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For the past 31 years, our publishing editor Jane Buekett has 
overseen all aspects of the production of GEOGRAPHY REVIEW. 

Some of the articles published in Jane’s first volume, such as those 
about hunger strikers in Tiananmen Square and change in East 
Germany, feel a very long time ago. Others, looking at issues like 
feedback and equilibrium in geographical systems and coastal 
erosion in Norfolk, seem much more familiar to us today. 

Jane has now decided to move on to new things. On behalf of 
editors past and present and generations of A-level geographers, 
we would like to thank her for her consistently high standards and 
her contribution to the dissemination of geographical knowledge. 
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If you have been to the coast in Britain, 
you may have spotted piles of rocks at the 
bottom of some cliffs and realised they 

must have come from the cliff face above. 
Maybe you’ve seen mud flowing down cliffs 
or taken a walk and noticed that the distance 
to the cliff edge is less than last time you 
visited. If not, have a closer look next time 
you go because the coast is an ever-changing 
environment and there are many types of 
landslides that contribute to coastal erosion. 

What are landslides?
A landslide is defined as a movement of a 
mass of rock, earth or debris down a slope. 
Several different types are common around 
the UK coast, as summarised in Figure 1. 

We know that large parts of the southern 
and eastern coasts of England are eroding. In 
some parts, there are large, ancient, muddy 
landslides that move, ooze and slump their 
way downslope as the effects of weathering 
and the sea take their effect. In other areas, tall 
cliffs loom large and rock falls are regularly 
reported. Some of these have been fatal. 

Measuring  
coastal retreat
A case study from Holderness

Understanding how coastal retreat happens helps us manage 
our changing coasts. This article describes the monitoring 
of cliff landslides on the Holderness coast and explains 
how the data obtained not only clarify the processes at 
work but can contribute to coastal management policy

Catherine Pennington,  
Peter Hobbs, Lee Jones  
and Matthew Kirkham

This article is useful for the following 
A-level topics:
• coasts as natural systems
• coastal landscape development
• coastal erosion
• the relationship between process, 
time, landforms and landscapes in 
coastal settings

Exam links 
For a presentation on coastal systems go to:  
www.hoddereducation.co.uk/geographyreviewextras

GeographyReviewExtras
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Case study: the Holderness coast
Coastal erosion is particularly advanced on 
the 60 km-long Holderness coast (Figure 2) 
in the East Riding of Yorkshire. This is one of 
the most rapidly eroding coastlines in Europe. 
It has been receding at roughly 1–2 metres per 
year for the last 5,000 years, when the sea level 
rose to within a metre or two of its present 
position. Many villages have been lost to the 
sea over the last few centuries and several 
more are now under threat. 

The coast here is highly dynamic, and has a 
great diversity of land use and environments. 
For example, the f loodplain in the outer 
Humber Estuary is home to some of the 
most productive agricultural land in the 
UK as well as major areas of industrial and 
commercial property. 

Cliffs range from around 3 to 40 metres 
in height and are mostly composed of glacial 
tills — layers of silts, sands, gravels and clays. 
These formed at the edges of the British-
Irish ice sheet during the last glaciation 
and are, geologically speaking, very young 
unconsolidated materials ranging from about 
30,000 to 13,000 years old. As a result, they 

Source: The classification system used by the British Geological Survey based on a combination of Cruden, D. M. and Varnes, D. J. (1996) ‘Landslide types and processes’, in 
Special Report 247: Landslides: Investigation and Mitigation, Transportation Research Board. Hungr, O. et al. (2014) ‘The Varnes classification of landslide types, an update’, 
Landslides, Vol. 11, No. 2. Varnes, D. J. (1978) ‘Slope movement types and processes’, in Special Report 176: Landslides: Analysis and Control, Transportation Research Board.

Figure 1 Landslide types most commonly seen at the UK coast

(a) Falls and topples
When rock detaches and 
falls, rolls and bounces 
downslope. Topples rotate 
forwards before falling. 
Falls drop downwards 
without rotating. Usually 
happen fast

(b) Flows
Can occur in mud or debris, can 
be wet or dry and can happen 
fast. In rock these are extremely 
rapid avalanches

(c) Rotational
When a mass slides down a 
roughly circular surface. A 
prominent main scarp at the top 
and back-tilting of blocks can 
often be seen

(d) Translational
When a mass slides down a plane. 
Prominent main scarp at the top

(e) Complex
A mix of landslide types, such as a 
rotated mass that also has rock falls 
at the top and flows moving down 
the slope at the same time or 
consecutively

Rock fall Rock topple

R. Humber

Mappleton
Hornsea

Bridlington

Withernsea

Grimsby Spurn Head

Easington
Gas Terminal

Kingston 
upon Hull

Cleethorpes

N

0 km 10

Bridlington
Bay

Holderness
coast

Aldbrough

Figure 2 Map of the Holderness coast
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do not know if that 2 metres eroded little by 
little or suddenly all at once in a landslide. We 
also do not know how much sediment was 
released from the cliffs (volume loss), when 
it happened and what the weather and sea 
conditions were like leading up to the event.

On fast-retreating coasts, it is important to 
look at more than just the position of the cliff 
face. The system of coastal erosion is complex 
and has many elements. Understanding what 
drives the retreat of particular cliffs requires 
consideration of a range of factors. 

 ■ We need to understand how the landslides 
in this area behave. 

 ■ This requires an understanding of the 
key geomorphological processes and the 
materials involved. 

 ■ We need to consider how the strength and 
variability of the geological materials making 
up the cliffs and the hinterland (ground 
behind the cliffs) respond to both long and 
short-term weather conditions

 ■ We also need to understand how the cliffs 
interact with the beach and processes from the 
marine environment such as storms. 

 ■ To develop and position early warning 
systems (see Box 1), we also need to understand 
how far inland there is a measurable response 
of the ground to the coastal landsliding. 

Box 1 
Early warning systems

Landslides are one of the most difficult 
hazards to predict because what makes a 
landslide move varies so much. Landslide 
early warning systems are monitoring 
devices designed to avoid or minimise the 
threat to humans, or damage to property. 
Different systems are used throughout the 
world and these are changing constantly as 
science and technology advance. 

are not as ‘strong’ as older rocks and they erode 
easily through repeated landslide activity. 

The beach sediments vary in type, but 
are typically medium to coarse (each grain 
particle between 0.25 and 1 mm in diameter) 
shelly sand with gravel.

Managing an eroding coastline
One way to prevent such rapid land loss 
would be to build sea defences, but this is 
not straightforward because erosion of the 
Holderness cliffs affects more than just the 
local area. 

It is crucial that these cliffs continue 
to erode naturally because the material 
lost travels south and provides coarse sand 
(0.5–1 mm diameter) and gravel (2–65 mm 
diameter) that maintains Spurn Head. This spit 
provides shelter for Grimsby and Cleethorpes. 
Fine sediment flows into the Humber Estuary 
and feeds the mudflats and saltmarshes that 
act as a buffer, defending the estuary from 
erosion. Further south, fine sand from the 
Holderness cliffs supplies the beaches in 
Lincolnshire. 

To suddenly stop this source of sediment 
by defending the Holderness coast, even if this 
were possible, would have many far-reaching 
and potentially damaging knock-on effects. 

No active intervention
A shoreline management plan (SMP) is a large-
scale assessment of the risks associated with 
coastal processes. It is used to help reduce 
these risks to people and the developed, 
historic and natural environments. The 
current SMP management policy for much of 

Terrestrial LiDAR 

This inclinometer  measures the orientation 
or displacement at points down a borehole. 
Regular readings allow movement to 
be tracked

the Holderness area is no active intervention. 
This means the coast will be allowed to erode 
naturally except for a few key areas that must 
be defended in the short to medium term 
— the towns of Bridlington, Hornsea and 
Withernsea; the village of Mappleton, and 
Easington Gas Terminal (Figure 2). 

Affected communities, policy makers, 
local government and national agencies 
need to know how to manage coastal change. 
We cannot, and indeed should not, protect 
the entire coastline with hard-engineered 
defences. When sea-level rise and climate-
change predictions of bigger and more 
frequent storms are added to the situation it 
is clear that we need to be prepared so that we 
can be resilient to change. 

A long with the changing physical 
environment, there are also complex issues 
to take into account when managing the 
coast for both visitors and residents: land 
ownership, footpaths, the management of 
existing buildings and the planning of new 
ones, health and safety, beach access, and 
public education and perception.  

Observing coastal change
People have been measuring the rate of coastal 
retreat for decades or longer in the UK and 
elsewhere. In the past recording of erosion 
was carried out by highlighting changes in 
position of cliff tops on maps, comparing 
aerial photographs and directly measuring 
changes with a tape measure. 

Assessments of this type produce an 
estimate of general coastal retreat but this can 
only ever be linear, e.g. 2 metres per year. We 

The Coastal Explorer website provides 
data, photos, links and other information 
on the erosion of the East Riding of 
Yorkshire coast: www.eastriding.gov.uk/
coastalexplorer/homepage

British Geological Survey Landslide Case 
Studies gives case studies of mainly  
coastal landslides in the UK and overseas:  
www.bgs.ac.uk/landslides/caseStudies

An explanation of shoreline management 
plans on the UK government website: 
www.tinyurl.com/uszxv92

Further reading Further reading
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Coastal landslide observatory
The rapid rate of erosion along the 
Holderness coast provides a good 
opportunity for studying landslide 
processes. We have set up a coastal 
landslide observatory near the village 
of Aldbrough, where we have been 
collecting data since 2001. Here, one of 
the many landslides on the windswept, 
wave-battered cliffs is being watched and 
every move it makes is being recorded. 

The cliffs are made from layers of 
different materials. These are called 
geological formations. Formations can 
be divided further into members or 
beds. Each one has been given a name 
and a place in the formal sequence 
of all rocks in the world according to 
their age. This sequence is called the 
lithostratigraphic hierarchy. Figure 3 

and Table 1 explain the different formations 
and their main material.

This cliff material (the geology) is key 
to understanding how landslides evolve in 
this area. We have carried out various field 
observations and laboratory tests to gain 
information about the different properties of 
each formation within the cliff (e.g. strength 
and permeability, its ability to transfer water).

Monitoring techniques
As well as these tests, we have used a 
combination of techniques to monitor 
the landslide. 

First, observational techniques include 
terrestrial LiDAR and drone photography. 
Terrestrial LiDAR is a laser scanner which, 
when combined with highly accurate GPS 
(global positioning system), allows us to 
produce three-dimensional models of the 
cliffs. By using several scans made at different 
times, we can calculate the amount of material 
lost from the cliffs (volume loss) and measure 

Table 1 Geological formations in the Holderness cliffs 

Member/formation Main type/lithology Summary of ‘strength’ 

Hornsea member 
(Holderness formation)

Sand and gravel Dense, difficult to dig

Withernsea member 
(Holderness formation)

Till Firm, thumb makes an 
impression easily

Mill Hill bed (Holderness 
formation)

Sand and gravel Dense, difficult to dig 

Skipsea till member 
(Holderness formation)

Till with laminated clays Firm to stiff, thumb indents not 
‘easily’ but more than ‘slightly’

Dimlington bed (Holderness 
formation)

Laminated silt, clay, sand Soft, can push finger in up to 
10 mm

Bridlington member 
(Holderness formation)

Till Stiff, thumb indents slightly

Rowe chalk formation Chalk Strong, needs more than one 
blow of a hammer to fracture it

Figure 3 Block diagram showing the cliff, the geology, the landslide 
and the boreholes at the coastal landslide observatory in Aldbrough

The British Geological 
Survey’s coastal landslide 
observatory near Aldbrough, 
East Yorkshire 
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cliff-top retreat (Figure 4). We can also see how 
and where the landslide is changing. 

Second, we have drilled three pairs of 
boreholes 20 m into the ground to monitor 
ground movement using inclinometers. 
We are also measuring the pressure of the 
groundwater at different depths (using 
piezometers). Excess pressure is known to 
trigger landslides so this is an important factor 
to monitor. The boreholes were set 10 m, 20 m 
and 28 m back from the cliff edge (Figure 3). 
The idea is to observe any changes over time as 
the cliff effectively approaches the boreholes. 
We have also installed a weather station and 
can obtain wave and storm data from a wave 
buoy just offshore.

Observation of landslide activity
Using this range of monitoring techniques, 
we have been able to track changes in the 
cliff slope more accurately than previously 
possible. Preliminary results are:

 ■ We have measured and observed the 
primary landslide type as deep-seated 
rotational. Topples, rock fall and flows are 
also present on the cliff. 

 ■ We have found that landslide activity 
is cyclic, with major landslide events 

Figure 4 LiDAR scans from alternate years at Aldbrough showing the recession rate. Each scan can be interrogated further to study 
the landslides

Catherine Pennington, Peter Hobbs, 
Lee Jones and Matthew Kirkham 
work for the British Geological Survey. 
Catherine and Peter are engineering 
geologists, Lee is a geological engineer 
and Matthew is a geotechnical soils 
lab specialist. They are interested in 
the long-term monitoring of landslides 
at the coast to help develop early 
warning systems.

• The Holderness coast is one of the fastest 
eroding coastlines in Europe.
• Management of this coast is complex.
• The coastal landslide observatory has 
been in operation since 2001.
• Observations show that the landslide 
activity is cyclic.

Key points 

occurring every 6–7 years. This activity is, 
not surprisingly, related to storm frequency 
and wave energy, but is mostly driven by 
groundwater and the release of stress in the 
cliffs as slipped material is removed by the sea. 

 ■ The Dimlington bed is key for rotational 
landsliding. It is a soft silty clay on which the 
overlying geology slides.

 ■ We have measured the amount of cliff 
lost to the sea. This ranges from 1,200 to 
6,300 m3 per 100 m section of cliff per 
year. That’s roughly 0.5–2.5 Olympic-sized 
swimming pools for every 100 m length of 
cliff, every year.

This long-term monitoring has allowed us 
to capture and record how the ground behaves 
through cycles of landslide activity. We hope 
that this work will not only contribute to our 
understanding of landslide processes, but 
will also inform policies such as shoreline 
management plans to help manage the coastal 
changes we will see in the future.

Activities
1 Research shoreline management plans. 
How have these been made accessible to 
the public? Do you think they are easy 
to understand?

2 Applying scientific theory to nature is 
complex. Can you see the landslide types from 
Figure 1 in the photographs of landslides in 
this article? 
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T he question sequence discussed here 
is typical of A-level. It tests a range 
of skills including knowledge and 

understanding, data-stimulus and response 
skills as well as your ability to plan and write an 
evaluative essay supported by detailed place-
specific content and evidenced judgements. 

Question 1 

Question
Explain the role of cryospheric change in the 
water cycle. (4 marks)

 AQA

Question 1 is essentially a ‘recall’ question 
testing something you have learned in class. 
It has a sting in its tail by including the term 
cryospheric — not a word we use every day. 
It means the frozen part of the water cycle 
and includes sea-ice, permafrost, glaciers 
and ice sheets. The use of this technical word 
in the first question shows the importance 
of knowing geographical terminology so 
you are not thrown by unusual words in 
exam questions.  

Alice’s answer

In an ice age, the volume of water 
stored as ice in the cryosphere increases, 
and the water cycle slows down because 
the increase in ice cover stops water 
entering the oceans. 

In a warmer interglacial period the 
cryosphere reduces in volume and 
water is returned to the ocean, so there 
is proportionately more salt water as 
ocean volumes increase and thermal 
expansion occurs in the warmer climate. 

Exam comment
Alice’s answer scores 4 marks. She has 
written two developed points that are both 
linked to change. There is a risk here that 
the two points mirror each other, but Alice 
avoids this by referring to the speed of the 
water cycle and salt vs fresh water. 

Water and carbon cycles 
In this issue Question and Answer takes questions from the AQA A-level Physical Geography 
exam paper, summer 2018. These questions tested the water and carbon cycles topic. Other exam 
boards use similar questions (see Box 1). The question is printed in bold type and the students’ 
answers are in tinted boxes. The exam comments and mark schemes are the responsibility 
of GEOGRAPHY REVIEW and have neither been provided nor approved by AQA. The answers 
given are not the only possible answers. AQA material is reproduced by permission of AQA

Question 2 

Question
Analyse the data shown in Figure 1. (6 marks) 

 AQA

This question refers to Figure 1 which is a 
complex bar chart containing a large amount 
of data. There are several potential pitfalls 
with a question such as this:

 ■ Figure 1 has three dates, four types of 
country and five sources of GHG (greenhouse 
gas) emissions — it is not possible to cover all 
of these in a 6-mark answer.

 ■ You are not being asked to describe what 
the data show. 

 ■ Equally, the command word ‘analyse’ is not 
the same as ‘explain’. 

‘Analyse’ means breaking down and 
unpicking data you have been given and 

question and answer making the grade

Box 1 Other exam boards 

This Question and Answer can be used 
by students studying other A-level 
specifications, bearing in mind different 
question styles and mark schemes.

Pearson Edexcel: Topic 5 The Water Cycle 
and Water Insecurity, Topic 6 The Carbon 
Cycle and Energy Security

OCR: Physical systems Topic 1.2 Earth’s 
Life Support Systems

Eduqas: Component 2 Global Systems 
and Global Governance 2.1 Water and 
Carbon Cycles

Glaciers in the mountains 
of southeast Greenland. 
Water is stored as ice in 
the cryosphere
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the overall trends, as well as there being 
some analysis of changes in emissions sectors. 
He does more than just ‘say what he sees’, 
i.e. describe. His answer has the right balance 
between analysis and some explanation. 

Question 3

Question
Using Figure 2 and your own knowledge, 
assess the challenges associated with reducing 
greenhouse-gas emissions. (6 marks) 

 AQA

Figure 2 shows an arguably unfair situation with 
some countries prepared to act on greenhouse-
gas emissions but others not. The question is 

countries accounted for about 55% 
of all emissions. High-income country 
emissions stabilised after 1990, and 
have actually fallen in some sectors such 
as agriculture and industry. Overall, 
low-income countries are even less 
responsible for emissions than they were 
in 1970 whereas it is industrialising and 
urbanising middle-income countries that 
have become the major emitters.

Exam comment
Table 2 gives a mark scheme for this 
question. Russell’s is a Level 2 answer. There 
is a lot of evidence of him manipulating the 
data in Figure 1, working out percentages 
and making comparisons. The answer covers 

investigating the information for patterns, 
t rends, anomalies and meaning f ul 
comparisons. Having interrogated the 
data, you should then move on to suggest 
explanations for what you have discovered. 
Box 2 suggests how you might approach 
analysing Figure 1. 

Russell’s answer

Figure 1 shows that some groups of 
countries have seen significant changes 
in their GHG emissions but others 
have changed very little. Low-income 
countries contribute less as a share of 
global emissions in 2010 compared to 
1970, and their total emissions have 
increased by less than 10% since 1970. In 
contrast, upper-middle-income emissions 
increased by over 200%, and have 
shifted from being 50% agricultural in 
1970 to 70% from energy production 
and industry by 2010. 

These countries, along with lower-
middle-income countries, account 
for over 50% of GHG emissions in 
2010 whereas in 1970 high-income 

Box 2 Analysing Figure 1

Figure 1 is complex, so it is important 
to take time to analyse it. A calculator is 
often useful. For instance, by summing all 
emissions in 1970 and 2010 we can work 
out that upper-middle-income countries 
accounted for only 22% of all emissions in 
1970, but 38% by 2010.

It is often useful to work out percentage 
change. This is shown in Table 1 and reveals 
that some country groups have barely 
changed since 1970, whereas in others 
emissions have grown rapidly. In the exam 
you don’t have time to complete an analysis 
table like the one below, but you can 
annotate the figure with similar information.
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countries
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income

countries
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countries
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7.9
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3.43.43.53.2

Agriculture and forestry

Industry

Commercial and residential buildings

Transport

Energy production

  

Key

Figure 1 Change in greenhouse gas (GHG) emissions by relative wealth of country in 1970, 
1990 and 2010

Table 1 Percentage change of the groups of data in Figure 1

Country 
group 

Overall emissions 
trend 

Percentage change 
1970–2010 Sector trend Interpretation

Low-income Basically flat
0.2 Gt increase 

+6% Agriculture always dominates Share of global emissions has fallen

Lower-middle-
income

More than doubled +132% Growth in energy and 
industry 

Gradual economic development

Upper-middle-
income 

Tripled 
Largest increase 
1990–2010

+210% Huge growth in energy and 
industry 

Emerging country industrialisation/
urbanisation
Now as significant as high-income group

High-income Increased, but 
slowing 

+30% Industry shrinks
Energy and transport increase

Action taken to reduce emissions growth
Deindustrialisation 
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not about describing or explaining the data in 
Figure 2, but about assessing challenges:

 ■ Decide how many challenges to assess: 
one is too few as your answer will be narrow, 
two, or three at most, is sufficient for a 
6-mark answer. 

 ■ You need to make some judgements about 
how significant the challenges are, e.g. if the 
USA pulls out of the Paris Accord this could 
be argued as very serious, because the USA 
accounts for about 18% of all emissions.

 ■ Use some of the data in Figure 2 in 
your answer: remember one of the skills 
being tested is your ability to interpret the 
information in Figure 2. 

Liza’s answer

Figure 2 shows that a wide range of 
countries such as China, Germany, 
Kenya and Brazil have ratified the 
Paris Accord despite the fact that they 
contribute very different proportions 
of greenhouse gases. A major challenge 
is that if the USA were to leave the 
agreement, or another big emitter like 
China or the EU did the same, the whole 
agreement would be at risk because 
mitigation would be less successful 
without a major player. 

In addition, if the USA left and 
put economic self-interest ahead 
of emissions reductions other less 
significant countries would probably 
follow its lead. It would be seen as 
unfair for emerging and developing 

countries to be trying to reduce 
emissions when the world’s richest 
country was not. Some fossil-fuel rich 
countries like Russia and Iran might 
use the USA leaving as an excuse to 
leave too, and continue to use cheap, 
polluting fossil fuels to stimulate 
economic growth. 

Figure 2 shows that any agreement 
is likely to be a challenge as the four 
largest contributors (USA, EU, China 
and Russia) have strained geopolitical 
relationships over issues such as Syria, 
global trade and nuclear weapons 
and this makes agreement on the 
issue of greenhouse-gas emissions 
difficult. Without the USA fully signed 
up the future of the Paris Accord 
is challenging. 

Exam comment
Table 3 gives a mark scheme for question 3. 
This is a Level 2 answer. Lisa shows good 
understanding of the Paris Accord and the 
reasons why the USA has threatened to 
leave it. The answer indicates that some 
countries are more significant than others, 
and that the Paris Accord is affected by 
wider relationship issues between many of 
the countries involved. 

Question 4

Question
Assess the potential causes and impacts of 
changes to the water balance within a tropical 
rainforest that you have studied. (20 marks) 

 AQA

Top ten greenhouse gas emitters
(70% of all emissions)

Paris Accord 12 December 2015
• The aim is to limit global warming to below 2°C
• 197 parties to agreement

Note: Ratification of the Paris Accord makes it legally binding

China
20.09%

USA
17.89%

EU
12.08%

Russia
7.53%

India
4.10%

Japan
3.79%

Brazil
2.48%
Canada
1.95%

South
Korea

Mexico

Countries which had ratified the Paris Accord, May 2017

Countries ratified

Countries ratified but may leave

Countries not ratified

Key

Figure 2 The contribution of the top ten greenhouse gas emitters and information about the Paris Accord climate-change agreement

Table 2 Mark scheme for question 2

Level 2 4–6 marks Good analysis of the data in Figure 1, used as evidence to 
support the answer. Connects different parts of the data

Level 1 1–3 marks Limited analysis of the data in Figure 1, weaker use of evidence 
to support the answer. Few connections made

Table 3 Mark scheme for question 3

Level 2 4–6 marks Good knowledge and understanding
Good application of knowledge and understanding to the 
situation shown; clear evaluation and analysis

Level 1 1–3 marks Basic knowledge and understanding
Basic application of knowledge and understanding to the 
situation shown; basic evaluation and analysis
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The impacts are a reduction in soil 
moisture, and reduced river flows 
meaning that many farmers have to 
resort to irrigation. In addition, flood 
risk increases in the wet season. There is 
some evidence that seasonal extremes 
have increased in the Amazon, and with 
more intense wet seasons the risk of 
major floods in locations such as Manaus 
has increased from once every 20 years 
in 1970 to once every 4 years by 2015. 

However, the impact of widespread 
deforestation has regional impacts as 
well as local ones. The removal of the 
tree canopy and the shaded, constantly 
wet understories below means that 
evaporation and evapotranspiration are 
reduced. There is evidence that without 
the return flow of water from the forest 
into the atmosphere, cloud formation 
reduces and so does convectional 
rainfall. This has been suggested as 
a contributing factor to increased 
drought frequency in Amazonia such as 
the droughts in 2005, 2010 and 2016. 
Longer-term, if the continuous cycle of 
precipitation-evaporation-convectional 
rainfall is broken in the Amazon, 
precipitation levels and river discharges 
are likely to fall. 

Indirectly, human actions could be 
making the situation worse. Due to 
increased carbon emissions driving 
global warming the Amazon may 
become drier overall and/or more 
seasonal. This could reduce precipitation 
further which in turn could lead 

and 20,000 km2 of Brazil’s rainforest 
is cut down. Agriculture is the main 
cause, with cattle ranching, soy-bean 
production and small-scale subsistence 
farming the main contributors. Without 
tree-canopy cover, interception of 
precipitation is reduced and so surface 
runoff increases. Farming, especially 
cattle-ranching, compacts the soil, 
reducing infiltration and further 
increasing surface runoff. 

This question is a straightforward essay 
question, but of course not an ‘easy’ one. As 
with all essays, you need to think about the 
meaning of the question and do some brief 
planning before you start writing:

 ■ The ‘assess’ command means that evidence, 
judgements and conclusions are needed, 
especially a final conclusion.

 ■ Notice the question is about ‘causes’ and 
‘impacts’ — both need to be covered and 
it would be very easy to focus only on one 
or the other.

 ■ The focus is on ‘changes’ to the water 
balance, so your answer needs to concentrate 
on why changes are taking place and the 
consequences of these changes — not 
simply describe the water balance in a 
tropical rainforest.

 ■ Some detailed place-specific content is 
needed, because the question directs you 
to refer to a ‘tropical rainforest that you 
have studied’. 

Azim’s answer

Tropical rainforests are very important 
to the water cycle, but the tropical 
rainforest water cycle is delicately 
balanced and can be disrupted directly 
and indirectly by human activity. 
Amazonia is the world’s largest tropical 
rainforest covering 5.5 million km2, but 
it is increasingly threatened by human 
activities and global climate change. 

Widespread deforestation in 
the Amazon is largely caused by 
humans. Each year between 5,000 

A Greenpeace protest in Rome 
against the subsidising of intensive 
agriculture, which contributes to 
greenhouse-gas emissions

A soy plantation in the Brazilian Amazon
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Table 4 Mark scheme for question 4

Level 4 16–20 marks Detailed, evidence based, evaluative conclusion 
Detailed analysis and evaluation 
Detailed, relevant place, scale, temporal change and concept 
knowledge and understanding 

Level 3 11–15 marks Clear, evidence based, evaluative conclusion 
Generally clear analysis and evaluation 
Generally clear, relevant place, scale, temporal change and 
concept knowledge and understanding

Level 2 6–10 marks Partially evidence based conclusion 
Partial analysis and evaluation 
Partially relevant place, scale, temporal change and concept 
knowledge and understanding

Level 1 1–5 marks Limited, unsupported conclusion 
Limited analysis and evaluation 
Limited/irrelevant place, scale, temporal change and concept 
knowledge and understanding
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to greater stress on the biome and 
‘forest dieback’. 

The water and carbon cycles are linked: 
if there is less water in the rainforest 
system and the forest is more stressed 
and arid for longer periods, it could 
become a carbon source rather than 
a sink. This would further increase 
carbon emissions and lead to a positive 

feedback loop that ultimately seriously 
damages the Amazon rainforest. 

Overall, the water cycle in the Amazon 
is being affected directly by forest 
destruction driven by human activity 
as well as indirectly by anthropogenic 
climate change. At the moment 
the local impacts of reduced water 
availability and increased flood risk are 

most significant. However, in the near 
future, feedback between the water 
and carbon cycles could cause more 
widespread and irreversible changes to 
the Amazon’s climate, increasing aridity 
and drought risk and dramatically 
reducing the water balance. 

Exam comment
Table 4 gives a mark scheme for question 4. 
Azim’s answer is Level 4 quality. It uses the 
Amazon case study effectively and there 
is some place-specific detail although this 
could be developed. A range of causes of 
changes to the water balance are directly and 
indirectly covered. 

The answer uses good terminology 
throughout and shows good understanding 
of drainage-basin processes as well as the 
water cycle at a larger scale. It makes the 
important link between the water and 
carbon cycles quite clearly, and recognises 
that there are temporal as well as spatial 
differences in terms of both causes and 
impacts. There is a detailed and clear 
attempt to assess the significance of the 
causes of change to the Amazon’s water 
cycle as well as judging that the long-term 
outlook is poor. 
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‘thing’ and so we use words such as ‘capture’, 
‘control’, ‘enclosure’ and ‘ownership’ when 
we describe our relationship with land. 
In using this language, we see ourselves 
as the subject and land as the object on 
which we act. 

Climate change is forcing us to rethink our 
relationship with nature. As human action 
causes profound changes to the Earth and 
its atmosphere, we are being deeply affected 
ourselves. From health and wellbeing to 
politics, every aspect of our lives bears the 
impact of a changing climate. Human lives 
are deeply intertwined with the life of the 
Earth: we impact the Earth, and the Earth 

Changing places 
       in India

As India’s economy and urban centres grow, demand for and conflict  
over land increases. Land has different meanings — social, religious,  
political and economic — for different stakeholders, and those of the  
poorest people may be overlooked. How can government and big  
business change their attitude to land to respect the needs of all people?

impacts us. We damage the Earth and the 
Earth damages us. 

Far from being an inanimate object or a 
‘thing’, land is integral to our lives. In the UK, 
one of the ways that a person’s coming of age 
is often measured is through home ownership. 
If you are able to move out of your parental 
home, and get on to the property ladder, you 
are considered an independent adult. We start 
to question our social and economic structure 
if property is unaffordable for our young. Our 
ability to own land in the form of a home 
says a lot about society, intergenerational 
relations, employment, banking and finance, 
and government policy. 

Nikita Sud

This article is useful for the following 
A-level topics:
• dynamic places and globalisation
• environmental and ethical concerns of 
development
• India as an emerging but flawed 
superpower

Exam links 

A protest in Delhi 
against legislation 
allowing the 
acquisition of landLand wars, development  

and globalisation

Is land just the ground beneath our feet or 
is it a participant in human lives? For a 
long time, humans have treated land as a 
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Land may be any of these categories, or a 
combination of these. What it is may change 
for an individual, family and community over 
time. We need to move to a multi-dimensional 
view of land, perceived and shaped by a 
range of human relationships. People read 
land differently, and they relate to it in many 
different ways.

Models for changing land use 
Land is not just an object, waiting to be 
exploited by humans. It is a plural entity, 
entwined in a range of human relationships. 
Yet, this multi-dimensional land is being 
transferred to India’s growing economy of 
industry and services every day. There are two 
models to enable such transfers. 

Model 1 for transferring land is to buy it 
for money, or even to acquire it with force. In 
this first model, even when land is paid for, 
if industry representatives like the manager 
I interviewed perceive pre-industrial land as 
‘waste’, they are not likely to offer much for 
it. This disdain of land, and the people whose 
lives are tied up with it, is the root cause of 
India’s land wars.

A few days later, I stood on the same 
coastland with a manager, who worked for 
the private port and some of the factories 
associated with it. The manager dismissively 
waved his hand as he surveyed the land. 
In somewhat contemptuous Hindi he told 
me ‘This was all wasteland. Our company’s 
vision has made something out of nothing.’ 
The same land evoked completely different 
feelings in two men who spoke about it just 
days apart. One honoured it as a mother and 
provider. The other dismissed it as waste, a 
mere container for a business vision.

A multi-dimensional view
The conversations with the fishworker and 
the port manager suggest that land needs to 
be understood in the plural. In my field sites in 
west, south and east India, people relate to land 
very differently. They may see it as a nurturer, 
as private property, as wealth and financial 
value, as national territory to be guarded, as 
local and community boundaries that need to 
be protected from infiltrators, as a source of 
power and pride, as a home to the gods and 
what is held sacred by society, and much more. 

Land and society in India
In India, where I carry out research, the 
intertwining of land and society is obvious. 
India is the world’s fastest-growing major 
economy. It is an emerging superpower of 
the twenty-first century. Since embracing a 
globally competitive economic model in the 
1990s, India has grown steadily. In the 2000s 
it had economic growth rates of 7–8%. 

India is also a very big country: the 
seventh largest in the world in terms of 
geographical area, and the second largest in 
terms of population. The country’s economy is 
powered by industries like steel, automobiles, 
engineering products, medical drugs and 
equipment, and textiles. Its vast service 
sector includes software, retail and back-
office provision of banking, accountancy 
and customer assistance to some of the largest 
corporations in the world. 

Land is highly desirable in India. A growing 
economy demands land for industry and 
land for infrastructure like roads, ports, 
railway lines, underground metro systems, 
airports. Most of the new economic activity 
is in expanding urban areas. Cities have high 
demand for housing, schools, shops and 
other facilities for an increasingly wealthy 
population. All this activity is based on land. 
At the same time, land is still highly valued 
by rural agrarian India. Around 60% of the 
population depends on rural, agricultural 
land for its livelihood. 

Land wars
The pulls of India’s new economy, and 
the pressures of the old, have led to what 
scholars have called India’s land wars. These 
are struggles between old and new uses, and 
users, of the land. Farmers, pastoralist herders, 
fishworkers and forest-produce pickers are 
pitted against industrialists, urban real-estate 
developers, infrastructure providers and such 
like. Lives have been lost in these struggles 
over land, and governments have fallen at 
election time if they are seen as siding with 
one group of land interests over another. My 
research tries to better understand India’s land 
wars. It also suggests that to make more robust 
policy around land relations, we need to focus 
the spotlight on ‘land’ itself. 

Meanings of land 
A decade ago, I was standing by the Arabian 
Sea in Gujarat, western India (Figure 1). I 
was talking to Ahmad, a fishworker. Ahmad 
pointed to a vast private port, factories, and 
power plants that had been built on the coast 
from the late 1990s. In Gujarati he told me, 
‘Sister, when none of this was here, we were 
here. We have been fishing and grazing cattle 
here since time immemorial. This land is our 
mother and provider.’ 

Figure 1 Map of India 
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falls squarely into extractive, exploitative 
Model 1. The private companies that have 
taken over their lands, and the government 
that has helped the companies in this, have 
refused to recognise the many meanings and 
dimensions of the land. These companies and 
the government have been criticised by the 
media, national and environmental activist 
groups, some political parties, and parts of 
the local population as anti-poor, pro-rich, 
undemocratic, draconian and worse.

If land is entwined with the lives of people 
like Ahmad, it is also entwined with the career 
and image of the companies and governments 
that are dealing with it. For now, the 
disrespectful, extractive treatment of land has 
labelled many companies and governments 
in India as anti-poor and tyrannical. To be 
seen as pro-people, more democratic and 
responsive, business and governments must 
rethink their relationship with land. This 
would also involve changing their attitudes 
towards the people who depend on the land 
in multi-dimensional ways.

Questions for discussion
1 What are the geographical consequences of 
thinking about land in a multi-dimensional 
way in India?
2 Think about a multi-dimensional view of 
land in your locality and community. How 
would this change the way that land is traded?
3 Can economic growth for countries like 
India and China be justified at the cost of 
their environment and people? Remember 
that sustainability and ethical growth were 
hardly concerns when the West was growing 
in the nineteenth and twentieth centuries.

Model 2 is seen, it is hardly ever achieved 
without a fight. 

Model 2
After years of struggle, indigenous groups 
in the lush, green Niyamgiri Hills of eastern 
India (Odisha) managed to halt the transfer of 
their land for a mining project. The project was 
initiated by Vedanta Alumina, a UK-registered 
company producing a luminium. The 
indigenous groups were able to convince 
activists, courts, several politicians, and even 
the makers of the Hollywood blockbuster 
Avatar that their god Niyamraja resides in 
the Niyamgiri Hills. They were not willing 
to destroy their home and that of their 
sacred deity for any amount of money, or for 
so-called ‘development’.

Another example of Model 2 is the 
experience of some politically powerful 
farming groups in Har yana, nor thern 
India. They have been able to bargain with 
companies that want to take over their land 
for manufacture or real estate. In return, 
the companies have to promise land-losing 
farmers a good price for their plot, shares 
in the business, and jobs for one of their 
children. Farmers may choose to buy land 
elsewhere with the money they have received 
from the company. 

Model 1
The experience of Ahmad the fishworker and 
his fishing community in western India has 
been quite different from that of the tribes 
of Niyamgiri, or the farmers of Haryana. It 

Nikita Sud is associate professor of 
development studies at the University 
of Oxford. Her book Unfixed Land: The 
Making of Land and The Making of 
India, will be published in 2020. 

• India needs land for transitioning its 
economy towards industrialisation and the 
service sector.
• India’s land wars pitch old against new 
uses of land.
• The deadlock can be broken if more 
attention is paid to land as multi-
dimensional. People use, understand and 
relate to multi-dimensional land in very 
different ways.
• Multi-dimensional land and its diverse 
users need to be treated with respect by 
corporations and governments.

Key points 

A fisherman in Gujarat

Model 2 of land transfer tries to account 
for the diversity of relationships with land in 
policy and practice. In this model, land can 
be transferred from farms, pasture or coastal 
f ishing towards industry, infrastructure 
and city building. Such a transfer involves 
recognising the social, historical, emotional, 
political and financial implications of land in 
the lives of ordinary people. A price cannot 
be put on emotions or memories. No land 
which is recognised as multi-dimensional 
can be simply dismissed as barren or 
worthless ‘waste’. 

If people have to part with land which has 
all kinds of meanings for them, they have to 
be convinced — possibly with money, but 
also with jobs, or shares in the new industry 
or township that is to be built. They may be 
persuaded to give up their precious land in 
exchange for land elsewhere. But, if they do 
not want to sell their land, then land needs 
to remain with them. The signal being sent 
in the second model of land transfer is that 
sometimes land means much more to the 
landowner or user than any of the incentives 
they are being offered. As a society, we need 
to respect this. 

Models of land transfer in 
practice
Some variant on Models 1 and 2 of enabling 
land transfers can be seen in India today. 
As in most countries, Model 1, which I call 
extractive and exploitative, is much more on 
display than Model 2, which is more mindful 
of the land and people. On the rare occasions 
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latitude) would be a zone of peace and 
cooperation. All military activities would be 
banned and claims to sovereignty suspended 
for the duration of the treaty. Nuclear testing 
was banned. The original signatories committed 
themselves to operate on the basis of consensus 
so that regardless of size, claimant or non-
claimant and Cold War geopolitical alliances, 
all the parties enjoyed the same voting power. 
This meant the two superpowers would have 
to work with other parties such as Belgium, 
South Africa, Japan, Norway and New Zealand. 

The treaty allowed other countries to 
become signatories, but to become a voting 
member (a consultative party), they would 
have to demonstrate an ability to conduct 
‘substantial scientific activity’. The treaty 
did not define what would constitute 
‘substantial’ but most thought it meant that 
it would be necessary to operate a scientific 
station in Antarctica. 

The agreement was possible because 
of the time at which it happened. It came 
into force in June 1961, before the return 
to superpower tension highlighted by the 
Cuban Missile Crisis and the building of 

A ntarctica is often held up as an 
example of good global governance. 
Unlike other parts of the world, it has 

never experienced military conflict and still 
has no military activity. Unlike other remote 
and sparsely populated areas of the world such 
as Pacific Ocean atolls, Siberia and the interior 
of Australia, it has never been used for nuclear-
weapon testing. As the continent had no 
indigenous human population, 12 countries 
undertook an experiment in governance in 
the late 1950s. Over 60 years later, the 1959 
Antarctic Treaty remains the cornerstone of 
Antarctic governance. 

The treaty, in 14 articles, set out a 
vision of peaceful coexistence. It was made 
possible by US leadership and arose from 
the 1957–58 International Geophysical Year 
(IGY). This was a global scientific project 
in which 67 countries around the world 
worked on national and transnational 
scientific programmes. Owing to cost and 
remoteness, only 12 countries researched 
in Antarctica. These groups agreed to work 
collaboratively and independent of the 
political geographies of the continent. 

Contested territory
By the start of the Second World War, seven 
countries had made territorial claims to 
Antarctica, including Australia, the UK 
and Chile (Figure 1). One territorial sector, 
supra-adjacent to the Pacific Ocean, was 
unclaimed. The Soviet Union and the USA did 
not recognise any of those territorial claims 
as legitimate at the time. 

In order to facilitate scientific research 
during the IGY, all the claimant states had 
to accept that others could build research 
stations in ‘their’ territories. The Soviet 
Union established itself in the Australian 
Antarct ic Terr itor y and notif ied the 
Australians that it was not leaving at the 
end of the programme of research. 

This was at the height of the Cold War, 
and the USA recognised that Antarctica’s 
disputed status had to be addressed in one 
way or another. After intense negotiations 
a compromise was reached. 

What was agreed
The eventual treaty declared that the continent 
and surrounding ocean (up to 60º south 

The Antarctic Treaty
The treaty which maintains Antarctica as a zone of peaceful cooperation 
seems to be an example of good governance. But can it last?

global governance update updates

Pressure ridges near 
Scott Base, Ross 
Island, Antarctica
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(ASOC) are particularly unhappy that the 
Antarctic Treaty parties are not doing more 
to control tourism, to protect biological 
diversity and to establish further marine 
protected areas. This call for speedier action 
is understandable, but the geopolitics of 
Antarctica is sensitive. Sovereignty is 
disputed. The management of resources 
involves patient diplomacy and compromise. 

All the while, claimant states such as 
Australia are worried that Russia and China are 
trying to increase their ‘rights’ in Antarctica. 
Recently, China was involved in a dispute 
about how to manage a remote area called 
Dome A. It demonstrated only too well that 
everything in Antarctica is politically sensitive. 

Global scrutiny
Whatever the Antarctic Treaty parties do, they 
face a great deal more global scrutiny than 
ever before. Antarctica is recognised as integral 
to addressing the climate emergency. Global 
biodiversity targets require at least 10% of the 
world’s marine areas to be protected by 2020. 

In the 2020s there will be attempts to 
agree on additional MPAs in the Southern 
Ocean and Antarctica. But this will be 
tough because nations such as China are 

new Protocol on Environmental Protection. 
Under Article 7, mining is banned. 

Recent controversy
More recently, controversy has arisen between 
members of the Antarctic Treaty System. China 
and Russia tend to favour greater exploitation 
of fishing resources. Other parties want to see 
more marine protected areas (MPAs), such 
as the one for the Ross Sea negotiated in 
December 2017, and biodiversity protection. 
Members of the treaty are having to confront a 
reality made more complex by climate change, 
resource-related pressures, and a growing 
human footprint in the form of tourism, 
fishing and science. There is also evidence 
of alien species invasion thanks to warming 
trends and human activity including shipping. 

Protecting Antarctica is proving hard. 
There can be disagreements about how to 
manage its ecological, resource, wilderness 
and scientific values. And anthropogenic 
climate change means that whatever 
happens in Antarctica cannot prevent 
further continental ice melt and warming 
of the Southern Ocean. 

Environmental groups such as the 
Antarctic and Southern Ocean Coalition 

the Berlin Wall. It also occurred before 
further decolonisation by countries like 
Britain and France. This meant that the 
original signatories were able to stop India 
in particular from using the United Nations 
to raise the ‘question of Antarctica’. It is 
hard to imagine now that it would ever be 
possible again for just 12 countries to decide 
the fate of an entire continent. 

Challenges in the 1980s
The Antarctic Treaty is a prime example of a 
regional governance regime. It has a distinct 
area of application (all land, sea and ice below 
60º south) and for much of its existence it has 
kept global bodies such as the UN General 
Assembly at arm’s length. 

The treaty parties were small in number 
until the 1980s and were eager to isolate 
themselves from global political and legal 
regimes. For example they were content to 
work with South Africa under apartheid 
despite the fact that elsewhere the regime was 
being treated as illegitimate and subject to 
sanctions. For the champions of the Antarctic 
Treaty, the system worked because the focus 
was on science and peaceful coexistence. 

But governance can become contested 
when others begin to raise concerns 
about accountability and legitimacy. In 
the 1980s, the Antarctic attracted more 
global attention. 

 ■ New states such as India and China joined 
the treaty and had their own interests in 
control of the continent and its resources. 

 ■ Parties to the treaty were negotiating 
new regimes for fisheries management and 
contemplating mining regulations. 

 ■ States from the global South complained in 
the UN General Assembly that a small group 
of countries was trying to exploit further an 
area of common heritage. 

Legal concepts such as common heritage 
of mankind provided new opportunities 
to reframe the Antarctic not as a natural 
laboratory for science but as a resource 
space that should be managed by the 
global community. Recognising that they 
faced further scrutiny, the Antarctic Treaty 
parties backed away from a minerals 
convention and committed themselves to a 
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Figure 1 Competing territorial claims to Antarctica
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Environmental groups 
are concerned that the 
Antarctic Treaty parties 
are not doing more to 
control tourism

A helicopter delivering 
to the French Dumont 
D’urville Antarctic Base 
in Adélie Land

Discovering Antarctica (from a group of UK 
organisations including the British Antarctic 
Survey) has activities, videos, photos  
and downloadable resources:  
https://discoveringantarctica.org.uk

Klaus Dodds and Cassandra Brooks on  
the contested politics of fishing and marine 
protected areas: https://tinyurl.com/
ufhv5os

Antarctic Treaty Secretariat:  
https://www.ats.aq

Schofield, C. and Castree, N. (2109) 
‘Managing the world’s oceans’, GEOGRAPHY 
REVIEW Vol. 33, No. 1, pp. 2–5.

Further reading Further reading

Accountability  Globalisation has 
increased interdependence in areas such 
as environmental matters, health and 
security. Stakeholders, from regional 
organisations such as the EU and nation-
states to non-governmental organisations 
and individual citizens, are increasingly 
demanding that governance accounts for its 
actions, has transparent decision-making 
and attends to expert advice.  

Legitimacy  Governance institutions and 
regimes such as the Antarctic Treaty depend 
on being recognised as legitimate by 
members and treaty parties. Legitimacy is 
important when it comes to managing third 
parties (who are not signatories to treaties 
and regimes). 

Supra-adjacent  The waters lying above 
the continental shelf. Rights to seas and 
oceans are zoned depending on distance 
from the coastline. Territorial seas extend  
12 nautical miles from the coastline. 
Exclusive economic zones (EEZs) extend 
up to 200 nautical miles. The continental 
shelf is not owned by an adjacent coastal 
state but the state has sovereign rights to 
resources on and below the seabed. Beyond 
200 nautical miles are the high seas which 
are not controlled any one state or group 
of states. And beyond the continental 
shelf, which might extend beyond 200 
nautical miles, the deep seabed is a 
common heritage. 

Glossary 

Klaus Dodds is professor of 
geopolitics at Royal Holloway 
University of London.

resistant to restrictions on fishing. A new UN 
convention on biological diversity in Areas 
Beyond National Jurisdiction (ABNJ, in other 
words high seas beyond the control of coastal 
states) will have consequences for the future 
management of the Southern Ocean. But 
progress towards a global treaty for the high 
seas is slowing as countries continue to argue 
about how to share resources, coordinate 
with fisheries-management groups (including 
the one for the Southern Ocean which has 
strong ties to the Antarctic Treaty parties) 
and commit to a global network of MPAs (see 
Further reading).

The future?
Political time matters in Antarctica. The 
1959 treaty has a caveat that parties can call 
for a treaty review conference after 30 years 
of operation. So far no one has called for a 
review and no one has walked away from the 
treaty. But in an era of populism, it can’t be 
assumed that Antarctica is immune from more 

nationalist trends. If China, India, Russia or 
the USA left the treaty then it is possible that 
the delicate compromises underpinning the 
management of Antarctica would fall apart.

Consensus and trust only work if all 
parties are committed to mutual restraint. The 
Ross Sea MPA can be reviewed after 35 years 
of enforcement (i.e. around 2053). In 2048, 
parties could ask for the provisions of the 
Protocol on Environmental Protection to be 
revisited. What would happen if treaty parties 
(even third parties that are not signatories) 
decided Antarctica’s resources no longer 
deserved protection, and a world undergoing 
further environmental change decided the 
northern Antarctic Peninsula was suitable 
for permanent human habitation? At present 
55,000 tourists visit the Antarctic in any 
summer season and the permanent human 
population runs into the low thousands. 

All of this could alter as our world 
undergoes further state-change. Antarctica 
may not be so special for much longer. 
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geographical skills making the grade

the significance of factors that may affect the 
quality of your findings.

Reliability and validity
When evaluating your work, you must  
consider:

 ■ How reliable are the descr iptions, 
findings or data?

 ■ How valid are the assertions, assumptions, 
arguments or conclusions?

Reliability is the consistency or reproduc-
ibility of a measurement. A measurement is 
said to have a high reliability if you can repli-
cate it under consistent conditions.

Validity is how well a scientific test 
or piece of research measures what it set 
out to measure.

Put another way, reliability describes how 
well you have measured the phenomena you 
are investigating while validity considers 
whether the measurements are the right ones to 
answer the question you are trying to answer.

Putting this into practice
The critical evaluation needs to be written 
taking both of these into account. You might 
want to link your comments about reliability 
and validity to conclusions and then talk about 
them in terms of confidence. How confident 
are you that your study has effectively 
answered the question it set out to answer? 

When assessing the reliability of your 
investigation and its evidence (both primary 

In all geography NEAs you are expected 
to reflect on the accuracy and reliability 
of your conc lusions in a c r it ica l 

evaluation. This can be a challenging part 
of the investigation but is an opportunity to 
demonstrate really high-quality work. 

It is important to bear in mind the 
particular requirements of your exam board. 

Each board has its own mark scheme for the 
NEA which you need to be aware of. The 
statements used by the different exam boards 
are similar (they comes from a common 
document produced in 2014). Table 1 gives 
some extracts of evaluation criteria for two 
exam boards. Note that a term which comes 
up often is critical — your ability to assess 

Evaluating your NEA
When you write up your individual investigation you must critically 
evaluate your method and results. What exactly does that mean?

Table 1 Interpretation of extracts from exam-board evaluation statements for assessing independent investigations

Criteria extract Interpretation

AQA Thorough ability to interrogate and critically 
examine field data in order to comment on 
its accuracy and/or the extent to which it is 
representative
Effective evaluation and reflection on the 
fieldwork investigation

Accuracy is whether you have found the right answer to the question you 
have asked. Also think about it as being how much your data allows you to 
make clear judgements in any conclusion. 
A representative sample is a group of measurements that reflects those for 
the whole population from which it is taken 
Effective evaluation might mean referring to sample size, frequency, timing 
and so on, as well as particular methods of analysis and data presentation

Pearson 
Edexcel

Demonstrates accurate and relevant 
geographical knowledge and understanding 
of location, geographical theory and comparative 
context throughout
Provides a balanced appraisal of the reliability of 
evidence and validity of conclusions

You must demonstrate high-level synthesis skills – bringing together what you 
have found and what you know into a clear summary 
You are expected to then link these ideas to your theory. Don’t be worried if 
your results don’t turn out as expected — explain why
Can your quantitative or qualitative analysis can be trusted? Referring back to 
sample size, design etc. This is not only evaluating the reliability of the evidence 
but also its accuracy and representativeness 

Note: The interpretation given here is the author’s and has not been provided by the exam board.
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How did you minimise 
error in methodology 
in your fieldwork?

reliable research approach and the tradeoffs 
that you have to make in these areas can be a 
useful part of your evaluation.

Using the correct language
The language of your critical evaluation is 
important. Terms such as ‘a lot’, ‘pretty good’, 
‘close’ or ‘very short’ do not have a place in 
high-quality geographical evaluations because 
they lack specific meaning. These are relative 
terms — words whose meaning can change 
depending on what they are compared to. 
Therefore, they are not useful. You must use 
specific terms — actual data.

Controlling the limitations
You also need to be cautious about evaluations 
that are simply a long list of the limitations of 
your investigation. These may highlight poor 
planning and design, or the wrong choice of 
equipment. Pilot or practice surveys should 
allow you to avoid this problem.

 Good evaluations do not use the phrase, 
‘…if I had more time I would have…’. You 
should focus on limitations that occur despite 
well-justified choices of method, and try to 
eliminate problems that you should have 
foreseen as you designed your project.

Conclusion
The Field Studies Council (see Further 
reading) reminds us that a valid conclusion 
must be supported by reliable data using a 
valid method and based on sound reasoning. 

Its guidance reminds you to:
 ■ Be objective: have you considered the 

different sources of error and their impact 
on outcomes?

 ■ Be critical: how have you judged that your 
conclusions are valid? 

 ■ Be ethical: how successfully have you 
embedded ethical thinking and did it impact 
on your outcomes?

Accuracy
Accuracy, in the context of the NEA, refers 
to closeness of your measurements to the 
‘correct’ value or answer.

In geographical fieldwork it can be difficult 
to show accuracy because we may have no 
other way than our own measurements 
to know what the ‘right’ value is. For some 
measurements the instrument you are using 
(e.g. a sound meter) might have a stated 
accuracy, and sometimes it might be useful 
to compare a simple measurement to an 
absolute standard (e.g. compare a hand-held 
GPS reading to a known position). 

Generally, however, reliability tends to be 
easier to demonstrate. For many geographical 
investigations this is more important since we 
are often comparing results between locations. 
For the purpose of the investigation the 
reliability and consistency of the measured 
differences matters more than the absolute 
accuracy of individual measurements.

Ethical and practical 
considerations
It is essential that you carry out your research 
in an ethical way (see Further reading). This 
is particularly (but not only) the case when 
your research includes interaction with other 
people — such as interviews or focus groups. 
You must be careful how you treat personal 
data and make sure that your research does not 
cause harm or distress. Ethical considerations 
may affect the way in which you decide to 
carry out your investigation. 

In practical terms, you may sometimes find 
that the best way to conduct an investigation 
is not possible because of access to sites, to 
equipment or because it would take too long. 

Ethical and practical considerations are 
all part of coming up with an achievable and 

data and secondary information), there are 
several important questions you should ask:

 ■ Is the aim of the investigation clear and 
appropriate? 

 ■ Does the study describe how the data were 
collected (sample and design)?

 ■ Is there any previous research into the 
reliability of this data-collection approach or 
methodology? 

 ■ Is the study sample itself appropriate? This 
includes consideration of sample size, sample 
area and sample design as well as particular 
methods or equipment used. This can be 
challenging when considering qualitative data. 

 ■ How did you minimise error in the 
methodology? This includes random errors 
(when the results are spread around the 
correct, or true, value) and systematic errors 
which cause the results to differ from the true 
value by a consistent amount each time the 
measurement is made.

 ■ How meaningful are the results? Does 
a statistical test, for example, generate an 
outcome at the 95% confidence level? What 
do other more qualitative tools, e.g. coding, 
indicate about the reliability of evidence?

You can use and adapt these questions to 
give structure to your critical evaluation. 

Supporting data
One advantage of group data collection is that 
you can think about ‘inter-rater reliability’. 
Comparing the data you collected with 
those collected at a similar site by someone 
else allows you to assess how much they 
agree. High agreement means that you can 
be more confident about the reliability of 
your outcomes and conclusions. You might 
also find that other research you carry out 
(perhaps in a comparable situation) supports 
your findings. 

Rowson, J. (2016) Box 1 Ethics of your 
individual investigation, ‘Ecclesfield: case 
study of a changing place’, GEOGRAPHY REVIEW 
Vol. 30, No. 2, p. 8.

The Field Studies Council, Geography 
Fieldwork Evaluation:  
www.tinyurl.com/seavef6

Further reading Further reading

David Holmes works as a freelance 
education consultant, author and 
school assessment advisor. He has a 
keen interest in geographical fieldwork 
as well as drones for imagery and 
surveying. He can be contacted at 
david@david-holmes-geography.co.uk 
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centrepiece new horizons

The Horton River breakthrough
This NASA satellite image 
shows how one meander 
of an Arctic river has 
broken through to the 
coast. What were the 
processes involved?

The Arctic northwest 
The Horton River flows through a treeless 
tundra landscape in continuous permafrost 
in Arctic northwestern Canada. This NASA 
satellite image was taken on 31 July 2012 
when the summer thaw was well underway. 
It shows the sinuous course of the river on 
a low-gradient floodplain. The delta is a 
geologically young feature. The river broke 
through to the coast to form a new delta 
sometime after 1640 ad. British explorers 
mapped this coast in 1826 and recorded the 
presence of the delta.

River meanders
This setting illustrates interaction between river and coastal processes and 
the resulting landscape changes over several centuries. The river migrates 
across its floodplain forming large elongated, narrow-necked meanders. 
Several of these meanders are close to becoming cut-offs and several 
meander bends are very close to the coastline. As the coast eroded and 
the meanders migrated it was perhaps inevitable — even in the presence 
of permafrost — that one of the meanders would breach the narrow strip 
of land and connect with the coast.
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The Horton River breakthrough

Delta formation
Deltas form when a river delivers a sediment load to the coast that 
exceeds the amount of material transported away by coastal erosion. 
The delta grew in size between the early nineteenth and the middle of 
the twentieth centuries, then shrank in the second half of the twentieth 
century. Note the large number of distributary channels on the delta 
and the plumes of sediment discharging to the ocean. Note also the 
lateral movement of sediment along the coast from the eroding cliffs 
during the summer thaw.

Changes after the breakthrough
Before the breakthrough, the Horton River continued for another 100 km along this 
peninsula and emptied into Harrowby Bay. The abandoned meanders downstream of 
the delta are now floodplain lakes disconnected from the river. The coastal cliffs are 
gullied and look unstable. 

Before the breach, the Horton River flowed across a fairly flat floodplain about 
75 metres above sea level. When the breach to the ocean took place, there was an 
abrupt change in channel gradient as the river took a short cut to the coast. This 
created channel instability and the river would have rapidly eroded its sandy bed 
to reduce this steep gradient. This process would have created further erosion from 
over-steepened banks. All these processes would increase the sediment supply to the 
delta, encouraging its initial growth. 

Note the sandy bars in the channel of the active river. This is a good example 
of rapid geomorphological change as the river adjusts to a new situation. The 
adjustment is still in progress.

Jamie Woodward is professor of 
physical geography at The University 
of Manchester.

Read the classic paper on this landscape by Ross Mackay and Olav 
Slaymaker and find out how they established the age of the delta: 
www.tinyurl.com/ugds7db  

Read this summary from NASA: www.tinyurl.com/v88gcte

Find this landscape on Google Maps (search for Horton River delta) 
and follow the old course of the river to Harrowby Bay.

How might this landscape respond to sustained Arctic warming?

Further reading and activities Further reading and activities

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

GeographyReviewExtras
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An awareness-raising sign about 
AIDS (SIDA in Portuguese) on a 
wall in Mozambique

 ■ Emerging infectious diseases (EIDs) such 
as SARS and swine flu have made headlines 
in recent years.

 ■ Long-standing infections like HIV/AIDS 
continue to pose a threat.

Outbreaks of infectious diseases have 

Eighteen million people died from 
infectious (communicable) diseases 
in 2017, and it is estimated that these 

diseases will kill more people than cancer by 
2050. At one time it was thought infectious 
diseases could be eradicated by the end 
of the twentieth century. But a number of 
factors mean that the threat may actually 
have increased:

 ■ Population movements, climate change, 
demographic shift and access to healthcare 
all contribute to the spread and prevalence of 
infectious disease. 

 ■ Increased antibiotic resistance, vaccination 
fatigue and the anti-vaccination movement 
could lead to renewed outbreaks of diseases 
previously thought to have been controlled, 
such as tuberculosis (TB). 

Communicable 
diseases
Twenty-first century threats

What is the threat from communicable diseases in the twenty-first 
century? This article looks at the role of physical and socioeconomic 
factors in the spread of disease, and considers the international response 
to major outbreaks, using case studies of three infectious diseases

occurred throughout human history, and 
have spread more widely as populations 
have become more mobile (Boxes 1 and 2). 
As the examples in Box 1 show, mortality 
rates have declined over time as a result of 
improved sanitation and healthcare. The 

Ollie Davies

Source: WHO

Figure 1 Some major factors affecting the spread of disease

1 Disease traits
• Infectiousness
• Symptoms
• Incubation period

2 Environmental factors
• Climate
• Water supply
• Vectors

3 Socioeconomic factors
• Education
• Sanitation
• Food and water supply
• Healthcare
• Shelter
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Box 2 A history of disease spread

In Palaeolithic times, communities were relatively isolated from each other and there 
was no easy route for the transfer of pathogens from one community to another. Three 
epidemiological transitions have occurred that have aided the spread of disease:
• Epidemiological transition 1  A long period in early human history. Decreasing nomadic 
behaviour and growing domestication of animals gradually brought vectors (e.g. mosquitoes, 
ticks) that transmit disease into close human proximity and led to the spread of diseases.
• Epidemiological transition 2  About 200 years ago, the Industrial Revolution led to the 
growth of travel using steam power. Infections with long enough incubation periods could be 
carried long distances. Conflict zones, such as those of the First World War, became breeding 
grounds for disease, with compromised immunity and poor sanitation leading to epidemics. 
• Epidemiological transition 3  Globalisation since the 1980s and the growth in long-haul 
air travel means that pathogens can travel quickly, spreading infection before symptoms show.

sore throat, fever and vomiting, but these do 
not present until after an incubation period 
of 2 days, and approximately 33% of the 
population remains asymptomatic. 

Flu can spread rapidly, hence its annual 
migration, although many people have 
developed resistance to the most common 
strains. Complications may arise in children 
and older people, but economies continue to 
function during the annual pandemics. The 
well-established annual cycle means that it is 
possible to predict the strains that will travel 
beyond the tropics and to develop appropriate 
vaccines each year. 

Impacts and response
Despite vaccination, in the UK alone flu costs 
£1.35 billion and 7.6 million working days 
per year, as well as an average annual death 
rate of 600 from complications. Low-income 

to identify, monitor and track. In some 
cases, diseases are most infectious before the 
symptoms appear.

 ■ Incubation period: long incubation 
periods delay symptom onset and allow 
transmission.

To answer the question ‘what is the 
infectious disease threat in the twenty-first 
century?’ it is necessary to look at the impacts 
of a variety of examples of infectious diseases 
with different characteristics.

Influenza
Influenza (f lu) is a highly contagious, but 
relatively mild, disease transmitted by contact 
and airborne droplets. It originates in the 
tropics, on a seasonal basis, where the warm 
conditions help mutation of the virus. Each 
strain spreads poleward in the winter seasons 
of each hemisphere. Symptoms can include a 

World Health Organization (WHO), set up 
after the Second World War, has developed 
guidelines to combat the spread of infectious 
disease (Figure 1).

Responding to disease outbreaks
In recent years outbreaks of Ebola and the Zika 
virus have hit the headlines. It is important 
to respond quickly in order to control the 
spread of such diseases. The WHO field 
manual lists the priority of actions to deal 
with disease outbreaks:

 ■ rapid assessment/identification
 ■ prevention of contraction
 ■ surveillance of infection spread
 ■ outbreak control, including quarantine
 ■ disease management through adequate 

shelter, medicine, food, water and sanitation, 
vector control and education.

It highlights the need for effective transport, 
communication, decision making, supply 
chains and engagement with stakeholders. 

Socioeconomic factors, including conflict, 
unstable politics, education, health, and food 
and water supplies, can be just as important 
as medical factors in containing disease. 
Experience and modelling help the WHO 
develop methods to overcome these barriers. 
However, each disease is different and the 
following three traits create challenges:

 ■ Infectiousness: highly contagious diseases 
are difficult to manage, often spreading before 
containment measures can be put in place.

 ■ Lack of symptoms: diseases that display 
no obvious or delayed symptoms are hard 

Box 1 Famous pandemics 
in history

• The Plague of Justinian, 541–750,  
killed 50–60% of Europe’s population.
• The Black Death, 1347–52, killed 
between 25% and 50% of the populations 
of Europe, Asia, and Africa.
• In the fifteenth and sixteenth centuries 
smallpox, measles and typhus were 
introduced to Central and South America 
by European explorers. Mexico’s population 
fell from 20 million to 3 million between 
1518 and 1568.
• The first European influenza epidemic, 
1556–60, had an estimated mortality 
rate of 20%.
• Smallpox killed an estimated 60 million 
Europeans in the eighteenth century. Up to 
30% of those infected (including 80% of 
those aged under 5) died, and one third of 
the survivors went blind.
• The influenza pandemic, 1918,  
(Spanish flu) killed between 25 and  
50 million people. 

A pneumonia porch at the US Army Camp 
Hospital in Aix-les-Bains, France, during 
the Spanish flu epidemic of 1918–19
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HIV/AIDS
HIV/AIDS first came to attention in the 1980s 
when it affected the homosexual community 
in the USA. It is believed to have originated 
in sub-Saharan Africa where it has remained 
prevalent. The human immunodeficiency 
virus, which leads to AIDS, is not easily 
transmitted but carriers are infectious over 
a long incubation period and symptoms can 
remain dormant for years. The epidemic has 
been difficult to contain for this reason and 
because of taboos about sex and inadequate 
awareness, especially in rural communities in 
poorer countries. In the twenty-first century, 
heterosexual transmission and intravenous 
drug use continue to perpetuate the HIV/
AIDS pandemic.

It is believed that more than 50% of 
people living with HIV/AIDS are in sub-
Saharan Africa. In 2017, 52% of the 940,000 
attributable deaths occurred in this area. 

Despite these stat ist ics, progress is 
being made. Both the number of deaths 
and infection rates have fallen in the last 
decade. Successful schemes, for example in 
Thailand, Senegal and South Africa, have 
involved national governments educating 
communities, and targeting vulnerable 
demographic groups such as young sexually 

quick containment and led to the WHO 
issuing a PHEIC in August after infection had 
spread across international boundaries. 

By the end of the outbreak, 28,600 cases had 
been recorded, leading to 11,325 attributable 
deaths. The epidemic resulted in a $2.2 bn loss 
in GDP in 2015 across Sierra Leone, Liberia 
and Guinea, and severe depletion of healthcare 
workers (Liberia alone lost 8% of its healthcare 
workforce). There were three significant factors 
that aided the spread of this pandemic:

 ■ spread to urban areas
 ■ spread across international borders
 ■ conflict in the outbreak zone

Conflict in the area where the disease 
f i r s t  occ ur red, a long w it h t he low 
development status of Sierra Leone, meant 
that communication to limit transmission of 
the disease was difficult. Medical staff were 
brought in or trained with international 
support and funding. Local populations had 
to be educated, for example about funeral 
practices, to help stop the spread of the disease 
by physical contact. 

Another outbreak started in 2018 in the 
Democratic Republic of Congo, where civil war 
continues to prevent monitoring, treatment 
and containment, and this has become the 
second largest recorded Ebola epidemic.

countries experience more widespread impacts 
and bear the brunt of the 3–5 million cases 
per year and the associated costs. 

Extreme mutations of f lu that impact 
healthy populations can also occur, such as 
the Spanish f lu pandemic of 1918, or the 
swine flu of 2009, both of which had a big 
impact on healthy younger people. Swine flu 
had an infection rate of 11–21% and led to 
more than 14,000 deaths worldwide, of which 
3,500 were in North America. In hindsight, 
the pandemic demonstrated the capabilities 
of the global monitoring system. The WHO 
issued its first ever public health emergency 
of international concern (PHEIC) during the 
event, and worked with national governments 
to educate populations, install monitoring 
systems and limit attributable deaths. 

Ebola
It is thought that the Ebola virus originates 
in the tropical forests of west Africa and is 
transferred through vectors, in most cases 
bats, to human populations where it is 
spread through direct contact with blood or 
other bodily fluids. It has severe symptoms 
that affect healthy populations, producing a 
mortality rate of between 25 and 90%. The 
incubation period varies from 2 to 21 days, 
which means it can travel long distances 
because people who are infected may not 
know that they are carrying the virus. 

Spread of the disease has been limited by 
its remote geographical source, and outbreaks 
are infrequent. However, when Ebola reaches 
large population centres, it can spread quickly 
and the impacts can be devastating. 

The 2014–16 outbreak
The 2014–16 outbreak of Ebola was the largest 
since the virus was identified in 1976. The 
disease was first seen in Sierra Leone in mid-
March, but poor monitoring, poor public 
healthcare and slow identification prevented 

Epidemic  Widespread disease 
occurrence in an area.

Infection rate  The probability or risk of 
infection in a population.

Non-communicable disease (NCD)  
Disease that cannot be transmitted from 
one person to another. 

Pandemic  Epidemic on a world scale.

Pathogen  A microorganism that causes a 
disease, such as a bacterium or virus.

Vector  Living organism that carries a 
pathogen, such as the mosquito which 
spreads malaria and other diseases.

Glossary Médecins Sans Frontières staff preparing 
to enter the high-risk zone of Kailahun 
Ebola management centre, Sierra Leone, 
December 2014
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Improving healthcare and awareness of 
infectious diseases in tropical low-income 
countries is crucial as this is the main area 
of virus mutation where rapid identification 
can prevent escalating numbers of deaths. 
However NCDs will most likely dominate 
the health agenda of countries in the twenty-
first century.

Questions for discussion
1 Research an infectious disease that you 
have not studied in class. Create a summary 
of the factors influencing its spread.
2 Evaluate the progress a tropical low-income 
country is making towards dealing with 
infectious disease.
3 How can healthcare systems adapt to meet 
the demands of future disease patterns?

Non-communicable diseases 
(NCDs)
In evaluating the relative importance of 
communicable diseases, we need to consider 
the importance of non-communicable 
diseases (NCDs) such as heart disease. In parts 
of the world that have improved healthcare for 
infectious diseases, people are living longer 
and experiencing more degenerative diseases. 
Although 18 million people die from infectious 
diseases every year, 37 million people die from 
NCDs (Table 1), which accounted for 71% of 
all deaths worldwide in 2016.

As low-income countries develop a more 
Western lifestyle, NCDs are becoming more 
widespread here as well. Tertiary-sector 
employment, and widespread use of television 
and computer games, mean a more sedentary 
lifestyle, and Western-style diets contain 
more processed sugars, salt and fats. Three 
quarters of NCD deaths now occur in low-
income countries. 

Over the next 20 years, it is estimated that 
NCDs could cost more than $30 trillion, which 
represents approximately 48% of global GDP 
in 2010. In 2016, 62% of all deaths in India 
were attributed to NCDs. and the country 
has the highest number of diabetes cases in 
the world. This has a high economic as well 
as social cost. It is estimated that, by 2050, 
2.1 billion people globally will be living with 
several long-term illnesses, a scenario termed 
‘multi-morbidity’. Half of Mexico’s over-60 
population already suffer multi-morbidity. 

Coping with NCDs is expected to dominate 
healthcare spending in both higher and 
lower-income countries in the future. Many 
countries are taking preventative actions such 
as taxing of alcohol and tobacco.

Conclusions
Managing the health and morbidity of the 
population is an important priority for 
governments around the world. Although 
non-communicable diseases are now a bigger 
cause of death, infectious diseases are still 
significant. Eight of the ten diseases most 
likely to result in death are infectious. The 
three case studies discussed here highlight 
the fact that infectious disease remains a 
global healthcare issue. The most potent 
infections usually have one or more of the 
following features: 

 ■ a long incubation period
 ■ high infection rates
 ■ a lack of obvious symptoms

Mutation of a virus with the infectiousness 
of influenza to one with the mortality rate 
of Ebola is unlikely, but it is the nightmare 
scenario. Even now, 6 million children die 
every year due to infectious diseases and HIV/
AIDS remains the largest cause of death in 
sub-Saharan African teenagers. 

active people. Ef fective control of the 
epidemic requires:

 ■ improving gender equality — although 
female infection rates have fallen, they still 
make up 59% of new infections

 ■ local community leadership to overcome 
stigma and increase individual buy-in to 
behaviour to control the spread of HIV

South Africa recently announced a 44% 
reduction in infection rates between 2012 and 
2017. This is a staggering success, given that the 
country was slow to deal with the pandemic 
and that in the early 2000s its president denied 
a link between HIV and AIDS. 

In addition to education and prevention, 
medical advances such as antiretroviral drugs 
have been important. The new PrEp drug 
minimises risk of contraction in vulnerable 
populations, suppression drug combinations 
can reduce HIV counts in blood to levels 
that pose little risk of disease transmission, 
and human trials for an HIV vaccine were 
scheduled to begin in 2019. Such advances 
are expensive and mass implementation 
is a long way off. In the meantime, HIV-
positive individuals have an increasing life 
expectancy due to effective treatment and so 
the number of those living with the disease 
continues to rise. 

Centers for Disease Control and Prevention 
(CDC) Ebola updates: www.tinyurl.com/
y5uxh269

CDC article on the flu season:  
www.tinyurl.com/y74luggp 

UNAIDS for the latest on HIV/AIDS statistics 
and treatments: www.unaids.org 

Further reading Further reading

• Despite improved treatment and prevention, 
infectious diseases are still a big global killer.
• Socioeconomic development in the region 
of an outbreak, and the characteristics 
of transmission are important factors in 
containing disease outbreaks.
• Global awareness and cooperation is 
helping to provide solutions that minimise 
the impact of infectious diseases.
• Non-communicable diseases are growing 
as a cause of mortality in both high and 
low-income countries.

Key points 

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

Table 1 Deaths from the four most common 
NCDs, 2018

Disease
Deaths 

(millions)

Cardiovascular disease 17.9 

Cancer 9

Chronic respiratory illness 3.9

Diabetes 1.6
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 ■ improved public transport (which helps 
reduce a city’s carbon footprint)

 ■ flood defences (for urban neighbourhoods 
where river, coastal or surface-water flooding 
is predicted to increase in f requency 
or magnitude) 

Philadelphia is a historically important 
city of over 1.5 million residents located near 
the Atlantic coast of the USA, approximately 
150 km southwest of New York City. Although 
it is inland, it sits between the tidal part of 
a major river, the Delaware, and the smaller 
Schuylkill River. These rivers influence the 
city’s weather patterns and provide drinking 
water to residents. 

Climate projections for Philadelphia 
include warmer and wetter weather, with four 
to ten times as many days when temperatures 
exceed 35°C. High temperatures also reduce air 
quality. An increase in the frequency of severe 
storms is predicted and this, combined with 
sea-level rise, will mean more  flooding. The 
risks and impacts are expected to be greatest 
for vulnerable and marginalised residents.

Green resilient infrastructure (GRI)
One way of mitigating environmental risk and 
adapting to the increasing threat of climate 

A t first glance, changing places and 
the carbon cycle appear at opposite 
ends of the A-level spectrum. What 

could possibly connect your studies of carbon 
sequestration with your learning about 
place identity? However, as Figure 1 shows, 
these two topics are linked by numerous 
‘synoptic bridges’.

Climate-change action in 
Philadelphia 
Many US cities are leaders in taking action 
on the climate crisis, despite President 
Trump’s scepticism about the issues (see 
Further reading). A range of mitigation and 
adaptation measures have been introduced in 
urban areas across the USA, including:

Climate 
change and 
gentrification
This Making Connections uses a case study of climate-change mitigation in 
Philadelphia to illustrate the links between the carbon cycle and changing places

making connections new horizons

The carbon cycle
Effects of anthropogenic 

carbon emissions include a 
warming climate and 

changing precipitation 
pattern

Climate change is accelerating 
due to cryosphere changes 

(e.g. methane, a carbon-rich 
greenhouse gas, is released in large 

volumes by thawing permafrost)

In response to rising levels of 
atmospheric carbon, a range of 

mitigation and adaptation strategies 
is being introduced by societies 
at varying geographical scales

Changing places
Places are changing physically 

because of climate-change impacts 
on ecosystems (including biome 
distribution), water cycling and 

landscape systems

Sea-level rise, increased extreme 
weather, retreating glaciers and 
thawing permafrost will bring 

physical (and in turn human) change 
to many landscapes and places

Landscape changes include building 
wind turbines and new flood 

defences, and creating new green 
infrastructure and spaces (this 

column’s main focus)

Figure 1 Making connections between the carbon cycle and changing places

For a presentation on changing places: making synoptic links go to:  
www.hoddereducation.co.uk/geographyreviewextras

GeographyReviewExtras

Flooding in Philadelphia, 2011
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streetscapes, parks and vacant lots have been 
greatly improved thanks to Philadelphia’s 
GRI programme. 

Shifting the burden of climate risk
GRI in Philadelphia was introduced to 
protect the city’s waterways and reduce 
human vulnerability to climate change. An 
unintended outcome has been an increase 
in the vulnerability of low-income groups. A 
series of changes, including the environmental 
improvements brought by GRI, has been 
linked to the displacement of poorer people 
to less environmentally secure areas. In other 
words the benefit of improved environmental 
security for some has been accompanied 
by increased environmental insecurity for 
other, more socially vulnerable, citizens 
(Figures 2 and 3).

These uneven benefits of GRI can be 
explained by the process of gentrification. 
This occurs when urban areas that have 
become desirable for some reason have 
an inf lux of new investment and private 
development, along with wealthier (and 
typically whiter) residents. Property values 
rise and housing becomes unaffordable for 
low-income residents and those in minority 
groups, who are displaced. 

Gentrification in Philadelphia’s neglected 
city centre took off in the mid-2000s and 
increased in the 2010s:

neighbourhoods, lower crime rates, higher 
property values, new parks and recreational 
spaces, environmental education and civic 
engagement opportunities, and improved 
social cohesion and health outcomes.

Greening to reinvest in 
neighbourhoods
Philadelphia is a recovering city, economically 
and socially. It has experienced five decades of 
population loss due to deindustrialisation 
and suburbanisation. This process left the 
city with around 40,000 vacant lots which 
had become a health and safety hazard. 
Schools and green spaces had been neglected 
and property values were extremely low in 
some areas. Now, many school playgrounds, 

Adaptation  The ability to respond to 
changing events and to reduce vulnerability, 
for example by building defences. 

Deindustrialisation  A decrease in the 
importance of traditional industrial activity 
in the economy of a place.

Gentrification  The movement of higher-
income groups into places that were once 
working-class neighbourhoods.

Green infrastructure  Networks of natural 
and semi-natural spaces which are managed 
to deliver ecosystem services. The term 
‘green resilient infrastructure’ is used if the 
aims include reducing predicted climate-
change impacts (such as increased flooding).

Mitigation  Reducing something that 
is having a negative effect on people or 
places. Climate-change mitigation involves 
curbing carbon emissions.

Resilience  The ability of an environment 
or society to adapt to changes that have a 
negative impact on them.

Risk  The possibility of a negative outcome 
resulting from a physical or human process, 
such as a drought or economic recession. 

Glossary 

Figure 3 How low-income groups may become more vulnerable to 
gentrification as GRI is used to decrease a city population’s vulnerability 
to climate change

GRI per tract

Low SV, low EV

Low SV, high EV

Moderate SV and EV

High SV and EV

Excluded tracts

SV  Social vulnerability

EV  Environmental vulnerability

Gentrified city centre

Peripheral neighbourhoods

Source: Shokry et al. (2020)

Figure 2 Map showing GRI and social-environmental vulnerability in Philadelphia, 2016. 
Socially vulnerable residents have been displaced to the peripheral neighbourhoods

Climate planning 
and action

Green resilience 
gentrification

Displacement of 
socially vulnerable 

groups

events is by introducing ‘green resilient 
infrastructure’ (GRI) in urban areas. The US 
city of Philadelphia was an early adopter of 
GRI in order to reduce wastewater overflow 
from its ageing combined sewer-overf low 
system. During major storms this system 
releases both runoff and sewage into the same 
streams that are used for drinking water.

GRIs have now become part of the city’s 
c limate adaptation strategy. Increased 
vegetation and landscaping in the form of rain 
gardens, trees, bioswales and green roofs is 
used to reduce the area of impervious surfaces 
in the city and therefore build resilience to 
projected increases in both flooding runoff 
and extreme heat in the coming decades. 

Green infrastructure in Philadelphia and 
elsewhere is often described as a ‘win-win’ or 
‘no-regrets’ solution because it is considered 
more cost-effective than, for example, repair-
ing older sewer systems, and is therefore both 
pragmatic and more politically feasible. It 
also provides benefits such as more attractive 
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Philadelphia? What’s your overall judgement 
of the relative costs and benefits?
2 How can demographic, housing and 
environmental data be used to study who 
benefits over the long term from urban 
climate-adaptation interventions? 
3 Is it possible to protect lower-income city 
residents from climate risks and impacts while 
also preventing their displacement?

They have also been excluded from enjoying 
the benefits of GRI described above. 

Attempts to reduce risk and vulnerability 
in physical systems (climate impacts) can 
thus increase risk and vulnerability in human 
systems. The question is: can the places where 
low-income groups now live be made greener 
and more resilient without again pushing 
out the socially vulnerable residents? More 
research is needed to understand green 
resilience gentrification in Philadelphia and 
in other urban contexts. 

Questions for discussion
1 Are the social costs of gentrification ‘a 
price worth paying’ for increased long-term 
environmental security in cities such as 

 ■ Wealthier homeowners moved into 
areas that had previously been socially  
vulnerable. These incomers now enjoy the 
benefits of GRI — they have moved into 
neighbourhoods that have become more 
visually attractive, with reduced risks from 
flood and heat. 

 ■ As these wealthier residents moved in, low-
income residents from minority groups may 
have been displaced from the smartened-up 
areas. Greater percentages of these residents 
are now living in neighbourhoods which are 
less green and where there is less protection 
from heat and f looding and therefore 
lower resilience. 

 ■ The result is that the burden of climate risk 
has been shifted on to low-income residents. 

Galia Shokry is based at Universitat 
Autònoma de Barcelona (ICTA-UAB). 
She researches social vulnerabilities and 
inequalities in relation to sustainability 
and climate-resilience planning in cities.

Dr Simon Oakes is a geography, 
humanities and assessment consultant, 
and a senior examiner in geography 
and citizenship.

   This article is adapted from Shokry, G. 
et al. (2020) ‘Understanding climate 
gentrification and shifting landscapes 
of protection and vulnerability in green 
resilient Philadelphia’, Urban Climate.

Oakes, S. (2019) ‘Global governance update: 
Environmental politics in the USA’ GEOGRAPHY 
REVIEW Vol. 33, No. 1, pp. 30–33. 

‘Greening without gentrification: parks-
related anti-displacement strategies’:  
www.tinyurl.com/vdfdxth

‘Climate gentrification: why we need to 
consider social justice in climate change 
planning’: www.tinyurl.com/rs4377a

Further reading Further reading

A vision for a 
vibrant green and 
resilient Philadelphia 
neighbourhood 
[Philadelphia Water 
Department]

A street before GRI 
(left), and one that 
has been greened
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their assigned sex (cisgender). Transgender 
people have a gender identity different from 
that of the sex they were born with, and 
people who identify as gender non-binary 
feel that associating with only one gender 
identity (male or female) does not reflect how 
they understand themselves. 

Gender inequalities
Expectations based on people’s gender create 
inequalities. For example, the belief that men 
cannot, or should not, show vulnerability, 
anxiety or sadness is one factor contributing 
to a UK male suicide rate 3.5 times higher 
than that for women. One means of reducing 
male suicide, therefore, might be to create new 
understandings of what it is to be a man that 
include acknowledgement and acceptance of 
vulnerability.

Men and women are not always 
equal in society and these 
dif ferences af fec t people’s 

day-to-day lives. The nature and level of 
these inequalities vary geographically 
due to the rights individuals are granted 
in any particular country. For instance, 
in Saudi Arabia women were banned 
f rom dr iv ing unt il 24 June 2018, 
impacting their mobility and their ability  
to work. 

Even in countries where women have 
the same legal rights as men, gender 
inequalities still exist. For example, 
since 2015 the UK gender pay gap (the 
average difference between men’s and 
women’s aggregate hourly earnings) 
has been 14.1%. This means that from 
10 November until 31 December women, 
on average, effectively work for free. 

This produces further inequalities — 
lower pay makes it harder for women to 
afford to retrain in new careers, take time 
off for caring responsibilities (even though 
most carers are women) or even live alone. 
Low pay is a key reason why women who 
are abused by their partners do not leave 
the shared home — they cannot afford to. 

Gender-based expectations
Gender is a much-used term — but what 
do we mean by it? Sex, or the biological 
difference between men and women, refers to 
the chromosomes in our genetic make-up that 
create physically different bodies. Gender goes 
beyond these biological differences to recognise 
the assumptions people make about us because 
of our sex, e.g. women should be caring and 
men should be strong. These social expectations 
have been developed over centuries. Yet we 
know from experience that men can, for 
example, be caring, and women can be strong. 

Gender therefore is ‘constructed’, the 
result of social and cultural expectations, 
not biology. For most people the gender they 
identify as (male or female) is associated with 

Gender inequality
Why does it matter?
What is gender inequality, and how does it impact our lives? 
This article looks at changing attitudes to gender, and how 
gender inequalities may affect our experience of place

For people identifying as transgender, there 
can be a double burden of expectations and 
inequalities to navigate, as they contend not 
only with gender-based expectations but also 
with transphobia. Public Health England 
found that in 2015, 34.4% of transgender 
adults in the UK had attempted suicide at 
least once and almost 14% of transgender 
adults had attempted suicide more than 
twice. The reasons for suicide are complex, 
but a 2016 report by LGBT charity Stonewall 
stated that two in five transgender people had 
experienced a hate incident because of their 
gender identity in the last 12 months. 

#MeToo
Another key dimension of gender inequality 
is sexual assault and harassment. This issue 
was at the heart of the #MeToo campaign. 

Ruth L. Healey and 
Rebecca Collins

Women’s March, 
Seattle, 2018
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On 15 October 2017, US actor Alyssa 
Milano tweeted: 

‘ If all the women who have been sexually 
harassed or assaulted wrote ‘Me too’ as 
a status, we might give people a sense 
of the magnitude of the problem. ’Within 24 hours #MeToo had appeared 

more than 12 million times across different 
social media platforms. By November 2017, 
85 different countries had at least 1,000 
#MeToo tweets. 

The MeToo movement first emerged 10 
years ago as a grassroots campaign led by 
Tarana Burke (a black female activist in the 
USA) to reach underprivileged girls dealing 
with sexual abuse. Most of the posts using the 
hashtag were women, but it was also used by 
some men and gender non-binary people to 
highlight their experiences. 

What is sexual harassment?
The Citizens Advice Bureau defines sexual 
harassment as unwanted behaviour of a sexual 
nature which:

 ■ violates your dignity
 ■ makes you feel intimidated, degraded 

or humiliated
 ■ creates a hostile or offensive environment

It can take place in public as well as private 
environments, e.g. the workplace, a social 
situation, the high street. It can happen to 
men as well as women. 

Historically in Western society, men had 
dominance over women. This is known as 
patriarchy — a system in which women 
are viewed as male property. Some men 
still consider it acceptable to make sexual 
advances towards a female stranger if she 
is not accompanied by a man who ‘owns’ 
her. It might be a male driver beeping his 
horn at a woman, or a colleague making 

inappropriate (sexual) comments about a 
woman’s appearance in the workplace. 

Sexual assault
Sexual harassment includes unwelcome 
comments or jokes, sexual advances, touching 
and various forms of sexual assault. Sexual 
assault is defined as an act of physical, 
psychological and emotional violation in the 
form of a sexual act, inflicted on someone 
without their consent. It can involve forcing 
or manipulating someone to witness or 
participate in sexual acts. The Office for 
National Statistics (2018) estimates that 
3.1% of women (510,000) and 0.8% of men 
(138,000) aged 16–59 experienced sexual 
assault during the year 2016–17. 

Although most sexual assaults are carried 
out by people known to the survivor, women 
may be told to protect themselves from 
strangers by being careful about what they 
wear, and where they go at certain times of 
day. This focus on women’s behaviour deflects 
responsibility away from the perpetrator and 
places it on the survivor. It also creates a 
specific gender-based fear which influences 
how women experience, use and navigate 
a range of different spaces. This creates 
differences in the lived experiences of space 
between genders (whether and how people 
of different genders use certain spaces at 
particular times), with women often feeling 
more constrained in their use of space. 
Consider this for yourselves in Box 1. 

Gender-based expectations
The #MeToo movement has highlighted the 
scale of one kind of gender inequality based 
on assumptions (typically by males) of sexual 
receptiveness (typically of females). But stories 
of gender inequality continue to emerge, as do 
issues such as the gender pay gap. 

In order to address these inequalities 
we need to reflect on the ways in which 
we construct and reinforce gender-based 
expectations. We are bombarded every day 
with messages telling us what we ‘should’ 
look like, dress like, sound like, behave 
like, often according to narrow definitions 
of what is acceptable. 

These expectations are reinforced by 
the roles we see men and women adopting 
in the media we are exposed to every 
day. Those who identify as gender non-
binary, as well as women or men who 
choose not to conform to dominant views 
of femininity or masculinity, often face 
prejudice, even violence. For example:
■ Arvida Byström, a Swedish model, 
was bombarded on social media in 2017 
with threats of rape after she appeared 
in an advertisement for Adidas with 
unshaven legs. 

 ■ In October 2018, a Twitter user known as 
@DaddyFiles took to the social network to 
express his anger and sorrow at the bullying 
experienced by his 5-year old son for wearing 
nail polish.

Because these individuals do not fit into 
easily identifiable categories of ‘female’ and 
‘male’, they challenge ideas of what people 
have been told is ‘normal’ and some people 
feel threatened by this. 

Challenges to gender 
inequalities
In the last few years a growing number of 
people have been challenging gender identities 
and inequalities. Examples include:

 ■ ‘Pussy hat’ protests  In response to 
Donald Trump’s boasts about sexually 
assaulting women in 2016, protestors wore 

Gender-based fears 
affect the way in which 
people experience and 
use different spaces

Cisgender  A person whose gender identity 
corresponds with their birth sex. 

Gender  The social and cultural differences 
between people based on their sex. The term 
also refers to a range of identities that do not 
conform to binary identities of male and female. 

Non-binary  A gender identity that is not 
defined in terms of the binary oppositions 
of male and female.

Patriarchy  A society in which men hold 
most of the power, authority and control.

Sex  The biological differences in 
reproductive functions between people. 

Transgender  A person whose gender identity 
does not correspond with their birth sex.

Transphobia  Negative feelings or behaviour 
towards people who are transgender.

Glossary 
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Box 1
The geography of fear: walking home interview and activity

The following is an extract from an interview about the geography of fear in which the 17-year 
old female participant is describing her thought process about travelling home after a night out 
at a friend’s house. 
Interviewer  So tell me about how you decided to travel home after the party. 
Participant  Okay…so it had got to about midnight and I needed to be up early for my Saturday job 
so I thought it was about time I left. I’d normally walk home with Ellie as she only lives just down 
the road, but she was away on holiday. Mum’s always on about how I should get a taxi late at night, 
but it costs about £7 and I’d much rather put that towards my summer holiday with my friends. So I 
decided to walk on my own, you know taking the best route. I was very careful about it. 
Interviewer  What do you mean by ‘careful’? 
Participant  Well, Matt’s house is only 15 minutes’ walk away from my house if you go the 
quick route, but that means going through the alley way behind the chip shop. It’s fine, and I’d 
walk that way with Ellie, but it is a little darker there and, you know, you always hear about 
girls getting attacked in dark alleyways?
Interviewer  So what did you do instead? 
Participant  I walked around along the main road — it’s about 5 minutes longer, but it’s well 
lit and there’s always some cars going along. It just means that I’m not somewhere where 
people can jump out without me seeing them, you know what I mean?
Interviewer  Yeah.
Participant  …and as I was leaving Beth and Lisa said for me to message them when I got 
home. We always do that, you know, just to make sure we’re all back safe and sound before 
we go to bed. 
Interviewer  And what would you do if they didn’t message you? 
Participant  Erm…. I guess I’d call them first, then maybe phone their house, perhaps the 
police? I don’t know really, it’s just a thing we do. 
Interviewer  Do you carry an attack alarm? 
Participant  A couple of years ago my Dad gave me and my sister an attack alarm, so it lives 
in my bag. Dad would be disappointed in me if I didn’t look after myself and have it with me…
not sure when I last checked the batteries though…. Some of my female friends have an alarm 
too, but it’s not something I really think about. 

Group activity
1 How would you have travelled home in the situation described above? Discuss this with 
your peers of different gender identities. Do different genders approach this situation in 
different ways? 
2 Get a Google Map of your area. Identify any areas where you would not walk or would feel 
wary of walking at night on your own. Why would you not feel safe walking in these areas? What 
are the characteristics of these areas? Do the areas where you feel less safe vary by gender? If so, 
why do you think this is? What might influence gendered responses to certain areas? 

(cage fighters, hedge-fund managers and 
drug dealers) exploring what their extreme 
masculinity has to tell us about the changing 
lives and expectations of British men. 

Conclusion
Cultural change around gender identities and 
gendered expectations is extremely slow, but 
we can all contribute to change through the 
ways that we view ourselves and each other. 
This requires recognising and respecting 
each other’s experiences, even when they are 
different from our own. When others have 
experienced inequality, harassment or assault 
we must support and respect the way they want 
to deal with their experience. We can also go 
further and challenge gender assumptions and 

knitted and crocheted pink ‘pussy hats’. This 
was visually striking, played on Trump’s ref-
erences to women’s bodies and celebrated 
stereotypically ‘ female’ crafts of knitting 
and crochet.

 ■ India  In a 2018 protest against the lack of 
government action on sexual violence against 
women, and following a series of high-profile 
rapes, including the rape and murder of an 
8 year old Muslim girl, thousands of Indian 
citizens rallied in cities across the country. 

 ■ Grayson Perry, All Man  Turner prize-
winning artist Grayson Perry, a heterosexual 
man who cross-dresses as his alter-ego, 
Claire, made a documentary series in 2016 
for Channel 4. In the series, called All Man. 
Perry spent time in three ‘ultra-male’ worlds 

social expectations by identifying and raising 
incidents with our friends and families. 

As geographers, we can study patterns of 
gender inequality but also its impact on people’s 
lived experience of place. This will help us to 
understand some of the geographical patterns 
that arise as a result of gender inequalities. 

Questions for discussion
1 Why should geographers be concerned 
about gender inequalities?
2 Where do the stereotypes relating to males 
and females come from? What can we do to 
challenge these? 
3 How might society and individuals 
support transgender people if they are 
experiencing prejudice? 

Dr Ruth Healey is an associate professor 
and Dr Rebecca Collins is deputy head 
and a senior lecturer in the Department 
of Geography and International Devel-
opment at the University of Chester. 

• Gender is a social construct distinct from 
the biological differences between males 
and females. 
• There are significant social and economic 
inequalities between different genders 
(male, female and transgender). 
• The lived experience of space is 
influenced by the gender of the individual.
• Sexual harassment of women is related to 
patriarchal structures of society. 
• Addressing gender inequality requires 
changing expectations. 
• As a society we must work on recognising 
and respecting each other and our differences. 

Key points 

The gender inequality section of Inequality.
org: https://inequality.org/gender-
inequality/

The Human Development Report on 
Gender Inequality by the United Nations 
Development Programme provides statistics 
on gender inequalities across the world,  
in the gender inequality index:  
www.tinyurl.com/p9kc9pz

If any of the themes discussed in the article 
have affected you, support organisations  
you can contact include: Samaritans:  
www.samaritans.org, Stonewall Switch-
board LGBT+: https://switchboard.lgbt, 
SupportLine: www.supportline.org.uk

Further reading Further reading
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Investigating places can be challenging if you 
are looking at what they mean to people. 
They are bound up with experiences, 

emotional attachment and social interactions, 
which are all hard to pin down. Participant 
observation is a research method in which 
you, the researcher, are immersed in the field 

Participant 
observation

Qualitative research on place 
Participant observation is a research method you can use to 
explore the relationship between people and place. This article 
shows how you might apply the method in fieldwork on changing 
places. It is illustrated with a case study from Peckham

Eleanor Hopkins 

This article is useful for the following 
A-level topics:
• the NEA
• changing places

Exam links 
of study. If you are conducting fieldwork for 
your independent investigation, or studying 
changing places, it can be a useful tool. 

What is participant observation?
Participant observation is a qualitative 
research method. It has two essential elements: 

A shop might be a 
good place to carry out 
participant observation
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 ■ The first is observation. Geographers often 
use observation in fieldwork to understand 
patterns, for example observing and recording 
coastal erosion or counting pedestrian 
flows in cities. 

 ■ The second is participation — involvement 
in a group, practice or event. 

Often when you collect fieldwork data 
you can feel detached from what you choose 
to study. This has benefits — observing 
patterns from a distance gives you a neutral 
perspective. But it can lead to shallow data, 
which only scratch the surface of real-life 
interactions. 

Participant observation allows you to be 
involved in the group, event or space you are 
observing. For example, you may be sitting 
in a café or walking around a museum. When 
you allow yourself to be involved in a scene 
you may observe different patterns. You may 
notice in more detail how people interact 
with others or with you. This can mean your 
research becomes more intimate and more 
in-depth. You are now a research tool as you 
interact with the space. 

Therefore, participant observation can 
lead to a more comprehensive understanding 
of place and communities. Moreover, it can 
enable you to gain ‘insider’ knowledge and 
understand why people act as they do. 

This fieldwork method can be used for 
any research project that investigates people. 
Therefore, the most appropriate topics will 
be changing places, regeneration, urban 
environments. However, it can also be used 
to add rich qualitative research to a more 
quantitative project, whether that be based 
on human or physical geography. 

How to do it
Select a location 
Participant observation allows you to record 
observations at a chosen scene. The key is to 
pick a small area that has a focus of human 
activity. A shopping centre is far too big, but 
one shop or a café in the centre is suitable. A 
section of a museum or a park may also work. 

Before you select the location, consider 
how familiar you are with the space. If you 
know the area well, you may already be an 

Box 1 Possible sites and 
questions for participant 
observation

Observation sites
• A small urban park 
• A shopping mall
• Travelling on a bus
• A small section of a beach where coastal 
defences are present
• A coffee shop 
• The arrivals area of an airport 
• The entrance to a tube or metro station 
• The departure lounge of a bus station 
• A section of a high-street market 

Questions to investigate
• How do urban green parks change the 
use of the space?
• Which groups of people engage in 
regenerated spaces? 
• Are certain groups of people excluded 
from this space?
• How do people use the services in this 
local place?
• What evidence of demographic groupings 
exist in the space?
• How is place attachment shown in the 
interactions of people and place? 

Box 3
Ethical considerations 

When carrying out participant observation:
• Think carefully about who and how you 
are observing. 
• Ask permission to observe the scene, 
where possible. 
• If someone asks you to stop, do so, 
but think about what this tells you about 
the place, and who is and is not welcome 
in the space. 
• Respect people’s confidentiality.

Box 2 What to record in 
participant observation

• Date, time, and place of observation
• Specific facts, numbers, details of what 
happens at the site and who is involved
• Sensory impressions: sights, sounds, 
textures, smells, taste
• Personal responses to the fact of 
recording field notes
• Specific words, phrases, summaries of 
conversations and insider language
• Questions about people or behaviours at 
the site for future investigation
• Page numbers to help keep 
observations in order
Source: Chiseri-Strater and Sunstein (1997)

Gentrification Upgrading of urban areas 
when wealthier groups move in. 

Insider  Someone who belongs to and 
identifies with a place, such as a home town. 

Qualitative research method  Research 
that investigates human opinion and 
behaviours. It does not normally involve the 
collection of numerical data. 

Glossary 

‘insider’. An advantage of this is that you may 
already know how and why things occur in 
a particular way. However, a disadvantage is 
that you not be able to be ‘see’ the space fully 
as you may take aspects of it for granted. 

Another factor to consider is whether you 
have a personal interest in the scene, such as 
a sports event. If so, you may get distracted 
watching the event instead of observing the 
social interactions which create the space. 
When selecting your space, ensure that you 
will be able to develop a critical distance so 
that you are able to observe small interactions. 
Box 1 includes a list of possible locations, and 
questions to ask during observation. 

Take field notes 
You can use field notes to record your findings. 
Chiseri-Strater and Sunstein (1997) developed 
a list of what should be included in field notes 
(Box 2). It is important to record a range of 
features, including factual observations such 
as the time and activities taking place, as 
well as more personal interactions including 
the way people greet one another and even 
you. It is important that you spend time both 
observing and recording. 

To understand the space, you can draw 
sketches of floor layouts or flows of people. 
You could take a digital recorder or a camera 
to help you catch information, but, if you 

are recording, keep observing too. When 
making observations, be aware of ethical 
considerations (Box 3) and your own safety. 
Always work with another student and do 
not go alone into urban areas with which you 
are unfamiliar.

Box 4 is a case study of participant observation 
to observe gentrification in Peckham. It shows 
the power of the method and the potential to 
use it in a broader investigation.

Interpret your findings
After you leave the scene you should write 
diary reflections. For your NEA, both field 
notes and diary reflections can be used to 
analyse the scene. They can either be included 
as quotes in the results section or you can scan 
in your field notes, put them in your appendix 
and refer to them in your interpretation. 

Unlike statistical data, field notes may not 
clearly prove or disprove a hypothesis. However, 
they will allow you to challenge assumptions 
and produce useful and critical findings. 

Evaluate your findings 
The par t ic ipant obser vat ion research 
method can produce valuable data about 
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Box 4 Case study of participant observation in Peckham

Investigating gentrification in Peckham
Figure 1 shows field notes written when using participant observation 
to conduct fieldwork on place in Peckham. I was investigating 
gentrification in the area by observing the people who used a local 
café first thing in the morning.

Interpretation of field-notes
Observation showed that between the times of 7.30 and 9.30 a.m. 
there was a steady flow of people in the café. On average people 
stayed only 3–4 minutes and they then exited toward the train 
station. Some customers were known by staff and exchanged friendly 
comments. Loyalty cards were handed over and stamped, which 
showed that this was a daily routine for some. There was a constant 
sound of the coffee grinder whirring, the espresso machine clicking 
and milk being frothed. ‘Flat white to go’ was called over this noise. 

During the observation, only a narrow demographic entered the 
café. Most customers were between the ages of 25 and 40, Caucasian, 
and came in alone. This does not reflect the ethnic make-up and age 
profile of the area: census data from 2011 showed that 64% of the 
population were white and 40% were between the ages of 25 and 
44 years (Southwark Ward Profiles: www.tinyurl.com/vusgqwj)

In 2012, Peckham Rye was included in the East London Overground 
line extension which increased accessibility by rail from Peckham 

to central London. This encouraged a new demographic of young 
commuters to move to Peckham where housing was relatively cheap. 
Over the past few years, news stories have described ‘hipsters’ moving 
into Peckham and gentrification changing the area. A quick search on 
Google reveals a range of sources on this topic. 

Participant observation showed the café was a commuter space, with 
a clear routine of coffee bought on the way to the station. A large 
amount of data was collected from only a few hours in the café, only 
some of which has been explored in the interpretation. 

Figure 1 Field notes from participant observation in a Peckham café
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of around 10–20 years. Over this time you 
should be able to measure observable 
retreat in actively eroding soft coastlines but 
probably not in areas of hard rock cliffs. 
However, you may be able to find other 
sources of older aerial imagery. 

By measuring rates of retreat at a large 
number of points on the images you will 
be able to calculate average rates of retreat 
for a length of coastline and consider how 
and why these rates vary. You could also 
compare rates of retreat between sites with 
and without coastal defences.

Martin Evans

One of the revolutions in the study 
of landscapes over the past 20 years 
has been the easy availability of 

aerial imagery. Repeat aerial survey of 
landscape features is a great way to work 
out rates of change in sediment systems. 
You could for example use repeat imagery 
to work out rates of bank erosion in river 
systems or rates of glacier advance or retreat. 

In the article on pages 2–6 Catherine 
Pennington and colleagues discuss rates 
of coastal erosion due to landsliding on 
the east coast at Holderness. This is a topic 
you could explore for an NEA, using aerial 
imagery. The most accessible source of aerial 

images is Google Earth, which allows you 
to use the history slider to compare images 
over time. Google Earth Pro, which is 
free to download, also allows you to take 
measurements from these images. 

Using these data, you could generate a 
data set on rates of coastal retreat. This, 
perhaps combined with a visit to assess 
the nature of the cliff materials or even to 
talk to local people about their experience 
of living in the area, would allow you 
to address a range of questions about 
coastal erosion. 

Remember that Google Earth imagery 
may only cover relatively short time periods 

Coastal erosion
How could you use Google Earth to research erosion of the Holderness 
coast, or another rapidly eroding coastline, for your NEA?

 ■ Which everyday activities make up the 
scene?

 ■ Which routines are in place that may occur 
on different days?

Activity
Complete a participant observation at a 
chosen spot to investigate your local place 
and consider the following:

 ■ Who is included and excluded from  
the space?

 ■ Does it reflect the current population of 
the area as recorded in the census? 

place. However, as with any method, it is 
important to be critical when considering the 
accuracy and reliability of your results and the 
validity of your conclusions. Table 1 outlines 
advantages and disadvantages of the method.

Conclusions
As the case study (Box 4) shows, participant 
observation can produce key research findings. 
It is a method to take into account when 
planning your investigation, alongside other 
essential data-gathering techniques such as 
photographs, interviews and questionnaires. 
Although it can appear unstructured, it 
enables you to consider important issues, 
such as your distance as a researcher and how 
everyday activities we take for granted can give 
significant insights. 

Eleanor Hopkins has been a head of 
geography at the Prendergast School 
and at Hammersmith Academy. She is 
a co-author of Progress in Geography: 
Key Stage 3 for Hodder Education, and 
sits on the Geographical Association 
Post-16 Committee. 

• When studying changing places, 
participant observation is a valuable 
research method you can use to investigate 
the social interactions that create places. 
• Participant observation enables you to 
be present as a researcher within the space 
you are investigating. 
• It allows you to challenge your 
assumptions and investigate the 
significance of everyday acts. 
• Field notes and diary reflections are 
essential in interpreting the results. 

Key points 

Table 1 Advantages and disadvantages of participant observation

Advantages Disadvantages

Allows for an in-depth understanding 
of why people do what they do 

Research findings may not clearly answer a hypothesis 

Uncovers taken-for-granted aspects of 
everyday life 

Data collected can only be used by the researcher 

Requires no technical knowledge to 
undertake 

Findings cannot be generalised beyond the site 
of research 

An explanation of qualitative research  
from the Field Studies Council:  
www.tinyurl.com/u2y36gs 

Eric Laurier describing participant 
observation: www.tinyurl.com/vqc8g2n

Further reading Further reading
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team at The University of Manchester. As my 
career developed I took on roles with more 
responsibility which involved managing a 
team of colleagues and working with senior 
university leaders. 

In 2014, I became the university’s first 
head of communications and set about 
auditing and evaluating our media relations 
and staff communications. To do this, I drew 
on a range of quantitative data from surveys 
and qualitative feedback from focus groups, 
as well as carrying out background research 
— all skills I had learnt during my own 
degree studies. I used all this information to 
set strategic priorities with my team, initiate 
new projects and influence senior leaders to 
secure funding.

Last year, I took on a newly created role 
as the university’s head of engagement, 
leading on employee engagement across our 
12,500 members of staff. One project I am 
working on involves more than 800 colleagues 
identifying the university’s values — what it is 
that motivates people to work here. Again and 
again throughout this project colleagues have 
mentioned what they call ‘Manchesterness’ — 
there is something distinctive about working 
in a university in this city. 

Manchester is the bir thplace of the 
Industr ial Revolution. It is where the 
suffragette movement began and the modern 
computer was invented. As Factory Records 
founder, the late Tony Wilson, said: ‘This is 
Manchester. We do things differently here.’ I’ve 
come to realise, more than 25 years on from 
my geography studies, that the relationship 
between people and place is still central to 
my life and career.

When I was young all I wanted to 
do was to become a writer. Living 
in rural Derbyshire there weren’t 

many distractions, so books filled the curious 
mind of a little girl with a big imagination. 
You might think I’d choose to study English 
at university and for a while I considered it. 
At the same time I narrowed down my lofty 
ambition to ‘be a writer’ to more specifically 
being a journalist — dealing with fact rather 
than fiction. 

In the end, I made the decision to study 
what I considered to be an altogether more 
useful subject — geography. That was how 
I found myself deposited one chilly Sunday 
afternoon in September 1990 at the University 
of Leeds, ready to embark on a BA Honours 
degree in human geography. I’d love to say 
that I’d chosen Leeds because the course 
met all my learning goals, but it was really 
the promise of an impossibly glamorous-
sounding field trip to the south of France that 
swung it for me. 

Why geography?
To me, geography offered the opportunity 
to understand many different aspects of a 
world I’d seen relatively little of. It’s a brilliant 
subject if you’re curious and want to learn 
more about the relationship between people 
and place in social, historical, economic and 
political terms. It also felt relevant to real life. 
In political geography we studied, more or less 
in real time, the disintegration of Yugoslavia 
in the political upheavals and conflicts of the 
early 1990s. 

As our world constantly changes, so new 
aspects of geography emerge. I was one of the 
first groups at Leeds to study the fledgling 
topic of marketing geography, which looked 
at the relationship between place, people 

and the way goods and services are marketed 
and consumed. 

Using my degree skills
After graduating, I completed a journalism 
qualif icat ion while working on local 
newspapers to get some work experience. One 
of the first things you’re taught as a journalist 
is to ask six questions: who, what, where, why, 
when and how? I was already familiar with 
these questions because I’d been asking them 
consistently throughout my geography studies 
— using the answers to build persuasive 
arguments in essays and my dissertation.

Some of the personal skills I’d developed 
at university were also essential. Many 
junior reporters get landed with the job 
of doing ‘vox pops’ — stopping strangers 
on the street to ask their opinion on some 
random topic. I was reminded of a windswept 
afternoon on Scarborough seafront, accosting 
unsuspecting tourists with my clipboard of 
questions to assess the impact of tourism 
on the local economy. Although it was 
difficult to understand the benefit of this at 
the time, I now saw how it had helped build 
my confidence and rapport with people — 
essential if you want to work in any kind of 
communications role. 

My first proper job was in public relations in 
local government. This involved interviewing 
people and writing press releases, liaising with 
the media, organising events and project-
managing the production of a quarterly 
magazine. A couple of jobs in public relations 
agencies followed where I worked with clients 
in the food, drink and leisure sectors. 

University administration
In 2001, I returned to university life as I 
accepted a position in the communications 

People  
and place
Rachael McGraw, head of engagement at The 
University of Manchester, describes the part her 
geography degree has played in her career

geography works new horizons

Rachael McGraw
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Over the last two and a half million 
years, regular cycles in Earth’s climate 
have caused global temperatures to 

rise and fall, triggering glaciations (or ‘ice 
ages’) during the coldest times. At the last 
glacial maximum, around 20,000 years ago, 
the Antarctic and Greenland ice sheets were 
larger than today, and continental-scale ice 
sheets grew in North America, Europe, Asia 
and South America.

Studying how these ice sheets expanded 
and contracted over t ime helps us to 
understand how the response of ice to climate 
change contributes to changing sea levels. In 
certain places around the world, melting ice 
sheets also played a role in the migration of 
people across the Earth in past times.

Glacial geomorphology
The advance and retreat of ice leaves an 
imprint in the landscape. Glacial landforms — 
like moraines, drumlins, erratic boulders and 
glacially smoothed bedrock — show where ice 

Glaciation,  
sea level and 
migration
Reconstructing the past
The growing and melting of huge continental ice sheets played an 
important role in shaping landscapes and affecting the movement 
of early people. This article looks at how geographers, working 
with archaeologists and geneticists, are able to reconstruct these 
events to better understand Earth’s climate and human history

Christopher Darvill

This article is useful for the following 
A-level topics:
• glaciation
• understanding of ice sheets

Exam links 

Example of a contemporary 
ice sheet margin in 
northeast Greenland
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Radiocarbon dating (Box 1 and Figure 2) 
of sediments and artefacts at Star Carr shows 
it was occupied for about 600 years, between 
11,200 and 10,600 years ago. This was a time 
of rapid and dramatic climate change. The 
large British-Irish ice sheet had mostly melted 
after the last glacial maximum, but a sudden 
cold snap around 12,000 years ago (called the 
Younger Dryas, or the Loch Lomond stadial in 
the British Isles) meant a brief return to glacial 
conditions. Glaciers grew again in upland 
areas like Snowdonia, the Lake District, and 
across Scotland and Ireland. The ancient 
people at Star Carr managed to withstand the 
transition out of this period despite cold and 
harsh conditions.

lowland areas. The BRITICE project compiled 
maps of these landforms, showing that ice 
extended well past the modern coastline at its 
maximum and joined with another ice sheet 
over Scandinavia (see Further reading).

People arrived in the British Isles at the 
end of the last glaciation, around 14,900 years 
ago, after the British-Irish ice sheet had started 
to melt away. Because more water was locked 
up in large ice sheets during the last glacial 
maximum than today, global sea levels were 
lower and people could migrate over land from 
France, Germany or Denmark, crossing what 
is now the North Sea. This large area below 
present-day sea level is called ‘Doggerland’ 
and was probably home to communities of 
early people. Recent work has found flint tools 
from human occupation on the floor of the 
North Sea (see Further reading).

Star Carr settlement
One of the earliest sites of human occupation 
in what is now the British Isles is Star Carr 
in North Yorkshire. Cores of sediment show 
there was once a lake here — the remains of 
an even larger lake that had been dammed by 
the British-Irish ice sheet. Archaeological finds 
include the remains of animals like wild boar, 
elk, beavers and badgers, and human artefacts 
such as wooden walkways, f lint tools and 
head-dresses made from the skulls of red deer. 
The evidence suggests thriving Mesolithic 
communities inhabited the lake shoreline.

eroded rock and deposited sediments, and can 
be used to reconstruct the size and behaviour 
of a former ice sheet.

Ice sheets contain such large amounts of ice 
that their weight compresses the Earth’s crust. 
When the ice melts the crust slowly rebounds 
over thousands of years in a process called 
glacio-isostatic adjustment. Reconstructing 
changing sea levels along coastlines can add 
to the geomorphological story by indicating 
how much ice there once was.

A key challenge in reconstructing ice 
sheets is working out not just where ice was, 
but when it was there and how rapidly it 
retreated. To do so requires geochronology: 
an understanding of the timing and rates of 
change of the Earth’s surface using methods 
such as radiocarbon dating and cosmogenic 
nuclide exposure dating.

This article looks at two examples of ice-sheet 
reconstruction: the British-Irish ice sheet in 
northwest Europe, and the Cordilleran ice sheet 
in western North America. The coming and 
going of both of these ice sheets was influenced 
by climate and determined the movement and 
settling of early human populations in the 
British Isles and the Americas.

British-Irish ice sheet
There are many signs that a large ice sheet 
covered Britain and Ireland during the last 
glacial maximum (Figure 1). Glacial landforms 
and sediments can be found across upland and 

N

Scandinavian
ice sheet

British-Irish
ice sheet

Dogger Bank
Star Carr 0 km 500

ICELAND

Figure 1 The British-Irish ice sheet covered much of the British Isles around 20,000 years 
ago and joined with the Scandinavian ice sheet. Dogger Bank was above sea-level and the 
archaeological site of Star Carr would later be occupied by early people

Ice-sheet
advance

(a) Before glacial advance

(b) Maximum radiocarbon
 ages: ice advances and
 kills organic material

(c) Minimum radiocarbon
 ages: organic material
 grows once ice has
 retreated

Glacial
moraine

Ice advanced shortly
after these organic 
remains were killed

Ice retreated
some time before
these organic
remains grew/died

Ice retreated
some time before
these organic
remains grew/died

Figure 2 Glacial landscapes can be dated 
using radiocarbon dating, but organic 
materials (plant and animal remains) 
are required
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Box 1 Radiocarbon dating

Radiocarbon (14C) is a radioactive isotope of carbon, which means it has more neutrons in its 
nucleus and is unstable over time compared to stable 12C or 13C isotopes. 14C is produced by 
reactions in the upper atmosphere between cosmic rays and nitrogen atoms and is taken in by 
living plants and animals through the carbon cycle. Once dead, organisms no longer exchange 
carbon and the remaining 14C decays at a known rate over time. 

This acts as a clock: the amount of 14C in the remains of a plant or animal tells us how much time 
has passed since it died. After roughly 5,570 years, the amount of 14C decreases by half (its half-
life), so smaller and smaller amounts of 14C are left over time. The half-life means that radiocarbon 
dating can only be used to date organisms that died within the last 40,000 years or so.

Glacial environments tend to be inorganic, composed of eroded or scoured bedrock. This 
makes dating glacial landforms using radiocarbon challenging. Often we can only say that a 
glacier was at a particular place before or after a certain time using organic material that was 
alive before or after the glacier came and went (Figure 2). If these ages are close together, the 
time of ice advance and retreat can be more precisely determined.

The Cordilleran ice sheet
Two large ice sheets covered about half 
of North America during the last glacial 
maximum (Figure 3). The biggest was the 
Laurentide ice sheet, which covered much of 

Figure 3 The Cordilleran ice sheet over western Canada around 19,000 years ago. The arrows show two hypothesised routes used by 
early people to reach the American continents: one inland between the melting ice sheets (orange), the other along the coast (blue). An 
approximate timeline for migration through North and South America is shown in the location map
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Canada and some of the USA. To the west, 
the Cordilleran ice sheet was smaller (but still 
about the size of the present-day Greenland 
ice sheet) and covered most of western Canada 
and parts of western USA. At their greatest 

extent, the Laurentide and Cordilleran ice 
sheets merged along the Rocky Mountains.

Evidence for these ice sheets is found across 
the continent. For example, great swathes of 
drumlins show the location of ice streams 
that once criss-crossed North America: fast-
flowing pathways of ice that are today seen 
only in Antarctica and Greenland.

The first people to reach North and South 
America likely migrated southwards through 
the continents after the last glacial maximum. 
The scientific consensus suggests they arrived 
in Alaska from Asia across a land bridge 
called Beringia which, like Doggerland in 
Europe, joined the continents when global 
sea levels were lower. But to get beyond 
Alaska and travel southwards into the rest of 
the continent and down into South America, 
these early people needed to navigate around 
the Cordilleran ice sheet.

Routes south
Two migration routes have been proposed. 
One would have taken the first Americans 
between the Laurentide and Cordilleran ice 
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exposing islands from around 18,100 years 
ago. This timing fits with when people were 
migrating south, so it is possible that they 
used the coastal route around the ice sheet. 
The glacial geochronology, archaeology and 
genetic evidence points towards people using 
the coast to bypass the Cordilleran ice sheet, 
but whether it was the route used by the very 
first people is still heavily debated.

Questions for discussion
1 Ice sheets have responded to natural 
cycles in Earth’s climate over thousands of 
years. What other effects could these climate 
cycles have had?
2 What might be some of the uncertainties 
associated with using the two dating 
techniques (Boxes 1 and 2) discussed in 
this article?
3 Reconstructing the past tells us about 
landscape change, melting ice and ancient 
people. How does it help us understand the 
Earth and its inhabitants today?

early people migrated around the Earth. 
Studies have shown that the first Americans 
descended from people in Asia, supporting the 
idea that they migrated into North America 
across Beringia. Geneticists are also able 
to show that people navigated south of the 
Cordilleran ice sheet some time between 
17,500 and 14,600 years ago.

The archaeological and genetic record is 
problematic for the inland route between 
the Laurentide and Cordilleran ice sheets 
because the ice sheets did not pull apart until 
some time after 14,000 years ago. Bison were 
passing along the Rocky Mountains by around 
13,000 years ago, and could have been hunted 
by later populations using this route, but the 
timing is too late for the very first people.

Some of my work has focused on using 
cosmogenic nuclide exposure dating (Box 2 
and Figure 4) to show when the Cordilleran 
ice sheet retreated from the coast. Our results 
show that the ice sheet retreated relatively 
early af ter the last glacial maximum, 

sheets as they began to melt and retreat, 
separating to leave an inland corridor. It is 
likely that this passage into the Americas was 
used by people at some point, but exactly 
when remains unclear. The second route 
followed the coastline, with people moving 
between islands along the coastal margin 
of the Cordilleran ice sheet. Working out 
which route was first open and navigable 
requires collaboration between archaeologists, 
geneticists and glacial geochronologists.

Archaeological sites show that several 
populations of people using different stone-tool 
technologies were present across North America 
after the last glacial maximum. In 2018, the 
discovery on a beach in western Canada of 
buried footprints dating from 13,000 years ago 
showed that people may have used the coastal 
route to get around the Cordilleran ice sheet. 
Although the footprints are evidence of early 
people along the coast, other archaeological 
remains far away in southern Chile have been 
dated to around 14,200 years ago. So the first 
Americans must have migrated earlier still.

Genetic records of migration
Recent developments have allowed the 
reconstruction of genomes from ancient 
human remains. This genetic work shows 
how and when different populations of 

Figure 4 Glacial landforms and landscapes 
can be directly dated by measuring 
the concentrations of rare cosmogenic 
nuclides in erratic boulders and glacially 
smoothed bedrock
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Box 2 Cosmogenic nuclide exposure dating

Because glacial environments tend to be relatively inorganic, scientists have developed 
techniques other than radiocarbon dating to work out when glaciers and ice sheets deposited 
glacial landforms like moraines and erratic boulders. One of these is called cosmogenic nuclide 
exposure dating. 

The cosmic rays that create 14C in the upper atmosphere (Box 1) also create other high-energy 
particles that are constantly bombarding the surface of the Earth. These particles change the 
chemistry of exposed rock through time, creating rare isotopes such as beryllium-10 (10Be). 
Like radiocarbon dating, these isotopes can be measured to show the amount of time that has 
passed since the rock was exposed by a glacier or ice sheet. Unlike radiocarbon dating, it is not 
necessary to find the organic remains of plants or animals: the inorganic bedrock and glacial 
landforms can be directly dated (Figure 4).

Collecting samples from 
an erratic boulder for 
cosmogenic nuclide 
exposure dating in 
western Canada
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www.briticemap.org is a resource 
from the BRITICE project showing glacial 
geomorphology of the last British-Irish ice 
sheet. A poster can be downloaded at: 
www.tinyurl.com/yxgg4thj.

www.starcarr.com is a good introduction 
to Star Carr and early human occupation in 
Britain.

Recent evidence for human occupation has 
been found in Dogger Bank in the North 
Sea: www.tinyurl.com/rcvylvr, part of the 
Lost Frontiers project: www.tinyurl.com/
uxrs83m.

There is a lot of information online about 
the ice sheets and peopling of the Americas. 
A recent article about the genetic story is 
here: www.tinyurl.com/y5l3nk7m. 

Further reading Further reading

Christopher Darvill is a lecturer in 
physical geography at The University of 
Manchester. He studies past ice sheets in 
Patagonia, western Canada, Greenland 
and Antarctica. His research in Canada 
was supported by the Hakai Institute 
and National Geographic Society.

• Glacial geomorphology — landforms and 
sediments eroded and deposited by ice — 
can show us the extent of past glaciation.
• Timing (chronology) is important for 
understanding the relationship between ice 
sheets, sea level, climate and people.
• Geochronology uses methods like 
radiocarbon dating and cosmogenic nuclide 
exposure dating to calculate when organic 
and inorganic remains were deposited.
• Understanding the timing of ice-sheet 
retreat in Britain and North America adds 
to the story of early human migration 
across the planet.

Key points 

Geochronology  Working out the 
age of rocks. 

Glacio-isostatic adjustment  Rising of the 
land as ice cover melts and the Earth’s crust 
adjusts to the loss of the mass.

Last glacial maximum  The point in the 
most recent glacial period when the ice 
cover was at its greatest extent.

Glossary Cumulative  
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Decarbonising the  
UK’s electricity supply
Is the sun setting on fossil fuels? The UK is making rapid progress 

to decarbonise its electricity supply. 
Notable steps forward in the last year include the following:

■ Energy generation by renewables has quadrupled this decade. 
■ Over the same period, electricity generation from fossil fuels has 
halved, with gas now the main fossil fuel and coal production due to 
be phased out by 2025. 
■ Records were set in 2019 for the longest period without burning 
coal to generate electricity. 
■ Coal-fired power stations generated less than 1% of the UK’s 
electricity in 2019.

Perhaps most significantly, in the third quarter of 2019 
(July–September), the UK generated more electricity from 

Jamie Woodward is professor of physical geography at The 
University of Manchester and an editor of GeoGraphy review.

renewables than it did from fossil fuels. Green energy 
sources (wind, solar, biomass and hydro plants) produced  
29.5 terawatt hours (TWh) of electricity while coal, gas, and  
oil produced 29.1 TWh over the same period. This is a historic 
and symbolic milestone in the decarbonisation of the UK’s  
energy supply.

In October 2019 the National Grid predicted that 2019  
would be the first year since the Industrial Revolution in 
which more energy was generated from zero carbon sources 
than from fossil fuels. Plans are afoot to treble the offshore 
wind sector by 2030 to generate more than a third of the  
UK’s electricity. The photo shows Rampion windfarm off the  
Sussex coast.
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