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released by humans burning fossil fuels, leads 
to global warming and climate change (Box 1).

In December 2015 governments from around 
the world met in Paris and agreed to work 
together to stop global warming preventing 
dangerous climate change, which was set at an 
increase of global temperature of 2°C. 

A carbon budget
The Intergovernmental Panel on Climate 
Change (IPCC), a body made up of hundreds 
of scientists from around the world, has 
estimated a carbon budget (how much more 

The carbon c yc le  descr ibes the 
movement of carbon through natural 
systems, between plants, soils, the 

ocean and the atmosphere. The global (or 
anthropogenic) carbon budget refers to:

 ■ an increase in carbon dioxide (or carbon) 
released to the atmosphere by humans

 ■ the changes that occur in the carbon cycle 
and natural environment because of this 
‘extra’ carbon

Carbon dioxide is a greenhouse gas. 
Its presence in the atmosphere traps heat. 
Additional carbon dioxide in the atmosphere, 

This article considers the way carbon dioxide released by 
human activity has impacted on the carbon cycle, what this 
means for our climate, and how natural carbon sinks help to 
mitigate the impact of the ‘extra’ carbon released

carbon can be added to the atmosphere) that 
would hold the global average temperature at 
2°C. It amounts to around 800 billion tonnes 
of carbon. So far around 550 billion tonnes of 
extra carbon have been released. 

Where does this carbon come from and how 
can we avoid exceeding the carbon budget?

Róisín Moriarty

Box 1 Global warming and
climate change 

Global warming refers to a long-term 
rise in the Earth’s average temperature, 
which has increased about 0.8°C since 
pre-industrial times (before 1850).

Climate change refers to a long-term 
change in the Earth’s climate. This includes 
changes in wind patterns and rainfall.

The global  
carbon budget
The carbon cycle  
and global warming

Forests are part of the 
terrestrial carbon sink

For a quiz to test your knowledge of 
the carbon cycle go to:  
www.hoddereducation.co.uk/
geographyreviewextras

GeographyReviewExtras
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Carbon sources
Human activities release carbon in the form 
of carbon dioxide to the atmosphere (Box 2). 
Each year over the last decade (2005–14) 
around 9 Gt (billion tonnes) of carbon have 
been released to the atmosphere from fossil-
fuel burning and cement production. and 
around 1 billion tonnes from land-use change.

The sources of carbon are geographically 
uneven. Newly developed economies like 
China are important contributors but it is 
important to remember that the so-called 
developed countries consume many of the 
goods exported by these nations. That means 
that the developed economies are still, in 
effect, major carbon emitters even though 
their per capita carbon dioxide emissions have 
declined over the last 20 years.

Measuring the increase
In 1958 a scientist named David Keeling 
from the Scripps Institution of Oceanography 
started making measurements of carbon 
dioxide at Mauna Loa Observatory in Hawaii 
(Figure 1). He was surprised by what he found. 
Year on year the atmospheric concentration of 
carbon dioxide was increasing.
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Figure 1 Monthly average atmospheric carbon dioxide concentration over time at  
Mauna Loa Observatory, Hawaii: the Keeling Curve

Box 2 
Carbon and carbon dioxide

Carbon dioxide (CO2) is a colourless and 
odourless gas vital to life on Earth. A molecule 
of carbon dioxide is made of one carbon atom 
double bonded to two oxygen atoms O=C=O.

Carbon dioxide is a greenhouse gas which 
means it absorbs and emits radiation in 
the atmosphere within the thermal infrared 
range. This process is responsible for the 
greenhouse effect. 

Scientists often use the term carbon 
rather than carbon dioxide when describing 
different carbon reservoirs and flows or 
fluxes of the carbon cycle. Decision makers 
usually use carbon dioxide or CO2 when 
they talk about the carbon cycle.

The atomic weight of carbon (C) is 12 
atomic mass units. The atomic weight of 
carbon dioxide (CO2) is 44, because it also 
has two oxygen (O) atoms that each have 
an atomic weight of 16.

To convert from carbon to carbon dioxide, 
use the formula: 

1 tonne of carbon = 44
12

 = 3.67 tonnes of 
carbon dioxide

Useful units when thinking about the 
carbon cycle:
• 1 Gt C (gigatonne C) is 1 × 109 tonnes or 
1 billion tonnes of carbon
• 1 Pg C (petagram C) is 1 × 1015 grams of 
carbon

Human activities that 
release carbon from 
stores include land 
clearing and industry
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The Global Carbon Project:  
www.globalcarbonproject.org/
carbonbudget

The Global Carbon Atlas, ‘a platform to 
explore and visualise the most up-to-date 
data on carbon fluxes’:  
www.globalcarbonatlas.org 

Global carbon budget 2015 animation: 
https://www.youtube.com/
watch?v=FpsIZwY22fo

The Keeling Curve, updated daily:  
https://scripps.ucsd.edu/programs/
keelingcurve/

An interesting article on technological 
solutions to climate change: Hulme, M. 
(2015) ‘Engineering the Earth’s climate: Can 
we? Should we?,’ GEOGRAPHY REVIEW Vol. 29, 
No. 1, pp. 38–41.

Further reading Further reading Box 3 Carbon isotopes

The carbon atom has three isotopes. An 
isotope is an atom with a different mass 
but the same chemical behaviour. Carbon’s 
isotopes are 14C (carbon-fourteen), 13C 
(carbon-thirteen) and 12C (carbon-twelve). 
The most common is 12C, 13C makes up 
about 1% of the total, and 14C occurs as 
only about 1 in 1 trillion carbon atoms.

Source: Global Carbon Project

Figure 2 Schematic representation of the changes to the global carbon cycle caused by 
human activities, averaged globally for the decade 2005–14

Geological
reservoirs

Fossil fuels
and industry

9.0 ± 0.5

Atmospheric
growth
4.4 ± 0.1

Land-use
change
0.9 ± 0.5

Land sink
3.0 ± 0.8

Ocean sink
2.6 ± 0.5

data show that atmospheric carbon dioxide 
concentration has increased to over 400 ppm.

How much is caused by humans?
So we know that the concentration of carbon 
dioxide in the atmosphere has increased, 
but how can we be sure that humans are 
responsible for this change?

Governments keep track of energy use 
(burning fossil fuels) and changes in land 
use and this reveals that total carbon dioxide 
emissions from these activities amount to 
around 550 billion tonnes since pre-industrial 
times.

This is enough to raise atmospheric 
concentrations of carbon dioxide from 

In 1958 the concentration of carbon dioxide 
in the atmosphere was around 315 ppm 
(parts per million). Measurements are still 
made at the Mauna Loa Observatory, and at 
other locations around the world (see Further 
reading for a link to the latest data). These 

315 ppm to about 500 ppm. The concentration 
of carbon dioxide in the atmosphere is 
currently around 400 ppm. It has not reached 
the 500 ppm level because both the land 
(including plants and soils) and the ocean can 
take up some of the carbon dioxide released.

There is another way to show that the extra 
carbon in the atmosphere is from human 
activities. Carbon exists as isotopes (Box 3) 
which can have a mass of 12 or 13 (12C and 
13C respectively). The carbon dioxide that 
is produced when fossil fuels are burnt has 
a different proportion of isotopes (isotopic 
composition) from the carbon dioxide already 
in the atmosphere.

Plants (from which fossil fuels are made) 
‘prefer’ to take up the lighter 12C isotope of 
carbon during photosynthesis. The ratio of 
13C to 12C in plants and fossil fuels is about 
2% lower than the ratio in atmospheric carbon 
dioxide. It is therefore possible to calculate 
whether the ‘extra’ carbon dioxide in the 
atmosphere is from burning fossil fuels or 
from other sources. 

Carbon sinks
There are two carbon reservoirs (also known 
as carbon sinks) that absorb carbon: the 
terrestrial sink and the ocean sink. In the 
natural carbon cycle there are flows of carbon 
— it moves in and out of the ocean and in 
and out of the terrestrial biosphere (Figure 2).

Terrestrial sink
In Figure 1 you can see that every year there 
is rise and fall in atmospheric carbon dioxide 
concentrations. This is a seasonal cycle, 
reflecting the way carbon dioxide is taken up 
by the terrestrial biosphere. 

In spr ing plants g row, tak ing up 
carbon dioxide from the atmosphere in 
photosynthesis. In the autumn and winter 
leaves fall from the trees and release the carbon 
they were storing back to the atmosphere in 
a process known as (autotrophic) respiration. 
More carbon is taken up by plants and trees 
than is released back to the atmosphere 
every year. 

When plants die, some of the carbon 
is respired (heterotrophic respiration) and 
released to the atmosphere. Some of this 
carbon stays in the soil and becomes part 
of a more permanent carbon sink. It is more 
difficult for carbon in the soil to be released 
back to the atmosphere than carbon in leaves.

Ocean sink
The processes in the ocean are very different 
from those on land. Biology plays only a 
small role. The ocean takes up carbon through 
physical and chemical processes. 

The ocean is potentially a huge store of 
carbon — in 3,000 years 70% of the emissions 
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• The concentration of carbon dioxide in 
the atmosphere is increasing because of 
human activities.
• Humans have thrown the carbon cycle 
out of balance because the natural sinks are 
not able to take up all the ‘extra’ carbon 
that is released.
• The land and oceans take up more than 
50% of anthropomorphic emissions of 
carbon dioxide to the atmosphere.
• The ‘extra’ carbon dioxide that is being 
released is the main contributor to global 
warming and climate change.
• To avoid dangerous climate change 
we need to move towards zero carbon 
emissions and sustainable ways of 
generating the energy we use.

Key points 

Róisín Moriarty works with the newly 
established Climate Change Advisory 
Council in Ireland. Before this she 
worked with the Global Carbon Project 
and the Tyndall Centre for Climate 
Change Research, at UEA in the UK.

in the atmosphere could be taken up and 
stored in the deep ocean. But this is a 
slow process. Carbon dioxide dissolves 
in sea water at the ocean surface, then 
has to be transported to the deep ocean 
through ocean circulation.

Carbon dioxide dissolved in water 
is a weak acid, so dissolving it in the 
ocean causes ocean acidification. It is 
not known how plants and animals in 
the ocean will react to changes in ocean 
acidity.

How much carbon is taken 
up by sinks?
Humans are adding ‘extra’ carbon to the 
atmosphere, from underground sources 
such as coal, oil and gas. This is not part 
of the natural carbon cycle.

Carbon sinks in t he natura l 
environment (oceans, forests and soils) 
are taking up more carbon in response 
to the ‘extra’ carbon in the atmosphere. 
Less than half the ‘extra’ carbon released 
to the atmosphere stays there. Every year 
for the last decade (2005–14) the land 
has taken up around 3 billion tonnes of 
carbon and the oceans around 2.6 billion 
tonnes of carbon — more than half of the 
9.9 billion tonnes of ‘extra’ carbon released. 
However, natural systems cannot take up 
all the carbon released by human activity, 
and atmospheric concentrations increase as 
a result.

Experiments show that plants grow faster 
when concentrations of atmospheric carbon 
dioxide are higher. So this carbon sink 
increases. Enhanced growth will continue 
until other limiting factors come into play. 
As temperature increases this will slow down 
the rate of carbon dioxide uptake.

Measurements show that levels of carbon 
dioxide are increasing in the ocean surface, 
but not as fast as they are increasing in the 
atmosphere. This could mean that the ocean 
sink is not working as well as it used to and 
that it may take up less carbon dioxide in the 
future.

Carbon futures
At current rates of emissions, around 10 billion 
tonnes of carbon a year, we have around 
25 years, probably fewer, until what remains of 
the carbon budget, about 250 billion tonnes, 
is spent and the global average temperature 
increases by 2°C. In order to avoid dangerous 
climate change, we need to make substantial 
and sustained reductions in carbon dioxide 
emissions.

One way of doing this is to leave most 
of the remaining fossil-fuel reserves in the 
ground and generate our energy in sustainable 
ways.

Another is to remove some of the ‘extra’ 
carbon from the atmosphere. This could be 
done by managing forests and other land sinks 
to increase the amount of carbon they take up. 

There are also technological solutions: 
negative emissions technologies (NETs, 
see Further reading). One example of this 
is bioenergy carbon capture and storage 
(BECCS). If the carbon released by burning 
fossil fuels is captured before it is released 
back to the atmosphere, electricity has been 
generated without increasing the amount 
of carbon in the atmosphere, or using up 
any of the carbon budget. BECCS is still at 
an early stage of development, and relying 
on technological solutions like this to help 
us stay within the carbon budget is risky. 
Moreover, the carbon dioxide already in 
the atmosphere cannot be quickly removed, 
whatever technologies we deploy. That means 
a certain amount of global warming is already 
‘locked in’: the future will, come what may, be 
hotter for the planet.

Questions for discussion
1 Carefully analyse Figure 1, the Keeling 
Curve. Is the trend in carbon dioxide increase 
since the late 1950s linear?
2 Analyse the numerical data in Figure 2. Use 
the data to show that human activity is leading 
to a net annual increase in atmospheric carbon 
dioxide.
3 Evaluate the importance of natural carbon 
sinks in offsetting emissions of carbon dioxide 
from human activity.

4 Is there an alternative interpretation for 
the increase in atmospheric carbon dioxide 
levels, that does not involve human activity 
as the cause?

The COP21 agreement to 
reduce carbon dioxide 
was negotiated in Paris 
in 2015
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 ■ Prevailing wind influences the direction 
of longshore drif t and, therefore, the 
development of depositional landforms.

Data-stimulus question
Question 1.4 is the first sub-question marked 
using a levels-based mark scheme (Table 1). It 
is also a data-stimulus question using Figures 
1 and 2, which show information about areas 
at risk of flooding. This question tests AO3: 
your ability to interpret the information 
and data in Figures 1 and 2 and make some 
judgements about the degree of flood risk. As 
ever with stimulus material it is important to 
examine it carefully. Notice on Figure 1 that 
the area at risk is very large, but much of it 
appears rural. In Figure 2, a large number 
of people are at low risk of flooding but far 
fewer are at high risk. Box 2 describes a way 
of analysing the data to help you answer 
the question.

This is quest ion 2 f rom Paper 1 
Physical Geography and People and 
the Environment, from the AQA 

Sample Assessment Materials for the 2016 
specification. In total there are six sub-
question totalling 40 marks.

Like most new AS questions, this question 
has a clear ‘ramp’ to its sub-questions with a 
mark tariff sequence of 1, 1, 3, 6,  9 and 20 (the 
9-mark sub-question is not included here). 
Questions move in style from the opening 
multiple-choice questions, through to those 
that use ‘outline’ and ‘assess’ as command 
words and end with a ‘to what extent’ style 
question that requires a judgement. 

Multiple-choice questions
The first two multiple-choice questions are 
relatively straightforward, but they do illustrate 
the importance of knowing key terminology, 
not only in terms of understanding the 
question (isostatic) but also the possible 
answers A–D (rotational slumping, longshore 
drift, lagoons, estuaries). As always with 
multiple-choice questions, you should not 
‘guess’ but rather logically discount the wrong 
answers to arrive at the correct one. 

Questions 
1.1 Which process/activity can lead to isostatic 
sea-level change? (1 mark)

A A global change in sea level.

B Human activity such as road building  
or mining.

C Rotational slumping.

D The melting of ice sheets on land areas.

1.2 Where do salt marshes tend to develop?

 (1 mark)

A At depositional coastlines exposed to 
longshore drift.

B In estuaries with an ample supply of sediment,  
often on the landward side of spits.

C In high-energy environments which bring 
large waves and lots of sediment pushed 
into bays.

D In places where there has been an isostatic 
sea-level change leading to deep water 
lagoons in which sediment collects.

AQA 2016

Knowledge and understanding

Question
1.3 Outline the role of wind in affecting coastal 
energy. (3 marks)

AQA 2016

This sub-question, along with 1.1 and 1.2, tests 
Assessment Objective (AO) 1: knowledge and 
understanding. The command word outline 
does not require you to give explanation, but 
basic statements about how something works, 
in this case wind. Three separate statements 
of how wind energy affects coasts would gain 
the marks, such as:

 ■ Wind causes waves because of friction 
between air movement and the water surface.

 ■ Strong winds blowing over a long fetch 
generate larger waves with more potential to 
erode.

Coastal systems  
and landscapes
This Question and Answer looks at an AQA AS question on the optional topic Coastal systems and 
landscapes. This topic is covered by other 2016 specifications using similar, but not identical, 
assessment styles (see Box 1). The question is printed in bold type and the students’ answers are 
in italics. The answers and exam comments are the responsibility of GEOGRAPHY REVIEW and have 
neither been provided nor approved by the examination board. The levels mark schemes are not 
those provided by AQA. AQA material is reproduced by permission of AQA

question and answer making the grade

Table 1 Mark scheme for question 1.4

Level 2 4–6 marks Clear interpretation and evaluation of the evidence shown; good 
use of evidence to support the answer. Clear connections made

Level 1 1–3 marks Basic interpretation and evaluation of the evidence shown; limited 
use of evidence to support the answer. Basic connections made

Box 1 Coastal landscapes 
and exam boards

Edexcel: Coastal Landscape and Change 
is topic 2B on the Edexcel AS and A-level 
specification (optional). 

OCR: Coastal Landscapes is topic 1.1.1A  
in topic 1 Landscape Systems (optional). 

WJEC: Coastal Landscapes is an option in 
AS Unit 1 Changing Landscapes.
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are at high risk of flooding, or 1.4%, 
compared to only 0.3% in Hull. However, 
close to 50% of Hull’s population is at 
low risk from flooding compared to only 
8.2% in Grimsby. This could mean that 
frequent small floods regularly affect 
several thousand people in Grimsby, but 
a rare large flood could affect up to half 
of Hull. Overall, the proportion of people 
at high risk is under 2% in all cases, 
which might suggest flooding is being 
managed well in the area.

Question
1.4 Using Figure 1 and Figure 2, assess the extent 
of the flood risk in the area shown. (6 marks)

AQA 2016

Marie’s answer 

Figure 1 shows that there is widespread 
flood risk along the River Humber that 
stretches 5 km inland east of Hull and 
near Saltfleet. A very large area around 
Goole is at risk. Both coastal areas (e.g. 
Donna Nook) and estuary areas such as 
Paull and Hessle are at risk. However, 
many areas are rural, so farmland is at 
risk but probably not large settlements, 
so the economic losses from flooding 
may not be high. 

In contrast, some urban areas, especially 
Grimsby, Hull and Goole, are at risk 
where flooding could be much more 
disruptive and damaging. Figure 2 shows 
that just under 4,000 people in Grimsby 

Table 1 Mark scheme for question 1.4

Level 2 4–6 marks Clear interpretation and evaluation of the evidence shown; good 
use of evidence to support the answer. Clear connections made

Level 1 1–3 marks Basic interpretation and evaluation of the evidence shown; limited 
use of evidence to support the answer. Basic connections made

Figure 1
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Table 2 Converting the data to percentages

Area
Total 
population 

Population at 
high risk of 
flooding (%)

Population at 
medium risk of 
flooding (%)

Population 
at low risk of 
flooding (%)

Humber catchment 11,713,119 0.5 2.6 5.4

Grimsby 275,657 1.4 5.9 8.2

Hull 556,322 0.3 11.6 46.5

Area
Total 
population 

Number at high 
risk of flooding 

Number at 
medium risk 
of flooding

Number at low 
risk of flooding 

Humber catchment 11,713,119 58,210 299,985 632,211

Grimsby 275,657 3,908 16,419 22,638

Hull 556,322 1,434 64,500 258,763

Figure 2

Box 2 
Analysing absolute data

Figure 2 shows the absolute numbers of 
population and those at high, medium and 
low flood risk for three areas. These data 
are hard to compare, because the numbers 
of people are so different, e.g. 58,000 at 
high risk in the Humber catchment versus 
only 3,900 in Grimsby. 

Converting the data to percentages, i.e. 
relative numbers, can help make sense of 
the data (see Table 2). 

The calculation is simple. You need to 
use the number at risk in a particular place 
and calculate this as a percentage of the 
total population in that place.  So, for 
example, the percentage at high risk of 
flooding in Grimsby would be calculated as 
3,908/275,657 x 100 = 1.4%

You can do these calculations yourself in 
the exam, and you should. They do take 
time, but can be revealing. The relative 
numbers make much more sense than the 
absolute ones in Figure 2. We can now 
see that:
• Across the Humber catchment, few 
people are at even low risk of flooding — 
only 5.4%.
• Close to half the population of Hull is at 
low risk, 11.6% at medium risk — but a tiny 
0.3% is at high risk.
• Grimsby’s high-risk figure of 1.4% is nearly 
five times that of Hull, but its low-risk figure 
of 8.2% is much lower than Hull’s. 

The Table 2 data are easier to interpret 
than those in Figure 2, and might get you 
thinking:
• Are there some very low-lying areas of 
Grimsby that are high risk, but in fact most 
of the town is either on higher land or far 
from rivers?
• Does Hull have good flood defences, so 
its high-risk percentage is low, but if these 
defences were over-topped by an extreme 
flood half the city would be flooded?
• The absolute data in Figure 2 are not 
really in a format that helps you ‘think like a 
geographer’. So get your calculator out and 
analyse them. 

Source: Environment Agency, The Humber Flood Risk Management Strategy, March 2008,  Contains public 
sector information licensed under the Open Government Licence v3.0.
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 ■ In some places, coastal management 
actually contributes to erosion, e.g. groynes 
interfering with longshore drift.

Jesse’s answer 

Coastal flooding is likely to become more 
common in some locations in the future. 
London and the Thames Estuary is a 
good example. The area is low lying and 
so is at risk from spring tides and storm 
surges linked to depressions, which is 
why the Thames Barrier was built in 
1982. London is sinking due to isostatic 

Todd’s answer 

The map shows that lots of areas are at 
risk from flooding. This includes Hull and 
Grimsby and lots of other areas. There 
is a huge area in the west of the map. 
Some of these areas are close to the River 
Humber but some areas are a long way 
from rivers and the sea. These are urban 
areas and rural areas. In some cases, 
there are high numbers like 258,000 at 
risk in Hull, but these are less for high 
risk of flooding. Overall thousands of 
people are at risk but less in Grimsby 
than Hull, except for high risk. 

Exam comment 
Marie’s answer is excellent and would score 
full marks. She analyses Figure 1 effectively to 
provide a spatial evaluation of flood risk, using 
the scale on the map and referring to named 
places. She recognises that although flood 
risk is widespread the rural nature of the area 
probably limits risk. Marie then picks apart 
Figure 2 and analyses the data by converting 
the figures into percentages and comparing 
risk in Hull and Grimsby. She shows good 
understanding of what ‘high’ and ‘low’ risk 
mean in relation to flood magnitude. Finally 
she makes a sensible interpretive point about 
flood management. 

In contrast Todd’s answer is Level 1. He 
does use both Figure 1 and Figure 2 but in 
a cursory way. The answer is descriptive and 
makes a limited attempt to analyse (pick 
apart) either the numerical data or spatial 
data. He doesn’t focus on the idea that some 
areas might be more at risk than others (i.e. 
assessing the extent of flood risk) apart from 
his last point about high-risk numbers. 

To what extent…

Question
1.6  ‘Coastal flooding and erosion will become 
a more common occurrence over the coming 
decades.’ To what extent do you agree with this 
view? (20 marks)

AQA 2016

This question, like most that have a mark tariff 
of 8+ marks, has the marks split across two 
AOs. In this case the split is:

AO1 = 10 marks: knowledge and under-
standing 

AO2 = 10 marks: application and evaluation
Table 3 gives a mark scheme. You need 

to demonstrate detailed knowledge of both 
coastal flooding and coastal erosion, but this 
alone will only get 10 out the 20 marks. The 
remaining 10 come from directly answering 
the command ‘to what extent’. This means 

evaluating how likely it is that flooding and 
erosion will become more common. At first 
glance it might seem obvious that they will 
increase — because of rising sea levels and 
increased storms as a result of global warming 
— but there are many reasons to believe that 
this might not be the case:

 ■ There is uncertainty about future sea-level 
rise and warming/extreme weather and, in 
any case, many coasts will not be affected, 
e.g. ones with high cliffs and resistant geology.

 ■ Coastal management can be used to 
prevent both flooding and erosion, although 
not everywhere.

Table 3 Mark scheme for question 1.6

Level 4 16–20 marks Detailed evaluative conclusion based on evidence (AO2)
Detailed, relevant analysis and evaluation (AO2)
Detailed, relevant knowledge and understanding (AO1)
Accurate knowledge and understanding of concepts and 
processes (AO1)

Level 3 11–15 marks Clear evaluative conclusion based on evidence (AO2)
Generally clear, relevant analysis and evaluation (AO2)
Generally clear, relevant knowledge and understanding (AO1)
Generally accurate knowledge and understanding of concepts and 
processes (AO1)

Level 2 6–10 marks A partial conclusion with some evaluation based on evidence (AO2)
Partially relevant analysis and evaluation (AO2)
Some relevant knowledge and understanding (AO1)
Some knowledge and understanding of concepts and processes 
(AO1)

Level 1 1–5 marks Limited/unsupported conclusion with limited evidence (AO2)
Limited analysis and evaluation (AO2)
Limited relevant knowledge and understanding (AO1)
Limited knowledge and understanding of concepts and processes 
(AO1)

The tidal surge 
barrier at Hull
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the scale of this is not known. Erosion 
will increase, especially if storm numbers 
rise. However, this will generally affect 
areas with soft geology. In both cases 
careful management could prevent 
flooding and erosion although this often 
comes at the expense of downdrift areas 
in the case of erosion defences and will 
not be affordable in many locations. 

Exam comment
Jesse’s is a Level 4 answer for the following 
reasons:

• It is balanced between erosion and 
coastal flooding, covering both aspects of 
the question. 

• It applies a number of different place 
examples to the question that add depth 
to the answer.

• There is a balance of physical-process 
understanding and management 
understanding, as the answer argues that 
erosion and flooding are not inevitable 
because the physical processes that cause 
them can be managed (in some cases).  

• It uses correct geographical terminology, 
such as ‘isostatic’ and ‘eustatic’.

adjustment by 1–2 mm per year. Other 
locations, especially major deltas such 
as the Mississippi, Mekong and Ganges-
Brahmaputra, are also sinking due to 
a combination of sediment deposition 
loading on the delta surface and 
groundwater extraction below the delta. 

In these subsiding locations eustatic 
sea-level rise as a result of global 
warming is likely to compound their 
problems. Sea levels are predicted to 
rise by the year 2100, mostly as a result 
of thermal expansion caused by higher 
global temperatures, but also melting 
of glaciers and ice masses (Greenland, 
Antarctica) on land. Predictions range 
from 20 to 100 cm by 2100. However, 
there is major uncertainty about both 
the scale and pace of future sea-level 
rise because predictions of future global 
warming are vague. A 20 cm rise may 
be manageable with flood defences but 
a 100 cm rise could be catastrophic in 
some developing-world locations that 
lack the finance to build complex, high-
cost flood defences.

In addition, there are many locations 
that will remain unaffected by coastal 
flooding. Northern Scotland and 
Scandinavia are still rising due to post-
glacial isostatic adjustment and often 
have cliffed coastlines, both of which 
reduce flood risk. It is possible that 
global warming increases storminess 
meaning that North Sea storm surges 
such as Cyclone Xavier in 2013 become 
more common, as could tropical cyclone 
storm surges.

Coastal erosion is only likely to become 
more common on coasts where the 
geology makes them vulnerable, such as 
the Holderness coast. Erosion rates here 
could increase because of rising sea levels 
and increased storms. Ninety per cent 
of erosion on Holderness occurs during 
major storm events. Higher sea levels 
could breach depositional landforms such 
as spits and the barrier islands along the 
US Atlantic Coast, exposing the coast 
behind to direct wave attack. 

As some communities build erosion 
defences, such as groynes, breakwaters 
and sea walls, there is reason to 
believe erosion could increase in areas 
downdrift as they are starved of 
sediment for their beaches. This has 
already happened as a result of groynes 
built at Hornsea and Mappleton on the 
Holderness coast. 

In conclusion, rising sea levels and 
subsidence are highly likely to increase 
coastal flooding in some locations but 

• It uses data to illustrate the expected 
scale of future change, and the data are 
accurate.

• It argues that some places are more at risk 
than others, which addresses the ‘to what 
extent’ part of the question. 

• It recognises the major uncertainty about 
future sea level and storm events.

• It comes to a conclusion about the 
‘extent’ of risk that sensibly recognises the 
uncertainty of future predictions.

Summary 
This question tests a wide variety of skills. They 
range from recall for questions 1.1, 1.2 and 1.3 
(have you learnt it?), through data-stimulus 
skills for question 1.4 (can you pick it apart 
and look for patterns, contrasts, trends?) and 
finally evaluation skills in 1.5 (not included 
here) and 1.6 (can you make judgements and 
come to conclusions?) You need to prepare all 
these different skills, which means practice 
in the run-up to exams. Downloading and 
reading mark schemes from the exam-board 
websites will help you understand what the 
examiner is looking for. Lastly, don’t be afraid 
to use your calculator. As we saw in question 
1.4, it can be your friend.

Aerial view of part of the Virginia barrier 
island chain at the entrance to Chesapeake 
Bay, USA
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temples, cities and quite densely populated 
rural areas. It is also challenged by its 
diverse languages, religions, traditions and 
economies.

One of the most obvious contrasts in India 
is between urban and rural. While this exists 
in all countries, it is at an extreme in India. In 
White Tiger (2008) Aravind Adiga describes the 
‘lightness’ of modern Indian cities compared 
to the rural ‘darkness’. While cities project 
a buoyant, prosperous and modern India, 
bharat , the Hindi term for countryside, 
implies slow-moving and traditional. Since 
72% of Indians live in villages, this contrast 
is an important factor in Indian identity. Is 

A ll countries and societies change over 
time but few have experienced this 
so dramatically as India. The 2014 

general election with its landslide victory 
for the Bharatiya Janata Party (BJP), and the 
leadership of Narendra Modi, revived an 
old debate: what is India? Is there a national 
identity which supersedes its cultural, social 
and economic diversity?

In 1888 the British colonial administrator 
John Strachey recognised that there was no 
such country as India (Box 1). The steps 
towards unif ication and independence 
from British rule in 1947 involved complex 
political negotiations and religious tensions. 
In a country of 1.3 billion people, 3,200 km 
in length from north to south, with an area 
of 3.3 million km2, there are bound to be 
contrasting geographical landscapes, both 
physically and socially. India is a nation of 
mountains, deserts, forests, sacred rivers, 

Is India a  
single place?
Identity, development  
and culture
India has experienced 
dramatic change, from 
independence and partition 
in 1947, to political upheaval 
today. It is a country divided 
by issues of language, 
religion, caste and gender. 
Why do these divisions exist? 
What is the Indian ‘identity’? 
And can the country  
develop to the benefit  
of all its citizens?

Gill Miller

Box 1 India according to 
John Strachey

The first and most essential thing to learn 
about India is that there is not, and never 
was, any country of India, possessing, 
according to European ideas, any sort of 
unity, physical, political, social or religious…

That men of the Punjab, Bengal, the North 
Western provinces, and Madras, should 
ever feel they belong to one great nation is 
impossible.
(John Strachey, colonial administrator in 1888)

Dharavi slum 
in Mumbai…
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bharat the real India, or is the nation better 
typified by modern call centres, IT industries 
and global giants such as Tata Corporation?

Language as identity
The political organisation of India over the 
80 years since independence has not made it 
easy to build a national identity. India is a 
federation of 29 states and 7 union territories, 
each with a fiercely independent government. 
Language is often seen as a unifying force 
and many of India’s states were established 
along linguistic lines (Figure 1). There are 22 
regional languages, which raises the question 
of which should be the ‘official’ language for 
government and education. Although English 
is the language of business and is used by 
elites, Hindu nationalists believe it preserves 
the link to British colonialism and would 
like to make Hindi the official language. The 
‘three-language formula’, in which school 
students learn English, Hindi and a modern 
regional language, offers a pragmatic solution 
although it is still contentious. 

Language is also key to communication. 
India has rapidly expanding electronic media, 
but newspapers are still important. Hundreds 
of newspapers are published, in 23 different 
languages, reinforcing regional territories and 
their identities, but also excluding 269 million 
of India’s illiterate poor (Table 1). Newspapers 
have a strong inf luence on their readers. 
According to the Press of India Annual Report 
2010–11, newspapers in some languages are 
expanding, notably Hindi, English, Malayam, 
Bengali and Marathi. Other languages, such 
as Telugu, Tamil, Gujarati and Punjabi, have 
declining newspaper circulation. Does the 
plethora of newsprint help or hinder Mr 
Modi’s aim for a one-nation India?

Religion and identity
Religion has been a unifying factor in many 
nations but in the Indian subcontinent it has 
been a source of division. Jawharlal Nehru, 

Gill Miller
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Figure 1 Map showing the states of India with the official state language spoken (in 
addition to Hindi)

Table 1 Languages of Indian newspapers

Language
Number of newspapers 
(2010–11)

Hindi 7,910

English 1,406

Urdu 938

Gujarati 761

Marathi 521

Bengali 472

Tamil 272

Malayalam 192

Source: Press of India Annual Report 2010–11.

…and women in Odisha 
carrying food
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Personal identity for women is still a real 
challenge, and gender bias presents India to 
the outside world as traditional, sometimes 
brutal, even backward.

These cultural divisions stem partly 
from the political organisation of India. 
There are often tensions between the federal 
government and various state legislatures 
(Box 2). While federal government can 
encourage, recommend and advocate social 
change, it is the states which set and uphold 
many social, education and population 
policies. Within states, the closely guarded 
principles of local democracy and autonomy 

Gender
Attitudes towards gender have brought 
international condemnation on India. In 2012 
the gang rape and death of a young woman 
on a bus in Delhi highlighted social divisions 
in Indian society. Although some practices 
associated with religion and patriarchy 
are changing, traditional attitudes towards 
women and girls remain. The gender ratio is 
unbalanced — selective abortion and female 
infanticide mean that even wealthy families 
have fewer girl children than boys. Women 
have lower literacy levels, and less access 
to banks, inheritance and land ownership. 

who became India’s first prime minister on 
independence, promoted a secular, inclusive 
nation. In fact, when independence took 
place in 1947, religious violence led to the 
partition of the sub-continent into Pakistan 
(with a dominant Muslim population) and 
India (a secular nation with mainly Hindu 
population and significant minorities of 
Muslims, Christians and Jains). 

Today religious tensions, particularly 
between Hindu and Muslim, simmer beneath 
the surface of Indian society. The Hindu 
majority has many different traditions of 
worship and Hindu nationalists encourage the 
celebration of religious festivals to increase 
unity. The substantial 14.3 million Indian 
Muslim populations are divided between 
Sunni and Shia and tend to have lower 
economic and social status than Hindus. The 
concentration of religions in particular states 
(Figure 2) has led to the use of religion for 
political reasons. This has reinforced national 
dif ferences, but strengthened regional 
cohesiveness, for example in Muslim Jammu 
and Kashmir. 

Social identities
Caste

The social order of caste is closely associated 
with Indian Hindu identity. The caste 
system divides four upper castes (Brahmins, 
Kshatriyas, Vaishyas and Shudras) from 
the Other Backward Classes (OBCs) which 
include 200 million Dalits (whose name 
means ‘crushed’ or ‘oppressed’) and 94 million 
Adivasis (also called Scheduled Tribes or STs). 
This is officially a backward social institution 
made illegal by the Prevention of Atrocities 
Act 1995, but it remains embedded in Hindu 
culture across the country. 

The social divisions created by caste are 
passed down through generations and are 
most brutal in traditional rural villages where 
levels of education are low and people are 
suspicious of modernisation. Caste affects 
all aspects of life, for instance temples, tea 
shops and even wells may be designated for 
the exclusive use of particular groups. Despite 
official attempts to reduce the impact of caste 
and build unity among Hindus, rural lower 
castes remain severely disadvantaged. 

Caste identity is also used for political 
leverage, particularly among the Dalits whose 
numbers form a significant political lobby. 
India operates a controversial Reservations 
Policy under which a proportion of public-
sector jobs and education opportunities are 
reserved for OBCs. This causes resentment 
among the higher castes and further separates 
social groups across the country. Caste places 
a traditional barrier in the way of progress 
towards one-nation India. Figure 2 Muslim population in selected Indian states, 2011 census
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A Dalit man cleaning 
sewers in Delhi, work 
traditionally done by 
low-caste people
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There’s always cricket.…
So, is India one nation? How does it build a 
national identity with so many differences in 
language, religion, social issues of caste and 
gender, and stark contrasts of wealth and 
poverty? One answer is cricket. India unites 
behind its sporting passion, although the 
national team is dominated by those from 
relatively wealthy backgrounds. And there’s 
also Bollywood, a successful business sector 
which helps to create a sense of ‘Indian-ness’ to 
the outside world. Even here though, the film 
sector masks dominant regional traditions 
such as the Kathakali dances in south India.

…and democracy
The binding thread which brings this diverse 
nation together is, arguably, India’s democracy. 
Organising voting in its general elections is 
one of the largest administrative projects in the 
world. This universal suffrage has brought a 
fair degree of stability to the country despite its 
diversity. However, the issue of India’s nation-
building and national identity continues to be 
a real challenge for the Modi government.

Activities
1 Interpret the information shown in Table 2 
in relation to the geographical location of the 
selected states.
2 Analyse the differences  between ‘urban’ 
and ‘rural’ India.
3 Evaluate the degree to which ‘one’ Indian 
identity can exist across the country.

make it hard to change traditional attitudes 
and build a consensus across the nation. 

States themselves are politically and 
economically divided across the country. 
Broadly, the western and southern states such as 
Gujarat, Haryana and Tamil Nadu are wealthy, 
forward-looking and support neoliberal policies 
which encourage foreign direct investment and 
Indian investment. In contrast, many northern 
and eastern states, including Chhattisgarh, Uttar 
Pradesh and Madhya Pradesh, are regarded 
as socialist and traditional with less inward 
investment, higher levels of poverty and low 
levels of social infrastructure. The stark contrast 
between Indian states is clear in Table 2. 

Box 2 Statutory roles of 
federal and state government 
in India

• 95 union/federal powers including 
defence, foreign affairs, interstate trade and 
commerce
• 47 ‘concurrent’ powers for union and 
state including education, social security, 
population control
• 62 state powers including public order, 
police, public health, agriculture, local 
government

Table 2 Selected social characteristics for selected Indian states

State
Poverty 
(%, 2012)

Households 
without 
sanitation 
(%)

Births 
attended by 
untrained 
person (%)

Electricity 
generation 
(thousand 
GWh)

Households 
with internet  
(%, 2011)

Punjab 8.3 15.6 1.7 52.4 5.4

Gujarat 10.0 34.4 2.2 190.0 3.1

Haryana 11.2 18.7 2.9 48.6 5.3

Karnataka 2.0 44.8 3.2 118.0 4.8

Tamil Nadu 11.3 41.1 0.3 140.0 4.2

Andhra Pradesh 9.3 38.7 0.7 130.0 2.6

Kerala 7.2 2.3 0.2 26.0 6.3

Chattisgarh 40.1 65.7 12.7 40.1 1.2

Uttar Pradesh 29.5 60.1 19.8 83.3 1.9

Madhya Pradesh 29.4 60.7 12.2 50.0 1.4

Bihar 33.9 67.4 27.6 5.1 0.91

Odisha 32.5 71.8 na 43.8 1.4

Source: Ministry of Statistics and Programme Implementations 2015

• India is divided along linguistic and 
religious lines.
• There are often tensions between federal 
and state governments.
• Traditional attitudes towards caste and 
gender are common, especially in rural 
areas.
• Democracy is the thread which binds 
India together.

Key points 

Gill Miller is senior lecturer and 
programme leader for international 
development studies, Department of 
Geography and Development Studies at 
the University of Chester.

Millennium Development Goals India: 
www.tinyurl.com/h36rhd8

Adeney, K. and Wyatt. A. (2010) 
Contemporary India, Palgrave Macmillan.

Further reading Further readingDamage caused 
by race riots in 
Amritsar in 1947
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geographical ideas new horizons

of places in A-level geography. Places 
have meaning for people, in the same 
way that books and films do (Box 1). A 
memory of a place can be accompanied 
by strong emotions. Indeed, people’s 
attachment to places can be so strong 
that they will fight to defend them, just 
as they would act to protect the people 
that they love.

Managing places
Meaning constantly informs and shapes 
our actions and behaviour in relation to 
how places are managed. 

 ■ Management decisions about 
places are determined not only by hard 
facts like unemployment or hazard-risk 
data but also by the feelings and beliefs 
of people. Some places are deemed 
to matter more than others, perhaps 

because of important or symbolic landscape 
features. A cost–benefit decision about 
whether to install expensive sea defences 
may take account of the hard-to-quantify 
feelings of stakeholders. People may argue 
that the coastline is too important to lose 
because its scenery is widely admired or 
a historic monument is at risk. Perhaps a 
much-loved film was shot there and people 
all over the world want the area preserved. 

 ■ Of course, the valuing process becomes 
controversial when some groups fail to 
understand the value others attach to 
something. English Heritage has awarded 
protected ‘listed building’ status to numerous 
pieces of modern architecture, including 
London’s Trellick Tower, a 31-storey block 
of f lats built in the 1960s. Many people 
cannot understand why these buildings 
need preserving.

The Geographical Ideas column about 
place in issue 2 looked at the objective 
(‘real’) characteristics of local places. 

This second piece explores people’s subjective 
(‘imagined’) feelings about places. It starts 
by considering why imaginary meanings and 
representations of places matter (this will help 
you understand why this important topic is 
now included in A-level geography alongside 
more traditional studies of social and 
economic inequality). It goes on to examine: 

 ■ the concepts and terminology used by 
geographers to analyse place meanings, 
representations and conflicts (including 
players and stakeholders, formal and 
informal representations, the idea of a 
‘contested’ place) 

 ■ the different kinds of qualitative data used 
to study place meanings and representations 
(you may be surprised to learn that some 

geographers use films, novels, poems and 
music, rather than quantitative data such 
as census statistics, to help them study and 
understand places) 

Why meaning matters
You most likely did not study ‘meaning’ in 
GCSE geography. In contrast, you may have 
spent a lot of time exploring the meaning or 
message of poems and novels in GCSE English 
lessons. In art, you may have discussed how 
painters try to represent ideas; history lessons 
sometimes make use of source material 
showing how historical events were portrayed 
at the time in different media (possibly in 
distorted, misleading or strategic ways). 

You can draw on your learning in 
these other subjects as a starting point for 
thinking about how and why meanings 
and representations matter for the study 

The concept of place 
Meaning, representation  
and conflict How do ‘meanings’ of places affect the way they change 

— and how is this important for A-level geography?

For a presentation to support 
this column go to:  
www.hoddereducation.co.uk/
geographyreviewextras

GeographyReviewExtras

Should Lyme Regis be protected from coastal 
erosion because of its associations with  
Mary Anning, Jane Austen, John Fowles?
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 ■ In turn, place meaning determines 
the marketing strategies used by official 
agencies such as tourist boards in the 
work that they do. Decisions must be 
made about what parts of city heritage 
or culture to celebrate. Perspectives will 
differ on what is appropriate. For example 
London’s Jack the Ripper museum has 
been criticised for sensationalising 
violence against women.

Meaning and migration
Meaning can help explain other human 
processes, notably migration. Figure 1 shows 
factors that could influence a young person’s 
decision to migrate from the countryside to 
the city. Both real and perceived qualities of 
rural and urban life are bundled together here. 
Can you separate them? The diagram also 
shows how place meanings are bound up with 
different people’s identities and experiences of 
life. Consider what views of rural and urban 
life may be held by someone who has lived 
in the city for many years and now plans to 
relocate to the countryside. What might an 
older person’s real and perceived push and 
pull factors look like?

Players, stakeholders and 
‘contested’ places
A player (or stakeholder) is any individual, 
grouping or organisation involved with a place 
or a geographical issue. Players range in scale 
from individuals to national and even global 
organisations:

Box 1 Place representation in popular culture 

Individual artistic works (e.g. paintings, songs, books) allow artists, 
musicians and writers to represent places to other people in ways which 
may reveal their own feelings and place meanings. Shared meanings 
appear in collaborative works produced by organisations (e.g. tourist-
board literature or museum exhibitions) and local groups 
(e.g. community websites). 
• Particular associations or attributes of place include 
danger, beauty or loss. The 1980s Number One song 
‘Ghost Town’ by The Specials expressed sadness at the 
deindustrialisation of Coventry and the city’s decline.   
• Artistic works have the secondary effect of influencing  
other people’s behaviour. You may want to 
visit somewhere you once saw portrayed 
positively in a film or on television. 
For instance visitors to the Scottish 
island of Mull increased when the BBC 
began filming the children’s television 
programme Balamory there.
• Cities are frequently portrayed 
negatively as ‘dystopian’ places in 
science-fiction.

In turn, place meaning determines 

other people’s behaviour. You may want to 

Trellick Tower is 
a listed building

Figure 1 The migratory decision-making process for a young person living a remote 
UK rural area
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 ■ Some players belong to a place (local 
residents and community groups). 

 ■ Other players may be located elsewhere but 
could be affected by changes to the place. They 
may have investments there, such as business 
or property, or feel an emotional attachment 
having lived or visited there in the past. 

 ■ Some players assume direct responsibility 
for the management of a place and its society, 
e.g. local government or area tourist boards.  

All players have their own experience of a 
place. They may view its issues, opportunities 
and challenges in varying and potentially 
conf licting ways. Governments and their 
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 ■ These contrasting place meanings are not 
easily reconciled with one another. Some 
groups want change while others do not.  

 ■ As a result, it will be hard to arrive at a 
consensus. The incomers have adopted NIMBY 
attitudes and may succeed in blocking any 
proposed new commercial development. 
This could lead to conflict with the original 
community which lacks employment. In 
addition, if the place is successfully ‘preserved’ 
by the incomers then even more migrants may 
be attracted in future. This will drive house 
prices higher still and prevent some local 
people from ever getting a foot on the housing 
ladder. (Similar issues arise when inner-urban 
areas become gentrified.)

Meanings therefore have very real 
consequences for people’s lives. This is why 
place meanings matter.

Questions for discussion
1 You may be familiar with the ‘shrinking 
world ’ phenomenon from globalisation 
studies. How can technological changes affect 
how places are perceived and represented?
2 This column shows how place meanings 
can affect the process of migration or coastal-
management decisions. In what other 
geographical contexts might they also matter?

agencies generally have the final say in what 
happens due to their political and economic 
power. However, decisions are usually 
taken only after consultation with other 
stakeholders. Moreover, all citizens have the 
power to collectively protest against place 
changes and meanings they disagree with.

An example of a contested place
Figure 2 shows the varying views of a number 
of players in relation to a picturesque rural 
village and its scenic surroundings. A long-
established community lives here, along with 
more recent arrivals (counter-urban migrants 

Figure 2 The place meanings which different groups of players attach to a scenic 
rural village and its surroundings

Local government  
views this place as a 
‘problem area’ with 
high unemployment 

among young people: 
its number one goal is 
to foster and help fund 

new job growth

Local people whose families 
have lived here for generations 

can no longer afford rising 
house prices and view their 
home place as being under 
threat from in-migration

Recent migrants were drawn 
here by the scenery; they view 

this place as ‘timeless’ and 
want to block any new 

commercial development, 
even if jobs are promised

Investors in other places 
view this particular 
place as a business 

opportunity because 
labour costs are low 
and grants may be 
available for new 

start-up businesses 

Some environmentalists 
view the countryside as 

a wild place where  
nature should be left 

to ‘take its course’ and 
the needs of people 

come second

Some land-owners and 
farmers view this place 

as a valuable asset: 
they are pleased that 
the new migrants are 
driving up house, land 

and rental prices

Con�icting place 
meanings for 

different players. 
This means    

decision-making 
about the future of 

this rural place will be 
dif�cult to agree 

A contested rural place

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

Contested place  A place where tension or 
conflict has arisen owing to the inability of 
different players to agree how it should be 
managed, used or represented. 

Place  A portion of geographic space whose 
identity is distinctive in some way. Particular 
places have unique landscapes created by 
their physical geography and the way people 
have shaped their surface appearance.

Place identity  The real or perceived 
characteristics which define a geographical 
space that has been shaped by people 
and physical processes over time. Places 
have different identities in the eyes of 
different people.

Place meaning  The significance, value or 
issues which make a place important for an 
individual or group. Some protected places 
are associated with historic events and 
become a symbol of group identity. Others 
are viewed as ‘problem places’ for which 
solutions are needed.

Glossary 

or ‘incomers’ who are, on average, wealthier 
than the existing community). The issues 
affecting this place are as follows:

 ■ Despite its attractive appearance, fewer 
jobs are available than in the past due to 
farm mechanisation and the growth of online 
shopping. There is real poverty hidden below 
the picturesque surface. 

 ■ This place is viewed in varying ways by 
the six different groups of players shown 
in the diagram. Each group’s view of this 
place is framed by a particular economic, 
environmental or social concern that matters 
to them.    

A contested place
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landform across the world. In the case of 
corries, this could show how orientation 
might influence morphology, especially back-
wall steepness and maximum corrie size in 
relation to altitude and aspect. Corrie profiles 
can also be calculated and plotted using a 
large-scale OS map (Figures 1 and 2).

You can use a Google search to find 
research articles that deal with corrie 
formation. Although you may not be able 
to access the whole paper free online, often 
the initial abstract provides enough clues to 
give you a starting point for an investigation. 

In these cases, fieldwork on the ground 
should be used to confirm map and GIS 

If you have travelled overseas for a holiday 
your first impression of a new landscape 
might have come as the aircraft descended 

over your destination. You might have seen 
fields, beaches, roads, villages as well as 
an airport in the distance. Underlying this 
complex of surface features are the rocks that 
have been formed and changed over millions 
of years. Understanding how landscapes 
evolve and change is important locally as well 
as globally, and can provide a rich seam for 
the independent investigation. 

Investigating a topic or theme related 
to landscape requires some good research 
skills to access secondary information. 
You might use an academic paper (or 
its abst ract), you might use GIS to 
provide different types of geological and 
morphological map. A central question 
for such an investigation is often ‘why is a 
landscape like that?’ 

This Geographical Skills provides a series 
of thoughts to help you develop your own, 
individual ideas. The examples presented are 
often small in scale and manageable — key 
things to remember when embarking on an 
enquiry. The ideas are also strongly linked to 

aspects of systems that can be thoughtfully 
discussed as part of the enquiry process. 

Glacial systems
Investigating corries
Software such as GIS and Google Earth can 
be used to plot cross-sections of a particular 

Investigating landscapes
Landscape processes, forms and systems can be investigated using a combination of online 
resources and fieldwork on the ground. David Holmes explains how

geographical skills making the grade

Altitude of summit 890 m
Altitude of tarn 590 m
Corrie depth 300 m
Corrie length 590 m
Aspect: east

Tarn

Length

850 m

850 m

890 m

600 m

600 m

0 m 800 N

Figure 1 Field evidence can be combined with detailed map evidence to record the 
characteristics of features such as corries in a relic upland glacial region. How do 
ground measurements compare to those from a map? 

Elevation, 
as distance 
from graph 
centre

792

671

549

427

305 m
S

EW
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N

Figure 2 The height and aspect of several 
corries interpreted from a large-scale map

Fieldwork in UK areas 
such as Snowdonia 
can give you access to 
glacial landforms
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this magazine several times before so instead 
I will consider a couple of alternative ideas. 

Hudson’s equation
Hudson’s equation is a formula used to obtain 
a preliminary design of rock size to be used for 
rip-rap (loose stone used to armour coastal 
features against erosion). There are interesting 
geographical connections here to threshold 
and resilience. In effect the formula calculates 
the minimum size of rip-rap that would be 
moved by a particular size of wave under a 
particular set of conditions. In other words 
it determines the threshold size of sediment 
moved by particular wave energies. The 
formula can be easily found online and there is 
a range of online calculators that will help you 
out with the numbers (see Further reading).

It is possible to make your own 
spreadsheet to do the calculations, setting 
up a dot distribution graph to compare 
the Hudson’s value with a survey of the 
rip-rap stones you have measured. This will 
allow you to see how small changes in the 
variables (density of the rock, slope angle 
and wave height) have different effects on 

The model indicates a true single population 
of landforms, rather than an amalgam of 
different landform types. 

Figures 3 and 4 present some ideas 
that can be used in fieldwork on drumlin 
orientation and morphology. GIS and online 
data, for example drift-map data from the 
British Geological Survey, can be used to 
support the research findings described 
above. It is possible, for example, to obtain 
an extract of a drift map that could be used 
to find locations of drumlins and other 
lowland ice landscape features. This type 
of research is important in determining the 
design and sampling frame in which your 
investigation will be undertaken. 

Remember that, in lowland areas 
especially, you are likely to need permission 
to access land on which drumlins and other 
features occur. 

Coastal systems
Coasts also present a good range of 
opportunities for landscape fieldwork and 
research. Studies of sediment size and shape 
are well documented and have been covered in 

evidence of dimensions, as well as to provide 
an opportunity for detailed morphological 
mapping, gradient surveys and photographs. 
You c a n suppor t  you r la ndsc ape 
interpretation with high-quality annotated 
photographs which demonstrate a deeper 
understanding of landscape processes.

Investigating drumlins 
Another glacial landform that you can 
measure and plot is drumlins, fitting them 
to models of drumlin morphology. One such 
model suggests that most drumlins are:

 ■ between 250 and 1,000 metres long, and 
almost always over 100 metres 

 ■ between 120 and 300 metres wide 
 ■ between 1.7 and 4.1 times as long as they 

are wide
Further research shows that landforms 

fitting this dimensional framework fulfil 
the geomorphological label of ‘drumlin’. 

Evans, M., Landscape systems factsheet for 
A-level: www.tinyurl.com/j7463p7

Goudie, A. and Viles, H. (2010) Landscapes 
and Geomorphology. A Very Short 
Introduction, Oxford University Press.  

Geology of Britain online map, British 
Geological Survey: www.tinyurl.com/
q8zzpot

A Java script calculator for Hudson’s 
equation for the preliminary design of 
breakwaters: http://mcleon.tripod.com/
hudson.htm 

Clark, C. D. et al. (2009) ‘Size and shape 
characteristics of drumlins, derived from a 
large sample, and associated scaling laws’, 
Quaternary Science Reviews, Vol. 28,  
No. 7–8, pp. 677–692. The abstract  
can be freely accessed here:  
http://nora.nerc.ac.uk/6960/

Further reading Further reading

You can use Hudson’s 
equation to analyse the 
dimensions of rip-rap 
you have measured
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Figure 3 The shape, orientation and 
morphology of drumlins can be verified by 
field evidence and morphological mapping. To 
what extent do they fit the expected model 
and how have modern agricultural practices 
modified their original shape and form? 

Figure 4 A plot of the range of drumlin heights (highest point to base), against height 
above sea level, for a survey of six drumlins
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●● Simple ordering options, including subscriptions sent 

straight to your home
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Conclusions
Landscapes are multi-layered. Often the 
upper layers, especially those shaped by 
the imprint of people (buildings, transport 
infrastructure etc.) tend to dominate our 
thinking about landscape. Yet it is the rich 
interaction of all parts of the landscape, 
including physical components, that create 
its identity. 

Any investigation into landscapes 
should combine research which helps you 
understand the geomorphological processes 
in relation to landforms and the imprint of 
people. You might find it useful to look at a 
back issue of GEOGRAPHY REVIEW (Vol. 27, No. 
23, November 2013) in which the Practical 
Geography column deals more generally 
with landscape assessment. 

surveys are straightforward and allow you, 
for example, to investigate the relationship 
between rock size (e.g. length of long axis) 
and distance from the base of the cliff, or start 
of the slope itself. Again this is an example of 
an investigation into a small component of 
a landscape system which you can consider 
in the context of hazards and risk. Mass-
movement control tends to be both expensive 
and complex. It also allows you to use a variety 
of statistical techniques. 

the Hudson’s value. This kind of work can 
be considered in a systems context, looking 
at risks as well as resilience, especially in 
relation to changing sea levels, greater 
human pressure on the coast and increased 
size and frequency of storm waves. 

Scree surveys
It is possible to investigate the results of 
weathering and mass movement on slopes, 
including those of a hard-rock coastline. Scree 

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

Screes can be found in a variety of 
hard-rock locations. They vary in size 
from the spectacularly large (and 
dangerous to investigate) to just a 
few metres long. The latter can make 
a worthwhile landscape enquiry
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      The youngest glacier on Earth
The 1980 Mt St Helens eruption destroyed a number of glaciers. 

Over the last 20 years a new glacier has formed in the crater. 
What can this tell us about volcanic and glacial processes?

20 Geography Review  April 2017

centrepiece new horizons

The 1980 eruption
On 18 May 1980 Mt St Helens erupted with 
such violence that it dramatically reshaped 
the surrounding landscape. The eruption 
column reached 24,000 metres in less 
than 15 minutes and the ash cloud circled 
the Earth in 15 days. The eruption blast 
triggered the largest landslide on Earth 
in recorded history, removing 400 m from 
the top of the volcano as well as much of 
the northern flank. More than 2.5 km3 of 
debris were moved. Super-heated rocks 
and volcanic gases melted snow and glacier 
ice on the volcano, producing lahars that 
swept down the slopes of Mt St Helens, 
causing destruction and choking valleys 
with sediment.

The Mt St Helens glaciers
The pre-eruption volcano was flanked by 11 named glaciers and its crater was filled with ice 
and snow. Figure 1 shows how most of the glacier ice was on the north-facing slopes. When 
the northern flank exploded, several of the largest glaciers were completely destroyed. All the 
ice and snow in the crater was melted or blasted skywards, eliminating the main accumulation 
zones for several glaciers. This left large areas of wasting ice on the surviving upper flanks of 
the volcano. About 70% of the ice volume was removed during the eruption. Only the Toutle 
and Talus glaciers survived relatively unscathed. Blocks of glacier ice were carried downslope in 
mudflows. Some 2 months after the main eruption, large blocks of glacier ice remained buried 
within the debris flow sediments in the North Fork Toutle River.

Figure 1 The glaciers on the flanks of the volcano before and after the 1980 eruption
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Glacier mass balance
Glaciers form where there is a positive mass balance — the accumulation of snow and ice exceeds 
mass losses by ablation. This balance is controlled by two climate variables: precipitation falling as 
snow, and temperature. Both can be modified by aspect and local topography. In volcanic settings, 
other processes can also influence glacier mass balance. Heat from the volcano can increase rates of 
snow and glacier melt (ablation). Seismic activity can trigger snow avalanches from steep crater rims 
(accumulation).

Observing the 
processes
The post-eruption landscape is proving 
to be a fascinating context to explore 
interactions between volcanic processes, 
volcanic deposits and glacier behaviour. 
The intensive monitoring programme 
coordinated by the United States Geological 
Survey (USGS), allows us to observe these 
processes in unusual detail.

Crater Glacier
The enlarged amphitheatre-like crater on Mt 
St Helens now contains the youngest glacier 
on Earth. This new glacier was first observed 
in 1996. Ten years later the name Crater 
Glacier was approved. This setting has 
provided a unique opportunity to observe 
the birth and growth of a mountain glacier. 

Crater Glacier does not lie above the 
regional snowline but in almost permanent 
shadow beneath the steep slopes of the 
crater rim. Much of the glacier is covered by 
volcanic ash. The growth of a new volcanic 
cone from 2004 forced the young glacier 
to develop two tongues of ice. As the cone 
expanded it squeezed the glaciers against 
the crater walls and increased their flow 
velocities. The glaciers merged on the north 
side of the lava dome in 2008. The glacier 
has advanced at an average rate of about 10 
cm per day since that time. All runoff from 
the glacier seeps into the porous crater floor. 

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

Brugman, M. M. and Post, A. (1981) Effects of volcanism on the glaciers of Mount St Helens, 
US Geological Survey: https://pubs.er.usgs.gov/publication/cir850D

USGS (2013) Mount St Helens, 1980 to now — what’s going on? www.tinyurl.com/zknw8yy 

USGS, Glaciation at Mount St Helens: www.tinyurl.com/zdl3kbh 

References and further reading References and further reading

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

GeographyReviewExtras

An aerial view of the crater. 
The glacier tongues can be 
seen, descending either side 
of the degassing cone
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Antarctica
Antarctica, sometimes called the ‘seventh 
continent’, is one large land mass. This 
is significant because, were it not for the 
Antarctic Treaty (see below), there would be 
no legal impediments stopping a government 
from claiming all or a portion of Antarctica as 
an extension of its sovereign territory. Once 
a government did this, it could settle people 
there, extract resources, build cities, establish 
tax systems, police borders, and do all the 
other things that governments do to claim 
and develop state space. 

Environmental factors
This process would be complicated 
in Antarctica, however, because of its 
exceptionally harsh environment. Most 
of Antarctica’s land mass is permanently 

What is a global commons 
and how do Antarctica, the 
Arctic Ocean and outer space 
differ in the way they are 
governed as commons?

Only about one-third of Ear th ’s 
surface is divided into sovereign 
states: bounded territories where 

individual authorities have absolute power. 
The rest of the planet, and beyond, is governed 
as a commons: a space that is open to all of 
humanity. This article focuses on three such 
areas: Antarctica, the Arctic Ocean and outer 
space. By exploring the concept of a global 
commons, it sheds light on one aspect of the 
politics of globalisation.

Governing the  global commons
Antarctica, the Arctic  and outer space compared

covered by an ice sheet more than 2 km thick, 
temperatures dip as low as −90°C, winds 
gust to 300 km h–1, and the continent has a 
desert-like lack of precipitation. All of these 
environmental factors have deterred human 
settlement. In fact, large areas of Antarctica 
are inaccessible to humans for much of the 
year. Other than penguins, seals, fish and 
sea birds, there are few animals on Antarctica 
and the dry, frozen land is not suitable for 
cultivation even when it can be accessed. 
Therefore, even if humans were able to get to 
areas of Antarctica, they would have no means 
of sustaining themselves there.

For all these reasons, Antarctica is one of the 
few land surfaces on Earth with no indigenous 
inhabitants. Indeed, the first sighting of the 
continent by a European, and quite likely 
by any human ever, occurred only in 1820. 

Philip Steinberg

The Argentine research 
station in Antarctica
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 ■ banned all militar y act ivit ies f rom 
Antarctica

 ■ designated all of Antarctica as a global 
laborator y for scientif ic research, and 
guaranteed the rights of all states to establish 
research stations anywhere on the continent

In later years, other treaties were added 
to this, most notably the 1998 Madrid 
Protocol that banned mining activities on the 
continent. The 1959 Antarctic Treaty and its 
associated protocols are collectively known as 
the Antarctic Treaty System.

To summarise, although Antarctica is a 
commons in the sense that no individual 
state can claim economic benefit from its 
resources, it is a fragile commons because 
individual states have claimed much of its 
territory. At present, international treaties 
limit the potential for individual states to 
generate economic or military benefit from 
their possession of Antarctic territory and 
they reserve the continent as a universally 
accessible site for scientific research. However 
a framework exists which could allow 
individual states access to its resources.

The Arctic Ocean
The Arctic is physically the exact opposite of 
Antarctica. Whereas Antarctica is a continent 

Today, the continent’s population ranges 
from around 1,000 in the Antarctic winter 
to around 5,000 in the Antarctic summer. 
About one-quarter of the population is based 
at McMurdo Station, a research laboratory run 
by the US National Science Foundation, with 
the remainder at around 75 other year-round 
or summer-only research stations sprinkled 
around the continent.

The Antarctic Treaty
In the 1950s, Cold War competition emerged 
between the Soviet Union and the USA and 
their respective allies. At the same time, 
technologies were making it easier to take 
that competition to some of the world’s most 
inaccessible regions. The world community 
recognised that if war broke out in Antarctica 
no one would be a ‘winner’. It wanted to 
balance the interests of the USA and the Soviet 
Union, both located very far from Antarctica, 
with those of its neighbouring states like 
Argentina, Australia, Chile, New Zealand and 
South Africa. The Antarctic Treaty was therefore 
signed in 1959. Among other things the treaty:

 ■ declared that no new claims could be made 
on Antarctica beyond those already made 
by seven states: Argentina, Australia, Chile, 
France, New Zealand, Norway and the UK.

Governing the  global commons
Antarctica, the Arctic  and outer space compared

surrounded by (mostly frozen) ocean, 
the Arctic is a (mostly frozen) ocean 
surrounded by land. The Arctic Ocean is 
ringed by five states that have land north 
of the Arctic Circle: Canada, Greenland 
(whose foreign affairs are managed by 
Denmark), Norway, Russia and the USA.

Legal status
The legal status of land in the Arctic is 
much the same as land elsewhere on 
Earth. Individual states control territory 
and have exclusive rights to develop it, 
police it, tax it, and otherwise govern it 
for their own benefit. 

For some time, though, there were 
questions about the status of the Arctic 
Ocean. Was it just like ocean anywhere 
else in the world or was it somehow 
special because it was frozen? And if it 
was special, should it be reserved as:

 ■ a global commons to serve the 
benefit of all of humanity

 ■ an ecological park to conser ve its 
endangered flora and fauna

 ■ a protected space for indigenous peoples 
whose livelihoods span both land and water

The Antarctic Treaty System Secretariat 
(www.ats.aq) has a lot of information on 
Antarctica, including the text of the 1959 
Antarctic Treaty (www.tinyurl.com/zj7eak3).

The United Nations Division for  
Ocean Affairs and the Law of the Sea 
(www.un.org/depts/los/) administers 
UNCLOS (www.tinyurl.com/7vbg4g7). 

The Iluilissat Declaration, which affirms the 
applicability of UNCLOS to the Arctic, can 
be viewed at: www.tinyurl.com/kzmkneb.

The United Nations Office for Outer Space 
Affairs (www.unoosa.org) manages the 
Outer Space Treaty: www.tinyurl.com/
oxpq3qp.

Dodds, K. (2016) ‘Who owns Antarctica? 
Case study of a global commons,’ GEOGRAPHY 
REVIEW Vol. 30, No. 2, pp. 22–26.

Further reading Further reading

Inuit woman 
drying fish from 
the Arctic Ocean
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compelled to conduct their fishing activities 
in a way that benefits the common good. 
Only deep-sea mineral extraction (generally, 
beyond 650 km) must be undertaken with 
consideration for the common good. It is 
notable, however, that at present no mineral 

extraction occurs this far from the coast.
Outer space combines the commons 

elements of both Antarctica (in that it cannot 
be used for individual states’ gain) and the 
deep sea bed of the Arctic Ocean (in that 
it cannot be claimed and that it may be 
exploited, but only to serve humanity). In 
practice, though, the designation of outer 
space as a global commons is restricted by 
the fact that few states have the technological 
ability to access its riches.

In conclusion, all spaces beyond the 
boundaries of individual states are sometimes 
considered to be ‘global commons’, but these 
spaces vary greatly in the extent to which their 
governance is open to, or is designed to serve, 
all of humanity. 

Questions for discussion
1 What is the difference between a resource 
to which the world has open access and one 
which must be managed for the benefit of 
humankind?
2 Why do you think the regime governing 
outer space goes further than that governing 
Antarctica in regulating state appropriation?
3 How might the designation of the Arctic 
Ocean as a global commons impact the 
livelihoods of indigenous Arctic peoples?
4 Outline how the global governance of 
Antarctica has developed over time.
5 Suggest reasons why some parts of the 
world’s oceans belong to a global commons, 
whereas other parts do not.
6 Using examples, assess the strengths and 
weaknesses of the ‘global commons’ concept. 

The Law of the Sea does go beyond the 
Antarctic Treaty, however, in designating 
the mineral resources of the deep sea bed 
as the ‘common heritage of mankind’ 
opening up the possibility that the ocean 
(or at least a part of it) can be a commons 
not only in the sense of global access but 
also in the sense of global benefit.

Outer space
The main treaty governing outer space 
is the 1967 Outer Space Treaty. This, 
like the Antarctic Treaty, was explicitly 
created to protect a global frontier 
from Cold War competition. Like the 
Antarctic Treaty, the Outer Space Treaty 
limits militarisation. It prohibits the 
installation or testing of weapons on 
celestial bodies, although it does allow 
conventional weapons to be placed in 
orbit. Also like the Antarctic Treaty, the 

Outer Space Treaty affirms that all states have 
the right to conduct scientific research in outer 
space.

The Outer Space Treaty goes further than 
the Antarctic Treaty in affirming that outer 
space (like the international sea bed beyond 
650 km from shore) is the ‘common heritage 
of mankind’. This means that:

 ■ none of outer space can be appropriated by 
an individual state (unlike Antarctica)

 ■ economic activity can take place in outer 
space, so long as it is done to benefit the 
common good

What is a global commons?
A survey of Antarctica, the Arctic Ocean, 
and outer space reveals that the designation 
of a global commons can mean a number 
of different things. Although Antarctica is 
governed by a global treaty that, to some extent, 
prevents individual states from harming global 
interests (e.g. by waging war or restricting other 
states’ scientific access), portions of Antarctica 
can still be claimed by nations. In addition, 
although states must refrain from activities like 
mining and weapons testing in Antarctica, and 
must allow universal scientific research, there 
is no mandate that they manage Antarctica to 
serve the common, global good.

In the ocean (and, specif ically, the 
Arctic Ocean) navigation is recognised as a 
common good, and the ocean is preserved as 
a commons for global navigation. However, 
other maritime activities are mostly reserved 
for specific coastal states. Although the deep 
seas (beyond 370 km) are designated as a 
commons for fishing, individual states are not 

 ■ a first-come, first-served region for resource 
extraction

 ■ a space for each of the individual five 
coastal states to extend their reach

 ■ something else?

UNCLOS
In the end, it emerged that the Arctic Ocean 
would have the same status as any other ocean, 
and access and rights would be regulated 
according to the provisions of the 1982 United 
Nations Convention on the Law of the Sea 
(UNCLOS). This was explicitly confirmed in 
the Ilulissat Declaration of 2008, signed by 
the five Arctic Ocean coastal states. 

Under UNCLOS, all states have a common 
right to maritime navigation. However 
common rights to the ocean’s f isheries 
begin only 370 km from shore. Even then, 
fisheries do not exist to serve the common 
good. Any state that fishes beyond 370 km 
may fish solely for its own benefit. Common 
rights to the ocean’s mineral resources begin 
only 650 km (or, in some instances, even 
further) from shore. However, in contrast with 
fisheries, mineral resources from the deep 
sea bed must be exploited in keeping with 
the sea bed’s status as the ‘common heritage  
of mankind’. 

In short, elements of the Arctic Ocean have 
been reserved for common use but the Arctic 
Ocean itself has not been fully designated 
as a global commons. And even some of 
the activities that have been designated 
as occurring beyond the reach of state 
territorial power, such as fishing in oceans 
beyond 370 km, can be undertaken without 
consideration of the global common good. 

• Global commons are established in areas 
beyond the borders of any state territory.
• They vary in the degree to which they 
provide open access to all.
• Global commons also vary in how much 
their governance mandates that use of the 
global commons benefits all humankind.

Key points 

Philip Steinberg is professor of political 
geography and director of IBRU, the 
Centre for Borders Research, at Durham 
University. His most recent book is 
Contesting the Arctic: Politics and 
Imaginaries in the Circumpolar North.

Space tourist Mark Shuttleworth preparing 
for his flight to the International Space 
Station in 2002
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Some problems are far harder to tackle than others. They cannot be solved easily 
using conventional decision-making logic or cost–benefit analysis. Instead, they 
persist as ‘wicked problems’ (Figure 1). Climate change is archetypally ‘wicked’ 

insofar as:
 ■ it has arisen from the overlap of two complex systems — the atmospheric 

system and global economic system — which are both composed of many 
interdependent parts whose operations are not fully understood  

 ■ a range of physical environments and societies are threatened in 
multiple and interconnected ways 

 ■ some people and places will be affected far more than others, 
resulting in an uneven political impetus to act  

 ■ it cannot be tackled adequately without the cooperation of many 
actors at varying geographic scales

 ■ any proposed solutions may have complex effects that, in time, 
create further problems

Why do we talk about wicked problems?
The ‘wicked problems’ concept is useful because it encourages critical 
thinking about the complexity of a growing number of contemporary 
challenges for policymakers. At a global scale, these include climate 
change, the world’s dependence on fossil fuels and new forms of 
political extremism. 

Wicked problems arise in local ‘place’ contexts too. A proposed 
land-use change may affect so many different user groups that a cost–
benefit analysis cannot reach a conclusion. The issue quickly becomes 
a many-headed hydra: as soon as one planning objection is dealt with, two more 
take its place. 

In part, the rise of wicked problems can be seen as a side-effect of world 
development and the global diffusion of wealth, education and democracy.  

Wicked problems
How can society live with complexity? Wicked problems are important  

to all geographers, including A-level students

everybody’s talking about… updates

Figure 1 Elements of a wicked problem 
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issues, recognising both the contributions and 
limitations of geography

All three points relate clearly to wicked 
problems which, as we have seen, are 
characterised by multi-causal complexity 
and insolvability.

There’s no right solution for a 
wicked problem
As Figure 1 shows, a wicked problem has, 
by definition, no clearly visible solution. 

A-level subject criteria explicitly require 
that students:

 ■ can recognise and be able to analyse 
the complexity of people–environment 
interactions at all geographical scales

 ■ gain understanding of the concepts of 
causality, systems, feedback, interdependence, 
mitigation and adaptation, sustainability, risk, 
resilience and thresholds 

 ■ apply geographical knowledge and 
understanding to geographical questions and 

A growing number of places are now home 
to well-informed citizens who enjoy the 
political freedom to express different 
viewpoints about issues which they perceive 
as a threat to their continued wellbeing. 
In each case, the resulting discourse can 
become too complex to pick apart (Box 1).  

Wicked problems in A-level 
geography
Wicked problems arise in the study of all 
subjects, particularly at the border between 
society and science (for example, ethical 
dilemmas arise in biology and physics over 
cloning or nuclear technology). Geography’s 
focus on multi-scale people–environment 
interactions means that its curriculum 
includes many wicked problems (Table 1). 
There are no easy answers to the following 
kinds of questions:

 ■ Should local objections to a new wind farm 
be ignored, given the importance of renewable 
energy for mitigating global climate change? 

 ■ Is the sacrif ice of a small land area 
acceptable if the resulting reservoir can provide 
millions of people with water security? 

 ■ Should indigenous people be free to hunt 
endangered species in wilderness areas?

Geography courses and decision-making 
exercises do, of course, already require 
students to engage with wicked problems 
such as these, including ‘Geographical 
debates’ (OCR), ‘Challenges of the twenty-
first century’ (Eduqas) and ‘Geographic 
possibilities’ (IB). The 2016 geography 

Box 1 Complexity and 
complex systems 

Complex systems have so many connected 
elements that it becomes hard for us to fully 
understand their functioning or predict with 
certainty how they may change in the future. 
Complex systems do not operate randomly, 
however. Any lack of predictability is, instead, 
the result of multiple causes and effects 
giving rise to non-linear behaviour, such as 
positive feedback effects. 

Many natural systems are inherently 
complex. A meandering stream and the 
global atmospheric system are both 
dynamic, complex systems (despite their 
difference in scale).

A complex problem is different from a 
complicated one:
• Designing a new skyscraper is a 
complicated task undertaken by structural 
engineers.
• The decision to grant or deny permission 
for it to be built is a complex issue requiring a 
range of stakeholders to reach a consensus. 

Table 1 Wicked problems in geography (at varying scales)

Global Fossil-fuel 
burning

At some point in the future, global oil production will peak before 
declining. But when? Climate-change science insists fossil-fuel 
use should be abandoned to limit climate change. This conflicts 
with the interests of energy companies and oil-producing nations. 
Figure 2 shows a complex nexus of interrelated political, economic, 
physical and technological factors underpinning this wicked 
problem

Fragile 
or failed 
states 

Millions of people have died or been affected by conflict in 
Democratic Republic of the Congo (DRC). Interlinked causes include 
valuable natural resources, weak state borders, population growth, 
ethnic rivalry, corrupt or ineffective governance and armed militia 
groups. The US government’s Dodd-Frank Act is a law which made 
it illegal for companies to make use of ‘conflict minerals’ from this 
fragile state. Companies responded by avoiding minerals from 
DRC altogether, including legitimate supplies. As a result, poverty 
and instability have worsened in parts of DRC. A well-intentioned 
‘solution’ is now part of an enduring wicked problem

Local

Local 
authority 
services

Wicked problems sometimes arise in local authority decision-
making, including such diverse areas as policing, library funding, 
traffic control and waste management strategies. This is due to 
the complex and uncertain ways in which changes in the delivery 
of one public service can impact on other services, citizens and 
businesses, in both the short and long term
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Wicked problems therefore demand that 
we use adaptable solutions. Management 
decisions may need to be modified or 
abandoned in favour of new approaches 
if new information comes to light (and 
a deeper understanding is gained of the 
problem’s complexity). Sometimes, a policy 
‘U-turn’ is a symptom of strong — not weak 
— management. Ongoing adaptation may 
be the best way for society to learn to live 
with complexity. 

Questions for discussion
1 What other wicked problems are there in 
geography? Choose an issue that has not been 
mentioned in this column, and explain why 
you think it could be a wicked problem.
2 What other examples can you think of 
to help highlight the difference between a 
complex problem and a complicated problem?

may even mean that the ‘solution’ actually 
exacerbates the original problem or creates 
new ones. Table 1 includes an example of 
this: in Democratic Republic of the Congo 
(DRC), action taken to tackle the initial 
problem triggered unforeseen feedback 
between elements of the system. This led to 
the emergence of new difficulties.

Stakeholders are forced instead to choose from 
a number of responses, each of which is only 
partly effective. Sometimes, the ‘best’ decision 
is really the ‘least poor’ option. Whatever 
choice is made, it can be accompanied by 
uncertainty and the risk of unforeseen 
consequences. Complex interdependency 
among the different elements of the challenge 

Dr Simon Oakes is a geography, 
humanities and assessment consultant, 
and a senior examiner in geography, 
citizenship and law. He can be contacted 
at geography@btinternet.com
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Figure 2 Factors influencing future fossil-fuel use

Local issues such as libraries can 
be part of bigger funding issues 
which are wicked problems
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Figure 1 shows that accessibility to 
health services is related to demand (patient 
characteristics), supply (service characteristics) 
and transportation issues, and that these three 
components are interlinked. From Figure 1, you 
can see that the definition of geographical 
accessibility for a community then depends 
heavily on the characteristics of the population. 

Working out who needs access
Defining the population group that may want 
to access a service is important as it affects 
both the supply and the demand. Age, income 
level and health status, for example, all have 
an impact. In rural areas, there is typically a 
higher proportion of elderly residents so this 
creates demand for health centres. In contrast, 
residents of a city centre may be mainly young 
professionals with few health problems and 
less demand for health centres. So we might 

If a health service is to succeed it is 
important to understand how accessible 
its resources, such as GP services and 

hospitals, are for the population. In the past, 
studies on the accessibility of health services 
attempted to assess flows in terms of physical 
access, in other words how easy or difficult it 
was for a person to travel to a health service. 
But it is also important to consider other types 
of accessibility:

 ■ f inancial accessibility (is the service 
expensive?)

 ■ availability (are the opening hours 
appropriate?)

 ■ geographical accessibility
Accessibi l it y to health ser v ices is 

therefore also about the characteristics of 
the people wishing to access a service and 
the characteristics of the place that they are 
trying to access.

    Accessibility to 
health services
Assessing population patterns 

Karyn Morrissey

Source: Moseley (1979)

Figure 1 Components of accessibility

think about the characteristics of individuals 
as being defined by:

 ■ age: retired, adult, child etc.
 ■ employment status : unemployed, 

employed, job seeker etc.
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groups need to access health services 
more frequently than those in higher 
socioeconomic groups. At the same time, 
factors such as the ability to afford access 
to a doctor or losing pay by taking a sick 
day, or the ability to get time off work, 
may impact on whether an individual 
accesses a health service. Individuals 
working in lower-paid jobs may find the 
opportunity cost, for example the wages 
lost by taking time off work to visit a 
health service, particularly high. 

So although individuals in lower 
socioeconomic groups may require 
higher levels of healthcare services, this 
does not necessarily mean that they have 
the ability to access them. 

Gender and health
Women are more likely than men to 
access health services, given similar 

levels of health needs. This may be because of 
cultural norms, such as men wanting to appear 
strong, or because men see the opportunity 
cost of accessing a health service as too high. 
It is interesting to note that married men 
are more likely to use health services than 
single men. When measuring accessibility, 
we need to understand how different social 
and cultural norms impact on the decision 
to access a health service. 

Calculation of accessibility 
measures
This section outlines a number of methods 
for calculating accessibility measures. The 
simplest methods of measuring accessibility 
are based on container measures (the count 
of GPs within a given geographical area) or 
coverage measures (the number of GPs 
within a given distance from a point of origin).

 ■ cultural factors: ethnicity, foreign 
national etc.

 ■ responsibilities: care-giver, lone parent, 
stay-at-home parent etc.

 ■ mobility level: car owner, public-transport 
user, lacking mobility etc.

It may be obvious that as people get older, 
they are likely to require increased access to 
health services. The impact of factors such as 
income, education, marital status, gender and 
culture on health-service needs and whether 
health services are accessed can be less clear. 

Socioeconomic status and health
The relat ionship between health and 
socioeconomic status is well documented. 
Individuals with lower socioeconomic status 
(defined, for example, by income, occupation 
or education) have poorer health outcomes. 
This means that people in lower socioeconomic 

Providing adequate 
healthcare to a population 
means understanding 
patterns of need and 
patterns of access to 
healthcare resources such 
as GP surgeries. This article 
explains how accessibility 
can be researched and how 
GIS is a useful tool

For a presentation showing 
how to access data on health in 
the UK go to:  
www.hoddereducation.co.uk/
geographyreviewextras

GeographyReviewExtras

The container approach
A simple container approach to accessibility 
analysis is called the regional availability 
approach. This is usually calculated as the 
ratio of population to a service provider in a 
fixed area or the ratio of a certain age-group/
socioeconomic class to a provider in a fixed 
area. Advantages of using a container method to 
estimate accessibility are that it is easy to use and 
can take into account non-spatial attributes, 
such as age and socioeconomic status. 

Buffer zone  Area around an object of 
research interest, such as a hospital. We 
might hypothesise that people in an urban 
area will use GP services up to 2 km away 
whereas in a rural area people may be 
willing to travel 8 km to access a GP.

Geographical Information System (GIS) A 
computer-based system designed to capture, 
store, manipulate, analyse, manage and 
present all types of spatial or geographical 
data. Examples of GIS computer programs 
include Mapinfo, ArcGIS and QGIS. 

Non-spatial attributes  Characteristics 
of people that are not about their physical 
location, for example age, gender or income. 

Opportunity cost  The cost of any choice 
in terms of the next best alternative 
foregone. For example, the opportunity cost 
of deciding not to work an extra 10 hours 
a week is the lost wages. If you are being 
paid £7 per hour to work at the local 
supermarket, you might lose over £50 of 
income by taking a day off work.

Spatial attributes  Characteristics of 
people related to location, for example 
where they live, whether they live in a rural 
or an urban area. 

Glossary 

Elderly people 
make more 
use of health 
services
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Source: Morrissey et al (2008)

Figure 2 Map showing accessibility to GP practices in County Galway. The areas shown 
on the map are census enumeration districts

Issues with catchment areas
Defining a catchment area provides an 
understanding of the geographical and 
demographic boundary from which a facility 
(for example a doctor’s surgery) draws its users. 
However, in the UK there are no formally 
defined catchment areas for health services. 
Individuals can, to some extent, choose which 
health-service provider they visit. A large 
hospital, specialising in many different health 
services, will draw patients from all over the 
UK. The lack of geographically self-contained 
catchment areas for health services means that 
container measures of accessibility cannot 
fully capture who uses which services. Thus 
a container approach may not be the most 
appropriate way to measure health-service 
accessibility in an area. 

Because container measures are so useful, 
some researchers use a modified container 
measure — a floating catchment area approach 
(FCA) — in a Geographical Information 
System (GIS). Instead of using a predefined 
catchment area, such as postcode area, buffer 
zones of varying sizes are created around 
service providers. The buffer zones are meant 
to represent the distance an individual would 
travel for varying levels of healthcare. Again, 
spatially disaggregated population data and 
geo-coded service provider data are required. 

However, what one person considers a 
‘reasonable travel distance’ is hugely subjective 
and depends on age, income, mobility status, 
location (urban vs rural) and the level of 
service they are receiving at the service point. 

Visualising accessibility 
measures
GIS helps with the difficult task of analysing 
accessibility across space by combining 
and processing complex information from 

A large hospital, such as the 
John Radcliffe in Oxford, 
will draw people from a 
wide catchment area
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• Success of a health service depends on its 
accessibility.
• Accessibility includes factors other than 
physical location.
• It is necessary to understand the 
characteristics of a population in order to 
deliver accessible healthcare.
• GIS can be used to assess accessibility 
measures and present the results in 
map form.

Key points 

multiple sources. The results are displayed in 
a map format. There are two main ways service 
provision is modelled in GIS:

 ■ mapping service provision in an area, 
region or country

 ■ modelling accessibility to each service 
using accessibility indicators

The researcher can use visualisation tools 
to present their results for policy analysis 
and evaluation. Maps can be used to display 
the location patterns of health services, to 
provide information on where residents 
live in relation to service facilities, and to 
visualise the spatial match between service 
needs and resources. 

For example, Figure 2 uses GIS to provide 
a map of accessibility to GP practices in 
County Galway, west Ireland. The darker 
colours indicate areas with higher access 
to GP services given a person’s healthcare 
needs. Healthcare needs for this example 
were based on an individual ’s gender, 
age, income, education level and marital 
status.  Researchers have found that 
mapping accessibility to key services has 
significant advantages over analysis based 
on population data alone. It means the 
impacts of policies adopted by planners and 
policy-makers to increase accessibility can 
be clearly seen. 

Conclusion
Accessibility analysis is used in a variety of 
disciplines beyond geography, particularly 
transport, healthcare and retail studies. Policy 
makers are beginning to use accessibility 
analysis in their decision-making for issues 
including:

 ■ assessing overall levels of expenditure 
and its distribution with regard to service 
provision (who gets what?)

 ■ setting national and regional targets for 
improving equal access to services

 ■ analysing local and regional need for 
services

 ■ examining the impact of locating a new 
service or relocating an existing service 

The aim of this article was to introduce the 
concept of accessibility and how individual-
level characteristics, such as age, gender, 
socioeconomic position and cultural norms, 
can influence demand for a particular service. 
GIS can allow this information to be presented 
in a visual way. 

Points for discussion
1 What factors affect access to healthcare in 
your local area?  
2 Which of these factors are spatial and 
which are non-spatial?  

3 How do you think the relative importance 
of these factors might change over the next 
50 years? 
4 How this might impact upon planning for 
the provision of healthcare services?
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progress of the MDGs. As the MDGs came to 
a close it became clear that countries in the 
developing world were not equipped to cope 
with the huge expansion of their education 
systems. The 2016 Global Education Monitoring 
Report (GEMR) argues that education is the 
essential starting point for achieving other 
SDG goals by 2030 (Box 1). The report 
highlights serious challenges in improving 
education for all. 

development update updates

T he target date for the eight Millennium 
Development Goals (MDGs) was 2015, 
and their record of achievement was 

mixed. There was good news for the most 
prominent goal, MDG 2: ensure that all 
children have access to primary education. 
Significant progress in enrolment was made 
in countries such as Ethiopia and Tanzania, 
mainly by abolishing school fees. Less 
progress was made in countries such as 
Nigeria and Pakistan where political issues 
(ethnic conflict, weak democracy and political 
corruption) had an impact.  

Why don’t children go to school?
There are still 58 million children in the 
developing world who are not enrolled in 
school because they:

 ■ live in poverty or in a conflict zone
 ■ belong to a marginalised social group
 ■ live in countries where there is a lack of 

political will to provide education for all 

Forty-three per cent of these ‘out of school’ 
children will never go to school because of 
hidden costs such as transport, learning 
materials and school uniforms, or a pressing 
need in some households for children to work. 
Orphaned children are also at risk of never 
attending school.  

Non-completion of schooling is also 
common. The number of working children 
fell from 139 million in 2000 to 73 million in 
2012, but it is hard to convince chronically poor 
families to make education a priority. People with 
traditional social attitudes may resist change even 
when laws on inheritance and gender equality 
are introduced. In rural and urban areas, early 
marriage and pregnancy usually stops education 
for girls, and boys leave school early because 
household poverty means they have to work.

New UN goals
The 17 new Sustainable Development Goals 
(SDGs) aim to build and expand on the 

      Why  
    do children 
  miss out 
on school?
Quality education for all has been a UN goal since 2000. This 
Development Update considers the progress so far, the reasons 
why children miss out on school and the key actions required to 
make education equitable on a global scale

Box 1
Why education is necessary

Education can:
• help people live sustainably
• improve employment and reduce 
inequality
• empower women
• improve health, nutrition, sanitation and 
use of energy
• enable people to participate in their local 
communities
• reduce ignorance, intolerance and the 
risk of conflict

Reading from the 
blackboard in a refugee 
camp in Pakistan. Education 
is critically important for 
displaced children
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poor schools, often state funded, and good 
schools, often private, which attract better-
qualified teachers as well as more wealthy 
students. Private education has doubled in 
many countries as families see cash-strapped 
state schools staffed by disillusioned teachers 
on low pay. Low status and poor salaries 
discourage potentially able teachers. Given 
the enthusiasm with which children in the 
developing world attend schools, teachers 
need to be confident, imaginative and well 
qualif ied, working in classes which are 
properly resourced, and in education systems 
which are equitable, well-managed and free 
from corruption.

School facilities
Schools need proper facilities: 

 ■ separate and secure toilets for girls and 
boys

 ■ hygienic cooking areas for school meals
 ■ adequate buildings without the corrugated 

roofs which are so noisy in the rains that 
pupils are sent home

School feeding programmes are important, 
especially in encouraging girls to stay at school 
all day, every day. Children and young people 
need to be safe in schools: free from violence, 
intimidation, discrimination and intolerance, 
from older pupils and some teachers.

All governments supported one of the 
fundamental commitments of the SDGs: to 
‘leave no one behind’. This means providing 
primary, secondary, ter tiary and adult 
education to help the 78 million adults who 
have missed out on learning to read and count. 
While SDG 4 aims for inclusive and equitable 
quality education, and maintains the pressure 
to increase primary-school enrolment, getting 
people to enrol in school on its own is not 
enough. The GEMR identifies a number of key 
actions necessary to improve the quality of 
education in schools. 

Key education actions
Language

We now understand the benefits to primary 
children of being able to learn in their native 
language. Although it may be desirable for 
people to learn the national language, such 
as Swahili, Hindi or English, governments 
need to encourage primary education in the 
‘mother tongue’ so that no young learners are 
left behind.

Quality of teaching
The quality of teaching must be improved in 
many countries to make it worthwhile children 
attending school. There is a big gap between 

Gill Miller is senior lecturer and 
programme leader for international 
development studies, Department of 
Geography and Development Studies at 
the University of Chester.

Global Partnership for Education:  
www.globalpartnership.org/education 

UN Sustainable Development Goals:  
https://sustainabledevelopment.un. 
org/sdgs

Global Education Monitoring Report 2016: 
www.tinyurl.com/zbeftqm 

Education for All 2000–2015: Achievements 
and Challenges: www.tinyurl.com/p3l5ffq 

Further reading Further reading

Relevant curriculum
Education must be relevant for all learners. 
The legacy of European, and especially 
British, colonial education can still be seen 
in many countries, where the curriculum is 
not appropriate. There is an urgent need to 
set relevant national curricula appropriate for 
young people in rural and urban communities. 
Teacher training is vital to enable pupils to 
develop knowledge and skills.  

Access to education
Conflict and humanitarian crises have a 
serious impact on education. Children may 
be forced into armed violence or exploited 
in sexual slavery. Teachers flee for their own 
safety. School buildings may be destroyed. 

When people are displaced or forced to 
f lee violence, they lose their communities 
and children lose their schools. Migrants 
have an uncertain legal status and there is 
unequal access to education especially for 
poor and marginalised people. There is an 
urgent need to make schooling available in 
camps and areas receiving migrants. This can 
provide some normality and sense of hope to 
displaced children. 

Conclusion
These priorities make for a long list, but illustrate 
the point that primary-school enrolment is just 
the beginning of the process to achieve SDG 4. 
We need more young people to continue into, 
and complete, secondary and tertiary education. 
The challenge for the global community is to 
persuade governments to prioritise education 
in their budgets, to the tune of at least 4% of 
GDP, and spread resources more equally. Once 
the commitment to lifelong learning is clear, 
progress on the other 16 SDGs is more likely.

The global education report card reads: 
Good so far, but must try harder.

Eating lunch at a school in the Democratic 
Republic of Congo. School meals enable 
children to spend more time at school
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The circular economy is one possible 
response to the challenges posed 
by a g row ing populat ion and 

consumer pressure on natural resources. 
Circular-economy thinking relies on the 
important geographical concepts of systems, 
sustainability and interdependence.

Limits to growth
Climate change, along with water, food 
and energy insecurity, poses a risk to the 
existence of humanity. The Earth’s fixed and 
sometimes finite stock of natural resources is 
being depleted in wasteful ways by a global 
population which continues to grow in size 
and affluence. The pessimism of the 1970s 
‘limits to growth’ model is grounded in views 
such as these (Figure 1). It shows population, 
industrial output and pollution ramping 
upwards as natural resources dwindle. This 
catastrophic scenario leads ultimately to a 
population ‘crash’. 

Some people fear this projection could 
still be accurate. Plastic production, for 
example, is predicted to double worldwide 
by 2025. Yet only 8% of all plastic is recycled 
currently (while some sea life chokes on 
the remainder). Can anything really be 
done to mitigate against accelerating use 
of throwaway plastic and other materials? 
The conventional wisdom of the past 
suggested that contraception (fewer people) 
and austerity (buying fewer goods) might 
limit growth. Neither of these are realistic 
fixes, however. Increased longevity has 
meant that world population continues 
to grow even as fertility falls. Meanwhile, 
consumption rises in line with successful 
poverty reduction. 

A better solution is clearly needed. 
Advocates of the circular economy believe 
they have found it.

Circular thinking
The circular economy aims to nurture both 
ecological and economic health in order to 
promote truly sustainable development. It 
is a far bolder vision than either increased 
recycling or improved efficiency in using 
primary resources and fossil fuels (which 
just delays the inevitable exhaustion of finite 
reserves). Its philosophy derives from the 
study of natural systems (such as ecosystems, 
or the water and carbon cycles). 

The circular economy
What is meant by the circular economy and how might this approach provide sustainability?

everybody’s talking about… updates

Resources
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Figure 1 The dire predictions of the limits to growth model

Alloy car wheels 
awaiting recycling
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Figure 2 portrays the circular economy as biological and technical 
cycles operating in tandem. This ‘cradle to cradle’ framework was designed 
by architect William McDonough and chemist Michael Braungart. The 
key aim is to progress beyond current linear, wasteful economic systems 
and to ultimately ‘design out’ waste altogether. Box 1 outlines the main 
elements of contrasting linear and circular systems. 

Since 2010, the Ellen MacArthur Foundation has actively promoted 
the circular economy concept and in 2015 the European Commission 
submitted a Circular Economy Package to the European Parliament. 
Circular economy concepts have been successfully applied at a small 
scale since the 1990s (for instance, in ‘industrial ecosystem’ parks such 
as the Kalundborg Symbiosis in Denmark).

Box 1 
Different types of economic system

A linear economy flows in a single direction. Natural resources 
including oil, minerals and food move through the system as 
they are manufactured into consumer goods. This often involves 
linked supply-chain stages, with waste created and value added 
at each step. At the end of this, when goods are sold, ownership 
passes from producer to consumer. This includes responsibility 
for waste disposal when the product is used up or breaks. Under 
capitalism, economies are expected to grow, always moving 
towards increased output and profit. This is likely to exhaust 
resources and create a growing amount of waste.

In a circular economy, outputs are reprocessed and all waste is 
viewed as a resource. Reuse may be more efficient than recycling 
— cleaning and reusing a bottle could be faster and cheaper than 
recycling the glass or making a new bottle. Vehicles, plastics and 
buildings are all designed with a view to dismantling them and 
reusing parts later: this is called closing the loop. Food is managed 
more carefully at all stages of the supply chain and waste is 
composted. New jobs are created in developing and implementing 
technology. Natural-resource stocks are maintained, benefiting 
both our environment and society.

A circular economy may be easier to reach if people 
rent or share goods instead of buying them. This way, the 
manufacturer retains ownership of the product (and the 
resources it contains) and responsibility for waste. Companies 
are encouraged to innovate more creative and cost-effective 
ways of recycling and reusing. 

Source: Ellen MacArthur Foundation

Figure 2 The twin biological and technical loops of the circular economy
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For the circular economy to succeed in 
the future, supermarkets and charities must 
work together. Can you think of a way in 
which they could reduce waste while also 
minimising health risks?

Reasons to be optimistic?
Pessimists might view circular economy 
thinking as ‘too little, too late’. They 
may point despairingly towards the vast 
quantities of resources and waste associated 
with China’s production of half the world’s 
aluminium, steel and cement. Yet China 
increasingly leads the way in promoting 
renewable energy and in setting targets 
for reusing waste. Unlike neoliberal 
governments, Chinese leaders are often 
quick to impose legislation to accelerate 
changes. According to the journal Nature, 
China’s goal is a circular economy.

Closer to home, we see socio-technical 
changes which both support and are 
shaped by circular thinking. Longer-lasting 
products such as graphene are being used 
in manufacturing. Nexus thinking is at the 
forefront of many designers’ minds. Some 
scientists hope to develop edible plastic, 
for instance. The fast-maturing technology 
of driverless cars could play a key role in 
moving us towards product rental rather 
than ownership. Finally, sociologists have 
observed that many millennials participate 
willingly in a ‘sharing economy’ and are 
committed to sustainable development 
goals. This generation is now part of the 
political decision-making process. 

Optimists may therefore conclude that 
the technological, economic and — perhaps 
more importantly — political building 
blocks for a circular economy are already 
in place.

The 2015 United Nations Sustainable 
Development Goals (SDGs) include a 
commitment to reduce waste in food 
systems globally. 

To achieve c ircular economy 
goals, companies everywhere must 
design products which last longer 
and/or make greater use of recycled 
materials. Yet if costs rise and profits 
fall, where is the incentive? For 
example, current low oil prices mean 
that new plastic has become less 
expensive than recycling used plastic, 
which takes a lot of water, energy and 
effort. The circular economy may not 
succeed if neoliberal beliefs prevent 

governments from intervening strategically 
in markets. It may be a long time before oil 
prices fall, for instance. If that is the case, 
then governments will need to take action 
to promote recycling (instead of assuming 
that businesses and civil society will adopt 
circular economy principles voluntarily).

The food supply-chain challenge
Implementing a circular economy for food 
could be difficult because of the complex way 
sustainability goals intersect with health and 
safety requirements. Over time, shoppers 
have grown accustomed to food labelling 
showing whether a product remains fresh 
(‘best before’ date) or risk free (‘use before’ 
date). Supermarket waste food which has 
passed its ‘use by’ date cannot be donated 
legally to food banks (because of risks such 
as salmonella), while some charities reject 
food which has passed its ‘best before’ date 
for health and ethical reasons. 

The challenge ahead
Steps towards implementing circular-
economy principles have already been 
taken at varying geographic scales (Table 1). 

Table 1 Examples of the application of circular economy principles at varying scales

Scale Examples

Global 
governance

The SDG target is to halve food waste worldwide by 2030. The EU has 
committed to this target
The EU already has long-standing ‘circular’ legislation in place: the 2003 
Directive on Waste Electrical and Electronic Equipment (WEEE Directive) led to 
collection schemes in which consumers return their WEEE, such as fridges, to 
the manufacturer free of charge

National 
targets

The US Department of Agriculture and Environmental Protection Agency has set 
a national food waste reduction goal (matching the UN’s global goal)
France and Italy have taken steps to make it illegal for supermarkets to throw 
out unsold food, requiring that they donate it to charities, or animal feed and 
composting companies

Local 
initiatives

Suzhou New District, near Shanghai in China, is home to 4,000 manufacturing 
firms, many of which have interlinked their operations and become 
interdependent. Manufacturers of printed circuit boards use copper that is 
recovered from waste generated by other companies in the park (rather than 
using virgin copper produced by mining firms elsewhere)

Graphene  An exceptionally light, strong 
form of carbon which conducts electricity 
and heat and can be used in structural and 
electrical devices.

Millennials  People who reached young 
adulthood around the year 2000.

Neoliberal  A political/economic ideology 
that favours free-market capitalism.

Nexus thinking  Recognising the link 
between supplying resources of food, 
water and energy, and the environmental 
implications of all three.

Glossary 

Nature special report: www.nature.com/
news/the-circular-economy-1.19594

The European Union’s Circular Economy 
Package: www.tinyurl.com/mrgoa47

Exploring the ‘cradle to cradle’ principle: 
www.cradletocradle.com/

How market forces threaten recycling: 
www.tinyurl.com/jmoedkb

Further reading Further reading
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contacted at geography@btinternet.com

The ‘use by’ date poses a challenge for 
circular food-waste management
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Giant icebergs and  
the carbon cycle
Giant icebergs calving from 
Antarctica’s ice shelves have 
an impact on both carbon 
storage and albedo in the 
Southern Ocean. This article 
explains why, and what the 
impact might be for climate 
change. It is relevant for topics 
on cold environments, the 
carbon cycle and the oceans

We think of icebergs as a sign of a 
pristine environment. They are 
white in colour and made of ice 

formed over millennia from compacted snow. 
But all icebergs carry debris. As they move, 
steered by ocean currents, they leave a trail of 
material in the water and on the sea floor. This 
debris contains nutrients and trace elements 
that are important for plant growth. In this 
plume of meltwater and debris spreading from 
an iceberg, phytoplankton are stimulated to 
grow and multiply. 

The phytoplankton absorb carbon dioxide 
(CO2) from the atmosphere, in the process 
of photosynthesis. This carbon is deposited 
on the sea f loor in the bodies and excreta 
of phytoplankton and the organisms that 
depend on the plankton for food. Icebergs are 
therefore a little-considered component of the 
global carbon cycle, helping move carbon, as 
carbon dioxide, between the atmosphere and 
ocean (Figure 1).

How does debris get into  
an iceberg?
Some atmospheric dust falls with snow on 
to a glacier, and there is some life in the 
extreme environments inside the ice and on 
its surface (see Further reading). Apart from 
this, most debris in glacier ice, and so icebergs, 
comes from erosion of the underlying and 
surrounding rocks as the glacier ice slowly 
moves towards the sea. This can come from:

 ■ the ice gouging sediment from the surface 
over which it flows

Grant Bigg

Small animals
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Net iceberg 
movement

Biological
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<2 km

<10–30 m

50–300 m

Mixed layer

Net current
�ow

Nutrient upwelling

Biodetritus
and bacteria

Figure 1 A schematic of the ecosystem in and around a typical iceberg

GeogRev30_4 print.indd   37 01/03/2017   3:02 pm



38 Geography Review  April 2017

 ■ the merging of lateral moraines brought 
into the main ice stream from subsidiary 
glaciers

 ■ landslides from surrounding mountains 
on to the ice surface

As the glacier ice takes hundreds or 
thousands of years to reach the sea, debris 
will be found throughout the ice thickness but 
tends to be concentrated towards the base of the 
glacier. Where glaciers reach the coast, calving 
takes place and debris is carried out to sea in 
icebergs. It is released to the ocean on melting.

Antarctic icebergs and the 
carbon cycle
Icebergs from Antarctica are particularly 
important for the iceberg component of the 
carbon cycle because of their frequency, their 
size, and because of the special state of the 
Southern Ocean.

The Southern Ocean is a vast region, 
extending from the southern edges of Africa, 
Australia and South America all the way to the 
Antarctic continent. It is a circumpolar ocean, 
stretching across all longitudes. At its narrowest, 
at Drake Passage south of South America, it is 
around 1,000 km wide, but south of the other 
continents its width is closer to 4,000 km. 

Thus, most of the Southern Ocean is a long 
way from land. This means that the important 
trace elements needed for phytoplankton cell 
growth, such as iron (Fe) from erosion on land, 
are present at very low concentrations across 
much of the Southern Ocean. Most of the global 
ocean is supplied with these trace elements 
through transport and deposition of windblown 
dust, particularly from deserts. In the Southern 
Ocean the prevailing winds are westerly, so little 
dust from southern-hemisphere deserts reaches 
this vast area (Figure 2).

The atmosphere over the Southern Ocean 
is well known for being stormy, and the strong 
winds tend to stir up the ocean, mixing deeper, 
nutrient-rich waters with water nearer the 
surface. The upper levels of the Southern Ocean 
therefore have high levels of the nitrate and 
phosphate nutrients that the phytoplankton 

Desert areas

Prevailing winds

Figure 2 Desert areas of the southern hemisphere, and prevailing winds

An iceberg off the island 
of South Georgia, in the 
South Atlantic. It shows 
distinct sediment stripes

Giant iceberg B31 soon after calving 
from Pine Island Glacier in West 
Antarctic, November 2013
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from London to York. The large volume of 
meltwater from such giant icebergs spreads 
in a plume that can influence phytoplankton 
populations for up to 1,000 km, raising the 
levels of chlorophyll above background levels 
by a factor of ten for several hundred kilometres 
(Figure 3). In some circumstances the plumes 
can extend both ahead and behind the 
iceberg, with surface meltwater carried ahead 
of the iceberg in the stronger surface current, 
leaving material in its wake that can impact on 
phytoplankton production for over a month.

It is difficult and dangerous to sample the 
ocean near icebergs. Fragments of the iceberg 
may break off at any time, their direction 
of travel can be difficult to determine, and 
large underwater ice spears can prevent 
close approach. So there has not been much 
quantification of the impact of icebergs on 
the sub-surface downwards carbon flux. Based 
on the small amount of data available, the 
typical number of a few dozen giant icebergs 
in the Southern Ocean at any one time, and 
the presence of sunlight for half a year at best, 
it is possible to estimate that approximately 
0.01–0.04 Gt (billion tonnes) of carbon are 
exported to the deep ocean every year through 
enhancement of phytoplankton production 
by giant icebergs. 

This may not sound a lot, but, it is 10–20% 
of the estimated entire carbon export to 
Southern Ocean from any cause, biological or 
physical, according to the 2013 International 
Panel on Climate Change (IPCC) report. This 
new estimate of the impact of giant icebergs 
on carbon export leads to a higher figure for 
deep ocean storage. It means that more carbon 
is being taken out of the atmosphere and stored 
in the ocean than we thought. This is good 
from the point of view of climate change (see 
the article on pp. 2–5) but the net effect is small. 
It can be thought of as providing a slowing by 
about 5% of the current rate of increase in 
atmospheric carbon dioxide of 2 ppm per year.

need to make up their physical mass. However, 
the low levels of iron mean that it is hard for 
phytoplankton growth to occur. The Southern 
Ocean is therefore known as a high-nutrient 
low-chlorophyll (HNLC) region (see Box 1).

Icebergs are a source of these trace 
elements, and can reach as far north as 45°S 
before melting. On average approximately 
1,500 km3 of ice is calved into the Southern 
Ocean each year, producing icebergs ranging 
in size from a few tens of metres in length 
to hundreds of kilometres on occasion. 
The largest, known as giant icebergs (see 
Box 2), are particularly important catalysts 

Box 1 Chlorophyll

Chlorophyll is the name of several closely 
related green pigment chemicals found in 
plants, including phytoplankton. Chlorophyll 
is critical for photosynthesis, which 
allows plants to absorb energy from light. 
Chlorophyll absorbs sunlight strongly in the 
blue and red parts of the solar spectrum, 
but reflects strongly in the green, so plant 
leaves and phytoplankton appear green. 
Ocean colour satellite instruments are able to 
measure the strength of the reflected green 
light wavelengths, giving an indication of the 
concentration of chlorophyll (see Figure 3).

for phytoplankton production through trace-
element release (such as iron). This is because 
they can survive for years, contain enormous 
quantities of debris, and have extensive 
meltwater plumes that mix up more nutrients 
from deeper in the ocean (Figure 1).

Giant icebergs and the carbon 
cycle impact
A typical giant iceberg is 20–30 km in length, 
similar to an island about the size of Singapore, 
but they can be much bigger. In 2000 iceberg 
B15 calved from the Ross Ice Shelf, and was 
over 290 km in length, similar to the distance 

Figure 3 Chlorophyll concentration on 12 January 2013 from the MODIS Aqua satellite. 
Giant iceberg C16 is visible in the centre of the image, with plumes of raised chlorophyll 
extending both ahead and behind the iceberg, which was moving eastwards at the time

Phytoplankton in the 
Southern Ocean
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Figure 4 Sectors of Antarctica used in giant iceberg naming

Box 2 Giant iceberg 
naming convention

The US National Ice Center uses a naming 
convention for icebergs greater than 
10 nautical miles (18 km) in any one 
dimension. The name depends on the sector 
of Antarctica from which the iceberg calved 
(see Figure 4). The iceberg retains its label 
even if it drifts into another sector, and if 
it fractures into two or more pieces above 
the length threshold then these are given 
secondary labels. Thus, the Pine Island 
iceberg was the 31st giant iceberg to be 
calved from sector B, essentially West 
Antarctica, since regular observation from 
satellite became possible in the early 1990s. 
If it splits into two substantial pieces then 
these will be labelled B31a and B31b. These 
giant icebergs cease to be monitored once 
they are not sighted for 30 days, or when 
their size drops below the threshold.

The future?
Giant icebergs calve infrequently from 
Antarctic ice shelves. Many ice shelves calve 
only every 5–15 years. We have reliable records 
of giant iceberg numbers and locations from 
satellites only since 1992, which is not a 
long enough record to know whether giant 
iceberg calving has increased in recent years, 
in response to global warming. However, 
from measurements of the surface height of 

the Antarctic ice sheet over that time we do 
know that the mean annual movement of ice 
from the inland ice sheet into the floating ice 
shelves fringing the continent has increased 
by 50%. So the potential for an increase in 
giant iceberg calving exists, even if it may not 
yet have started.

An increase in giant iceberg calving in the 
future would lead to increased Southern Ocean 
phytoplankton production, and so more export 

of carbon into the deep ocean. However, this 
will always have a small impact on the rise in 
carbon dioxide in the atmosphere. 

There is, however, another impact of giant 
iceberg calving on climate change. Melting of 
the icebergs leads to a greater flow of fresh 
water into the surface of the Southern Ocean. 
This dilutes the salt in the ocean, which raises 
the freezing point of sea water, so allowing 
the production of sea ice to occur at higher 
temperatures than would otherwise happen. 
This may be one reason why sea-ice cover in 
the Southern Ocean has been retained in 
recent decades, compared to the rapid loss 
that has been occurring in the Arctic. Keeping 
more sea-ice cover over the Southern Ocean 
keeps the Earth’s reflectivity to solar radiation, 

Sea-ice cover 
in the Antarctic 
increases albedo
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or albedo, high. Open water absorbs more 
sunlight than sea ice.

So global warming producing more 
melting of ice sheets, and a greater movement 
of ice into the Southern Ocean, leads to two 
processes that have the potential to slow down 
climate change. However, both are minor 
and will not offset the impact from rising 
greenhouse gas emissions.

Questions for discussion
1 How do icebergs fertilise the ocean?
2 Where, geographically, do you think their 
impact is likely to be strongest?

For more information on the global carbon 
cycle go to: www.tinyurl.com/zkxdgea

For more information on current giant 
iceberg positions go to: www.tinyurl.com/
hm6jjpf

For more information on sea ice in 
polar regions go to: https://nsidc.org/
arcticseaicenews/

For a fascinating article about life on and 
in glaciers: Irvine-Fynn, T. et al. (2015) ‘Is 
there life on glaciers? Glacier ecosystems 
and their impacts,’ GEOGRAPHY REVIEW Vol. 28, 
No. 3, pp. 38–41.

For an explanation of positive and negative 
feedback see GEOGRAPHY REVIEW Vol. 30,  
No. 3, pp. 27–29.

Further reading Further reading

• Icebergs calving from glaciers and ice 
shelves contain debris from erosion that 
acts as a fertiliser for the ocean, enhancing 
growth of phytoplankton.
• Several dozen giant icebergs exist in the 
Southern Ocean at any one time, enhancing 
phytoplankton growth in a plume many 
times the size of the iceberg.
• Detritus from this phytoplankton, and the 
other marine species that feed on it, sinks 
to the sea floor, acting as a carbon store.
• The net climate effect of giant icebergs in 
the future is likely to be as a slight negative 
feedback on global warming.

Key points 

Grant Bigg is a professor of earth 
system science in the Department 
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of Sheffield, lecturing in physical 
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many aspects of marine climate change, 
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Desalination and  
water security
In 2013 Israel opened the largest sea-water desalination plant in the 

world. Located next to the Mediterranean Sea, about 15 km south 
of Tel Aviv, the Sorek desalination facility now supplies almost a 

third of Israel’s water — about 624,000 m3 per day. This is roughly 
equivalent to three times the mean discharge of the Amazon. 

This state-of-the-art ‘water factory’ employs several technological 
advances including high-volume pumping and innovative membrane 
filter stacks. Israel is now a major exporter of desalination technology. 
The Israeli government has also focused attention on managing 
water demand across agriculture, industry and domestic use. It has 
successfully introduced water-conservation education, encouraging 
widespread use of drip irrigation and recycling. Israel now reuses 80% 
of its waste water — the highest proportion of any country. Careful 
pricing of water has been an important tool driving greater water 
efficiency in the home.

Desalination is not a problem-free solution as it has potentially 
harmful environmental impacts. It consumes a lot of energy and 
the highly saline waste waters it returns to the Mediterranean Sea 
can damage marine habitats. In the last decade, however, Israel has 
moved from a state of acute water deficit to one of significant surplus. 
Desalination has played a key role, but careful management of water 
demand is an essential part of the long-term national water strategy. 
Other countries in the arid lands of the Middle East have taken note. 
Israel’s water surplus now gives it an important strategic advantage in 
making alliances and bolstering its influence in the region.

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