
governments in Paris, a new global climate-
change agreement was reached. This time a 
bottom-up approach was adopted with all 
states putting forward their planned national 
contributions. Although current commitments 
fall well short of what is needed, it is intended 
that the goal will be ratchetted up through 
5-yearly reviews. The Paris Agreement 
entered force on 4 November 2016 and 195 
countries had signed it by the end of 2017. 
This is important to our current considerations 
because it constrains the amount of fossil fuels 
that can be burnt in the future. 

Carbon budgets and ‘unburnable 
carbon’
Fossil-fuel combustion is the largest source 
of GHG emissions. We know the current 
concentration of carbon dioxide (CO2) in the 
atmosphere has risen to over 400 parts per 
million (ppm). We also know that there is 
a clear relationship between carbon dioxide 

Bradford, M. (2017) ‘Fracking in North 
Dakota: a case study with lessons for the UK’, 
GEOGRAPHY REVIEW Vol. 30, No. 3, pp. 22–26.

Castree, N. (2016) ‘Climate change update: 
Understanding the 2015 Paris Agreement’, 
GEOGRAPHY REVIEW Vol. 30, No. 1, pp. 18–19.

Castree, N. (2017) ‘Why aren’t we acting on 
climate change? Australia as a case study’, 
GEOGRAPHY REVIEW Vol. 31, No. 1, pp. 32–36.

Moriarty, R. (2017) ‘The global carbon 
budget: the carbon cycle and global 
warming’, GEOGRAPHY REVIEW Vol. 30, 
No. 4, pp. 2–5.

National Geographic article about 
unburnable carbon: www.tinyurl.com/
ydza5ete

Further reading Further reading

Hampstead 1973. The OPEC crisis led to fuel 
shortages that impacted directly on motorists

GeogRev31_4.indd   29 01/03/2018   1:40 pm



30 Geography Review  April 2018

and ever-increasing demand — is not the 
future we face. 

Geopolitics of the low-carbon 
energy transition
To respond to climate change we must reduce 
our reliance on fossil fuels and rapidly increase 
the role of low-carbon sources: nuclear power 
and renewable energy (hydro, wind and solar 
power). This so-called ‘low-carbon energy 
transition’ has the ultimate aim of zero 
greenhouse gas emissions. However, the fall 
in demand for fossil fuels will pose major 
challenges to countries and companies that 
depend upon them to finance their societies 
and generate profits. It may be that the end of 
the age of oil creates even more geopolitical 
instability.

Renewable energy
At the same time, the rise of a low-carbon 
energy system poses an entirely new set of 
geopolitical challenges that we are only just 
beginning to think about. 

First, although wind and solar-power 
producers do not need to pay for their fuel, 
there are geopolitical concerns about access to 
the raw materials — such as lithium and rare 
Earth metals — that are essential to renewable 
energy technologies and battery storage. 

Second, the low-carbon transition means 
a re-scaling and decentralisation of the 
energy system. The term prosumer describes 
households that are both producers (with 
a solar panel on the roof) and traditional 
consumers. The growth of prosumers has the 
potential to destabilise the existing system 
based on large power plants and national 
electricity grids. 

Third, wind and solar are intermittent. 
They do not generate electricity when the wind 
does not blow or the sun is not shining. This 
creates a new insecurity and means, for the 
moment at least, that they must be backed 
up by fossil-fuel power generation. In the 

intensive than natural gas. Put simply, if we 
fail to constrain the use of coal, it will leave 
less of an opportunity to use oil and gas. 

Changing geopolitics
This does not mean that we should stop 
investing in oil and gas now. Even in the 
IEA’s 450 scenario fossil fuels account for 
58% of global primary energy consumption 
in 2040, down from 81% in 2014 (Figure 2). 
The key issue is that the demand for fossil 
fuels must inevitably slow, peak and decline 
in the coming decades if we are to avoid 
‘catastrophic climate change’. This means that 
the traditional geopolitics of energy security 
— competition between fossil-fuel producing 
and consuming states in a world of scarcity 

emissions and global warming (see Figure 1). 
There is consensus that a concentration of 
450 ppm carbon dioxide in the atmosphere 
will mean at least a 50% chance of an 
average global temperature increase of 2°C 
by the end of this century. The International 
Energy Agency calculates that this limits the 
remaining cumulative energy-related carbon 
dioxide emissions between 2015 and 2100 to 
980 gigatonnes. 

In January 2015, researchers at UCL 
published a paper in Nature which attempted 
to measure and map the extent of the 
remaining ‘unburnable carbon’ — the fossil 
fuels that we cannot use because it would 
result in too high a level of GHG emissions. 
They concluded that: ‘globally, a third of 
oil reserves, half of gas reserves and over 
80% of current coal reserves should remain 
unused from 2010 to 2050 to meet the target 
of 2ºC.’ They showed that the development 
of resources in the Arctic and any increase 
in unconventional oil production (e.g. from 
tar sands in Canada) are incompatible with 
limiting average global warming to 2ºC. 

It therefore highly likely that a sizeable 
amount of current fossil reserves will be 
unburnable. From a geopolitical perspective, 
the question is whose fossil fuels will become 
unburnable? This is no simple matter. The 
rate at which we consume the carbon budget 
depends on the global energy mix moving 
forward. Coal is more carbon intensive — it 
emits more carbon dioxide per unit of energy 
produced — than oil, and oil is more carbon 

Source: IEA, World Energy Outlook 2016

Figure 2 Future demand for fossil fuels in the IEA’s 2oC scenario
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Figure 1 Relationship between cumulative carbon emissions and temperature change. 
The red and blue lines show different scenarios

OECD Non-OECD 
Europe and 
Eurasia

Asia except
China and 
OECD

China Other

0 1,000

2015

2,000 3,000 4,000 5,000 6,000

Te
m

p
er

at
u

re
 c

h
an

g
e 

re
la

ti
ve

 t
o

 1
85

0–
18

69
 (

°C
)

Cumulative carbon emissions since 1850–1869 (GtC)

10

8

6

4

2

0

GeogRev31_4.indd   30 01/03/2018   1:40 pm



31www.hoddereducation.co.uk/geographyreview

future geopolitics of global energy. Nuclear 
power and renewable non-nuclear energy 
sources will reconfigure how energy-security 
concerns affect powerful and less powerful 
governments worldwide. 

Questions and activities
1 Describe the changing contribution oil 
makes to the fossil-fuel mix shown in Figure 2.
2 Suggest how economic factors may have 
contributed to the changing demand for coal 
shown in Figure 2.
3  ‘Political factors are the main reason 
why some countries make greater use of low-
carbon energy sources than other countries.’ 
To what extent do you agree?

future, as new storage technologies develop, 
the problem of intermittency is likely to be 
addressed. Meanwhile, smarter grids and 
greater interconnection between national 
electricity grids offer a solution. This generates 
new trade relations and interdependences as, 
for example, gas pipelines between nations 
are replaced by electricity cables.

No business-as-usual
The Paris Agreement represents a global 
commitment to address the threat of climate 
change. It is just a start and much more 
action is required to meet the 2ºC or lower 
target. This means there is no such thing 
as business as usual when it comes to the 
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• In the late twentieth century energy 
security was dominated by resource 
wars between oil-exporting and 
oil-importing countries.
• This has changed with the use of fracking 
to extract ‘unconventional oil and gas’, 
notably in the USA.
• At the same time international 
agreements to limit carbon-dioxide 
emissions and slow down global warming 
mean that reliance on fossil fuels is 
likely to fall.
• A large part of current fossil-fuel reserves 
will be unburnable.
• Countries dependent on fossil-fuel 
exports will lose income.
• The renewables and nuclear power 
that replace fossil fuels create their own 
geopolitical issues.

Key points 

Michael Bradshaw is professor of 
global energy at Warwick Business 
School, former vice-president of the 
Royal Geographical Society (with IBG) 
and author of the book Global Energy 
Dilemmas.

Wind and solar generate an increasing 
proportion of our power but are 
intermittent sources
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terms of both climate-change mitigation 
policies and the price firms pay for releasing 
carbon dioxide into the atmosphere. 
Because some climate policies apply at a 
sub-national scale — such as California’s 
Cap-and-Trade Program (operational since 
early 2012) — then leakage can occur both 
within a country and between countries.

Leakage can be production-related and 
investment-related. Firms which have high 
energy costs and rely on burning fossil fuels 
may find it economical to move elsewhere, 
or switch more of their production to an 
existing facility located in a place where 
GHGs cost less to emit. When those 
firms borrow money from shareholders, 
banks and investment funds to make 
production faster, more efficient or larger 
in scale, or to open a new facility, then the 
money may be spent in places that are not 
‘emission-expensive’. 

Why is leakage a problem?
The United Nations has spent over 25 years 
trying to get countries worldwide to work 
together to reduce GHG emissions. Earth’s 
atmosphere is warming up and, if the current 
emissions levels continue unabated, the 
environmental effects will be very negative 
for many people (e.g. because of sea-level rise 
in coastal areas). What leakage means is that 
global annual emissions could continue to 

Discussions of anthropogenic climate 
change and government policies 
to tackle it sometimes mention the 

concept of carbon leakage. This refers to 
an increase in atmospheric carbon dioxide 
emissions in one location counteracting the 
decreases achieved elsewhere as a result of 
government policies such as imposing a carbon 
tax on cement manufacturers. It usually refers 
to carbon dioxide (e.g. from burning coal in a 
power station), but carbon leakage can apply 
to any number of greenhouse gases (GHGs). 
Leakage seems especially relevant today, for 
two reasons. 

 ■ First, the Paris Agreement on managing 
GHG emissions globally seems to actively 
enable leakage. 

 ■ Second, the rapid growth of high-emitting 
economies like China and India since the first 
Earth Summit (in 1992) seems to give some 

businesses a good reason to contribute to 
carbon leakage.

This Update explains how and why 
carbon leakage is said to occur, and then 
assesses the validity of the concept.

Carbon leakage: the theory
Carbon leakage is a deeply geographical idea. 
Consider this technical definition offered over 
10 years ago by the Intergovernmental Panel 
on Climate Change (IPCC):

‘ It has been demonstrated that an 
increase in local fossil fuels prices 
resulting, for example, from mitigation 
policies may lead to the re-allocation 
of production to regions with less 
stringent mitigation rules (or with no 
rules at all), leading to higher emissions 
in those regions and therefore to 
carbon leakage. ’ (IPCC 2007). 

Other def init ions a lso point to 
geographical differences in the cost of 
emitting carbon dioxide as the main cause 
of leakage. Put simply, if location A has 
government regulations designed to make 
burning fossil fuels more costly, companies 
that rely on such fuels might redirect their 
production and money to location B, where 
regulations are less strict. So leakage arises 
from the lack of a ‘level playing field’ in 

Carbon  
leakage

What is carbon leakage, why is it a 
problem, and is it really happening? 
This Carbon Update explains

carbon update updates

Anthropogenic climate change  Climate 
change caused by human activity, mainly 
burning fossil fuels.

Carbon leakage  Increased release of carbon 
dioxide to the atmosphere, despite legislation 
to prevent this, as companies move operations 
to less stringent parts of the world.

Glossary 
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Leakage is the least of it
Apart from these challenges in studying 
carbon leakage, there is a much bigger 
contributor to rising global GHG emissions 
than leakage. It is the continued dependence 
of a large number of economies on goods, 
services and trade involving the production 
of GHGs on a large scale. 

 ■ First, a number of developed countries 
remain highly dependent on using and 
exporting fossil fuels — notably Australia, 
Canada and the USA. 

 ■ Second, as noted above, developing 
countries like China and Brazil are basing their 
economic growth on use of these same fuels. 

 ■ Third, even countries with declining 
GHG emissions, like the UK, have large-
scale ‘embedded emissions’ because they 
import many manufactured goods from Asia 
and South America (see Further reading). 
Again, geographical unevenness combined 
with affordable fossil fuels are root causes of 
the problem.

In this context, worries about carbon 
leakage seem relatively insignificant. The 
lack of a globally enforceable climate policy 
will continue to allow countries to reduce 
GHG emissions at significantly different 
rates in the years to come. The combined 
effect of this will be to rapidly use up what 
little is left of the world’s ‘carbon budget’ 
(see Further reading). 

Perhaps the concept of carbon leakage 
is best understood as a rhetorical strategy 
some firms use to persuade governments 
to go easy on them when pricing carbon 
dioxide emissions. Indeed, an organisation 
called Carbon Market Watch (2015) 
suggested that the EU be more stringent 
about who is placed on its ‘leakage list’. 
Though the concept of carbon leakage 
seems to make sense, in practice it is hard 
to analyse and may be less of a ‘problem’ 
than logical reasoning suggests. 

and emissions prices. It seems logical that this 
will happen, but how much of a problem is 
it in practice? Knowing the answer will help 
policy makers design regulations that most 
effectively reduce GHG emissions both locally 
and globally. 

As it turns out, although carbon leakage 
is frequently mentioned in discussions of 
climate policy, there is relatively little hard 
evidence of it occurring. The evidence 
is patchy and partial. For instance, one 
study shows that aluminium producers in 
the EU faced higher costs because of the 
introduction of the EU Emissions Trading 
Scheme for the 2005–12 period. But the 
authors do not produce evidence that these 
costs have caused the producers to alter the 
location of production. 

Why is it tricky to assess?
There are at least two reasons why studying 
carbon leakage is tricky. 

 ■ First, a large number of firms and sectors 
need to be investigated across multiple 
locations. In each case the ‘extra cost’ and 
‘savings’ must be calculated relative to what 
would have happened if the government 
policies supposedly causing leakage had not 
existed — a so-called ‘counter-factual’ situation. 

 ■ Second, when asked why they are 
considering relocating production or investing 
in new locations, the head of say an oil 
refinery might point to ‘climate policy’ as 
the cause when, in fact, things are far more 
complicated. Firms relocate for a myriad of 
reasons to do with labour costs, proximity to 
affordable raw material, and so on. The cost 
of emitting carbon dioxide is just one factor, 
and investigators may not know the whole 
story if chief executives decide to offer them 
a simplified version of events. 

increase, or certainly not fall, even as some 
countries and regions significantly reduce 
their carbon dioxide and other emissions. 

A number of GHG emissions trading 
schemes — designed to progressively reduce 
emissions levels — have taken leakage into 
account. The European Union scheme, for 
instance, has put some economic sectors 
on a ‘ leakage list’ and protected them 
from paying the full costs of atmospheric 
carbon dioxide.

A future problem?
As we look ahead, leakage could become 
more of a problem than it has been. When 
the first Earth Summit was held, most GHGs 
were emitted by around 15 economies, mostly 
in North America and Europe. Today, by 
contrast, countries like China and India are 
large emitters. In a world of TNCs and global 
investment, switching production to lower-
cost locations beyond places like the UK and 
France is relatively easy. 

In addition, the recent Paris Agreement 
on GHGs allows countries to set their own 
emissions reduction targets. Developing 
countries, keen to lift people out of poverty, 
have an incentive to set less exacting targets 
than some developed countries such as 
Germany. Their economic development 
depends on it. So economic and political 
factors may make carbon leakage a chronic 
problem in the twenty-first century. 

Does carbon leakage occur in 
practice?
As we have seen, carbon leakage is caused 
by ‘asymmetrical climate policies’, that is, 
policies that impose a price for emitting 
carbon dioxide in one place, while another 
place has no, or less strict, climate policies 

Carbon  
leakage

Bate, R. (2018) ‘Carbon update: Who owns 
greenhouse gas emissions?’ GEOGRAPHY 
REVIEW Vol. 31, No. 3, pp. 32–33.

Moriarty, R. (2017) ‘The global carbon 
budget: the carbon cycle and global 
warming’, GEOGRAPHY REVIEW Vol. 30, 
No. 4, pp. 2–5.

Further reading Further reading

Noel Castree is a professor of 
geography at The University of 
Manchester.

The Paris Agreement of 
2015 seems to actively 
enable leakage
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geographical ideas new horizons

Identity and places
The A-level geography course examines:

 ■ way s in whic h t he ide nt i t ie s  of  
places  (both rea l and perceived) a re  
constructed

A t first glance, ‘identity’ might strike 
you as an odd word to see listed 
as a specialised concept in your 

geography specification. In comparison with 
other important A-level ideas — such as 
sustainability, globalisation and mitigation 
— identity may seem a rather humble and 
‘everyday’ word. This column explores why 
the idea of identity is in fact a vital conceptual 
cornerstone for the study of geography at 
A-level and beyond.

Identity in the curriculum
The concept of identity is widely used 
throughout the school and university 
curriculum and it is worth reflecting on any 
past learning you may have had on this topic 
in other subjects. Identity matters greatly in 
citizenship, for example, where it is typically 
defined as: ‘A reflection of how people see 
themselves which can affect how they think 
about issues’. 

Important markers of personal identity 
include gender, age, ethnicity, race, sexual 
orientation and family relationships, in 
addition to people’s local and national 
identity as members of their community and 
citizens of a nation-state. Diversity is a closely 
associated concept. A diverse community is 
one where the ethnic identity of citizens is 
more varied. 

Geography, culture and identity 
In the late 1980s and early 1990s, the so-called 
‘cultural turn’ in university geography 
occurred. Contemporary philosophical ideas 
about cultural identity and diversity helped 
inform — and were, in turn, refined by — 
work carried out by human geographers. Two 
especially important research themes were 
studying how: 

 ■ People’s sense of identity, both as 
individuals and as members of a society, 
emerges when they perceive a difference 
between themselves and other individuals 
or societies. Identity is therefore a ‘relational’ 
concept. Expressed simply, this means that we 
may become more aware of our own identity 
when we encounter individuals and societies 
who are different or ‘other’ from ourselves. 
This important insight has helped geographers 

explore the way in which nationalism has 
resurged alongside growing globalisation.

 ■ Identity is not fixed. It is f luid and 
changing (identity could even be regarded 
as a process). Changes in personal or 
group identity occur continually, for 
example in response to new technologies 
and the changing economic and physical 
world. These ongoing structural changes 
affect where and how people live (and thus 
their sense of self). 

As an interesting exercise, think about 
the ways your own personal identity 
differs from that of your grandparents 
or other older people. ‘Big picture’ social 
and cultural changes over time (such as 
the growth of social media) will explain 
some differences. Equally, progressive 
political changes, such as greater equality 
for women, have impacted on how people 
view themselves and their roles in society. 
Migration into the UK has meant that 
increasing numbers of people have a 
multiple identity (mixed heritage).

Identity in geography A-level 
The concept of identity informs the study of 
A-level geography in several ways. Figure 1 
shows three important applications which this 
column now examines in turn.

Identity
What does identity mean in the context of A-level 
geography, and why is it important to your studies?

Identity
Global 

governance

Changing 
places

Landscape
systems

• The dynamic character of urban
 and rural places
• Community identity and diversity

• National identity, migration and 
 state sovereignty
• Globalism vs localism

• Landscape and landform features
 and characteristics
• Boundaries and margins

Figure 1 Identity and the geography A-level curriculum

Catalans marching in 
Brussels, 2017, in support 
of independence from 
Spain. National identity 
can be complex 
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 ■ In turn, place identity shapes community 
identity (the character of a city’s community 
may reflect the industries which its physical 
geography gave rise to, such as steel-making, 
mining or docking).

 ■ The communities, economies and physical 
landscapes of places are continually reshaped 
over time by external forces, ranging from 
global migration to climate change and 
extreme weather. As a result, the relationship 
between community and place identity is in 
a constant state of flux.

Identity, states and sovereignty
The differing identities of states, countries 
and nations features in the study of global 
systems and global governance. A good 

starting point for studying identity in this 
context is Ben Anderson’s classic account of 
how every nation is an ‘imagined community’. 
This is widely regarded as essential reading in 
human geography, more so than ever given 
current tensions in the UK over Brexit and 
Scottish independence. Anderson argued 
that national cultures are constructed 
selectively around particular stories, myths 
and experiences. Sometimes the narrative is 
based also in the idea of indigenous people, 
but not necessarily (as shown by the fact that 
so many Americans view their own national 
identity as being entirely distinct from Native 
American culture). 

It is well worth finding out more about 
Anderson’s ideas and arguments if you are 
interested in understanding why:

 ■ there is often cultural resistance to 
international migration

 ■ nationalism has become a strong political 
and cultural force once again in the UK, USA 
and elsewhere

 ■ some people feel that their state ’s 
sovereignty is threatened by globalisation and 
are acting accordingly

and community identity operates in both 
directions, and sometimes in complex ways 
(Figure 2). 

 ■ Place ident it y may direc t ly ref lec t 
community identity (for example when 
a church or mosque is added to the 
cultural landscape by a Chr ist ian or 
Muslim community).

 ■ how the geographies of different places play 
a role in the construction of social identities

There is particular emphasis on the 
impor tance of place meanings and 
representations for different groups of 
people. So, for example, a town centre might 
be viewed negatively as a busy and congested 
workplace by an older person working in an 
office there, whereas a younger person who 
enjoys going out to restaurants and bars 
might see the same town centre in a far more 
positive light. Like beauty, a place’s identity 
is very much ‘in the eye of the beholder’. 
This important aspect of studying places was 
explored in Geographical Ideas in GEOGRAPHY 
REVIEW Vol. 30, No. 4. 

There are ‘real’ facts to study about place 
identity too. They include information about 
a place’s physical site (its relief, drainage and 
geology) and human characteristics such 
as population density, age structure and 
economic functions. This aspect of place 
identity was explored in Geographical Ideas 
in GEOGRAPHY REVIEW Vol. 30, No. 2.

It is important to remember that the 
interrelationship between place identity 

Figure 2 Interrelations between place 
identity and community identity

Place identity

Natural physical, ecological 
and climatic characteristics

Shaped, in part, over time 
by the imprint of industry, 
agriculture and housing

Community identity

People’s history, culture, 
age structure and ethnicity

Shaped, in part, over time 
by the environment and its 
resources

How does the building of a mosque 
such as this one in Leeds change the 
identity of a cultural landscape?
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Activities
1 What are the defining features of your 
personal identity and the identity of (a) 
the settlement where you live, (b) your 
home region (e.g. the Midlands) or country 
(e.g. Wales) and (c) the UK or other state 
you belong to? 
2 Like other specialised concepts — such 
as risk and feedback — identity is used by 
human and physical geographers alike. What 
geographic themes and topics could feature 
when answering the synoptic essay question: 
‘To what extent can the identities of societies 
and environments be protected from change?’ 

 ■ In particular, physical geography fieldwork 
findings are sometimes harder than expected 
to interpret. Real-world ‘messy geography’ 
consists of landscape features and patterns 
whose identity and origin may well be unclear 
and contested. It can also be unclear where 
particular landscapes or environments begin 
and end: textbook climate and biome maps 
show clear-cut boundaries between regions, 
but these margins may be less easily visible 
at ground level in the real world. 

 ■ When writing about physical environments 
in your A-level examination, it is always a 
good idea to stress that the characteristics of 
landscapes and landforms can be far more 
varied and complex than models suggest.

Critical thinking about identity in 
physical geography
Finally, the concept of ‘identity’ is also useful 
in A-level physical geography. In common 
with the physical sciences, physical geography 
relies heavily on taxonomies (classification 
schemes). At GCSE, geography students learn 
to recognise the ‘main features’ of particular 
things, such as a river meander, tropical plant 
community or desert climate. Study is usually 
focused on perfect ‘textbook’ renditions which 
are sometimes hard to find in reality. 

At A-level, it is important to think critically 
about the complexity of real environments 
and landscapes whose identity may be very 
different from theoretical examples:

Anderson, B. (2006) Imagined Communities: 
Reflections on the Origin and Spread of 
Nationalism, Verso.

Oakes, S. (2016) ‘Geographical ideas: The 
concept of place: characteristics, change 
and connections’, GEOGRAPHY REVIEW Vol. 30, 
No. 2, pp. 34–36.

Oakes, S. (2017) ‘Geographical ideas: The 
concept of place: meaning, representation 
and conflict’, GEOGRAPHY REVIEW Vol. 30,  
No. 4, pp. 14–16.

Further reading Further reading

Dr Simon Oakes is a geography, 
humanities and assessment 
consultant, and a senior examiner 
in geography, citizenship and 
law. He can be contacted at 
geography@btinternet.com

Physical landscapes may 
be harder to label than 
the textbook examples

The ‘red carpet blackout’ at the 2018 
Golden Globe awards was a statement of 
solidarity against sexual harassment in the 
entertainment industry — an example of 
the impact of changing social politics
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Flooding is the biggest natural hazard 
risk in the UK. This risk is likely to grow 
as the frequency of extreme rainfall 

events increases with climate change. Flash 
flooding is rare, yet potentially devastating. 
It occurs rapidly, following intense rainfall, 
often with little warning. In addition to the 
rapid rise in f lood water, the high f lows 
during these events are capable of moving vast 
amounts of material, such as mud, rocks and 
plants. The processes of erosion, deposition 
and sediment transport in large events can 
get overlooked, but understanding of their 
impacts is increasing. 

Flash f looding occurs globally, and is 
more commonly associated with semi-arid 
regions where river f lows are ephemeral, 
or in steep alpine catchments with a ready 
supply of sediment. In the UK, flash floods are 
exceptionally rare but they can be devastating. 
Some examples include Lynmouth in 1952, 
Boscastle in 2004 and the more recent event 
at Coverack in 2017.

The flash-flood hydrograph
Flash f looding describes any type of rapid 
f looding following intense rainfall. This 
article only considers f lash f looding in a 
fluvial context — the rapid rise of river flows 
— but you will also hear the term used in the 
context of surface flooding, often in urban 
areas as a result of drainage overwhelmed 
by runoff volumes. Figure 1 shows a flood 
hydrograph and its components. 

 ■ The lag time is the time between the peak 
rainfall and the peak discharge. 

Flash flooding
Visualising the impacts
This article uses a case study 
from Northumberland to look 
at why flash flooding occurs, 
why flash floods are rare and 
difficult to forecast, and why 
their impacts are so severe. 
It explains the flash-flood 
hydrograph and introduces 
an app used to visualise 
a dramatic flood event

Chris Skinner  
and David Milan
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Figure 1 A flood hydrograph broken down into its components: surface runoff, 
subsurface flows and baseflow

Destruction in Lynmouth, 
north Devon, 1952, caused 
by the infamous flash flood
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 ■ The rising limb is the period when 
discharges are increasing.

 ■ The recession (or falling) limb is the 
period when discharges are decreasing. 

The key component in f luvial f lash 
flooding is quick transfer of rainfall from the 
catchment to the channel, resulting in a rapid 
rise in water level. Surface runoff is a major 
driver of this, and can occur for two reasons:

 ■ Saturation-excess overland flows, when 
preceding conditions have left the ground 
saturated and unable to absorb more water 
through infiltration.

 ■ Infiltration-excess overland f lows, 
when the rate of rainfall exceeds the rate 
at which the ground can absorb it through 
infiltration, even when it has capacity.

Flash f looding occurs when localised 
rainfall volumes and preceding ground 
conditions allow for the rapid development 
of surface runoff. This surface runoff quickly 
flows into the river channel and swells the 
water level, and it is this rapid rise in water 
level which characterises a flash flood. Box 1 
explains why understanding the hydrograph is 
key to managing flooding by ‘slowing the flow’.

Why are flash floods difficult to 
forecast?
Flash flooding is difficult to forecast for several 
reasons. As we have seen above, the water 
level rises rapidly and this can allow little 
warning time for areas downstream. However, 
what really makes f lash f loods difficult to 
forecast is that the intense rainfall events 
which trigger them are virtually impossible 
to predict accurately.

Convective storms, commonly known 
as thunderstorms, occur in the summer 
dur ing warm weather when the heat 
provides energy to the atmosphere, driving 
evapotranspiration and convective currents 
which form the storms. For meteorologists it 
is reasonably easy to predict the conditions 
in which these storms are likely to form, but 
pinpointing exactly where, when and for 
how long they will occur is not possible. This 
is why a forecast might say something like 
‘thunderstorms are likely across this area in 
the afternoon’ but cannot be more specific. 

The storms themselves are often very 
localised, occurring over small areas less 
than a few kilometres wide, and can last 
for as little as a few minutes. However, the 
rainfall intensities during the storms can be 
exceptionally high and a large volume of water 
can be added to a system in a very short time. 

Thinhope Burn: a case study
On 17 July 2007 a flash flood swept down 
the river valley of Thinhope Burn, part of 

Box 1 The hydrograph and 
‘slowing the flow’

The idea of ‘slowing the flow’ as a means 
of mitigating the impacts of flooding is 
gaining in popularity. The principle is to 
work with nature through natural flood 
management (NFM) — storing flood water 
in the upper reaches of a river catchment, 
then releasing it more slowly over time. 

Understanding a flood hydrograph is 
key to this principle — the area under 
the flood curve of the hydrograph is the 
volume of water which has been added 
to the system. To reduce the impact of 
flooding it is necessary to reduce the peak 
of the hydrograph, but it is not possible 
to reduce the volume of water. Instead, 
we can increase the time across the x-axis 
by allowing the flood water into the 
channel more slowly. The longer time the 
flood can be spread across, the lower the 
peak will be.

Figure 2 OS map showing the Thinhope Burn catchment (shaded pink). The black line 
delineates the boundary between the two 5 km NIMROD Radar pixels covering the 
catchment. The small black square indicates the area visualised in Flash Flood!
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Figure 3 Two hyetographs showing the rainfall intensities observed in each pixel on 
Figure 2
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Thinhope Burn before 
the 17 July 2007 flood 

GeogRev31_4.indd   38 01/03/2018   1:40 pm



39www.hoddereducation.co.uk/geographyreview

large-scale erosion and sediment transport, 
creating devastation along the valley. The 
sequence of events in a geomorphically active 
flood is as follows:

 ■ First, a highly localised and intense 
convective storm adds a lot of water over 
a small area of the headwaters in a short 
space of time. 

 ■ Second, this sudden increase in water 
can cause steep valley sides to slump into 
the channel, and increased f lows mobilise 
sediments stored in the valley floor. 

 ■ Third, the influx of material in the channel 
stops the flood wave from travelling down the 
river, like a temporary dam, increasing the 
hydrograph peak. 

 ■ Fourth, the flood wave breaks and travels 
down the valley as a f lood bore (often 
described as ‘a wall of water’), carrying with 
it the debris that fell into the channel. The 
debris-laden flow is much heavier than water 

storm itself must have been smaller than the 
whole 5-km pixel as no flooding was observed 
in neighbouring valleys covered by the same 
pixel. The two hyetographs in Figure 3 show 
the rainfall intensities observed within the 
two radar pixels, and you can see there is a 
large difference. 

The rainfall intensity during the event 
peaked at 42 mm h−1, and in total 82 mm 
of rain fell in a 6-hour period. There were no 
measurements of the discharge of the resulting 
f lood, but modelling of the event suggests 
that it would have risen rapidly from ~2 to 
55 m3 s−1 in less than 2 hours.

Geomorphology
The f lash f looding at Thinhope Burn was 
debris-laden. This was a result of a chain 
reaction of events which resulted in the 
f looding being ‘geomorphically active’. In 
other words it was powerful enough to cause 

the South Tyne catchment, Northumberland. 
Thinhope Burn is a small, upland valley, with 
peatlands covering much of the upper areas 
and agricultural grazing lands in the lower 
sections. The channel itself is just a few metres 
wide, and prior to 2007 had been stable for 
several decades.

Radar data
The area is covered by the UK’s weather radar 
network which observes rainfall. In this area 
the spatial resolution is 5 km and Thinhope 
Burn is covered by two 5 km pixels of the 
network. Figure 2 shows the Ordnance Survey 
map for Thinhope Burn. The watershed of the 
valley is shaded in pink. The black line marks 
the boundary between the two radar pixels, 
approximately halfway along the valley, 
dissecting it west and east. The flash flood 
was triggered by an intense convective storm 
within the western pixel. We know that the 

Flood hydrograph  A plot of river 
discharge against time through a 
flood event.

Geomorphology  The study of landforms 
and the processes of erosion and deposition 
that form them.

Hyetograph  A plot of rainfall against time.

Terrestrial laser scanner (TLS)  An 
instrument that creates a digital three-
dimensional model of the landscape using 
a scanning laser to measure distances to a 
very high resolution grid of points.

Glossary Box 2 Landscape sensitivity 

We tend to think that the Earth’s surface changes very slowly through the cumulative effect of small 
interactions with water, wind and ice. However, many landscapes show long periods with little 
change, interspersed with sudden rapid periods of change. These sudden changes are triggered by 
threshold events, and can be the dominant feature in the development of the landscape.

Landscape sensitivity can be understood as the time it takes a landscape, such as a river, 
to recover from a threshold event (the relaxation time), divided by the average time between 
threshold events (the recurrence time). The predictions for climate change suggest that the 
time between threshold events will be reduced, and this in turn will increase the sensitivity of 
our landscapes. The effects of this are not known.

For our case study, Thinhope Burn, the 17 July 2007 flooding was such a threshold event, 
dramatically altering the behaviour of the river and triggering a period of change. In a few 
decades it will return to a long period of stability.

Thinhope Burn after 
the 17 July 2007 flood
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The SeriousGeoGames project visualised 
survey data from Thinhope Burn to build a 
virtual environment in an app called Flash 
Flood! showing how the event might appear 
if you were standing in the river valley at the 
time. See Box 3 for a link to the video and 
an activity. The surveys were collected in 
the lower section of the river valley (see the 
black square in Figure 2) — a before-the-flood 
survey from 2004 using GPS equipment, and 
another survey after the flood in 2015 using 
a terrestrial laser scanner (TLS). 

Making notes is vital to a field scientist. The 
field scientist who collected the original survey 
in 2004, Dr David Milan of the University of 
Hull, had no idea that the valley would flood 
and change so dramatically. When he returned 
several years later his notes were crucial in 
understanding how the valley had changed 
during the flood. 

Over time Thinhope Burn will recover, the 
vegetation will grow back and the channel 
restabilise. It is not known how long this 
process will take — probably several decades 
— and while it does the valley is more 
vulnerable to future flooding. Scientists are 
closely monitoring the valley and will use the 
observations and data to understand better 
how the UK’s upland valleys will be affected 
by climate change.

alone and is able to tear up the river bed, rip 
trees out of the ground and damage houses 
and bridges in its path.

The scene across Thinhope Burn after 
the flood was very different from the scene 
before, and from how the valley had looked 
for decades previously (see photos, and 
Box 2). The valley is now unstable and more 
susceptible to changes, with smaller f lows 
now able to move more material around. This 
can affect the flood risk further downstream, 
as the material eroded and transported from 
the valley is carried and deposited elsewhere, 
reducing the volume of water which can be 
contained within the channel.

Visualising the geomorphology 
of flood risk
Flash f looding is rare, and the type of 
debris-laden flash f looding that happened 
at Thinhope Burn is even more rare. This 
is because it requires a chain reaction of 
events in order to occur — and this is what 
makes such f loods virtually impossible  
to predict. Very few people have witnessed 
this type of f looding, and a f lood bore 
has never been caught on camera in the 
UK. This can make it difficult to imagine  
how these events form and how they can cause so  
much damage.

Box 3 The Thinhope Burn 
event visualised

You can see a 360º tour of the virtual 
Thinhope Burn using the Flash Flood! 
Classroom Version at www.youtube.
com/watch?v=OWQaq85oQr4&t=27s. If 
you view it on a smartphone or tablet you 
can change the view using the device’s 
motion tracking, but you can also use a 
mouse to change the direction of view on 
a desktop PC.

A field scientist would make notes of their 
observations, so do this as the tour takes 
you along the valley. Start by taking note of 
how the valley looks before the flood. The 
key things a field scientist would note are: 
• the date, time and weather
• the location
• what shape the valley is
• what the river looks like
• what the vegetation is and where  
it grows

As the video progresses you will witness 
the flood event and the flood wave, and as 
the water recedes the aftermath is revealed. 
Make notes again based on the after-flood 
scene. How do they compare?

A road damaged by the 
flash flood in Coverack, 
Cornwall, July 2017
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Conclusions
The chances of f lash flooding are low, but 
the effects can be devastating. If a flood leads 
to geomorphological activity — erosion, 
deposition and sediment transport — the 
impacts are not just flooding but debris-laden 
flows. These can mean the difference between 
a house being f looded and a house being 
destroyed. Climate change is predicted to make 
intense rainfall events more frequent and even 
more extreme, increasing the chances of flash 
flooding and debris-laden flash flooding. It 
can take river valleys decades to recover their 
past states after these events, and as they do 
they are more sensitive to further flooding. 

Questions for discussion
1 What can we learn from visualisations of 
catastrophic events such as this? 
2 If climate change makes f lash f looding 
more common what might be the impacts 
on upland valleys and the people who 
live in them?
3 What could be done to ‘slow the flow’ in 
Thinhope Burn?

• Flash flooding is a rare but potentially 
devastating hazard which affects the UK as 
well as more extreme environments and is 
likely to increase with climate change.
• The convective storms which cause 
flash flooding are impossible to 
accurately forecast.
• The key component in fluvial flash 
flooding is quick transfer of rainfall from 
the catchment to the channel, resulting in a 
rapid rise in water level.
• Debris-laden floods cause far 
more damage and occur owing to a 
chain reaction.
• Modelling of the Thinhope Burn flood has 
helped understanding of the process.
• Flash floods cannot be prevented but 
understanding the hydrograph can allow us 
to put in place measures to ‘slow the flow’.

Key points 

Dr Chris Skinner and Dr David Milan 
are at the School of Environmental 
Sciences, University of Hull.

View the visualisation of the Thinhope 
Burn flash flood: www.youtube.com/
watch?v=OWQaq85oQr4&t=27s

Good materials on the 1952 Lynmouth 
flood: www.tinyurl.com/ybvgmkcv

Further reading Further reading
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Record rainfall from 
Hurricane Harvey
Hurricane Harvey was the first major hurricane to make landfall 

in the USA for 12 years. What began as a tropical storm became 
the most destructive hurricane to hit Texas in 50 years. 

On 23 August 2017, the National Hurricane Center (NHC) upgraded 
the storm to a tropical depression. By the following day, when NASA’s 
Terra satellite captured this natural-colour image at 11:24 a.m. Central 
Daylight Time (CDT), it had developed over the Gulf of Mexico into 
a large tropical cyclone. 

According to the NHC, Harvey increased in strength rapidly from a 
tropical depression to a major hurricane in about 40 hours. It reached 
peak intensity as a Category 4 hurricane with winds of 130 mph 
(215 km h–1) at 18:00 (CDT) on 25 August. It made landfall later that 
day on the mid-Texas coast at around 22:00. 

Harvey produced the highest ever total rainfall associated with a 
single storm recorded in the USA. The weather station at Nederland, 
Texas, about 140 km east of Houston, now holds this record: 1,640 mm 
or 1.6 metres. The extremely heavy rainfall produced catastrophic 
f looding across much of southeastern Texas. In the Houston 
metropolitan area — where many places experienced rainfall totals 
in excess of 1,000 mm over a 4-day period — much of the city was 
devastated by flooding.

Jamie Woodward is professor of physical geography at The 
University of Manchester and an editor of GEOGRAPHY REVIEW.
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