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Introduction 

This book has been written to help you while you 
study for your geography !GCSE. The examples 
and case studies in the book arc from around the 
world. Geography is about people and places and we 
hope that you will use your own home area as much 
as possible to add to the material in this book. We 
would encourage you also to keep up to date with 
geographical events - one way is through listening 
to the news or reading about events in newspapers 
or on the Internet. Geography is happening every 
day, everywhere and examiners love to read about 
new developments - so think about your own 
geographical location and new geographical events. 

This book has been written to follow closely 
the !GCSE specification. It includes a number 
of activities to help you succeed with the written 
assessment and guidance for your coursework. Below 
are details of the exams and assessment that you will 
experience. Be prepared - knowing what to expect 
will help you succeed in your exams. Make sure 
you also use your teachers' experience - they are an 
excellent resource waiting to be tapped. Good luck 
and enjoy your geographical studies. 

• Assessment 
Scheme of assessment 
All candidates will take Paper 1, Paper 2 and either 
Paper 3 or Paper 4. 

Papers 1, 2 and 4 will consist of combined question 
papers and answer booklets where candidates answer 
in the spaces provided. 

Paper 1 ( 1 hour 45 minutes ) Candidates will be 
required to answer three questions (3 x 25 marks). 
They will choose one question out of two on each 
theme. Questions will be structured with gradients of 
difficulty, will be resource-based and involve problem 
solving and free response writing. This paper will 
mainly be concerned with Assessment Objectives 
I, 2, and 3, Knowledge with understanding, Skills 
and analysis, and Judgement and decision making. 
45% of total marks. 

Paper 2 ( 1 hour 30 minutes) (60 marks ) 
Candidates answer all the questions. The paper is 
based on testing the interpretation and analysis of 
geographical information, decision making and the 
application of graphical and other techniques as 
appropriate. The questions will not require specific 
information about places but will require the use of 
a I :25 000 or I :50000 topographical map and will 
include a fi1ll key. 27.5% of total marks. 

Either 
Paper 3, Coursework (School-based 

assessment). Teachers set one school-based 
assignment ofup to 2000 words. (60 marks ) 

Or 
Paper 4, Alternative to Coursework ( 1 hour 

30 minutes) (60 marks ) Candidates answer two 
compulsory questions, completing a series of written 
tasks based on the three themes: 

1 Population and Settlement 
2 The Natural Environment 
3 Economic Development 

The questions involve an appreciation of a range of 
techniques used in fieldwork studies. 27.5% of total 
marks. 

e IGCSE Geography 
Revision CD Rom 

The accompanying C D Rom provides invaluable 
revision materials and self-testing. 

• Definitions of all key terms are provided. 
• Topic summaries are provided, enabling quick 

revision of a topic. 
• Multiple choice, mix and match and true or false 

interactive questions are provided to test yourself 
on key terms and geographic information. 

• Images include selected artwork and photos to help 
you with your studies and project work. 

Paul Guinness 
Garrett Nagle 
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Population dynamics 
Migration 
Population structure 
Population density and distribution 
Settlements and service provision 
Urban settlements 
Urbanisation 



People from around the world watching the Olympic Games in 
London, 2012 

Key questions 
• How rapidly has the world's population increased? 
• What are the reasons for such a rapid increase in the 

world's population? 
• What are the causes of a change in population size? 
• What are the reasons for contrasting rates of natural 

population change? 
• What are the causes and consequences of over

population and under-population? 
• How effective are population policies in achieving their 

objectives? / 

• The rapid increase in 
the world's population 

During most of the early period in which humankind 
first evolved, global population was very low, reaching 
perhaps some 125000 people a million years ago. 
Ten thousand years ago, when people first began 
to domesticate animals and cultivate crops, world 
population was no more than 5 million. Known as the 
Neolithic Revolution, this period of economic change 
significantly altered the relationship between people 
and their environments. But even then the average 
annual growth rate was less than 0.1 per cent per year. 

However, as a result of technological advance 
the carrying capacity of the land improved and 
population increased. The carrying capacity is 
the largest population that the resources of a 
given environment can support. By 3500 BCE, global 
population reached 30 million and by 2000 years ago, 
this had risen to about 250 million (Figure I ). 
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Figure1 World population growth 

Figure 2 World population growth by each billion 

Table 1 World population clock, 2012 

Natural World Mo~ Less less developed 
increase developed developed countries(excl. 
per .. countries countries China) 

Year 84303942 1752056 82571886 76103575 
Day 230970 4745 226224 208503 
Minute 160 157 145 

Demographers (people who study human 
populations) estimate that world population 
reached 500 million by about 1650. From this time 
population grew at an increasing rate. By 1800 
global population had doubled to reach one billion. 
Figure 2 shows the time taken for each subsequent 
billion to be reached, with the global total reaching 
7 billion in 20 11. It had taken only 12 years for 
world population to increase from 6 to 7 billion, the 



same timespan required for the previous billion to be 
added. It has been estimated that world population 
will reach 8 billion in 2023. 
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The rapid increase in the world's population 

Table I shows population change in 2012, with J 
a global population increase of 84.3 million in that ;g 
year. This is the result of 140.5 million births and 

) 

Loss 
developed 
countries 

56.2 million deaths. The bulk of this population 
increase is in the developing countries. When the 
number of births exceeds the number of deaths 
world population increases. The greater the gap' 
between the number of births and deaths the 
greater the population increase. The vcr/rapid 
growth of the world's population over the last 
60 years or so, illustrated by Figures I and 2 , is 
the result of the largest ever difference between 
the number of births and deaths in the world as 
a who le! 

Recent demographic change 
Figure 3 shows that both total population and the 
rate of population growth arc much higher in the 
less developed world than in the more developed 
world. The fastest rate of growth is taking place in 
the least developed countries, which is the poorest 
sub-section of the less developed world. However, 
only since the Second World War has population 
growth in the poor countries overtaken that in the 
rich. The rich countries had their period of high 
population growth in the nineteenth and early 
twentieth centuries, while for the less developed 
countries rapid population growth has occurred 
since about 1950. 

The highest ever global population growth 
rate was reached in the early to mid 1960s when 
population growth in the less developed world 
peaked at 2.4 per cent a year. At this time the 
term population explosion was widely used to 
describe this rapid population growth. But by the 
late 1990s the rate of global population growth was 
down to 1.8 per cent and by 2012 it had reduced 
fi1rthcr to 1.2 per cent. H owever, even though the 
rate of growth has been falling for three decades, 
demographic momentum means that the number 
of people added each year remains very high. 
This is because there arc so many women in the 
child-bearing age range. 

More developed countries 

~950 1970 1990 2010 2030 2050 
Year 

Figure 3 Population growth in more and less developed countries, 
1950- 2050 

The demographic transformation, which took 
a century to complete in the developed world , 
has occurred in a single generation in some less 
developed countries. Fertility has dropped further 
and faster than most demographers predicted 20 
or 30 years ago. Except in Africa, where in around 
25 countries families of at least five children are 
the average and population growth is still over 
2.5 per cent per year, birth rates are now declining in 
virtually every country. According to the Population 
Reference Bureau: 'Developed countries as a whole 
will experience little or no population growth in 
this century, and much of that growth will be from 
immigration from less developed countries.' 

Table 2 shows the ten largest countries in 
the world in population size in 2012, and their 
population projections for 2050. In 2012, China 
and India togetl1er accounted for 37 per cent of the 
world's population. The USA is a long way behind, 
in third place. While three developed countries were 
in the top ten in 2012, only one, the USA, is in the 
forecast for 2050. 

Interesting note 
The Population Reference Bureau estimates that 
throughout the history of human population about 
108 billion people have li ved on Earth. This means 
that about 6.5 per cent of a ll people ever born are 
a li ve today! 

• 



1.1 POPULATION DYNAMICS 

Table 2 The world's ten largest countries in terms of population, 2012 
and 2050 

2012 2050 

Popu lation Population 
Country (milli ons) Country (m ill ions) 

China 1350 India 1691 

India 1260 China 1311 

USA 314 USA 423 

Indonesia 241 Nigeria 402 

Brazil 194 Pakistan 314 

Pakistan 180 Indonesia 309 

Nigeria 170 Bangladesh 226 

Bam;ladesh 1S3 Brazil 213 

Russia 143 Congo, Dern. Rep. 194 

Jaoan 128 Ethic ia 166 

Activities 
1 With the help of Fi gures 1 and 2, briefl y describe the 

growth of human popu lat ion overt ime. 
2 Define the term ca rrying capacity. 
3 Comment o n the info rmat ion shown in Table 1. 
4 Loo k at Figure 3. Desc ribe th e d ifferences in 

popu latio n growth and projected growth in more 
developed and less developed countries between 1950 
and 2050. 

5 Loo k at Ta ble 2: 
a Sh ow th e data fo r 2012 on an out lin e map of th e 

world. 
b Briefl y describe th e changes that are fo recast to 

occur by 2050. 

• The causes of a change 
in population size 

The birth rate is defined as the number of births per 
thousand population in a year. If the birth rate of a 
country is 20/ 1000 (20 per 1000), this means that 
on average fo r every 1000 people in this country 
20 births will occur in a year. The death rate is the 
number of deaths per thousa nd population in a year. 
If the death rate fo r the same country is 8/1000, 
it means that on average fo r every 1 OOO people 
8 deaths will occur. T he difference between the birth 
rate and the death rate is the rate of natural change. 
lfit is positive it is termed natural increase. !fit is 
negati ve it is known as natural decrease. In the case 
given above there is a natu ral increase of 12/ 1 OOO 
(20/ 1000 - 8/1000). This is the current rate of 
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natural increase fo r the world as a whole - look at 
the birth and death rates given in Table 3. The rate 
of natural change may also be shown as a percentage, 
so in this example 12/ 1000 is equi valent to 1.2 per 
cent. Table 3 shows how much birth and death rates 
vary by world region. 

Table 3 Birth and death rates 2012 

Reg ion Birthrate Death rate 

World 20 

More developed world 11 10 

Less develooed world 22 

Africa 36 11 

Asia 18 

LatinAmericat'Caribbean 19 

North America 13 

Oceania 18 

Europe 11 11 

Population change in a country is affected by (a) the 
difference between births and deaths (natural change) 
and (b) the balance between immigration and 
emigration (net migration). O n Figure 4 the dividing 
line indicates that the relative contributions of natural 
change and net migration can vary over time. For 
most countries natu ral change is a more important 
factor in population change than net migration. 

Births Immigrants 

Deaths Emigrants 

Figure4 lnput-outputmodelofpopulationchange 

The immigration rate is the number of immigrants 
per thousand population entering a receiving country 
in a year. The emigration rate is the number of 
emigrants per thousa nd population leaving a country 
of origin in a year. The rate of net migration is 
the difference between the rates of immigration 
and emigration. Figure 5 shows some simple 
demographic calculations fo r the imaginary island 
of Pacifica . 



Population change during the year: 
Births: 150 Deaths: 60 

Emigra nts:1 0 

Rates of change based on data above 
Bi rth rate: 30/1000 Death rate : 1211000 

Figure 5 Pacificadiagramandcalculations 

Activities 
1 Define (a) the birth rate (b) the death rate (c) the rate 

of natural change. 
2 What is net migration? 
3 Look at Table 3. Calculate the rate of natural change 

for each region. 
4 Look at Figure 5. Imag ine that the popu lation of the 

island at the beginning of the year was 4000 rather 
than 5000. Calculate the rates of change for this new 
starting population figure. 

• The demographic 
transition model 

The demographic transition model helps to explain 
the causes of a change in population size. Although 
the populations of no two countries have changed in 
exactly the same way, some broad generalisations can 
be made about population growth since the middle 
of the eighteenth century. These trends arc illustrated 
by the demographic transition model (Figure 6). 
A model is a simplification of reality, helping us to 
understand the most important aspects ofa process . 
Demographic transition is the historical shift of 
birth and death rates from high to low levels in a 
population. 

No country as a whole retains the characteristics 
of stage 1, which only applies to the most remote 
societies on Earth, such as isolated tribes in New 
Guinea and the Amazon basin. All the developed 
countries of the world are now in stage 4 or 
stage 5. The poorest of the developing countries 

The demographic transition model 

are in stage 2. Most developing countries that have 
undergone significant social and economic advances 
are in stage 3, while some of the newly industrialised 
countries such as South Korea and Taiwan have 
entered stage 4. Stage 5, natural decrease , is mainly 
confined to eastern and southern Europe at present. 
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Figure6 The demographic transition model 

• The High Stationary Stage (stage 1 ): The birth 
rate is high and stable while the death rate is high 
and fluctuating due to famine, disease and war at 
particular times. Population growth is very slow 
and there may be periods of considerable decline. 
In fant mortality is high and life expectancy low. A 
high proportion of the population is under the age 
of 15. Society is pre-industrial with most people 
living in rural areas, dependent on subsistence 
agriculture. 

• The Early Expanding Stage (stage 2): The death 
rate declines to levels never before experienced. 
The birth rate remains at its previous level because 
the social norms governing fertility take time to 
change. As the gap between the two vital rates 
widens, the rate of natural change increases to a 
peak at the end of this stage. The infant mortality 
rate falls and life expectancy increases. The 
proportion of the population under 15 increases. 
The main reasons for the decline in the death 
rate arc: better nutrition; improved public health 
particularly in terms of clean water supply and 
efficient sewerage systems; and medical advances. 
Considerable rural-to-urban migration occurs 
during this stage. 

• The Late Expanding St'lge (stage 3): After a 
period of time social norms adjust to the lower 
level of mortality and the birth rate begins to 

• 



1.1 POPULATION DYNAMICS 

decline. Urbanisation generally slows and the 
average age increases. Li fe expectancy continues to 

increase and infant mortality to decrease. Countries 
in this stage usually experience lower dea th rates 
than nati o ns in the final stage due to their relatively 
young po pulation strucrurcs. 

• The Low Stationary Stage (stage 4): Bo th birth 
and death rates arc low. The former is generally 
slightly higher, flu ctuating somewhat due to 

changing economic conditions. Population growth 
is slow. Death rates rise slightly as the average 
age of the population increases. However, life 
expectancy still improves as age-specific mortality 
rates continue to fa ll. 

• The Natural Decrease Stage (stage 5 ): In a limited 
but increasing number of countri es, mainly European, 
the birth rate has fallen below the death rate. In the 
absence of net migration inflows these populations 
are declining. Examples of natural decrease include 
Germany, Belarus, Bulgaria and Ukraine. 

Figure 7 Young people at a popular meet ing place in Ulaanbaatar, 
Mongolia . The country is in Stage 3 of demographic transition. 

Contrasts in demograph ic t ra nsition 
There are a number o f important differences in 
the way that developing countri es have undergo ne 
population change compared with the experi ences 
o f most developed nations before them. In the 
developing world : 

• birth rates in stages l and 2 were generally higher 
• the death rate fe ll much more steeply 
• some countri es had much larger base populations 

and thus the impact of high growth in stage 2 and 
the early part of stage 3 has been much grea ter 

0 

• fo r those countries in stage 3 the fall in fe rtili ty has 
also been steeper 

• the relationship between population change and 
economic development has been much weaker. 

Activities 
1 What is a geog raphi ca l model (such as the mode l of 

demog raphi c t ransition)? 
2 Expl ain th e reasons fo r dec lining mortality in stage 2. 
3 Why does it take some t ime befo re fertility fo ll ows the 

fall in morta lity? 
4 Su ggest why t he birth rate is lower th an the death 

rate in some countri es (stage 5)? 
5 How has demographic transiti on differed in th e mo re 

deve loped world and th e less deve loped world? 

• Reasons for contrasting 
rates of population 
change 

Populati on change is governed by three factors: 
fertili ty, mortali ty and migrati on. This section 
examines the influences on fertili ty and mor tality, 
whil e migration is covered in more detail in 
Topic 1.2 . 

The fa ctors affecting fe rtility 

Fig ure 8 A school group visiting a 2000-year-old Roman site in Turkey 

The most common measure of fe rtility is the birth 
rate, but other more detail ed measures are used at a 
more advanced level of srudy. One of these measures 
is the total fertility rate, whi ch is illustrated in 
Figures 10 and I I. 1l1e total fertili ty rate is the average 



num ber of children a women has during her lifetime. 
Table 4 shows the countri es with the highest and 
lowest total fe rtility rates in 201 2. 

Table 4 Countries with the highest and lowest fertility rates, 2012 

Total Total 
Hi qhest f ert ili tvrate Low est fert ili tvrate 

Niger 7.1 Taiwan 1.1 

Somalia 6.4 Latvia 1.1 

Burundi 6.4 Singapore 1.2 

Mali 6.3 Bosnia-Herzeaovina 1.2 

Angola 6.3 South Korea 1.2 

Congo, Dern.Rep 6.3 Hungary 1.2 

Zambia 6.3 Moldova 1.3 

Afghanistan 6.2 Poland 1.3 

Uaanda 6.2 Romania 1.3 

Burkina Faso 6.0 Portual 1.3 

The factors affecting fertili ty can be grouped into 
four categori es: 

• Demographic: O ther population factors, 
particularly mortali ty (death ) rates, influence 
fertility. Where infant mortali ty is high, it is usual 
fo r many children to die before reaching adult life. 
In such societies, parents often have many children 
to compensate fo r these expected deaths. Th e 
infant mortality rate is the number of deaths of 
children under one year of age per thousa nd live 
births per year. ln 2012 , the in fant mortality rate 
fo r the world as a whole was 4 1/ 1000, ranging 
from 5/ 1000 in Europe to 67 / 1000 in Africa. It 
is not just coincidence that the continent with the 
lowest fe rtility is Europe and the continent with 
the hi ghest fe rtility is Africa. The infant mortality 
rate is generally regarded as a prime indicator of 
socio-economic progress. Over the world as a 
whole in fant mortality has declined sharply during 
the last half century. 

• Social/cultural: In some societies, parti cularly 
in Africa, tradition demands high rates of 
reproduction. Here the opinion of women in 
the reproductive years may have little influence 
weighed against intense cultural expectati ons. 
Education, especially female literacy, is the key to 
lower fertility (Figures 9 and 10). With educa tion 
comes a knowledge of birth control, greater social 
awareness, more opJX)rtuni ty fo r employment and a 
wider cho ice of action generally. In some countries 
religion is an im JX)r tant facto r. For example, the 
Muslim and Roman Catholi c religions oppose 
artificial birth control. Most countri es that have 

Reasons for contrasting rates of population change 

population poli cies have been trying to reduce their 
fe rtili ty by investing in birth control programmes. 

• Economic: Fertili ty rates tend to be highest in the 
world 's least developed countries (Figure 11 ). In 
many of the least developed countri es children arc 
seen as an economic asset because of the work they 
do, often on very small fa rms, and also because of 
the support they arc expected to give their parents 
in old age. In many poor countries there is little or 
no government support fo r elderly people. In the 
developed world the general perception is reversed 
and the cost of the child dependency years is a 
major factor in the decision to begin or extend a 
famil y. Economic growth all ows greater spending 
on health , housing, nutrition and education, 
which is important in lowering mortali ty and 
in turn reducing fe rtili ty. Government statistics 
publi shed in the U K in 20 l O showed that people 
were getting marri ed five years later than a decade 
before, with couples in the UK now typically in 
their mid-30s when getting married. Many other 
countri es have fo llowed this trend. In general an 
increase in the average age of marriage leads to a 
fall in the birth rate. 

• Politica l: There arc many examples in the past 
ccnrnry of governments attempting to change 
the rate of population growth for economic 
and strategic reasons. During the late 1930s 
Germany, Italy and Japan all offered inducements 
and concessions to those with large families. In 
more recent years Malaysia has adopted a similar 
JXJ!icy. However, today, most governments that 
try to change fertili ty want to reduce population 
growth , although some countries such as Russia arc 
concerned about their populati ons declining because 
the birth rate has fallen below the death rate. 

Extending education 
opportunities 

Lower population 
growth 

Increasing prosperity 

Figure9 Education and development 
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Figure 10 A comparison between female secondary education and total 
fert ility rates 
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Figure 11 Total ferti lity rates in industrial, less developed and least 
developed countries, 1950- 2010 

Factors affecti ng morta lity 
Life expectancy at birth is the average number 
o f years a newborn infant can expect to live under 
current mortali ty levels. In 1900 the world average 
for li fe expectancy is estimated to have been abo ut 
30 years but by 1950- 55 it had risen to 46 years. By 
1980- 85 it had reached a fractio n under 60 years and 
is presently 70 years, with men living to an average 
of 68 years and women averaging 72 years (Table 5 ). 
H owever, the glo bal average masks significant 
differences by world region. The highest li fe 
expectancy of 79 years is in North Ameri ca, while the 
lowest of5 8 years is in Afri ca. Individual countri es 
show an even wider range with the highest figure of 
84 years fo r both genders combined being recorded 
in San Marino, just ahead of Japan, C hina and 
H ong Kong at 83 years. The lowest life expectancy, 
according to the 2012 World Population Data Sheet, 

• 

was in Sierra Leone at 47 years. Nine other countries 
had a li fe expectancy below 50 . All are in sub-Saharan 
Africa apart fro m Afghanistan. 

The twentieth cenniry fu ll in mortality was 
particularly marked after the Second World War which 
had provided a tremendous impetus fo r research into 
tropical diseases. Rates oflife expectancy at birth 
have converged significantly between rich and poor 
countries over the past 50 years in spite of a widening 
wealth gap. However, it must not be fo rgotten that 
the ravages of AIDS in particular have caused recent 
decreases in life expectancy in some countries. 

Figure 12 Graveyard dating from the eighteenth century in the Cotswolds, 
UK. Inscriptions show that life expectancy in the UK was very low then. 

Tables Life expectancy at birth, 2012 

Reg ion Both genders Males Females 

World 70 68 72 

More developed w orld 78 75 81 

Less develooed world 68 66 70 

Africa 58 56 59 

Asia 70 68 72 

LatinAmericat'Caribbean 74 71 77 

North America 79 76 81 

Oceania 77 75 79 

Eurooe 77 73 80 

The causes of death vary significantly between the 
developed and developing worlds (Figure 13 ). Apart 
fro m the chall enges of the physical environment in 
many developing countri es, a ra nge of social and 
economic facto rs contribute to the hi gh rates of 
in fec tious diseases. These incl ud e: 

• pover ty 
• poor access to healthcare 



• antibiotic resistance 
• changing human migration patterns 
• new infectious agents . 

When people live in overcrowded and insanitary 
conditions, communicable diseases such as 
rnberculosis and cholera can spread rapidly. Limited 
access to healthcare and medicines means that 
o therwise treatable conditions such as malari a and 
rn berculosis are often fatal to poor people. Poor 
nutrition and defi cient immune systems are also 
key ri sk factors fo r several big killers such as lower 
respira tory in fec tions, tuberculosis and measles . 

.~. World Health W" Organization 

What are the main differences between rich and poor 
countries w ith respect to causes of death? 

Onl ineQ&A 
30April 2012 

Q: What are the main d ifferences between rich and poor countries 
withrespectto causes ofdeath? 

A : In high-income countries almost 50% of the deaths are among 
adults 80 and over.Theleading causesofdeatharechronic diseases: 
cardiovasculardisease, chron ic obstruct ive lungdisease, cancers, 
diabetesordementia.Lunginfection remains theonly leading 
infectious cause of death. 

lnmiddle-income countries,chronicdiseasesarethemajorkillers, 
justasthey areinhigh-income countries.Unlike inhigh-income 
countries, however, HIV/AIDS, tuberculosis and road traffic accidents 
alsoareleadingcausesofdeath. 

In low-income countries around 40% of all deaths are among 
childrenundertheage of14.Althoughcardiovasculardiseases 
togetherrepresenttheleadingcauseof death inthesecountries, 
infectiousdiseases(aboveallHII//AIDS, lowerrespiratory infection, 
tuberculosis, diarrhoealdiseases andmalaria)togetherclaimmore 
lives.Compl icationsofpregnancy and childbirthtogethercontinue 
tobealeadingcauseofdeath,claimingthelives ofboth infants 
and mothers. 

Figure 13 World Health Organization - What are the main differences 
between rich and poor countries with respect to causes of death? 

Activities 
1 Discuss three factors that cause the birth rate to vary 

from one part of the world to another. 
2 Describe the relationship shown in Figure 10 between 

the total fertility rate and the percentage of girls 
enrolled in secondary school. 

3 Compare the changes in total fertility rates between 
the three groups of countries shown in Figure 11. 

4 Describe and explain the variations in life expectancy 
at birth shown in Table 5. 

5 What are the main differences in the causes of death 
between countries at different levels of economic 
development (Figure 13)? 

Reasons for contrasting rates of population change 

The current demographic divide 
Although average population growth has slowed 
globally, the range of demographic experi ence has 
actually widened. Growth rates have remained 
high in many countri es while they have fallen 
steeply in others. These diverging trends have 
created a demographic divide between countries 
where population growth remains high and those 
with very slow-growing, stagnant or declining 
populations. International migration is now the 
most unpredictable factor. For example, in the UK 
the birth rate has risen recently due to high levels of 
immigration. 

Four groups of countri es can be recognised in terms 
of projected population change to 2050 (Figure 14): 

• Countries tlut are projected to decline in population 
between 2005 and 2050. Less than 15 per cent of 
the world 's population lives in such countri es, which 
include Russia, Germany, Japan and Italy. 

• Slow population growth countries, which will increase 
their populations by 25 per cent at most by 2050. 
China is the most important country in this group. 

• Medium population growth countries, which 
include the USA, Bangladesh, Brazil and India. 
For example, the USA is projected to increase its 
population by 42 per cent between 2005 and 2050. 

• High population growth countries, which 
accounted fo r only 8 per cent of world population 
in 2005. Except fo r a few oil exporting countri es, 
nearly all of the hi gh population growth countries 
are in the UN 's list of\east developed countri es . 
Many are in Afri ca, but the list also includes 
Afghanistan , Guatemala and Haiti. 
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1.1 POPULATION DYNAMICS 

Increasing mortality due to HIV/AIDS 
Although in general mortality continues to fall 
around the world, in some countries it is rising. 
HN /AIDS is the major reason for such increases 
in mortality. However, the global battle against 
AIDS is showing significant signs of success. In 
20 11 , 1. 7 million people died from AIDS-related 
causes worldwide - which was 24 per cent fewer 
deaths than in 2005. According to UNA IDS in 
20 12 , 

• sub-Saharan Africa remains the region most 
affected, with nearly 1 in every 20 adults living 
with HIV 

• sub-Saharan Africa accounts for 69 per cent of all 
people living with HIV 

• the number of AIDS-related deaths declined by 
nearly one-third in sub-Saharan Africa between 
2005 and 20 11 

• worldwide, 2.5 million people became newly 
infected with HIV in 2011 

• not all world regions have witnessed a decline in 
HIV infections - since 200 I , the number of people 
newly infected in the Middle East and North Africa 
increased by more than 35 per cent. 

e The impact of HIV/AIDS 
• Labour supply - the economically active population 

reduces as more people fall sick and are unable to 
work . This can have a severe impact on development. In 
the worst affected countries the epidemic has al ready 
reversed many of the development ach ievements 
of recent decades. In agricu lture, food security is 
threatened as there are fewer people able to farm and 
to pass on their sk ill s. 

• Dependency ratio - those who contract HIV are mainly in 
the econom ically active population. An increasing death 
rate in this age group increases the dependency ratio. 

• Family - AIDS is impoverish ing entire families and 
many ch ildren and old people have to take on the role 
of carers. Adult deaths, especia lly of parents, often 
causes households to be dissolved. The large number 

Activities 
1 With reference to Figure 14, explain what you 

understand by the term 'demograph ic divide'. 
2 What are the factors responsible for such high 

prevalence rates of HIV/AIDS in southern Africa? 
3 How does HIV/AIDS affect commun ities where 

prevalence rates are high? 

Figure 15 World AIDS Day is recognised all over the world 

The epidemic has been particularly concentrated in 
southern Africa. The factors responsible for such high 
rates include: 

• poverty and social instability that result in family 
disruption 

• high levels of other sexually transmitted infections 
• the low status of women 
• sexual violence 
• high mobility, which is mainly linked to migratory 

labour systems 
• ineffective leadership during critical periods in the 

epidemic's spread. 

of orphaned ch ildren in some areas puts a consid erab le 
stra in on local commun iti es and on governments in 
developing countries. 

• Education - with limited investment in educat ion many 
young people are st ill unaware about how to avo id 
the risk of contracting HIV/AIDS. In add iti on there are 
a considerable number of teachers who have AIDS and 
are too ill to work. UNICEF has stressed how the loss of 
a significa nt number of teachers is a serious blow to the 
future development of low- income cou ntries. 

• Poverty - there is a vicious cyc le between AIDS and 
poverty. AIDS prevents development and increases the 
impact of poverty. Poverty worsens the AIDS situat ion 
due to econom ic burdens such as debt repayments and 
drug/medical costs. 

• Infant and child mortality - mortality rates increase as 
AIDS can be passed from mother to ch ild. 



Reasons for contrasting rates of population change 

(fuhiitffi@ Kenya - a country with a high rate of population growth 
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Figure 16 Overcrowding in Kibera - Nairobi 's and Africa's largest slum 0- 4 
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Kenya has a high rate of population growth (Figure 17). 
Between 1969 and 2009 the country's population increased 
more than threefold from 10.9 million to 38 .6 million. This Figure 18 Population pyramid for Kenya 

has been due to several factors: 

• A high number of births per woman : in 2009 the Kenyan 
average was 4.6 children per woman . This compares 
with the current global average of 2.4. 

• Falling death rates, particularly in infant mortality: in 
2012, the Population Reference Bureau estimated that 
infant mortality in Kenya had fallen to 47/1 OOO. This 
compares with the average for Africa as a whole of 
67/1000. 

• A steady and significant increase in life expectancy: in 
2012 life expectancy was 62 years in Kenya compared 
with 58 for Africa as a whole. 

Estimated year 

Figure 17 The growth in Kenya's population between 1969 and 2030 

Although Kenya's total fertility rate is falling, in line 
with most other African countries, even if it drops to the 
forecast of 3.7 children per woman by 2030 the population 
will still grow to 65.9 million (Figure 17). This will be almost 
six times the population in 1969. Such rapid population 
increase puts heavy pressure on a country's resources, 
particularly food, water, housing, health and education. 

An analysis of family planning in Kenya showed that: 

• women with more education have fewer children 
• fewer than one-half of births are attended by a skilled 

provider (doctor, nurse, midwife, etc.) 
• the poorest women have the highest unmet need for 

family planning 
• many adolescents have sex before age 15 
• birth spacing of at least two years has a big impact on 

child health and well-being . 

Kenya has a very high youth dependency ratio, with over 
40 per cent of the population under 15. Figure 18 shows 
that Kenya has a classic population pyramid for a country 
with a high population growth rate. A rapidly growing 
population results in a lower amount of land per capita 
available to farmers and their children . This is a major 
issue as about 70 per cent of the country's population live 
in rural areas. A recent survey showed that 67 per cent of 
farmers thought that the size of their land holding was 
not sufficient for their children . Young people who cannot 
find work on the land often migrate to urban areas. Such 
rural-to-urban migration is a significant phenomenon 
in Africa . However, although the economy is growing, 

• 



1.1 POPULATION DYNAMICS 

youth unemployment is a considerable problem as the 
rate of population increase is greater than the rate of job 
creation . The World Bank estimates that 50 per cent of 
Kenya's population will live in urban areas by 2033. 

Although the poverty rate fell from 47 per cent in 2005 
to 38 per cent in 2012, Kenya remains amongst the most 
unequal countries in Africa . While clear progress has been 
made in health, education, infrastructure and other aspects 
of society, a significant proportion of the population 
continue to live in fragile conditions with sub-standard 
access to water, sanitation and energy. The situation is 
particularly difficult in the north and north-east. 

Case study analysis 
1 Use the atlas map at the beginning of the book to 

describe the location of Kenya. 
2 Using Figure 17, produce a table to show population 

increase in Kenya between 1969 and 2030 . 
3 Study Figure 18 and describe the population structure 

of Kenya. Refer to the populations: (a) under 15 
(b) 15-64 (c) 65 and over. 

4 Briefly explain the reasons for Kenya's population 
structure. 

5 What are the problems associated with high 
population growth in Kenya? 

(fuhiitffi@ Population decline in Russia 

Figure 19 The trans-Siberian rai lway. Many communities in Asiatic 
Russia have declined in population 

In 2012, Russia's birth rate was 13/1000 while the country's 
death rate was 14/1000, giving a rate of natural change of 
-0.1 per cent. Such natural decrease is common in eastern 
Europe. Russia's population reached its highest level of almost 
148.7 million in 1991 (Figure 20 and Table 6), just before the 
break-up of the Soviet Union. Since then it has been mainly in 
decline, although very slight increases have been registered 
in some recent years. In 2012 the Russian population stood at 
143 million. With a population density of just over8km2, this is 
one of the most sparsely populated countries in the world. 
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Figure20 Russia's population, 1950--2013 

Table 6 Russia's population, 1991-2050 

Year Population (millions) 

1991 148.7 

2012 143.2 

2025 (estimate) 140.8 

2050 (estimate) 127.8 

The decline in Russia's population has been due to a 
combination of economic and social factors. Population 
decline or very slow growth has been due to: 

• low birth rates 
• high death rates, particularly among men 
• emigration . 

The change in recent decades from a communist centrally 
planned economy to a market economy has resulted in some 
people being much better off, while many other people 
struggle to make a reasonable living. Inequality has increased 
considerably in Russia, with unemployment and poverty being 
major concerns for many people. The cost of raising children is 
perceived to be high when both parents need to work to make 
ends meet. These circumstances have had a big impact on 
decisions to start a family and on decisions to extend a family. 

Education standards for women in Russia are high and 
thus women in general have the decisive say in decisions 
about family size. The use of contraception is high with 
80 per cent of married women aged 15-49 using various 
methods of contraception . 

The difference in life expectancy between men and 
women in Russia is considerable. In 2012 life expectancy for 
women was 75 years, but only 63 for men. This extremely 
low rate for men in a European country has been attributed 
to very high intakes of alcohol, the high incidence of 
smoking, pollution, poverty and the ravages of HIV/AIDS 
and other diseases. The high male death rate has resulted in 
there being 10.7 million more women than men in Russia. 

Population decline has had its greatest impact in rural 
areas with 8500 villages said to have been abandoned 
since 2002 . The cold northern regions of Russia have 
experienced the highest levels of depopulation. Such are 



the concerns of many Russians about the future that a 
sociological survey in June 2011 found that one-fifth of the 
Russian population are potential emigrants! 

In 2008 Russia began honouring families with four 
or more children w ith a Paternal Glory medal. The 
government has urged Russians to have more children, 
sometimes suggesting that it is a matter of public duty. 

Interesting note 
In 2012 worldw id e, fifteen countries had birth rates 
lower than their death rates, thus registering a natural 
decrease in population. Latvia and Serbia had the 
highest rates of natural decrease at-0.5% (-5/1000) . 

• Over-population and 
under-population 

The idea of optimum population has been mainly 
understood in an economic sense (Figure 21 ). 
At first, an increasing population allows for a fuller 
exploitation of a country's resource base, causing 
living standards to rise. However, beyond a certain 
level rising numbers place increasing pressure on 
resources and living standards begin to decline. The 
highest average living standards mark the optimum 
population. Before that population is reached, the 
country or region can be said to be under-populated. 
As the population rises beyond the optimum, the 
country or region can be said to be over-populated. 
In terms of the planet as a whole, there are many 
indications that human population is pushing up 
against the limits of the Earth's resources. For example: 

• One-quarter of the world's children have protein
energy malnutrition. 

• The long-term trend for grain production per 
person is fulling. 

Optimum population:-----!------~ 

Over-population and under-population 

Case study analysis 
1 Use the atlas map at the beginning of the book to 

describe the location of Russia. 
2 Describe the changes in Russia's population shown in 

Figure 20 and Table 6. 
3 Discuss the reasons for population decline in Russia. 

• About 40 per cent of agriculniral land is moderately 
degraded and 9 per cent is highly degraded. 

• Water scarcity already affects every continent and 4 
of every 10 people in the world. 

• A quarter of all fish stocks are overharvested. 
• There are concerns that global peak oil production 

will come as early as the next decade. 

Where an individual country is placed in terms of 
its relationship between population and resources is 
a matter of opinion. There may be a big difference 
in the views of people living in the same country. 
Such views can change over time, particularly with 
economic cycles. 

The Netherlands and the UK are two of the most 
densely populated countries in Europe. Not everyone 
in these countries thinks they are over-populated, but 
it does seem that an increasing number of people are 
of this opinion. In the UK, an organisation called the 
Optimum Population Trust states that 30 million is 
the optimum population for the country. At present 
the population of the UK is about 63 million. Signs 
of population pressure in both the UK and the 
Netherlands include: 

• intense competition for land 
• heavy traffic congestion 
• high house prices 
• high environmental impact of economic activity 
• pressure on water resources. 
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Two of the most sparsely populated developed 
countries in the world are Australia and Canada. 
Throughout the history of both countries the general 
view has been that they would benefit from higher 
populations. Tirns Australia and Canada have welcomed 
significant numbers of immigrants. However, in recent 
years, with an uncertain economic climate, both 
countries have been much more selective in terms of 
immigration. Although both countries arc very large in 
size, they have large areas of inhospitable landscape. 

In the developing world, China and Bangladesh 
are countries that many would view as over-

populated. The 'one child ' policy confirms the 
Chinese government view. Bangladesh has one of 
the highest population densities in the world and 
struggles to provide for many in its population. In 
contrast, Malaysia has been concerned that it was 
under-populated. In 1982, when that country's 
population was below 15 million, the government 
announced that the country should aim for an 
ultimate population of70 million. A range of benefits 
were put in place to encourage people to have larger 
families. 

Cff1¥J@@ Bangladesh - an over-populated country? 
'Spiraling population strains Bangladesh's sustainability.' ---------------~ 

OneWorld South Asia, April, 2009 
If small, largely urbanised countries such as Singapore and 

small island states such as the Maldives are not considered, 
then Bangladesh (Figure 22) has the highest population 
density in the world. At 1062 people per km2 its population 
density is about twenty times the global average. It compares 
with 383 per km2 in India and 141 per km2 in China - two 
countries that many people associate with over-population. 
Over-population cannot be judged by population density 
alone, but it is a useful starting point when considering the 
relationship between population and resources in a country. 

Figure22 Map of Bangladesh 

• 

Figure 23 Urban overcrowding in Bangladesh 

Bangladesh is a relatively small and resource-poor country 
with a land area of 147000km2. This compares with 
244000km2 in the UK. Yet the population of Bangladesh is 
153 million compared with 63 million in the UK. 

The lack of natural resources is a major factor in over
population in Bangladesh, as is rapid population growth . The 
current rate of natural increase in Bangladesh is 1.6 per cent. 
When Bangladesh became an independent country in 1971 
its population was about 75 million, just under half of the 
total today! The Population Reference Bureau estimates that 
the population of Bangladesh will rise to 183 million by 2025 
and 226 million by 2050. There is already intense competition 
for the available resources in Bangladesh. How will the 
country cope in the future when it is already experiencing 
large-scale poverty and so many other problems? 

Extremely high population pressure and the deprivation 
associated with it is characteristic of both rural and urban 
areas. Four-fifths of the population live in rural areas . 
The very small amount of cultivable land per person 
has resulted in a very high level of rural poverty. Most 
families have to survive on extremely small plots of land . 
This means that there is not enough work available for 
many people. About 40 per cent of the population is 
underemployed, working a limited number of hours a 



week at low wages. Underemployment is not just confined 
to the countryside, but affects urban areas too. 

The regular threat of cyclones and flooding makes this 
problem much worse. Eighty per cent of the country is 
situated on the floodplains of the Ganges, Brahmaputra, 
Meghna and those of several other minor rivers. Much 
of the country is close to sea level and about 40 per cent 
is regularly flooded during the monsoon season. Major 
floods can cause considerable loss of life and destroy vital 
infrastructure, often setting back development many years. 
Where possible, people move to higher land, increasing 
the already overcrowded nature of such areas. Major 
floods increase the level of rural-to-urban migration, 
with the majority of migrants heading for the capital city 
Dhaka. Other urban areas such as Chittagong, Khulna and 
Rajshahi are also growing in population at very rapid rates. 
Around 8000 hectares of cultivable land is lost every year 
due to urbanisation, industrialisation and the expansion 
of infrastructure. This is potential food production that 
Bangladesh can ill afford to lose. 

Living conditions in Dhaka and the other main urban 
areas are in a continuous state of deterioration. Many 
people lack basic amenities such as electricity and clean 
drinking water. Dhaka has become one of the most 
crowded cities in the world with a population density 
of 43 OOO per km2. This rapidly growing mega city was 

Over-population and under-population 

recently ranked as the least habitable city among 140 cities 
surveyed by the Economist Intelligence Unit. The 2012 
Human Development Index, which ranks all the countries 
of the world according to their quality of life, placed 
Bangladesh 146th in the world. 

Land is being lost to rising sea levels, a process 
associated with global warming . The United Nations 
Intergovernmental Panel on Climate Change has predicted 
that as sea levels rise, by 2050 about 35 million people 
from Bangladesh will cross the border into India in search 
of more secure living conditions . 

Poor governance and corruption have undoubtedly 
hindered development in Bangladesh. However, national 
and international efforts to improve the lives of the 
population have registered progress. For example, the 
World Bank noted in 2013 that the number of people in 
poverty in Bangladesh had fallen from 63 million in 2000 
to 47 million in 2010. The question is: can Bangladesh 
continue to reduce poverty in the future? 

Case study analysis 
1 Describe the geographical location of Bangladesh. 
2 How does the physical geography of the country make 

life difficult for its people? 
3 What evidence would you produce to support the 

statement that 'Bangladesh is an over-populated country'? 

tfuhiJffii@ Australia - an under-populated country? 

Figure24 Sydney,Australia 

Australia is generally regarded as an example of an 
under-populated country although there are some 
experts who would disagree because much of the interior 
of the country is so inhospitable. In the world's sixth 
largest country in land area, most of the population is 
concentrated in two widely separated coastal regions - the 
south-east and east, and the south-west (Figure 25) - and 
within these regions there is considerable concentration in 
urban areas. 
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Figure 25 Population density map of Australia 
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This country of continental size had a population of 
only 22 million people in 2012 (Table 7) . The population 
of Australia is forecast to rise to 26 million in 2025 and 
33 million by 2050. The current population density is only 
3 per km2, one of the lowest figures in the world . 

• 
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Table 7 Comparing Bangladesh and Australia 

Indicator Bangladesh Australia 

Population2012 153million 22million 

Population forecast 2025 183million 26million 

Populationdensity2012 1062km2 3km2 

Rate of natural change 2012 1.6% 0.7% 

Net migration rate2012 -3/1000 +8/1000 

Infant mortality rate 43/1000 411000 

Life expectancy 69years 82years 

%urban 25% 82% 

GNI PPP per capita (S) 1810 36910 

Australia is a resource-rich nation, exporting raw materials 
in demand on the global market all over the world . The 
country's major resources include coal, iron ore, copper, 
gold, natural gas and uranium. Australia also has great 
potential for renewable energy, particularly in terms of 
wind and solar power. Such an abundant resource base 
has attracted a high level of foreign direct investment. 
Countries that need to import large amounts of natural 
resources, such as China, Japan and Korea, have been 
major investors in Australia. The country has a well
developed infrastructure and a relatively highly skilled 
population which enjoys a generally high income. Australia 
exudes an image of an affluent outdoor lifestyle that 

• The effectiveness of 
population policies 

Population policy encompasses all of the 
measures taken by a government aimed at 
influencing population size, growth, distribution, 
or composition. Such policies may promote large 
families (pro-nat'llist policies ) or immigration to 
increase population size, or encourage fewer births 
(anti-natalist policies ) to reduce population growth. 
A population policy may also aim to modify the 
distribution of the population over the country by 
encouraging migration or by displacing populations. 

A significant number of governments have officially 
stated positions on the level of the national birth 
rate. However, forming an opinion on demographic 
issues is one thing, but establishing a policy to do 
something about it is much further along the line. 
Thus not all nations stating an opinion on population 
have gone as far as establishing a formal policy. 

Most countries that have tried to control fertility 
have sought to curtail it. In 1952 India became 

attracts potential migrants from many different countries. 
Australia was ranked second in the world (after Norway) 
according to the 2012 Human Development Index. 

Net migration is a good measure of how attractive 
a country is to people from other countries. While 
Bangladesh has negative net migration (Table 7), Australia 
has one of the highest positive net migration figures 
in the world . Australia's extremely high Gross National 
Income per capita is not just a major attraction to potential 
international migrants, it is also a useful statement of the 
opportunities available in the country and the relationship 
between population and resources. 

Another useful indicator of the population/resources 
relationship is unemployment. In 2012, Australia's 
unemployment rate was 5.2 per cent, a low figure by 
global standards. Unlike Bangladesh, underemployment 
is not a significant problem. Australia scores highly for 
virtually all measures of the quality of life, including health 
and education . Although Australia's population is highly 
concentrated in certain areas, there are undoubtedly more 
genuine opportunities for population increase here than in 
most other parts of the world . 

Case study analysis 
1 Describe the location of Australia . 
2 Use Figure 25 to briefly comment on the population 

distribution of Australia . 
3 What evidence would you produce to support the 

statement that 'Australia is an under-populated country'? 

the first developing country to introduce a policy 
designed to reduce fertility and to aid development 
with a government backed family planning 
programme. Because India's family planning 
programme was perceived to be working, it was not 
long before many other developing nations followed 
India's policy of government investment to reduce 
fertility. In India the birth rate fell from 45/1000 in 
1951--61 to 41/1000 in 1961-71. By 1987 it was 
down to 33/1000, falling further to 29/1000 in 
1995. By 2012 it had dropped to 22/1000. 

Anti-natalist policy in China 
China, with a population in excess of 1.3 billion, 
operates the world's most severe family planning 
programme. Although it is the fourth largest country 
in the world in land area, 25 per cent of China is 
infertile desert or mountain and only 10 per cent of 
the total area can be used for arable farming. Most of 
the best land is in the east and south, reflected in the 
extremely high population densities found in these 
regions. Thus the balance between population and 
resources has been a major cause of concern for much 



of the latter part of the twentieth century and the 
early part of the present century. 

In the aftermath of the communist revolution 
in 1949, population growth was encouraged for 
economic, military and strategic reasons. Sterilisation 
and abortion were banned and families received a 
benefit payment for every child. However, by 1954 
China's population had reached 600 million and the 
government was now worried about the pressure on 
fcx:xi supplies and other resources. Consequently, 
the country's first birth control programme was 
introduced in 1956. This was to prove short-lived, for 
in 1958 the 'Great Leap Forward' began. lts objective 
was rapid industrialisation and modernisation. The 
government was now concerned that progress might 
be hindered by labour shortages and so births were 
again encouraged. But by 1962 the government had 
changed its mind, heavily influenced by a catastrophic 
fumine due in large part to the relative neglect of 
agriculnirc during the pursuit of industrialisation. An 
estimated 20 million people died during the famine. 
A new phase of birth control ensued in 1964 but just 
as the new programme was beginning to have some 
effect, a new social upheaval, the Cultural Revolution, 
got undcrway. This period, during which the birth 
rate peaked at45/1000, lasted from 1966 to 1971. 

With order restored, a third family planning 
campaign was launched in the early 1970s with the 
slogan 'Late, sparse, few'. However, towards the end 
of the decade the government felt that its impact 
might falter and in 1979 the controversial 'one child' 
policy was imposed. The Chinese demographer Liu 
Zeng calculated that China's optimum population 
was 700 million, and he looked for this figure to be 
achieved by 2080. 

Figure 26 shows changes in the birth and death 
rates in China since 1950, and estimates to 2050. The 
impact of the one child policy is very clear to sec. Some 
organisations, including the UN Fund for Population 
Activities, have praised China's policy on birth control. 
Many others sec it as a fimdamcntal violation of civil 
liberties because it has placed such extreme pressure on 
couples to obey the policy. In July 2009, newspapers 
in the UK and elsewhere reported that dozens of 
babies had been taken from parents who had breached 
China's policy, and sold for adoption abroad. 

The one child policy has been most effective in 
urban areas where the traditional bias of couples 
wanting a son is less. However, the story is different 
in rural areas where the strong desire for a male heir 
remains the norm. In most provincial rural areas, 

The effectiveness of population policies 

government policy has now relaxed so that couples 
can now have two children without penalties. 

50 

Years 

--Birthrate 

..... Death rate 

Figure26 China's birth and death rates, 1950--2050 

Figure 27 Beijing- crowds at the Forbidden City 

Although the one child policy has been very effective 
in reducing China's birth rate, it has caused other 
problems: 

• The policy has had a considerable impact on the 
gender ratio which at birth in China is currently 
119 boys to 100 girls. This compares with the 
naniral rate of 106 to 100. This is already causing 
social problems which are likely to multiply in the 
future. Selective abortion after pre-natal screening 
is a major cause of the wide gap between the actual 
rate and the natural rate. But even if a female child 
is born, her lifespan may be sharply curtailed by 
infanticide or deliberate neglect. 

• A paper published in 2008 estimated that China 
had 32 million more men aged under 20 than 



1.1 POPULATION DYNAMICS 

women. The imbalance is greatest in rural areas 
because women are 'marrying out' into cities. In 
recent years, reference has been made to the 'Four
Two-One' problem whereby one adult child is left 
with having to provide support for his or her two 
parents and four grandparents. 

• China's low birth rate, 12/1000 in 2012, has 
contributed to the country's ageing population 
which has now become a major concern for the 
government. 

In recent years there has been increasing debate 
within China about the one child policy. An article 
in one UK newspaper in August 2013 was entitled 
'China to terminate its one child policy as ageing 
crisis looms'. It is likely that there will be much 
debate about this issue in the coming years. 

Pro-nat a list po li cy in Fra nce 
A relatively small but growing number of countries 
now sec their fertility as being too low. Such 
countries arc concerned about: 

• the sociocconomic implications of population ageing 
• the decrease in the supply of\abour 
• the long-term prospect of population decline. 

France's relatively high fertility level (in European 
terms ) can be partly explained by its long-term active 
family policy, adopted in tl1c 1980s to accommodate 
the entry of women into the labour force. The policy 
seems to have created especially positive attitudes 
towards two- and three-child families in France. 
France has taken steps to encourage fertility on a 
number of occasions over the last 70 years. In 1939 
the government passed the 'Code de la Famillc' 
which: 

• offered financial incentives to mothers who stayed 
at home to look after children 

• subsidised holidays 
• banned the sale of contraceptives ( this stopped in 

1967). 

More recent measures to encourage couples to have 
more children include: 

• longer maternity and paternity leave: maternity 
leave, on near full pay, ranges from 20 weeks for 
the first child to 40 or more for the third child 

• higher child benefits 

• improved ta.x allowances for larger families until tl1c 
youngest child reaches 18 

• pension scheme for motl1crs/houscwivcs 
• 30 per cent reduction on all public transport for 

three -child families 
• child-oriented policies, for example provision of 

crCchcs and day nurseries - state-supported daycare 
centres and nursery schools arc available for infants 
starting at the age of three months, with parents 
paying a sliding scale according to income 

• preferential treatment in the allocation of 
government housing. 

Overall, France is trying to reduce tl1c economic cost 
to parents of having children. The country is close 
to the replacement level of2.l children per woman. 
The 2012 Population Data Sheet put France's total 
fertility rate at 2.0. The only country in Europe 
with a higher rate was Ireland at 2.1. In 2010, when 
the population of France rose by 0.53 per cent 
(Figure 28 ), there were 802 OOO births and 540 OOO 
deaths. During the same year the net migration figure 
was +75000. 
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Figure 28 Population growth in France, 2004-1 3 

Although the average age of French mothers at 
childbirth is still rising, it is still less tl1an in many 
other European countries. Within France, the highest 
level offcrtility is among the immigrant population, 
and even for those born in France the average is 
1.8 babies. French economists argue that although 
higher fertility means more expenditure on childcare 
facilities and education, in the longer term it gives the 
country a more sustainable age structure. 

French politicians have talked about demography 
as a 'source of vitality' for tl1c country. Some French 
commentators also argue that there is a better work/life 
balance in France compared with many other European 
countries. 



§ Migration 

Chinatown, San Francisco - a major Chinese community in an American city 

Key questions 
• What is migration? 
• What are the causes of migration? 
• What are the impacts of migration on areas of both 

origin and destination? 

• The nature of and reasons 
for population migration 

Migration is the movement of people across a specified 
boundary, national or international, to establish a 
new permanent place of residence. The UN defines 
'permanent' as a change of residence lasting more than 
one year. Migration has been a major process in shaping 
the world as it is today. Its impact has been economic , 
social, culrnral , political and environmental. Few people 
now go through life without changing residence several 
times. H ow many people in your class have lived in (a) 
different parts of your country (b ) other countri es? 

Forced migration -----------~ 
e.g. religious persecution (Pilgrim Fathers 
to New England), famine, natural disasters 

Push and pull factors 
Figure 1 shows the main push and pull factors 
relating to migration. Push factors are negative 
conditions at the point or origin which encourage 
or force people to move. For example, a high 
level of unemployment is a major push factor in 
a region or a country. In contrast, pull factors are 
positive conditions at the point of destination which 
encourage people to migrate. An important pull 
factor is often much higher wages in another country 
or regio n. The nature of push and pull factors varies 
from country to country (and fro m person to person ) 
and changes over time. 

Intolerance 

Adverse climatic I Poor employment 

conditions "" / 

Natural disasters -- Push -- Low income 

Soc;,1 ,ph,ml /I" Hoos;ag shortages 

Amenities Job prospects 

Attractive "" / 
environment -- Pull -- High wages 

H;gh naada,d / I "lmp,=d hoos;ag 
of liv ing Tolerance 

Figure 1 Push and pull factors 

Voluntary migration 
e.g. higher salaries(British doctors to the 
USA), retirement to a warmer climate 
(Americans to Florida) 

Forced migration 

PUSH Voluntary migration 
Country - area 
of destination 

PULL 

Prevention of voluntary movement 
e.g. lack of money, lack of awareness 
of opportunities 

Figure 2 Types of migration and barriers to migration 

Return migration 

~------Barriers to return 

Reasons to return 
e.g . earned enough money to return, 
causes of initial migration removed 

e.g. racial or political 
problems in original area 

• 
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Voluntary and involuntary migrations 
Figure 2 shows the main types of migration and 
the barriers that potential migrants can face. Today, 
immigration laws present the greatest obstacle to 
most potential international migrants whereas in the 
past the physical dangers encountered on the journey 
often presented the greatest difficulty. The cost of 
migration was also generall y higher in the past in real 
terms (taking account of inflation) than it is today. 
Most countries now attempt to manage immigration 
carefully, being most eager to attract people whose 
skills arc in demand. 

The big distinction is between voluntary 
migration and involuntary (forced) migration. In 
volun tary migration the individual has a free choice 
abou t whether to migrate or not. In involuntary 
migrations, people are made to move against their 
will and this may be due to human or environmental 
factors. The abduction and transport of Africans to 
the Americas as slaves was the largest involuntary 
migration in history. In the seventeenth and 
eighteenth centuries 15 million people were shipped 
across the Atlantic Ocean as slaves. The expulsion of 
Asians from Uganda in the 1970s when the country 
was under the dictatorship of !di Amin, and the 
forcible movement of people from parts of the former 
Yugoslavia under the policy of 'ethnic cleansing' , are 
much more recent examples. Migrations may also be 
forced by natural disasters (volcanic eruptions, floods, 
drought and so on ) or by environmental catastrophe 
such as nuclear contamination in Chernobyl. 

ln the latter part of the twentieth century and the 
beginning of the twenty-first cenrnry, some of the 
world's most violent and protracted conflicts have 
been in the developing world, particularly in Africa, 
the Middle East and Asia. These troubles have led 
to numerous population movements on a significant 
scale. Not all have crossed international frontiers to 
merit the term refugee movements. Instead many are 
internally displaced people. TI1e current conflict in 
Syria has produced large numbers of both refiigees and 
internally displaced people (Figure 3), as has conflict 
in Iraq, Afghanistan and the former Yugoslavia. Major 
narnral disasters such as the Pakistan floods of2010 
and the Haiti earthquake in the same year created large 
numbers of internally displaced people. 

The United Nations High Commission for 
Refugees (UNHCR) put the number of forcibly 
displaced people worldwide at 42.5 million at the 
end of 2012. This included 15.4 million refugees, the 
remainder being internally displaced people. 

Migration trends 
Figure 4 shows international migrant stock by origin 
and destination. The terms 'North' and 'South' refer 
to the developed world and the developing world 
respectively. The diagram shows that 213 million 
people live outside the country of their birth - more 
than ever before. This is about 3 per cent of the 
world's population. Foreign-born populations are 
rising in both developed and developing countries 
(Figure 5). The number of international migrants 
doubled in the 25 years to 2010. 

EGYPT:An estimated 
11 OOOrefug eeswere 
initiallywelcomedbutare 
now suffering the 
backlash after the 

LE BA NON: ltha,registered720000 
refugees butthere areestimatedtobe 
300000more.UNHCRsays8000 ente r 
H chday,aquarterofthemchildren. 
The government estimates thatthe flow 
ofrefug ees hascost$806million 
already.Civilwarha,,pilt<Nerinto 
Lebanon,withattacksinBeirutand 
Tripoli. 

Total displaced people 4:]: 5 million 
Tot al refugees2 million 

.. 
omi, camp 7•go;camp 

JORDAN: It a lrH dy has 500000 refugees in the biggest single camp at 
Zaatari(120000people).The influxhasputpressure onwatersupplies. 
Refugeeshavedoubledthe populationoftheMafraqauthorityinthe 
north, and393000are dispersedaroundthe restofthe country. 

,5 
SYRIA: Estimatessuggertthat4.2SmillionSyriansare inte rnallydisplaced, 
whil e up to 6.8 million within th e country need humanitarian a id. lntemal 
refugees receivelittle ornointernational aidandmosthavebeen 
displacedseveraltimes.Tensofthousandsarecampedalongthe Turkish 
border, inovercrowded, insanitary conditions. 

'---
IRAQ: More thanSOOOOSyrianrefugeesenteredthe Kurdistanregionwithinjustone month 
,othatby H rlySeptember2013refugees totalled171000.Charitiessaythe region'scamps 
are overcrowded, including Domiz where 45 OOO people live in a tent dtywith an officia l 
capacity of 25000. 

Figure 3 Syria: refugees and internally displaced people, September 2013 • 
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Figure 4 International migrant stock by origin and destination, 2010 
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Figure S International migrant stock in the North and South, 1990..-2010 

Recent migration data show that: 

• With the growth in the importance oflabour
related migration and international student 
mobility, migration has become increasingly 
temporary and circular in nanire. The international 
mobili ty of highly skill ed workers increased 
substantially in the 1990s. 

• The spatial impact of migration has spread, with 
an increasing number of countri es affected either 
as points of origin or destination. While many 
traditional migration streams remained strong, 
significant new streams have developed. 

• The proportion of femal e migrants has steadily 
increased (now almost 50 per cent of all 
migrants). For some countri es of ori gin, women 
now make up the majo ri ty of contract workers 
(for example the Philippines, Sri Lanka, Thailand 
and Indonesia). 

• The great majori ty of international migrants 
move from developing to developed countries. 
H owever, there are also strong migration links 
between some developing countri es, in particular 
between low and middle income countries 
(Figure 4 ). 

• Developed countri es have reinfo rced controls, 
in part in response to securi ty issues, but also to 

The nature of and reasons for population migration 

combat ill egal immigration and networks that deal 
in trafficking and exploitation of human beings . 

Globali sation in all its aspects has led to an 
increased awareness of opportuniti es in o th er 
countri es . With advances in transportation and 
communicati on and a reduction in the real cos t 
of bo th, the wo rld 's population has never had a 
higher level of po tential mobility. Also , in various 
ways , economic and social development has made 
people more mobile and created th e conditions 
for emigrati on. Many deve loping countri es are 
looking to deve loped countri es to ad opt a more 
favourable attitude to international migration, 
arguing that it brings benefits to bo th developed 
and deve lopin g countri es. 

Figure 6 Southall, the centre of London's Indian community 

Internal population movements 
Population movement within countri es is at a much 
higher level than movements between countries. In 
both developed and developing countries significant 
movements of people take place from poorer regions 
to ri cher regions as people seek employment and 
hi gher standards ofliving. ln developing countri es, 
much of this migration is in fact from rural to urban 
areas. Developed countries had their period of high 
rural-to -urban migration in the nineteenth centur y 
and the early part of the twentieth century. The 
developing countri es have been undergoing high 
rural-to -urban migration since about 1950, resulting 
in the very rapid growth of urban areas such as Cairo, 
Nairobi , Sao Paulo and Dhaka. The largest rural 
to -urban migration in history is now taking place 
in China where more than 150 million people have 
moved from the countryside to the rapidl y expanding 
urban/ industrial areas to satisf).1 the demand for 
workers in China 's factories . 

• 
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In Brazil, there has been a large migration from 
the poor Northeast region to the more affiuent 
southcast. VVithin the northeast, movement from 
rural areas is greatest in the Serrao, the dry interior 
which suffers intensely from unreliable rainfall. 
However, poor living standards and a general lack of 
opportunity in the cities of the northeast have also 
been a powerful incentive to move. Explaining the 
attraction of urban areas in the southeast demands 
more than the 'bright lights' scenario that is still 
sometimes used. The Todaro model presents a 
more realistic explanation. According to this model , 
migrants arc all too well aware that they may not find 
employment by moving to, say, Sao Paulo. However, 
they calculate that the probability of employment, 
and other factors that are important to the quality of 
life of the individual and the family, is greater in the 
preferred destination than at their point of origin. 

Depopulation and counterurbanisation 
In developed countries two significant trends can 
be identified concerning the redistribution of 

population since the late eighteenth century. The 
first , urbanisation, lasted until about 1970, while 
the second, counterurbanisation, has been dominant 
since that time. 

The process of urbanisation had a considerable 
impact on many rural areas where depopulation 
occurred because of it. Depopulation is an absolute 
decline in the population of an area, usually due 
to a high level of out-migration. It is generally the 
most isolated rural areas that are affected. Figure 7 
shows how the process of rural depopulation 
can occur. 

Counterurbanisation is the process of population 
decentralisation as people move from large urban 
areas to smaller urban settlements and rural areas. 
The objective is usually to seek a better quality of 
life by getting away from the problems of large 
cities. This process has resulted in a renaissance in 
the demographic fornmes of rural areas and is often 
referred to as tl1e 'population turnaround'. There has 
been considerable debate as to whether this trend will 
be long-term or relatively short-lived. 

Unmarried young adults migrate to 
.~-------, regional centres for better 

socioeconomic opportunities 

Populationdecreases,agesand 
birthsfallbelowreplacementlevel 

Reduction in business services due to 
fallingdemand,i.e.busservice,pub, 

general store, post office 

Figure 7 Model of rural depopulation 

Figure 8 Rural depopulation in northern Spain 
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Keysocialserviceprovisioncut, 
i.e. primary school, mobile library 

Interesting note 
In 2012, the country hosting the larg est number of 
refugees was Pakistan, with 1.6 million refugees. 
Afghanistan was the biggest source country, a position 
it has held for 32 years. One out of every four refugees 
worldwide is Afghan, with 95 per cent located in 
Pakistan or Iran. 



Activities 
1 Define migrat ion. 
2 What is the d ifference between voluntary and 

involuntary mig ration? 
3 Disc uss three signifi ca nt push factors in migration. 
4 Suggest how the barriers to migrat ion have cha nged 

over t ime . 
5 State the diff erence between a refug ee and an 

interna lly d isplaced person. 
6 Summarise the dat a presented in Fi gures 4 and 5. 
7 Briefl y describe two types of intern al popu lat ion 

movements. 

• The impacts of migration 
'The overall econo mic gains fro m internatio nal 
migratio n fo r sending countries, receiving countries, 
and the migrants themselves arc substantial. ' 

The World Bank, 2012 
Migration has played a major role in shaping the 
global cultu ral map . The process of migration is 
essentially a seri es o f exchanges between places . In 
some parts of the world internati onal migrati on is 
a lo ng-establi shed process. The truly cosmopolitan 

The impacts of migration 

nature of major citi es such as London, New York 
and Paris is clear evidence o f this. In other parts of 
the world there is little evidence of cultural diversity 
because international migratio n has never been a 
significant phenomeno n in the recent past . 

Figure 9 is an attempt to summarise some of the 
possible impacts o f international migratio n. Many o f 
these factors arc also relevant to intern al migration. 
Because migration can be such an emo tive issue you 
may not agree with all of these statements, and you 
may consider that some important facto rs have been 
omitted. 

Impact o n countries of o ri g in 
Remittances arc often seen as the most positive 
impact on the country of origin . Remittances arc 
mo ney sent back by migrants to their families in their 
home communi ty. They arc a major economic factor 
in developing countries. Remittances to developing 
countri es arc estimated to have to tall ed just over 
$400 billion in 2012. Global remittance fl ows, 
including those to hi gh-income countri es, were an 
estimated $529 billion in 2012. Remittances exceed 
considerably the amo unt of official aid received by 
developing countri es. 
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Impact on countries of origin 
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Figure 9 Matrix showing the impact of migration 

Impact on migrants t hemselves 

• wagm- hlgt.-than lntM ..-my of origin. 

• n.r. ba wlmf choke of jot,opportunltiM. 

• A~opportunltytomwlop.-.llb . 

• 1',-y i.- tt. ability to support ,-,.11y memben ln 
tt.countryof<lri9ln~IWffllttancm. 

• Sonwmlgrantsi.-tt.opportunlty 
to1"ma-i.ngua,g,9. 

• Thefinanda lcortof migra1ioncanbehigh. 

•Migrationmean,,eparationfromfamilyandfriend, 
inthecountryoforigin. 

• Theremaybeproblem,,ettlingintoanew 
cul!ure(u,imilot ion). 

•Migranncanbeexploitedbyunsc rupulousemployen 

• Somemigration,,partkularlythowthatareillegal, 
caninvolvehazardou,joumeys. 



1.2 MIGRATION 

Remittances can account for over 20 per cent of 
annual GDP in some developing countries such 
as Tajikistan, Liberia, Lesotho and Nepal. They 
have been described as 'globalisation bottom up'. 
Migration advocates stress that these revenue flows: 

• help alleviate poverty 
• spur investment and create a multiplier effect 
• cushion the impact of global recession when private 

capital flows decrease. 

The major sources of remittances are the USA, and 
countries in western Europe and the Persian Gulf. In 
2012, the top recipients of remittances were: India 
($69 billion ), China ($60 billion ), the Philippines 
($24 billion ) and Mexico ($23 billion). Other 
large recipients included Nigeria, Egypt, Pakistan, 
Bangladesh, Vietnam and Lebanon. 

e. 
MoneyGram. 
lntematlonol Money Tronskr 

Figure 10 MoneyGram sign - remittances are an important element of 
international migration 

Other possible advantages of emigration include 
reducing population pressure on resources 
such as food and water, and lowering levels of 
unemployment and underemployment which arc 
major problems in many poor countries. Emigration 
can also reduce pressure on the housing stock and 
on key services such as health and education which 
arc heavy areas of expenditure for low-income 
countries. The links that migrants maintain with 
their home communities can also help to develop 
new skills and technologies, particularly when 
migrants return home permanently and establish 
new businesses. 

In terms of disadvantages, the loss of workers 
with important skills - the so-called brain -drain 

• 

effect - is of concern in many countries of origin. In 
extreme cases there may not be enough people to 
continue to farm effectively in some communities. 
Population structure can be adversely affected if 
migration is very gender-selective, and the loss of 
many young people can advance the ageing of the 
population. 

Impact o n countries o f destination 
Any increase in the labour force is generally 
welcomed by businesses, particularly if migrants 
have skills that are in short supply. For example, in 
the UK the National Health Service (NHS ) relies 
heavily on foreign nurses and doctors. Greater 
competition in the labour force tends to limit 
wage rises which helps to keep inflation low. Low 
inflation is an important factor in economic stability. 
Man y people value an increase in cultural diversity 
which can enrich communities. An influx of young 
migrants can help to reduce the rate of population 
ageing and lower the dependency ratio. This has a 
positive financial impact on countries. 

The negative impact of immigration is more 
contentious. A significant influx of migrants can 
put pressure on the available housing stock, causing 
overcrowding and pushing up prices. Similarly, it 
will increase demand on health, education and other 
services to varying degrees. Trade unions often voice 
concerns over migration levels if they feel that their 
members are losing out on employment prospects 
because of an increase in the level of competition 
for work. In areas where there has been a significant 
change in the ethnic balance, tension between ethnic 
groups may increase. 

Each receiving country has its own sources of 
immigrants. This is the result of historical, economic 
and geographical relationships. Earlier generations 
of migrants form networks that help new arrivals to 
overcome legal and other obstacles. 

Impact o n m ig rants themselves 
The prospect of higher wages, a wider choice of job 
opportunities and the chance to develop new skills 
are all important pull factors to potential migrants. 
For many this will enable them to provide financial 
support to their families in the country of origin. 
Other benefits may also become apparent, such as 
developing language skills. 

On the debit side, the financial cost of migration 
may be significant, but may be shared by family 



members in anticipation of the remittances to 
follow. For many migrants, by far the greatest 
cost is separation from family and friend s in their 
home country. The 'culture shock' of settling in 
a new country may be lessened if migrants find 
housing and employment in an established migrant 
community in their new country. The risk of 
exploitation is a real concern for many migrants. 
Receiving countries vary in how effectively they 
challenge such practices. 

The costs and benefits of internal 
migration 
Figure 11 provides a useful framework for 
understanding the costs and returns from migration 
between rural and urban areas. lt highlights the 
main factors that determine how rural areas arc 
affected by migration - namely the two-way 
transfers of labour, money, skills and attitudes. 
However, while all the linkages seem fairly obvious, 
none is easy to quantify. Therefore, apart from 
some very clear-cut cases, it is often difficult to 
decide which is greater: the cost or the benefits of 
migration. 

The impacts of migration 

Figure 11 Thecostsandreturnsofmigration 

Climate change 
lt is predicted that climate change will force mass 
migrations in the future. In 2009 the International 
Organization for Migration estimated that worsening 
tropical storms, desert droughts and rising sea levels 
will displace 200 million people by 2050. 

Cff1Jj@@ 1nternational migration from Mexico to the USA 
One of the largest labour migrations in the world has been 
from Mexico to the United States, a rare example where 
a developed country borders a developing country. This 
migration has largely been the result of: 

• much higher average in comes in the USA 
• lower unemployment rates in the USA 
• the faster growth of the labour force in Mexico, with 

significantly higher population growth in Mexico than in 
the USA 

• the overa ll quality of life: on virtually every aspect of the 
quality of life conditions are better in the USA than in 
Mexico. 

Most migration has taken place in the last three decades. 
Although previous surges occurred in the 1920s and 1950s 
when the American government allowed the recruitment 
of Mexican workers as guest workers, persistent mass 
migration between the two countries did not take hold 
until the late twentieth century. 

There is a very strong concentration of the US Mexican 
population in the four states along the Mexican border: 
California, Arizona, New Mexico and Texas. The main 
reasons for this spatial distribution are : 

• proximity to the border 
• the location of demand for immigrant farm workers 
• urban areas where the Mexican community is long

establ ished . 

1900 1920 1940 1960 1980 2000 2011 
Year 

Figure 12 Increase in the Mexican-born population in the USA 

• 
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Figure 13 Fencing along the US border with Mexico, and the US Border Patrol 

Figure 12 shows the increase in the Mexican-born 
population in the USA. About one in ten Mexican citizens 
(12 million) live in the USA, half of them illegally. This is 
the largest immigrant community in the world . However, 
in the last year or so there is evidence that this migration 
has gone into reverse (Figure 12) because: 

• tougher economic conditions in the USA have made 
migration less attractive 

• the US Border Patrol has made illegal immigration much 
more difficult to achieve. 

In the USA the Federation for American Immigration 
Reform (FAIR) has opposed large-scale immigration from 
Mexico, arguing that it: 

• undermines the employment opportunities of low
skilled US workers 

• has negative environmental effects because of the 
increased population 

• threatens established US cultural values . 

The recent global economic crisis saw unemployment in 
the USA rise to about 10 per cent, the worst job situation 
for 25 years. Immigration always becomes a more sensitive 
issue in times of high unemployment. FAIR has also 
highlighted the costs to local taxpayers of illegal workers 
in terms of education, emergency medical care, detention, 
and other costs that have to be borne. 

Those opposed to FAIR see its actions as uncharitable 
and arguably racist. Such individuals and groups highlight 
the advantages that Mexican and other migrant groups 
have brought to the country. 

The impact on Mexico 
Sustained large-scale labour migration has had a range 
of impacts on Mexico, some of them clear and others 
debatable. Significant impacts include: 

• the high value of remittances, which totalled over 
$22 billion in 2011 - this is the world's biggest flow 
of remittances and as a national source of income for 
Mexico is only exceeded by its oil exports 

• reduced unemployment pressure as migrants tend to 
leave areas where unemployment is particularly high 

• lower pressure on housing stock and public services 
• changes in population structure with emigration of 

young adults, particularly males 
• loss of skilled and enterprising people 
• migrants returning to Mexico with changed values and 

attitudes. 

It remains to be seen whether the recent migration 
reversal is temporary or permanent. Much depends on the 
relative fortunes of the US and Mexican economies. 

Case study analysis 
1 What are the main reasons for such a high level of 

international migration from Mexico to the USA? 
2 Describe the change in the Mexican-born population of 

the USA shown in Figure 12. 
3 Suggest why immigration from Mexico is a 

controversial issue in the USA. 
4 Briefly discuss the impact of emigration on Mexico. 



@ Population structure 

A 60th birthday party with three generations present 

Key questions 
• How does population structure vary between countries 

at different levels of economic development? 
• What are the implications of different types of 

population structure? 

Males 

Niger 
Age 

70--74 ,~, 

Females 

• Variations in population 
structure 

The structure ofa population is the result of the 
processes of fertility, mortality and migration. The 
most studied aspects of population structure arc 
age and sex (gender). Other aspects of population 
strucrure that can also be studied include race, 
language, religion, and social/occupational group. 

Populati o n pyram ids 
Age and sex strncrurc can be illustrated by the use 
of population pyramids (Figure I ). Pyramids 
can be used to portray either absolute or relative 
data. Absolute data show the figures in thousands 
or millions while relative data shows the numbers 
involved in percentages. Each bar represents a five 
year age-group. The male population is represented to 

the left of the vertical axis with females to the right. 

Bang ladesh 
Age 

Males :: Females 

2 1.6 1.2 0 .8 0.4 0 0 0.4 0.8 1.2 1.6 2 10 8 8 10 

Population (millions) 

UK 
Age 

3 2.4 1.8 1.2 0.6 0 0 0 .6 1.2 1.8 2.4 3 

Population (millions) 

Fig ure 1 Four population pyramids for 2013 - Niger, Bangladesh, the UK, Japan 

Population (millions) 

Japan 
Age 

Population (millions) 
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Demographic transition and changing 
population structure 
Population pyramids change significantly in shape as 
a country progresses through demographic transition 
and economic development: 

• The wide base of Niger's pyramid reflects extremely 
high fertility. The birth rate in Niger is 46/1000, 
one of the highest in the world. The marked 
decrease in width of each successive bar indicates 
relatively high mortality and limited life expectancy. 
The death rate at 11 /1000 is high, particularly 
considering how yo ung the population is. The 
infant mortality rate is a very high at 81/1000. 
Life expectancy in Niger is 58 years, 52 per cent of 
the population is under 15 , with only 3 per cent 
aged 65 or over. Niger is in stage 2 of demographic 
transition. 

• The base of the pyramid for Bangladesh is 
narrower than that of Niger, reflecting a 
considerable fall in fertility after decades 
of government-promoted birth control 
programmes. The fact that the 0--4 and 5-9 bars 
are narrower than the bar immediately above 
is evidence of recent falls in fertility. The birth 
rate is currently 23/1000. Falling mortality and 
lengthening life expectancy is reflected in the 
relativel y wide bars in the teenage and young 
adult age groups. The death rate at 6/ 1000 is 
almost half that of Niger. The infant mortality 
rate is 43/1000. Life expectancy in Bangladesh 
is 69 years, 3 1 per cent of the population are 
under 15, while 5 per cent are aged 65 or over. 
Bangladesh is an example of a country in stage 3 
of demographic transition. 

• In the pyramid for the UK, much lower fertility still 
is illustrated by narrowing of the base. The birth 
rate in the UK is only 13/1000. The relatively 
uniform width of the bars for the working-age 
population indicates a significantly higher life 
expectancy than for Bangladesh. The death rate 
in the UK is 9/1 OOO, with an infant mortality 
rate of 4.3/1000. Life expectancy is 80 years, 
18 percent of the population are under 15, while 
17 percent are 65 or over. The UK is in stage4 of 
demographic transition . 

• 

• The final pyramid, for Japan, has a distinctly 
inverted base reflecting the lowest fertility of all 
four countries. The birth rate is 9/1000. The 
width of the rest of the pyramid is a consequence 
of the highest life expectancy of all four countries. 
The death rate is 10/ 1000 with infant mortality at 
2.3/1 OOO. Life expectancy is 83 years. Japan has 
only 13 per cent of its population under 15, with 
24 per cent aged 65 or over. With the birth rate 
lower than the death rate, Japan is experiencing 
naniral decrease and thus the country is in stage 5 
of demographic transition. 

Table l compares the basic demographic rates for 
the four countries with Gross National Income 
(GNI ) per capita (per person). The data are given 
at Purchasing Power Parity (PPP), which takes 
account of the different costs ofliving in the four 
countries. Not all of the figures for naniral increase 
match the figures for birth rate and death rate due to 

rounding. The difference in GNI per capita between 
Niger and Bangladesh is consistent with the general 
difference between countries in stages 2 and 3 of 
demographic transition, although many countries 
in stage 3 have much higher GNI per capita figures 
than Bangladesh. The much higher GNI figures 
for the UK and Japan are also to be expected. 
There is no significant difference in GN I per capita 
between countries in stages 4 and 5 of demographic 
transition. 

Table 1 Population and economic data for the four countries, 2012 

Country Birthrate Death rate Rate of natural GNI PPP per 
(er1000) (oer1000) increase (%) ea ita(S) 

Niger 46 11 3.5 720 

Bangladesh 23 1.6 1810 

UK 13 0.4 35840 

Japan 10 --0.2 34610 

Figure 2 provides some useful tips for understanding 
population pyramids. A good starting point is to 

divide the pyramid into three sections: 

• the young dependent population 
• the economically active population 
• the elderly dependent population. 



Variations in population structure 

as. 
A broad shape at the top ------~.If, ------ ;~:l~i;;:;~~:1:r~:.d, 
shows a high proportion 
of people living longer. Differences between 

Bulges show either a _____ _, 
period of immigration 
or a baby boom years 
before. 

males and females 
can be picked out. 

Indents show higher death 
rates than normal because 
of a war, famine or disease 
(epidemic) or through people 
leaving the area (emigrating). 

Awidebaseshowsa 
large number of children 
(high birthrate). 

Young 
dependants 
(children) &.:::::..----..L- = ~ --- Anarrowbaseshowsa 

small number of children 
(low birth rate). 

Figure 2 An annotated population pyramid 

Interesting note 
At 52 per cent, Niger has the highest percentage of 
population under 15 in the world. Japan and Monaco 
have 24 per cent of their populations aged 65 and over, 
aga in the highest in the world. 

Population structure: differences 
within countries 
In countries where there is strong rural-to-urban 
migration, the population structures of the areas 
affected can be markedly different. 1l1csc differences 
show up clearly on population pyramids. Out-migration 
from rural areas is age-selective, with single young 
adults and young adults with children dominating this 
process. Thus the bars for these age groups in rural 
areas affected by out-migration will indicate fewer 
people than expected in these age groups. 

In contrast, the population pyramids for urban 
areas attracting migrants will show age-selective in
migration, with substantially more people in these 
age groups than expected. Such migrations may 
also be sex-selective. If this is the case it should be 
apparent on the population pyramids. 

The implications of different types of 
population structure 
The fact that Niger and Bangladesh have large 
numbers of young people in their populations has 
implications for both countries. For example, these 
young people have to be housed, fed, educated and 
looked after in terms of health. All this costs money, 
and governments have to allocate resources to cater 

for these needs. Conversely, countries such as the UK 
and Japan have large numbers of older people in their 
populations. Older people have different needs which 
governments have to provide for. 

The dependency ratio 
Dependants arc people who arc too young or too old 
to work. The dependency ratio is the relationship 
between the working or economically active population 
and the non-working population. The formula for 
calculating the dependency ratio is as follows: 

The dependency ratio= 
% population aged 0-14 + 

% population aged 65 and over x 
1 

OO 

% population aged 15-64 

A dependency ratio of 60 means that for every 
100 people in the economically active population 
there arc 60 people dependent on them. The 
dependency ratio in developed countries is usually 
between 50 and 75. In contrast, developing countries 
typically have higher ratios which may reach over 
100. In developing countries, children form the great 
majority of the dependent population. In contrast, in 
developed countries there is much more ofa balance 
between young and old dependants. 

The dependency ratio is important because the 
economically active population will in general contribute 
more to the economy in terms of income tax, sales ta.xcs 
and the taxes on the profits made by businesses. ln 
contrast, the dependent population tend to be bigger 
recipients of government fimding, particularly for 
education, healthcare and public pensions. An increase 
in the dependency ratio can cause significant financial • 
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problems for governments ifit does not have the 
financial reserves to cope with such a change. 

The dependency ratio is an internationally agreed 
measure. Partly because of this it is a very crude 
indicator. For example: 

• In developed countries, few people leave education 
before the age of 18 and a significant number will 
go on to university and not get a job before the age 
of 21. In addition, while some people will retire before 
the age of 65, others will go on working beyond 
this age. Also a significant number of people in the 
economically active age group, such as parents staying 
at home to look after children, do not work for various 
reasons. 111c number of people in this sin1ation can 
vary considerably from one country to another. 

• In developing countries a significant proportion of 
children arc working full- or part-time before the 

Figure3 A school in the Gambia 

The Gambia, in We'it. Africa, is a small country with a young 
population which has placed big demands on the resources of 
the country. The population of 1 .8 million is forecast to grow 
to 4 million by 2050. 95 per cent of the country's population 
are Muslim and until recently religious leaders were again'it. 
the use of contraception. In addition, cultural tradition meant 
that women had little influence on family size. Children were 
viewed as an economic asset because of their help with crop 
production and tending animals. One in three children aged 
10-14 are working . The country suffered from high infant 
and maternal mortality. In 2012 the infant mortality rate was 
70/1000. With 44 per cent of the population classed as young 
dependants and only 2 per cent as elderly dependants, the 
dependency ratio is 85 . This means that for every 100 people 
in the economically active population in the Gambia there are 
85 people dependent on them. 

The World Health Organization has stressed the link 
between rapid population growth and poverty for the 

• 

age of 15. In some developing countries there is 
very high unemployment and underemployment 
within the economically active age group. 

H owever, despite its limitations the dependency 
ratio docs allow reasonable compari sons to be 
made between countries. lt is also useful to sec how 
individual countri es change over time. Once an analysis 
using the dependency ratio has been made, more 
detailed research can look into J.Il)' appJ.rcnt anomalies. 

Activities 
1 Who are dependants? 
2 Define the term dependency ratio. 
3 Id entify one limitation of the dependency ratio. 
4 Calculate the dependency ratios for Niger, Bangladesh, 

the UK and Japan from the informat ion given earlier 
in this Topic. 

Gambia and other countries. Many parents in the Gambia 
struggle to provide basic housing for their families. There 
is huge overcrowding and a lack of sanitation, with many 
children sharing the same bed. Rates of unemployment and 
underemployment are high, and wages are low with parents 
struggling to provide even the basics for large families . 

The government has insufficient financial resources 
for education and health . Because there are not enough 
schools, many of them operate a two-shift system, with 
one group of pupils attending in the morning and a 
different group attending in the afternoon . The shortage 
of teachers means that some are working 12 hours a day. 
General facilities are poor and sanitation facilities are 
inadequate. School books are in very short supply. 

Another sign of population pressure is the large 
number of trees being chopped down for firewood . As a 
result desertification is increasing at a rapid rate . 'Forest 
educators' are working in rural areas in particular in an 
attempt to improve this situation . 

In recent years the government has introduced a 
family planning campaign which has been accepted 
by religious leaders. It has been working with a non
governmental organisation (NGO) called Futures, to deliver 
contraceptives and family planning advice to rural areas . 
The scheme has been subsidised by the World Health 
Organization. To some extent there has also been a change 
in male attitudes to family size and contraception . This has 
been very important to the success of the campaign . 

Case study analysis 
1 Describe the location of the Gambia . 
2 What is the dependency ratio in the Gambia and why is 

it so high? 
3 What are the problems of such a high rate of 

dependency in the Gambia? 



The coast of Antarctica - the continent that has no permanent residents 

Key question 
• What are the factors that influence the density and 

distribution of population? 

Population density is the average number of 
people per square kilometre (km2 ) in a country 
o r region. Population distribution is the way 
that the population is spread out over a g ive n 
area, from a small region to the Earth as a 
whole. Figure 1 shows the global di stribution 
of population using a dot map. Areas with a 
hi gh population density are said to be densely 
populated. Regions with a low population density 
are sparsely populated . 

Tropic of Cancer __ _ _ _ 

Eq uato r 

Tropic of Capricorn __________ _ 

Figure 1 Dot map showing areas of high population density 

Fig ure3 High population density in Cairo, Egypt 

Table 1 shows the density of population by world 
region. The huge overall contrast between the more 
developed and less developed worlds is very clear. The 
average density in the less developed world is more 
than two and a half times that of the more developed 
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world. North America ( 16 per km2) and Oceania 
(4 per km2) have the lowest population densities of 
all the world regions. However, the overall difference 
between the developed and developing worlds is 
largely accounted fo r by the extremely hig h fi gure fo r 
Asia ( 134 per km2). Populatio n density is increasing 
most in regions and countri es that have the fastest 
rates o f population growth . 

Table 1 Variations in world population density, 2012 

Region Population density (people per km2) 

World 52 

More developed world 27 

Less developed world 70 

Africa 35 

Asia 134 

Latin America/Caribbean 29 

North America 16 

Europe 32 

Oceania 

The average density fi gure for each regio n masks 
considerable variati ons. The most uni fo rm 
di stributio ns o f population occur where there is little 
vari ation in the physical and human environments. 
Steep contrasts in these environments arc sharply 
reflected in populatio n density. People have always 
avoided hostile environments if a reasonable choice 
has been available. Look at an atlas map o f the 
world illustratin g populatio n density. Now look at 
world maps of relief, temperature, precipitati on and 
vegetatio n. Note the low densities associated with 
high altitudes, polar regions, deserts and rainfo rests. 
More detail ed maps can show the influence of other 
physical f.:tcto rs such as soil fertility, natural water 
supply and mineral resources. 

Areas o f low so il fertility have been avoided 
fro m the ea rli es t times of settl ement as people 
looked for more p roductive areas in which to 
se ttl e. Wa ter sup ply has always been vitall y 
important . This is why so many se ttl ements are 
hi storicall y loca ted by (a) ri vers (b ) lakes (c) 
sprin gs and (d ) where artesian wells could be dug 
to access aquifers (wa ter- bearing rocks ) be low the 
surface. Mineral resources, particul arl y coalfi elds, 
have led to the development of large numbers o f 

settl ements in many countri es . Although mining 
may eventually cease when the resource runs 
out, the investment in infrastructure (ho using, 
rail ways, roads etc. ) ove r time usually means that 
the settl ement will continue. The Ruhr coalfi eld 
in western Germany, o nce the mos t producti ve 
in Europe, now has o nl y a few wo rkin g mines 
remaining. H owever, it is still o ne of the most 
densely populated regio ns of Europe. But mining 
settl ements in very hostil e enviro nments such 
as Alaska, Siberia and the Sahara desert may be 
aba ndo ned when mining stops. 

The more advanced a country is, the more 
important the elements of human infrastrucrurc 
become in influencing population density and 
distribution. While a combinatio n of physical f.:tcto rs 
will have decided the initial location of the major 
urban areas, o nce such towns or cities reach a cer tain 
size, econo mics of scale and the p rocess of cumulative 
causation ensure furth er growth . As a country 
advances, the importance of agriculture decreases 
and employment reli es more and more o n the 
secondary and tertiary sectors of the economy which 
arc largely urban based. The lines of communication 
and infrastructure between major urban centres 
provide opportuniti es for fi1rthcr urban and industrial 
loca tio n. 

Activities 
1 Define (a) popul ation density (b) populatio n 

distribution. 
2 To what extent does po pul ati on density vary by world 

reg ion (Table 1)7 
3 Bri efl y discuss t he factors th at influence low 

popul ati on density. 
4 What are th e factors encourag ing high populati on 

density? 

Interesting note 
Antarctica has no permane nt res id ents. Its very small 
t emporary popul ation is made up of resea rchers and 
scientists from many diffe rent countries. This amounts 
to about 1 OOO peopl e during the winter, rising to 5000 
in th e summer months. 



SPARSELY AND DENSELY POPULATED AREAS JN NORTH AMERICA 

(fuhiitffi@ sparsely and densely populated areas in North America 
North America has a low population density compared 
with most other parts of the world . The USA has an 
average of 33 persons per km2, while Canada has 
only 3 per km2. In both countries population is highly 
concentrated in some areas while large expanses of land 
elsewhere are very sparsely settled (Figure 4). Very few 
people live in the cold, dry and mountainous regions. 

Figure 4 Population density of North America 

The Canadian northlands: 
a sparsely populated region 

Figure 5 A remote community in the Canadian northlands 

The Canadian north lands comprise that part of Canada 
lying north of 55°N. Figure 4 shows that virtually the 
whole area has a population density of less than one 
person per km2. 

The influence of low temperature is very clear in the 
north and largely explains why 75 per cent of Canadians 
live within 160km of the main border with the USA. 
Winters are cold with most of the region having a mean 
January temperature below - 20°C. Summers are short, 
becoming increasingly shorter further north. The climate 
in much of the region is beyond the limits of agriculture, 
which is a key factor in explaining the very low rural 
population density. 

Much of the north lands are affected by permafrost. 
Here the ground is permanently frozen to a depth of 
about 300 metres. In summer the top metre or so thaws 
out, resulting in a marshy, waterlogged landscape. Life is 
extremely difficult in the permafrost environment of the 
northlands and, apart from the Inuit and other native 
groups, the few people living there are mainly involved 
in the exploitation of raw materials and in maintaining 
defence installations, although the role of tourism is 
expanding . 

The great distances separating the generally 
small communities in the north lands and the severe 
environmental conditions in this vast region have 
created substantial economic, engineering and 
maintenance difficulties for transportation development. 
Immense areas of the northlands are lacking in surface 
communications. Not one of the railway lines extending 
into the north lands crosses the Arctic Circle! The road 
system is also very sparse, the most important elements 
of which are the Alaska, Mackenzie and Dempster 
highways. The northern limit of the Mackenzie Highway 
is Yellowknife on the northern shore of the Great Slave 
Lake. The town, which has a population of over 19000, 
was founded in 1935 after the discovery of rich deposits 
of gold . Yellowknife is the capital and largest settlement 
in the Northwest Territories. 

The use of water transport is dictated by location and 
season, with many water transportation routes frozen 
over for much of the year. For many communities, air 
transport is the only link they have to the outside world . 

Case study analysis 
1 With the help of an atlas, draw a sketch map of the 

Canadian northlands. Show the main physical and 
human features of the region. 
What is the average population density of this region? 
Why is this the most sparsely populated region in 
North America? 
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The north-east of the USA: 
a densely populated region 

Figure 6 Chicago, a major city in north-eastern USA 

In the USA the greatest concentration of population is 
in the north-east, the first area of substantial European 
settlement. By the end of the nineteenth century it had 
become the greatest manufacturing region in the world 
and in the USA it became known as 'the manufacturing 
belt'. The region stretches inland from Boston and 
Washington to Chicago and St Louis. By the 1960s the very 
highly urbanised area between Boston and Washington 
had reached the level of a megalopolis. This is the term 
used to describe an area where many conurbations exist in 
relatively close proximity. The region is sometimes referred 
to as 'Boswash' after the main cities at its northern and 
southern extremities. Apart from Boston and Washington 
the other main cities in this region are New York, 
Philadelphia and Baltimore. 

New York is classed as a 'global city' because it is one 
of the world's three great financial cities along with 
Tokyo and London. With a population of 8.4 million, New 
York is the most densely populated city in the USA. The 
population of New York alone is much greater than the 
entire Canadian north lands. The population of the larger 
Metropolitan Area of New York is 18.9 million. 

• 

The region also includes many smaller urban areas. 
Much of the area has an average density over 100 per km2. 
Population densities are of course much higher in the main 
urban areas . The rural parts of the region are generally 
fertile and intensively farmed . The climate and soils at 
this latitude are conducive to agriculture, unlike much of 
the Canadian northlands. Many people living in the rural 
communities commute to work in the towns and cities. The 
region has the most highly developed transport networks 
in North America . Although other parts of the country are 
growing at a faster rate, the intense concentration of job 
opportunities in the north-east will ensure that it remains 
the most densely populated part of the continent in the 
foreseeable future. 

Case study analysis 
1 With the aid of an atlas, draw a sketch map of the 

north-east region to show its main physical and human 
features. 
What is the population density of this region? 
Why is this the most densely populated region in North 
America? 



Dispersed settlement, Arabba, Italy 

Key questions 
• What are the main patterns of settlement? 
• What are the factors that influence the sites, growth 

and functions of settlements? 
• What are settlement hierarchies and how do they 

affect people? 

Most ofus live in settlements, and most ofus take 
them for granted. And yet there is a huge variety 
of settlements, and they arc changing rapidly. For 
example, some settlements in rural areas differ greatly 
from those in urban areas, although the distinction 
between them is becoming less clear. In developing 
countries large cities arc growing at the expense of 
rural areas, despite a recent movement out of some 
very large cities or 'supcrcitics'. Population change, 
technological developments and changing lifestyles arc 
having a tremendous impact on settlement geography. 

In this section we look at the size, development 
and function of rural and urban settlements. We 
begin witl1 rural settlements and examine their 
pattern, site and situation, function and hierarchy. We 
examine the characteristics of\and use and describe 
the problems of urban areas in the developed and 
developing worlds, and consider possible solutions to 
these problems. We also look at the impacts on the 
environment as a result of urbanisation, and examine 
possible solutions to reduce tl1csc impacts. 

• Rural settlement 
A settlement is defined as a place in which people live 
and where tl1cy carry out a variety of activities, such as 
residence, trade, agriculture and manufacturing. Most 

rural settlements arc hamlets and villages, altl10ugh 
not all arc. The study of rural settlement includes: 

• pattern 
• form (or shape) 
• site and situation 
• function and hierarchy 
• change. 

Patte rn 
A dispersed settlement pattern is one in which 
individual houses and farms arc widely scattered 
throughout tl1c countryside (Figure 1). It occurs when 
farms or houses arc set among their fields or spread out 
along roads, ratl1cr than concentrated on one point. 
They arc common in sparsely populated areas, such as the 
Australian outback and the Sabel region of Africa, and 
in recently settled areas, st1ch as after tl1c creation of tl1c 
Dutch Poldcrs. The enclosure oflargc areas of common 
grazing land into smaller fields separated by hedges, led 
to a dispersed settlement pattern. This happened because 
it became more convenient to build farmhouses out in 
the fields of tl1c newly established farms. Similarly, tl1c 
break-up of\argc estates (particularly in England during 
the sixtccntl1 and scvcntccntl1 century) also led to a 
dispersed settlement pattern. In areas where the physical 
geography is quite extreme (too hot or cold, wet or dry) 
there is likely to be a low population density, and a poor 
transport network, which discourages settlement. 

Figure 1 Dispersed settlement- Dingle Peninsula, ......est coast of Ireland 

Nucleated settlements arc those in which houses 
and otl1cr buildings arc tightly clustered around a 
central feature such as a church, village green or 
crossroads (Figure 2 ). Very few houses arc found in 
the surrounding fields. Such nucleated settlements 
arc usually termed hamlets or villages according 
to their size and/or function. A number of factors 
favour nucleation: 
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• joint and cCXJperativc working of the land - people 
live in nearby settlements 

• defence, fo r example hilltop locations, sites within a 
meander or within wall ed cities such as J cricho 

• shortage o f water causing people to locate in areas 
close to springs 

• swampy conditions which fo rce settl ements to 

locate o n dry ground 
• near important junctions and crossroads as these 

fuvour trade and communicati ons 
• in some countries, the government has encouraged 

people to live in nucleated settl ements, such as 
the Ujaama scheme in Tanzania , the kibbutzim in 
Israel and the communes in China. 

A linear pattern occurs when settl ements are found 
alo ng a geographical feature, fo r example, alo ng a 
river vall ey, a major transport ro ute (sec Figure 7 on 
page 38 fo r the po tential site of linear settlements). 

Figure 2 Nucleated settlement, Mgwali, Eastern Cape, South Africa 

Village form 
Village form refers to shape (Figure 3). In a linear 
settlement, houses arc spread out alo ng a road or 
a river. This suggests the importance of trade and 
transport during the growth of the vill age. Linear 
villages arc also found where poor drainage prohibi ts 
growth in a certain direction. In the rainfo rests of 
Sarawak (Malaysia), many of th e longhouscs arc 
generally spread alongside rivers (Figure 4 ). 

Figure 3 Village shapes • 

Fig ure4 AMalaysianlonghouse 

Cruciform settlements occur at the intersection 
of roads and usually consist of lines of buildings 
radiating out from the crossroads. The exact shape 
depends on the position o f the roads and the amount 
of infilling that has since taken place. By contrast, 
a green village consists of dwellings and other 
buildings, such as a church, clustered around a small 
village green or commo n, or other open space. In 
South Afri ca ring villages arc fo rmed where the 
houses, called kraals, arc built around an open area . 

Site and situation 
The site of a settlement is the actual land o n which a 
se ttlement is built, whereas the situation or positio n 
is the rel ati onship betwee n a parti cular se ttlement 
and its surro unding area. In the past geographers 
have emphasised the importance o f physical 
conditions on th e pattern of settlement, land tenure 
and the type of agri culture practised . Increasingly, 
social and economic facto rs arc important, especially 
in explaining recent changes in rural settlemen ts . 

Early settlers took into account advantages and 
disadvantages of alternative sites fo r agri culture and 
housing . These included: 

• availability of water - necessary fo r drinking, cooking, 
washing, as a source of food supply, and for transport 

• freedom from floodin g - but close to tl1 c flooded 
areas as river deposits fo rm fertile soils 

• level sites to build on - but they arc less easy to defend 
• local timber fo r constructio n and fu el 
• aspect, for example sunny south -facing slopes (in tl1c 

nortl1crn hemisphere) as these arc warmer than nortl1-
fucing slopes and arc therefore better fo r crop growth 

• proximity to rich soils fo r cultivati on and lush 
pasture fo r grazing 

• the potential fo r trade and commerce, such as close 
to bridges o r weirs, near conflu ence sites, at heads 
of estuaries, points o f naviga ti on and upl and gaps. 



A dry point site is an elevated site in an area of 
otherwise poor natu ral drainage . It includes small 
hills (knolls) and islands. Gravel terraces along major 
rivers are well favoured. Water supply and fertil e 
alluvial soils as well as the use of the valley as a line of 
communication are all positive advantages. 

A wet point site is a site with reliable supply 
of water from springs or wells in an otherwise dry 
area . Spring line villages at the foot of the chalk and 
limestone ridges are good examples. Spring line 
settlements occur when there is a line of sites where 
wa ter is available. 

Some hill top vill ages suggest that the site was 
chosen to avoid flooding in a marshy area as well as 
for defence. Villages at important ri ver crossings are 
excellent centres of communications. 

Settlement hiera rchy 
The term hierarchy means 'order' . Settl ements 
are often ord ered in terms of their size. Dispersed, 
individual households are at the base of the rural 
settlement hierarchy. At the next level are hamlets 
(Figu re 5 ). A hamlet is a very small settlement, 
consisting of a small number of houses or farm s, 
witl1 very few services. The trade generated by the 
population, which is often less than l 00 people, will 
only support low-order services such as a general 
store, a small post o ffi ce or a pub. By contrast, a 
village is much larger in population. H ence it can 
support a wider range of services, including school, 
church or chapel, community centre and a small 
range of shops (Table l ). Higher up the hierarchy 
are towns and ci ties offering many more services and 
different types of service. As Table l shows, there 
are more settlements lower down the hierarchy - the 
higher up you go, the fewer the num ber of each type 
of settlement. Thus, fo r example, there are far fewer 
citi es in a country than there are villages . 

Rural settlements offer certain fun ctions and 
services. Only basic or low-order functions are found 
in the small er hamlets whereas the same functions 
and services are found in larger settl ements (villages 
and market towns) together with more specialised 
ones - high -order functions. The market towns 
draw custom from the surrounding villages and 
hamlets as well as serving their own population. 

The maximum distance that a person is prepared 
to travel to buy a good is known as the range of a 
good. Low-order goods have a small range whereas 
high-order goods have a large range. The number of 
people needed to support a good or service is known 

Rural settlement 

as the threshold population. Low-order goods may 
only need a small number of people (fo r example 
1000) to support a small shop, whereas a large 
department store might require 50 OOO people in 
order fo r it to survive and make a profit . 

Figures A hierarchy of settlement 

Table 1 A simple rural hierarchy 

Hamlet Village Small market tow n 

Generalstore Generalstore Generalstore 

Post office Post office Post office 

Butcher Butcher 

Garage Garage 

Grocer Grocer 

Hardware store Hardware store 
Primary school Primary school, baker, butcher, bike 

shop, chemist, electricaVTV/radio 
shop, furniturestore,hairdresser, local 
government offices, restaurant, shoe 
shop, solicitor,supermarket, undertaker 

The area that a settlement serves is known as its 
sphere of influence. H amlets and villages generally 
have low spheres of influence whereas larger towns 
and ci ties have a large sphere of influence. The 
definition of hamlet , vill age and town is no t always 
very clear-cut and these terms represent features that 
are part of a sliding-scale (continuum) rather than 
distinct categories. 

In general, as population size in settl ements 
increases the number and range of services increases 
(Figure 6 ). However, there are exceptions. Some 
small settl ements, no tably those witl1 a tourist
related fun ction, may be small in size but have many 
services. In contrast , some dormito ry (commuter) 
settlements may be quite large but offer few 
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fimctions or services other than a residential one. In 
these settlements, people live (reside ) in the village 
but work and shop elsewhere. 

Capital/primate city Highest order 

~ 
Anomaly with more settlements 

functions than average, ... 
I I e.g. seaside resort • • Cities .. X 

~ . 
1 

Large towns • . ·. 
§ 

. . 
Middle order 

Small towns ... 
settlements 

~ .. .. 
"' Village~ X 
0 
] :;=- Anomaly with fewer 

functions than average, 

~ e.g. dormitory town . 
•/Hamlets Lowest order 

settlements 

Population size of settlements 

Figure 6 The relationship between population size and number of services 

Sheltered bays 

Figure 7 Settlement sites in the north-east of the USA 

Figure 8 New York developed because of its excellent trading 
position - inland as well as overseas 

• Factors affecting the 
size, growth and 
function of settlements 

A number of factors affect settlement size, growth 
and function. In extreme environments settlements 
are generally small. TI1is is because the environment 
is tCXJ harsh to provide much food. Areas that arc too 
hot or too cold, wet or dry usually have small, isolated 
settlements. In contrast, settlements have managed to 
grow in areas where food production is favoured. If 
there is more food prodt1ccd than the farmers need, 
then non-farming services can be supported. In the 
early days these included builders, craftsmen, teachers, 
traders, administrators and so on. Thus, settlements 
in tl1c more favoured areas had greater potential for 
growth, and for a wider range of services and functions. 

Some environments narnrally favoured growth 
and hence a large size. In tl1c north-east of the USA, 
settlements on tl1c lowland coastal plain were able to fann 
and trade (Figure 7 ). Those that had links inland as well, 
such as New York, were doubly favoured (Figure 8). 

Trade and communications have always been 
important. Cairo grew as a result of being located at 
the meeting point of the African, Asian and European 
trade routes. It also benefited from having a royal 
family, being the government centre, and having a 
university and all kinds of linked trades and industries 
such as food and drink, and textiles. Similarly, Paris 
grew because of its excellent location on the Seine. 
Not only could the river be crossed at this point, it 
could also be used for trade (Figure 9 ). 
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Other centres had good raw materials. In South 
Africa, the gold deposits near Johannesburg, and the 
di amonds at Kimberley and Bloemfontein , caused 
these settlements to grow as important mining and 
industrial areas. 

Functions change over time. Many settlements 
that were fo rmerly fishing villages have become 
important tourist resorts. The Spanish costas are a 
good example. Many Cari bbean settlements, such as 
SoufriCre in St Lucia, have evolved into important 
tourist destinations. In the developed world , many 
rural settl ements have now become dormi tory 
settlements - this is related to good accessibility to 
nearby urban centres (Figure 10). Increasingly, many 
rural settlements in the developed world are also 
becoming centres of industry, as new science parks 
locate in areas such as Silicon Vall ey in Cali fornia, 
formerly an agricultural region. Soutl1 Korea has 
industriali sed and urbanised over the last fifty years 
or so, and the rural population had decl ined to just 
17 per cent by 2011. 

Interesting note 
Baniachong in Bang ladesh cla ims to be the world 's 
la rgest village. The area covers about 75 km2 and 
conta in s around 70 000 peo ple ! 

Urban Extreme non-rural 

Figure 9 The Seine was a vital factor in enabling the growth of Paris into 
a cityofintemational importance 

Extreme rural National Partr. 

Small village turned ', 3ominsfrom 

into a new or \',,'':ty by car 

', 
1 hour from', 
dfyby~, \) 

\ ~~i~i~ 

• ~ :;;:,~;=;:~;;:;:;~':;::::::::;'.~:•'r~spill town 
;)... Motorway \ 

Green belt 1 
(farmingand \ 

recreation; \ 
development 1 

strictlycontrolled) ! 

~:~~~:~~a;:~:;~~ / 
A road 

\by car \ 
1 2hours 1 

\ fromcityl 
! bycar: 

Figure 10 Cloke's model of rural change and accessibility to large urban centres 

Other centres have become important due to political 
fuctors. New capital cities such as Brasili a, Canberra 
and Ottawa have developed central administrative 

roles. O tl1er planned ci ti es, such as Putrajaya in 
Malaysia and I ncheon in South Korea, have become 
centres ofhi gh-tech industry. 
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(fufoijjffi@ Population size and number of services in Lozere 

Table 2 Population change in St-Andre-Capcl!ze, 1800--2005 

Year Population 

1800 437 

182 1 455 

1841 479 

186 1 427 

1881 383 

1901 316 

192 1 222 

193 1 190 

1962 148 

1982 104 

1999 145 

2006 174 

Table 3 Population change at Lozere 

Year Populati on Yea r Population 

180 1 130000 192 1 108000 

182 1 135000 194 1 94000 

1841 142000 1961 82000 

186 1 138000 198 1 74000 

1881 144000 200 1 76000 

1901 130000 2011 73000(estimate) 

Figure 11 Lozereenvironment 

Ta ble 4 Servicesinlozl!re 

Settlement E g,! 0 

] t i i g I " 5 .. 
~ 

E .E.!:! 

] ! j 1 l :i:'i c.. 11 E ~ -~ 
~ ~ ~ ~ ~ ~ 8 5 0 0 !5 ~ ~ .. u ~ 

Mende 750 12378 ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ 25 

Badaroux 800 897 0.5 ,/ 6 6 ,/ ,/ ,/ ,/ ,/ ,/ 4 ,/ ,/ 12 

Bag no is- les-Ba ins 913 229 6 ,/ ,/ 20 ,/ ,/ ,/ ,/ ,/ ,/ 20 ,/ ,/ ,/ ,/ 16 14 

CubiE! res 900 197 25 9 9 25 ,/ ,/ 9 ,/ ,/ 25 25 20 9 ,/ 25 25 

Altier 725 209 11 11 11 11 ,/ ,/ ,/ ,/ ,/ 11 11 11 11 ,/ 11 16 25 

Villefort 605 639 ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ 

St-Andl"e-CapcE!ze 450 168 ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ 14 

Key Services ava ila ble to tou rists and residents in settlement: .! 
Numbers show distance in km to nearest service, i.e. 25 = 25km distant 

Lozere is a department in south-east France. It is a 
mounta inous reg ion, and the ma in economic activit ies 
are farm ing and tourism (Fi gure 11). However, due to 
the mounta inous relief and poor-qua lity so il, farm ing is 
ma inly catt le rearing. Surprising ly, the reg ion has a very 
low rate of unemployment. This is due to a long history 
of out-m igration of young peop le in search of work . 

• 

Table 2 shows how t he popu lation of St-Andre-CapcE!ze fell 
between the 1860s and the end of the twentieth century. 
However, in recent years the popu lation has increased 
sli ghtly. This is due to improved commun ications and eas ier 
travel - but t he popu lat ion is an ageing one . Tourism 
offers some emp loyment, but t he j obs are seasona l, part
t ime, unsk ill ed and often qu ite poorly pa id. 
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Case study analysis 
1 Describe the landscape of Lozere as shown in Figures 

11 a and b. Suggest the economic opportunities and 
difficulties that these landscape produce for their 
inhabitants. 

2 a Draw a line graph to show the change in population 
in Lozere between 1801 and 2011 (Table 3). 

b Describe the changes in population in the graph you 
have drawn. 

c Suggest reasons for the changes in population 
between: 
i 1801 and 1881 
ii 1881 and 1981 
iii 1981 and 2011. 

Activities 

• ----------------W••••T......._Sor._ 
I -----------------------w.A,$11tlne 

''.0!,-4· 1:--'>4-<'1-"J" ___________________________ Rjc. 

-----------------------M•ng•ove 

#: -----------------l.lvhlhOUN,Cl'llmn-v 

'Ii: ------------------------ --- Poimol'ln1t,m 

,I/T---------------------- --------T,..,1mk1e, 
t ___________________ __ G1..-Fi.ld/f'lrfllround 

~------------------------Fl11Rodl 

"'~"'t© ____________________ Clilf,Ou....., 

Figure 12 Key to 1:50000 map of Montego Bay 

Study Figure 13, a 1:50000 map of Montego Bay, 
Jamaica. Use the key (Figure 12) to help you. 

0km 

1km 

2km 

3km 

4km 

1 What is the grid square reference of (a) the hospital 
in Montego Bay and (b) the factory on Torbay 
(Bogue Islands)? 

d Compare the population changes in the Lozere 
department with those in St-Andre-Capceze 
(Table 2). 

3 Table 4 shows data for services in seven settlements in 
Loze re. 
a Choose a suitable method to plot population size 

against the number of services. 
b Describe the relationship between population size 

and the number of services for the region. 
c Identify one exception to the pattern and suggest 

how, and why, it does not fit the pattern. 
d Suggest a hierarchy of settlements based on the 

information provided. 

2 What is the grid square reference for (a) the hotel 
(H) at Doctors Cave and (b) the Fairfield Estate? 

3 What is the length of the longest runway at 
Sangster International Airport? 

4 a How far is it, 'as the crow flies' (in a straight line), 
from the hotel (H) on Bogue Islands to the main 
buildings at Sangster International Airport? 

b How far is it, by road, from the hotel (H) on 
Bogue Islands to the main buildings at Sangster 
International Airport? 

5 In which direction is Gordons Crossing from the 
settlement of Montego Bay? 

6 Describe the site of Montego Bay. Suggest why the 
area grew into an important tourist destination. 

7 What types of settlement are found at Pitfour Pen 
(5598) and Wales Pond (5296)? 

8 Suggest reasons for the lack of settlements in grid 
squares 5497 and 5199. 

9 Suggest reasons for the growth of settlements at 
Bogue (5198) and Granville (5599). 

10 Find an example of (a) dispersed settlement and 
(b) nucleated settlement on the map. Suggest why 
each type of settlement has that pattern in the area 
where it is found. 

11 Using the map extract, work out a settlement 
hierarchy for the area. Name and locate an example 
of (a) an area of isolated, individual buildings, (b) a 
village, (c) a minor town, (d) a town and (e) a large 
town. Use the key (Figure 15) to help you decide 
what type of settlement each one is. 

• 
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Figure 13 1:50000 map of Montego Bay, Jamaica 



@ Urban settlements 

Downtown Seoul 

Key questions 
• What are the characteristics of urban land use? 
• How does urban land use vary between countries at 

different levels of development? 
• What is the effect of change in land use and rapid 

urban growth? 

• Urban land use 
The growth of cities in the nineteenth and early 
twentieth centuries produced a form of city that was 
easily recognisable by its urban land use. It included 
a central commercial area, a surrounding industrial 
zone wi th densely packed housing, and outer 
zones of suburban expansion and development. 
Geographers have spent a lot of time modelling 
these cities to explain 'how they work'. 

Every model is a simplification. No city will 'fit\' 
these models perfectly, but there arc parts of every 
model that can be applied to most cities in the 
developed world. All models are useful because they 
focus our attention on one or two key factors. 

Interesting note 
Hong Kong is the on ly city in the wor ld w ith more 
comp leted skyscrapers than New York City. 

Land value (bid rent) 
The value of land varies with different land uses. For 
example, it varies for retail, office and residential 

land uses. Retail land uses are attracted to more 
expensive central areas. Land at the centre of a city 
is the most expensive for two main reasons: it is the 
most accessible land to public transport, and there is 
only a small amount available. Land prices generally 
decrease away from the central area, although there 
are secondary peaks at the intersections of main 
roads and ring roads. Change in levels of accessibility, 
due to private transport as opposed to public 
transport, explains why areas on the edge of town are 
often now more accessible than inner areas. 

Burgess's concentric model (1925) 
This is the basic model (Figure l b). Burgess 
assumed that new migrants to a city moved into 
inner city areas where housing was cheapest and 
it was closest to the sources of employment. Over 
time residents move out of the inner city area as 
they become wealthier. In his model, housing 
quality and social class increase wi th distance from 
the city centre. Land in the centre is dominated 
by commerce as this sector is best able to afford 
the high land prices, and requires highl y accessible 
sites. In the early twentieth century, public 
transport made the central city the most accessible 
part of town. Beyond the centre is a manufacturing 
zone that also includes high-density, \ow-quality 
housing to accommodate the workers. As the 
city grows and the central business district 
(CBD) expands, the concentric rings of land use 
are pushed further out. The area of immediate 
change next to the expanding CBD is known as 
the zone in transition (usually from residential to 
commercial). 

Hoyt's sector model (1939) 
H omer Hoyt's sector model emphasised the 
importance of transport routes and the incompatibility 
of certain land uses (Figure le ). Sectors develop along 
important routeways, while certain land uses, such 
as high-class residential and manufacturing industry, 
deter each other and are separated by buffer zones or 
physical fearnres. 
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Offer prices of retail, office and residential 
useswithdistancefromthecitycentre: 
i section across the urban value surface 
ii planoftheurbanvaluesurface 

c Sector model (Hoyt, 1939) 

Figure 1 Bidrenttheoryandurban land use models 

Urban land use in developing 
countries 

b Concentr ic zone model (Burgess, 1925) 

•mod,lbasodoaCh lcago la ~ 
th,1920s @ • thecityisgrowingspatially 3 

due to immig ration and ® 
natural increase 

• the area around the CBD has 8 
the lowest status and highest 
density housing 

• residents move outwa rds w ith 
increasingsocialclassandtheir 
homesaretakenbynewmigrants 

Key t o diagrams band c 

1 CBD (central business district) 4 Medium-class residential 
2 Zone in transition/light manufacturing 5 High-class residential 
3 Low<lass residential 6 Heavy manufacturing 

d LatinAmericancitystructure 

Zone of peripheral 
squatter settlements 

Zone of active 
improvement of 
housing 

• - ~ ~~Zone of better 

residences 
(upgraded/self-built) 

Upper class 

There are a number of models of cities in 
developing countries. One of the most common 

with more haphazard housing and fewer services. 
More recent squatter housing is found at the edge 
of the city. Older and more established squatter 
housing is found along some sectors that extend 
in towards the city centre. Conditions in these 
areas near the city centre are better than in the 
more recent areas at the edge. In addition, those 
living in the central areas are closer to centres of 
employment and are more likely to find work. 
Industrial areas are found scattered along major 
transport routes, wi th the latest developments at 
the edge. 

is the model ofa Latin American city (Figure l d). 
The CBD has developed around the colonial 
core, and there is a commercial avenue extending 
from it. This has become the spine of a sector 
containing open areas and parks, and homes for 
the upper- and middle-income classes. These areas 
have good-quality streets, schools and public 
services. Further out are the more recent suburbs, 

• 



Land use zoning in developing 
countries 
A number of models describe and explain the 
development of cities in developing countries. These 
include several key points: 

• The rich generally live close to the city centre 
whereas the very poor are more likely to be found 
on the periphery. 

• Better-quality land is occupied by the wealthy. 
• Segregation by wealth, race and ethnicity is evident. 
• Manufacturing is scattered throughout the city. 

Activities 

'/..___J 
km 

- Rich D Commercial and industr ial areas 

- Middle-class .... Ciudades perdidas ('slums of despair') 

D Poor = Main roads 

Figure 2 Urban land use in Mexico City 

Study Figure 2. 

1 Describe the pattern of land use in Mexico City. 
2 To what extent does the pattern of land use in 

Figu re 2 confo rm to (a) the model of land use 
in Figure 1 d and (b) to any of t he characteristics 
described in Fi gure 1a-c? 

• Internal structure of 
towns and cities 

The central business district 
The central business district (CBD ) is the commercial 
and economic core of the city, the area that is most 
accessible to public transport and the location 

Internal structure of towns and cities 

with the highest land values. It has a number of 
characteristic fearnres. 

• Multistorey development - high land values force 
buildings to grow upwards, so the total floor space 
of the CBD is much greater than the ground 
space. 

• Concentration of retailing- high levels of 
accessibility attract shops with high range and 
threshold characteristics, such as department stores 
in the most central areas, while specialist shops are 
found in less accessible areas. 

• Concentration of public transport- there is a 
convergence of bus routes on the CBD. 

• Concentration of offices - centrality favours office 
development. 

• Vertical zoning - shops occupy the lower floors 
for better accessibility, while offices occupy upper 
floors. 

• Functional grouping - similar shops and similar 
functions tend to locate together (increasing their 
thresholds ). 

• Low residential population - high bid rents can 
only be met by luxury apartments. 

• Highest pedestrian flows - due to the attractions 
of a variety of commercial outlets and service 
facilities. 

• Traffic restrictions are greatest in the CBD -
pedestrianisation has reduced access for cars since 
the 1960s. 

• The CBD changes over time - there is an 
assimilation zone ( the direction in which the CBD 
is expanding) and there is a discard zone ( the 
direction from which it is moving away) . 

There are, however, many problems in the CBD, 
such as a lack of space, the high cost ofland, 
congestion, pollution, a lack of sites, planning 
restrictions, and strict government control. 

The core-frame concept 
The core-frame concept suggests that the CBD can 
be divided into two - an inner core where most of 
the department stores and specialist shops are found, 
and an outer frame where coach and train stations, 
offices and warehouses may be located (Figure 3). 
The CBD core and tl1e frame are closely connected 
and the CBD core may advance into the frame, just 
as the frame may advance into the core as parts of the 
CBD become run down. 
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Core and frame elements of the CBD 

Concentration 
of banks/businesses Absence of 

manufacturing 
industry 

Multistorey 
development 

Multi- let 
residences, often 

old villas 

Transport 
terminals 

Office area, 
e .g. solicitors Some 

vertical 

zoning -----

Small shops, -----

ark; ----- Concentration 
of department 
stores.chain 

stores,specialist 
retail outlets 

low-grade shops Car CORE 

Specialist 
services,e.g . 

medkal 

High density of 
pedestrians -zones of 
maximum accessibility, 
often pedestrianised 
areas and shopping 

Low residential 
population 

PI.VI 
Shops requiring 
large areas of 

land 

Functional zoning- similar 
activities concentrate and 

cluster, e.g. banks/shoe shops 

Area of higest 
shopping quality 

PLVI = peak land value intersection: the highest rated, busiest, most accessible part of a CBD 

Factors influencing CBDdecline 

Investors and businesses are attracted 
by peripheral sites that have good access 
and environments, and often lower costs 

Rise in car ownership leads to 
increased personal mobility and 

the rise of 'leisure' shopping 

Planning policies can encourage urban 
expansion and provide 'out-of -town' 
developments 

Costs of development and upkeep of 
CBDsare high (business rates, rents, 

and land costs) 

lnvestmentincitycentresoften lack a 
co-ordinated plan 

t City councils, determined to attract new 
industry/inwardinvestment,offer 
greenfield sites for development 

Companies find peripheral locations 
cheaper, and nearer customers and staff 
who live in the leafy suburbs 

Congestion reduces accessibility of CBDs 
Progressive suburbanisation 

leads to urban sprawl;thecity 
centre may be many miles away 

City centres are perceived as dirty, 
unsafe, with an ageing environment 
and poor infrastructure 

Figure 3 The core- frame model 

Residential zones 
In most developed countries, as a general rule , 
residential densities decrease with distance from the 
CBD. This is due to a number of reasons: 

• Historically, more central areas developed first and 
supported high population densities. 

• There is greater availability of land with increased 
distance from the CBD . 

• Improvements in transport and technology allow 
people to li ve further away from their place of work 
in lower-density areas. 

However, this pattern can be disrupted by: 

• low densities in the CBD, as residential land use 
cannot compete with commercial land use to meet 
the high bid rents 



• the loca tion of high-rise peripheral estates, 
increasing densities at the margins of the urban area 

• 'green belt' restrictions which artificially raise 
population densities in the suburbs. 

Population densities tend to change over time, 
with peak densities decreasing and average densities 
increasing. 

Internal structure of towns and cities 

The pattern of population density declining with 
distance can be observed in most cities, but this 
pattern also changes over time. After a period of 
expansion, city centres start to decline following 
suburbanisation. This is sometimes followed by 
a repopulation of the inner city if the centre is 
redeveloped. 

CfhJ\@@ Gentrification and relocation in Cape Town, South Africa 

~~!0~~~l~f;~~:c~;t:~:i~~~heen~;s~:r;~7~~f~';~i;;~~own History 
Johannesburg and the rebirth of Woodstock in Cape In the middle of the nineteenth century, notably after 
Town. Both areas share a common denominator for the arrival ofthe railway line, Woodstock became a 
gentrification: a growing middle class with disposable fashionable seaside suburb with a beach that stretched 
incomes and a taste for all things 'designer'. as far as the Castle of Good Hope . However, in the 

Site 
Woodstock is an inner-city suburb of Cape Town, South 
Africa . It is located between the docks of Table Bay and the 
lower slopes of Devil's Peak, about 1 km east of the centre 
of Cape Town (Figure 4) . Woodstock covers an area of less 
than 5 km2 and has a population of over 11 500. This gives 
it a population density of approximately 2300 per km2 . 

ATLANTIC 
OCEAN 

FALSE BAY 

1870s and 1880s Woodstock grew rapidly due to ease 
of access to the harbour, improved transport, and 
increased industrialisation . The first glass manufactured 
in South Africa was made at the Woodstock Glass Factory 
in 1879. 

By the 19S0s Woodstock had ceased to be a seaside resort. 
However, many people began to move into Woodstock 
during the 1970s and 1980s, creating the foundation for the 
urban renewal that was to start in the late 1990s. 

0 10km 
~ 

Figure 4 Locat ion of Woodstock and Blikkiesdorp, Cape Town 
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Figure 5 Road network in Woodstock 

Urban renewal 
Many of the lower parts of Woodstock became run down 
in the second half of the twentieth century, and litter, 
crime and drugs became serious issues (compare this 
with some of the issues in Detroit - see page 60) . But 
young professional workers took advantage of affordable 
Victorian semi-detached homes, many of these being 
renovated and restored. Fashionable restaurants, ICT and 
other businesses and offices have sprung up in converted 
warehouses, abandoned buildings and even in the former 
Castle brewery (Figure 6) . 

Figure6 ServicesinWoodstock 

• 

Contrasting views of gentrification 
There are different views on the regeneration of this 
part of Cape Town. Some claim that any upgrading or 
regeneration will be labelled 'gentrification', with negative 
connotations of less wealthy local people being forced out 
by profit-hungry developers. However, another view is that 
these early developers are out-of-work young professionals 
who, seeing an opportunity, through hard work make 
the best of their creativity and contacts. Neighbourhoods 
with the right mix of potential and urban decay attract 
students, young professionals and artists in search of cheap 
accommodation . Once they have made the area acceptably 
safe and more economically viable, the area can become 
the target for property developers to enter the market. 
This causes the rents and the price of land to rise, forcing 
the poorer residents to cash in and sell their properties. 
Cape Town's 'design community' has recently made 
Woodstock its home. Here, artists and young designers still 
manage to retain a foothold, though they may have to 
settle for smaller studios and higher rents. 

Often, the problem with gentrification is as much about 
the people who are displaced as it is about those who 
manage to stay on but feel increasingly alienated by the 
changing image of their neighbourhood. For those who 
stay on, the problem of traffic congestion and car security 
issues increase. But there is much more at stake for many 
local residents than the loss of parking. 

According to the Anti-Eviction Campaign, some families 
have not been able to afford the escalating rates of 
Woodstock and other central areas, leading to their 
eviction and removal to such locations as Blikkiesdorp . 



Relocating the urban poor: 
Blikkiesdorp, Cape Town 
Blikkiesdorp, wh ich is Afrikaans for 'Tin Can Town', was 
given its name by residents because of the row-upon
row of tin-like one-room structures throughout the 
settlement (Figure 7) . It was built in 2007 and comprises 
approxim ately 1600 one-room structures. Its population 
today is estim ated at around 15000. 

Figure7 LivingconditionsinBlikkiesdorp 

Industrial areas 
There are a number of industrial zones in most cities 
in developed countries. These include: 

• traditional inner city areas close to railways and/or 
canals 

• areas that require access to water, for example here 
industries such as imports and exports are located 
close to docks 

• areas where there is good access and good availability 
ofland 

• edge-of-town/greenfield suburban sites close to 
airports. 

Open spaces 
In general the amount of open space increases 
towards the edge of town. This is because the 
value of land is lower towards the edge, and there 
is more land available. Nevertheless, there are 
important areas of open space in many urban areas. 
Central Park in New York is a good example. In 
the centre , an y areas of open land tend to be small. 
Many of the open spaces arc related to areas that 

Internal structure of towns and cities 

The officia l name of Blikkiesdorp is 'Symphony Way 
Temporary Relocation Area' . It is a relocation camp made 
up of corrugated iron shacks. The structures have wa ll s and 
roofs made of thin tin and z in c sheets. Wash ing, san itation 
and water fac ilities are shared between four of these 
structures. 

Conditions and criticisms 
Blikkiesdorp is regarded as unsafe and it has a high 
crime rate and substandard living cond itions. Extremes 
of weather mean that it can be extreme ly hot or cold, 
and somet imes very w indy, blowing sand through the 
shacks. Residents have been reported to be suffering from 
depression. 

Case study analysis 
1 Compare the site and situation of Woodstock and 

Blikkiesdorp as shown in Figure 4. 
Describe the pattern of roads as seen in Figure 5. 
Id entify and comment on the types of service shown in 
Figure 6 . 

4 Describe the living cond it ions as suggested by Figure 7. 

arc next to rivers or formerly belonged to wealthy 
landowners. 

Transport routes 
Most city centres are characterised by small, congested 
roads. As the roads were built when the cities were 
still small, they were quite small. Now, as private 
transport is the main form of transport, the volume of 
traffic for the roads is too great. In contrast, towards 
the edge of town there arc larger motorways and ring 
roads. These take advantage of the space available. 
Natural routeways, such as river valleys, are important 
for the orientation of roads. However, given that 
many cities arc in lowland areas, constraints of the 
natural environment are generally not great. 

The rural-urban fringe 
The rural-urban fringe is the area at the edge ofa 
city where it meets the countryside. There arc many 
pressures on the rural-urban fringe. These include: 

• urban sprawl 
• more housing 
• industrial growth 

• 
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• recreatio nal pressures fo r golf courses and sports 
stadia 

• transport 
• agri culrural developments. 

Table1 lssuesintheurbanfringe 

Land use Posit ive aspects 

The nature of the pressure depends o n the type 
of urban frin ge (Table I ). For example, an area 
of growth such as Barra de Tijuca outside Ri o de 
Janeiro can be contrasted with an area o f decline such 
as some parts of Detroit . 

Neaative aspects 

Agriculture Some areas have well-managed farms and 
smallholdings. 

Farms often suffer litter, trespass and vandalism; some land is left derelict in 
the hope that planning permission for development will be granted 

Development Some developments are well-sited and Some developments, such as out-of-town shopping areas, cause serious 
landscaped, such as business and science parks. pollut ion. Many businesses are unregulated, e.g. scrap metaVcaravan storage. 

Urban services Some, such as reservoirs or cemeteries, may be Mineral workings, sewage works, landfill sites and Sunday markets (car boot 
attractive. sales)can be unattractive and oollutina. 

Transport 
infrastructure 

Some cycleways improve access and promote Motorways destroy countryside, especially near junctions. 
new development. 

Recreation and 
sport 

Country parks, sports fi e lds and golf courses 
can lead to conservation. 

Stock car racing and scrambling erode ecosystems and crea te loca lised litter 
and pollution. 

Landscape and Conservation areas may be included at the 
nature conservation edge of the city. 

There may be degraded land, e.g. land ruined by fly-tipping; many 
conservationareasareunderthreat. 

The growth of o ut-of-town shopping 
centres 
Shopping in many more developed countries has 
changed from an industry dominated by small firms 
to one being led by large companies . The retailing 
revolution has focused on superstores, hypermarkets 
and out-of-town shopping centres (Figure 8 ). These 
arc located on 'greenfield ' suburban sites with good 
accessibility and plenty of space fo r parking and 
future expansion. The increasing use of out-of-town 
shopping centres, and the trend fo r less frequent 
shopping, has led to the closure of many small shops 
that relied on regular sales of daily items. 

Figure 8 An out-of-town shopping centre in Bandar Seri Begawan, Brunei 

The changes in retailing have been brought about by: 

• suburbanisation of more affiu cnt households 
• technological change, fo r example, more famili es 

own a deep-freezer 
• economic change, with hi gher standards ofliving, 

especially including car ownership 
• traffic congestion and inflated land prices in city centres 
• social changes, such as more working women. 

The initial out-of-town developments came in the 
late 1960s and early 1970s. Now more than 20 per 
cent of shopping expenditure in developed countri es 
takes place in out-of-town stores . 



Activities 

Internal structure of towns and cities 

Study Figure 9. 

1 What are the advantages of this site for the 
supermarket? 

2 Which population groups benefit from out-of
town developments such as the one shown in the 
photograph? Give reasons for your choice. 

3 Describe the land uses shown in Figure 1 Oa-d, which 
show contrasting areas in Bandar Seri Begawan, 
Brunei. Identify each of the main land uses and their 
likely location in the city. 

• 
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Table 2 The advantages and disadvantages of out-of-town shopping centres 

Advantaaes Disadvantages 
There is plenty of free parking. They destroy large amounts of undeveloped greenfield sites. 
There is lots of space so shops are not cramped. They destroy valuable habitats. 
Thev are new developments so are usually quite attractive. The lead to pollution and environmental problems at the edae of tovm. 
They are easily accessible by car. An increase in impermeable surfaces (shops, car parks, roads etc.) may lead to 

an increase in flooding and a decreaseinwaterquality. 

Being large means the shops can sell large volumes of goods and They only help those with cars (or those lucky enough to live on the route of 
often at slightly lower prices. a courtesy bus) - people who do not benefit might include the elderly, those 

withoutacar,thosewhocannotdrive. 

Individual shops are larger so can offer a greater range of goods Successful out-of-town developments may take trade away from city centres 
than smaller shoos. and lead to a decline in sales in the CBD. 

Being on the edge of town means the land price is lower so the Small businesses and fam ily firms may not be able to compete with the large 
cost of development is kept down. multinational companies that dominate out-of-town developments - there may 

be a loss of the 'personal touch'. 

Developments on the edge of town reduce the environmental They cause congestion in out-of-town areas. 
pressuresandproblems incitycentres. 

Many new jobs may be created both in the short term (construction Many of the jobs created are unskilled. 
industry) and in the long term (reta il industry and linked industries 
such as transport, warehousinQ, storaqe, caterinQ etc.). 

Edge towns - a new form of 
development on the rural-urban fringe 

(ffiii@@ Barra da Tijuca, an 'edge city' in Brazil 
Barra da Tijuca is a recent 'edge city' - an exclusive 
edge-of-town development - and is now a key Olympic 
site. Land in southern Rio de Janeiro was already fully 
developed by the early 1960s. At that time Lucio Costa, a 
French-born urban planner, produced a plan to develop 
the area known as Jacarepagua, with Barra da Tijuca as its 
centre . 

Barra da Tijuca holds many attractions for Rio's 
expanding rich middle class, with a pleasant environment, 
mountain views, forests, lagoons and 20km of beaches 
- but it is still only 30 minutes away by motorway from 
the increasingly congested and polluted city centre. The 
area expanded from 2500 inhabitants in 1960 to 98000 in 
1991, growing by 139 per cent during the 1980s. Barra is 
the most recent example of the decentralisation of Rio's 
wealthy population. 

By contrast, the lowlands of Jacarepagua are an area of 
flat scrub, marshland, lagoons and coastal spits, but it had 
the potential for enlarging the urban area by a further 
122 km2. Its neighbourhoods include Anil, Gardenia Azul 
and Cidade de Deus, and the area was developed from 
the 1960s onwards. However, it still suffers from a lack of 

public transport and services, difficult access, overcrowding 
and poor maintenance. 

The 2016 Olympic Park w ill be built on the lowlands of 
Jacarepagua to the west of Barra. Improving sanitation 
systems to reverse long-term pollution of the surrounding 
lagoons and canals was the first stage . Power lines are to 
be laid underground. The future site of the athletes' village 
for Rio 2016, 'llha Pura', will become a new neighbourhood 
after the games. Thirty-one apartment blocks are planned -
larger than London's athletes' village - and families will be 
able to move into these after the event. 

However, the existing Jacarepagua race track and a 
fishing community are still located in the 1.2 million square 
metres that will become the focus of the games, including 
an athletics track, swimming and cycling arena, a media 
centre and a luxury hotel. 

Case study analysis 
1 Describe the situation of Barra da Tijuca. 
2 Comment on population changes in Barra since 1961. 
3 In what ways might the 2016 Olympic Games affect 

Barra and its surrounding area? 



c¥h¥Jtffi@ urban sprawl in Sydney 
Urban sprawl is the unplanned and uncontrolled physical 
expansion of an urban area into the surrounding 
countryside. It is closely linked to the process of 
suburbanisation. 

Over 75 per cent of Australia's population live in large 
and/or rapidly growing urban areas along the coastal 
belt. Sydney accounts for 20 per cent of the national total 
population and is expected to grow to over 5 million by 
2016. Much of Sydney's growth has been associated with 
urban sprawl. For example, centres at the edge of Sydney, 
such as Camden, Wyong and Penrith, have been growing 
more rapidly than long-established suburbs within Sydney. 
In addition remote rural areas have declined as younger 
populations have moved to large urban centres in search 
of employment and entertainment. 

The Sydney-Canberra corridor 
The Sydney-Canberra corridor extends over about 
300km and contains around 200000 people. When the 
populations of Sydney and Canberra are combined, this 
accounts for 25 per cent of Australia's total population. 

The corridor is long but generally sparsely populated. 
Many sections are used for farming and forestry. Most 
of the pressures for growth are in the areas closest 
to Sydney and Canberra. Commuting belts stretch to 
Wingecarribee south of Sydney, and to Vass and Goulburn 
north of Canberra. There is increasing decentralisation 
of population out of both Sydney and Canberra, because 
people want to enjoy a small-town lifestyle. At the same 
time, decentralisation of employment to centres such as 
Parramatta, Liverpool and Campbelltown have reinforced 
movements into those parts of the corridor. Improvements 
in road and rail transport have facilitated the growth of 
these centres at the rural-urban fringe. 

There has also been a change in the work patterns 
in parts of the corridor. Increasingly, ICT is enabling 
more people to work from home and is reducing the 
centralisation of Sydney and Canberra. 

Change in the corridor 
The highest population growth rates are in Sydney and 
Canberra but settlements close to these centres have 
also grown rapidly, whereas those furthest away have 
had the slowest growth. For example, Wollondilly, south 

Internal structure of towns and cities 

of Sydney, has changed from a farming and mining 
centre to one based on retailing, services, wholesale 
and manufacturing. In contrast, Goulburn, further from 
Sydney, has stagnated owing to the decline in the wool 
and other pastoral industries, and the closure of the 
railway workshops. The opening of the Hume Freeway 
in 1992, which by-passed the town, led to a large-scale 
decrease in through traffic, and the loss to the town of 
around US$15-38 million each year. 

Queanbeyan, close to Canberra, has grown rapidly 
as a regional state government office centre and as an 
industrial centre but over 60 per cent of Queanbeyan's 
workforce commutes to Canberra. 

Figure 11 Growth and population distribution in the Sydney---Canberra 
corridor, 1991 and 2006 

Case study analysis 
1 Define the term 'urban sprawl'. 
2 In what ways is the Sydney- Canberra corridor 

changing? 
3 How has technology allowed the corridor to change? 
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tfuhijjffi@ Land use in New York 
New York City's land area covers about 825 km2. The 
distribution of commercial land use is dominated by 
two areas, Midtown Manhattan and Downtown (Lower) 
Manhattan (Figure 12). Lower Manhattan is the centre 
for finance and banking, containing Wall Street and the 
Stock Exchange. In contrast, midtown Manhattan has the 
main shops (Fifth Avenue), theatres (Broadway), hotels and 

a Commercial Use 

- Commercial 

-Parkingfacilities 

- Openspace 

Lot area % of city 

2380ha 

863ha 

3.8 

1.4 

Atlantic Ocean 

landmark buildings such as the Rockefeller Centre and the 
Empire Sate Building. Commercial areas occupy less than 
4 per cent of the city's land, but they use space intensively. 
Most of the city's 3.6 million jobs are in commercial areas, 
ranging from the office towers of Manhattan and the 
regional business districts of downtown Brooklyn, to the 
local shopping corridors throughout the city. 

....... ...... ~ 

Nassau 
County 

15km 



b Industrial Use 

Lot area 

- Industrial/manufacturing 23 19ha 

- Transportation/utility 4665ha 

- Openspac.e 

3.7 

7.5 

Internal structure of towns and cities 

Nassau 
County 

15km 

Warehousing andindustriallanduse,Brooklyn, 
Newyork • 
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cResidential Use 

Lot area 

One and two family 16978ha 27.4 

- Multifamily 7458ha 12.0 

- Mixed-resident/commercial 1664ha 2.7 

- Openspace 

Atlantic Ocean 

Figure 12 Land use in New York 

Industrial uses, warehouses and factories occupy 4 per 
cent of the city's total lot area. They are found primarily 
in the South Bronx, along either side of Newtown Creek 
in Brooklyn and Queens, and along the western shores of 
Brooklyn and Staten Island. Riverfront locations are very 
important. 

Low-density residences, the largest use of city land, are 
found mostly in Staten Island, eastern Queens, southern 
Brooklyn, and north-west and eastern Bronx. In contrast, 
medium- to high-density residential buildings (three or 
more dwelling units) contain more than two-thirds of the 
city's housing units but occupy 12 per cent of the city's 

15km 

total lot area. The highest-density residences are found 
mainly in Manhattan, and four- to twelve-story apartment 
houses are common in many parts of the Bronx, Brooklyn 
and Queens. 

Public facilities and institutions - including schools, 
hospitals and nursing homes, museums and performance 
centres, places of worship, police stations and fire houses, 
courts and detention centres - are spread throughout the 
city and occupy 7 per cent of the city's land. 

Approximately 25 per cent of the city's lot area is 
occupied by public parks, playgrounds and nature 
preserves, cemeteries, amusement areas, beaches, stadiums 



and golf courses. Approximately 8 per cent of the city's 
land is classified as vacant. Staten Island has the most 

Table 3 Land use(%) in New York City by borough 

Bronx 18.1 15.5 2.7 4.3 3.8 2.8 11.6 

Brooklyn 22.7 16.0 3.4 3.1 4 .9 4.2 6.0 

Manhattan 1.3 23.9 12.2 10.2 2.4 6.6 11.7 

Queens 36.2 10.6 1.5 3.2 

Staten Island 33.6 3.1 0.5 3.4 

New York City 27.4 12.0 2.7 3.8 

Koy 

1 Low-density residential areas 
2 High-density residential 
3 High-density apartments/commercial 
4 Commercial/office 
5 Industrial/manufacturing 
6 Transport/utility 

Case study analysis 
Refer to Figure 12 and Table 3. 

3.7 11.8 

2.9 7.8 

3.7 7.5 

1 Describe the distribution of commercial land in 
New York City. 

2 Comment on the distribution of industrial land. 

Activities 
Table 4 Urban land use in Seoul(%) 

Urbanised area 

Residential area 6.9 
Commercial and business area 0.9 
Mixedresidentialandbusinessarea 0.9 

Industrial area 1.4 
Public facilit ies 0.1 

Trans ort 10.2 
Urban infrastructure facilities 1.3 
Construction sites and wasteland 2.4 

Total 58.1 
Forestando n s ace 

Grassland 2.9 

Farmland 4.9 

Rivers and wetland 5.8 

Forest 26.2 
Unsurveyable 2.1 

Total 41.9 

4.5 

9.6 

7.3 

31.1 

33.9 

25.1 

19.7 

20.7 

25.4 

Internal structure of towns and cities 

vacant land with more than 2145 hectares, Manhattan the 
least with less than 160. 

10 11 12 

2.0 4.3 3.8 100 

1.8 3.1 0.9 100 

1.7 3.0 1.9 100 

1.3 5.2 2.3 100 

0.5 17.5 0.5 100 

1.4 6.9 1.8 100 

7 Public facilities and institutions 
8 Open space 
9 Parking facilities 

10 Vacant land 
11 Miscellaneous 
12 Total 

3 Compare the distribution of low-density residential 
areas with that of high-density residential areas. How 
do these compare with the distribution of apartments? 

4 Compare and contrast the main land uses in 
Manhattan with those in Queens. 

Figure 13 Land use in Seoul 

1 a Using the data in Table 4, draw a pie chart to show 
land uses in Seoul. 

b Comment on the results you have drawn. 
2 Refer to Figure 13. 

a Describe the distribution of industrial land use on 
the map. 

b Describe, and suggest reasons for, the distribution 
of open space (green, parks and green belt). 

c Describe the distribution of commercial land use. 
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• Problems associated 
with urban growth 

A number of problems are associated with the growth 
of urban areas. These include: 

• congestion in the CBD 
• very high land prices in the city centre 
• overcrowding 
• housing shortages 

(fuhi\tffl@ New York and Detroit 

Urban problems in New York 
New York's population is declining and changing : 

• The total population has fallen by over 10 per cent in 
the last decade. 

• The white population has fallen from 87 per cent to 
65 per cent since 1950. 

• The middle-class population has fallen by 2 million in the 
past 20years. 

• The number of elderly residents has risen by 21 per cent 
since 1950. 

• New York has one of the largest black populations in the 
country, making up 9.1 per cent of the population . 

• The population of the South Bronx has declined by 
nearly 50 per cent. 

• Almost 1 million New Yorkers depend on welfare 
payments . 

The inner areas are declining both in terms of population 
and employment. Much of the housing and industry is 
dated (Figure 14). By contrast, the suburban periphery, has 
expanded in terms of population and employment. Only 
20 per cent of the workers in Westchester County (a New 
York suburb and one of the wealthiest counties in the USA) 
now commute into the city for their work. 

Up to 25 per cent of its citizens now live in poverty. 
A good example of an inner city area is the South Bronx. 
There, the average income is 40 per cent that of the 
country as a whole, and one-third of residents are on 
welfare support. 

New York's problems arise from: 

• changes in the composition of the labour force 
• the high living standards which the US economy 

guarantees for most citizens 
• the social strains set up by the continuing existence of an 

undereducated, unskilled, underpaid and underprivileged 
minority 

• the massive outward movement of the middle class, 
spurred on by good roads and increased living standards 

• the counter movement of lower-income families into the 
inner city. 

• traffic congestion 
• unemployment 
• racial conflict 
• urban decay and dereliction 
• deprivation 
• pollution of air and water. 

These problems are found in most large cities 
worldwide. Cities in developing countries have the 
added problems of shanty housing and squatter 
settlements. 

Figure 14 Old tenement housing in New York 

Urban decline in Detroit 
Detroit was once the USA's fourth largest city. Indeed, 
in 1960 it had the highest per capita income in the USA. 
Now up to 104km2 of the 360 km2 inner city have been 
reclaimed by nature . Up to 40000 buildings and parcels of 
land are vacant (Figure 15). Property prices have fallen by 
80 per cent or more. In 2013 there was a three-bedroomed 
house on Albany Street for sale at$ 1 ! 



Figure 15 Detroit-a forsaken city 

Population change in Detroit (million) 
1940-45 

1903 

Problems associated with urban growth 

Detroit is the largest US city to declare bankruptcy. Its 
long-term debts are estimated at over $18 billion, or 
$27000 for every resident. 

Between 1900 and 1950 Detroit prospered. General 
Motors (GM), Ford and Chrysler made most ofthe cars 
sold in the USA. Detroit's population increased from about 
300000 in 1900 to 1.8 million in 1950, but fell to just 
700000 in 2013 (Figure 16). 

18July2013 
Detroit files for bankruptcy 

Ford Motor Co.founded 
'The arsenal of 
democracy' Oil crisis 2012Murderratetops 
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General Motors founded Records 1967 
founded Raceriots 2009Carindustrybail-out 
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Figure 16 Population change in Detroit 

Many of the people are poor and relatively poorly 
educated - over 80 per cent have no more than a High 
School diploma. Delivering services to sparsely populated 
neighbourhoods would be difficult even if the city could 
afford it. 

The causes of Detroit's troubles are complex: 

• fading car sales and therefore less tax revenue from the 
city's large firms 

• a shrinking population - many of the richer people have 
moved away from the city 

• very high pension and social welfare costs - the city has 
an ageing population. 

Detroit has paid the price for being too dependent 
on a single industry - the motor car. It attracted many 
black workers from the American south to work in its 
factories, and inequalities in working conditions and living 
conditions led to race riots in 1943 and 1967. Many white 
people abandoned the city during the 'white flight' of the 
1950s, 1960sand 1970s. 

Only 30 per cent of the jobs available in the city are taken by 
Detroit residents. Over 60 per cent of Detroit's population who 
work, do so outside of the city. Unemployment had reached 
30 per cent by 2013. Over 33 per cent of Detroit's population 
and nearly 50 per cent of its children live below the poverty 
line. Nearly 50 per cent of Detroit adults are 'functionally 
illiterate' and 29 schools closed down in 2009 alone. Detroit's 
population is now 81 .6 per cent Afro-American. 

According to a report in The Economist, law and order has 
completely broken down in the inner city, and drugs and 
prostitution are commonplace. Detroit's murder rate is at a 
40-year high. Of the city's 85000 street lights, half are usually 
out of service because thieves have stripped them for copper. 
Only one-third of its ambulances are in working order. 

However, there is some hope. Urban farms are appearing . 
Young people - especially artists and musicians - are 
moving into Detroit to make use of the abandoned and 
affordable urban spaces . Policies set in place, such as low 
rents, good universities and tax breaks, are attempting to 
attract businesses back to the city. 

• 
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Figure 17 Change in manufacturing employment in Detroit 

CfuhJijffi@ Problems in Seoul 

Housing shortage 
Seoul's population grew from 2.5 million in 1960 to over 
10 million in 1990 and over 20 million in the Greater 
Seoul region by 2005 . In-migration and the trend towards 
nucl ear fam ilies (two generations) rather than the 
extended fam ily (three generations in the one house) have 
created a major housing shortage, despite massive building 
programmes (Figure 18). Less than 45 per cent of the land 
around Seoul is ava il able for urban development due to 
the steep terrain and surround ing mountains. 

The type of housing is chang ing too. Th e typ ica l one
storey one-fam ily house w ith an inn er courtyard is being 
replaced by hi gh-rise apartment blocks. Such flats have 
increased from 4 per cent of housing in 1970 to 35 per 
cent in 1990 and 50 per cent in 2005 . Until recently most 
of the housing was to the north of the river; but a number 
of sate llite towns have been built to the south of the river. 
This has evened out population density, wh ich on ave rage 
is over 16 OOO people per km2 (Table 5) . 

Figure 18 High-rise buildings in Seoul 

• 

Case study analysis 
1 a Suggest reasons for Detroit's growth between 1900 

and 1950. 
b Suggest why Detroit's population declined after 

1950. 
c Suggest the lik ely impacts of a falling population 

size . 
2 Describe the trend in manufacturing employment in 

Detroit between 1990 and 2010 (Figure 17) . Suggest 
the likely impacts of the changes you have described. 

Table 5 Population densities in selected cities 

Population/k m2 

Seoul 16364 

Tokyo 13092 

Beijing 4810 

Singapore 4773 

London 4671 

Paris 8084 

New York 9721 

Los Angeles 3037 

Traffic congestion 
Like New York, Seoul experiences massive traffic congertion . 
In 1975 Korea manufactured fewer than 20000 cars. By 
1994 there were over 2 million cars registered in the Seoul 
area . Despite improvements to the motorway network, 
the increase in the population of Seoul and the number 
of cars in the area means that congestion has increased . In 
add iti on, many of the roads in centra l Seoul are relatively 
sma ll and unable to handle the large volumes of traffic. 

Pollution 
As Seoul has grown the amount of a ir and water pollution 
has increased . A good example is the Cheong Gye Cheon 
River in centra l Seoul (Fi gure 19a) . It had become heavily 
polluted with lead, chromium and manganese and was a 
health risk. Restoration of the river has been a centra l part 
of the regeneration of centra l Seoul (Figures 19b and 19c). 
Previously up to 87 per cent of the city's sewage flowed 
untreated into the Hangang River. Now Seoul has the 
capac ity to treat up to 3 million tonnes of sewage each day. 



Activities 
1 Suggest several different reasons why there is poverty 

in New York. 
2 Why is air pollution a problem in large cities? 
3 Describe the conditions in Cheong Gye Cheong as 

shown in Figure 19. 

Problems associated with urban growth 

b Natural section following restoration 
c Cultural and social section following restoration 

• 



@ Urbanisation 

Glenmore, South Africa 

Key questions 
• What is urbanisation? 
• What are the reasons for rapid urban growth? 
• What are the impacts of urban growth on both urban 

and rural areas? 
• What are the strategies to reduce the negative impacts 

of urban growth? 

Urbanisation is an increase in the pcrcen rage of 
a population living in urban areas. It is one of the 
most significant geographical phenomena of the 
twentieth century. Urbanisation takes place when the 
urban population is growing more rapidly than the 
population as a whole. It is caused by a number of 
interrelated factors including: 

• migration to urban areas 
• higher birth rates in urban areas due to the 

youthfiil age structure 
• higher death rates in rural areas due to diseases, 

unreliable food supply, famine, decreased standard 
ofliving in rural areas, poor water, hygiene and 
medication 

• rural areas being reclassified as urban areas ( this 
would normally accompany the above factors ). 

More than two-thirds of the world 's urban population 
is now in Africa, Asia, Larin America and the 
Caribbean. The population in urban areas in developing 
countries will grow from 1.9 billion in 2000 to 

3.9 billion by 2030. In developed countries, however, 
the urban population is expected to increase very 
slowly, from 0.9 billion in 2000 to 1 billion in 2030. 

Figure 1 The process of urbanisation 

The overall population growth rate for the world 
for that period is 1 per cent, while the growth rate 
for urban areas is nearly double, at 1.8 per cent. At 
that rate, the world's urban population will double 
in 38 years. Growth wi ll be even more rapid in 
the urban areas of developing countries, averaging 
2.3 per cent per year, with a doubling time of 
30 years. 

The urbanisation process (Figure 1) in developed 
countries has stabilised, with about 75 per cent of 
the population living in urban areas. Latin America 
and the Caribbean were 50 per cent urbanised by 
1960 but here urbanisation is now about 75 per cent. 
Africa is still predominantly rural, with only 37.3 per 
cent living in urban areas in 1999, but with a growth 
rate of 4.87 per cent, the continent of Africa has the 
fastest rate of urbanisation. By 2030, Asia and Africa 
will each have more urban dwellers than any other 
major area of the world. Two aspects of this rapid 
growth have been the increase in the number of large 
cities and the historically unprecedented size of the 
largest cities. 

A megacity is a city with over 10 million people. 
ln 1950 there was only one megacity: New York City. 
In 2000 there were 19 megaciries, 424 cities with a 
population of 1 to 10 million, and 433 cities in the 
0.5 to 1 million category. By 2015, it is expected 
that there will be 23 cities with a population over 
10 million and of these, 19 will be in developing 
countries (Table 1 ). 
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Table 1 The world's megacities, 1950~2015 

1950 1975 2000 2015 

1 New 12.3 Tokyo 19.8 Tokyo 26.4 Tokyo 26.4 

Most of the world 's megaci ties had slower population 
growth rates during the 1980s and 1990s, and most 
of the larger citi es are significantly smaller than had 
been expected . For instance, Mexico City had around 
18 millio n people in 2000 - not the 3 1 million 
predicted in 1980. Kolkata in India had fewer than 
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13 million inhabitants in 2000, not the 40- 50 million 
people predicted in the 1970s. 

Several facto rs help explain this: 

• In many cities in the developing world , slow economic 
growth ( or economic decline) att::racted fewer people. 

• The capacity of cities outside the very large 
metropoli tan centres to attract a significant 
proportion of new investment was limited . 

• Lower rates of natural increase have occurred, as 
fertili ty rates have come down. 

However, there were some large cities whose 
population growth rates remained high from the 
1980s through to the 2010s, for example Dhaka in 
Bangladesh and many cities in India and China. Strong 
economic performance by such cities is the most 
important fuctor in explaining this. 1l1is growth attracts 
many young migrants, fo r whom birth rates are higher 
in urban areas, and death rates are lower there too. 

Given the association between economic growth 
and urbanisation , a steady increase in the level of 
urbanisati on in \ow-income nati ons is only likely to 

take place if they also have a steadily growing economy. 

• Urban problems in developing countries 
Table 2 Slum population by region, 2001 

Major area/ reg ion Total Urban Urban Esti mated slum Estimated slum 
population population population( % of population popu lat ion(% of 
(millions) (m illions) tota l popu lation) (thousands) urban population) 

World 6134 2923 47.7 923986 31.6 

Developed reqions 1194 902 75.5 54068 6.0 

Europe 726 534 73.6 33062 6.2 

Other 467 367 78.6 21006 5.7 

Developing regions 4940 2022 40.9 869918 43.0 

Northern Africa 146 76 52.0 21355 28.2 

Sub-Saharan Africa 667 231 34.6 166208 71.9 

Latin America and the Caribbean (LAC) 527 399 75.8 127567 31.9 

Ea'>lemAsia 1364 533 39.1 193824 36.4 

South-central Asia 1507 452 30.0 262354 58.8 

South-ea'>lemAsia 530 203 38.3 56781 28.0 

Western Asia 192 125 64.9 41331 33.1 

Oceania 26.7 499 24.1 

Least developed countries 685 179 26.2 140114 78.2 

Landlocked developing countries 275 84 30.4 47303 56.5 

Small islanddevelopinqstates 52 30 57.9 7321 24.4 • 
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Interesting note 
Some of the world's largest slums could be millionaire 
cities! Neza-Chalco-ltza in Mexico City has a population of 
4 million people. Orangi Town in Karachi has an estimated 
population of 1.5 million, and Dharavi in Mumbai has 
a population of over 1 million residents. Khayelitsha in 
Cape Town had 400000 in 2005, and Kibera in Nairobi has 
a population of between 200000 and 1 million! 

c+Miitffi@ urban problems in Rio de Janeiro 
Rio de Janeiro is a city of contrasts, with a huge gap 
between rich and poor. 

Rio's urban problems and their 
causes 
Millions of people have migrated from rural areas and 
other urban areas in Brazil to Rio de Janeiro in search of 
work and a better standard of living. The problem is that 
there are neither enough jobs nor houses for everyone. 
Therefore, many migrants are forced to make their own 
homes (on land they do not own) and get whatever casual 
work they can, often in the informal sector. 

Rio de Janeiro has many slum communities or 
comunidade. The natural increase in population is much 
higher in the most recent favelas (squatter settlements, 
largely in the outer suburbs and rural - urban fringe). 
As spontaneous settlements are forced to develop on 
available land, most of the sites have been used in the 
central and inner urban areas. Many favelas were moved 
to outer suburban areas. In inner urban areas, newly 
established favelas were frequently forced to develop 
on steep hillsides, where landslides are a threat. About 
17 per cent of Rio's population are favela-dwellers. They 
occupy just 6.3 per cent of Rio's land area (Figure 2) . 

Photochemical smog is a constant 

Some dereliction - deindustrialisation 
of some heavy industries, e.g.steel 

Mountainous relief limits space for building and makes the 
development of an effective transport route difficult and 
costly, e.g. constructing the Lagoa-Barra tunnel 

,Z Many shanty towns, such as Vidigal, are built on the 
l side of hills (only available land) so prone to landslips 

Algal blooms and eutrophication 
in the Lagoa Rodrigo channel Urbanarea I t ...... 2P 

km 

Figure2 SlumsinRiodeJaneiro 

There are four main types of slum in Rio: 
• squatter settlements or favelas - dense invasions 

of land with self-built housing on land lacking in 
infrastructure 

• illegal subdivisions of land and/or housing 
• invasions - irregular occupations of land still in the 

process of becoming fully established, generally found in 

'risky' areas such as around and beneath viaducts, under 
electricity lines, on the edge of railways or in public 
streets and squares 

• cortices - old decaying housing that has been rented out 
without any legal basis. These are mainly located in the 
central areas and the port area . 



Population growth is very rapid in some slums . For 
example, Rio das Pedras, located in a flooded swamp area, 
grew to 18000 within its first two years . 

Recently there has been decentralisation of activities 
from the CBD towards the edge of the city. This has been 
mirrored by the movement of high-income classes to the 
coastal expansion areas to the east of the city. 

The inequality in wealth in Rio is staggering: the richest 
1 per cent of the population earns 12 per cent of the 
income and the poorest 50 per cent earns just 13 per cent 
of the city's income. The southern zone of the city is the 
richest area . 

Rio's period of extremely rapid growth (1960-80) has 
slowed but growth is still at the rate of over a million a 
decade. Public services such as education and health have 
become inadequate as a result of rapid urban growth. The 
steep mountains that surround the narrow, flat coastal 
strips of land have affected the physical growth of Rio. 
The mountainous relief limits the space for building and 
makes the development of an effective transport network 
more difficult. The few existing transport routes have to 

Activities 
1 a Choose an appropriate method to show the global 

distribution of people living in slums (Table 2) . 
b Where is the frequency of slum dwellers highest? 

Where is it lowest? 
c Comment on your conclusions. 

2 Describe one environmenta l problem that is the resu lt 
of rapid urban growth . 

3 Exp la in why natural hazards may have a major impact 
in areas of slum housing. 

• Solutions to urban 
problems 

The housing crisis in developing 
countries 
Provision of enough quality housing is another a 
major problem in developing countries. There arc 
at least four aspects to the management of housing 
stock: 

• quality of housing - with proper water, sanitation, 
electricity and space (Figure 3) 

• quantity of housing - having enough units to meet 
demand 

• availability and affordability of housing 
• housing tenure (ownership or rental ). 

Solutions to urban problems 

be used by everyone, which leads to traffic congestion . The 
mountains surrounding the city trap photochemical smog 
created by exhaust fumes, resulting in poor air quality. 

Raw sewage has been draining stra ight into the bay, 
with population growth and industrial growth in Rio 
worsening the problems this causes. Today there is no 
marine life left in much of the bay, commercial fishing 
has decreased by 90 per cent in the last 20 years, and 
swimming from beaches in the interior of the bay is 
not advisable. The Lagoa Rodrigo de Freitas is the lake 
inland from lpanema and Leblon. Here, in February 
2000 the release of raw sewage led to algal blooms and 
eutrophication which resulted in the death of 132 tonnes 
offish . 

Case study analysis 
1 What proportion of Rio's population live in slums? 
2 How much of Rio's land is occupied by slums? 
3 Describe the different types of slums in Rio. 
4 Comment on the inequality of wealth in Rio. 
5 Suggest why there is a housing shortage in Rio. 

Figure 3 Poor-quality housing in Oisins, Barbados 

There arc a variety of possible solutions to the 
housing problem: 

• government support for low-income self-built housing 
• subsidies for home building 
• flexible loans to help shanty town dwellers 
• slum upgrading in central areas 
• improved private and public rental housing 
• support for the informal sector/small businesses 

operating at home 
• site and service schemes 
• encouragement of community schemes 
• construction of health and educational services. 

Housing the urban poor 
Governments of developing countries would not be 
able to solve their housing problems even if they were 
to try. The best that they could be expected to do 
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in an environment of general poverty is to improve 
living conditions. They should try to: 

• reduce the number of people living at densities of 
more than 1. 5 individuals in each room 

• increase access to electricity and drinking water 
• improve sanitatio n 
• prevent famili es from moving into areas that are 

physically unsafe 
• encourage households to improve the quality of 

their accommodation. 

A sensible approach is to destroy slums as seldom 
as possible, on the grounds that every displaced 
family needs to be reho used, and removing families 
is o ften disastrous. Governments should also avoid 
building fo rmal housing fo r the very poor. Sensible 
governments will attempt to upgrade inadequate 
acco mmodati on by providing infrastructure and 
services of an appropriate standard. 

111ere are no easy solutions to housing problems in 
developing countries because JX)Of housing is merely 
one manifestation of general JX)Verty. Decent shelter can 
never be provided while there is widespread poverty. 

Urban agri culture 
The phrase ' urban agriculrnre' initially sounds like a 
contradicti on in terms. H owever, the phenomenon 
has grown in significance in citi es in the developing 
world over the past 20 years. Evidence suggests that 
in some cities, urban agriculture may already occupy 
up to 35 per cent o f the land area, may employ up to 
36 per cent of the population , and may supply up to 
50 per cent of urban fresh vegetable needs. 

Table 3 Urban agriculture issues 

Adva ntages Conce rns 
Vital or useful supplement to Conflict over water supply, 
food procurement strategies particularlyinaridorsemi-aridareas 

Various environmental benefits Health concerns, particularly from use 
of contaminated wastes 

Employment creation for the Conflicting urban land issues 
jobless 

Provides a survival strategy for Focus on the urban cultivation 
low-income urban residents activities rather than in relation to 

broaderurbanmanaqementissues 

Urban agriculture makes use of Urban agriculture can benefit only the 
urban wastes wealthier city dwellers in some cases 

Food produced locally in urban areas may have 
several added benefits. First, it employs a proporti on 

th rough urban cultivatio n. It also diversifi es the 
sources of fi:xxl., resulting in a more secure supply 
(Table 3) . 

• New cities 
For more developed countri es there are more 
optio ns. At o ne end of the scale are new towns and 
cities, such as Brasilia in Brazil , Canberra in Australia, 
and Gongju-Yongi in South Korea. Gongju-Yongi is 
a 42 billion-dollar scheme to reduce the importance 
of Seoul as Korea's capital by 2020 (Figure 4 ). The 
relocation is necessary to case chronic overcrowdin g 
in Seoul , redistribution o f the state's wealth , and to 
reduce the danger of a military attack from North 
Korea. Previous develo pments have concentrated 
huge amounts of money, power and up to half of 
Korea's populatio n in Seoul. Constructi on began in 
2007 . Another impressive scheme is the Malaysian 
new town o f Putrajaya. 

o f the ci ty's population. In Addis Ababa dwellers Figure 4 Gongju-Yongi _ the proposed new capital for South Korea: 
can save between l O and 20 per cent of their income planning board (top) and the scene in 2007 (bottom) 

• 



• Managing urban 
problems 

Managing transport in cities 

Table4 Traffic problems in cities 

Developed world Developing world 

• Increased number of motor • Private ca r ownership is 
vehicles lower 

• Increased dependence on cars • Lessdependenceonthe car, 
as public transport declines but growing 

• Major concentration of • Many cars are poorly 
economic activities in CBDs maintained and are heavy 

oolluters 

• Inadequate provision of • Growing centralisation 
roads and parking and development of CBDs 

increases traffic in urban 

• Frequent roadworks • Heavy reliance on affordable 
public transport 

• Roads overwhelmed by sheer • Journeys are shorter but 
volume of traffic getting longer 

• Urban sprawl results in low
density bullt-up areas,and 
increasingly long journeys to 
work 

• Rapid growth has led to 
enormous urban sprawl and 
longer journeys 

• Development of out-of-town • Out-of-town developments 
retail and employment leads are beginning as economic 
to cross-city commuting development occurs, 

e.a. Boaota, Colombia 

Table 5 Attempts to manage the transport issue 

'Carrots' 

• Park-and-rideschemes 
parkingattheterminalfor 
a major bus or train route, 
e.g. Oxford (UK), Brisbane 
(Australia) 

• Subsidised public transport 
systems, e.g . Oxford, Zurich 
(Switzerland),Brisbane 

• Modern electronic bus systems 
with consumer information 
onfrequency,e.g. Brisbane, 
Curitiba (Brazil); rapid transit 
systems - supertrams on 
dedicated tracks, e.g. Zurich, 
or underground trains, e.g. 
Newcastle, Cairo (Eqypt) 

• Providing bus lanes to speed 
up buses, e.g. Oxford, London 

'Sticks' 

• High car parking charges 
in city centres,e.g. 
Copenhagen (Denmark), 
London, Oxford 

• Restricted city-centre 
parking, e.g. Copenhagen, 
Cambridge (UK) 

• Road tolls and road 
pricing: congestion 
charges,e.g. Durham 
(UK), Bergen (Norway) 
and central London,so 
that peoplehavetopayto 
drive through congested 
areasofthecitycentre 

Sustainable development in Curitiba 
Curitiba, a city in south-west Brazil, is an excellent 
model for sustainable urban development (Figure 5). 
It has experienced rapid population growth, from 

Managing urban problems 

300000 in 1950 to over 2.1 million in 1990, but 
has managed to avoid all the problems normally 
associated with it. This success is largely due to 
innovative planning: 

• Public transport is preferred over private cars. 
• The environment is used rather than changed. 
• C heap , low-technology solutions are used rather 

than high-technology ones. 
• Development occurs through the participation of 

citizens (bottom-up development) rather than top
down development (centralised planning). 

.Jt 
Rio de 
Janeiro 

Atlantic Ocean 

~ o 
km 

Figures LocationofCuritiba in Brazil 

Table 6 Sustainable solutions to flooding 

Problems(1950s/60s) Solutions(late 1960s onwards) 

Many streams had been covered Natural drainage was preserved 
to form underground canals which these natural flood plains are used 
restricted water flow. asoarks. 

Houses and other buildings had Certain low-lying areas are off-
been bui lt too close to rivers. limits. 

New buildings were built on poorly Parks have been extensively 
drainedlandontheperipheryof planted with trees; existing 
the city. buildings have been converted into 

new sports and leisure facil ities. 

Anincreasein roadsandconcrete Busroutesandcyclepaths 
surfaces accelerated runoff . integrate the parks into the urban 

life of the city. 

Transport 
Transport in Curitiba is highly integrated. The road 
network and public transport system have structural 
axes. These allow the city to expand but keep shops, 
workplaces and homes closely linked. There are five 
mJ.in axes of the three parallel roadways: 

• express routes - a central road with two express 
bus lanes 

• direct routes 
• local roads. 
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Curitiba 's mass transport system is based on the 
bus. Interdistrict and feeder bus routes complement 
the express bus lanes along the structural axes. 
Everything is geared towards the speed of the 
journey and convenience of passengers: 

• a single fare allows transfer from express routes to 

intcrdistrict and local buses 
• extra wide doors allow passengers to crowd on 

quickly 
• double- and triple -length buses allow for rush hour 

loads. 

The rationale for the bus system was economic as 
well as sustainability. A subway would have cost up to 

$80 million per km whereas the express busways were 
only $200 OOO per km. The bus companies are paid 
by the kilometre of road they serve , not the number 
of passengers. This ensures that all areas of the city 
arc served. 

Ri o de Janeiro 
Housing 
Areas of spontaneous housing in Rio used to be 
bulldozed without warning. However, the authorities 
were unable to offer enough alternative housing with 
the result that the favclas grew again. The authorities 
have now allowed these areas to become permanent. 

The Favela Bairro Project (Favela Neighbourhood 
Project) began in Rio in 1994. It aimed to recognise 
the favelas as neighbourhoods of the city in their own 
right and to provide the inhabitants with essential 
services. Approximately 120 medium-sized favelas 
(those with 500- 2500 households ) were chosen. 
The primary phase of the project addressed the built 
environment, aiming to provide: 

• paved and formally named roads 
• water supply pipes and sewerage/drainage systems 
• crCches, leisure facilities and sports areas 
• relocation for families who were currently living in 

high -risk areas, such as areas subject to frequent 
landslides 

• channelled rivers to stop them changing course. 

The second phase of the project aimed to bring the 
favela dwellers into mainstream society and keep 
them away from crime. This is being done by: 

• generating employment, for example by 
creating cooperatives of dressmakers, cleaners 
and construction workers, and helping them to 
establish themselves in the labour market 

• 

• improving education and providing relevant 
courses such as ICT 

• giving residents access to credit so that they can buy 
construction materials and improve their homes. 

The project has been used as a model of its type. The 
government is also helping people to become homc
owncrs. 

The mountainous relief of Rio means there is 
not a great amount of building space available. 
Development has consequently moved out 
(decentralised ) to create 'edge towns' such as Barra 
da Tijuca (sec page 54). Barra is an example of 
decentralisation of the rich and upper classes. 

Education 
A number of developments have taken place to try 
and improve the quality of the education system. 
Am~os da Esco/a (school friends ) encourages people 
from the community to volunteer their skills to 
improve opportunities offered by their local schools. 
Bolsa &cola (school grants ) gives monthly financial 
incentives to low-income families to keep their 
children at school. 

Rocinha is a central favcla with a population of 
about 200000 inhabitants (Figure 6 ). Over 90 per 
cent of the buildings arc now constructed from brick 
and have electricity, running water and sewerage 
systems. Rocinha has its own newspapers and radio 
station. There arc food and clothes shops, video 
rental shops, bars, a travel agent and there was even a 
McDonald's at one stage. 

Figure6Rocinha, Riode Janeiro 

Many of these improvements and developments arc 
the result of Rocinha's location close to wealthy areas 
such as Sao Conrado and Copacabana. Many of the 



residents work in these wealthy areas that surround 
Rocinha, and although monthly incomes arc low, they 
arc no t as low as elsewhere in the city and in Brazil. 
These regular incomes have allowed improvements to 

be carried out by the residents themselves. 

Transport 
• An efficient bus service, which covers all areas 

of the city, has been developed and the prices are 
within reach of most people, being US$0.50 for 
each journey made. Alongside the organi sed bus 
services, vans operate along the most popular 
routes and charge the same price . 

• A metro system has been built and is currently 
being expanded (Figure 7 ). A one-way ticket costs 
US$0.66 . Currently the metro does no t provide 
an alternative mode of tra nsport fo r much of the 
population, as it is not extensive enough. 

• The Linha Vermelha and the Linha Amarela 
arc two major roads that have been built to try 
and case traffic congestion. However, tl1erc arc 
indica tions that the number of private cars on the 
road has increased since these roads were built, 
which will reduce the long-term impact they have 
on traffic congestion . 

- Major roads 

----- Metro lines 
............._. Tunnels 

= Linhas Vermelha 
and Amarela 

LJ Water areas 

Figure 7 Transport systems in Rio de Janeiro 

LJ 
km 
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Water pollution 
Much work has already taken place in Ri o to 

improve th e sewerage systems. Improving sanitati on 
will also help revive the Lagoa Rodrigo de Freitas, 
where 4 km of new sewage pipes arc currently being 
installed. 

C$hJ1@@ Urban change in 
Shanghai 
For 700 years Shangh ai has been one of Asia's major ports, 
and it has a varied history. It thrived until 1949, when 
China closed itself to trade w ith the west. Thi s chang ed 
Shanghai from an internati onal centre of productio n 
and trade to an inwa rd -looking city. During the 1970s, 
China began slowly reopening its econo my to the world, 
and Shanghai was design ated o ne of 14 o pen citi es . 
The Shanghai Eco nomic Zone was established in 1983, 
and in th e ea rly 1990s an ambitious major programme 
of redeve lopment was sta rted, especia lly in the eastern 
hinte rl and around Pud ong. 

Since economic reforms began in China in 1978, 
between 150 millio n and 200 milli on Chinese have 
migrated from rural t o urban a reas. Thi s may be th e 
largest popul atio n movement in hum an history. China 
now has over 100 millionaire cities . Sh angh ai has a 
populati on of over 17 milli on and it is expected to reach 
23 millio n by 2020. 

Site 

• Opencit ie, 

region, 

© ~~·~~l~~i~~~e<gy © Shanghai Economic Zo ne 

@ Huaihal Economic Zone @ ~:;;";;."Delta Econom ic 

@ YangtzeDehaRegion @PearlRiverDeltaZo ne 

Figure 8 The situation of Shanghai in China 

• 
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Shanghai developed on a flat, low-lying alluvial plain on 
the banks of the Yangtze river. Shanghai is also located 
at the confluence of the Huangpu and Suzhou rivers - so 
it has an excellent location for shipping and trade. From 
1844 British, French, American and Japanese traders 
owned land in Shanghai. By 1920 it was China's largest and 
most important city but after the end of the Second World 
War and following the Communist Revolution in 1949, the 
foreign influence declined. 

Economic change 
Between 1949 and 1976 political influences, such as the 
Great Leap Forward (1958-60) and the Cultural Revolution 
(1966-76) focused attention away from rural areas, foreign 
influence and capitalist development. During this period 
one million people were returned to the countryside. 

However, in 1979 the first generation of Special 
Economic Zones was created. Although Shanghai was not 
one of them, it benefited from relaxed housing restrictions 
such as the subdivision and subletting of housing. 

In 1984, Shanghai was declared open to foreign 
development (Figure 8). For much of the next twenty years, 
Shanghai's economic growth rate was over 12 per cent per 
annum. In 1990, a new CBD was created in the Pudong 
area (Figure 9). Banks, stock exchanges and insurance 
companies moved in. By 2000, over 3000 skyscrapers had 
been built, including the Shanghai Financial Centre. 

Figure9Landusein 5hanghai 

Having by 1990 established a strong industrial base, 
the city was well placed to take advantage of the new 
opportunities offered by globalisation. It became a major 
centre for export manufacturing based on automobiles, 

• 

biotechnology, chemicals and steel, and its service industry 
sector (trade, finance, real estate, tourism, e-commerce) 
helped to diversify its economy. Between 1990 and 2000, 
Shanghai began to re-emerge as a world city. Foreign 
investment was attracted. Over half the world's top SOO 
transnational corporations and 57 of the largest industrial 
enterprises set up in Shanghai, contributing to an annual 
regional growth rate of over 20 per cent, more than twice 
the national average. In 2009, Shanghai was ranked the 
seventh largest city in the world, with a population of 
15million. 

Since 1990, the city's manufacturing sector has steadily 
contracted, shedding almost a million jobs, while the 
business services, finance and real estate sectors have 
expanded. Rising demand for highly skilled labour has led to 
further in-migration, resulting in an increasing disparity in 
wealth between rich and poor. Shanghai's experience does 
lend support to the general hypothesis that world city status 
inevitably leads to a widening gap between rich and poor. 

In 2006, Yangshan deepwater port was opened in 
order to accommodate larger ships than could enter the 
Huangpu and Suzhou rivers. Yangshan was built on an 
island about 40km south-east of Shanghai and connected 
by a 35 km bridge. It is now one of the world's largest ports. 

Today, Shanghai is a city-state within China. It is part of 
the Yangtze River Delta, the fastest growing urban area in 
the world, containing 16 megacities including Shanghai. 
The region has 75 million people and earns 25 per cent of 
China's GNP - SO per cent of its foreign direct investment. 
The city has been described as the largest construction site 
in the world: 4000 buildings with more than 24 storeys 
were under construction in 2010. 

Housing and demographic issues 
Housing shortages and overcrowding problems are acute. 
Almost half the population lives in less than 5 per cent of 
the total land area, and in central Shanghai population 
density reaches 40000-160000 people per square 
kilometre (Figure 10). Population pressure is caused by 
in-migration, overcrowding, disparities in wealth and the 
social insecurity of Shanghai's poor 'floating population'. 
From the 1990s whole neighbourhoods were demolished. 
Over two million residents were moved to the outer 
suburbs to live in better-quality accommodation. Many 
poorer people are unaware of their property rights. 
As property prices increase, they are given insufficient 
compensation. They cannot afford alternative housing in 
their old neighbourhoods. 

The Shanghai government has established a series of 
important policies to address these problems: 

• a combination of widespread family planning and 
medical care, which has controlled fertility levels among 
the young immigrant population 

• compulsory work permits 
• educational initiatives to improve immigrant job 

opportunities. 



Figure 10 Population density in Shanghai 

These initiatives have reduced population density in the 
heart of the city and increased it in the suburban satellite 
cities such as Songjiang. This has been a successful strategy, 
although for many who have been moved out under the 
decentralisation policy, the journey back to the centre for 
work is no advantage. 

Economic growth has attracted an increasing number 
of Chinese living overseas and foreign migrants to live in 
Shanghai. Many of these live in luxury, gated apartments. 

Water and air quality 
Water quality in Shanghai is a concern : less than 60 per 
cent of waste water and storm water and less than 40 per 
cent of sewage flows are intercepted, treated and disposed 
of. Waste disposal is also a major problem: the Huangpu 
river receives 4 million cubic metres of untreated human 
waste every day. The construction industry generates 
30000 tonnes of building waste per day, and municipal 
landfill sites have almost reached capacity. Nevertheless, 
since the 1990s there have been marked improvements in 
sanitation, and almost all households have access to piped 
water, electricity and a means of waste disposal. Municipal 
organic waste is now used as fertiliser in the surrounding 
rural areas. 

Shanghai has the highest cancer mortality rate in China, 
and until recently had the reputation of being the tenth 
most polluted city in the world . Industry generated over 
72 per cent of carbon dioxide emissions, 9 per cent coming 
from transport systems, and the remainder from domestic 
use. Coal-fired power stations provide 75 per cent of 
China's electricity, but contributes to serious emissions of 
suspended particulate matter, nitrous oxides and sulfur 
dioxide. 

Managing urban problems 

Motor vehicle emissions are particularly harmful in the 
presence of strong sunlight, when photochemical smog 
is formed . A product of this is low-level ozone, a harmful 
irritant responsible for breathing difficulties. Efforts to 
reduce air pollution levels have been moderately successful : 
emissions of nitrous oxides have fallen from around 40 
ppm to 32, and sulfur dioxide emissions from 50 ppm to 
around 32 over the same period. Reducing particulate 
matter has proved to be a much more difficult task. 

The government has responded to pollution problems by 
upgrading the city's transport systems and attempting to 
limit the growth in car ownership. 

Transport 
The Shanghai authorities have invested heavily in transport. 
Eight tunnels and four bridges have been built over/under 
the Huangpu river. Shanghai's underground system, with a 
daily capacity of 1 .4 million, is now linked to Pudong airport 
by the world's fastest commercial magnetic levitation train 
- MAGLEV -capable of reaching 431 km per hour. Other 
strategies to improve safety have been pedestrianisation 
and a reduction in the number of bicycles, currently 
estimated at 9 million and a cause of many road accidents. 

Bus lanes have been introduced and over 150km of 
cycle/moped lanes have been created . Shanghai developed 
a metro system in 1995 (Figure 11). An international 
airport was built in 1999 and a second terminal added in 
2008. It is planned to expand fourfold by 2015 . 

Figure11 TheShanghaimetrosystem 

Coastal flooding 
Like many global ports, Shanghai is under threat from 
coastal flooding, partly due to its low elevation at only 
4 metres above sea level, but also from monsoons and 
tropical cyclones. Future hazard events will be aggravated 
by climate change and the possibility of a rise in sea level. 
The problem is compounded by subsidence, which has been 
caused by over-abstraction of groundwater and the weight 
of high-rise buildings. Shanghai sank by 2.6 metres between 
1921 and 1965, and in 2002 alone by 10.22 millimetres. 
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Figure12Shanghailandscape 

Shanghai master plan 
In 2000 Shanghai introduced the New Master Plan for 
Shanghai (2000-20) . This includes the whole area and the 
development of three satellite cities (new towns). This is to 
reduce congestion and high population densities in central 
Shanghai. 

Dongtan 
Dongtan is located on the alluvial island of Chongming. 
It is a new city planned to produce zero waste, and using 
energy from clean renewable sources such as wind, solar 
and biofuels. Grasses will be grown on rooftops and rainfall 
will be harvested. The city was planned to be compact and 
car-free - its residents cycling or walking to school/work or 
to the shops and services. Links to downtown Shanghai -
over 50 km away - include new bridges and tunnels. 

However, these links threaten to replace the sustainable 
eco-city with a middle-class suburb for Shanghai workers. It 
could also attract holiday homes and retirement homes. 

Advantages of Dongtan: 

• Housing will include affordable housing as well as luxury 
flats. 

• Urbanisation and the 
environment 

Managing environmental problems 
Environmental issues that most cities have to deal 
with include: 

• water quality 
• dereliction 
• air quality 
• noise 
• environmental health of the population . • 

• Waste will be treated, rather than discharged into the 
Yangtze . Landfills are to be allowed, and sewage will be 
processed for irrigation and composting . 

• Renewable energy will be used - especially solar panels 
and wind turbines. 

• Food will be locally sourced from local farmers and 
fishermen - about one-third of the land in Shanghai 
is currently used for food production and about one 
million people still work on the land there. 

• Farming will be made more efficient by the introduction 
of organic fertilisers. 

• Direct links between farmers and Shanghai restaurants 
are being developed. 

• Fam, tourism is being encouraged through weekend breaks. 

Problems associated with Dongtan: 

• There may be conflicts over water resources - planned 
golf courses may use vast amounts of water. 

• Dongtan's first phase - by 2010- housed mainly tourist 
industries: hardly a sustainable use. 

• Commuting to Shanghai is inevitable, leading to a 
'middle-class' ghetto. 

• The extensive natural areas of freshwater marshes, 
saltmarshes and tidal creeks will experience major 
pressures for development. 

The rapid development of Shanghai has presented 
the government and planners with some challeng in g 
problems, only some of which have been resolved. The 
question is whether Shanghai can maintain the principles 
of sustainability while growing at such a rapid pace. 

Case study analysis 
1 On what river is Shanghai situated? 
2 What are the advantages of Shanghai's site for its 

economic development. 
Describe the situation of Shanghai as shown in Figure 8. 
Suggest reasons to help explain the rapid growth of 
Shanghai's population. 

5 Explain why Shanghai has a problem with air quality 
and water quality. 

There are a range of environmental problems in 
urban areas (Table 7 ). These vary over time as 
economic development progresses. The greatest 
concentration of environmental problems occurs 
in cities experiencing rapid growth (Figure 13 ). 
This concentration of problems is referred to as the 
Brown Agend'l. It has two main components: 

• issues caused by limited availability of land, water 
and services 

• problems such as toxic hazardous waste, pollution 
of water, air and soil, and industrial 'accidents' such 
as that at Bhopal in 1985. 



Table7 Environmentalproblemsinurbanareas 

Problems(andexamples) 

Waste products and waste 
disposal - 25 per cent of all 
urban dwellers in developing 
countries have no adequate 
sanitation and no means of 
sewage disposal 

Air pollution - air in Mexico 
Cityis'acceptable'onfewer 
than 20daysannually! 

Water pollution (untreated 
sewage into the Ganga from 
cities such asVaranasi) 

Watersupply(overuseof 
groundwater led to subsidence 
and floodinq in Banqkok) 

Transport-related issues 
(average speed of traffic in Sao 
Paulois3km/hour) 

Causes 

• Solids from paper, packaging and toxic waste 
increase as numbers and living standards rise 

• Liquid sewage and industrial waste both rise 
exponentially 

• Contamination and health hazards from poor 
systems of disposal, e.g. rat infestation and 
waterbornediseases 

• Traffic, factories, waste incinerators and 
power plants produce pollutants 

• Some specialist chemical pollution 
• Issues of acid deposition 

• Leaking sewers, landfill and industrial waste 
• In some developing countries, agricultural 

pollution from fertilisers and manure is a 
problem 

• Aquifer depletion, ground subsidence and 
low flow of rivers 

• Rising vehicle ownership leads to congestion, 
noise pollution, accidents and ill-health due to 
release of carbon monoxide, nitrogen oxide 
and, indirectly, low-level ozone 

• Photochemica l smog formation closely related 
to urban sprawl 

Urbanisation and the environment 

Possible solutions 

• Improved public awareness: recycling etc., landfill 
sites, incineration plants 

• Development of effective sanitation systems and 
treatment plants including recycling of brown water 
for industrial use 

• Rubbish management 

• dosure of old factories and importation of clean 
technology, e.g. filters 

• Use of cleaner fuels 
• Re-siting of industrial plants, e.g. oil refineries in 

areas downwind of settlements 

• Control of sources of pollution at source by 
regulation and fining; development of mains 
drainage systems and sewers 

• Removal of contaminated land sites 

• Construction of reservoirs, pipeline construction from 
long-distance catchment, desalination of salt water 

• Water conservation strateqies 

• Introduction of cleaner car technology (unleaded 
petrol catalytic converters); monitoring and 
guidelines for various pollution levels; movement 
from private car to public transport; green transport 
planning 

• Creation of compact and more sustainable cities 

Figure 13 Environmental problems: (a) Seoul -a city experiencing rapid economic growth 
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Figure 13 Environmental problems: (b) Castries -a city in a developing country 

Attempts to turn cities green can be expensive. 
Increasingly local governments are monitoring the 
environment to check for signs of environmental 
stress, and then applying some form of pollution 
management, integrated management, or 
conservation order to protect the environment. 

• 

Activities 
1 Describe the environmental problems shown in Figure 13. 
2 a Outline the causes of environmenta l problems in 

citi es. 
b Suggest why these problems might be increas ing. 
c Suggest reasons why the potential solutions might 

not work . 



• End of theme questions 
Topic 1.1: Population dynamics 

Population(billions) 

Figure 1 Popu lat ion by world region 2013 and 2050 

• 2013 
• 2oso 

1 a Describe the distribution of the world 's population 
by region in 2013. 

b Using the data provided ca lcu late the total 
population of the world in 2013 and the world's 
projected population in 2050. 

c What is the total increase in population forecast to be? 
2 a To what extent does the projected population 

growth to 2050 vary by world regi on? 
b Examine the reasons w hy population growth is fo recast 

to be much higher in some world regions than others. 
3 Suggest why these population fo recasts might turn out 

to be inaccurate. 

Topic 1.2: Migration 

Destination : developing countries 

Origin Destination 2013 
Bangladesh India 3.2 
India United Arab 2.9 

Emirates 
Russian Federation • Kazakhstan 2.4 
Afghanistan Pakistan 2.3 
Afghanistan lran(lslamic 2.3 

Republic of) 
China China, Hong Kong ,., 

SAR 
State of Palestine Jordan 2.1 
Myanmar Thai land 1.9 
India Saudi Arabia 1.8 
Burkina Faso C6ted'lvoire 1.S 

Destination : develo dcountries 
Mexico USA 13.0 
Russian Federation Ukraine 3.S 
Ukraine • R,ss;aaFed.,.1;00 2.9 
Kazakhstan Russian Federation ,.s 
China USA ,., 
India USA 2.1 
Philippines USA 2.0 
Puerto Rico USA 1.7 
Turkey Germany 1.S 
Algeria France 1.S 

Figure 2 Main international migration corridors (tota l migrant 
populations in millions) 

End of theme questions 

1 a Define internationa l migration. 
b Identify the three largest flows of migrants 

to destinations in developing and in 
developed countries. 

2 a Wh ich country is the major destination for 
internationa l migrants? 

b What are the reasons for the popularity of this 
destination country? 

c Suggest why India appears as both a country of 
orig in and destination. 

3 a What is a refugee? 
b Suggest and justify one migration corr idor that has 

been a route for refugees. 
4 Discuss the barriers to internationa l migration. 

Topic 1.3: Population structure 

• Under Age 18 

Figure 3 Changes in US population (in thousands) by age group 
2000-2001, 2005--6, 2010-11 

1 a By how much did the total population of the USA 
increase between: 
i) 2000 and 200 1 
ii) 2005 and 2006 
ii i) 2010 and 2011? 

2 a To what extent did population change vary between 
the three age groups? 

b What demographic trend do the data and your 
ana lys is of it illu strate? 

c Explain the reasons for this trend. 
3 a Explain a simple calcu lat ion/ratio that cou ld be 

used to compare the work ing and non-working 
populations of the USA. 

b What concerns might the US government have about 
the chang ing population structure of the country? 



1.7 URBANISATION 

Topic 1.4: Population density and distribution 

INDIA 

l'e<sonsper km' D O D 1- S 0 6--25 CJ 26--2S0 - 251 - 1000 -1(X)1 

Figure 4a Popu lation density and distribution in Bangladesh 

127 1.1 

254.3 

0
,0961 1968 1975 19a2 1990 1997 2004 20 11 

Figure 4b Increase in population density in Bangladesh 

1 a Define the terms i) population density ii ) population 
distribution. 

b Describe the population density and distribution in 
Bangladesh (Fi gure 4a). 

c Suggest like ly reasons fo r the variations in 
population density. 

2 a Describe the changes in the average population 
density in Bangladesh between 1961 and 2011 . 

b Discuss the reasons for such signifi cant change in 
population density. 

c Suggest where the largest increases in population 
density occurred . 

• 

Topic 1.5: Settlements and service provision 

19 90 "-•11r1tr 91 

Figure 5 Map of Kenmare 

1 a Suggest why a settlement developed at Kenmare 
(9070, 9171) 

b What type of settlement is Kenmare? 
c Describe the nature of the settlement in 9075 . 

Suggest reasons for this. 
d Id entify the services that are found in Kenmare. 
e Suggest a simple hierarchy (with three layers) of 

settlements in the Kenmare area . 



Topic 1.6: Urban settlements 

11••2"'Funde•ltf"c1u,e 

~ 
Expr1111w1vorM1tnro1d 

-------------- Footpath 

Figure 6 1 :50000 map of part of Kowloon and Hong Kong Island 

I~ -

End of theme questions 

Bul1l-up1r11/ 
Temporary structures 

Park orSport1 ground 
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Study Figure 6. 

1 Give a four figure square reference for the Central 
Business District, Hong Kong Island . 

2 Describe the location of the built environment on Hong 
Kong Island . 

3 Describe the road pattern (network) in grid square 0869. 

Topic 1.7: Urbanisation 

(1970) [I] Urbanization 

4 Suggest two contrasting ways in wh ich physical geography 
has influenced the development of Hong Kong. 

5 Ident ify two forms of recreational act ivity shown on 
the map. 

6 a Identify an area that is like ly to have industria l activity. 
b Suggest why this area has potential for econom ic 

activity. 

(2000) 

Figure 7 Urban population and urbanisation in South Korea in 1970 and 2000 

1 Define the term urbanisation. 
2 a Describe the changes in urbanisation in South 

Korea between 1970 and 2000. 
b Describe the changes in urban growth in South 

Korea between 1970 and 2000. 
What factors led to an in crease in urbanisation? 
Outline the positive econom ic and socia l effects of 
urbanisation. 

5 Comment on the negative effects of urbanisation . 

• 



'~~ Tie The Natural Environment 

Earthquakes and volcanoes 
Rivers 
Coasts 
Weather 
Climate and natural vegetation 



§ Earthquakes and volcanoes 

lmp.1cts of the Soufriere Hills volcano, Montserrat 

Key questions 
• What are the main types and features of volcanoes and 

earthquakes? 
• Where do earthquakes and volcanoes occur? 
• What are the causes of earthquakes and volcanic 

eruptions, and what is their effect on people and the 
environment? 

• What are the hazards and opportunities posed by 
volcanoes? 

• What can be done to reduce the impacts of 
earthquakes and volcanoes? .) 

• Types and features 
of volcanoes and 
earthquakes 

Volcanoes 
A volcano is an opening in the Earth's crust through 
which hot molten magma (lava ), molten rock and 
ash arc erupted onto the land. Most volcanoes are 
found at plate boundaries although there arc some 
exceptions, such as the volcanoes of Hawaii, which 
arc located at an isolated hotspot. Some eruptions 
let out so much material that the world's climate 
is affected for a number of years. Magma refers to 
molten materials inside the Earth's interior. When 
the molten material is ejected at the Earth's surface 
through a volcano or a crack at the surface, it is 
called lava. 

• 

,..-~~~~~~~~~~~~~~~, 

Interesting note 
• The greatest volcanic eruption in historic times was 

Tambora in Indonesia in 1815. Some 50-80km3 of 
material was blasted into the atmosphere. 

• In 1883 the explosion of Krakatoa was heard from as 
far away as 4776km! 

• The world's largest active volcano is Mauna Loa in 
Hawaii, 120km long and over 100km wide. 

Types of volcano 
The shape of a volcano depends on the type of\ava 
it contains. Very hot, runny lava produces gently 
sloping shield volcanoes, while thick material 
produces cone volcanoes (Figure 1). These may be 
the result of many volcanic eruptions over a long 
period of time. Part of the volcano may be blasted 
away during an eruption. The shape of the volcano 
also depends on the amount of change there has been 
since the last volcanic eruption. Cone volcanoes arc 
associated with destructive plate boundaries, whereas 
shield volcanoes arc characteristic of constructive 
boundaries and hotspots (areas of weakness in the 
middle of a plate ). 

The chamber refers to the reservoir of magma 
located deep inside the volcano. A crater is the 
depression at the top of a volcano following a 
volcanic eruption. It may contain a lake. A vent is the 
channel which allows magma within the volcano to 
reach the surface in a volcanic eruption. 

Shield volcano Com osite or cone volcano 

Volcanic 
bomb 

Figure 1 Two types of volcano 

Cl •nd dust 

Crater 



Active volcanoes have erupted in recent times, 
such as Mt Pinatubo in 1991 and Montserrat in 
1997, and could erupt again . Dormant volcanoes 
are volcanoes that have not erupted fo r many 
cenruri es but may erupt again , such as Mt Rainier 
in the USA. Extinct volcanoes are not expected 
to erupt again . Kilimanjaro in Kenya is an excell ent 
example of an ex tinct volcano. The Le Puys region of 
France is an area of extinct volcanoes which continue 
to influence settl ements and tourism. 

Earthquakes 
E arthquakes involve sudden, vio lent shaking of 
the Earth 's surface. They occur after a build-up 
of pressure causes rocks and other materials to 
give way. Most of this pressure occurs at plate 
boundari es when one plate is moving against 
another. Earthquakes are associa ted with all types 
of plate boundary. The focus refers to the place 
benea th the ground where the earthquake takes 
place. Deep-focus earthquakes are associated with 
subduction zones . Shallow-focus earthquakes 
are generall y loca ted along constructive boundari es 
and along conservative boundari es . The epicentre is 
the point on the ground surface immediately above 
the focus. 

Some earthquakes are caused by human activity 
such as: 

• nuclear testing 
• building large dams 
• drilling fo r oil/natural gas (fracking) 
• coal mining. 

Earthquake intensity: the Richter and 
Mercalli Scales 
In 1935, C harles Richter of the Califo rnia Institute 
of Technology developed the Richter Scale to 
measure the magnitude (strength o r fo rce) of 
earthquakes . These are measured on a seismometer 
and shown on a seismograph (Figure 2). By 
contrast the Mercalli Scale (Table l ) relates 
ground movement to things that you would noti ce 
happening around you . Its adva ntage is that it all ows 
o rdinary eyewitnesses to provide in fo rmation on 
the strength of the earthquake. The Richter Scale is 
logarithmic. This means that an earthquake of 6.0 is 
ten times greater than one of 5.0 , and one hundred 
times greater than one of 4 .0. 

Types and features of volcanoes and earthquakes 

Figure2 A seismograph reading 

Table 1 The Mercalli Scale 

Strenath Observations 

Rarely felt. 

Felt by people who are not moving, especially on upper 
floors of buildinas. Han ina ob'ect5 ma swina. 

Theeffect5arenoticeableindoors,especiallyupstairs. The 
vibration is like that experienced when a truck passes. 

IV Many people feel it indoors, a fev,, outside. Some are awakened 
at ni ht. Croderv and doors are disturbed and standina cars rock. 
Felt by nearly everyone - most people are awakened. Some 
windows are broken, plaster becomes cracked and unstable 
ob'ect5 tooole. Trees ma swa and oendulum clocks stoo. 

VI Felt by everyone - many are frightened. Some heavy furniture 
moves,plasterfalls.Structuraldamageisusuallyquiteslight. 

VII Everyone runs outdoors. Noticed by people driving cars. 

VIII 

Poorly designed buildings are damaged. 

Damage to ordinary buildings - many collapse. Well
designed ones survive but suffer slight damage. Heavy 
fumitureisovertumedandchimneysfa ll. 

IX Damage occurs even to buildings that have been well 
designed. Many are moved from their foundations. Ground 
cracks and pipes break. 

Most masonry structures are destroyed, wooden ones may 
survive.Railwaytracksbendandwaterslopsoverbanks. 
Landslidesandsandmovementsoccur. 

XI No masonry structure remains standing, bridges are 
destroved.Larecracksoccur inthe round. 

XII Total damage. Waves are seen on the surface of the 
ground - objectsarethrownintotheair. 

Table2 Theworld'slargestearthquakes(RichterScale) 

Place Date Strenath 

Chile 1965 9.5 

Alaska 1961 9.2 

South-East Asia 2004 9.1 

Honshu.Japan 2011 9.0 

Kamchatka, Russia 1952 9.0 

Chile 1960 8.9 

Kansu,Japan 1920 8.6 

Tokyo,Japan 1923 8.3 

Mexico City 1985 8.1 

Tan shen,China 1976 8.0 

Erzincan,Turkey 1939 7.9 

North Peru 1970 7.7 

lzmit,Turkev 1999 7.2 • 



2. 1 EARTHQUAKES AND VOLCANOES 

Activities 
1 Describe the main characteristics of (a) a shield 

volcano and (b) a cone volcano. 
2 What is the difference between an active volcano and 

a dormant volcano? 
3 What are the advantages of the Richter Scale over 

the Mercalli Scale? What are the advantages of the 
Mercalli Scale over the Richter Scale? 

4 The Richter Scale is logarithmic. How much stronger is 
an earthquake of 7.0 compared with one of 5.0 on the 
Richter Scale? 

• Distribution of 
earthquakes and volcanoes 

The di stribution of the world 's volcanoes and 
earthquakes is very uneven (Figure 3 ). They arc 

• volcanoes 
earthquakes 

Figure 3 World distribution of volcanoes and earthquakes 

Figure 4 The world 's main tectonic plates • 

mostly al ong plate boundaries which arc regio ns 
of crustal instability and tectonic activity. Abo ut 
500 OOO earthquakes are detected each year 
by sensitive instruments. Most of the world 's 
earthquakes occur in linear chains (such as alo ng 
the west coast of South Ameri ca ) along all types of 
plate boundary. Some earthquakes appear in areas 
away from plate boundari es such as in the mid 
west of the USA. These earthquakes could still be 
related to plate movement as th e No rth Ameri can 
plate is moving westwards. Some earthquakes arc 
the result of human activity. Th e building of large 
dams and deep reservoirs increases pressure o n the 
ground . Mining removes underground rocks and 
minerals which may cause collapse or subsidence 
of the overlying materials. Testing of nuclear 
weapons underground has been known to trigger 
earthquakes, too . 



Volcanoes 
There are over 1300 active volcanoes in the world, 
many of them under the ocean. Three-quarters 
of the world's active volcanoes are located in the 
'Pacific Ring of Fire', the area around the Pacific 
Ocean. Good examples include Mt Pinatubo 
(Philippines), Krakatoa ( Indonesia ) and Popacatapetl 
(Mexico). These volcanoes are related to plate 
boundaries, notably destructive plate boundaries 
(for example Mt St Helens in the USA and Soufriere 
in Montserrat in the Caribbean ) and constructive 
boundaries (for example Eldfell volcano on Heimaey, 
Iceland). The continuing eruption ofSoufriere in 
Montserrat occurs at the boundary of the North 
American and Caribbean plates. Some volcanoes, 
such as Mauna Loa and Kilauea in H awaii, and Teidi 
on Tenerife, are located over hotspots. These are 
isolated plumes of rising magma that have burned 
through the crust to create active volcanoes. 

Activities 
1 Describe the global distribution of earthquakes as 

shown on Figure 3. 
2 What is the difference between sha llow-focus and 

deep-focus earthquakes? 

• Plate tectonics 
Plate tectonics is a set of ideas that describe and 
explain tl1e global distribution of earthquakes, 

Plate tectonics 

volcanoes, fold mountains and rift valleys. The cause 
of eartl1 movement is huge convection currents in tl1e 
Earth's interior, which rise towards tl1e Earth's surface, 
drag continents apart and cause tl1em to collide. These 
happen because the furtl1 's interior consists of semi
molten layers (magma) and the Earth's surface or 
crust (plates ) moves around on the magma. There are 
seven large plates (five of which carry continents) and 
a number of smaller plates (Figure 4 ). The main plates 
are the Pacific, Indo-Australian, Antarctic, North 
American, South American, African and Eurasian 
plates. Smaller ones include the Caribbean, Iranian, 
Arabian and Juan de Fuca plates. These move relative 
to one another and when they collide create tectonic 
activity and new landforms. 

The structure of the Earth 
There are four main layers within the Eartl1 (Figure 5): 

• The inner core is solid. It is five times more dense 
than surface rocks. 

• The outer core is semi-molten. 
• The mantle is semi-molten and about 2900km thick. 
• The crust is a solid and is divided into two main 

types: oceanic crust and continental crust. The 
depth of the crust varies between 10 km and 70 km. 
Continental crust is mostly formed of granite. It 
is less dense than the oceanic crust. Because it is 
more dense the oceanic crust plunges beneath the 
continental one when they come together. 

Vertical and horizontal 
scales are the same 

Continental crust 
vertical scale greatly 
exaggerated in this 

quadrant 

Figure 5 ThestructureoftheEarth 



2. 1 EARTHQUAKES AND VOLCANOES 

Activities 
1 Name the type of plate boundary located: 

a off the west coast of central America 
b in the south Atlantic Ocean 
c where the Turkish plate meets the Aegean plate. 

2 Where in the world is plate movement most rapid? 

Plate movement and boundaries 
There are a number o f different types of plate 
boundaries (Table 3 and Figure 6 ). These include: 

a Constructive boundary 
~ Plate2 

Rift valley Mid-ocean ridge 

Ornaoicc\t ~~ 

- Lit~e 

b Convergent (destructive) boundary 

I Platel Plate2 

Continental 

Oceanic crust 

Figure 6 Types of plate boundary 

Table3 Types of plate boundary 

constructive boundaries in which new oceanic crust 
is being created ; destructive boundaries in which 
older crust is destroyed; collision zones where plates 
are fo lded and crumpled; and conservative plates 
where plates slip past each other, causing earthquakes 
to occur. Different plate boundari es arc associated 
with different tectonic activiti es : volcanic eruptions, 
fo lding and earthquake activity (Figure 7). 

c Convergentboundary(coll ision) 

d Conservativeboundary 

I~ 

Co nstructive/divergent Two plates move apart from each other causing sea-floor spreading; new oceanic crust is formed, creating mid-ocean 
bo undary ridges; volcanic activity is common 

e.g. Mid-Atlantic Ridge (Europe is moving away from North America) 

Convergent (destructive) The oceanic crust moves towards the continental crust and sinks beneath it due to its greater density; deep-sea trenches 
bo undary and island arcs are formed; the continental crust is folded in to fold mounta ins; volcanic activity is common 

e.g.Nazca platesinksundertheSouthAmericanplate 

Co nvergent (collisio n) Two continental crusts collide; as neither can sink they are folded up into fold mountains 
bo undary e.g. The Indian plate collided with the Eurasian plate to form the Himalayas 

Co nservative boundary Two plates slip sideways past each other but land is neither destroyed nor created 
e.q. SanAndreasfaultinCalifornia 

• 



Figure 7 Tectonic activities 
a Folded landscape, Himalaya foothills 
b Thingvellirrift valley, Iceland 

Plate tectonics 

c Volc~nic eruption of Soufriere, Montserr.at wi th the former capital city Plymouth in the fo reground 
d Tourists standing by the boili ng mud springs, Soufnere, St Luoa 

Activities 
1 Study Table 3. 

a Describe what happens at a subduction zone. 
b At what types of plate boundary are volcanoes 

likely to occur? 
c Which types of plate boundary produce fold 

mountains? 
2 Study Figure 7 which shows a variety of tectonic 

landscapes. 
a Describe the general appearance of the land in 

photo (a). Suggest how it may have been formed. 
b Photo (b) shows a rift valley at Thingvellir in Iceland. 

At which type of plate boundary are rift valleys 
found? How might they be formed? 

c Photo (c) shows a volcanic eruption of Soufriere, 
Montserrat with the former capital city Plymouth in 
the foreground. Suggest the likely hazards of living 
close to a volcano. 

d Photo (d) shows tourists at the boiling mud 
springs at Soufriere in St Lucia. Suggest some of 
the advantages of living in a tectonically active 
region. 

e Suggest why the volcano on Montserrat and the 
mud springs in St Lucia have the same name: 
Soufriere. What does this tell us about the processes 
involved in these tectonic boundaries? 

• 



2. 1 EARTHQUAKES AND VOLCANOES 

• Causes of earthquakes 
and volcanoes 

Earthquakes arc caused by the build-up of pressure 
that results from plate movement. Consequently 
many earthquakes are found close to plate boundaries. 
This is illustrated clearly by tectonic activity in the 
Caribbean (Figure 8 ). The Caribbean plate is one of 
the smaller surface plates of the Earth. Earthquakes 
occur all around its periphery, and volcanoes erupt on 
its eastern and western sides (Figure 9 ). The Caribbean 
plate moves more slowly, at about 1- 2 cm a year, while 
the North American plate moves westward at about 
3--4cm a year. Many earthquakes and tsunamis have 
occurred in the north -eastern Caribbean region, where 
the movement of plates is rapid and complicated. 
There arc a number of hazards related to earthquakes 
(see Table 7 on page 88 ) and the impact on the death 
rate has been significant (Table 4 ). 

There arc 25 potentially active volcanoes in the 
Caribbean, all of them in the eastern Caribbean. 

N 

t 

There have been 17 eruptions in recorded history: 
Mt Pel Cc ( 1902 ) accounted for most deaths and the 
SoufriCrc Hills volcano has been active since 1995. 
Kick 'cm Jenny is an active submarine volcano, north 
of Grenada. All of the volcanoes arc associated with 
subduction zones. 

Figure 8 St John's Cathedral, Antigua rebui lt following the devastating 
earthquake of 1843 

10 

- Volcanic arc 
........... Convergent plate boundary A Active volcano 

(plates colliding) 
-:I::... Transform plate margin O Major earthquake 

(plates sliding past each other) 

-+----1---+-- ,A~ - .._H ~ Direction of plate movement 

Figure 9 Distribution of plates and tectonic hazards in the Caribbean • 



Table4 Majorearthquakesinthe Caribbean 

Date Location Deaths Maan itude 

1902 Guatemala 2 000 7.5 

1907 Jamaica 1600 6.5 

1918 Puerto Rico 116 7.5 

1931 Nicaragua 2400 5.6 

1946 Dominican Republic 100 8.0 

1972 Nicaragua 5 000 6.2 

1976 Guatemala 23000 7.5 

1985 Mexico 9500 8.0 

1986 El Salvador 1000 5.5 

2001 El Salvador 844 7.7 

2001 El Salvador 315 6.6 

201 0 Haiti 300000 7.0 

Volcanic eruptions eject many different types of material. 
Pyroclastic flows are superhot (700 °C) flows of ash 
and pumice (volcanic rock) moving at speeds of over 
500km/ hr. In contrast, ash is very fine-grained but very 
sharp volcanic material. Cinders are small rocks and 
coarse volcanic materials. The volume of material ejected 
varies considerably from volcano to volcano (Table 5 ). 

Table 5 The world's biggest volcanic eruptions 

Eruption Date Volume of material ejected (kml ) 

Mt St Helens, USA 1980 

Vesuvius, Italy 79 

Mt Katmai, USA 1912 12 

Krakatoa, Indonesia 1883 18 

Tambora, Indonesia 1815 80 

Volcan ic st rengt h 
The strength of a volcano is measured by the Volcanic 
Explosive Ind ex (VEI ). This is based on the amount 
of materi al ejected in the explosion, the height of the 
cloud it causes, and the amount of damage caused. 
Any explosion above level 5 is considered to be very 
large and vio lent. 

A supervolcano is a volcano with a VE! 8. The 
scale is logarithmic so a VEI 8 is I O times more 
powerful than a VE! 7, l 00 times more powerful 
than a VE! 6 and I OOO times more powerful than 
a VET 5 (Mt Pinatubo, 199 1). The last VET 8 was 
74000 years ago (MtToba, Indonesia). 

Supervolcanoes tend to be much larger than 
' no rmal' volcanoes - the Yellowstone magma 
chamber is over 50 km wide. The likely impacts of a 
VE! 8 eruption include: 

• almost complete loss oflife within about 1 OOO km 
of the eruption 

• destruction of all crops and livestock, leading to a 
global famine 

• economic and social devastation. 

Natural hazards 

Activities 
1 Study Fi gure 9. 

a What are the two plates responsible fo r tectonic 
act ivity in Montserrat? 

b Which two plates are li ke ly to have ca used th e 
ea rthquake that affected Mexico City in 1985? 

c Describe what happens whe n t he North America n 
plate meets the Caribbea n pl at e. 

2 a Choose a suit ab le d iag rammatic method to show 
the re lati onship betwee n the mag nitud e of an 
ea rthquake and the loss of life, as shown in Table 4. 

b Describe th e relat ionship shown in your d iag ram. 
c Suggest reasons fo r t he relat ionship (or lack of) in 

your answer to 2(a). 

• Natural hazards 
All natural environments provide opportunities 
and challenges for human activities. Some of the 
chall enges can be described as ' natural hazards' 
A natural hazard is a natural event that causes 
damage to property and/or di sruption to normal life 
and may cause loss ofli fe. Natural hazards involve 
hydrological, atmosph eric and geological events. 
Natural hazards are caused by the impact of natural 
events on the social and economic environment 
in which people live. Some groups of people are 
more vulnerable to natural hazards and have greater 
exposure to them. 

Since the 1960s more people have been affected by 
natural hazards. Reasons fo r this incl ude: 

• a rapid increase in population, especiall y in 
developing countri es 

• increased levels of urbanisation, including more 
shanty towns which are often located in hazardous 
environments 

• changing land use in rural areas which resul ts in 
flash floods, soil erosion and landslides 

• increased num bers of people living in poverty who 
lack the resources to cope with natural hazards 

• changes in the natu ral environment causing 
increased frequency and intensity of storms, floods 
and droughts. 

A hazard refers to a potentially dangerous event or 
process . It becomes a disaster when it affects people 
and their property. 

Risk suggests that there is a possibili ty of loss 
of life or damage. Ri sk assess ment is the study 
of the costs and benefi ts of living in a particular 
environment. 



2. 1 EARTHQUAKES AND VOLCANOES 

There arc two very different ways of looking at 
people's vulnerabili ty: 

• O ne view is that people choose to live in hazardous 
environmen ts because they understand the 
environment. In this siniati on people choose to live 
in an area because they fee l the benefits outweigh 
the risks. 

• Another view is that some people li ve in hazard o us 
environments because they have very little choice 
over where they li ve, as they are too poor to move. 

Volcanic eruptions 
People often choose to li ve in volcanic areas because 
they arc useful. For example: 

• Some countries, such as Iceland and the Philippines, 
were created by volcanic activity. 

• Volcanic soils are rich , deep and fe rtile, and allow 
intensive agriculrure to take place . 

• Volcanic areas are important fo r touri sm. 
• Some volcanic areas are seen by people as being 

symbolic and are part of the natio nal identity, such 
as Mt Fuji in Japan. 

Figure 10 Touristsgatheraroundthegeyserat Geysir, 
Iceland - one of the benefits of tectonic activity 

Figure 11 A building buried by a mudflow in Plymouth, 
Montserrat - one of the disadvantages of tectonic activity • 

Table6 Hazardsassociated withvolcanicactivity 

Direct hazards Indirect hazards Socio-economic impacts 

• Pyroclastic flows • Atmospheric 
• Volcanic bombs ash fallout 

(projectiles) • Landslides 
• Lava flows • Tsunamis 
• Ash fallout • Acid rainfall 
• Volcanic gases 
• L.ahars(mudflows) 
• Earthquakes 

Earthquakes 

• Destruction of settlements 
• Loss of life 
• Lossoffarmlandandforests 
• Destructionofinfrastructure 

roads, airstrips and port 
facilities 

• Disruption of communications 

Table 7 Earthquake hazards and impacts 

Primary hazard Secondary hazard Impacts 

• Ground 
shaking 

• Surface 
faulting 

• Ground fa ilure and • Total or partial destruction of 
soil liquefaction building structures 

• Landslides and • Interruption of water 
rockfalls supplies 

• Debris flows and • Breakage of sewage disposal 
mudflows systems 

• Tsunamis • Lossofpublicutilitiessuchas 
electricity and gas 

• Floods from collapsed dams 
• Release of hazardous material 
• Fires 
• Spread of chronic illness 

The extent of earthquake damage is influenced by a 
number o f factors: 

• Strength of earthquake and number of 
aftershocks - the stronger the earthquake the more 
damage it can do. For example, an earthquake 
of6.0 o n the Richter Scale is 100 times more 
powerful than o ne o f 4.0; the more aftershocks 
there are, the greater the damage that is done. 

• Population density- an earthquake that hits 
an area o f high population density, such as in 
the Tokyo region o f Japan, could inflict far 
more damage than o ne that hits an area of\ow 
population and low building density. 

• The type of buildings -developed countri es 
generally have better-qu ali ty buildings, more 
emergency services and the funds to cope with 
disasters. People in developed countri es are 
more likely to have insurance cover than those in 
developing countri es. 

• The time of day - an earthquake durin g a busy 
time, such as ru sh hour, may cause more deaths 
than one at a quiet time. Industrial and commercial 
areas have fewer people in them on Sundays, and 
homes have more people in them at night. 

• The distance from the centre (epicentre) of the 
earthquake - the closer a place is to the centre of 
the earthquake, the greater the damage that is done. 



• The type of rocks and sediments -loose materials 
may act like liquid when shaken; solid rock is much 
safer and buildings should be built on level areas 
fo rmed of solid rock. 

• Secondary hazards - these include mudslides and 
tsunamis (large sea waves ), fires, contaminated 
water, disease, hunger and hypo thermia. 

The South Asian tsunami, 2004 
The term tsmuimi is the Japanese for 'harbour wave' 
About 90 per cent of these events occur in the Pacific 
Basin . Tsunamis arc generally caused by earthquakes 
(usually in subduction zones ) but can also be caused by 
volcanoes, fo r example Krakatoa ( 1883 ), and landslides, 
fo r example Alaska ( 1964 ). Tsunamis have the potential 
to cause widespread disaster as in the case of the South 
Asian tsunami 2004 (Figure 12 ). It became a global 
disaster, killing people from nearly 30 countri es, many 
of them foreign tourists. Between 180000 and 280 000 
people were killed in the 2004 tsunami. 

The cause of the tsunami was a giant earthquake 
and landslide caused by the sinking of the Indian 
plate under the Eurasian plate. Pressure had built up 
over many years and was released in the earthquake, 
which reached 9 .0 on the Richter Scale. 

The main impact of the 2004 tsunami was on the 
Indonesian island of Sumatra, the closest inhabited 
area to the epicentre of the ea rthquake. More than 
70 per cent of the inhabitants of some coastal villages 
di ed. Apart from Indonesia, Sri Lanka suffered more 
from the tsunami than anywhere else - at least 31 OOO 
people arc known to have died there, mostly along 
the southern and eastern coastlines. 

Figure 12 The 2004 tsunami caused widespread damage around the 
countriesborderingthe lndianOcean 

Natural hazards 

Activities 
1 What is a natura l hazard ? 
2 Suggest reasons why natural haza rds appea r t o be 

increasing in frequency. 
3 How may vo lca nic activity be a benefit t o people? 
4 Describe the direct and indirect hazards associat ed 

with volcanic activity in th e Ca ribbea n. 
5 What are th e potentia l impacts of vo lcanic acti vity on 

people's lives and livelih oods? 
6 Why was the 2004 tsunami consid ered t o be a 'g lobal 

disaste r'? 
7 a Describe the main haza rds associated with earthquakes. 

b Briefly expla in any three of the impacts of ea rthquakes. 

Managing volcanoes 
There arc a number of ways in which the impacts of 
volcanic eruptions can be reduced. These include: 

• spraying lava flows with water to cCXJI them down 
and cause them to solidify - thi s was successfully 
carri ed out in H cimacy, Iceland 

• digging diversion channels to divert lava flows 
away from settlements - this has been successful on 
Mt Etna, Sici ly 

• adding 'cold ' boulders to a lava fl ow in an attempt 
to cool the lava and stop it moving. 

However, if the eruption is a pyroclastic flow, there 
is little that can be done to prevent the impacts apart 
from evacuation. 

Predicting volcanoes 
The main methods of predicting volcanoes include: 

• seismometers to record swarms of tin y earthquakes 
that occur as the magma rises 

• chemical sensors to measure increased sulfilf levels 
• lasers to detect the physical swelling of tl1c volcano 
• measurement of small-scale uplift or subsidence, 

changes in rock stress and changes in radon gas 
concentrati on 

• ultrasound to monitor low-frequency waves in the 
magma, resulting from the surge of gas and molten 
rock, as happened at A.'1t Pinarnbo, El Chichon and 
Mt St Helens. 

Dealing with earthquakes 
People cope witl1 cartl1quakcs in a num ber of ways. The 
three basic options from which they can choose arc: 

• do nothing and accept the hazard 
• adjust to living in a hazardous environment -

strcngtl1cn your home 
• leave the area. (D 
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The main ways of dealing with earthquakes include: 

• better forecasting and warning 
• building design, building location and emergency 

procedures. 

There are a number of ways of predicting and 
monitoring earthquakes. These include: 

• measuring crustal movement - small -scale 
movement of plates 

• recording changes in electrical conductivity 
• noting strange and unusual animal behaviour, for 

example among fish ( e.g. carp) 
• checking historic evidence - there are possibly 

trends in the timing of earthquakes in some 
regions. 

Simple profiles 
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Diff icu lt sites 

~ 

Pounding between 
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~ 
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Soft soil 

Figure 13 Buildings designed for earthquakes 

Figure 14 Pipeline on rollers 

Stepped profile 

Fill 

Build ing design 
A single-storey building responds quickly to 
earthquake forces (Figure 13 ). A high-rise building 
responds slowly, and shock waves are increased as 
they move up the building. If the buildings arc 
too close together, vibrations may be amplified 
between buildings and increase damage. The weakest 
part of a building is where different elements meet. 
Elevated motorways are therefore vulnerable in 
earthquakes because they have many connecting parts. 

Certain areas are very much at risk from 
earthquake damage - notably areas with weak rocks, 
faulted (broken ) rocks, and soft soils. Many oil and 
water pipelines in tectonically active areas are built 
on rollers so that they can move with an earthquake 
rather than fracture (Figure 14). 

Complex masses 

Varied height Angled wings Soft storey 

Reinforcement 

Bracing soft storey Steeled-framed Deep foundation 
building 

Safe houses 
Billions of people live in houses that cannot withstand 
shaking. Yet safer ones can be built cheaply, using 
straw, adobe or old tyres, by applying a few general 
principles (Figure 15 ). 

In rich cities in fault zones, the added expense 
of making buildings earthquake resistant has 
become a fact of life. Concrete walls are reinforced 
with steel, for instance, and a few buildings even 
rest on elaborate shock absorbers. Strict building 
codes were credited with saving thousands of lives 
when a magnitude 8.8 earthquake hit Chile in 
February 20 I 0. But in less developed countries, 
like Haiti, conventional earthquake engineering 



is often unaffordable - but there arc some cheap 
solutions. 

In Peru in 1970 an earthquake killed more than 
70000 people, many of whom died when their 
houses crumbled around them. Heavy, brittle walls of 
traditional adobe - cheap, sun-dried brick - cracked 
instantly when the ground started to move. Existing 
adobe walls can be reinforced with a strong plastic 
mesh installed under plaster. During an earthquake 
those walls crack but don't collapse, allowing 
occupants to escape. Plastic mesh could also work 

Paki'ilan 

Mostdestructivequake 80ctober2005 
location NorthernPaki'ilarv'Kashmir 

Magnitude 7.6 
Fat alities 75000 

Quake-resi'ilant 
houses are being built 
inPaki'ilan - ol'ilraw. 
The compressed bales 
arehekltogetherby 
nylon netting arid 
saridwichedbetween 
layersof~a'iler 

Figure 15 Safe houses 

Activities 

12January2010 
Port..;iu-Princear&i 
7.0 
222500 

Small w indows 
Small , regutarlyspaced 
openings create fewer 
we;ikspotsinwalls. But 
thebiggerp<oblemin 
Haitiwasthatwallsv,,oere 
ootproperlyreinforced 

1 Study Figure 15. In what ways can building design 
reduce the impact of earthquakes? 

2 What is meant by the term 'safe house'? Br iefly 
exp la in how houses may be made 'safe' . 

3 In what ways is it possible to pred ict vo lcanoes? 
4 What is a pyroclastic flow? What are the dangers 

assoc iated with pyroclastic flows? 

Natural hazards 

as a reinforcement for concrete walls in Haiti and 
elsewhere. 

Researchers in India have successfully tested a 
concrete house reinforced witl1 bamboo. A model 
house for Indonesia rests on ground-motion dampers 
- old tyres filled with bags of sand. Such a house 
might be only a third as strong as one built on more 
sophisticated shock absorbers, but it would also 
cost much less - and so is more likely to get built in 
Indonesia. In northern Pakistan, straw is available. 
Traditional houses arc built of stone and mud, but 
straw is far more resilient, and warmer in winter. 
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lnPeruthewallsof 
someadobehouses 
havebeenreinforcl!d 
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to!)feveotcollapse 

Indonesia 

26December2004 
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connectl!dtotheroof 
bycornercolumnsanda 
crown beam of 
reinforced concrete 

~U:~:1:tucture 
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ground-motion 
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manytype5of 
bu iklirig 

• 
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(fufoijjffi@ volcanic eruptions in Montserrat 

Soufriere Hills, Montserrat 
Montserrat is a small island in the Caribbean, which has 
been seriously affected by a volcano since 1995. The cause 
of the volcano is plunging of the South American and 
North American plates under the Caribbean plate. Rocks 
at the edge of the plate melt and the rising magma forms 
volcanic islands. 

In July 1995 the Soufriere Hills volcano became active 
after being dormant for nearly 400 years. At first it gave 
off clouds of ash and steam. Then in 1996 the volcano 
finally erupted. It caused mudflows and finally it emitted 
lava flows. Part of the dome collapsed, boiling rocks 
and ash were thrown out and a new dome was created. 
Ash, steam and rocks were hurled out, forcing all the 

47 
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Figure 16 1:25000 map of Soufril!re and Plymouth 

Figure 17 Volcanic hazards in Plymouth, Montserrat 

inhabitants out ofthe south, the main agricultural part of 
the island (Figure 16). The largest settlement, Plymouth, 
with a population of just 4000, was covered in ash and had 
to be abandoned (Figure 17). This has had a severe impact 
on Montserrat as Plymouth was the centre for all the 
government offices, and most of the shops and services, 
such as the market, post office and cinema. 

The hazard posed by the volcano was just one aspect of 
the risk experienced on Montserrat. For the refugees there 
were other hazards. For example, up to 50 people had 
to share a toilet. Sewage tanks in the temporary shelters 
were often not emptied for weeks on end. The risk of 
contaminated water and the spread of diseases such as 
cholera is greatly increased by large numbers of people 
living in overcrowded, unhygienic conditions. 

The southern third of the island had to 
be evacuated (Figure 18). All public services 
(government, health, and education) had 
to be removed to the north of the island. 
Montserrat's population fell from 11 OOO to 
4500. Most fled to nearby Antigua. Some 
'refugees' stayed on in Montserrat living in 
tents. 

The northern part of the island has 
now been redeveloped with new homes, 
hospitals, creches, schools, upgraded roads 
and a football pitch. The population has 
increased to over 9000. 

The risk of eruptions continues - scientists 
do not know when the current activity 
will cease. 
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Figure 18 The exclusion zone, Montserrat 

By 2002 Montserrat was experiencing something of a 
boom. The population, which had dropped in size from 
over 11 OOO before the eruption to less than 4000 in 
1999, had risen to over 9000 . The reason was very clear: 
there were many jobs available on the island . There were 
many new buildings including new government offices, 
a renovated theatre, new primary schools, and lots of 
new housing in the north of the island. There was even 
a new football pitch and stadium built (Figure 19). There 
were plans to build a new medical school and a school for 
hazard studies. These have not been built. 

Figure 19 Montserrat's new football pitch 

Natural hazards 

However; by the summer of 2009, it was very clear that 
conditions on Montserrat had changed . The population 
had fallen to a little over 5000. There are two main reasons 
why Montserrat's population has declined . The first is the 
relative lack of jobs. Although there was an economic boom 
in the early 2000s, once the new buildings were built, many 
of the jobs disappeared . There are still plans to redevelop 
the island - a new urban centre is being built at Little Bay 
but that will not be complete until 2020. The museum 
has been built, but not much else (Figure 20) . So there 
are some jobs available, but not on the scale that there 
were previously. Second, one of the new developments on 
Montserrat was a new airstrip. Once this was built, the UK 
government and the US government stopped subsidising 
the ferry that operated between Antigua and Montserrat. 
This made it more difficult to get to Montserrat - both for 
visitors and for importing basic goods. Thus the number 
of tourists to the island fell and the price of goods on the 
island rose . Many Montserratians were against the airstrip 
and campaigned unsuccessfully for the port to be kept 
open . It is possible to charter a boat and sail to Montserrat 
but that is much more expensive than taking a ferry. 

Figure20 ThenewmuseumofMontserrat 

With fewer jobs in construction, a declining tourist sector 
and rising prices, many Montserratians left the island for 
a second time. Many went to Antigua and others went 
to countries such as Canada, the USA and the UK . Much 
ofthe aid that was given to Montserrat following the 
eruptions of 1997 have dried up . The UK provided over 
$120 million of aid but announced in 2002 that it was 
phasing out any further funds . Neverthless, in 2004 it 
announced a $60 million aid deal over three years . 

The volcano has been relatively quiet for the last few 
years, although an event in May 2006 went relatively 
unreported. The Soufriere dome collapsed, causing a 
tsunami that affected some coastal areas of Guadeloupe, 
and English Harbour and Jolly Harbour in Antigua . The 
Guadeloupe tsunami was one metre high whereas the 
one experienced in Antigua was between 20 and 30cm. No 
one was injured in the tsunami but flights were cancelled 
between Venezuela and Miami, and to and from Aruba, 
due to the large amount of ash in the atmosphere . 

So volcanic activity in Montserrat may be quiet at the 
moment but the volcano continues to have a major impact on 
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all those who remain on the island. The economic outlook for 
the island does not look good-and that is largely related to 
the lack of aid, the difficulty and cost of reaching Montserrat, 
and the small size of the island and its population. 

Case study analysis 
Study Figure 16. 
1 What is the height of the highest point on the map? 

(The name of the highest point is Chance's Peak but 
this is not shown on the extract.) 

2 How far is it from the Chance's Peak to Sugar Bay, 
Plymouth (the main settlement on the map)? 

3 What is the average gradient of the volcano (height/ 
distance)? Express your answer as a 1 in x slope. 
Describe the shape of the volcano. 
Suggest why a settlement was built at Sugar Bay, 
Plymouth. 

6 Outline the hazards to Plymouth as shown in 
Figure 17. 

(ff1¥\@@ The Christchurch earthquakes, 2010-12 
Christchurch is New Zealand's second-largest urban area 
with a population of 386000. The 2010 Christchurch 
earthquake (also known as the Canterbury or Darfield 
earthquake) was a 7.1 magnitude earthquake which struck 
the South Island of New Zealand at 4.35 am (local time) 
on 4 September 2010. Aftershocks continued into 2012 . 
The strongest aftershock was a 6.3 magnitude earthquake, 
which occurred on 22 February 2011 . Because this was so 
close to Christchurch it was much more destructive, with 
185 people being killed. 

2010 earthquake 
The 2010 earthquake's epicentre was 40 km west of 
Christchurch, at a depth of 10km. Insurance claims from 
the earthquake were confirm ed at being between $2.3 
and $2 .9 billion. Private insurance and individual costs may 
reach as high as $3 .3 billion. 

Earthquakes with an intensity of VII I on the Mercalli 
Scale (significant property damage, loss of life possible) 
could occur; in the Christchurch area, on average every 
55 years . Around a hundred faults have been id entified in 
the region, some as close as 20km to central Christchurch. 
However, the 2010 earthquake occurred on a previously 
unknown fault . The earthquake epicentre was located 
about 80-90 km south-east of the current surface location 
of the Austral ia-Pacific boundary. 

By August 2012, over 11 OOO aftershocks of magnitude 
2.0 or more had been recorded, including 26 over 5.0 
magnitude, and 2 over 6.0 magnitude. 

Impacts 
There were relatively few casualties compared with, for 
example, the 2010 Haiti earthquake. The Haiti earthquake 
also occurred in similar proximity to an urban area, also 
at shallow depth, and of very similar strength . The lack 
of casualties in New Zealand was partly due to the fact 
that the earthquake happened in the early hours of a 
Saturday morning, when most people were asleep, and 
many ofthem in timber-framed homes. Moreover, building 
standards in New Zealand are high. Following the 1848 
Marlborough and 1855 Wa irarapa earthquakes, wh ich both 
seriously affected Wellington, building standards were 
introduced . These were further strengthened following the 

1931 Hawke's Bay earthquake . In contrast, Haiti has much 
lower building standards, wh ich are poorly enforced and 
many buildings are made of handmade non-reinforced 
concrete, wh ich is extremely vulnerable to seism ic damage. 
Ground shak ing in populated areas of Canterbury was also 
generally less strong than for the Haiti 'quake. 

Sewers were damaged, and water lines were broken. The 
water supply at Rolleston, south-west of Christchurch, was 
contam in ated . Power to up to 75 per cent of the city was 
disrupted. Christchurch International Airport was closed 
following the earthquake and flights were cancelled . 

Emergency response and relief efforts 
Christchurch's emergency services managed the early 
stages of the response. Over forty search and rescue 
personnel and three sn iffer dogs were brought from 
North Island to Christchurch the day of the quake. 

2011 earthquake 
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The February 2011 Christchurch earthquake was a 
powerful natural event that severely damaged the 
city, killing 185 people (Figure 21). The 6.3 magnitude 
earthquake struck the region at 12.51pm on Tuesday 
22 February local time. The earthquake was centred 2 km 
west of the port town of Lyttleton and 10 km south-east of 
the centre of Christchurch. The earthquake was probably 
an aftershock following the September 2010 earthquake. 

This earthquake caused widespread damage across 
Christchurch, especially in the central city and eastern 
suburbs. The damage was intensified on account of 
the 4 September 2010 earthquake and its aftershocks. 
Significant liquefaction affected the eastern suburbs, 
producing around 400000 tonnes of silt. 

People from more than 20 countries were among the 
victims. Over half of the deaths occurred in the six-storey 
Canterbury Television (CTV) building, which collapsed and 
caught fire during the earthquake. Ofthe 185 victims, 
115 people were lost in the CTV building alone, while 
another 18 died in the collapse of PGC House, and eight 
were killed when masonry fell on a bus. Between 6600 and 
6800 people were treated for minor injuries. 

The total cost to insurers of rebuilding was originally 
estimated at $12 billion. However, by April 2013, the 
total estimated cost had escalated to $33 billion. Some 
economists have estimated that it will take the New 
Zealand economy 50 to 100 years to completely recover. 

Although smaller in magnitude than the 2010 quake, 
the earthquake was more damaging and more deadly for 
a number of reasons: 

• the epicentre was closer to Christchurch 
• the earthquake was shallower at 5 km underground, 

whereas the September earthquake was measured at 10km 
deep 

• the February earthquake occurred during lunchtime on 
a weekday when the CBD was busy 

• many buildings were already weakened from previous 
earthquakes 

• liquefaction was significantly greater than that of the 
2010 earthquake, causing the upwelling of more than 
200000 tonnes of silt. 

Natural hazards 

The increased liquefaction caused significant ground 
movement, undermining many foundations and destroying 
infrastructure. 

Up to 80 per cent of the water and sewerage systems 
was severely damaged. There was damage to roads and 
bridges which hampered rescue efforts. Soil liquefaction 
and surface flooding also occurred. Around 10000 houses 
would need to be demolished, and liquefaction damage 
meant that some parts of Christchurch could not be rebuilt 
on. Nevertheless, in Christchurch, New Zealand's stringent 
building codes limited the disaster. 

Infrastructure and support 
At 5pm local time on the day of the earthquake, 80 per 
cent of the city had no power. However, power was 
restored to over 80 per cent of households within five 
days, and to 95 per cent within two weeks. Waste water 
and sewerage systems had been severely damaged, so 
households had to establish emergency latrines. Over 
2000 portaloos and 5000 chemical toilets were brought 
in from other parts of the country and overseas, with 
20000 more chemical toilets placed on order from the 
manufacturers. 

Emergency management 
A full emergency management programme was in 
place within two hours. The government response was 
immediate and significant, and a national emergency was 
declared. The New Zealand fire service coordinated the 
search and rescue - rescue efforts continued for over a 
week, then shifted into recovery mode. 

Case study analysis 
1 What was the strength of the earthquakes in (a) 2010 

and (b) 2011? 
What two plates are responsible for the earthquakes? 
Comment on the relative movement of the two 
plates. 

4 Explain why the 2011 earthquake resulted in more 
deaths than the 2010 earthquake. 

• 



@ Rivers 

Waterfall, Powerscourt, Ireland 

Key questions 
• What are the main hydrological characteristics and 

processes that operate with in rivers and drainage basins? 
• How do rivers erode, transport and deposit? 
• What are the main eros iona l and depositional features 

associated with rivers? 

are found in all parts of a river, although one process 
tends to be dominant. For example, there is more 
erosion in the upper part, while there is more deposition 
in the lower course. This is related to the changes 
in a river downstream. Figure 1 shows that velocity, 
discharge and load increase downstream whereas 
gradient and the size of\oad decrease downstream. 

Upstream 

Loadparticlesize 

Figure 1 Changes in a river dow nstream 
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This determines a stream's ability to erode, transport 
or deposit. There are two types of energy: 

• potential energy, provided by the weight and 
elevation of the water 

• kinetic energy, produced by gravity and the flow of 
the water. 

Abou t 95 per cent of energy is used to overcome 
friction with the bed and banks. The rougher the 
channel the more energy will be lost. In a smooth 
channel there is very little frictional loss and therefore 
there is more energy available for work. 

• What are the advantages and disadvantages of rivers? Channel shape 
~•-H_o_w_,_,n_ t_h_e_;m_p_,ct_ ,_o_f _fl_oo_d_, _be_m_a_n_,g_e_d'_· ___ ,./ The efficiency of a stream's shape is measured by 

• Changing channel 
characteristics 

Downstream changes 
Rivers have three main roles: to erode the river channel, 
to transport materials, and to create new erosional and 
depositional landforms. Most rivers have three main 
zones - a zone of erosion, a zone of transport and a 
zone of deposition. Erosion, transport and deposition • 

its hydraulic radius - that is, the cross-sectional area 
divided by wetted perimeter (Figure 2). The higher 
the ratio the more efficient the stream and the smaller 
the frictional loss. The ideal form is semi -circular. 

There is a close relationship between velocity, 
discharge and the characteristics of the channel in which 
the \\l'Jter is flowing. 111ese include depth, width, channel 
roughness and hydraulic geometry. 111e width/depth 
ratio (w/d) is a good measure of comparison. TI1e shape 
of the channel is also determined by the material forming 
the channel, and river forces. Solid rock allows only slow 
changes whereas alluvium allows rapid changes. Silt 



and clay produce steep, deep, narrow valleys (the fine 
material being cohesive and stable ) whereas sand and 
gravel promote wide, shallow channels. 

Channel efficiency is measured by the hydraulic radius i.e. cross
sectional area divided by wetted perimeter. It is affected by river 
level and channel shape. 
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Stream A: 5 + 5 + B = 18 m Stream A: 40/18 = 2.22 m 
Stream 8: 2+2+20=24m Stream 8: 40/24=1 .66m 

Figure2 Wettedperimeterandcross-sectionalarea 

Cha nne l ro ughness 
Channel roughness causes friction which slows down the 
velocity of the water. Friction is caused by irregularities 
in the river bed, boulders, trees and vegetation, and 
contact between the water and the bed and bank. 

Discharge is the volume of water passing a 
given point over a set time (Figure 3). Normally 
it is expressed in m3/scc (cumccs). It is found by 
multiplying the cross-sectional area and the mean 
velocity. Steeper slopes should lead to higher 
velocities because of the influence of gravity. 

Discharge (Q) normally increases downstream, as 
docs width, depth and velocity. By contrast, channel 
roughness decreases. The increase downstream in 
channel width is normally greater than that of channel 
depth. Large rivers, with a higher w/d ratio arc more 
efficient than smaller rivers with a lower w/d ratio, 
since less energy is spent in overcoming fiiction. Thus 
the carrying capacity increases and a lower gradient 
is required to transport the load. Although river 
gradients decrease downstream the load carried is 
smaller, and therefore easier to transport. 

Changing channel characteristics 

O Cross-sectionalarea Discharge = velocityxcross-sectionalarea 

D ~;:~:~\~~~~:ea Velocity = d~~::::) = rrvsec 

Figure3 Discharge 

Activities 
Table 1 

Site 

Gradient 1:8 1:14 1:26 1:45 1:85 

Width (m) 1.3 1.6 2.4 4.1 8.3 

Dept h (m) 0.7 I.I 1.4 1.9 2.6 

Velocity 13 16 21 28 34 
(cm/sec) 

Discharge 

Bed load : 25 21 12 
size(cm) 

Shape Angular Angular Sub-angular Rounded Rounded 

Cross-
sectional 

Study the data in Table 1. 
1 a Describe how the ratio of width/depth varies with 

distance from the source of the river. 
b Work out (i) the cross-sectional area and (ii) the 

discharge of the stream for each site. How and why 
do these change downstream? 

c Describe the changes in bedload size and shape as 
you proceed downstream. What processes cause 
these changes to take place? 

d If the channel between sites 4 and 5 were straightened, 
what effect would it have on (i) the velocity of the 
river, (ii) the load and (iii) the work of the river? 

2 Study Figure 1. 
a Describe how the amount and size of load varies 

downstream. 
b Suggest reasons for the changes you have identified . 
c State a reason why the channel bed roughness 

decreases downstream. 
d How might the nature of the load affect the type 

and amount of erosion carried out by the river? 
Give reasons for your answer. 



2.2 RIVERS 

• Drainage basins 
A drainage basin is an area within which water 
supplied by precipitation is transferred to the ocean , 
a lake or larger stream . It includes all th e area that is 
drained by a river and its tribut-uies (smaller rivers 
that join the larger river) and is the main unit fo r the 
study of rivers. The confluence is the point where a 
small er river joins a larger river. Drainage basins are 
divided by watersheds - an imaginary line separating 
adjacent basins (Figure 4 ). 

---.;;;;- Watersheds 

Figure 4 Drainage basins in Africa 

In sn1dying rivers, reference is made to the basin's 
hydrological cycle. In this the drainage basin is taken as 
the unit of sn1dy rather than the global system. The basin 
cycle is an open system: the main input is precipitation 
which is regulated by vari ous means of storage. 

The hydrological cycle refers to the movement 
o f water between atmosphere, lithosphere and 
biosphere. At a glo bal scale, it can be thought o f as 
a closed system with no losses from the system. In 
contrast, at a local scale the cycle has a single input, 
precipi tatio n (PPT), and two major losses (outputs), 
evapotranspiration (EVf) and run off (Figure 5). 

Water can be stored at a number of places within 
the cycle. These stores include vegetatio n, surface, 
soil moisture, groundwa ter and water channels. The 
glo bal hydrological cycle also includes stores in the 
oceans and the atmosphere. 

Human modifications are made at every scale. Good 
examples includ e large-scale changes of channel flow, 
irrigation and drainage, and abstraction of groundwater 
and surface water for domestic and industrial use. 
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Figure 5 Basin hydrological cycle 

Precipitation 
The main characteristics that affect local hydrology 
are the amount of precipitatio n, the seasonali ty, 
intensity, type (snow, rain etc. ), geographic 
distribution and variability. For rain to occur, three 
factors must occur: 

• air is saturated - that is, it has a relative humidity 
of 100% 

• it contains particles of soot , dust, ash , ice etc. 
• its temperature is below dew point - that is, the 

temperarnre is at the level where the relative humidity 
is I 00%, sarnration is complete and clouds form. 

Clo uds are tiny droplets suspended in air, while rain 
droplets are much larger. Therefore clo ud droplets 
must get much larger, although not necessarily by 
normal condensation processes . There are a number 
of theori es to suggest how raindrops are fo rm ed. 

There are three main types of rain fall : 

• cyclonic - uplift of air within a low pressure area 
(warm air rises over cold air ): it normally brings low 
to moderate intensity rain and may last fo r a few days 

• orographic - a deep layer of moist air is fo rced to 
rise over a range of hills or mountains 

• convectional heating which causes pockets of air to 
rise and cool. 

Interception 
Interception refers to water stored by vegetation. 
There are three main compo nents: 

• interception loss - water that is retained by plant surfaces 
and later evaporated away or absorbed by the plant 



• throughfall - water that either fa lls th rough gaps in 
the vegetation or drops fro m leaves, twigs or stems 

• stemflow - wa ter that tri ckl es along twigs and 
branches and fin ally down the trunk. 

Interception loss varies with vegetation. For example, 
in German beech forests in summer it is up to 40 
per cent of rainfall , whereas in winter only about 20 
per cent . Interception is less from grasses than fro m 
deciduous woodland . Interceptio n losses are greater 
from coni ferous fo rests because: 

• pine needles allow individual accumulatio n 
• freer air circulatio n allows more evapotranspiratio n. 

From agri cultural crops, and from cereals in 
particular, interception loss increases with crop 
density. 

Eva poration 
Evaporation is the process by which a liquid or a 
solid is changed into a gas. Its most important source 
is from oceans and seas . Evaporation increases under 
warm , dry windy conditio ns. 

Factors affecting evaporati o n include temperature, 
humidity, and windspeed . Of these, temperature is 
the most important factor. Other factors include 
water quali ty, depth of water, size of water body, 
vegetatio n cover and colour of the surface (albedo or 
reflectivity o f the surface - see Table 2 ). 

Drainage basins 

Table 2 Albedo values 

Surface A lbedo( %) Surface Albedo(%) 

Water(sun'sangle 2-4 Drvconcrete 17- 27 
over40°) Black road surface 5- 10 
Water(sun'sangle 6-'SO Grass 20- 30 
lessthan40°) Deciduous forest 10- 20 
Fresh snow 75-90 Coniferous forest 5- 15 
Old snow 40-70 Crops 15- 25 
Dry sand 35-45 Tundra 15- 20 
Dark,v,,etsoil 5- 15 

Evapotransp iration 
Transpiration is the process by which wa ter vapour 
is transferred from vegetation to the atmosphere. The 
combined effects of evaporation and transpiration are 
normally referred to as cvapotranspiration (EVf). 
EVT represents the most important aspect of wa ter 
loss, accounting fo r the removal of nearly 100 per 
cent o f the annual precipitatio n in arid areas and 
75 per cent in humid areas. Only over ice and snow 
fields, bare rock slopes, desert areas, water surfaces 
and bare soil will purely evaporative losses occur. 

The distinction between actual EVf and potential 
evapotranspirati on (P.EVT ) li es in the concept of 
moisture availability. Potential evapotranspiratio n is the 
water loss that would occur if there was an unlimited 
supply o f water in the soil fo r use by the vegetatio n. 
Rates of potential and actual evapotr.mspiration for 
South Afiica are shown in Figure 6 . 

a Potential bActua l 

Figure 6 Rates of potential and actual evapotranspiration for South Africa 

Infiltrati on 
Infiltration is the process by which water 
soaks into the ground . The infiltration capacity 

is the maximum rate at which rain can enter the 
soil/ground. 

• 



2.2 RIVERS 

Infiltration capacity decreases with time through 
a period of rainfall until a more or less constant 
value is reached (Figure 7). Infiltration rates of 
0--4 mm/hour arc common on clays whereas 
3- 12 mm/hour are common on sands. Vegetation 
also increases infiltration. On bare soils, infiltration 
rates may reach I O mm/hour. On similar soils 
covered by vegetation rates of between 50 and 
lOOmm/hour have been recorded. Infiltrated water 
is chemically rich as it picks up minerals and organic 
acids from vegetation and soil. 

Infiltration is affected by the same factors that 
influence overland runoffbut in a different way. 
For example, duration (length) of rainfall decreases 
infiltration, as does existing moisture in the soil, 
raindrop size, steep slope and a lack of vegetation 
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Figure7 Infiltration and time 
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Figure 8 Factors affecting infiltration 

Overland fl ow 
Overland flow refers to water moving over the surface. It 
is also called surface runoff. Overland flow occurs in two 
main ways: when precipitation exceeds the infiltration 
rate, and when the soil is saniratcd. Overland flow and 
infiltration arc inversely related, as shown on Figure 8. 
Overland flow generally has a high suspended load. 

Thro ughflow 
Throughflow refers to water flowing through the soil 
in natural pipes and between soil horizons. 

So il mo ist ure 
Soil moisture is the subsurface water in soil and 
subsurface layers above the water table. From here 
water may be: 

• absorbed 
• held 
• transmitted downwards towards the water table 
• transmitted upwards towards the soil surface and 

the atmosphere. 

In coarser-textured soils much of the water is held 
in fuirly large pores at fairly low suctions, while very 
little is held in small pores. In the finer-textured clay 
soils the range of pore sizes is much greater and, in 
particular, there is a higher proportion of small pores 
in which water is held at very high suctions. 

• Field capacity refers to the amount of water held 
in the soil after excess water drains away - that is, 
saturation or near saturation. 

• Wilting point refers to the range of moisture content 
in which permanent wilting of plants occurs. 



Groundwater 
Groundwater refers to subsurface water. The upper 
layer of the permanently sanirated zone is known as 
the water table. The water table varies seasonally - in 
Britain it is higher in winter following increased levels 
of precipitation. Most groundwater is found within 
a few hundred metres of the surface but has been 
found at depths ofup to 4km beneath the surface 
(Figure 9 ). 

a In humid regions 

bin semi-arid regions 

Aquifer recharge area 

Figure9 Groundwater 

Groundwater accounts for 96.5 per cent of all 
freshwater on the Earth. However, while some soil 
water may be recycled within a matter of days or 
weeks, groundwater may not be recycled for as long 
as 20 000 years. Hence, in some places, groundwater 
is considered a non-renewable resource. 

Aquifers (rocks that contain significant quantities 
of water) provide a great reservoir of water. 
Aquifers are permeable rocks such as sandstones 
and limestones. This water moves very slowly and 

River processes 

acts as a naniral regulator in the hydrological cycle 
by absorbing rainfall which otherwise would reach 
streams rapidly. In addition, aquifers maintain stream 
flow during long dry periods. Rocks which do not 
hold water arc impermeable rocks which prevent 
large-scale storage and transmission of water, such 
as clay. 

The groundwater balance is shown by the formula: 

~s. Qr - Qd 

where ~ is the change in storage ( + or - ), Qr is 
recharge to groundwater and Qd is discharge from 
groundwater. 

Groundwater recharge occurs as a result of: 

• infiltration of part of the total precipitation at the 
ground surface 

• seepage through the banks and bed of surface 
water bodies such as rivers, lakes and oceans 

• groundwater leakage and inflow from adjacent 
aquicludes and aquifers 

• artificial recharge from irrigation, reservoirs etc . 

Losses of groundwater result from: 

• evapotranspiration particularly in low-lying areas 
where the water table is close to the ground 
surface 

• naniral discharge by means of spring flow and 
seepage into surface water bodies 

• groundwater leakage and outflow through 
aquicludes and into adjacent aquifers 

• artificial abstraction) for example in the London 
basin in the UK. 

• River processes 
Erosion 
The main types of erosion include: 

• abrasion (or corrasion), the wearing away of the 
bed and bank by the load carried by a river 

• attrition, the wearing away of the load carried by a 
river which creates smaller, rounder particles 

• hydraulic action, which is the force of air and 
water on the sides of rivers and in cracks 

• solution ( or corrosion), the removal of chemical 
ions, especially calcium, which causes rocks to 
dissolve. 



2.2 RIVERS 

There are many factors affecting erosion. TI1cse incl ude: 

• load - the heavier and sharper the load the greater 
the potential fo r erosion 

• velocity and discharge - the grea ter the velocity 
and discharge the greater the potential fo r erosion 

• gradient - increased gradi ent increases the rate of 
erosio n 

• geo logy - soft, unconsolidated rocks, such as sand 
and gravel , are easily eroded 

• pH - rates of solution are increased when the water 
is more acidic 

• human impact - deforestati o n, dams and bridges 
inter fere with the natu ral fl ow of a river and 
frequently end up increasing the rate o f erosion. 

Wind-blown 
material 

0Mostly clayandsllt 

f) Mostly sand 

Transport 
The main types o f transport in a ri ver (Figure 10) 
include: 

• suspension - small particl es arc held up by 
turbulent flow in the ri ver 

• saltation - heavier particles arc bounced or 
bumped along the bed of the river 

• solution - the chemical load is dissolved in the water 
• traction - the heaviest material is dragged or rolled 

alo ng the bed of the river 
• flotation - leaves and tw igs arc carri ed o n the 

sur fucc of the river. 

Slope 
failure 

€) Mostly gravel and cobbles 

Bank 
calvi

0

ng 

Figure 10 Typesoftransportina river 

Deposition 
Deposition occurs as a river slows down and it loses 
its energy. T ypically, this occurs as a ri ver floods 
across a floodplain or enters the sea, or behind a 
dam. It is also mo re likely during low flow conditions 
(such as in a d rought) than during high flow (flood ) 
conditions - as long as the river is carryin g sediment. 
Th e larger, heavier particles arc deposited first, the 
smaller, lighter ones later. Features of deposition 
includ e deltas, levCes, slip-off slopes (point bars), 
oxbow lakes , braided channels and floodplains. 

Activities 
1 a Bri efl y describe th e fo ur main ways in which rivers 

erode. 
b Su ggest how they w ill vary with (i) veloc ity of wat er 

(ii ) rock type and (iii) pH of wate r. 
2 a What are th e main types of transport? 

b How might the type and quantity of the river's load vary 
between flood conditions and low fl ow conditions? 

The long profile 

Susp;nd: dand 
d issolved load 

A number of processes, such as weatherin g and mass 
movement, interact to create variati ons in cross- and 
long profiles (Figure 11 ). Irregulariti es , or knick
points, may be due to : 

• geological structure, for example hard rocks 
erode slowly, which can result in the fo rmatio n of 
waterfalls and rapids 

• variatio ns in the load, fo r example when a tributary 
with a coarse load may lead to a steepening of the 
gradient of the main valley 

• sea level changes - a relative fa ll in sea level will 
lead to renewed downcutting which enables the 
river to erode fo rmer fl oodplains and fo rm new 
terraces and knick-points. 
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Figure 11 Long and cross-profiles 

outh 

Rivers tend to achieve a condition of equilibrium, or 
grade, and erode the irregularities. There is a balance 
between erosion and deposition in which a river 
adjusts to its capacity and the amount of work being 
done. The main adjustments arc in channel gradient, 
leading to a smooth concave profile . 

Cross-profil es 
The cross-profil e of the upper part of a ri ver is 
often described as V-shaped (Figure 11 ). Rivers in 
their upper course typicall y have a steep gradient 
and a narrow vall ey. The rivers arc shallow and 
fast fl owing . There is no rmally much friction 
with large boulders, and much energy is used to 

overcome fri ction. The processes likely to occur 
arc vertical erosion, wea thering on the slopes, mass 
movement and transport . Fea tures likely to be found 
include waterfalls , rapids, potholes , gorges and 
interlocking spurs. 

In the middle course of the river, the vall ey is still 
V-shapcd but is less steep. Slopes arc more gentle. 
A floodplain is beginning to fo rm and meanders arc 
visible. Processes in the middle course include erosion 
(both verti cal and lateral), meandering, transport, and 
some deposition on the inner bends of the meanders. 

In contrast , in the lower course the cross-profil e is 
much flatter. Processes include erosion (on the outer 
banks ), transport and deposition (especially on the 

River processes 

inner bends and on the fl oodplain ). Characteristi c 
fea tures include lcvCcs, oxbow lakes, fl oodplains, 
deltas and terraces . 

Features of eros ion 
Localised erosion by hydraulic action and abrasion, 
especiall y by large pieces of debris, may lead to 

the fo rmation of potho les (Figure 12 ). These arc 
typically seen in the upper course of a ri ver when the 
load is larger and more rugged. Wa terfall s frequentl y 
occur on ho ri zontally bedded rocks (Figure 13). 
The soft rock is undercut by hydrauli c action and 
abrasion. The weight of the water and the lack of 
support cause the waterfall to collapse and retreat . 
Over thousands of years the wa terfall may retreat 
enough to fo rm a gorge of recession (Figu re 14). 
Where there arc small outcrops of hard and soft 
rock, rapids may develop rather than a wa terfall. 

Potholes formed by abrasion 

Figure 12 Formation of potholes 

Figure13 Formation of waterfalls 
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View from 
above 

Resistant rock layer 

Section 

Figure 14 Formation of a gorge of recession 

Gorges and waterfalls 
Gorge development is common, for example where 
the local rocks are very resistant to weathering but 
susceptible to the more powerful river erosion. 
Similarly, in arid areas where the water necessary for 
weathering is scarce, gorges are formed by episodes 
offluvial erosion. A rapid acceleration in downcutting 
is also associated when a river is rejuvenated, again 
creating a gorge-like landscape. Gorges may also be 
formed as a result of: 

• antecedent drainage pattern, for example the Rhine 
gorge 

• collapse of underground caverns in carboniferous 
limestone areas, for example the River Axe at 
Woo key Hole, UK 

• retreat ofwaterfulls, for example Niagara Falls 
(Figure 15 ). 

Plunge flow occurs where the river spills over a 
sudden change in gradient, undercutting rocks by 
hydraulic impact and abrasion, thereby creating a 
waterfall. There are many reasons for this sudden 
change in gradient along the river: 

• a band of resistant strata, such as the resistant 
limestones at Niagara Falls 

• a plateau edge, such as Livingstone Falls on the 
Congo river in D. R. Congo 

• a hanging valley, such as at Glcncoync, Cumbria in 
the UK 

• coastal cliffi, such as at Kimmcridgc Bay, Dorset (UK). 

The undercutting at the base of the waterfall creates 
a precarious overhang which will ultimately collapse. 
Thus a waterfall may appear to migrate upstream, 

e 

leaving a gorge of recession downstream. The 
Niagara Gorge is 11 km long due to the retreat of 
Niagara Falls (Figures 15 and 16). 

Niagara Fa ll s 

Figure 15 Niagara Falls on the US/Canadian border 

Most of the world's great waterfalls arc the result 
of the undercutting of resistant cap rocks, and the 
retreat or recession that follows. 

The Niagara river flows for about 50km between 
Lake Eric and L1kc Ontario. In that distance it falls 
just 108 metres, giving an average gradient of I :500. 
However, most of the descent occurs in the 1.5 km 
above Niagara Falls ( 13 metres ) and at the Falls 
themselves (55 metres ). The Niagara river flows in a 
2 km wide channel just I km above the Falls, and then 
into a narrow 400mctrc wide gorge, 75mctrcs deep 
and 11 km long. Within the gorge the river falls a 
further 30 metres. 

The course of the Niagara river was established 
about 12000 years ago when water from Lake Eric 
began to spill northwards into Lake Ontario. In 
doing so, it passed over the highly resistant dolomitic 
(limestone) escarpment. Over the last 12 OOO years 
the Falls have retreated 11 km, giving an average 
rate of retreat of about I metre/year. Water velocity 
accelerates over the Falls, and decreases at the base of 
the Falls. Hydraulic action and abrasion have caused 
the development of a large plunge pool at the base of 
the Falls, while the fine spray and eddies in the river 
help to remove some of the softer rock underneath the 
resistant dolomite. As the softer rocks arc removed, 
the dolomite is left unsupported and the weight of 
the water causes the dolomite to collapse. Hence the 
waterfall retreats forming a gorge of recession. 



57 58 

Figure 16 1:25000mapoftheNiagaraFallsarea 

In the nineteenth cenrnry rates of recession were 
recorded at 1.2 metres/year. However, now that the 
amount of water flowing over the Falls is controlled 
( due to the construction of hydro -electric power 
stations), rates of recession have been reduced. In 
addition, engineering works in the 1960s reinforced 
parts of the dolomite that were believed to be at risk 
of collapse. The Falls remain an important tourist 
attraction and local residents and business personnel 
did not want to lose their prized asset! 

59 

Activities 
Study Figure 16. 

River processes 

60 

1 Which two countries share a border at Niagara Falls? 
2 In wh ich direction is the Niagara river flowing? 
3 What is the map evidence that there is a gorge below 

Niagara Fa lls? 
4 Using map evidence, suggest how the Niagara Fa ll s 

and river have been used for human activities. 
5 Approxim ately how wid e is Niagara Fa lls in squares 

5870-5871, and in 5772? 
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Victoria Falls 

Figure 17 Victoria FallsontheZambeziriver 

Victori a Falls, on the bord er of Zambia and 
Zimbabwe, is o ne of the world 's most spectacular 
wa terfa lls (Figure 17). Like Niagara it has a resistant 
cap rock, but unlike Niagara one of the dominant 
forces in the creati on and development of Victori a 
Falls is plate tectonics. The Falls arc nearly 2 km wide, 
up to 108 rn deep, and durin g the rain y season over 
5 million m3 per minute pass over the Falls. During 
the dry season the volume is much less, but the 
annual average is still an impressive 550000 m 3 per 
minute. When the Zambezi river passes over the Falls 
its channel narrows from over 1. 7 km to just a few 
metres. This creates an increase in the river's velocity 
and causes much erosio n and scourin g to occur. 

The evolutio n of the Falls is complex. About 
150 million years ago molten rock fo rmed fine
grained resistant basalt, abo ut 300metres thick, in 
the Victori a Falls area. As the lava cooled it shrank, 
causing cracks or fi ssures to appear in the rock. 
These fi ssures were later wid ened by weatherin g, and 
were infill ed by deposits of soft clay and lime. O ver 
time these deposits solidifi ed to form limestone. 
Continued tectonic processes caused large east-west 
fi ssures to wid en , all owing the limestone in the 
fi ssures to be eroded. 

The river's course changed over time. Uplift 
caused the ancient course of the river to be blocked , 

diverting the river east into its present course. The 
river was able to erode the soft sandy deposits o n the 
surface, but was unable to erode the hard er basalt 
below. At the time the edge of the basalt plain was 
some l 00 km from the present Victori a Fall s. As the 
waterfall retreated it occupied an east-west fissure 
fill ed with relatively soft limestone. This it was able 
to erode easily and cut back to within 8 km of the 
present wa terfall. Then it occupi ed a north-south 
fissure, until it cut back as fa r as the next east-west 
fissure. The present Victoria Falls are believed to 
be similar to the previous fall s, each of which has 
occupied a different fi ssure within the resistant basalt. 

Activities 
1 Which two countri es bo rd e r Victo ria Fa lls? 
2 Id e nt ify one simila rity a nd one diffe re nce bet ween 

Victori a Fa lls a nd Ni aga ra Fa lls. 
3 How mu ch wate r, on average, fl ows ove r Victori a 

Fa lls? 
4 Why has Victo ria Fa lls a lte red its course over t ime? 

Meanders 
Rivers typically meander. This means that the water 
does not fo llow a straight line but takes a curving 
route (Figure 18). As a result of this there are 
variati ons in the speed across a river. Velocity is fas test 
on the outside bank and slowest on the inside bank, 
so there is erosion on the outer bank and deposition 
on the inner bank. This produ ces a steep river cliff 
on the outer bank of a meander and a gentl e slip-o ff 
slope on its inner bank. 

Erosion A ,~ , 

Erosion 

Figure 18 Cross-section through a meander 



Oxbow lakes 
Oxbow lakes are the result of erosion and deposition 
(Figure 19 ). Lateral erosion, caused by fast fl ow in 
the meanders, is concentrated on the outer, deeper 
bank. During times of fl ooding, erosion increases. 
The ri ver breaks th rough and creates a new, steeper 
channel. In time, the old meander is closed off by 
deposition to form an oxbow lake. 

E = Erosion D = Deposition 

1 Erosion and deposition around a meander. 
2 Increased erosion during flood conditions. The meanders 
become exaggerated. 
3 The river breaks through during a flood. Further deposition 
causes the old meander to become an oxbow lake. 

Figure 19 Development of an oxbow lake 

Floodplains 
The area covered by water when a river floods is 
known as its floodplain. When a ri ver's discharge 
exceeds the capacity of the channel, water rises over 
the river banks and floods the surro unding \ow-lying 
area . Sometimes a floodplain will itself be eroded 
following a fall in sea level. When this happens, the 
remnants of the old fl oodplain are left behind as river 
terraces (Figure 20). These are useful fo r settl ement 
as they are above the new level of the fl oodplain and 
are free from flooding. 

Sand and gravel Silt and sand Bedrock 

Figure 20 Formation of a floodplain and terraces 

River processes 

Lev€es 
When a river floods its speed is reduced, slowed 
down by fricti on caused by contact witl1 the 
floodplain . As its veloci ty is reduced the ri ver has to 

deposit some of its load. It drops the coarser, heavier 
material first to fo rm raised banks, or levCes, at the 
edge of the river. This means that over centuries the 
levCes are built up of coarse material, such as sand 
and gravel , whil e the fl oodplain consists a ffin e silt 
and clay (Figure 21 ). 

'E:S; ,1 214 
River level in flood Deposition 

1 W hen the river floods, it bursts its banks. It deposits its 
coarsest load (gravel and sand) closest to the bank and the 
finerload(siltandclay)furtheraway. 
2, 3, 4 This continues over a long time, perhaps for centuries. 
5 The river has built up raised banks called levees, consisting 
of coarse material, and a floodplain of fine material. 

Figure21 Formationoflevees 

Braided channels 
Braiding occurs when a ri ver transports a very 
heavy load in relation to its velocity. If a river 's 
di scharge falls its competence and capacity are 
reduced. This forces th e ri ver to deposit large 
amounts of its load and multi- channels, o r braided 
channels, are fo rmed. Braiding is common 
in ri vers that experi ence seasonal vari ations 
in discharge. For example, in proglacial and 
periglacial areas such as southern Iceland, mos t 
of the discharge occurs in late spring and early 
summer, as snow and ice melts. This enables 
ri vers to carr y very large loads which are quickly 
deposited as di scharge decreases. 
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Deltas 
A delta is a flat, low-lying deposit of sediment that 
may be found at a river's mouth (Figure 22 ). For 
deltas to be formed a river needs to: 

• carry a large volume of sediment - for example, 
rivers in semi-arid regions and in areas of intense 
humm activity 

• enter a still body of water which causes velocity to 

full, the water loses its capacity and competence, 
hence deposition occurs, with the heaviest particles 
deposited first and the lightest last. 

Deposition is increased if the water is salty, as this 
causes salt particles to group together, become 
heavier, and be deposited. Vegetation also increases 
the rate of deposition by slowing down the water. 

Top-set beds Bottom-set beds 

Figure 22 Formation of a delta 

The Rhone delta 

Turbidity 
current 

The Rh6ne river (Figure 23 ) divides into two 
main distributaries 4 km north of Aries. The east 
branch, the Grande Rh6ne, is the larger of the two, 
and carries 85 per cent of the Rh6ne's water into 
the Mediterranean. At Aries the river is just 2 m 
above sea level and takes almost 50 km to reach the 
sea. The delta is criss-crossed by numerous small 
islands, abandoned channels and active levCes. 
Most settlements and transport routes are located 
close to the river, where the land is slightly higher. 
Further away from the river, the land is lower, 
swampy, and frequently covered with water. The 
same pattern exists along the west branch, the 
Petite Rh6ne. 

Between these two limbs of the Rh6ne is a flat 
region characterised by many marshes and lakes 
(Ctangs), known as the Camargue. The largest lake is 
the Etang de VaccarCs, which is less than l m deep. 
The Ctangs receive most of their water from rainwater 
that becomes trapped between the slightly higher 
riverine locations, and the sand bars and dunes at the 
coast. 

The Rh6ne delta is believed to be less than one 
million years old. Deposition by the river is estimated 
to be about 17 million m3 each year, or about 
50 tonnes every minute! As the Mediterranean Sea 
has a very small tidal range, there are no currents 
to carry away these deposits. In addition, the 
Mediterranean is very saline. In the presence of salt 
water, clay and mud particles coagulate to form larger 
particles that cannot be held aloft by the flow of the 
river. Hence there is rapid deposition at the mouth of 
the delta. 

There are a number of stages in the formation of 
a delta. The first is the development of sandbanks 
in the original mouth of the river. This causes 
the river to divide , and then there is a period of 
repeated subdivision until there are a large number 
ofdistributaries flowing towards the sea. Each of the 
channels develops its own set oflevCes, which has 
an impact on the human environment (settlement 
and transport) as well as the physical environment 
(affecting the development ofCtangs between the 
main branches of the river). The etangs may slowly 
accumulate sediment to form marshes, or they may 
be drained and reclaimed to form farmland or used 
by people in other ways. 

Activities 
1 What is the length of (a) the Petit Rh6ne and (b) the 

Grande Rh6ne between Aries and the sea? 
2 How wide is the Rh6ne delta when it meets the sea? 
3 What is the map evidence that (a) conservation and 

(b) tourism are important in the Rh6ne delta? 

Interesting note 
There are 76 rivers that are over 1600km long . Four of 
them flow through Russia at some point and four also 
flow through China at some point. 
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Figure 23 1 :250000 map extract of the RhOne delta 

• River hazards and 
opportunities 

Floods are a natural feature of all rivers. For most 
of the time a river is contained in its channel but 
at other times it may burst its bank and a flood 
occurs. Floods bring advantages such as water and 
fertile alluvium (river deposits or silt) which allow 
furmers to grow crops. But the problem is that 
they may bring too much water and too much silt. 
The results can be devastating, as the experience 
of China shows (pages 115- 117). River bank 
erosion can cause population displacement and 
socio-economic impacts. For example, the River 
Meghna in Bangladesh caused major disruptions 
during the 1990s and 2000s. It eroded over 6km 
of\and between A.kghna Roads and Highway 
Bridge, Meghna Ghat, destroying productive land 

River hazards and opportunities 

and causing residents to lose all their possessions. 
Among the worst affected areas were the villages 
of Shikarpur, Kandargoan and Bhanipur. Many 
displaced f.:mners become day labourers or rickshaw 
operators. They receive little assistance from the 
government, although most get some assistance from 
friends and relatives. As over 80 per cent of people 
are employed in furming, the loss of land leads to 

widespread unemployment. 
The causes offloads are natural. However, human 

interference intensifies many floods (Figure 24). A 
flood is a high flow of water which overtops the bank 
of a river. The primary causes of floods are mainly 
the result of external climatic forces. Secondary 
flood causes tend to be drainage basin specific . Most 
floods in Britain , for example, are associated with 
deep depressions (low pressure systems) in aurumn 
and winter which are both long in duration and 
wide in areal coverage. By contrast in India, up 
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to 70 per cent of the annual rain full occurs in one 
hundred days in the summer south-west monsoon. 
Elsewhere, melting snow may be responsible for 
widespread flooding. 

Physical causes 
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Figure 24 Natural and human causes of floods 

Flood intensifying conditions cover a range of factors 
which alter the response of a drainage basin to a given 
storm. These factors include topography, vegetation, 
soil type, rock type, and specific characteristics of the 
drainage basin. 

The potential for damage by flood waters increases 
exponentially with velocity and speeds above 3 metres 
per second and can undermine the foundations of 
buildings. The physical stresses on buildings are 
increased even more, probably by hundreds of times, 
when rough, rapidly flowing water contains debris 
such as rock, sediment and trees. 

Other conditions that intensify floods include 
changes in land use. Urbanisation, for example, 
increases the magnitude and frequency of floods in at 
least four ways: 

• The creation of highly impermeable surfaces, such 
as roads, roofs, pavements, increases runoff. 

• Smooth surfaces served with a dense network of 
drains, gutters and underground sewers increase 
drainage density. 

• Natural river channels are often constricted by 
bridge supports or riverside facilities, reducing their 
carrying capacity. 

• Due to increased storm runoft~ many sewerage 
systems cannot cope with the resulting peak flow. 

Deforestation is also a cause of increased flood run off 
and a decrease in channel capacity. This occurs due 
to an increase in deposition within the channel. 
However, there is little evidence to support any direct 
relationship between deforestation in the Himalayas 
and changes in flooding and increased deposition of 
silt in parts of the lower Ganges-Brahmaputra river 
basin. It is more likely due to the combination of 
heavy monsoon rains in the Himalayas, steep slopes, 
and the seismically unstable terrain, which ensure that 
run off is rapid and sedimentation is high irrespective 
of the vegetation cover. 

The decision to live in a floodplain, for a variety 
of perceived benefits, is one that is fraught with 
difficulties. The increase in flood damage is related to 
the increasing number of people living in floodplain 
regions. 

Floods are one of the most common of all 
environmental hazards. This is because so many 
people live in fertile river valleys and in low-lying 
coastal areas. However, the narnre and scale of 
flooding varies greatly. For example, 10 per cent 
of the US population live within a 1:100 year 
flood zone. In Asia floods damage about 4 million 
hectares ofland each year and affect the lives of over 
17 million people. Worst of all is China where over 
5 million people have been killed in floods since 
1860. 

Floods account for about one-third of all natural 
catastrophes, cause more than half the fatalities, and 
are responsible for one-third of the economic losses. 
There are a number of reasons for the increase in the 
number of catastrophes and in the amount of damage 
they cause: 

• a rising global population, including in vulnerable 
regions 

• construction in flood-prone areas 
• failure of flood protection systems 
• changes in environmental conditions, for example 

clearance of trees and other vegetation and 
infilling of wetlands which reduces flood retention 
capacities. 

Some environments are more at risk than others. The 
most vulnerable include the following: 

• Low-lying parts of active floodplains and river 
estuaries, for example in Bangladesh where 



110 million people live relatively unprotected on 
the floodplain of the Ganges, Brahmaputra and 
Mcghna rivers. Floods caused by the monsoon 
regularly cover 20-30 per cent of the flat delta. ln 
very serious floods up to half of the country may be 
flooded. 

• Small basins subject to flash floods. These arc 
especially common in arid and semi-arid areas. In 
tropical areas some 90 per cent oflivcs lost through 
drowning arc the result of intense rainfall on steep 
slopes. 

• Areas below unsafe or inadequate dams. In the 
USA there arc about 30000 sizablc dams and 2000 
communities arc at risk from dams. 

In most developed countries the number of deaths 
from floods is declining, although the number of 
deaths from flash floods is changing very little. 
By contrast, the average national flood damage 
has been increasing. The death rate in developing 
countries is much greater, partly because warning 
systems and evacuation plans arc inadequate. It is 
likely that the hazard in developing countries will 
increase rather than decrease over time as more 
people migrate and settle in low-lying areas and 
river basins. Often newer migrants arc forced into 
the more hazardous zones. 

• Managing the impacts 
of floods 

Traditionally, floods have been managed by methods 
of'hard engineering'. The main hard engineering 
structures include dams and reservoirs, lcvCcs, 
channel straightening and deepening (dredging ), and 
creating flood relief channels (Figure 25 ). This largely 
means dams, lcvCcs and straight channels which 

Managing the impacts of floods 

arc wider and deeper than the ones they replace. 
Although hard engineering may reduce floods in 
some locations, they may cause unexpected effects 
elsewhere in the drainage basin. Soft engineering 
schemes include afforestation, land use zoning, and 
river restoration. 

Figure25 Hard engineering structures 
a Riverdefences-RiverThamesinlondon 
b Lev(!esin Zermatt,Switzerland 

Cff1¥Jtffi@ Hard engineering - the Three Gorges Dam 

~~gehr;~~et~;~;;; ~=~~~ ~tv:r ;v:; 6~6dtma~:n~~~t~se~~es Advantages of the Three Gorges 
important project for China. The Yangtze basin provides Dam 
66 per cent of China's rice and contains 400 million people, 
while the river drains 1.8 million km2 and discharges 
24000ml/sec of water annually. 

• It generates up to 18000 megawatts, 50 per cent more 
than the world's largest existing HEP dam. 

• It enables China to reduce its dependency on coal. 



2.2 RIVERS 

• It supplies energy to Shanghai (population over 17 
million) and Chongqing (3 million), an area earmarked 
for economic development. 

• It protects 10 million people from flooding. 
• It allows shipping above the Three Gorges: the dams 

raised water levels by 90m, and turned the rapids in the 
gorge into a lake. 

Disadvantages of the Three 
Gorges Dam 

• Over 1.25 million people were removed to make way for 
the dam and the lake. 

• It cost $25 billion to build. 
• Most floods in recent years have come from rivers that 

join the Yangtze below the Three Gorges Dam. 
• The region is seismically active and landslides are frequent. 
• The port at the head of the lake may become silted up 

as a result of increased deposition and the development 
of a delta at that point. 

• Much of the land available for resettlement is over 
800m above sea level, and is cold, with thin, infertile 
soils on relatively steep slopes. 

• Dozens of towns were evacuated, for example Wanxian 
(population 140000) and Fuling (80000), and then were 
drowned by the rising waters. 

• Up to 530 million tonnes of silt are carried through 
the Gorge annually: the first dam on the river lost its 
capacity within seven years, and one on the Hwang He 
filled with silt within four years. 

• To reduce the silt load, afforestation is needed, but 
resettlement of people will cause greater pressure on 
the slopes above the dam. 

• The dam interferes with aquatic life - the Siberian 
crane and the white flag dolphin are threatened with 
extinction . 

• Archaeological treasures have been drowned, including 
the Zhang Fei temple. 

Case study analysis 
1 How many people live in the Yangtze basin? 
2 What is the energy potential of the Three Gorges 

Dam? 
How many people could it supply with energy? 
How much did it cost? 
How many people had to be resettled as a result of the 
building of the Three Gorges Dam? 

(ff1¥\@@ soft engineering - the Kissimmee River Restoration Project 
Between 1962 and 1971 the 165km meandering Kissimmee 
river and its adjoining floodplain were channelised and 
thereby transformed into a 90 km, 10 m deep drainage 
canal (Figure 26). The river was channelised to provide an 
outlet canal for draining floodwaters from the developing 
upper Kissimmee lakes basin, and to provide flood 
protection for land adjacent to the river. 

Impacts of channelisation 
The channelisation of the Kissimee river had several 
unintended impacts: 

• the loss of 12000- 14000 hectares of wetlands 
• a reduction in wading bird and waterfowl usage 
• a continuing long-term decline in game fish 

populations. 

Concerns about the sustainability of existing ecosystems 
led to a restoration study, supported by the state and 
national authorities. The result was a massive restoration 
project, on a scale unmatched elsewhere. 

The project 
The aim is to restore over 100 km2 of river and associated 
floodplain wetlands . The project will benefit over 320 

fish and wildlife species, including the endangered bald 
eagle, wood stork and snail kite. It will create over 11 OOO 
hectares of wetlands. 

Restoration of the river and its associated natural 
resources requires dechannelisation. This entails backfilling 
approximately half of the flood control channel and re
establishing the flow of water through the natural river 
channel. In residential areas the flood control channel will 
remain in place. 

The costs of restoration 
• It is estimated the project will cost $980 million (initial 

channelisation cost $20 million), the bill being shared by 
the state of Florida and the federal government. 

• Restoration, which began in 1999, will not be completed 
until 2015. 

• Restoration of the river's floodplain could result in 
higher losses of water due to evaporation during wet 
periods. Navigation may be impeded in some sections 
of the restored river in extremely dry spells. However, 
navigable depths should be maintained for at least 
90 per cent of the time. 
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Figure 26 Kissimmee River Re5toration Project - impacts of channelisation 

Benefits of restoration 
• Higher water levels should ultimately support a natural 

river ecosystem again . 
• Re-establishment of floodplain wetlands and the 

associated nutrient filtration function is expected to 
result in decreased nutrient loads to Lake Okeechobee. 

• It is possible that restoration of the floodplain could 
benefit populations of key avian species, such as wading 
birds and waterfowl, by providing increased feeding and 
breeding habitats. 

Event modification 
Event modification includes attempts to reduce 
floods and to divert them away from settlements. 
Reducing floods involves decreasing the amount of 
runoff, thereby reducing the flood peak in a drainage 
basin. This can be achieved by weather modification 
and/or watershed treatment, for example to reduce 
flood peak over a drainage basin. There are a number 
of strategies including: 

Lake Okeechobee eutrophicationbecauseof 
extranutrientsintheriver 

Potential revenue associated with increased recreational 
use (such as hunting and fishing) and ecotourism on 
the rertored river could significantly enhance local and 
regional economies. 

Case study analysis 
1 Where is the Kissimmee river? 
2 Describe the changes to the Kissimmee river between 

1962 and 1971. 
Outline the benefits of river restoration. 
How much did the Kissimmee river restoration cost? 
When was it completed? 

• reforestation 
• reseeding of sparsely vegetated areas to reduce 

evaporative losses 
• mechanical land treatment of slopes such as 

contour ploughing or terracing to reduce runoff 
• comprehensive protection of vegetation from 

wildfires, overgrazing, clear-cutting afforests, 
land or any other practices likely to increase flood 
discharge and sediment load 
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• clearance of sediment and other debris from 
headwater streams 

• construction of small water- and sediment-holding 

• preservation of natural water detention zones. 

Flood diversion measures, by contrast, include 
the construction oflevCes, reservoirs, and the 
modification of river channels (Figure 27). LevCes are 
the most common form of river engineering. They 
can also be used to divert and restrict water to low 
value land on the floodplain. Over 4500km of the 
Mississippi River has levCcs. Channel improvements 
include enlargement to increase the carrying capacity 
of the river. Reservoirs store excess rainwater in the 
upper drainage basin. Large dams arc expensive and 
may well be causing earthquakes and siltation. It has 
been estimated that some 66 billion m3 of storage 
will be needed to make any significant impact on 
major floods in Bangladesh! 

I"-~'" MM-, I - Main,..,.,. 
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Figure 27 Flood relief channels 

Loss sharing and insura nce 
Loss sharing adjustments include disaster aid and 
insurance. Disaster aid refers to any aid - such as 
money, equipment, staff and technical assistance -
that is given to a community following a disaster. 
However, there arc many taxpayers who argue that 

ta.xpaycrs cannot be expected to fund losses that 
should have been insured. 

In developed countries insurance is an important 
loss sharing strategy. However, not all flood -prone 
households have insurance and many of those that 
arc insured may be under-insured. In the floods 
of central England in 1998, many of the affected 
households had very limited flood insurance because 
the residents had not thought they lived in an area 
that was likely to flood. 

Haza rd resista nt design 
FlCXJd prCXJfing includes any adjustments to buildings 
and their contents that help reduce losses. Some 
arc temporary, such as blocking up of entrances, 
use of shields to seal doors and windows, removal 
of damageable goods to higher levels, and the use 
of sandbags (Figure 28 ). By contrast, long-term 
measures include moving the living spaces above the 
likely level of the floodplain. This normally means 
building above the flood level, but could also include 
building homes on stilts (Figure 29). 

Figure28 Sandb.lgs 

Figure29 Hazard-resistant design 



Forecasting and warning 
During the 1970s and 1980s, flood fo recasting and 
warning became more accurate and these arc now 
one of the most widely used measures to reduce 
the problems caused by flooding. In developed 
countries flCXJd warnings and forecasts may reduce 
economic losses by as much as 40 per cent. In most 
developing countries there is much less effective flood 
forecasting. An exception is Bangladesh. Most fl oods 
in Bangladesh develop from events in the Himalayas, 
so authorities can give people in Bangladesh about 
72 hours' warning. 

Figure 30 The Hwang He river b.lsin 

The Hwang He is the second longest river in China, and th e 
sixth longest in the world. Originating on the Qinhai-Tibetan 
plateau in western China, it runs for some 5500km across 
the vast North China Plain before draining into the Bo Hai 
Sea. Its catchment area of 795000km2 is home to 110 million 
people, or about 9 per cent of China's population. (The 
figures increase to 189 million and 15 per cent if the 
floodplain surrounding the lower reach is included.) By 2000, 
over 25 per cent of the basin was urbanised. As the centre of 
China's current political, economic and social development, 
the river is known as 'the mother river of China'. 

It is said to have kill ed more people than any other 
natural feature and forth is reason it is called th e 'river of 

Managing the impacts of floods 

Land use planning 
Land use zoning involves allowing compatible land 
uses with land that might flood. For example, land 
that floods regularly (once a year) could be used 
fo r pastoral agriculture, as animals can be moved 
to higher ground. Alternatively it could be used fo r 
recreational purposes . H owever, it should not be 
used fo r industrial, commerci al or residential land 
use, as valuable equipment and possessions would 
be damaged or destroyed. H owever, as population 
growth continues, people and industry may be fo rced 
to extend into fl oodplains. 

sorrow'. The worst flood occurred in 1332 - over 7 million 
people drowned and a further 10 million died as a result of 
the famin e that followed. 

Millions of lives have been lost to floods and droughts 
during the long history of the Hwang He basin. From 
206BC to 1949, 1092 major floods were recorded, along 
with 1500 dyke failures, 26 river re-channellings and 1056 
droughts. For example, in 1887 the Hwang He overtopped 
its bank and flooded an area of 22 OOOkm2 to a depth of 
8m. Over 1 million people were killed by the floods and the 
famine that followed. It is ironic that famine should follow 
floods, but the silt carri ed by the river destroys th e crops 
that it is dumped on. However, following the establishment 
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of the People's Republic of China in 1949, master planning 
for flood control and the construction of numerous 
hydraulic structures significantly reduced the vulnerability 
of the area and losses due to floods. 

During normal flow conditions the river contains a large 
amount of silt. In fact, 40 per cent of the river flow is 
sediment. An 8m flood might be expected to dump over 
3 m of material on the ground. 

Now the river is 20m higher than the floodplain and the 
risk of flooding is great. As China's population continues 
to grow, more and more people are living on the fertile 
floodplains. This makes the risk of a disaster even greater. 

Attempts to control the river go back at least as far as 
2356 BCE and there have been levees on the river for at 
least 2500 years! Despite this long history of engineering 
the Hwang He has shifted its course on at least ten 
occasions. When the river changes its course it can move 
the place where it enters the sea by as much as 1100 km. 

Upper reaches 

Why does the river shift? When a river deposits its 
load it builds up its floodplain and also the base of the 
river channel. As more material is deposited in the river 
channel, the base of the river channel may become higher 
than the level of the floodplain. The rivers banks - known 
as levees - stop the river from flooding. 

However, the river also produces some benefits: 

• The sediment forms a fertile soil. As a result 13 million 
hectares of the drainage basin are farmed. 

• Where the deposits have been dropped on the coastal 
plains they have formed a large alluvial fan, with a delta 
at the sea. This area houses over 10 million people. 

• There is a huge potential for hydro-electric power, much 
of which is in the upper part of the river where sediment 
loads are low. By the mid-1 gsos over 150 reservoirs had 
been built and power stations were added to 80 of 
these. 

Middle reaches Lower reaches 
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(b) Hwang He, water discharge and sediment concentration 

Figure 31 Long profile, discharge and sediment concentration on the Hwang He river 



Changing demand 
Water demand in the Hwang He basin increased 
dramatically from 10 billion m3 in 1949 to 37.5 billion m3 
in 2006. Groundwater has been extensively exploited in 
the basin following the introduction of tube wells in the 
late 1950s. In 2000, groundwater abstraction reached 
10.7 billion ml and there were some 380000 tube wells in 
the basin. Consequently, overexploitation of groundwater 
resources has been a serious concern, particularly in the 
large and mid-size cities along the Hwang He. Springs 
in Jinan, once known as 'the city of springs', dried up in 
the late 1990s. Overall, groundwater levels have dropped 
significantly in 65 locations due to extensive withdrawals. 

One of the biggest direct impacts of rapid 
industrialisation and population growth has been on 
water quality. The amount of untreated industrial sewage 
being dumped into the Hwang He has doubled since the 
1980s to 4.2 billion m3 per year. The river receives over 300 
pollutants, and only about 60 per cent of its course is now 
usable for a drinking water supply. 

Activities 
1 Explain how a river can be higher than its floodplain . 
2 Study Figure 31 which shows rates of erosion . How 

do rates of erosion vary with (a) geology and (b) the 
amount of water in the river? 

Managing the impacts of floods 

As a result of intensive water development between 
1951 and 1987, many structures were built in the basin for 
flood control, hydro-electric power and irrigation. In 2000, 
there were over 10000 reservoirs in the basin. 

The expansion of irrigation in the basin has been 
rapid. The irrigated area rose from 8000 km2 in 1950 to 
75000km2 in 2000. Agriculture accounts for 84 per cent of 
total water consumption, followed by industry with 9 per 
cent and households with 5 per cent. When consumption 
exceeds water availability in the basin, the deficit is met 
by using groundwater resources outside the basin, and by 
recycling. 

Case study analysis 
1 Explain why the Hwang He is described as 'China's river 

of sorrow'. 
Outline the benefits of the Hwang He to people. 
Explain how human activity has affected the hydrology 
ofthe drainage basin. 
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JollyHarbour,Antigua 

Key questions 
• How do the sea and wind erode, transport and 

deposit? 
• What landforms do they create? 
• Under what conditions do coral reefs and mangroves 

form? 
• What are the opportunities and hazards that coasts 

present? 
• What can be done to manage coastal erosion? 

• Marine processes 
The factors that affect coastal processes and coastal 
landforms include: 

• waves and currents, including longshore drift 
• local geology - that is, rock type, strucrnrc and 

strength 
• changes in sea level 
• human activity and the increased use of coastal 

engineering. 

All of these factors interact and produce a unique set 
of processes that occur at the coast. These processes 
go on to produce different types oflandform for 
every coastal area. 

Types of wave 
Wavelength is the distance between two successive 
crests or troughs. Wave height is the distance 

between the trough and the crest. Wave frequency 
is the number of waves per minute. Velocity is 
the speed of a travelling wave, and is influenced 
by wind, fetch and depth of water. The fetch is 
the amount of open water over which a wave has 
passed. Swash is the movement of water up the 
beach. Backwash is the movement of water down 
the beach. Waves arc sometimes divided into 
constructive and destructive waves (Table I and 
Figure I ). 

Table 1 Destructive and constructive waves 

Destructive waves 
(erosional waves) 

• Shortwavelength 
(<20metres) 

High height(> 1metre) 

Construct ive waves 
(depositional waves) 

• Long wavelength 
(u to 100metres) 

• Low height (< 1 metre) 

High frequency (10-12/m inute) • Low frequency (6-8/minute) 

• Low period (one every 
S-6 seconds) 

• Backwash>swash 

• Steeoa radient 

• Caused by local w inds and 

• Hi h-eneraywaves 

Constructive waves 
Long wavelength 

Destructive waves 
Short wavelength 

• High period (one every 
8-10seconds) 

• Swash>backwash 

• Lowaradient 

• Caused by swell from 
distant storms 

• Low-eneravwaves 

"' Steep 
gradient 

Figure 1 Destructive and constructive waves 



Waves on the Palisadoes 
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Figure 2 Constructive and destructive waves on the Palisadoes, Jamaica 

Beaches arc transitory features - they change shape 
regularly. In Jamaica, one of the most important 
fuctors for wave formation is the local sea-land 
breeze. The Palisadocs, on the south coast of 
Jamaica, has a tidal range of just 0.23 m. 

H ere, swell is generated by trade winds on a year
round basis, and occasionally by easterly waves and 
tropical cyclones (hurricanes) that originate fur from 
the island. 111c sea breeze is most persistent in the 
summer months from May to August and strongest in 
June, approaching most commonly from an cast-sou th
castcrly direction (Figure 2 ). The breeze normally 
develops in the late morning, reaching velocities of 
12m/s by the early afternoon. Once the sea breeze 
declines, a land breeze develops from the north-west. 

The sea breeze is associated wi th an increase in 
wave and breaker height. Wave heights regularly 
exceed l metre and may reach 5 rn. The sea breezes 

Marine processes 

provide a mechanism for shoreline erosion, caused 
by destructive waves during daylight hours. The 
change from constructive waves, where sediment is 
transported landwards, to destructive waves, where 
sediment is dragged seawards, is related to wave 
steepness. As steepness increases, erosion occurs. 

When onshore winds occur, a return coun ter
current is formed, flowing seawards towards the 
break point. This current removes material from the 
front of the beach and carries it to the break point, 
where material is deposited to form longshorc bars 
offshore from the Palisadocs. 

With the rcrurn of the land breeze, these 
destructive waves decay. The trade wind generated 
swell becomes the dominant wave, rcrurning 
sediment lost from the beach during the day. 

Activities 
1 What is the tidal range of the Palisadoes? 
2 In which direction does the sea breeze blow? 
3 From wh ich direction does the land breeze blow? 
4 What is the impact of the sea breeze on wave activity? 
5 What is the impact of the land breeze on wave activity? 

Wave refraction and longshore drift 
Waves result from fiiction between wind and the sea 
surface. Waves in the open, deep sea arc different 
from those breaking on shore. Sea waves arc forward 
moving surges of energy. Although the shape of the 
surface wave appears to move, the water particles follow 
a roughly circular path within the wave. As waves 
approach the shore, their speed is reduced as they 
touch the sea floor. Wave refraction causes two main 
changes: the speed of the wave is reduced and the shape 
of the wave front is altered. If refraction is completed, 
the wave fronts will break parallel to the shore. 

Concentrated energy on 
flanks of headland 

Direction of 
steepest slope 

Depth 
decreasing 
onshore 

Wind 
direction 

Cmd 

Shoreline 

Wi!ll/e movement is 
slowed down in shallow 
water,andthiscauses 
the wave front to break 

Unimpeded fast 
movement in deep 
water causes waves 
to break parallel to 

eachothe, Sea 

Figure 3 Waverefractionandlongshoredrift 

Wave front 

A B 
Sea 
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c Longshore drift 
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Wave refraction also distributes wave energy alo ng 
a stretch of coast . O n a coastline with alternating 
headlands and bays, wave refraction will concentrate 
destructive/erosive acti vity o n the headlands, 
whil e deposit ion will tend to occur in the bays . 
Irregularities in the shape of the coastline mean 
that refracti on is not always totally achieved. This 
causes longshore drift, which is a major fo rce in 
the tra nsport o f material alo ng the coast . It occurs 
when waves move up to the beach (swash) in one 
direction , but the waves draining back down the 
beach (backwas h) take a different route (under the 
effect of gravity). The net movement is aloug the 
shore, hence the term longshore drift. A wooden 
o r concrete wall (groyne) may be built to prevent 
longshore drift from moving sand or shingle away 
fro m the beach . 

Human activity and longshore d rift in West 
Afri ca 
The increase in coastal retreat has been blamed o n 
the construction o f the Akosombo Dam on the Volta 
river in Ghana. It is just 110 km from the coast and 
di srupts the flow of sediment from the Volta and 
stops it fro m reaching the shore. Thus there is less 
sand to replace that which has already been washed 
away by lo ngshore drift, so the coastline retreats 
due to erosion by the Guinea current. Towns such 
as Keta , 30 km east o f the Volta estuary, have been 
destroyed as their protective beach has been removed 
(Figure 4 ). 

BE NIN 

K ,ma,,, _J_J-"''----
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Dam Loe • 
~ / ~Trop1cana 

Accra ____.-----JU Keta 

0 /.______. Bight of Benin 

~ Guineacurrent(carries 
1.Smi llioncubicmetres 
of sand each year) 

Figure 4 Human activity and longshore drift in West Africa 

Activities 
1 Define the fo ll owing te rms: swash, fetch, wave 

refraction, lo ngsho re drift, bac kwash. 
2 Describe t he main diffe re nces between a destruct ive 

wave and a construct ive wave. 
3 Describe and expla in the process of longshore drift . 
4 Briefl y describe how human activity affected the 

impact of longshore drift in West Afr ica . 

• Landscapes of erosion 
There are many types of erosion carri ed out by waves: 

• Hydraulic act ion occurs as waves hit or break 
against a cliff face. Any air trapped in cracks is put 
under great pressure. As the wave retreats, this 
build-up of pressure is released with explosive 
fo rce. This is especially impor tant in well -jointed 
rocks such as limestone, sandstone and granite, 
and in weak rocks such as clays and glacial deposits. 
Hydraulic actio n makes the most impact durin g 
storm s. 

• Abrasion is the process of a breakin g wave hurling 
materials, such as pebbles or shingle, against a cliff 
face. It is similar to abrasio n in a ri ver. 

• Attrition is the process in which eroded materi al, 
such as broken rock, is worn down to fo rm smaller, 
rounder beach material. 

• Solution occurs o n limestone and chalk . Calcium 
carbonate, a salt found in these rocks, dissolves 
slowly in acidi c water. 

Features of eros ion 
O n a headland , erosion will exploit any weakness, 
creating, at first, a cave. O nce the cave reaches both 
sides of the headland , an arch is fo rmed. A collapse 
of the top of the arch fo rms a stack, and when the 
stack is eroded a stump is created (Figure 5 ). Where 
erosion opens up a vertical crack, allowing sea wa ter 
to spout up at the sur face, a blowhole is fo rmed. The 
sa ndstone o f the Cape Peninsul a in South Africa has 
been attacked by the sea, formin g steep vertical cliffs 
and small -scale fea tures such as arches and stacks 
(Figure 6 ). 
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Figure 5 Features of coastal erosion 

Figure 6 The Cape Peninsula, South Africa~ the photo shov.-s Cape 
Maclear and the Cape of Good Hope in the background 

Wave action is concentrated between the high 
water mark (HWM ) and low water mark (LWM ). 
HWM is the level reached by the sea at high tide 
while LWM is the level reached by the sea at low 
tide . It may undercut a clifffuce, creating a notch 
and overhang (Figure 7 ). As erosion continues, the 
notch becomes deeper and eventually the overhang 
collapses, causing the cliff line to retreat. The base 
of the cliff is left behind as an increasingly longer 
platform. This is sometimes called a wave-cut 

Landscapes of erosion 

platform, because it has been cut or eroded by 
wave action. 

Cliff 
0 Erosion occurs between 

HWMand LWM 

6 The cliff is eroded backwards 
to create an indent (notch) 

€) As erosion continues the notch 
retreats further into the cliff, 
and the overhang becomes larger 

______________________________ HWM 
Overhang 

Sea 

____________________________ LWM 

Ocurrentcoastline 

f)Third collapse 

€)second collapse 

(tFirstcollapse 

00riginalcoastline 

Wave-<ut 
platform 

Figure 7 Formation of a wave-cut platform 

Cliff profiles vary greatly, depending on the: 

• rate of coastal erosion ( cliff retreat) 
• strength of the rock 
• presence of joints and bedding planes. 

Sea level 

In addition, cliffs change over time, from ones 
dominated by marine processes (like wave erosion ) to 

ones protected from marine processes but affected by 
land-based processes. 

On a larger scale bays may be eroded in beds 
of weaker rock (Figure 8 ). The harder rocks form 
headlands that protrude whereas the weaker rocks 
are eroded to form bays. \i\1ave refraction in the 
bay spreads wave energy around the bay whereas it 
focuses wave energy on the flanks of the headlands. 
Bayhead beaches are formed when constructive 
waves deposit sand between two headlands, such 
as at Maracas Bay and T yrico Bay in northern 
Trinidad. 
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Figure 8 Headlands and bays in Praia de Rocha, Portugal 

Activities 
1 What is the difference between attrition and 

abrasion? 
2 Why does hydraulic action occur in jointed rocks? 
3 What types of rock are affected by solution? 
4 What types of erosion are most likely to take place: 

a during a storm 
b on beaches 
c on the face of a cliff? 

5 In your own words, describe how a wave-cut platform 
may be formed . 

6 Make a sketch of Figure 8 and label the following 
features: headland, bay, stack and beach . 

• Deposition 
Beaches 
Excellent beach development occurs on a lowland 
coast (constructive waves) with a sheltered aspect/ 
trend, composed of'soft' rocks, which provide a 
good supply of material, or where longshore drift 
supplies abundant material. 

On Tcncrife, the lack of beach material other 
than volcanic material (Figure 9) has led to one 
beach, Las Tcrristas, being formed of sand imported 
from the Sahara desert (Figure I 0 ). An artificial 
barrier prevents the sand from being eroded by 
wave action. 

Figure9 Volcanic beach, Tenerife 

Figure 10 An artificial beach with imported sand 

The term beach refers to the accumulation of 
material deposited between low spring tides and 
the highest point reached by storm waves at high 
spring tides. A typical beach will have three zones: 
backshorc, foreshore and offshore. The backshorc is 
marked by a line of dunes or a cliff. Above the high 
water mark there may be a berm or shingle ridge. 
This is coarse material pushed up the beach by spring 
tides and aided by storm waves flinging material well 
above the level of the waves themselves. These arc 
often referred to as storm beaches. The seaward edge 
of the berm is often scalloped and irregular due to 
the creation of beach cusps. 

The foreshore is exposed at low tide. Offshore, 
the first material is deposited. In this zone, the 
waves touch the sea bed and so the material is 



usually disturbed, sometimes being pushed up as 
offshore bars, when the offshore gradient is very 
shallow. Offshore bars are usually composed of 
coarse sand or shingle. Between the bar and shore, 
lagoons (often called sounds) develop (Figure 11 ). 

Figure 11 Features of coastal deposition 

Bars and sp its 
These more localised features will develop where: 

• abundant material is available, particularly shingle 
and sand 

• the coastline is irregular, for example where there is 
a variable geology 

• where there are estuaries and major rivers. 

A spit is a beach of sand or shingle linked at one 
end to land. It is found where wave energy is 
reduced, for example along a coast where headlands 
and bays are common and near river mouths (in 
estuaries and r ias ). 

Spits often become curved as waves undergo 
refraction (Figure 12 ). Cross-currents or 
occasional storm waves may assist this hooked 
formation. A good example is the sandspit in 
Walvis Bay, Namibia. The main body of the spit 
is curved but it has additional, smaller hooks, 
or recurves. Longshore drift moves sediment 
northwards along the coast. However, the coastline 
is very irregular here and there is a sudden change 
in the trend of the coastline. Consequently, 
refraction occurs, causing the waves to bend 
around eastwards. 

Deposition 

lfthe water in the lagoon is calm and fed by rivers, 
marshes and mudflats can be found. Bars can be 
driven onshore by storm winds and waves. A classic 
area is off the coast of the Carolinas in the south
east of the USA. 

O Successive posit ions of the growing spit. River u 
f) The recurved end develops as a result of estuary 

wave refraction and the occu rrence of e irregular winds from an alternative 
direction 

Original 
coastline 

H di d 'v• , • • . 
Position 
of fastest 

Longshore current 

drift 

Prevailing wind 

Figure 12 Development of a spit 

Short-term change 
in wind and wave 
direction 

On the seaward side, the slope to deeper water is 
very steep. Within the curve of the spit, the water 
is shallow and a considerable area of mudflat and 
saltmarsh is exposed at low water. These saltmarshes 
continue to grow as mud is trapped by the marsh 
vegetation. 

Related features include bars. These are ridges 
that block off a bay or river mouth. There are many 
examples on the west coast of Antigua (Figure 13 ). 



Figure 13 The west coast of Antigua 
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Interesting note 
The longest spit in th e world is the 112 km Arabat spit in 
the Sea of Azov, between Russia and Ukra in e. There are 
thirteen spits in the Sea of Azov. 

Tombolos are rid ges th at link t he mainl and to an 
island . Good exa mples includ e th e Lumley area of Sierra 

The Palisadoes, Jamaica: a spit or a t ombola? 
The Palisadoes is one of the largest deposited coastal 
fea rnres in the Cari bbean (Figure 14 ). 

Figure 14 Aerial view of the Palisadoes tombola 

Located just south of Kingston in Jamaica, this 13 km 
long fea ture has been fo rmed and re-fo rmed many 
rimes during its history. Scientists believe that it may 
be 4000 years o ld . 

Longshore drift occurs from east to west on the 
south coast of Jamaica . The sediment comes from 
rivers, cliff erosion, and offshore sediments. The 
Palisadoes is located at a sharp bend in the coastline. 
Longshore drift carries sediment westwards, and 
extends the length of the spit. As it grew longer, 
it linked up with a number of cays (small islands), 
rnrning the spit into a tombola . 

The region experi ences tropical storms and 
hurricanes. These can seriously damage the coast. 

Deposition 

Leo ne, and the Cape Verd e Peninsul a, Se negal. Th e Cape 
Peninsula in South Afri ca is a complex tombo la that has 
developed on a very large sca le . 

For example, in 2004 Hurricane Ivan eroded up to 
a metre off the 2 m high sand dunes. Even under 
normal conditions, summer sea breezes cause powerfi.Jl 
destrnctive waves, which are capable of eroding the 
seaward face of the beach, causing it to become steeper. 

Activities 
1 How o ld is the Pa li sadoes? 
2 How long is th e Pa lisa does? 
3 In which direction is longshore drift on the Palisadoes? 
4 Where does the sediment th at helps build up th e 

Pa lisadoes come from? 
S What is th e impact of hurrica nes on th e Pa lisa does? 
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Activities 
1 a Explain how a spit develops. 

b In what ways might vegetation help spits, bars and 
tombolos to develop? 

2 a Draw a labelled sketch of photograph a in 
Figure 13. 

b Describe the wave conditions in the photograph . 
3 Study the map in Figure 13. Name and give examples 

of at least two types of coastal deposit. For any one of 

Sand dunes 
Sand dunes are one of the most dynamic 
environments in physical geography. Important 
changes take place in a very short space of time. 
Extensive sandy beaches are almost always backed by 
sand dunes because strong onshore winds can easily 
transport the sand that has dried out and is exposed at 
low water. The sand grains are trapped and deposited 
against any obstacle on land, to form dunes. Dunes 
can be blown inland and can therefore threaten 

these, describe its main characteristics and explain how 
it has been formed . 

4 Study both the map and photograph in Figure 13. 
a What type of feature is found in Valley Church Bay 

and at Reeds Point? 
b What is the difference between a cove and a bay? 
c How are land-based processes affecting this area of 

coastline? 
d In what ways has this area of coastline influenced 

human activities? 

coastal farmland and even villages. The interaction of 
winds and vegetation helps form sand dunes. 

On the beach, conditions are very windy, dry (much 
water just soaks into the sand) and salty. Few plants 
can survive these extreme conditions but some can, 
including sea couch and marram grass (Figure 15 ). 
These are adapted to tolerate water with a high salt 
content, and high wind speeds, and they can survive 
burial by sand. In fact, marram grass needs to be 
buried by fresh sand in order to send out fresh shoots. 

Yellow dune Semi-fixed 
Embryo dune 

Strand line \ 

~ 
Emb,yo doo\. Yell=~ne ~~:?\ \ dune 

As the tide goes out, the sand dries 
out and is blown up the beach. A 
small embryo dune forms in the 
shelter behind the strand line. 

~ ·----
Sea couch grass colonises and helps 
bind the sand . Once the dune grows 
to over 1 m high, marram grass 
replaces the sea couch. 

Once the yellow dune is over 10 m 
high, less sand builds up behind it 
and marram grass dies to form a 
thin humus layer. As the original 
dune a has developed, new embryo 
and yellow dunes have formed . 

4 Fixed dune (or grey dune): 
as the soil develops and 
becomes damper and richer, 
lichens, mosses and flowering 
plants can grow on the dune. 

As the dune system gets older and 
larger, water can collect towards the 
back of a dune. Marsh plants and 
small willow trees can grow here. 

Climax trees succeed 
grasses and flowering 
plants as small trees 
mature. 

Figure 15 Formation of sand dunes 

Once marram grass and sea couch are established on 
the beach, they reduce the wind speed and this helps 
trap fresh sand. As the sand builds up, these plants 

send out new shcxJts, trapping more sand and building 
up a dune. Increasingly, the presence of plants in the 
sand dune adds organic matter and moisture to the 
dune and allows other plants to grow, such as heather. 



The growth of new plants is called succession. 
Plants such as heather cannot tolerate the dry, windy, 
salty conditions of the beach but can survive in the 
less windy, moister, less salty dunes. They in rnrn alter 
the environment so that other species can invade and 
develop (Figure 16). On a sand dune over a distance 
of just a few hundred metres there may be as many as 
four or five different types of ecosystem. 

Figure 16 Sand dune vegetation 

Activities 
Study Figure 15 wh ich shows the development of 
vegetat ion on a sand dune. 

1 How do cond it ions differ between the shore li ne and 
inland? 

2 Exp la in why deposition occurs on the sand dunes. 
3 Suggest how human activit ies might affect the sand 

dunes and/or the sa ltmarsh . 

Deposition 

Cora l reefs 
Coral reefs arc calcium carbonate strucnJrcs, made 
up of reef-building stony corals. Coral is limited 
to the depth that light can reach, so reefs develop 
in shallow water, ranging to depths of 60 m. This 
dependence on light also means that reefs arc 
only found where the surrounding waters contain 
relatively small amounts of suspended material. 
Reef-building corals live only in tropical seas, where 
temperature, salinity and clear water allow them to 
develop. 

There arc many types of coral rccf (Figurc 17). 

• Fringing reefs arc those that fringe the coast of a 
landmass (Figures 18 and 19 ). Many fringing reefs 
grow along shores that arc protected by barrier 
reefs and arc thus characterised by organisms that 
arc best adapted to low wave-energy conditions. 

• Barrier reefs occur at a greater distance from 
the shore than fringing reefs and arc commonly 
separated from it by a wide, deep lagoon. 
Barrier reefs tend to be broader, older, and more 
continuous than fringing reefs. For example, the 
Bcqa barrier reef off Fiji stretches unbroken for 
more than 37 km, and that off Mayotte in the 
Indian Ocean for around 18km. The largest barrier 
reef system in the world is the Great Barrier Reef, 
which extends 1600 km along the cast Australian 
coast, usually tens of kilometres offshore. Another 
long barrier reef is located in the Caribbean off the 
coast of Belize between Mexico and Guatemala. 

• Atoll reefs rise from submerged volcanic 
foundations. Atoll reefs arc essentially 
indistinguishable in form and species composition 
from barrier reefs except that they arc confined to 
the flanks of submerged oceanic islands, whereas 
barrier reefs may also flank continents. Over 300 
atolls arc present in the Inda-Pacific but only 10 
arc found in the western Atlantic. 

Rocky volcanic islet encircled Reef enlarges as land sinks Circular coral reef or atoll 
by fringing coral reef (or sea rises) (with further change in leveQ 

Figure 17 Formation of coral reefs 
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Figure 18 A fringing reef on the south coast of Antigua 

Figure 19 A fringing reef on the west coast of Antigua 

Coral reefs are often described as the 'rainforests of 
the sea' on account of their rich biodiversity. Some 
coral is believed to be 2 million years old, although 
most is less than 10000 years old. Coral reefs contain 
nearly a million species of plants and animals, and 

about 25 per cent of the world's sea fish breed, 
grow, and evade predators in coral reefs. Some 
of the world's best coral reefs include Australia's 
Great Barrier Reef~ many of the reefs around 
the Philippines and Indonesia, Tanzania and the 
Comoros, and the Lesser Antilles in the Caribbean 
(Figure 19 ). 

Coral reefs face many pressures. The fishing 
industry now uses dynamite to flush out fish and 
cyanide solution to catch live fish. Destruction 
takes many forms - collection of specimens, 
trampling, berthing of boats, oil spills, mining, 
and the cement industry. Indirect pressures 
include sedimentation from rivers, and waste 
disposal from urban areas. Coastal development, 
especially for tourism, is taking its toll too. Dust 
storms from the Sahara have introduced bacteria 
into Caribbean coral, while global warming may 
cause coral bleaching. Bleaching occurs when high 
temperatures kill the algae in coral, removing their 
colour so the coral appears bleached. Many areas 
of coral in the Indian Ocean were destroyed by the 
2004 tsunami. 

Coral reefs are of major biological and economic 
importance. Countries such as Barbados, the 
Seychelles and the Maldives rely on tourism based 
on their reefs. Florida's reefs attract tourism worth 
$1.6 billion annually. The global value of coral reefs 
in terms of fisheries, tourism and coastal protection is 
estimated to be $375 billion. 

Activities 
1 Under what cond itions does cora l grow? 
2 What is the difference between a fringing reef and a 

barrier reef? 
3 How are ato lls formed? 
4 Why are cora l reefs so va luable? 
5 What are the main threats to cora l reefs? 

Ma ngroves 
Mangroves are salt-tolerant forests of trees and 
shrubs that grow in the tidal esn,aries and coastal 
zones of tropical areas (Figure 20). The muddy 
waters, rich in nutrients from decaying leaves and 
wood, are home to a great variety of sponges, worms, 
crustaceans, molluscs and algae. Mangroves cover 
about 25 per cent of the world's tropical coastline, 
the largest being the 570000 ha Sundarbans in 
Bangladesh. 



Figure20 Mangroveswamps 

The value of mangroves 
Mangroves have many uses, such as providing large 
quantities of fCXJd and fuel , building materials and 
medicine. One hectare of mangrove in the Philippines 
can yield 400 kg of fi sh and 75 kg of shrimp. Mangroves 
also protect coastlines by absorbin g the force of 
hurricanes and storms. They also act as narnral filters, 
absorbing nutrients from farming and sewage disposal. 

Table 3 Relationships between human activities and coastal zone problems 

Coastal hazards and opportunities 

Pressures on mangroves 
Despite their value, many mangrove areas have been lost 
to rice paddies and shrimp farms. M population growth 
in coastal areas is set to increase, the fate of mangroves 
ICXJks bleak. Already most Caribbean and S0utl1 Pacific 
mangroves have disappeared , and India, West Afiica and 
S0utl1-East M ia have lost half of theirs (Table 2). 

Table 2 Mangrove I05ses 

Thailand 185000ha(1960---91)toshrimo onds 

Malaysia 235000ha (1980 and 1990) to shrimp ponds and farming 
Indonesia 269000ha (1960---90) to shrimp ponds 

Vietnam 104000ha (1960---74) due to action b the US arm 
Philippines 170000ha (1967- 76) mostly to shrimp ponds 

Ban ladesh 74000ha (since 1975) laraelv to shrimp ponds 
Guatemala 9500ha (1965---84) to shrimp Ponds and salt farmina 

Mangroves and coral reefs 
Mangroves and coral reefs are fundamentally 
connected ecosystems. Mangroves protect coral reefs 
from sedimentation from land-based sources, as well 
as helping to keep the water clear of particl es and 
nutri ents. Botl1 of these functions are necessary to 
maintain reefhealtl1. i\fangroves also provide spawning 
and nursery areas for many animal species that spend 
their adult lives on tl1e reefs . In rernrn , the coral reefs 
provide shelter for tl1 e mangroves and their inhabitan ts, 
while the calcium carbonate eroded from the reef 
provides sediment in which the mangroves grow. 

• Coastal hazards and 
opportunities 

Coastal areas o ffer many opportunities to people. 
However, acti ons in coastal areas may cause new 
pro blems. These arc summarised in Table 3 . 

Human activity Agents/consequences Coastal zone problems 
Urbanisation and Land use changes, e.g. for ports, ai rports; road, rail, and air Loss of habitats and species diversity; visual intrusion; lowering of 
transport congestion; dredging and disposal of harbour sediments; groundwater table; salt water intrusion; water pollution; human 

water abstraction; waste water and waste disposal health risks; eutrophication; introduction of alien species 

Agriculture Land reclamation; fertiliser and pesticide use; livestock Loss of habitats and species; diversity; water pollution; 
densities; water abstraction eutrophication; river channelisation 

Tourism, recreation Development and land use changes, e.g. golf courses; Loss of habitats and species diversity; disturbance; visual intrusion; 
and hunting road, rail and air congestion; ports and marinas; water lowering of water table; salt water intrusion in aquifers; water 

abstraction; waste water and waste disposal pollution; eutrophication; human health risks 

Fisheries and Port construction; fish processing faci lities; fishing gear; Overfishing; impacts on non-target species; litter and oil on 
aquaculture fish farm effluents beaches; water pollution; eutrophication; introduction of alien 

species; habitat damaae and chanae in marine communities 
Industry (including Land use changes; pcmer stations; extraction of natural Loss of habitats and species diversity; water pollution; 
energy production) resources; process effluents; cooling water; windmills; river eutrophication; thermal pollution; visual intrusion; decreased input 

impoundment; tidal barraaes of fresh water and sediment to coastal zones; coastal erosion 
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(fufoijjffi@ Erosion of the USA's eastern seaboard 
Many beaches along the east coast of America have 
disappeared since 1900, such as that at Marshfield, 
Massachusetts. As the sea level rises, the beaches and 
barrier islands (barrier beaches) that line the coasts of the 
Atlantic Ocean and the Gulf of Mexico, from New York to 
the Mexican border, are in retreat. 

The problem is that much of the shore cannot retreat 
naturally because industries and properties worth billions 
of dollars have been built here. Many important cities and 
tourist centres, such as Miami, Atlantic City and Galveston 
(Texas), are sited on barrier islands. Consequently, many 
shoreline communities have built sea walls and other 
protective structures to protect them from the power of 
destructive waves. 

• Relief- the flat topography of the coastal plains from 
New Jersey southward means that a small rise in sea 
level can allow the ocean to advance a long way inland. 

• Changing sea levels - much of the North American 
coast is sinking relative to the ocean, so local sea levels 
are rising faster than global averages. The level of tides 
along the coasts shows that subsidence varies between 
0.5 and 19.5 mm a year. By contrast, the west coast, in 
particular Alaska, is rising. 

• Coastal development - extensive coastal development 
has accelerated erosion. While sea level rises, apartment 
blocks, resorts and second homes have developed rapidly 

Tropical storms 
A hurricane is one of the most dangerous natural 
hazards to people and the environment. Damage is 

Average annual frequency 
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Figure 21 The distribution of hurricanes 
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along the shoreline. By 1990, 75 per cent of Americans 
lived within 100km of a coast (including the Great Lakes). 

• Erosion and tourism-related developments - erosion is 
evident at many places along the coasts of the Atlantic 
and the Gulf of Mexico. Major resorts such as Miami 
Beach and Atlantic City have pumped in dredged sand 
to replenish eroded beaches. Erosion threatens islands 
to the north and south of Cape Canaveral, although the 
Cape itself appears safe. Resorts built on barrier beaches 
in Virginia, Maryland and New Jersey have also suffered 
major erosion. 

• Rates of erosion -overall losses are not well known. 
Massachusetts loses about 26 hectares a year to rising 
seas. Nearly 10 per cent of that loss is from the island 
of Nantucket, south of Cape Cod. However, these losses 
are minimal compared with Louisiana, which is losing 
40 hectares of wetlands a day- about 15500 hectares a year. 

Case study analysis 
1 Why are beaches on the eastern seaboard of the USA 

retreating? 
What has been done to reduce erosion of barrier beaches? 
What proportion of Americans live within 100km of 
the coast? 
By how much is the east coast subsiding each year? 
How much land is being lost to rising sea levels each year? 

caused by high winds, floods and storm surges. In 
Asia, hurricanes are also known as tropical cyclones. 



Hurricanes arc intense hazards that bring heavy 
rainfall, strong winds and high waves, and they 
cause other hazards such as flooding and mudslides. 
Hurricanes arc also characterised by enormous 
quantities of water. This is due to their origin over 
moist tropical seas. High-intensity rainfall with 
totals of up to 500 mm in 24 hours invariably cause 
flooding. The path of a hurricane is erratic, so it 
is not always possible to give more than 12 hours' 
notice. This is insufficient for proper evacuation 

Hurricanes develop as intense low-pressure systems 
over tropical oceans. Winds spiral rapidly around a 
calm central area known as the eye. The diameter 
of the whole hurricane may be as much as 800 km, 
although the very strong winds that cause most of the 
damage arc found in a narrower belt up to 300 km 
wide. In a mature hurricane, pressure may fall to as 
low as 880 millibars. This very low pressure, and the 
strong contrast in pressure between the eye and outer 
part of the hurricane, lead to strong gale-force winds. 

Hurricanes move excess heat from low latitudes 
to higher latitudes. They normally develop in the 
westward -flowing air just north of the equator 
(known as an easterly wave). They begin life as 
small -scale tropical depressions, localised areas of low 
pressure that cause warm air to rise. These trigger 
thunderstorms that persist for at least 24 hours and 
may develop into tropical storms, which have greater 
wind speeds of up to l l 7km/hr (73 mph). H owever, 
only about I O per cent of tropical disturbances ever 
become hurricanes - storms with wind speeds above 
l 18km/hr (above 74mph). 

For hurricanes to form, a number of conditions arc 
needed: 

• Sea temperatures must be over 27 °C to a depth of 
60m (warm water gives off large quantities of heat 
when it is condensed; this is the heat that drives the 
hurricane ). 

• The low pressure area has to be far enough away 
from the equator so that the Coriolis force ( the 
force caused by the rotation of the Earth ) creates 
rotation in the rising air mass. If it is too close 
to the equator there is insufficient rotation and a 
hurricane will not develop. 

• Conditions must be unstable: some tropical low
pressure systems develop into hurricanes, but not 

Coastal hazards and opportunities 

all of them, and scientists arc unsure why some do 
but others do not. 

Impacts of hurricanes 
The Saffir-Simpson Scale, developed by the National 
Oceanic and Aunosphcric Administration, assigns 
hurricanes to one of five categories of potential 
disaster (Table 4 ). The categories arc based on wind 
intensity: in order to be classified as a hurricane a 
tropical cyclone must have maximum sustained winds 
ofat least l 18km/hr (74mph ). The classification 
is used for hurricanes forming in the Atlantic and 
northern Pacific - other areas use different scales. 

Table4 TheSaffir-SimpsonScale 

Type Hurricane Damage Pressure Wind- Storm 
category (mb) speed surge 

(km/hr) (metres 
above 
normal) 

Depression <56 

Tropical 57- 118 

Hurricane Minimal >980 119- 53 1.2- 1.5 

Hurricane Moderate 965- 79 154-77 1.6---2.5 

Hurricane Extensive 945-64 178-209 2.6---3.6 

Hurricane Extreme 920--44 210---49 3.7- 5.5 

Hurricane Catastrophic <920 > 250 >5.5 

• The unpredictability of hurricane paths 
makes the effective management of hurricanes 
difficult. It was fornmatc for Jamaica tl1at 
Hurricane Ivan (2004 ) suddenly changed course 
away from t!,c most densel y populated parts of 
the island, where it had been expected to hit. In 
contrast, it was unfortunate for Florida's Punta 
Gorda when Hurricane Charley (2004 ) moved 
away from its predicted path. 

• The strongest storms do not always cause 
the greatest damage. Only six lives were lost to 
Hurricane Frances in 2004, but 2000 were taken 
by Jeanne when it was still categorised as just 
a ' tropical storm' and had not yet reached full 
hurricane strength. 

• The distribution of the population throughout 
the Caribbean islands increases the risk 
associated with hurricanes. Much of the 
population lives in coastal settlements and is 
exposed to higher sea levels and the risk of flooding. 
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• Hazard mitigation depends on the effectiveness 
of the human response to natural events. This 
includes urban planning laws, emergency planning, 
evacuation measures and relief operations, such as 
rehousing schemes and the distribution of food aid 
and clean water (Figure 22 ). 

• Developing countries continue to lose more 
lives to natural hazards as a result of inadequate 
planning and preparation. By contrast, insurance 
costs continue to be greatest in American states 
such as Florida, where multi-million-dollar 
waterfront homes proliferate. 

(fuhi\tffi@ cyclone Nargis 
In May 2008 Cyclone Nargis struck Burma. Winds exceeding 
190km/hr (118mph) and torrential rain devastated the 
area, killing some 134000 people. As many as 95 per cent 
of all buildings in the affected area were demolished 
by the cyclone and the resulting floods (Figure 23) . The 
Burmese government identified 15 townships in the 

Cyclone category: Cyclone category: 
• o ., - o - , 
• I 
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km 1 OOO Cyclone . 'vi.Jlnerable 

affected towns 

Figure23 CycloneNargis 

The low-lying land in the lrrawaddy delta is home to an 
estimated 7 million of Burma's 53 million people . Nearly 
2 million ofthe densely packed area's inhabitants live on 
land that is less than 5 m above sea level, leaving them 
extremely vulnerable to flooding . As well as the cost in 
terms of lives and homes, valuable agricultural land was 
lost in the fertile delta . 

Figure22 Hurricane management 

lrrawaddy delta that had suffered the worst. Seven of 
them had lost 90- 95 per cent of their homes, with 70 per 
cent of their population dead or missing . International 
frustration mounted as disaster management experts 
failed to get the necessary visas to enter the country. 

N 
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Case study analysis 
1 What were the maximum wind speeds reached by 

Cyclone Nargis? 
How many people were killed by Cyclone Nargis? 
How many people live in the lrrawaddy delta? 
What is the height above sea level of the lrrawaddy 
delta? 



c¥h¥Jtffi@ Typhoon Haiyan 
The term 'hurricane' is used in the Atlantic and north-east 
Pacific, 'typhoon' in the north-west Pacific, and 'cyclone' in 
the South Pacific and Indian Ocean. 

At least 6000 people were killed in the central 
Philippine province of Leyte when Typhoon Haiyan, one 
of the strongest storms ever to make landfall, struck the 
Philippines in November 2013. The super-typhoon brought 
winds of up to 315 km/hr (195 mph) and tore roofs off 
buildings, turned roads into rivers full of debris, and 
knocked out electricity pylons. 

About 70-80 per cent of the buildings in the area in the 
path of Haiyan in Leyte province were destroyed. Tacloban, 
the provincial capital of Leyte, had a population of over 
200000. The storm surge caused sea waters to rise by over 
6m when the typhoon hit. Power was knocked out and 
there was no mobile phone signal, making communication 
possible only by radio. 

With many provinces left without power or 
telecommunications, and airports in the hardest-hit areas 
such as Tacloban closed, it was impossible to know the full 
extent of the storm's damage - or to provide badly needed 
aid. Government figures showed that more than 4 million 
people had been directly affected. The World Food 
Programme mobilised some $2 million in aid and aimed 
to deliver 40 tonnes of fortified biscuits to victims within 
days. Estimates ofthe economic cost are about $15 billion. 
Many countries pledged aid to the Philippines including 
the UK (USS 131 m), Japan (US$52m), Canada (US$40m) and 
USA (US$37m). 

Coastal hazards and opportunities 

Satellite images showed normally green patches of 
vegetation ripped up into brown squares of debris in 
Tacloban, where a local TV station broadcast images of 
huge storm surges, flattened buildings and families wading 
through flooded streets with their possessions held high 
above the water. Those living in the hardest-hit areas, such as 
the eastern Visayas, are among the poorest in the Philippines. 
Many have little or no savings, so the typhoon put an already 
vulnerable population at even greater risk of future food 
and job insecurity. On Bohol Island, where a 7.3 magnitude 
earthquake had killed some 200 people in October 2013, 
residents were successfully evacuated ahead of the storm. 
However, because the island's main power supply comes from 
neighbouring Leyte, residents were left without electricity or 
water. In Tacloban, the sheer force of the storm was just too 
much for some evacuation centres, which collapsed. 

The Philippines experiences about 20 typhoons every 
year. In 2012 Typhoon Bopha killed more than 1100 people 
and caused over $1 billion in damage. 

How does Typhoon Haiyan compare 
with other tropical cyclones? 
Typhoon Haiyan, described as the strongest tropical 
cyclone to make landfall in recorded history, hit the 
Philippines with winds of 314km/hr mph and gusts of up 
to 378 km/hr - the fourth strongest typhoon ever recorded 
(Table 5) but the strongest to reach landfall. 
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Figure24 The pathofTyphoonHaiyan 
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Table 5 The strongest tropical cyclones in world history 

Super-typhoon Year Windspeed(km/hr) Pressure(mb) Landfall 

Nancy 1961 346 882 Made landfall in Japan as a category 2 storm, killing 191 people 

Violet 1961 330 886 Made landfall in Japan as a tropical storm, killing 2 people 

Ida 1958 322 877 Made landfall in Japan as a category 1 storm, killing 1269 people 

Haiyan 2013 314 895 Made landfall in the Philippines at peak strength 

Kit 1966 314 880 Did not make landfall 

Sally 1961 314 895 Made landfall in the Philippines as a category 4 storm 

Note: Some of the data from the 1940s and the 1960s may have over-estimated wind speeds. 

Activities 
1 Describe the distribution of hurricanes shown in Figure 21. 
2 Outline the main changes that occur as hurricane 

intensity increases. 
3 Suggest reasons why the impacts of hurricanes vary 

from place to place . 

• Coastal management 
Human pressures on coastal environments create 
the need for a variety of coastal management 
strategies (Table 6 ). Coastal defence protects 
against coastal erosion and flooding by the sea. 
Coastal management strategies may be long-term 
or short-term, sustainable or non-sustainable. 
Successful management strategies require a detailed 
knowledge of coastal processes. Rising sea levels, 
more frequent storm activity, and continuing coastal 
development are likely to increase the need for coastal 
management. 

Defence options include: 

• do nothing 
• maintain existing levels of coastal defence 
• improve the coastal defence 
• all ow retreat of the coast in selected areas. 

Hard engineering structures 
The effectiveness of sea walls depends on their cost 
and their performance. Their function is to prevent 

erosion and flooding but much depends on whether 
they arc: 

• sloping or vertical 
• permeable or impermeable 
• rough or smooth 
• what material they are made of (clay, steel or rock, 

for example). 

In general , flatter, permeable, rougher walls perform 
better than vertical, impermeable smooth walls. 

Cross-shore strucrures such as groynes, 
breakwaters, piers and strongpoints have been 
used for decades. Their main function is to stop 
the drifting of material. Traditionally, groynes were 
constructed from timber, brushwood and wattl e. 
However, modern cross-shore structures are often 
made from rock. They may be part of a more 
complex form of management that includes beach 
nourishment and offshore strucrures. 

Managed retreat allows nature to take its course -
erosion in some areas, deposition in others. Benefits 
include less money being spent, and the creation of 
natural environments. 



Coastal management 

Table 6 Different forms of coastal management 

Type of management Aims/ methods Strengths Weaknesses 

Hard engineering To control natural processes 

Cliff base management To stop cliff or beach erosion 

Seawalls Large-scale concrete curved walls designed Easily made; good in areas of high Expensive; life span about 30---40 years; 
to reflect wave energy density foundations may be undermined 

Revetments Porous design to absorb wave energy Easily made; cheaper than sea wans Life span limited 

Gabions Rocks held in wire caaes absorbs wave enemy Cheaper than sea walls and revetments Small scale 

Groynes To prevent longshore drift Relatively low cost; easily repaired Cause erosion on downdrift side; 
in terrupt sediment flow 

Rock armour Large rocks at base of cl iff to absorb wave Cheap Unattractive; small-scale; may be 
energy removed in heavy storms 

Offshore breakwaters Reduce wave power offshore Cheap to build Disrupt local ecology 

Rock strongpoints To reduce longshore drift Relatively low cost; easily repaired Disrupt longshore drift; erosion 
downdrift 

Cliff face stra tegies To reduce the impacts of sub-aerial processes 

Cliff drainage Removal of water from rocks in the cliff Cost-effective Drains may become new lines of 
weakness;drycliffsmayprcxlucerockfalls 

Vegetation To increase interception and reduce Relatively cheap May increase moisture content of soil 
overland runoff and lead to landslides 

Cliff regrading Loweri ng of slope angle to make cliff safer Useful on d ay (most other measures Uses large amounts of land -
are not) impractical in heavily populated areas 

Soft engineering Workinawithnature 

Offshore reefs Waste materials, e.g. old tyres weighted Low technology and relatively cost- Long-term impacts unknown 
down, to reduce speed of incoming wave effective 

Beach nourishment Sand pumped from sea bed to replace Looks natural Expensive; short -term solution 
eroded sand 

Managed retreat Coastline allowed to retrea t in certain Cost-effective; maintains a natural Unpopular; political implications 
places coast line 

'Do nothina' Acee t that nature will win Cost-effective! Unoooular; oclitical im lications 

Red-lining Planning permission withdrawn; new line of Cost-effective 
defencessetback fromexistinacoastline 

Unpopular; political implications 

Cfhi\@@ Miami Beach 
Miami Beach is a barrier island with a long history of 
human intervention. Human interference in the Miami 
area resulted in the almost complete removal of its beach. 
Channels through the beach, groynes, dredging and sea 
walls all affected the beach so that, by the 1950s, very 
little of the beach remained. Miami is a very popular 
place with tourists and the elderly. Given the importance 
of tourism to the area, it was crucial that the beach was 
replenished and protected. During the late 1970s and 1980 
the US Army Corps of Engineers built an 18km long, 200m 
wide beach. Essentially it resembled a natural beach with 
a shallow, shelving seaward edge and a rampart at the 
landward side (Figure 26). Over 18 million m3 of sand were 
needed to make the beach, and up to 750000 m3 of sand 
have to be replenished each year. 

Rampart Berm Shallow shelving 
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Figure25 Beach nourishment, Miami 
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Figure 26 Coastal defence schemes, PantaiBerakas,Brunei 



Opportunities and impacts - tourism 

(ffajj@@ rhe Palisadoes Peninsula Shoreline Development Plan 
Over the years, consistent storm surges which occur as a 
result of natural disasters such as flood rains, including 
those accompanying tropical storms and hurricanes, 
have led to massive erosion of the Palisadoes peninsula's 
natural dunes. 

The Jamaican government partnered with the China 
Harbour Engineering Company (CHEC) to repair and 
protect the extensively degraded shoreline of the 
Palisadoes peninsula. At a cost of over $65 million, CHEC 
constructed rock revetment walls on the seaward side of 
the peninsula, and at the harbour. 

The road was raised from its previous levels of 
0.6- 1.0m, to 2.4 - 3.2m above sea level. Additional 
drainage facilities were placed along the roadway - this 
was needed to remove excess water from rainfall and 
from over-topping by waves. A 10metre wide boardwalk 
was constructed on the harbour side of the peninsula. 
These works along the peninsula have been designed for a 
100-year return period - that is, the shoreline is expected 

Activities 
1 Identify the coastal defence strategies illustrated in 

Figure 25 . 
2 Define the term 'coastal management'. 
3 Distinguish between hard engineering and soft 

engineering . 
4 a What is a groyne? 

b Using a sketch diagram, suggest the likely 
distribution of sediment around groynes 50 years 

• Opportunities and 
impacts - tourism 

(fhJi@@ st Lucia 
Tourism is extremely important to the economic growth of 
many countries. St Lucia and Antigua in the Caribbean are 
two such countries. The tourist industry generates a large 
number of jobs, for example in hotels and restaurants, 
as tour guides, as well as in supporting services: farmers, 
retailers, taxi operators and so on. It is therefore an 
important money earner for national governments, 
businesses and for individual workers and their dependents. 

There are many conflicts between those who wish to 
develop tourism and, for example, environmentalists, 
fishermen and local people who risk losing their access 
to water supplies. The construction of buildings has the 
greatest impact on the environment (Figure 27). Most of 
the hotels built in St Lucia are on the beach front, and 
the clearing of land has led to slope instability, erosion 
and sedimentation of the shallow offshore environment. 
These developments have had a negative impact on the 

to withstand storm surges that are only anticipated to re
occur, on average, once in every 100 years. 

In October 2012 Kingston was affected by Hurricane 
Sandy. This caused massive storm surges. Following 
'Superstorm Sandy' as it came to be known, experts 
claimed that businesses along the Kingston Harbour could 
have suffered significant damage during the passage of 
the hurricane, but that the protection scheme had proved 
very effective. 

Case study analysis 
1 Which natural hazards does the Palisadoes experience? 
2 a Which country provided financial aid to Jamaica to 

build the defences? 
b Describe the coastal protection measures that were 

put in place. 
3 What level of protection is provided by the new 

defences? 

after the groynes' construction . Suggest reasons to 
support your answer. 

5 a What are the benefits of sea walls? 
b Outline some ofthe disadvantages of using sea 

walls as a form of coastal management. 
6 For a coastal area you have studied, describe how the 

coastline is being protected, and comment on the 
effectiveness of the measures used . 

nesting grounds of endangered turtles, for example. 
Over-exploitation of sand has led to significant increases 
in beach erosion and environmental degradation. 
Although many hotels are artificially replenishing the 
beaches, the introduced sand is rapidly eroded and 
causes problems for offshore coral reefs which require 
clear water. 

The building of the Pointe Seraphine cruise facility 
altered wave and swell patterns significantly in the 
harbour. At Gros Inlet, wetlands were destroyed to make 
way for buildings and an artificial lagoon to expand 
the Rodney Bay resort (Figure 28). The results of the 
reclamation were unforeseen: the ebb and flood tide 
patterns were modified, creating stronger currents which 
increased erosion on nearby beaches. In addition, local 
fisheries declined as the offshore waters became murkier -
and the problem of sand flies remained. 



2.3 COASTS 

Figure27 TheeffectsoftourisminStlucia 

Figure 28 Development for tourism in St Lucia 

Solid and liquid waste disposal are now amongst the 
greatest environmental challenges facing St Lucia. This 
reduces the attractiveness of the tourist experience and 
raises issues about standards of health, the freshwater and 
marine environment, and the aesthetics of the island. 

The discharge of poorly treated wastewater into coastal 
waters poses environmental and health risks. Nutrient 
loading in the sea has led to the decline and loss of corals. 
The discharge of sewage by yachts also contributes to 
inshore marine pollution. 

Scuba diving is increasing and efforts have been made 
to minimise the impact of divers on coral reefs. The 
development of marine leisure craft facilities has led to the 

loss of mangrove swamps. Boating activities also damage 
the marine environment. The lack of holding tanks causes 
water pollution through sewage disposal from craft. 
Dropping anchors on coral is also a problem. 

Case study analysis 
1 Outline the advantages of tourism to St Lucia. 
2 Explain why fisheries have declined as a result of 

tourist developments. 
3 Outline the impacts of tourist developments on natural 

vegetation . 
4 Explain briefly how tourist development may affect 

offshore developments. 



• Coastal development 

(fuhiJtffi@ oubai 
Coastal reclamation in the United Arab Emirates has been 
developing on a large scale since 2001. Two palm-shaped 
artificial islands, Palm Jumeirah (Figure 29) and Palm 
Jebel Ali were completed in 2007, and in 2003 plans were 

Figure 29 Coastal development in Dubai 

Palm Jumeirah not only created a new shoreline, it became 
the centre for world-class hotels, over 200 shopping 
outlets, and a range of luxury housing and leisure and 
entertainment developments. An Environmental Impact 
Assessment (EIA) was carried out to investigate likely 
environmental impacts. Water circulation and quality 
studies were investigated, to ensure that the project did 
not lead to a deterioration in environmental quality. 

According to a report in the journal Nature, 
uncontrolled development, weak regulatory oversight and 
a lack of scientific monitoring are seriously threatening 
ecosystems along this coast. Sea-front projects ranging 
from desalination plants to artificial islands in the gulf 
between the Arabian peninsula and Iran have transformed 
the entire coastline in the past few decades. More than 
40 per cent of the shores of some countries in the region 
are now developed. The change is happening more 
quickly, and with greater environmental impact, than in 
any other coastal region. 

Activities 
1 Outline the range of opportunities in a named coastal area. 
2 Describe how coastal activities can have unwa nted 

impacts on the coastal environment. 
3 Using Table 6 on page 137, suggest ways in which 

unwa nted impacts can be managed. 

Coastal development 

unveiled for a third palm-shaped island, Palm Deira, and 
'The World', a collection of over 300 islands, each one in 
the shape of a country. 

To create the islands for Palm Jumeirah, some 94 million m3 
of sediment were dredged from the sea. Such large-scale 
projects are changing the ecology in ways that will become 
clear in the coming decades. 

One of the problems is water circulation. Water around 
some parts of the islands can remain almost stationary for 
several weeks. This increases the risk of algal blooms. In 
addition, the fish that have colonised the new environment 
are invasive species (species from outside the area). 

The Gulf region has already lost 70 per cent of its coral 
reefs since 2001, and most of the remaining reefs are 
threatened or degraded. Construction of Dubai's Palm 
Jebel Ali, an even larger artificial archipelago, has already 
destroyed 8 km2 of natural reef. 

Case study analysis 
1 When were Palm Jumeirah and Palm Jebel Ali completed? 
2 Describe the developments on Palm Jumeirah. 
3 Outline the environmental impacts of Palm Jumeirah. 



g weather 

Clouds formed by convectional uplift 

Key questions 
• How are weather data collected? 
• How can the data be used to describe the weather? 
• How do graphs and other diagrams show weather data? 

• Measuring the weather 
The weather station 
A weather station is a place where the elements of 
weather such as temperature, rainfall, hum idity, air 
pressure, wind direction and velocity, sunshine and 
cloud cover are measured and recorded as accurately 
as possible. The weather station is placed on an open 
piece of land and it contains the following instruments: 
thermometers (ideally kept in a Stevenson screen -
see Figure 1 ), a rain gauge, barometer, wind vane, 
anemometer and sunshine recorder. 

Whatever instruments are used, ideally they 
should have good exposure ( that is, they should 
be sited away from buildings, fences, trees and 
other obstacles). The flat top of a science block is a 
favoured location in many schools. e 

• Thermometers should be placed in the shade. 
Ideally, they should be in a Stevenson screen or 
slatted box. If this is not available they could be 
hung on a shaded wall or fence. 

• Rain gauges should be away from walls, fences and 
bushes as they affect the amount of rain caught in 
the rain gauge. 

• Wind instruments should be well clear of walls, 
fences and houses as these cause eddies that spoil the 
reading and make the direction difficult to assess. 

It is important that readings are taken at the same 
time each day. 

The Stevenson screen is a wooden box standing on 
four legs at a height of about 120cm. The screen is 
built so that the shade temperature of the air can be 
measured. The sides of the box are slatted to allow 
free entry of air, and the roof is made of double 
boarding to prevent the sun's heat from reaching the 
inside of the screen. Insulation is further improved 
by painting the outside of the screen white so as to 
reflect much of the sun's energy. The screen is usually 
placed on a grass-covered surface, thereby reducing 
the radiation of heat from the ground. 

Figure 1 A Stevenson screen 
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Figure2 Equipmentina weatherstation 

Instruments kept inside the Stevenson screen include 
a maximum-minimum thermometer and a wet- and 
dry -bulb thermometer (also called a hygrometer) -
sec Figure 2d and Figure 4 on page 142. 

Instruments kept outside the Stevenson screen 
include a rain gauge, a wind vane to determine wind 
direction, and an anemometer to assess wind speed. 

Measuring temperature 
Variations in temperature represent responses to 
differences in insolation, or the amount of energy 
received from the sun at different times. 

Meteorologists measure shade temperature. This 
is less variable than air temperature which is affected 
by cloud cover and direct insolation. Temperature 
is measured using a thermometer. A continuous 
temperature reading is given by a thcrmograph. 

• Maximum thermometer - When the temperature 
rises, the mercury in the thermometer expands 
and pushes the index along the tube. When the 
temperature falls, the mercury contracts but the 
index stays where it was pushed to by the mercury. 
The maximum temperature is obtained by reading 
the scale at the point where the index is. The index 
is then drawn back to the mercury by a magnet for 
measuring the next reading. 

• Minimum thermometer - When the temperature 
falls, the alcohol contracts and its meniscus pulls 
the index along the tube. When the temperature 
rises, the alcohol expands. It is read in the same 
way as the ma.ximum thermometer. 

Position of rain gauge in 
the ground. Only the 
bottom of the cylinder is 
shown . Atypical cylinder is 
graduated upto 100mm. 

cRain gauge 

30 15 
35 Mercury 20 

dSix'sthermometer 

A Six's thermometer (sec Figure 2d) can be used to 
measure maximum and minimum temperatures at the 
same time. 

The daily readings of the maximum and minimum 
thermometers arc used to work out the average 
or mean temperature for one day (this is called 
the mean daily temperature ) and the temperature 
range for one day (the daily or diurnal temperature 
range ). 

To find the mean daily temperature, the 
maximum and minimum temperatures for one 
day are added together and then halved. For 
example: maximum temperature (35 °C + minimum 
temperature 25 °C) + 2 = mean daily temperature 
30 °C. The sum of the daily mean temperatures for 
one month divided by the number of days for that 
month gives the mean monthly temperature. The 
sum of the mean monthly temperatures divided by 
12 gives the mean annual temperature. 

The daily or diurnal temperature range is found 
by subtracting the minimum temperature from the 
maximum temperature for any one day. For example: 
maximum temperature 35 °C - minimum tcmperarnrc 
25 °C = daily or diurnal temperature range 10 °C. 

The highest mean monthly tcmpcranJrc minus the 
lowest mean monthly temperature gives the mean 
annual temperature range. For example, Lagos has 
a mean maximum temperature of27.5 °C (March ), 
and a mean minimum tcmpcrarnrc of24.5 °C 
(August). Its mean annual temperature range is 
therefore 3 °C. 



2.4 WEATHER 

Interesting note 
The highest temperature recorded was at Furnace Creek, 
California, USA in 1913 when it reached 56 .7°C. In 
contrast, the lowest temperature recorded was -89 .2°( 
in Antarctica in 1983. 

Measuring rainfall 
A rain gauge is used to measure rainfull. It consists 
of a cylinder in which there is a collecting can 
containing a glass or plastic jar, and a funnel that 
fits in the top of the container. The gauge is placed 
in an open space so that only raindrops enter the 
funnel of the gauge, and no run off from trees, 
buildings or other objects can get into the funnel. 
The gauge is sunk into the ground so that the top 
of the funnel is about 30cm above ground level 
(Figures 2c and 3 ). This is to prevent the sun's 
heat from evaporating any water collected and to 

ensure no rain splashes up from the ground into the 
funnel. 

Figure 3 Rain gauge 

Rain falling over the funnel collects in the jar. This is 
emptied, usually every 24 hours, and measured in a 
tapered glass measure, graduated in millimetres. The 
tapered end of the jar enables very small amounts of 
rain to be measured accurately. 

The rainfall recorded for a place, either for a day 
or for a week, month or year, can be shown on a 
map. This is done by using lines called isohyets. An 
isohyet is a line on a map that joins areas of equal 
rainfall. 

It is important to check the rain gauge every day, 
preferably at the same time, even if there has not 
been any rainfall. This is because small amounts of 
dew may accumulate in the gauge, leading to false 
readings when it does rain. 

Interesting note 
The highest rainfall over a 24-hour period was in Foc
Foc, Reunion, when 1.825m of rain fell. The largest 
one-m inute burst of rainfall was 31 .2mm in Unionville, 
Maryland, USA in 1956. 

Measuring relative humidity 
Wet- and dry-bulb thermometers are used to 

measure relative humidity. The dry-bulb is a 
glass thermometer which records the actual air 
temperature. The wet-bulb is a similar thermometer, 
but with the bulb enclosed in a muslin bag which 
is dipped into a bottle of water (Figure 4 ) . This 
thermometer measures the wet-bulb temperature 
which, unless the relative humidity is close to 100%, 
is generally lower than the dry-bulb temperature. 

Wet Dry 
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Figure4 Wet-and dry-bulb thermometer 

Measuring air pressure, wind speed 
and direction 
Because air has weight it exerts a pressure on the 
Earth's surface. At sea level the pressure is about 
l.03kg/cm2. Pressure varies with temperature and 
altitude, and the instrument that measures pressure is 
called a barometer (Figure 5 ) . Air pressure is usually 
measured in millibars. 



Figures Asimplebarometer 

A mercury barometer is a hollow tube from which 
the air is extracted before the open end is placed in 
a bath of mercury. Mercury is forced up the rube by 
the pressure of the atmosphere on the mercury in 
the bath. When the pressure of the mercury in the 
rube balances the pressure of the air on the exposed 
mercury, the mercury in the tube stops rising. The 
height of the column of mercury changes as air 
pressure changes: it rises when air pressure increases 
and falls when air pressure decreases. 

An aneroid barometer is a vacuum chamber in 
the form of a small metal cylinder. Inside, a strong 
metal spring prevents the chamber from collapsing. 
The spring contracts and expands with changes in 
atmospheric pressure. These changes are magnified 
by a series of\evers and the movements are conveyed 
to a pointer which moves across a calibrated scale. 

A barograph is a tracing from an aneroid barometer 
which records continuously for one week. Changes in 
pressure are recorded by a flexible arm which traces 
an ink line on a rotating paper-covered drum. The 
paper is divided by vertical lines at two-hour intervals. 

The atmospheric pressure is recorded at numerous 
weather stations for a region and these are plotted on 
a map of the region. First, though, the pressures are 
'reduced' to sea level - that is, they are adjusted to 
what they would be if the stations were at sea level. 
The pressures are plotted on a map. Lines are then 
drawn through points where pressure is the same. 
These lines are called isobars. 

The wind vane is used to indicate wind direction. 
It consists of a horizontal rotating arm pivoted on a 

Measuring the weather 

vertical shaft. The rotating arm has a tail at one end 
and a pointer at the other. When the wind blows, 
the arm swings until the pointer faces the wind. The 
directions north, east, south and west are marked on 
the arms which are rigidly fixed to the shaft. 

The speed of the wind is measured by an 
anemometer (Figure 6 ), which consists of three or 
four metal cups fixed to metal arms that rotate freely 
on a vertical shaft. When there is a wind, the cups 
rotate. The stronger the wind, the faster the rotation. 
The number of rotations are recorded on a meter to 
give the speed of the wind in km/hr. 

The wind vane and anemometer are placed well 
away from any buildings or trees that may interfere 
with the free movement of air. Buildings may channel 
air through narrow passages between two buildings, 
or decrease the flow of air by blocking its path. Trees 
have a similar effect. 

Figure6 An anemometer 

Winds are shown by arrows on a weather map. The 
shaft of the arrow shows wind direction and the 
feathers on the shaft indicate wind velocity. The tip 
of the arrow, at the opposite end from the feathers, 
points to the direction in which the wind is blowing. 

Wind direction for a specific place can be shown 
on a wind rose (Figure 7 ). It is made up ofa circle 
from which rectangles radiate. The directions of 
the rectangles represent the points of the compass. 

0 
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The lengths of the rectangles are determined by the 
number of days/times the wind blows from that 
direction. The number of days/times (hours ) when 
there is no wind is recorded in the centre of the rose. 
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Figure7 A windrose 

Figure 8 Campbell-Stokes sunshine recorder 
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Measuring sunshine hours 
The number of hours and minutes of sunshine 
received at a place can be measured and recorded 
by a sunshine recorder. This is a glass sphere partly 
surrounded by a metal frame (Figure 8 ). A strip of 
special card, divided up into hours and minutes, is 
placed below the sphere. When the sun shines, the 
sphere focuses the sun's rays on the card. As the sun 
moves, the rays burn a trace on the card. At the end 
of the day, the card is removed and replaced. The 
length of the trace represents the amount of sunshine 
that the location received. 

Activities 
1 Describe and exp la in the main characteristics of a 

Stevenson screen . 
2 What informat ion does a Six's thermometer show? 
3 Why are weather readings taken at the same time 

each day? 
4 Where is the best place to locate a rain gauge? Briefly 

explain why. 
5 How are wind speed and wind direction measured? 



• Recording the weather 
Clo uds 
The ten main types of cloud can be separated into 
three broad categories according to the height of 
their base above the ground: high clouds, medium 
clouds and low clouds (Figure 9 ). 

High clouds are usually composed solely of ice 
crystals and have a base between 5500 and 14000m. 
These are described as: 

• cirrus - white filaments 
• cirrocumulus - small rippled elements 
• cirrostratus - a transparent sheet, often with a halo. 

Medium clouds are usually composed of water 
droplets or a mixture of water droplets and ice crystals, 
and have a base between 2000 and 7000 m: 

• altocumulus - layered, rippled elements, generally 
white with some shading 

• altostratus - a thin layer, grey, allows sun to appear 
as if through ground glass. 

Recording the weather 

Low clouds are usually composed of water droplets, 
although cumulonimbus clouds include ice crystals, 
and have a base below 2000m: 

• stratocumulus - layered, a series of rounded rolls, 
generally white with some shading 

• stratus - layered, uniform base, grey 
• nimbostratus - a thick layer with a low base, dark, 

and rain or snow may fall from it 
• cumulus - individual cells, vertical rolls or towers 

with a flat base 
• cumulonimbus - large cauliflower-shaped towers, 

often with 'anvil tops', and sometimes giving 
thunderstorms or showers of rain or snow. 

Cloud cover is measured in okras (eights ). This is 
made by a visual assessment of how much of the 
sky is covered by cloud. For example, in Figure 9b 
approximately 5/8 of the sky is covered by cloud, 
where as in Figure 9c, the whole sky is covered in 
cloud, so 8/8 cloud cover. 
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Table 1 Daily weather observations at Frankston, Victoria (Australia), 
1- 7 August2007 

Date Day ~ rature Rainfall Wind Wind 
Max.. ~ (mm) direction speed 

Air 
pressure 

(°C) (°C) (km/ hr) (mb) 

w 14.2 9.7 4 .0 N 22 1006 
August 

2 Th 13.4 11.5 37 1004 

9.9 8.1 WNW 33 1011 

11.5 7.2 WNW 31 1016 

11.6 8.2 w 28 1019 

M 12.7 9.5 20.2 w 20 1023 

14.5 9.2 30 1019 

Table 2 Daily weather observations at Frankston, Victoria (Australia), 
1- 7February2008 

Date Day ~~ Rainfall Wind Wind Air 

Max. Min. (mm) direction speed pressure 
{"() (°C) (km/ hr) {mb) 

25.6 11.7 6.8 SSE 15 1020 
February 

2 25.7 16.9 NNW 1016 

27.6 17.9 SE 1016 

M 29.1 19.9 ENE 11 1013 

23.2 19.7 SW 13 1012 

w 23.1 19.2 SW 19 1004 

Th 17.9 15.7 84 SW 19 1005 
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Figure 10 Daily weather, w ind direction and frequency at Frankston, August 2007 

Activities 
The results recorded by a school in Victoria are shown in 
Tables 1 and 2. The data for the first week (August) are 
plotted in Figure 10. 

1 Plot the data for February using the same methods as 
in Figure 10. 

2 State the maximum and minimum temperature of the 
seven-day period in February. 

3 Work out the mean minimum temperature and the 
mean maximum temperature for the seven days. 

4 How much rain fell during the seven days? 
5 Compare the weather in February with that in August. 



@ Climate and natural vegetation 

Tropicalrainforest,Sarawak 

Key questions 
• What are the ma in characteristics of equatorial and hot 

desert climates? 
• What are the factors that influence equatorial and 

desert climates? 
• What are the characteristics of tropical rainforest and 

hot desert ecosystems? 
• What are the causes and impacts of the deforestation 

of tropical rainforest? 

• Equatorial and hot 
desert climates 

The main characteristics of an equatorial climate 
include: 

• hot conditions - generally above 26 °C -
throughout the year 

• high levels of rain full , often over 2000 mm 
• a lack of seasons - the temperatures arc high 

thro ugho ut the year 
• the difference between daytime and night-time 

temperatures (known as the diurnal range) is, in fact , 
higher than the seasonal differences in tempcrarnrc 

• rainfall is mainly convectional and may fall on as 
many as 250 days each year 

Table 1 ClimatedataforManaus 

• cloud cover varies - in the morning it may be limited 
but by the afternoon, towering cumulonimbus 
clouds mark the start of the convectional rains 

• the presence of clouds tends to reduce the amount 
of heat that is lost at night - hence the diurnal 
ran ge is less than in hot desert areas 

• the humidity (moisture in the atmosphere) is high , 
and relati ve humidities of 100% arc o ften reached 
in the late afternoon 

• wind speeds within the rainforest arc reduced by 
the large num bers o f trees present. 

The data fo r Manaus in Brazil (Table l ) show that 
the warmest months arc September and October with 
a mean mo nthly temperature of 34 °C. In contrast , 
all of the months fro m December to September share 
the mean minimum mo nt!Iiy temperature of24 °C. 
Thus the mean annual tcmpcrarnrc ran ge is l 0 °C. 

Rainfall in Manaus is high , nearly 2 100mm. 
There is a definite wet season between November 
and May whereas the mo nths of June to October arc 
relatively dry. 

In contrast, the main characteristics of hot desert 
climates include: 

• very ho t days and cold nights, caused by the lack o f 
clo ud cover 

• low and irregular amo un ts of rain fa ll , which lack 
any seasonal pattern 

• low levels of humidity fo r much of the year 
• warm dr y winds, sometimes causing sandstorms. 

The data fo r Cairo (Table 2) show that the highest 
mean monthl y temperatures arc between June and 
August when the temperature reaches 35 °C. In 
contrast , the lowest mean monthly temperature is in 
January, reaching just 9 °C. Thus the temperature 
ran ge is 26 °C. There is a seasonal pattern to 
temperature, with the highest values in the summer 
and lowest readin gs in the winter. Rainfall figures 
arc very low, just 27 mm. Sunshine levels arc lower 

F M A M J J A S O N D Av/ Tot al 

Temperature 

Dailymax(°C) 31 31 31 31 31 31 32 33 34 34 33 32 32 

Dailymin(°C) 24 24 24 24 24 24 24 24 24 25 25 24 24 

Averaaemonthlv(°C) 28 28 28 27 28 28 28 29 29 29 29 28 28 

Rainfall 

Monthl total(mm) 278 278 300 287 193 99 61 41 62 112 165 220 2096 

Sunshine 

Sunshine(hours) 3.9 4 3.6 3.9 5.4 6.9 7.9 8.2 7.5 6.6 5.9 4.9 5.7 

0 
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durin g the months when there is mo re rain (winter 
months between November and March). In general, 

Table 2 Climate date for Cairo 

F M A M A 

Temperature 

Daily max (°C) 19 21 24 28 32 35 35 35 

Dailv min (°C) 9 9 12 14 18 20 22 22 

Averagemonthly(°C) 14 15 18 21 25 28 29 28 

Rainfa ll 

Monthlv total(mm) 4 4 

Sunshine 

33 

20 

26 

sunshine levels are much hi gher in Cairo - 9 .5 hours 
per day compared with 5.7 hours per day in Manaus. 

0 N D Av/ Total 

30 26 21 28 

18 14 10 16 

24 20 16 22 

3 7 27 

Sunshine (hours) 6.9 8.4 8 .7 9.7 10. 5 11.9 11.7 11 .3 10.4 9.4 8.3 6.4 9. 5 

Activities 
1 In w hich mont hs is t he average temperature in Ca iro 

higher th an in Ma naus? 
2 How much rain fa ll s in M anaus in April ? 
3 In w hich months is t he minimum t emperature in Ca iro 

higher t han that in Manaus? How do you explain t his? 
4 Describe th e vari ations in monthly sunshine levels in 

Mana us. 
5 Suggest w hy th ere is a link between sunshine levels 

and rainfa ll. 
6 W hat is the mean monthly temperature range in 

Manaus and Ca iro in (a) July and (b) December? 

• Factors affecting climate 
Many facto rs affect the temperature of a place. 
These include latitude, di stance from the sea, the 
nature of nearby ocean currents, altitude, dominant 
winds, cloud cover, and aspect . Differences in 
pressure systems also affect whether it rains o r 
whether it is dry. 

Latitude 
Near the poles insolation has 
more a tmosphere to pass through 

Latitude 
On a global scale latinidc is the most important fac tor 
determining tcmpcranirc (Figure 1 ). Two fac tors affect 
the tcmpcrarnrc: the angle of the overhead sun , and the 
thickness of the atmosphere. Firstly, at the equator the 
overhead sun is hi gh in the sky, hence high-intensity 
insolation is received . By contrast, at the poles the 
overhead sun is low in the sky, hence the q uantity of 
energy received is low. Secondly, the thickn ess of the 
atmosphere affects tcmpcrarnrc. Radiation has more 
atmosphere to pass through near the poles, due to 
its low angle of approach. Hence more energy is lost, 
scattered or reflected here than over equatorial areas, 
making temperatures lower over the poles. 

Equatorial climates have higl1 tcmpcrarnrcs throughout 
the year on account of their location. They also receive 
high levels of rainfall due to the daily convection. 
Hot deserts arc hot due to their tropical location, but 
receive low rainfall fo r a variety of reasons, including the 
presence of the subtropical hi gh pressure belt. 

Distance from the sea 
Summer 

~~~~mti~; tuet / /Ill - Coastal region 

~ r\-~~~~~~~ ~1o~·~c (~co~o~l)~~-'°- 0_1e_d ~by_"~' - ' -'' -

Solar radiation Sea absorbs heat slowly 

15"C (warm) 

Land absorbs 
heat qu ickly 
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At the equator inso lation is concentrated, but near the poles it is Sea loses heat slowly 
dispersed over a w ide a rea 

Figure 1 Factors that affect climate 
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Proximity to the sea 
The specific heat capacity is the amount of heat 
needed to raise the temperature of a body by 1 °C. 
Land heats and cools more quickly than water. It 
takes five rimes as much heat to raise the temperature 
of water by 1 °C as it does to raise land temperatures. 

Water also heats more slowly because: 

• it is clear, so the sun's rays penetrate to great depth, 
distributing energy over a wider area 

• tides and currents cause the heat to be distributed 
further. 

Therefore a greater volume of water is heated for 
every unit of energy than land, so water takes longer 
to heat up. 

Distance from the sea therefore has an important 
influence on temperature . Water takes up heat and 
emits it much more slowly than the land. In winter, 
in mid latitudes air over sea is much warmer than 
over land, so onshore winds bring heat to the coastal 
lands. By contrast, during the summer coastal areas 
remain much cooler than inland sites. Areas with 
a coastal influence are termed maritime or oceanic 
whereas inland areas are called continental. Areas that 
are very far from the sea may be extremely arid, such 
as parts of central North Africa. 

Ocean currents 
The effect of ocean currents on temperatures depends 
on whether the current is cold or warm. Wann currents 
from equatorial regions raise the temperature of polar 
areas (with the aid of prevailing westerly winds). 
However, the effect is only noticeable in winter. Areas 
that lie close to cold upwelling ocean currents, such as 
Namibia in Africa, may contains hot deserts, such as the 
Namib desert. This is because the cold current cCXJls 
the air above it, reducing the amount of evaporation 
from the ocean, and producing dry conditions. 

Altitude 
In general, air temperature decreases with increasing 
altitude. This is because air under the greater pressure 
oflower altitudes is denser and therefore warmer. As 
altitude increases so the pressure on the air is reduced 
and the air becomes cooler. The normal decrease of 
temperature with height is on average 10 °C/km. 

Winds 
The effects of wind on temperature depend on 
the initial characteristics of the wind. In temperate 

Tropical rainforests 

latitudes prevailing (dominant) winds from the 
land lower the winter temperatures, but raise them 
in summer. This is because continental areas are very 
hot in summer but very cold in winter. Prevailing 
winds from the sea do the opposite - they lower the 
summer temperatures and raise them in winter. 

Cloud cover 
Cloud cover decreases the amount ofinsolarion 
reaching the surface by reflecting some of it. Clouds 
also reduce the amount ofinsolation leaving the 
surface by absorbing the radiation. If there is limited 
cloud then incoming short:wave radiation and 
outgoing longwave radiation are at a maximum. This 
is the norm in many hot deserts. 

Pressure 
In low pressure systems air is rising. Low pressure 
produces rain as the air may rise high enough, cool, 
condense and form clouds and rain. This can happen 
in very warm areas, such as in equatorial areas, at 
mountain barriers and at weather fronts, when warm 
air is forced over cold air. In contrast, where there 
is high pressure air is sinking, and rain formation is 
prevented. The world's great hot deserts are located 
where there is high pressure caused by sinking air. 

Activities 
1 How does latitude affect the amount of heat a place 

receives? 
2 Why are equatorial areas not getting any hotter nor 

polar areas any colder? 
3 What is meant by the term 'spec ifi c heat capac ity'? 
4 Explain why temperature decreases with height. 
5 Why is there a large temperature difference between 

day and night in hot deserts, but not in equatorial 
areas? 

• Tropical rainforests 
Tropical evergreen rainforests are located in 
equatorial areas, largely between 10 °N and 1 O 0 S 
(Figure 2). There are, nevertheless, some areas of 
rainforest that are found outside these areas but 
these tend to be more seasonal in nature. The main 
areas of rainforest include the Amazon rainforest in 
Brazil, the Congo rainforest in central Africa, and 
the Indonesian-Malaysian rainforests of South-East 
Asia. There are many small fragments of rainforest, 
such as those on the island of Madagascar and in 
the Caribbean. Everywhere tropical rainforests are 
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under increasing threat from human activities such 
as farming and logging. The result is that rainforests 
are disappearing and those that remain are not only 
smaller, but broken up into fragments. 

Interesting note 
Tropical rainforests cover 6 per cent of the world's land 
surface but hold 50 per cent of the world's species. The 
Amazon rainforest alone is home to 10 per cent of the 
world's known species. 

Veget atio n 

A 
Wide-spaced 
umbrella-shaped 
crowns, straight 
trunks and high 
branches 

B 
Medium-spaced 
mop-shaped 

C 
Densely packed 
conical-shaped 

D 
Sparse 
vegetation of 
shrubs and 
saplings 

Figure 3 Vegetationstructureofthetropicalrainforest 

The vegetation is evergreen, enabling 
photosynthesis to take place all year round. This 
is possible due to the high temperatures all year, 
and the presence of water throughout the year. 
The vegetation is layered, and the shape of the 
crowns varies at each layer. Species at the top of 
the canopy receive most of the sunlight whereas 
species that are located near the forest floor are 
adapted to darker conditions, and generally have 
a darker pigment so as to photosynthesise at 
low light levels. There is a great variety in the 
number of species in a rainforest - this is known 
as biodiversity. A rainforest may contain as man y 
as 300 different species in a single hectare. Typical 

Figure2 Worlddistributionoftropicalrainforests 
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rainforest species include figs, teak, mahogany and 
yellow woods. 

Tropical vegetation has many adaptations. Some 
trees have leaves with drip -tips (Figure 4a), which are 
designed to get rid of excess moisture. In contrast, 
other plants have saucer-shaped leaves in order 
to collect water. Pitcher plants have developed an 
unusual means of getting their nutrients. Rather than 
taking nutrients from the soil , they have become 
carnivorous and get their nutrients from insects 
and small frogs that are trapped inside the pitcher 
(Figure 4b ). This is one way of coping with the 
very infertile soils of the rainforest. Other plants are 
very tall. To prevent being blown over by the wind, 



very large trees have developed buttress roots that 
project out fro m the main trunk above the ground , 
which gives the plant extra leverage in the wind. 

Figure 4 Adaptations of rainforest plants 
a Drip-tip b Pitcher plant 

Hot deserts 

Rain fo rests are the most producti ve land-based 
ecosystems . Ironically, the soil s o f tropical 
rain fo res ts are quite infertile. This is because mos t 
of the nutri ents in the rain fo rest arc contained 
in the bi omass (living matter ) . Rainfo res t soils 
arc typically deep du e to the large amo unt of 
wea therin g that has taken place, and they are often 
red in colour, due to the large amounts o f iron 
present in the soil. Neverthel ess , there are some 
areas in which tropical soils may be mo re fertil e: in 
fl oodplains and in volcanic areas the soils may be 
enri ched by flooding o r the weatherin g of fertil e 
la va flows. 

The nutri ent cycle is easily disrupted (Figure 5). 
Tropical rainfo rests have been described as 'deserts 
covered by trees'. Once the vegetation is removed , 
nutrients are quickly removed from the system, 
creating infertil e conditions and even deserts. 

Rainforest are found only in areas with over 1700mm of rain and temperatures 
of over 25 "C 

The links between climate, soils 
and vegetation are very strong 

Tropical rainforest 

500 1000 1500 2000 2500 3000 3500 4000 4500 
Meanannualrainfall(mm) 

Figure 5 Conditions required for the growth of rainforest, deciduous forest, coniferous forest and hot desert 

Activities 
Study Figure 5. 

1 What is the minimum temperature required for the 
growth of tropical rainforests? 

2 What is the minimum amount of rainfall needed for a 
tropical rainforest? 

3 Suggest how a rainforest w ith a mean annua l 
temperature of 30°( and an annua l rainfall of 3500mm 
might differ from one w ith a mean annua l rainfall of 
1700mm and a mean annua l temperature of 25°C. 

4 Suggest how the vegetation in Fi gure 4 is adapted to 
cond iti ons in the rainforest. 

5 What is biodiversity? Suggest reasons why it may be 
important to protect biodiversity. 

6 Why are rainforests described as 'deserts covered w ith 
trees'? 

• Hot deserts 
The world 's ho t deserts arc largely found in 
subtropical areas between 20° and 30° north and 
south of the equator (Figure 6 ). The largest area of 
hot desert is the Sahara but there arc other important 
deserts such as the Great Victori a Desert and Great 
Sandy Desert in Australia, the Kalahari and Namib 
deserts in southern Africa, the Atacama desert in 
South America, and the Arabian desert . The Gobi 
desert in Mo ngolia and China lies outside the tropics 
and therefore is not a hot desert. 

The main factors influencing the vegetation arc 
that it is hot th roughout the year and there is low 
and unreliable rain fa ll (s 250mm per year ). 
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Figure 6 Worlddistributionofhotdeserts 

Vegetation 
The vegetation responds to this in a number of ways. 
There are two main types of desert plant. Perennials 
(plants that grow over a number of years) may be 
succulent (they store lots of water), they are often small 
(to reduce water loss by evaporation and transpiration ) 
and they may be woody. Annuals or ephemerals are 
plants that live for a short time but these may form a 
dense covering of vegetation immediately after rain. 

Ephemerals evade drought. During the infrequent 
wet periods they develop rapidly, producing a large 
number of flowers and fruits. These help produce seeds 
which remain dormant in the ground until the next rains. 

Many plants are adapted to drought (Figure 7 ) -
these are called xerophytes. Water loss is minimised 
in a number of ways: 

• Leaf hairs reduce wind speed and therefore reduce 
transpiration. 

• TI1ick waxy cuticles and the rolling-up or shedding of 
leaves at the start of the dry season reduce water loss. 

• Some plants have the bulk of their biomass (living 
material ) below the ground surface. 

• Others have very deep roots to reach the water table. 

Desert 

it 
:ur;rL~ 

G"atSa~ 
and Great Victoria ·'\J 
Deserts 

Figure7 Plantadaptationstohotdesertenvironments 

• In woody species the wood prevents the collapse of 
the plant even when the plant is wilting. 

Vegetation from desert margins is often referred to as 
scrub. Tropical scrub on the margins of hot deserts 



includes acacias, cacti , succulents, ruberous-rooted 
plants and herbaceous plants that only grow with 
rain. Special types are mulga in Australia (dense acacia 
thickets ), spinifux in Australia ('porcupine grass' ), and 
chanaral in Chile (spiny shrubs ). 

Soils in desert areas are very infertile. As a result 
of the low rain full there is little organic or moisture 
content in the soil. Due to the lack of chemical 
weathering (largely due to the lack of moisture ), soils 
contain few nutrients. 

Interesting note 
Although it is a hot desert, the Sahara contains some 
300 plant species and around 70 animal species. 

Kangaroo rat 
Lives in south-west USA and Mexico; 

weighs 35-180 g and measures 100-200 mm 

Highly efficient kidneys which 
concentrate urine and produce 
dry droppings 

Lives in burrows Does not Licks fur to 
during the day perspire keep cool 
to avoid heat 

Does not need to 
drink - gets water 
from its food 

Figure 8 Animal adaptations to hot desert environments 

Activities 
1 Why is it difficult to live in a hot desert? 
2 Study Figure 5 on page 151 which shows the 

conditions required for the growth of hot deserts. 
a What is the maximum rainfall in a hot desert, as 

suggested by Figure S? 
b What is the range of mean annual temperatures in 

hot deserts? 
3 Suggest how a hot desert with a mean annual 

temperature of 30°( and an annual rainfall of 250mm 
might differ from one in which the mean annual rainfall 
is 250mm and the mean annual temperature is 20°C. 

4 How have plants adapted to survive in the desert? 
5 How do animals survive in the desert? 
6 Visit www.bbc.co.uk/nature/life/Camel to find out how 

camels are adapted to living in hot deserts. 

Impacts of deforestation of the tropical rainforest 

Animals 
Animals are adapted to living in the desert in a 
number of ways (Figure 8 ). Different animals may: 

• be nocturnal (active only at night) in order to avoid 
the heat of the day 

• use panting and/or have large ears help to reduce 
body heat 

• remain in underground burrows during the day 
• may secrete highly concentrated uric acid in order 

to reduce water loss 
• migrate during the hottest season to escape the heat 
• adopt a strategy of\ong-term aestivation (dormancy, 

or sleep), which ends only when moisnJre and 
temperature conditions become more favourable. 

Fennecfox 
Lives in Sahara desert: weighs 1.5 kg 

and is200mmtall 

Large ears with 
blood vessels 
close to the 
surface to lose 
body heat 

Gets most of its 
moisture from 
its prey 

Excretes 
highly 
concentrated 
urine 

Lives in burrows during 
the day to avoid heat 

Soles of feet protected by 
thick fur to run across hot sand 

• Impacts of deforestation 
of the tropical rainforest 

About 200 million people live in areas that are or 
were covered by tropical rainforests. These areas offer 
many advantages for human activities such as furming, 
hydro-electric power, tourism, fishing and food 
supply, mineral development, and forestry (Figure 9 ). 
Rainforests also play a vital role in regulating the 
world's climate, and they account for 50 per cent of 
the world's plants and animals. They are vital too for 
the protection of soil and water resources. 

The year-round growing season is very attractive for 
furmers, although the poor quality of the soil results e 
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in the land being farmed for only a few years before 
the land is abandoned (Figure 10). Nevertheless, 
large-scale plantations occur in areas of tropical 
rainforest, producing crops such as palm oil which 
is increasingly being used for the biofuels industry. 
High rainfall totals, especially in hilly areas, favour the 
development of HEP, such as at Ba tang Ai in Sarawak, 
Malaysia. Areas of rainforest have a long history of 
commercial farming. Tropical hardwoods, such as teak 
and mahogany, arc prized by fi1rnimrc manufacturers. 
Mineral developments, such as iron ore at Carajas 
in Brazil and ilminitc on the south-cast coast of 
Madagascar, are also developed in some rainforest areas. 

Figure 9 Tropical rainforest along with shifting cultivation -
rice growing in Sarawak 

Figure 10 Rainforest at Batang Ai affected by flooding, 
shiftingcultivationandsoilerosion 

There arc a large number of effects of deforestation 
including: 

• disruption to the circu lation and storage of 
nutrients 

• surface erosion and compaction of soils 
• sandification 

• increased flood levels and sediment content of rivers 
• climatic change 
• loss of biodiversity. 

Table 3 The value of tropical rainforests 

Industrial uses Ecological uses Subsistence uses 

• Charcoal • Watershed protection • Fuelwoodand 
• Saw logs • Flood and landslide charcoal 
• Gums, resins and protection • Fodder for 

oils • Soil erosion control agriculture 
• Pulpwood • Climate regulation • Building poles 
• Plywood and e.g. balancing levels • Pitsawingandsaw 

of carbon dioxide milling 
• Industrial chemicals and oxygen • Weaving materials 
• Medicines • Special woods and and dyes 
• Genes for crops ash~ • Rearing silkworms 
• Tourism • Fruit and nuts andbeekee ina 

Deforestation disrupts the closed system of nutrient 
cycling within tropical rainforests. Inorganic elements 
arc released th rough burning and arc quickly flushed 
ou t of the system by the high intensity rains. 

Soil erosion is also associated with deforestation. 
As a result of soil compaction, there is a decrease in 
infiltration, an increase in overland runoff and surface 
erosion. 

Sandification is a process of selective erosion. 
Raindrop impact washes away the finer particles 
of clay and humus, leaving behind the coarser and 
heavier sand. Evidence of sandification dates back to 
the 1890s in Santarcm, Rondonia. 

As a result of the intense surface runoff and soi l 
erosion, rivers have a higher flood peak and a shorter 
time lag. H owever, in the dry season river levels are 
lower, the rivers have greater turbidity (murkiness 
due to more sediment), an increased bed load, and 
carry more silt and clay in suspension. 

Other changes relate to climate. As deforestation 
progresses, there is a reduction of water that is re
evaporated from the vegetation hence the recycling of 
water must diminish. Evaporation rates from savanna 
grasslands arc estimated to be only about one-third of 
that of the tropical rainforest. Tirns, mean annual rainfall 
is reduced, and the seasonality of rainfall increases. 

Causes of deforestation in Brazil 
There arc five main causes of deforestation in Brazil: 

• agricultural colonisation by landless migrants 
and speculative developers along highways and 
agricultural growth areas 

• conversion of the forest to cattle pastures especially 
in eastern and south eastern Para and northern 
Mato Grosso 



• mining, for example the Greater Carajas Project in 
south eastern Amazonia, which includes a 900 km 
railway and extensive deforestation to provide 
charcoal to smelt the iron ore. Another threat from 
mining are the small -scale informal gold mines, 
garimpciros, causing localized deforestation and 
contaminated water supplies 

• large-scale hydroelectric power schemes such as the 
Tucurui Dam on the Tocantins River 

• forestry taking place in Para, Amazonas and 
northern Mato Grosso. 

Deforestation in Brazil shows five main trend s: 

• it is a recent phenomenon 
• it has partly been promoted by government policies 
• there are a wide range of causes of deforestatio n 

Impacts of deforestation of the tropical rainforest 

• deforestation includes new areas of deforestation as 
well as the extension of previously deforested areas 

• land speculation and the granting of\and titles 
to those who 'occupy' parts of the rainforest is a 
major cause of deforestation. 

Activities 
1 Comment on the va lue of tropical rainforests to 

human population. 
2 Outline the main impacts of deforestation on the 

natural environment . 
3 Explain the main causes of deforestation in Brazil. 
4 Comment on the trends of deforestation in Braz il. 

c+Miitffi@ oanum Valley Conservation Area, Malaysian Borneo 

Figure 12 Danum Valley Conservation Area 

The Danum Valley Conservation Area (DVCA) contains 
more than 120 mammal species including 10 species of 
primate. The DVCA and surrounding forest is an important 
reservation for orang-utans. These forests are particularly 
rich in other large mammals including the Asian elephant, 
Malayan sun bear, clouded leopard, bearded pig and 
several species of deer. The area also provides one of 
the last refuges in Sabah for the critically endangered 
Sumatran rhino. Over 340 species of bird have been 
recorded at Danum, including the argus pheasant, Bulwer's 
pheasant, and seven species of pitta bird . 

The DVCA covers 43800 hectares, comprising almost 
entirely lowland dipterocarp forest (dipterocarps are 
valuable hardwood trees). It is the largest expanse of 
pristine forest of this type remaining in Sabah, north-east 
Borneo (Figure 12). 

Until the late 1980s, the area was under threat from 
commercial logging. The establishment of a long-term 
research programme between Yayasan Sabah and the 
Royal Society in the UK created local awareness of the 
conservation value of the area and provided important 
scientific information about the forest and what happens 
to it when it is disturbed through logging . Danum Valley 
is controlled by a management committee containing 
all the relevant local institutions -wildlife, forestry and 
commercial sectors are all represented . To the east of the 
DVCA is the 30000 hectare lnnoprise-FACE Foundation 
Rainforest Rehabilitation Project (INFAPRO), one ofthe 
largest forest rehabilitation projects in South-East Asia, 
which is replanting areas of heavily disturbed logged forest. 

Because all areas of conservation and replantating are 
embedded within the larger commercial forest, the value 
of the whole area is greatly enhanced . Movement of 
animals between forest areas is enabled and allows the 
continued survival of some important and endangered 
Borneo animals such as the Sumatran rhino, the orang
utan and the Borneo elephant. In the late 1990s, a hotel 
was established on the north-eastern edge of the DVCA. 
It has established flourishing ecotourism in the area and 
exposed this unique forest to a wider range of visitors 
than was previously possible . As well as raising revenue for 
the local area, it has raised the international profile of the 
area as an important centre for conservation and research . 

Case study analysis 
1 What was the main threat to the Danum Valley before 

the late 1980s? 
2 Why is the DVCA important for the conservation of 

species? 
3 What are the main interest groups in the forest? 
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(fuhijjffi@ rhe Sonoran desert 
The Sonoran Desert is located in southern USA (southern 
California and southern Arizona) and northern Mexico. 
Its vegetation includes the saguaro cactus, which can 
grow to a height of 15 m and may live for up to 175 years. 
Its ribbed stem expands as it fills with water during the 
winter wet season. Its stem also reduces wind speed and 
water loss from the plant, while sunken stomata reduce 
water loss. It has shallow roots to catch water from 
storms before it evaporates. Other species with similar 
adaptations include the prickly pear (Figure 15) and barrel 
and hedgehog cacti. 

Figure 15 Prickly pear: a plant well adapted to desert conditions 

The Palo Verde is a small, drought-tolerant tree. It loses 
its leaves in the dry season, but its green bark allows it 
to photosynthesise without leaves. Creosote bushes have 

• Vegetation distribution 
in Death Valley 

The distribution of vegetation in Death Valley 
(average rainfall less than 50 mm per year), depends 
very much on ground and soil conditions. These 
determine the quantity and quality of water supply. 
Three main zones can be recognized: the central 
salt pan, the lower sand y slopes and the upper gravel 
slopes. 

The central salt pans occupy depressions, into 
which rainfall nms off from the upper slopes and 
collects. This rain contains dissolved chemicals. As 
it seeps into the ground it raises the water table, 
in some places quite close to the surface. Due to 
the high temperatures of the valley, groundwater 
containing chemicals in solution is drawn up by 
evaporation and capillary action. As the water 

small, dark leaves to reduce transpiration. Plant density 
depends upon water availability. 

Soils in the Sonoran desert are typically thin, relatively 
infertile and alkaline. Seasonal rains carry soluble salts 
down through the soil. However, during the dry season they 
are drawn up to surface by evaporation. Concentrations 
may be toxic for some plants. In addition, flash flooding can 
compact the soil, leaving the surface impermeable. 

There has been considerable human impact in the area. 
Some cities, notably Phoenix in Arizona, have expanded 
rapidly at the expense of the desert. The increased 
demand for and abstraction of water has lowered water 
tables. Mesquite bushes and cottonwood trees which 
were growing along water courses have died back. Road 
construction and pipelines have affected the movement 
of mammals, and fenced highways have prevented 
pronghorn antelopes, for example, from reaching water 
supplies. Off-road vehicles have compacted soils and 
made them less able to hold water. Overgrazing by 
cattle has removed more palatable species. Domesticated 
animals have escaped into the wild, and reduced grazing 
availability for wild mammals. The introduction of exotic 
plant species, such as tamarisk, has displaced native species 
such as cottonwoods and desert willows. Removal of native 
species has speeded up the spread of exotic species. 

Case study analysis 
1 Where is the Sonoran desert? 
2 How is the saguaro cactus adapted to life in the 

desert? 
3 Describe the main features of the prickly pear as shown 

in Figure 15. 

evaporates, salts are deposited on the surface forming 
thick crusts. These crusts are high in salt, and so no 
flowering plants can grow here . 

Around the edge of the salt pans, however, the 
ground is not so salty. The groundwater is still 
quite high and the ground sandy. In thi s zone, 
phraetophytes (plants with very deep tap roots ) grow. 
Their roots penetrate as far down as the water table. 
The various plants in this zone are found in a regular 
order depending on their tolerance of salinity. The 
most salt-tolerant is pickleweed, which can tolerate 
levels as high as 6 per cent salt (twice as salty as sea
water). This plant is found closest to the sa lt pan. 
Next is arrow-weed, which can tolerate 3 per cent 
salt, and finally honey mesquite, which can only 
tolerate a maximum of0.5 per cent salt content. 

Between the sandy zone and the valley sides are 
the gravel deposits. This is where the xerophytes 



(a species of plants that have adapted to survive in an 
environment with little water) are located. They are 
too far above the water table to reach it and survive 
through being drought-resistant. Xerophytes, such as 
the creosote bush, may receive some water from dew, 
infrequent rainfall, and some occasional overland 
flow. Once again, a sequence can be observed. On 
the slightly wetter, upper slopes, burrow-weed is 
found. With increasing water shortage, creosote 

Vegetation distribution in Death Valley 

bushes are found, and finally, in the lowest, driest 
gravel, desert holly bush is found. 

Activities 
1 Suggest reasons why hot deserts offer li mited 

opportun it ies for human activit ies. 
2 Explain how plants are adapted to desert environments. 
3 Explain how human activit ies have impacted upon 

desert ecosystems. 
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• End of theme questions 
Topic 2.1 : Earthquakes and volcanoes 

Figure 1 Global distribution of earthquakes 

1 Study Figure 1 which shows the global distribution of 
earthquakes 
a Describe the global distribution of earthquakes. 
b Suggest reasons for the distribution of earthquakes. 

Dedine the terms 'focus' and 'epicentre' . 
Using examples, explain the main factors that 
increase the impacts of earthquakes . 



Topic 2.2: Rivers 

Reference to the symbols 

a l20I Hul/bl.W'bl 
Trarr,piJ;jndc 

Trarr,piJ;jroute 

Tnwrplgroute,llojlllymarked 

1 ' - 3 • -Figure 2 Extract from 1:50000 map of Arthur's Pass, New Zealand 

1 Study Figure 2. 
a Approximately how high is the source of the Jordan 

Stream? 
b How much does it fall in order to reach the 

Waimakarari river? 
c How far is the Waimakarari river from the source of 

the Jordan Stream? 
d Describe the changes in the river valley between 

point A and point B. 
e Describe the valley of the Jordan Stream and its 

valley at point C. 
f Outline the likely human activities that might occur 

in this area . Give reasons for your choices. 

End of theme questions 

... 
j 
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Topic 2.3: Coasts 

c::::::J Solidland 

- 40- Height in metres 

Figure 3 Sketch map of coasta l features 

1 Study Figure 3. 
a Id entify the features A, B, C and D. 
b Explain how landform C may be formed . 
c What feature is located at E? 
d Explain the meaning of the term 'preva iling w ind ' . 
e Suggest how landform E may be formed . 

Topic 2.4: Weather 
Table 1 Daily weather observations Frankston, Victor ia (Australia), 16-22 September 2013 

Date Day Maximum Minimum 
Temperature Temperature 
(0() ("() 

16September Monday 16.5 12.7 

17September Tuesday 16.7 12.4 

18Se tember Wednesda 16.4 12.7 

19Se !ember Thursda 14.4 9.9 

20September Friday 14.6 10.7 

21September Saturday 17.2 8.1 

22September Sund a 18.1 9.9 

1 Plot th e data for 16-22 September 2013 usin g th e 
sa me meth ods as in Figure 10 (for August 2007, see 
page 146) . 

Rainfall 
(mm) 

0 .4 

26.0 

14.6 

19.8 

1.0 

0 .0 

0 .0 

2 State the maximum a nd minimum temperature of th e 
7-day period. 

3 Work out t he mean minimum temperature and the 
mean maximum temperature for the seven days. 
How much rain fe ll during th e seven days? 
Compare the weather of August 2007 and September 
2013. 

W ind Wind speed Air press ure 
direction (km/hour) (mb) 

24 1008 

ESE 28 1003 

WNW 57 999 

WNW 61 1005 

SW 4S 1007 

NNE 24 1016 

30 1012 

Topic 2.5 Climate and natura l vegetation 

1 Study Figure 6 on page 152. 
a Comment on the d istributi on of t he world's hot 

deserts. 
b Why is it difficult to live in a desert? 
c How have plants in th e desert adapted in order to 

survive? 
d How do an imals survive in the desert? 
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@ Development 

Key questions 
• How can the level of economic development of a 

country be measured? 
• What are the reasons for in equalities between and 

within countries? 
• How can economic production be classified into 

different sectors? 
• How do the proportions employed in each sector of an 

economy vary accord ing to the level of development? 
• What is globalisation? 
• How important are technology, transnational 

corporations and other econom ic factors in the process 
of globalisation? 

• What are the impacts of global isation at local, national 
and global scales? / 

• Indicators of development 
Development, or improvement in the quality oflifc, 
is a wide -ranging concept. It includes wealth, but 
it also includes other important aspects of our lives 
(Figure l ). For example, many people would consider 
good health to be more important than wealth. 
Development occurs when there are improvements 
to individual factors making up the quality oflife. 
For example, development occurs in a low-income 
country when: 

• local food supply improves due to investment in 
farm machinery and fertilisers 

• the electricity grid extends outwards from the main 
urban areas to rural areas 

• levels ofliteracy improve throughout the country. 

Figure 1 Factorscomprisingthequality oflife 

Gross National Product 
One of the traditional indicators of a country's wealth 
is the Gross National Product (GNP). You will also 
be able to find data for Gross Domestic Product (GDP) 
and Gross National Income (GNI ). lti s reasonable 
at this level of study to regard these as broadly similar 
measures. The Gross National Product is: 

• the total value of goods and services produced by a 
country in a year 

• plus income earned by the country's residents from 
foreign investments 

• minus income earned within the domestic economy 
by overseas residents. 

To take account of the different populations of 
countries the Gross National Product per capita 
is often used. Here, the total GNP ofa country is 
divided by the total population. Per capita figures 
allow for better comparisons between countries when 
their total populations are very different. For example, 
the total GNP of China is greater than that of the UK, 
but GNP per capita is much higher in the UK 

However, such data do not take into account the 
way in which the cost ofliving can vary between 
countries. For example, a dollar buys much more in 
China than it does in the USA! To account for this 
the GNP per capita at purchasing power parity 
(PPP) can be calculated. Figure 2 shows GNP per 
capita for 20 13. It is clear to see where regions of 
high and low GNP per capita are located. 
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Figure 2 World map showing GNP per capita in 2013 

Table l shows the top and bottom 12 countries in 
GNP per capita for 2013. The development gap 
between the world's wealthiest and poorest countries 
is huge . However, a major limitation of GNP and 
other national data is that these are 'average' figures 
for a country which tell us nothing about: 

• the way in which wealth is distributed within a 
country - in some countries the gap between rich 
and poor is much greater than in others 

• how government invests the money at its disposal; 
for example, Cuba has a low GNP per capita but 
high standards of health and education because these 
have been government priorities for a long time. 

Development not only varies between countries, it 
can also vary significantly within countries. Most 
of the measures that can be used to examine the 
contrasts between countries can also be used to look 
at regional variations within countries. 

Table 1 Top 12 and bottom 12 countries in GNP per capita (S), 2013 

Too Bottom 

Qatar 102800 Togo 1100 

Liechtenstein 89400 Afghanistan 1000 

Bermuda 86000 Mada ascar 1000 

Luxembourg 80700 Niger 900 

Monaco 70700 Malawi 900 

Singapore 60900 Eritrea 800 

Norway 55300 Central African Rep. 800 

Switzerland 54600 Liberia 700 

Hong Kong 50700 Somalia 600 

Brunei 50500 Burundi 600 

USA 49800 Zimbabwe 500 

United Arab Emirates 49000 Congo Dern. Rep. 400 

•• 

.,· 

Literacy 

Indicators of development 

GNP per capita 2013 ($) 

- 43 800-102 800 

322Q0-43800 

21 200-32200 

- 13300-21200 

- 6200-13300 

- 400-6200 

Education is undoubtedly the key to socio-economic 
development. It can be defined as the process of 
acquiring knowledge, understanding and skills. 
Education has always been regarded as a very important 
individual indicator of development and it has figured 
prominently in aggregate measures. Adult literacy is one 
of the main ways in which differences in educational 
standards between countries can be shown. ln 2010, 
the global adult literacy rate was 84 per cent, but many 
African countries have rates below 50 per cent. About 
775 million adults worldwide are illiterate! A low adult 
literacy rate is a great obstacle to development. 

The World Bank has concluded that improving 
female literacy is one of the most fi.mdamental 
achievements for a developing nation to attain, because 
so many aspects of development depend on it. For 
example, there is a very strong relationship between the 
extent offemale literacy and infant and child mortality 
rates. People who are literate are able to access medical 
and other information that will help them to a higher 
quality oflife compared with those who are illiterate. 

Life expectancy 
Life expectancy is viewed as a very important measure 
of development as it is to a large extent the end result 
of all the factors contributing to the quality oflife in a 
country. It is important for international and national 
government agencies to know about variations in 
life expectancy as this is a key measure of inequality. 
It helps development programmes to target those in 
most need. The main influences on life expectancy are: 
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• the incidence of disease (fo r example, malaria) 
• physical environmental conditio ns (for example, 

very low rainfall ) 
• human environmental conditions (fo r example, 

pollutio n) 
• personal lifestyle (fo r example, smoking). 

Rates oflifc expectancy have converged significantly 
between rich and poor countries during the last 
50 years, in spite of a widening wealth gap. Figures fo r 
life expectancy by world region are given in Theme 1. 

Infant mortality 
The infant mortali ty rate is regarded as one of the 
most sensitive indicators of socio -econo mic progress 
(Table 2 ). It is an important measure o f health 
inequali ty both between and within countries . 

TI1erc are huge differences in the infant mortali ty rate 
around the world , despite the wide availability of public 
health knowledge. Fornmately infant mortality rates 
have fallen sharply in many developing countries over 
the last 20 years . However, there is still a considerable 
gap between the richer and poorer world regions. TI1e 
infant mortality rate in Afiica is more than thirteen times 
that of Europe. In fant mortality generally compares well 
to other indicators of development, which is a good 
indication of its value as a measure of development. 

Table 2 Infant mortality rate by world region, 2012 

Reaion lnfantmortalitv rate 2012 

World 41 

More developed world 

Less developed world 45 

Africa 67 

Asia 37 

Latin America/Caribbean 20 

North America 

Oceania 21 

Europe 

Other individual indicators of 
development 
Other measures o f development include: 

• school enrolment 
• doctors per I 00 OOO people 
• food intake (calories per capita per day ) 
• energy consumption per capi ta 
• percentage of the populatio n with access to an 

improved water supply 
• percentage of the populatio n living in urban areas 
• number of motor vehicles per 1000 population 
• internet penetratio n rate. 

Interesting note 
In 2012, seven countries had infant mortali ty rates above 
100/1000. All were in Africa, apart from Afgh anistan 
which had the world 's highest rate at 129/1000. 

The Human Development Index: a 
broader measure of development 
In 1990 the Human Development Index (HDI) 
was devised by the United Nati ons as a measure 
of the disparities between countries . The HDI is 
a composite index which has changed sli ghtly in 
composition in recent years. The current index 
contains four indicators o f development (Figure 3): 

• life expectancy at birth 
• mean years of schooling fo r adults aged 25 years 
• expected years of schooling for children of school 

entering age 
• G NI per capita (PPP$ ). 

Figure 3 The components of the Human Development Index 



The actual figures fo r each of these measures are 
converted into an index which has a ma.ximum 
valu e of 1.0 in each case. The index values are then 
combined and averaged to give an overall HDI value. 
This also has a max imum value of 1.0. Every year the 
United Nations publishes the Human Development 
Report which uses the HDI to rank all the countries 
of the world in their level of development. The 
countries of the world are divided into four groups: 

• Very high human development 
• High human development 
• Medium human development 
• Low human development. 

Figure 4 Map of the Human Development Index, 2011 

Table 3 The 47 'Very high human development' countries: 2012 rankings 

1 Norway 17 Belqium 33 Andorra 

2 Australia 18 Austria 33 Estonia 

3 USA 18 Singapore 35 Slovakia 

4 Netherlands 20 France 36 Qatar 

5 Germany 21 Finland 37 Hungary 

6 New Zealand 21 Slovenia 38 Barbados 

7 Ireland 23 Spain 39 Poland 

8 Sweden 24 Liechtenstein 40 Chile 

9 Switzerland 25 Italy 41 Lithuania 

Indicators of development 

Figure 4 shows the global distribution of these four 
groups in 2011 , whil e Table 3 lists the 'Very high 
human development' countries in rank order. 

Every measure of development has meri ts and 
limi tations. No single measure can provide a complete 
picture of the differences in development between 
countries . This is why the United Nations combines 
four measures of different aspects of the qt1 ali ty of 
life to arrive at a figure of human development for 
each country. Although the development gap can be 
measured in a vari ety of ways it is generally taken to 

be increasing. Many people are concerned about this 
situation, either because they see it as very unfair, or 
because it can crea te politi cal instabili ty. 

- Very high 

C] High 

C] Medium 

- Low 

0 No data 

10 Japan 26 Luxembourg 41 United Arab Emirates 

11 Canada 26 United Kinadom 43 Portuaal 

12 South Korea 28 Czech Republic 44 Latvia 

13 Hona Kono 29 Greece 45 Aroentina 

13 Iceland 30 Brunei Darussalam 46 Seychelles 

15 Denmark 31 Cyprus 47 Croatia 

16 Israel 32 Malta 
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Figure 5 The Waterfront, Vancouver, Canada has a very high level of 
human development 

Activities 
1 What is development? 
2 Give two examples of development in a low-income 

country. 
3 Define GNP. 
4 Why are GNP data now frequently published at 

purchasing power parity (PPP)? 
5 Briefly discuss the merits of one individual indicator of 

development. 
6 Wh ich indicators of development are comb in ed to 

form the Human Development Index? 
7 Look at Figure 4 and briefly describe the distribution of 

countries accord ing to the Human Development Index. 

• Explaining inequalities 
between countries 

Stages of development 
Over the years there have been a number of descriptions 
and explanations oflevels of development between 
countries and how countries have moved from one level 
of development to another. A reasonable division of the 
world in terms of stages of economic development is 
shown in Figure 6. You will be familiar with the concept 
of developed and developing countries, but you may 
not be so sure about least developed countries and 
newly industrialised countries (NICs ). 

The concept of least developed countries (LDCs) 
was first identified in 1968 by the United Nations 
Conference on Trade and Development (UNCTAD ). 
These are the poorest of the developing countries. 
They have major economic, institutional and human 

resource problems. These are often made worse by 
geographical handicaps such as very low rainfall and 
natural and man-made disasters. 

Least 
developed 
countries 

Time 

Figure6 Stages ofdevelopment 

At present 49 countries are identified as LDCs. Of 
these 34 are in Afiica, 14 in Asia and the Pacific, and 
one in Latin America (Haiti ). You can find case srndies 
ofLDCs relating to population (Gambia, Bangladesh) 
in Theme l of this book. With 10. 5 per cent of the 
world's population, these countries generate only about 
one-tenth of l per cent of its income. This comparison 
clearly indicates how impoverished these countries are! 
111e list of LDCs is reviewed every three years by the 
UN. When countries develop beyond a certain point 
they are no longer considered to be LDCs. 

Newly industrialised countries (NI Cs) are 
nations that have undergone rapid and successful 
industrialisation since the 1960s. They have moved 
up the development ladder, having previously been 
considered developing countries. The first countries to 
become newly industrialised countries (in the 1960s) 
were South Korea, Singapore, Taiwan and Hong Kong. 
The media referred to them as the 'four Asian tigers'. 
A ' tiger economy' is one that grows very rapidly. The 
reasons for the success of these countries were: 

• a good initial level of infrastructure 
• a skilled but relatively low-cost workforce 
• culrnral traditions that revere education and ad1ievement 
• governments that welcomed foreign direct 

investment (FDI ) from transnational corporations 
• all four countries had distinct advantages in terms 

of geographical location 
• the ready availability of bank loans, often extended 

at government behest and at attractive interest rates. 



The success of these four countries provided a model 
for others to fo llow, such as Malaysia, Brazil, China 
and India. In the last 20 years the growth of China 
has been particularly impressive. South Korea and 
Singapore have developed so much that many people 
now consider them to be developed countries. 

Explaining the development gap 
There has been much debate about the causes of 
development. Detailed sn1dies have shown that variations 
between countries are due to a variety of factors. 

Physical geography 

• Landlocked countries have generally developed 
more slowly than coastal ones. 

• Small island countries face considerable 
disadvantages in development. 

• Tropical countries have grown more slowly than those 
in temperate latitudes, reflecting the cost of poor 
health and unproductive farming. However, richer 
non-agricultural tropical countries such as Singapore 
do not suffer a geographical deficit of this kind. 

• A generous allocation of natural resources has 
spurred economic growth in a number of countries. 

Economic policies 

• Open economies that welcomed and encouraged 
foreign investment have developed f.:tster than 
closed economies. 

• Fast-growing countries tend to have high rates of 
saving and low spending relative to GDP. 

• Instirutional quality in terms of good government, 
law and order and lack of corruption generally 
result in a high rate of growth. 

Figure B Low-income housing on the banks of the river Nile, Egypt 

Consequences of the development gap 
The development gap has significant consequences 
for people in the most disadvantaged countries. The 
consequences of poverty can be economic, social, 

Explaining inequalities between countries 

Demography 

• Progress through demographic transition is a 
significant factor, with the highest rates of growth 
experienced by those nations where the birth rate 
had fallen the most. 

Figure 7 combines a range of factors to consider 
some of the most basic points in explaining 
differences in development. For example, in 
Figure 7a Brazil wou ld satisfy all three criteria. It is 
by far the largest country in South America. It has 
abundant narural resources and it is clearly a newly 
industrialised country. In contrast, countries such 
as Haiti and Niger wou ld be affected by all three 
negative factors in Figure 7b. 

(a) More advanced developing countries 

A 
A Largest countries in region 
B Countries with abundant 

natural resources 

C Newly industrialised cou ntries 

• Highest level of development 

(b) Least advanced developing countries 

D Land-locked or island 
developing countr ies 

E Countries with few natural 
resources 

F Countries seriously affected 
by natural hazards 

• Lowest level of development 

Figure 7 Fast and slow development in developing countries 

environmental and political (Table 4 ). Development 
may not bring improvements in all four areas at 
first, but over time all four categories should wi tness 
advances. 
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Table4 The consequences of poverty 

Economic Global integration is spatially selective: some countries benefit, others it seems do not. One in five of the world's population live on 
less than a dollar a day, almost half on less than two dollars a day. Poor countries frequently lack the abil ity to pay for (1) food (2) 
agricultural innovation and (3) investment in rural development. 

Social More than 775 million people in poor countries cannot read or write. Nearly a billion people do not have access to clean water and 
2.4 billion to basic sanitation. Over 3.5 million children under the age of 5 die each year from conditions that could be prevented/ 
treated with access to simple, affordable interventions. The impact of HIV/AIDS in poor countries can be devastating . 

Environmental Poor countries have increased vulnerability to natural disasters. They lack the capacity to adapt to droughts induced by climate 
change. Poor farming practices lead to environmental degradation. Often, raw materials are exploited with very limited economic 
benefit to poor countries and little concern for the environment. Landscapes can be devastated by mining, vast areas of rainforest 
destroyed by loqqinq and clearance for aqriculture, and rivers and land polluted by oil exploitation. 

Political Poor countries that are low on the development scale often have non-democratic governments or they are democracies that 
function poorly. There is usually a reasonably strong link between development and improvement in the quality of government. In 
general, the poorer the country the worse the plight of minority groups. 

Activities 
1 Look at Figure 4 and name two countries in each of 

the four levels of development. 
2 a Define a 'least developed country' . 

b What are the general problems facing least 

developed countries? 
3 a Define a 'newly industrialised country' . 

b Briefly discuss the factors responsible for the 

development of the first newly industrialised countries. 
4 Consider the physical, economic and demographic 

factors that help explain the inequalities between 
countries . 

5 Explain the two scenarios shown in Figure 7 . 

• Explaining inequalities 
within countries 

The scale of disparities within countries is often as much 
an issue as the considerable variations between countries. 

Figure 9 World map showing variations in the Gini coefficient, 2009 

0 

T11e Gini coefficient is a technique frequently used to 

show the extent of income inequality. It allows: 

• analysis of changes in income inequali ty over time 
in individual countries and 

• comparison between countri es. 

Figure 9 shows global variati ons in the Cini coefficient 
for 2009. It is defined as a ratio, with values between 
0 and 1.0. A low value indicates a more equal income 
distribution while a high value shows more unequal 
income distribution. A Cini coefficient of zero would 
mean that everyone in a country had exactly tl1e same 
income (perfect equality). At tl1e other extreme a 
Cini coefficient of I would mean that one person had 
all the income in a country (perfect inequali ty). In 
general, more affiu ent countri es have a lower income 
gap than lower income countri es. Southern Afiica and 
S0utl1 America show up clearly as regio ns of very high 
income inequality. Europe is tl1e world region witl1 tl1e 
lowest income inequality. -~. 

- <0.25 - 0.45-0.49 

- 0.25-0.29 - 0.50-0.54 

- 0.30-0.34 0.55-0.59 

- 0.35-0.39 - >0.60 

- 0.40-0.44 - No data 



In China , the income gap between urban residents 
and the huge farm population reached its widest 
level ever in recent years as rural unemployment 
in particular rose steeply. The ratio between more 
affiucnt urban dwellers and their rural counterparts 
reached 3. 36 to I. This substantial income gap is a 
very sensitive issue in C hina as more and more rural 
people feel they have been left behind in China's 
economic boom. 

A theory of reg ional d isparities 
The model of cumulative causation helps to explain 
regional disparities. Figure I O is a simplified version 
of the model. The overall scenari o is that there arc 
three stages of regional disparity: 

• the pre-industrial stage when regional differences 
arc minimal 

• a period of rapid economic growth characterised by 
increasing regional economic divergence 

• a stage of regional economic convergence when the 
significant wealth generated in the most affiu cnt 
rcgion(s) spreads to o ther parts of the country. 

Figure 11 shows how the regional economic 
divergence of the earli er stages of economic 
development can cvcnrnally change to regional 
economic convergence as regional differences 

Expansion of 
local job 

opportunities 
and population 

Inflow of business 
and capital to 

satisfy increased 
localdemand -

secondary 
and tertiary 

development 

Establishment 
of large 

manufacturing 
plant 

Substantial 
nsein 

per capita 

Higher tax base 
increases local 
government 

spending power 

Figure 10 Simplified model of cumulative causation 
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Regional econo mic 
divergence 

Time 

Regio nal econo mic 
convergence 

Figure 11 Regional economic divergence and convergence 

In the model (Figure 10), economic growth begins 
with the location of new manufacturing industry in 
a region with a combination of ad vantages greater 
than elsewhere in the country. Once growth has 
been initiated in this 'core' region, flows of labour, 
capital and raw materials develop to support it and 
the growth region undergoes furth er expansion by 
the cumulative causation process. A detrimental 
negative effect (the backwas h effect ) is transmitted 
to the less developed regions (the periphery) as 
skill ed labour and locally generated capital is attracted 
away. Manufactured goods and services produced 
and operating under the economics of scale of 
the core region flood the market of the relatively 
underdeveloped periphery, undercutting smaller-scale 
enterpri ses in such areas. ln Figure I I , the wealth 
gap between the core and the periphery widens and 
regional inequality increases (regional economic 
divergence) . 

H owever, increasing demand for raw materials 
from resource-rich parts of the periphery may 
stimulate growth in other sectors of the economics 
of such regions. If the impact is strong enough 
to overcome local negative effects, a process of 
cumulative causation may begin . This may lead to 
the development of new centres of self-sustained 
economic growth (spread effects). If th e process 
is strong enough and significant economic growth 
occurs in the periphery, the inequality between 
core and periphery may begin to narrow. This is 
the second stage on Figure I I - regional economic 
convergence. 

Many developing countri es arc in the first stage of 
Figure I I , where the wealth gap between core and 
periphery is still widening. Thus, they have a high 
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Cini coeffi cient. Movement from stage 1 to stage 2 is 
usually attained by a combination o f: 

• market fo rces - the cost of doing business in the 
core region o f a country may become so high that 
investment in the periphery becomes increasingly 
popular 

• government regio nal development policies -
government investment to improve conditions 
in peripheral regions, such as improvemen ts in 
infrastructure, can help attract business investment. 

Activities 
1 a What is th e Gini coefficient? 

b Bri efly describe th e global differences shown in 
Figure 9. 

2 Define the terms (a) economic core reg ion (b) 
periphery. 

3 Explain the process shown in Figure 10 in your own 
word s. 

4 Describe and explain the trends shown in Fi gure 11. 
5 W hat is the evidence in Figure 12 that thi s region is 

part of the economic periphery of Ru ssia? 

Factors affecting inequalities within 
countries 

Residence 
Where people arc born and where they live can have 
a very significant impact o n their quali ty o fli fc. This 
includes: 

• Regio nal differences within countries - the wealth 
gap between core and periphery, which is explained 
above. 

• Urban/ rural disparities with urban areas generally 
attracting much greater investment. This resul ts in 
higher per capita incomes in urban areas. 

• In tra -urban contrasts - low, middle and high 
income areas often exist close together in the 
same city. Large numbers of people live in slum 
conditio ns in ci ties in developing countri es and find 
it ex tremely difficult to break out of this sirnati on. 

The UN has recognised that the focus of global 
poverty is moving fro m rural to urban areas , a process 
kn own as the urbanisation of poverty. 

Figure 13 Manholes in Ulaanbaatar, Mongolia - people in poverty 
sometimes live down these manholes because of access to the 
underground hot water pipes that can provide warmth in the harsh winters 

Ethnicity and employment 
The development gap often has an ethnic and/or 
religious dimension whereby some ethn ic groups in 
a population have income levels significantly below 
the dominant group(s) in the same population. This 
is often the result of discriminatio n which limi ts the 
economic, social and political opportunities available 
to the disadvantaged groups. Examples include South 
Africa, I ndoncsia and Boli via. Ethnic or religious 
minoriti es may be heavily concentrated in a particular 
region o r regio ns o f a country. 

Jo bs in the formal sector o f the econo my will be 
kn own to the government department responsible 
fo r taxa tio n and to o ther government offices. Such 
jobs generally provide better pay and much greater 
security than jobs in the info rmal sector. Fringe 
benefits such as holiday and sick pay may also be 
available. Formal sector employment inch1dcs health 
and educati on service workers, government workers, 
and people workin g in established manufacrnrin g and 
retail companies . 



In contrast, the informal sector is that part of 
the economy operating outside official recognition. 
Employment is generally low-paid and often 
temporary and/or part-time in nature. While such 
employment is outside the tax system, job security 
will be poor with an absence of fringe benefits. About 
three-quarters of those working in the informal 
sector are employed in services. Typical jobs are 
shoe-shiners, street food stalls, messengers, repair 
shops and market traders. In formal manufacturing 
tends to include both the workshop sector, making 
for example cheap furnirure, and the traditional craft 
sector. Many of these gcxxls are sold in bazaars and 
street markets. 

Figure 14 The informal sector - shoe-shiners in Cairo, Egypt 

Education 
Education is a key factor in explaining disparities 
within countries. Those with higher levels of 
education invariably gain better-paid employment. 
In developing countries there is a clear link between 
education levels and family size, with those with 
the least education having the largest families. 
Maintaining a large family usually means that 
saving is impossible and varying levels of debt 
likely. In contrast, people with better educational 
opportunities have smaller families and are thus 
able to save and invest more for the future. Such 
differences serve to widen rather than narrow 
disparities. Standards of education can vary 
significantly by region and as a result of other factors 
in a country. 

Land ownership 
The distribution of land ownership (tenure ) has had 
a major impact on disparities in many countries. The 

Explaining inequalities within countries 

greatest disparities tend to occur alongside the largest 
inequities in land ownership. The ownership of even 
a very small plot of land provides a certain level of 
security that those in the countryside without land 
cannot possibly aspire to. Households headed by 
women are often the most disadvantaged in terms of 
land tenure. 

Regional contrasts in Brazil 
South -east Brazil (Figure 15) is the economic 
core region of Brazil. Over time the south-east 
has benefited from flows of raw materials, capi tal 
and labour (Figure 16a). The last two inputs have 
come from abroad as well as from internal sources. 
The region grew rapidly through the process of 
cumulative causation. This process not only resulted 
in significant economic growth in the core, but also 
had a considerable negative impact on the periphery. 
The overall result was widening regional disparity. 
However, more recently some parts of the periphery, 
with a combination of advantages above the level of 
the periphery as a whole, have benefited from spread 
effects from the core (Figure 16b). The sou th has 
been the most important recipient of spread effects 
from the south-cast, but the other regions have also 
benefited to an extent. This process has caused the 
regional gap to narrow at times, but often not for 
very long. In Brazil income inequality still remains 
very wide. 

Figure 15 South-east Brazil 
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(a) The polarisation of economic growth in 
the economic core reg ion 

(b) The developing impact of spread effects 

Backwasn ,,,,. 
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-------.. width of arrow indicates strength of spread effects 

Figure 16 Core/periphery diagrams for Brazil 

The south-east has benefited from a number of 
advantages: 

• The natural environment of the south-east 
provided the region with several advantages for the 
development of its economy. 

• The south-east is the centre of both foreign and 
domestic investment. 

• The region is the focus of the country's road and 
rail networks. It contains the main airports and 
seaports. 

• More transmtional companies are located in the 
south-east than in the rest of Brazil. With the highest 
population density in Brazil, the labour supply here is 
plentiful. 

• The region also has the highest educational and 
skill levels in the country. 

The success of the first large wave of investment 
by foreign companies in the south-east encouraged 
others to fo llow. For the last 50 years the area has 
experienced an upward cycle of growth (cumulative 
causation). 

Activities 
1 Briefly explain two factors that can affect income 

inequa lity in a country. 
2 a Where is the econom ic core region of Brazil? 

b Why is this region the most highly developed in the 
country? 

3 a What are the two diagrams in Figure 16 attempting 
to show? 

b How do these diagrams relate to Figure 11? 

• Classifying production 
into different economic 
sectors 

In all modern economies of a significant size, people 
do hundreds - and in some cases thousands - of 
different jobs, all of which can be placed into four 
broad economic sectors: 

• The primary sector exploits raw materials from 
land, water and air. Farming, fishing, forestry, 
mining and quarrying make up most of the jobs 
in this sector. Some primary products are sold 
directly to the consumer but most go to secondary 
industries for processing. 

• The second'lry sector manufactures primary materials 
into finished products. Activities in this sector include 
the production of processed food, fi1rniture and motor 
vehicles. Secondary products are classed either as 
consumer goods (produced for sale to the public) or 
capital goods (produced for sale to other industries). 

• The tertiary sector provides services to businesses 
and to people. Retail employees, drivers, architects, 
teachers and nurses are examples of occupations in 
this sector. 

• The quaternary sector uses high technology to 
provide information and expertise. Research and 
development is an important part of this sector. 
Jobs in this sector include aerospace engineers, 
research scientists, computer scientists and 
biotechnology workers. 



The product chain can be used to illustrate the four 
sectors of employment. The product chain is the fi.111 
sequence of activities needed to turn raw materi als 
into a fini shed product . The food industry provides 
a good example (Fi gure 17) . Some companies are 
involved in all four stages of the food product chain . 

Figure 17 The food industry's product chain 

Tertiary 
Supermarkets and 
other food sales 

Restaurants 

Figure 19 The secondary sector: grain processing factories, Chicago, USA 

Figure 20 Thetertiarysector:astreet marketinNabul, Tunisia 

Classifying production into different economic sectors 

Fig ure21 Thequaternarysector:a research scientist 



3. 1 DEVELOPMENT 

Activities 
1 Define the terms (a) primary sector (b) secondary 

sector (c) te rt iary sector (d) quaternary sector. 
2 Give three exa mp les of jo bs in each of th e fo ur sectors 

o f an economy. 
3 Descr ibe th e food industry product chain shown in 

Figure 17. 
4 What job do you wa nt to do when yo u co mplete yo ur 

educat ion? In which secto r of employment is th is job? 

• How employment 
structure varies 

As an economy develops, the proporti on o f people 
employed in each sector changes (Figure 22) . 
Countries such as the USA, Japan, Germany and the 
U K arc ' post -industrial societi es' where the majori ty 
o f people are employed in the tertiary sector. Yet in 
1900, 40 per cent of employment in the USA was 
in the primary sector. However, the mechanisa tio n 
o f farmin g, mining, fo restry and fi shing drastically 
reduced the demand fo r labo ur in these industries . 
As these jobs disappeared , people moved to urban 
areas where secondary and tertiary employment was 
expanding . Less than 4 per cent of employment in 
the USA is now in the primary sector. 

Time 

Figure 22 The sector model 

Human labour has been steadily replaced in 
manu fac turing too. In mo re and more facto ries, 
ro bots and other advanced machinery handle 
assembly-line jo bs whi ch o nce employed large 
numbers o f people. The most ad va nced fo rms o f 
manu fac turing are in the developed world . In 1950 
the sa me number of Americans were employed in 
manu fac turing as in services . By 1980 two-thirds 

were working in services . Today 79 per cent of 
Ameri cans work in the terti ary sector. 

The tertiary sector is also changing. In banking, 
insurance and many other types of business, 
computer networks have reduced the number o f 
people required. But elsewhere service employment 
is often ri sing, such as in health , educatio n and 
tourism. In developed countries employment in 
the quatern ary sector has become more and more 
important. Employment in the quaternary sector is a 
significant measure o f how advanced an econo my is. 

People in the poorest countries of the world 
are heavily dependent o n the primary sector for 
employment. Such countri es are o ften primary 
product dependent because they rel y o n o ne or 
a small number of primary products fo r all their 
export earnin gs . In newly industriali sed countries 
employment in manufacturing has increased 
rapidly in recent decades. Table 5 compares the 
employment structure of a developed country, a 
newly industrialised country ( NIC) and a developing 
country. The contrasts are very considerable indeed 
and a good fit with the sector model presented above. 

Table 5 Employment structure of a developed country, an NIC and a 
developing country 

Cou ntry % primary % secondary % tert iary 

Australia(develo ed) 4 21 75 

Malaysia(NIC) 11 36 53 

45 30 25 

There is a very clear link between employment 
strucrure and indicators of development. Compare 
the data in Table 5 with those in Table 6 , which 
shows development indicators fo r the same three 
countri es. Such a comparison could be conducted 
with a much larger number of countri es and the 
results of the comparison would be very similar. 

Table 6 Development indicators for Australia, Malaysia and Bangladesh 

Cou ntry GNl per capita, % of population Infa nt mortali ty 
20 10 SPPP urban2012 rate2012 

Australia 36910 82 3.9 

Malavsia 14220 63 

Bangladesh 1810 25 43 

A graphical method often used to compare the 
employment structure of a large number of countries 
is the triangular graph (Figure 23). One side (axis) of 
the triangle is used to show the data fo r each of the 
primary, secondary and tertiary sectors. Each axis is 
scaled from O to 100 per cent. The indicators on the 



graph show how the data for the UK can be read. 
Figure 23 shows data for two developing countri es, 
two N!Cs and two developed countries. 

Figure 23 Triangular graph 

Activities 
1 Loo k at Figure 22 . Describe and expla in how th e 

empl oyment structure of developed countries has 
changed over time. 

2 Describe and expl ain the different empl oyment 
structures of t he three countries in Tabl e 5. 

3 Comme nt o n the re lati onship betwee n the dat a 
presented in Tabl es 5 and 6. 

4 a How would you cl assify each of th e six countri es 
shown in Figure 23? 

b On a copy of Figure 23, insert th e employment 
structure positions of Austra lia, Malaysia and 
Bangladesh (Tabl e 5). 

• The process of 
globalisation 

Figure 24 City of London emblem marking the boundary of the City of 
London, one of the world's great financial centres 

The process of globalisation 

Globalisation is the increasing interconnectedness 
and interdependence of the world , economically, 
culturally and politically. Most political borders are 
not the obstacles they once were and as a result 
goods, capital, labour and ideas flow more freely 
across them than ever before. 

Transnationa l corporations 
A transnational corporation (TNC) is a firm that 
owns o r contro ls productive operations in more 
than one country th rough fo reign direct investment 
(FDI ). TNCs can exploit raw materials, produce 
goods such as cars and o il , and provide services 
such as banking. Table 7 shows the 10 largest 
TNCs in the world according to the business 
journal Fortune. Every year Fortttne publishes a 
li st of the 'Global 500' - the 500 largest TNCs in 
the world by revenue ( the va lue of what they sell ). 
The 201 3 li st shows that the fi ve largest TNCs had 
revenues over $400 billion . The 100 largest TNCs 
represent a signifi cant proportion of total global 
production . 

Table 7 The world's 10 largest TNCs, 2013 

Rank Company Revenue Profits HQ country 
($bi llion) (S b illion) 

Royal Dutch Shell 481.7 26.6 Netherlands 

Wal-Mart Stores 469.2 17.0 USA 

ExxonMobil 449.9 44.9 USA 

SinopecGroup 428.2 8.2 China 

China National Petroleum 408.6 18.2 China 

BP 388.3 11.6 UK 

State Grid 298.4 12.3 China 

Toyota Motor 265.7 11.6 Japan 

Volkswaqen 247.6 27.9 Germany 

10 Total 234.3 13.7 France 

TNCs and nation states (countri es) arc the two main 
elements of the global economy. The governments 
of countries individually and collectively set the rul es 
fo r the global economy, but the bulk of investment 
is through TNCs which arc the main drivers of 
'global shift' . Under thi s process manufacturing 
industry at first and more recentl y services have 
relocated in significant numbers from developed 
countri es to selected developing countri es as TNCs 
have taken advantage of\owcr labour costs and 
other ways to reduce costs . It is this process that has 
resulted in the emergence of an increasing number 
of newly industrialised countries since the 1960s. 
The development of successive generations of newly 
industri alised countri es is tl1c major success story of 
globali sati on. 



3. 1 DEVELOPMENT 

Twenty years ago the vas t majority o f the 
world's TNCs had their headqu arters in No rth 
America, Western Eu rope and Japan. However, 
ove r the las t two decades the emerging econo mics 
o f the newly industriali sed countri es such 
as South Ko rea, China and India have been 
accounting fo r an increas ing sli ce o f the glo bal 
econo my. M uch of thi s econo mic growth has 
been achieved th ro ug h the expansio n o f their own 
most important companies, first do mestically (as 
natio nal corpo rati o ns) and more recentl y o n an 
intern atio nal basis (as TN Cs). 

TNCs have a huge impact on the global economy 
in general and in the countri es in which they choose 
to locate in particular. They play a major role in 
world trade in terms of what and where they buy and 
sell. A considerable proporti on of world trade is intra 
firm , taking place within TNCs. Table 8 considers 
the possible advantages and disadvantages of Nike to 
the USA (its headquarters countr y) and Vietnam (an 
ou tsourcing country) . 

Table 8 The potential advantages and disadvantages of TNCs - Nike to 
the USA and Vietnam 

Countrv 

USA: 
headquarters 

Vietnam : 
outsourcing 

Possible advantaqes Possible disadvantaqes 

Positive employment Another US firm that 
impact and stimulus to the does not manufacture 
development of high-level in its own country -
skills in design, marketing indirect loss of jobs 
and development in and the negative 
Beaverton, Oregon; direct impact on balance of 
and indirect contribution to payments as footwear is 
local and national tax base. imported; trade unions 

Creates substantial 
employment in Vietnam; 
pays higher wages than 
localcompanies;improves 
theskillsbaseofthelocal 
population;thesuccessof 
aglobalbrandmayattract 
other TNCs to Vietnam, 

complain of an uneven 
playing field because 
ofthebigcontrastin 
working conditions 
between developing and 
developed countries 

Concerns over the 
exploitation of cheap 
labour and poorv,,orking 
conditions; allegations of 
the use of child labour; 
company image and 
advertisingmayhelp 
to undermine national 

setting off the process culture;concems 
of cumulative causation; about the political 
exports are a positive influence of large TNCs; 
contribution to the balance the knowledge that 
ofpayments;setsnew investment could be 
standards for indigenous transferred quickly to 
companies; contribution lower-cost locations. 
tolocaltaxbasehelps 
pay for improvements to 
infrastructure. 

The spread o f a glo bal consumer culture has 
been impo rtant to the success o f many TNCs. 
Th e mass media have been used very effecti vely 
to encourage consumers to 'want' mo re than they 
' need ' . Th e power o f brands and their glo bal 
marketing strategies cannot be underes timated. 
This is particularly so in food , beve rages and 
fashion. 

The ro le of t echno logy 
Advances in techno logy have affected all aspects 
o f glo bal econo mic activity. M ajo r ad va nces in 
transportatio n and telecommunica tio ns sys tems 
have significantl y reduced the geographical barriers 
separating countri es and peoples. Transpor t 
systems are the means by which materi als, 
pro du cts and people are transferred fro m place 
to place. Communications systems are the ways 
in which in fo rmatio n is transmitted fro m place to 
place in the form o f ideas, instructio ns and images. 
As time has progressed, the diffusion of new ideas 
has speeded up so that a technical breakth ro ugh 
in o ne part o f th e wo rld has had an impact o n 
o ther parts o f the wo rld much mo re quickl y than 
eve r before. 

The internet has been essential to the 
development and speed of glo bali sati on. It is the 
fastes t-growing mode o f communica ti o n ever. 
It too k 38 years fo r radio to reach 50 million 
users, 13 years fo r tel evisio n to reach thi s mark, 
but just 4 years fo r the internet . It has been 
estimated that the number of internet users 
around the wo rld in creased fro m 361 million in 
2000 to 2.4 billio n in 2012 . This gives a global 
internet penetratio n rate (percentage of the 
populati o n) of 34.4 per cent . By world regio n this 
vari ed fro m 78 .6 per cent in North Ameri ca to 
15 .6 per cent in Africa. 

The internet has all owed TNCs to manage 
complex operatio ns all over the world and to talk to 
its customers in large numbers directly. TNCs can 
react more qui ckly than ever before to changing 
consumer demand. 



Decreasing barriers to 
world trade 

Capitalism now virtually 

unc~~~;I~~~ =~~~~~/~bal l------i 
development 

Increasing cultural 
d iversity in a growing 
number of countries 

Figure 25 Influences on the globalisation of economic activity 

Other factors respons ible for 
econom ic g loba lisation 
Figure 25 shows the main influences on the 
globali sation of economic activity. Until the post -
19 50 peri od, industrial production was mainly 
o rganised within individual countri es. This has 
changed rapidly in the last 60 years or so with the 
emergence of a new international division of 
labour (NIDL). The NIDL divides production into 
different skills and tasks that arc often spread across 
a number of countri es . The following arc some other 
factors responsible for economic globalisation: 

• The increasing complexity of international trade 
flows as the NIDL has developed. 

• Major advances in trade liberalisation under the 
World Trade Orga ni zation. The barri ers to world 
trade (tariffs, quotas and regulations) arc much 
lower today than in the past . This means that there 
is more incentive to trade. 

• The emergence offimdamcntali st free-market 
governments in the USA and the UK around 
1980. The economic policies, such as priva tisati on, 
developed by these governments influenced policy
making in many other countri es . 

• The emergence of an increasing number of newly 
industrialised countries . 

• The integration of the fo rmer Soviet Union and 
its Eastern European sa tellites into the capitalist 
system after the fall of communism in the late 
1980s. Now, no significant group of countries 
stands outside the free market global system. 

• The opening up of other economics, particularly 
those of China and India, as these countri es wanted 
to benefit from the process of globalisation. 

The process of globalisation 

Greatest ever global 
connectivity in transport 

and communications 

Rising levels of 
international migration 

Increasing levels of 
outsourcing to lower

wage economies 

Emergence of an 
increasing number 

of NICs 

• The deregulation of world financial markets, 
allowing a much greater level of international 
competition in financial services . 

Figure 26 The fall of the Berlin Wall - the beginning of the integration 
of eastern Europe into the free market system. One photo shows a 
remaining part of the wall, the other marks the position where the wall 



3. 1 DEVELOPMENT 

Activities 
1 Define (a) g lo bali sati on (b) transnatio nal co rporati on. 
2 Why have TNCs bee n so important in the process of 

g loba lisatio n? 
3 a How important are brands t o TNCs? 

b Which brands impress yo u the most? 
4 What has bee n the ro le of tec hno logy in 

globa lisatio n? 
5 Explain the new intern ati onal division of labour. 
6 State three factors responsible for economic globa lisation. 

• The impacts of 
globalisation: the global 
scale 

The changing world economic order 
The rapid growth of newly industrialised countries 
has brought about major changes in the economic 
strength o f countries. Figure 27 shows the extent to 

which the global share of GDP has changed since 
1980. The decline in the share of the EU has been 
particularly sharp over this time peri od. In contrast 
the share of the BRI C countri es (Brazil , Ru ssia, 
India, C hina) has been very significant indeed. In 
1990 the developed world controll ed about 64 per 
cent of the global economy as measured by gross 
domestic product. This fell to 52 per cent by 2009 -
one of the most rapid economic changes in history! 
Some countries have benefited much more than 
o thers in the changing world economic order. 
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Figure 27 TheglobalshareofGDP 

The development of a hierarchy of 
global cities 
The emergence of a network of global cities 
has been an important part of the process of 
globalisati on. A global city is one that is judged to 
be a significant nodal point in the global economic 
system. These are major financial and decision
making centres. New York, London and Tokyo are 
the world 's major global cities. The number of global 
cities has increased as the process of globalisation 
has adva nced, and so has the level of competition 
between major cities. Attracting more business 
creates jobs and wealth . 

The international movement of 
workers 
In recent decades the international movement of 
workers has spanned a much wider range of countries 
than ever before. This refers to both countries of 
origin and destination. There are now over I 00 
million migrant workers around the world . Migration 
of labour is a key feature of globalisation, but in some 
countri es it can be a very controversial issue. 

The global movement of commodities 
People around the world have a grea ter choice 
of international commoditi es than ever befo re, 
although in many developing countries the prices 
of such commodities are out of the reach of many 
people. H owever, even though people may not have 
the money to purchase a commodity, they become 
aware of the lifestyle it attempts to portray because 
of advertising. Relatively cheap products from C hina 
and other NI Cs have helped to keep inflati on low 
in many developed countri es and allowed fur more 
people to buy consumer goods. 

The increasing uniformity of 
landscapes 
Globalisation has undoubtedly had a significant 
impact on the increasing uniformity of\andscapes. For 
example, Figure 28 illustrates the main ways in which 
common urban characteristics have diffused around 
the world . Many developments will of course also 
encompass local traits as well , but the strong global 
elements will be clear to see. Industrial, agriculrnral, 
tourist and transport landscapes have also become more 
uniform as similar processes worldwide have influenced 
their development. Some people find this disappointing 
as more and more places lose there ' uniqueness' . 
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Environmental degradation 
In many parts of the world industrialisation, urbanisation, 
capital intensive farming and other major processes are 
having a devastating impact on the environment causing: 

• air pollution 
• deforestatio n 
• land degradati on and desertifica tio n 
• salinisation and contamination of wa ter suppli es 
• landscape change 
• declines in biodiversity. 

Much more decisive internatio nal acti on will be 
required to limit the environmental impact o f 
economic activity. 

Cultural diffusion 
C ultural diffusion is the process of the spreading o f 
cultural traits from o ne place to another. The mixing 
o f cultures is a major dimension of glo balisation. This 
has occurred th rough: 

• migratio n, which circulates ideas, values and beliefs 
around the world 

• the rapid spread of news, id eas and fashions 
through the mass media, trade and travel 

• the growth of global brands such as Coca-Cola and 
McDonald 's, which serve as common reference poin ts 

• the internet , which has allowed individual and mass 
communicatio n o n a scale never available before 

• the transport revolution, which has f.tcilitated the mass 
movement of people and products around the world. 

The impacts of globalisation: the global scale 

The development of mass tourism 
Recent decades have witnessed the glo bali satio n of 
international tourism. International tourist arrivals 
reached just over I billio n in 201 2, over 40 per cent 
higher than in 2000 ! This is an average of almost 
4 per cent a year, marking it out as a hig h-growth 
industry. 

Global civil society 
The development of glo bal civil society 
(environmental groups, protest movements, chariti es, 
trade unions etc.) has been an important aspect of the 
diffusio n of ideas around the world . It has spawned 
new networks o f communication which are not 
government and company based. These networks 
mo ni tor the actions o f governments and companies, 
spreading their criticisms rapidly to all those who 
want to take an interest. Political protests now occur 
almost simultaneously in countri es fu r apart because 
of the power and effectiveness of instant glo bal 
communication. 

Table 9 Examples of the impacts of globalisation at global, national and 
local scales 

Global National 

The growing Concerns about loss of 
power of TNCs sovereignty to regional 
and global brands and international 

orQanisations 

The emergence Increased cultural 
of an increasing 
numberofNICs 

Development of 
a hierarchy of 
global cities 

diversity from 
internationalmiQration 

Higher levels of 
incoming and outgoing 
international tourism 

local 

Small local businesses 
often find it difficult to 
compete with major 
Qlobalcompanies 

ClosureofaTNC branch 
plant can cause high 
local unemployment 

The populations of 
many local communities 
have become more 
multicultural 

The increasing TNCs employing an Greater variety of 
complexity of the increasing share of the international cuisine 
world economy workforce 

The emergence Increasing incidences of Families now more 
of English as the trans-boundary pollution likely to be spread over 
working language different countries due 
ofthe'global 
village' 

The emergence 
of powerful trade 
blocs 

Environmental 
degradation 
caused by 
increasing 
economic activity 

to increased international 
migration 

The growth of anti- Lower cost of 
globalisation movements international travel in 
as people worry about real terms 
how important decisions 
are made 

TNCs avoiding paying The development of 
tax in some countries 'ethnicvillages'inlarge 
through 'creative urban areas 
accounting' ~ avery 
controversial issue! 
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• The impact of 
globalisation: the 
national scale 

People in many countri es arc concerned about the 
apparent loss o f sovereignty of nati on states . The 
loss of sovereignty resul ts from the ceding o f natio nal 
autonomy to other organisations. The Ameri can 

sociologist Benjamin Barber views the changes takin g 
pbce as anti-democratic and threatening the very 
foundatio ns upon which the United States were 
built. Within the EU , many people are concerned 
that individual countries have given away too many 
powers to the European Parliament and other EU 
organisati ons. However, in many countri es the power 
of nati onal governments has also been lost to TNCs 
and global civil society (Figure 29). 
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Figure 29 The shift of power from nation states 

TNCs have increased their influence in many countries 
and become major employers . H owever, TNCs 
can close operations in one country and open up in 
ano ther very quickly. This is a worry fo r governments 
as many jobs can be lost in major business closures. 
Some governments have found it difficult to coll ect 
what they think is a fair amount oh a.x from TNCs. 
This has become an increasingly controversial issue. 

High levels of international migration have 
increased cultural diversity in many countri es . 
This can bring adva ntages and disadva ntages to 
host countries. Tensions can ari se when economic 
conditions are difficult and there are not enoug h 
jo bs to go round. For many countries the growth in 
intern atio nal touri sm has made it an important source 
o f fo reign currency and a more important source o f 

Table 10 The costs and benefits of globalisation to the UK 

Perscective Benefits 

employment. However, an increase in tourism can 
have costs as well as benefits. 

As the scale of economic activity expands, increasing 
consumption of resources, particularly water, can cause 
tensions between neighbouring countries . Competiti on 
for energy and other resources drives prices upwards, 
making life particularly difficult for low-income 
countries and the poor in higher-income countries . 
As the scale of global economic activity has increased, 
concerns about trans-boundary pollution have grown. 
A major pollution incident in one country may have 
significant consequences in a neighbouring country. 
Anti -glo balisation movements have developed in many 
countries to voice concerns over a range of issues 
associated with globalisation. Table 10 summarises some 
of the costs and benefits of globalisation to the UK. 

Costs 

Econo mic A5 one of the world's most 'open' economies, the UK attracts a High job losses in traditional industries due to global shift and 

Social 

Po litica l 

very high level of foreign direct investment, creating significant de industrialisation. TNCs can move investment away from the 
employment and contributing to GDP; a high level of investment country as quickly as they can bring it in, causing loss of jobs 
abroad by UK companies also increases national income. Financial and corporation tax. Speculative investment, causing economic 
deregulation has enhanced the position of the City as one of the uncertainty, has increased with financial deregulation. There is a 
world's top three financial centres. Low-cost manufactured goods widening gap between the highest and lowest-paid workers. 
from China and elsewhere have helped keep inflation low. 

Economic growth has facilitated high levels of spending on A strong economy has attracted a very high level of 
education and health in particular. Globalisation is a large factor in immigration in recent years, with increasing concerns that this is 
the increasingly cosmopolitan nature of UK society. The transport unsustainable. 
and communications revolution has transformed lifestyles 

Strong trading relationships v.ith a large number of other countries Voter apathy as many people see loss of political pzy,ver to EU and 
brings political influence; as a member of the EU, the UK can extend majorTNCs. lntemational terrorism is a gro.ving threat v.ith increasing 
its influence to areas where is was not previously well represented. ethnic diversity, rapid transportation and more open borders. 

Environmental Deindustrialisation has improved environmental conditions Population growth has an impact on the environment, with 
increasing demand for land, water and other resources. Rapid 
industrial growth in China and elsewhere has an impact on the 
clobalenvironment, includinq the UK. 

in many areas; increasing international cooperat ion to solve 
cross-border environmental issues gives a better chance of such 
problemsbeinqaddressed . 



• The impact of 
globalisation: the local 
scale 

Think of the area or region in which you live . 
What is the evidence that it has been affected by 
globalisation? It may be, for example: 

• Small local businesses have found it hard to compete 
with major global companies. Many local areas have 
mounted 'support local shops' campaigns. The unique 
character of shopping areas can be damaged if too 
many local shops close and valuable jobs can be lost. 

The impact of globallsation: the local scale 

• The populations of many local communities have 
become more multiculrnral and in the process 
more culturally diverse. One example might be a 
greater variety of foreign restaurants and ethnic 
shops today compared with 20 years ago. 

• In urban areas ofa significant size, a number of 
ethnic 'villages' may be recognised. 

• Increased international migration might mean 
that families in a region are now more likely to be 
spread over different countries. For younger people 
the motive is often to enhance career prospects 
and improve their quality of life, but retirement 
migration is also an important trend. People are 
more mobile than ever before. 

(futJl\tffi@ rhe Tata Group and its global links 
Indian companies, both private and government-owned 
organisations, are becoming increasingly transnational 
in their operations. India really emerged as a newly 
industrialised country in the 1990s when important 
economic reforms began to open up the country to foreign 
investment and made it easier for Indian companies to 
forge international links and to operate abroad . Other 
significant policy changes since 2000 have contributed to 
the recent rapid growth of Indian outward FDI. 

Tata is perceived to be India's best-known global brand . 
Tata was founded in 1868 by Jamsetji Tata as a trading 
company. Tata Group is an Indian transnational conglomerate 
company which remains family-owned . With its headquarters 
in Mumbai, it encompasses seven business sectors: 

• Communications and information technology 
• Engineering 
• Materials 
• Services 
• Energy 
• Consumer products 
• Chemicals. 

Tata Group has over 100 companies with each ofthem 
operating independently. Some of the largest of these 
companies are Tata Steel, Tata Motors, Tata Consultancy 
Services, Tata Power, Tata Chemicals, and Tata Global 
Beverages . In recent decades Tata has expanded rapidly 
around the world. Tata Group now has operations in more 
than 80 countries and receives more than 58 per cent of 
its revenue from outside India . In 2012, the total number 
of employees worldwide was 456000. Tata Group has 
steadily moved up the 'value chain' by producing more 
sophisticated and higher-value products. 

For example, Tata has a considerable presence in the UK. 
Key acquisitions there have included: 

• Tetley Group by Tata Tea for $430 million in 2000 
• Corus Group by Tata Steel for $13 billion in 2007 
• Jaguar and Land Rover by Tata Motors for $2.5 billion in 

2008. 

The objective has often been to buy world-renowned 
brands that are synonymous with high quality. If a brand 
name is well known it becomes much easier to increase sales 
in foreign markets if the company is being well managed. 

In 2011 the Tata Group as a whole employed about 
45000 people in the UK with 19400 in Tata Steel and 
19000 at Tata-owned Jaguar/Land Rover. Other Tata 
companies active in the UK are Tata Consultancy Services 
and Tata Global Beverages . 

Tata Group has set great store by its reputation for social 
responsibility which began in India, but which has also 
spread abroad in more recent years. It was awarded the 
Carnegie Medal for Philanthropy in 2007 . 

Figure 30 Jaguar/Land Rover ~ a long-standing UK brand acquired by 
Tata in 2008 

Case study analysis 
1 Why do you think Tata Group has expanded abroad so 

rapidly in recent decades? 
Describe Tata Group's presence in the UK. 
Look at the website for the Tata Group (www.tata. 
corn) to see the latest developments in this large group 
of companies. Produce a brief factfile of your findings . 



@ Food production 

Key questions 
• What are the main features of an agricultural system? 
• What are the causes and effects of food shortages and 

the possible solutions to this problem? 

Individual farms and general types of farming can 
be seen to operate as a system. A farm requires a 
range of inputs such as labour and energy so that 
the processes that take place on the farm, such as 
ploughing and harvesting, can be carried out. The 
aim is to produce the best possible outputs such as 
milk, eggs, meat and crops. A profit will only be made 

Sheep farming in New Zealand- New Zealand is a major exporter of food if the income from selling the outputs is greater than 

Inputs 

Land 

Energy 

Labour 

Machinery 

Administrative and organisational costs 

Ferti lisers 

Pestkides 

Seeds 

Figure 1 Systems diagram for a wheat farm 

expenditure on the inputs and processes. Figure 1 is 
an input-process-output diagram for a wheat farm. 

Processes 

• Preparing land 

• Plough ing 

• Harrowing 

• Manuring 

• Sowing 

• Fertilising 

• Weeding 

• Pest control 

• Harvesting 

(modern 
machinery can 
combine some of 
these processes) 

Recycled product 

(seedgrainfornextyear) 

Outputs 

Main product 

(wheatgrainforsalefor 
further processing) 

By-product 

(strawbalesforanimalfeed) 

Waste product 

(stubble, burned or ploughed 
intoenrichsoilfornextyear) 

Different types of agricultural system can be found 
within individual countries and around the world. 
The most basic distinctions are between: 

Arable, past o ral and m ixed fa rm ing 
Arable farms cultivate crops and are not involved 
with livestock. An arable farm may concentrate on 
one crop (monoculrnre ) such as wheat, or may grow 
a range of different crops. The crops grown on an 
arable farm may change over time. For example, 

• arable, pastoral and mixed farming 
• subsistence and commercial farming 
• extensive and intensive farming 
• organic and non-organic farming. if the market price of potatoes increases, more 



farmers wi ll be attracted to grow this crop. Pastoral 
farming involves keeping livestock such as dairy 
cattle, beef cattle, sheep and pigs. Mixed farming 
involves cultivating crops and keeping livestock 
together on a furm. Usually on a mixed farm at least 
part of the crop production will be used to feed the 
livestock. 

Agricultural systems 

Figure 2 Arable farming in the Nile valley w ith the pyramids in the 
background 

Commercial agriculture 
Subsistence agriculture 

i : i commercial 

i : communes : 1 t t· _; (extensive) 
: ~ , collect ives ir grain 

j V ......-- (intensive) [ ~ ~e:e~s:~:: ! irrigation 

i shifting ~ intensive ~ Mediterranean ~ (intensive) Arable 

]/ ~~!~~:i~; ~ subt:i~:te ~ (intensive) \... market 

hunters and / ! ! ! [i~;:~~i~ 
collectors 

Pastoral 

(extensive) ~ :: : : 

j"-.,_ nomadic ------ pastoral /ranching j 
herding (exterlsive) --......_ i 

(extensive) ; "'-+--.. dairying 

; i (intensive) 

Shifting cultivation 

Figure 3 Farming types and levels of development 

Subsistence and commercial farming 
Subsistence farming is the most basic form of 
agriculture where the produce is consumed entirely 
or mainly by the family who work the land or tend 
the livestock. If a small surplus is produced it may 
be sold or traded. Examples of subsistence farming 
arc shifting cultivation and nomadic pastoralism 
(Figure 3 ). Subsistence farming is generally 
small scale and labour intensive with little or no 
technological input. 

In contrast, the objective of commercial farming 
is to sell everything that the farm produces. The aim 
is to maximise yields in order to achieve the highest 
profits possible. Commercial farming can vary from 
small scale to very large scale. The very largest furms 
arc often owned by TNCs. 

Sedentary cultivation 

Figure 4 The output of local poultry production in a Moroccan market 

Extensive and intensive farming 
Extensive farming is where a relatively small amount 
of agricultural produce is obtained per hectare of 
land, so such farms tend to cover large areas ofland. 
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Inputs per unit ofland are low. Extensive farming 
can be both arable and pastoral in nature. Examples 
of extensive farming are sheep farming in Australia 
and wheat cultivation on the Canadian Prairies. In 
contrast, intensive farming is characterised by high 
inputs per unit of land to achieve high yields per 
hectare. Examples of intensive farming include market 
gardening, dairy farming and horticulture. Intensive 
farms tend to be relatively small in terms of land area. 

Figure 5 Viticulture intheRioja regionofnorthern Sp.1 in 

Organic farming 
Organic farming docs not use manufactured 
chemicals, so production is without chemical fertilisers, 
pesticides, insecticides and herbicides. Instead animal 
and green manures are used along with mineral 
fertilisers such as fish and bone meal. Organic farming 
therefore requires a higher input of\abour than 
mainstream farming. Weeding is a major task in this 
type of farming. Organic farming is less likely to result 
in soil erosion and is less harmful to the environment 
in general. For example, there will be no nitrate runoff 
into streams and much less harm to wildlife. 

Organic farming tends not to produce the 'perfect' 
potato, tomato or carrot. However, because of the 
increasing popularity of organic produce it commands a 
substantially higher price than mainstream farm produce. 

Activities 
1 Describe the inputs, processes and outputs for the 

wheat fa rm shown in Figure 1. 
2 a Explain the difference between arable and pastoral 

farm ing. 
b What is mixed farm ing? 

3 Exam in e the differences between (a) commerc ia l and 
subsistence farm ing and (b) intensive and extensive 
farming. 

4 Describe the characteristics of organ ic farm ing. 

• The influence of natural 
and human inputs on 
agricultural land use 

A wide range of factors combine to influence 
agriculrnral land use and practices on farms. These 
can be placed under the general headings of physical, 
social/cultural, economic and political factors. 

Physical factors 
North America, for example, has many different physical 
environments. This allows a wide variety of crops to be 
grown and livestock kept. New technology and high 
levels of investment have steadily extended farming into 
more difficult environments. Irrigation has enabled 
farming to flourish in the dry south-west while new 
varieties of wheat have pushed production northwards 
in Canada. However, the physical environment remains 
a big influence on farming. There are certain things 
that technology and investment can do little to alter. So 
relief, climate and soils set broad limits as to what can 
be produced. This leaves the farmer with some choices, 
even in difficult environments. The farmer's decisions 
are then influenced by economic, social/cu lrnral and 
political factors. 

TemperanJre is a critical factor in crop growth as each 
type of crop requires a minimum growing ternperarnre 
and a minimum growing season. Latirnde, altitude 
and distance from tl1e sea are the major influences on 
temperature . Precipitation is equally important. This 
is not just tl1e annual total but tl1e way it is distributed 
throughout the year. Long, steady periods of rainwater 
to infiltrate into tl1e soil are best, making water 
available for crop growtl1. In contrast, short heavy 
downpours can result in surface runoff, leaving less 
water available for crop growth and soil erosion. 

Soil type and fertility have a huge impact on 
agricultural productivity. Often, areas that have never 
been cleared for farming were ignored because soil 
fertility was poor or perceived to be poor. In some 
regions wind can have a serious impact on farming, for 
example causing bush fires in some US states such as 
California. Locally, aspect and the angle of slope may also 
be important factors in deciding how to use the land. 

In Canada, farming is severely restricted by climate. 
Less than 8 per cent of the total area of the country is 
farmed. Seventy per cent of Canada lies north of the 
thermal limit for crop growth. 

Water is vital for agriculture. Irrigation is an 
important factor in farming not just in North America, 
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but in many other parts of the world as well. Table 1 
compares the main types ofirrigation. This is an example 
of the 'ladder' of agriculrnral technology, with surfucc 
irrigation being the most traditional method and 
subsurface (drip) irrigation the most advanced technique. 

Table 1 Types of irrigation 

Efficiencv( %) 

Surface - used in over 80% of irrigated fields worldwide 

Furrow Traditional method; cheap to install; labour- 20--60 
intensive; high water losses; susceptible to erosion and 
salinisation 

Basin Cheaptoinstallandrun; needs a lot of water; 50--75 
susceotibletosalinisationandwaterloaaina 

Aerial (using sprinklers) - used in 10--15% of irrigation 
worldwide 

Costlv to install and run; low- ressure sorinklers oreferable 60-80 

Sub-surface ('drip? - used in 1% of irrigation worldwide 

High c.apital costs; sophistic.ated monitoring; very efficient 75- 95 

I 

Figure 7 A food market in Morocco 

Economic factors 
Economic factors include transport, markets, capit.1.I 
and technology. The cost of growing different crops 
or keeping different livestock vari es . The market 
prices fo r agriculrnral products will vary also and can 
change from year to year. The necessary investment 
in buildings and machinery can mean that some 
changes in farmin g activities arc very expensive. 
These would be more difficult to achieve than 
other, cheaper changes. Thus it is not always easy 
fo r farmers to react quickly to changes in consumer 
demand. 

In most countri es there has been a trend 
towards fewe r but larger farm s. Large farms allow 
economies of scale to operate which reduce the 
unit costs of production. As more large farm s arc 
created, small farm s find it increasingly diffi cult 
to compete and make a pro fit. Selling to a larger 
neighbourin g farm may be the onl y economic 
solution. The EU is an example of a region 
where average farm size vari es significantly. Those 
countri es with a large average farm size generally 
have more effi cient agri cultural secto rs than 
countri es with a small average farm size. 
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Agricultural technology is the application of 
techniques to control the growth and harvesting of 
animal and vegetable products. The development 
and application of agricultural technology requires 
investment and thus it is an economic factor. The 
status of a country's agriculrural technology is vital 
for its food security and other aspects of its quality 
oflife. An important form of aid is the transfer of 
agricultural technology from more advanced to less 
advanced countries. 

Social/cultural factors 
What a particular f.:mn and neighbouring farms have 
produced in the past can be a significant influence 
on current farming practices. There is a tendency for 
farmers to stay with what they know best and often a 
sense of transgenerational responsibility to maintain 
family farming tradition. Tradition matters more in 
some farming regions than others. 

Land tenure means the ways in which land is or 
can be owned. In the past inheritance laws have had 
a huge impact on the average size of farms. In some 
countries it has been the custom on the death of a 
farmer to divide the land equally between all his sons, 
but rarely between daughters. Also, dowry customs 
may include the giving of land with a daughter on 
marriage. The reduction in the size of farms by these 
processes often reduced them to operating at only a 
subsistence level. 

In most societies women have very unequal 
access to, and control over, rural land and associated 
resources. It is now generally accepted that societies 
with well-recognised property rights are also the ones 
that thrive best economically and socially. 

Political factors 
The influence of government on farming has steadily 
increased in many countries. For example, in the 
USA the main parts of government farm policy over 
the past half-centur y have been: 

• Price support loans: loans that tide farmers over 
until they sell their produce. 

• Production controls: these limit how much a 
farmer can produce of surplus crops. 

• Income supplements: these are cash payments to 
farmers for major crops in years when market prices 
fail to reach certain levels. 

Thus the decisions made by individual farmers are 
heavily influenced by government policies such as 
those listed above. An agricultural policy can cover 
more than one country, as evidenced by the E U's 
Common Agricultural Policy. 

Activities 
1 List the main physical factors that can influence farming . 
2 Summarise the information presented in Table 1. 
3 Why has the size of farms steadily increased in many 

agricultural regions? 
4 Briefly state the importance of advances in 

agricultural technology. 
5 Give an example of how a social/cultural factor can 

have an impact on farming . 
6 How can political factors influence farming? 

Interesting note 
In terms of agricultural exports the major countries by 
value of exports in 2011 were the USA, the Netherlands, 
Germany, France and Brazil. 

(ffaj\@@ An agricultural system - intensive rice production in the Lower 
Ganges Valley 

Location 
An important area of intensive subsistence rice cultivation 
is the lower Ganges valley (Figure 8) in India and 
Bangladesh. The Ganges basin is India's most extensive 
and productive agricultural area and its most densely 
populated . The delta region of the Ganges occupies a large 
part of Bangladesh, one of the most densely populated 
countries in the world . Rice contributes over 75 per cent 
of the diet in many parts of the region . The physical 
conditions in the lower Ganges valley and delta are very 
suitable for rice cultivation: 

• temperatures of 21 °( and over throughout the year, 
allowing two crops to be grown annually (rice needs a 
growing season of only 100 days) 

• monsoon rainfall over 2000 mm providing sufficient 
water for the fields to flood, which is necessary for wet 
rice cultivation 

• rich alluvial soils built up through regular flooding over 
a long time period during the monsoon season 

• an important dry period for harvesting the rice. 
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Figure 8 The Lower Ganges valley 

Figure9 Cl imategraphforKolkata 
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Rice is the staple or main food crop in many parts of Asia . 
This is not surprising considering its high nutritional value. 
Current rice production systems are extremely water 
intensive. Ninety per cent of agricultural water in Asia is 
used for rice production. The International Rice Research 
Institute estimates that it takes 5000 litres of water to 
produce one kilogram of rice. Much of Asia's rice production 
can be classed as intensive subsistence cultivation where 
the crop is grown on very small plots of land using a very 
high input of labour. Rice cultivation by small farmers is 
sometimes referred to as 'pre-modern intensive farming' 
because of the traditional techniques used, in contrast to 
intensive farming systems in developed countries such as 
market gardening which are very capital intensive. 

'Wet' rice is grown in the fertile silt and flooded areas 
of the lowlands while 'dry' rice is cultivated on terraces 
on the hillsides. A terrace is a levelled section of a hilly 
cultivated area . Terracing is a method of soil conservation . 
It also prevents the rapid runoff of irrigated water. Dry rice 
is easier to grow but provides lower yields than wet rice. 

The farming system 
Padi-fields (flooded parcels of land) characterise lowland rice 
production. Water for irrigation is provided either when the 
Ganges floods or by means of gravity canals. At first, rice is 
grown in nurseries. It is then transplanted when the monsoon 
rains flood the padi-fields. The flooded fields may be stocked 

with fish for an additional source of food . The main rice crop 
is harvested when the drier season begins in late October. 
The rice crop gives high yields per hectare. A second rice crop 
can then be planted in November, although water supply can 
be a problem in some areas for the second crop. 

Figure 10 Rice padi-field scene in lower Ganges valley 

Water buffalo are used for work. This is the only draught 
animal adapted for life in wetlands. The water buffalo 
provide an important source of manure in the fields. However, 
the manure is also used as domestic fuel. The labour-
intensive nature of rice cultivation provides work for large 
numbers of people. This is important in areas of very dense 
population where there are limited alternative employment 
opportunities. The low incomes and lack of capital of these 
subsistence farmers means that hand labour still dominates in 
the region. It takes an average of 2000 hours a year to farm 
one hectare of land. A high labour input is needed to: 

• build the embankments (bunds) that surround the fields -
these are stabilised by tree crops such as coconut and banana 

• construct irrigation canals where they are required for 
adequate water supply to the fields 

• plant nursery rice, plough the padi-field, transplant the 
rice from the nursery to the padi-field, weed and harvest 
the mature rice crop 

• cultivate other crops in the dry season and possibly tend 
a few chickens or other livestock. 

Rice seeds are stored from one year to provide the next year's 
crop. During the dry season when there may be insufficient 
water for rice cultivation, other crops such as cereals and 
vegetables are grown . Farms are generally small, often no more 
than one hectare in size. Many farmers are tenants and pay for 
use of the land by giving a share of their crop to the landlord. 

Case study analysis 
1 Describe the location of the Lower Ganges valley. 
2 Why is rice cultivation in the area considered to be an 

intensive form of agriculture? 
3 Explain why the physical environment provides good 

conditions for rice cultivation . 
4 Describe the inputs, processes and outputs of this type 

of agriculture. 
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• Causes and effects of 
food shortages 

Causes 
Food shortages can occur because of both natural 
and human problems. The narnral problems that can 
lead to food shortages include: 

• soil exhaustio n 
• drought 
• floods 
• tropical cyclo nes 
• pests 
• disease. 

H owever, economic and politi cal factors can also 
contribute to food shortages . Such factors include: 

• low capital investment 
• rapidly ri sing populati o n 
• poor distributio n/ transport difficulties 
• conflict situations. 

In late 2012 , the UN warned ofan imminent 
worldwide food crisis, highlighting three majo r 
problems: 

• global grain reserves at criti cally low levels 
• rising food prices creating unrest in many 

countries 
• ex treme wea ther resulting in the climate being 'no 

longer reliable' . 

In the same year the Food and Agri culture 
Organisatio n estimated that around the world 870 

million people were malnourished, with the food 
cri sis growing in Africa and the Middle East . 

The impact o f such problems has been felt most 
intensely in developing countri es, where ad equate 
food stocks to cover emergencies affecting food 
suppl y usually do not exist. However, developed 
countri es have not been without their problems. 
For example, in recent years both the USA and 
Australia have suffered severe d rought conditions. 
So developed countri es are no t immune from the 
physical problems that can cause fcxxl shortages. 
However, they invariably have the human resources 
to cope with such problems, so actual food shortages 
do not generall y occur. 

Short-term and long-term effects 
The effects of food shortages are bo th short-
term and lo nger-term. Malnutrition can affect a 
considerable number of people, parti cularl y children 
within a relatively short period when food suppli es 
are significantly reduced . With malnutrition people 
are less resistant to disease and more likely to full 
ill. Such diseases include beri-beri (vitamin Bl 
defi ciency) , ri ckets (vitamin D deficiency) and 
kwashiorkor (protein deficiency). People who are 
continuall y starved of nutrients never fulfil their 
physical o r intell ecrnal potential. Malnutrition 
reduces people's capacity to work so that land 
may not be properly tended and other fo rms of 
income successfully pursued . This is threatening 
to lock parts o f the developing world into an 
endless cycle of ill-health, low productivity and 
und erdevelopment. 

CfhJJ@@ A region suffering from food shortages - Sudan and 
South Sudan 
The countries of Sudan and South Sudan (Figure 11), 
w hich were the single country of Sudan until 2011, 
ha ve suffered food shortages for decades. The long 
civil war and drought have been the main reasons for 
famine in Sudan, but there are many associated factors 
as well (Figure 12) . The civil war, which lasted for over 
20 years, was between the government in Khartoum 
and rebel forces in the western region of Darfur and in 
th e south (now South Sudan) . A Christian Aid document 
in 2004 described the Sudan as 'A country still gripped 
by a civil war that has been fuelled, prolonged and 

part-financed by oil' . One of the big iss ues between the 
two sides in the civil war was the sharing of oil wealth 
between the government-controlled north and the 
south of the country where much of the oil is found . 
The United Nations has estimated that up to 2 million 
people were displaced by the civil war and more 
than 70000 people died from hunger and associated 
diseases . At times, the UN World Food Programme 
stopped deli veries of vital food suppli es because the 
situation was considered too dangerous for the drivers 
and aid workers . 



Figure 11 Sudan and South Sudan 

Physical factors 
• Long-term decline of 

rainfall in southern 
Sudan 

•lncreasedrainfall 
variability 

• Increased use of 
marginal land leading 
to degradation 

• Flooding 

Drought in 
southern Sudan 
compounds low 
food intake;any 

Social factors 
• High population 

growth(3%) linked to 
use of marginal land 
(overgrazing.erosion) 

• High female illiteracy 
rates(65%) 

• Poor infant health 
• lncreasedthreatof 

AIDS 

Agricultural factors 
• Highly variable per capita 

food production; long
term the trend is static 

• Static(cerealsand pulses) 
or falling (roots and 
tubers)cropyields 

• Low and falling fertiliser 
use (compounded by 
falling export receipts) 

• Lackofafoodsurplus 
for use in crisis 

Shorter-term factors leading to increased Sudanese 
food insecurity and famine 

Causes and effects of food shortages 

Economic/political factors 
• High dependency on farming (70 % 

of labour force; 37% of GDP) 
• Dependency on food imports (13% 

of consumption 1998-2000) whilst 
exporting non-food goods, 
e.g.cotton 

• Limited access to markets to buy 
food or infrastructure to 
distribute it 

• Debtanddebtrepaymentslimit 
social and economic spending 

• High military spending 

reduces food 
production and 

distribution 
remaining 
surpluses 

qukklyused 
Both reduce food availability in Sudan and inflate food prkes 

Situation compounded by: 
• Lack of government political will 
• Slow donor response 
• Limited access to famine areas 
• Regional food shortages 

Figure 12 Summary of causes of famine in the Sudan 
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border reg ions. This, a long with econom ic instabi lit y, has 
undermined agricultura l production . In March 2013 the 
World Food Programme warned that more than 4.1 milli on 
people were li kely to be short of food in South Sudan in 
that year. This is approximately 40 per cent of the new 
country's popu lation . 

Case study analysis 
1 Describe the location of Sudan and South Sudan . 
2 a With the help of Fi gure 12, exp lain the causes of 

food shortages in recent decades. 
b Suggest what needs to happen for the situation to 

improve. 
Figure 13 The fertile banks of the river Nile in Sudan with desert beyond 3 How bad w as the food shortage situation in South 

The separation of Sudan into two countries has not 
occurred easily. There has been intermittent f ighting in 

• Possible solutions to 
food shortages 

Food a id 
In the short term and in some instances the medium 
term, fCXJd aid is absolutely vital to cope with food 
shortages . When disaster strikes there is no alternative 
to this strategy. According to the chari ty ActionAid 
there are three types of food aid: 

• relief food aid which is delivered directly to people 
in times of crisis 

• programme food aid which is provided directly 
to the government of a country fo r sale in local 
markets (this usually comes with conditions from 
the donor country) 

• project food aid which is targeted at specific groups 
of people as part oflonger-term development work. 

Fi gure 14 Food aid being delivered in Somalia 

Sudan in 2013? 

The USA and the EU together provide about 
two-thirds of global food aid deliveries. At the 
international level the main organisations are the UN 
World FCXJd Programme (WFP), the UN Food and 
Agriculture Organization (FAO ) and the Food Aid 
Convention. 

Food aid is vital to communiti es in many countries, 
particularly in Afiica but also in par ts of Asia and Latin 
America. H owever, it is not without controversy: 

• The charity CARE has criticised the method of US 
food aid to Africa. CARE sees the selling of heavily 
subsidised US produced food in African countries 
as undermining the abili ty of African farmers to 
produce fo r local markets, making countri es even 
more dependent on aid to avoid famin e. CARE 
wants the USA to send money to buy food locally 
instead . 

• Friends of the Earth say that a genetically modified 
rice, not all owed fo r human consumption and 
ori ginating in the USA, has been found in food aid 
in West Africa. 

• Food aid is very expensive, not least because of the 
high transport costs involved . 

There have been recent concerns that food aid may 
be required fo r even more people in the future. In 
recent years, the term 'global food crisis' has been 
used more and more by the media. Steep increases 
in the price of food have caused big problems in a 
number of countri es. Major protests about the price 
offCXJd have taken place in countries including Haiti , 
Indonesia, the Philippines and Egypt. The World 
Bank warned that progress on development could be 
destroyed by rapidly rising food costs. 



The Green Revolution 

Figure 15 Green Revolutioncropsbeingharvested inBrazil 

The package of agricultural improvements generally 
known as the Green Revolution was seen as the 
answer to the food problem in many parts of the 
developing world in the post-1960 period. India was 
one of the first countries to benefit when a high
yielding variety (HYV) seed programme started in 
1966---67. In terms of production it was a turning 
point for Indian agriculrure, which had virtually 
reached stagnation. The programme introduced new 
hybrid varieties of five cereals: wheat, rice, maize, 
sorghum and millet. All were drought-resistant with 
the exception of rice, were very responsive to the 
application of fertilisers, and had a shorter growing 
season than the traditional varieties they replaced. 
Although the benefits of the Green Revolution are 
clear, serious criticisms have also been made. The two 
sides of the story can be summarised as follows: 

Advantages 

• Yields are twice to four times greater than for 
traditional varieties. 

• The shorter growing season has allowed the 
introduction of an extra crop in some areas. 

• Farming incomes have increased, allowing the 
purchase of machinery, better seeds, fertilisers and 
pesticides. 

• The diet of rural communities is now more varied. 
• Local infrastructure has been upgraded to 

accommodate a stronger market approach. 
• Employment has been created in industries 

supplying farms with inputs. 
• Higher returns have justified a significant increase 

in irrigation. 

Possible solutions to food shortages 

Disadvantages 

• High inputs offertiliser and pesticide are required 
to optimise production. This is costly in both 
economic and environmental terms. In some areas 
rural indebtedness has risen sharply. 

• H YVs require more weed control and are often 
more susceptible to pests and diseases. 

• Middle and higher-income farmers have often 
benefited much more than the majority on low 
incomes, thus widening the income gap in rural 
communities. Increased rural-to-urban migration 
has often been the result. 

• Mechanisation has increased rural unemployment. 
• Some HYVs have an inferior taste. 
• The problem ofsalinisation has increased along 

wi th the expansion of the irrigated area. 

In recent years a much greater concern has arisen 
abou t Green Revolution agriculture. The problem 
is that the high-yielding varieties introduced during 
the Green Revolution are usually low in minerals and 
vitamins. Because the new crops have displaced the 
local fruits, vegetables and legumes that traditionally 
supplied important vitamins and minerals, the diet 
of many people in the developing world is now 
extremely low in zinc, iron, vi tamin A and other 
micronutrients. 

The Green Revolution has been a major factor 
enabling global food supply to keep pace with 
population growth, but with growing concerns about 
a new food crisis, new technological advances may 
well be required to improve the global food security 
situation. 

UNEP's options for improving food 
security 
The United Nations Environment Programme 
has argued that increasing food energy efficiency 
provides a critical path for significant growth in 
food supply without compromising environmental 
sustainability. 

• Options with short-term effects are (a) price 
regulation on commodities and larger cereal stocks 
to decrease the risk of highly volatile prices and 
(b) reduce/remove subsidies on biofuels to cut the 
capture of crop land by biofi1els. 

• Options with mid-term effects are (a) reduce 
the use of cereals and food fish in animal feed, 
(b) support farmers in developing diversified 
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eco-agri cultural systems that provide critical 
ecosystem services (fo r example water suppl y and 
regulation) as well as adequate food to meet local 
and consumer needs and (c) increased trade and 
improved market access by improving infrastructure 
and redu ci ng trade barri ers. 

• Options with lo ng-term effects are (a) limit global 
warming, inch1ding the promoti on of climate
friendly agri cultural producti on systems and land 
use policies at a scale to help mitigate climate 
change and (b ) raise awareness o f the pressures of 

increasing population growth and consumptio n 
patterns on sustainable ecosystem fun ctioning. 

Activities 
1 Describe the different types of food aid. 
2 Why is food aid somet imes controversial? 
3 Discuss the advantages and disadvantages of Green 

Revolution farming. 
4 Comment briefly on UNEP's options for improving 

food security. 



@ Industry 

Pulp and p.1per mill, British Columbia, Canada 

Key questions 
• What are the stages of an industria l system ? 
• What are the factors influencing th e distribution and 

locati on of fact ori es and industria l zones? 

RE- INV ESTMENT 

INPUTS PROCESSES 

• Industrial systems and 
types 

Manufacturing industry as a whole, or an indivi dual 
fac tory, can be regarded as a system. Industrial 
systems, like agricultural systems, have inputs, 
processes and outputs (Figure l ). 

• Inputs are the elements that are required fo r 
the processes to take place. Inpu ts include raw 
materi als, labo ur, energy and capital. 

• Processes are the industrial activities that take 
place in the facto ry to make the finished product . 
For example, in the car industry, processes incl ude 
moulding sheet steel into the shaped panels that 
make up the car, weldin g and painting. 

• Outputs comprise the fini shed prod uct or products 
that are sold to customers. Sometimes by-products 
may be produced. A by-product is something 
that is left over from the main productio n process 
which has some value and therefore can be sold. All 
manufac ruring industri es produce waste product 
which has no value and must be disposed of. Costs 
will be incurred in the disposal of waste prod uct . 

Fi rst processing stage 
(e.g. pulp, steel) 

Physkal inputs 
(e.g. timber, iron ore) 

and human/economic inputs 
(e.g . labour, capita l) 

Second processing stage, 
(e.g . newspapers) or 
assembling of parts 

(e.g. cars) 

Expenditure (costs) St ores 

Fig ure 1 Industrial systems diagram 

To ' manufacnire ' means to ' make' . Manufac rnrin g 
industry is the general term used fo r the secondary 
sector o f economic activity. Manufacturing is o ften 
described or classifi ed by the use of opposing terms, 
such as ' heavy industry' and ' light ind ustry' (Table l ). 

In this case iron and steel would be an example o f 
a heavy industr y, using large amounts of bulky raw 
materials, processing on a huge scale and produci ng 
final products of a significant size. In contrast, the 
assembly of computers is a light industry. 
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Processing and assembly industries 
A significant distinctio n is between processing and 
assembly industries. Processing industri es arc based 
o n the direct processing of raw materials. Again, the 
iro n and steel ind ustry would be an example, using 
large quantities of iron ore, coal and limestone. 
Processing industries are often located close to 

their raw materi als. In contrast , assembly industri es 
put together par ts and components that have been 
made elsewhere. A large car assembly plant will use 
thousands of compo nents to build a car. Assembly 
industries usually have a much wider choice of 
location than processing industri es and thus they are 
o ften described as footloose industries. 

High-technology industry 
High-technology industry is the fas test growing 
manu fac turing industry in the world . It all began in 
the 1960s in Silicon Vall ey (the Santa Clara vall ey), 
south o f San Francisco. Since then it has spread 

Table 1 Classification of industry 

Classification contrasts Characteristics 

across the world . Virtually all developed countries 
and NI Cs have at least one high-technology cl uster 
(companies grouped together in one regio n ). 
' High-tech' companies use or make silicon chips, 
computers, software, robots, aerospace components 
and other very technically advanced products. T hese 
companies put a grea t deal of money into scientific 
research. Their aim is to develop newer, even more 
advanced products . Think of the latest products from 
companies such as Apple, Samsung, Sony and No kia. 

High-technology industries often cluster together in 
science parks, the idea for which was originally created 
in the USA. They are o ften found in close proximity 
to leading universities because of the need to employ 
well-qualified graduates in science and technology 
and to be aware o f the latest research taking place in 
universities. The Cambridge Science Park is a major 
example in the UK The clusterin g of hi gh-technology 
industry means that companies can collaborate easily 
on joint projects, and highly skilled workers can move 
easily from one company to ano ther. 

Lar e scale and small scale Deoendina on the size of olant and machinerv, and the numbers em loved. 

Heavy and light Depending on the nature of processes and products in terms of unit v.eight. 

Market oriented and riN-1 Depending on the location of the industry or firm, which is drawn either towards the market or the raw materials 
material oriented reauired - usuallv because of transoortation costs. 

Processing and assembly Processing involves the direct processing of raw materials; assembly is to do with putting together parts and components. 

Capital intensive and Depending on the ratio of investment in plant and machinery to the number of employees. 
labour intensive 
Fordist and flexible Fordist industries, named after the assembly-line methods used in the early automobile industry, mass produce on 

a large scale making standardised products. Flexible industries make a range of specialised products using high 
technoloav to resoond auickl to chan es in demand. 

National and transnational Many firms in the small- to medium-size range manufacture in only one country. Transnationals, which are usually 
extremely larqe companies, produce in at least two countries but may manufacture in dozens of nations. 

Interesting note 
The Boeing aircraft factory in Washingt on state, USA is 
the la rgest building in th e wo rld by volume . This is the 
assembly site fo r th e compa ny's la rgest a ircraft. 

Activities 
1 Explain the industri al systems diagram shown in 

Figure 1. 
2 With rega rd to manufacturing industry, expla in the 

difference between (a) heavy and light, (b) processing and 
assembly and (c) capital intensive and labour intensive. 

3 Suggest why high-techno logy industries oft en cluster 
togeth e r. 

• Factors affecting the 
location of industry 

Every day, decisions are made about where to locate 
industrial premises, ranging from small workshops to 
huge industrial complexes. In general, the larger the 
company the greater the number of real alternative 
locations available. For each possible location a wide 
range of fuctors can have an impact on total costs 
and thus influence the decision-making process . The 
factors affecting industrial location differ from industry 
to industry and their relative importance is subject 
to change over time. TI1ese factors can be broadly 
subdivided into physical and human (Table 2 ). They 
relate both to individual fuctories and to industrial zones. 



Table 2 Physical and human factors influencing industrial location 

Physical factors 

Site: The availability and cost of land is important. Large factories in 
particular will need flat, well-drained land on solid bedrock. An adjacent 
water supply may be essential for some industries. 
Raw materials: Industries requiring heavy and bulky raw materials which 
are expensive to transport will generally locate as close to these raw 
materials as possible. 
Energy: At times in the past, industry needed to be located near fast
flowing rivers or coal mines. Today, electricity can be transmitted to most 
locations. However, energy-hungry industries, such as metal smelting, 
may be drawn to countries with relatively cheap hydro-electricity, such as 
Norway. 
Natural routeways and harbours : These were essential factors in the 
past and are still important today as many modern roads and railways still 
follow natural routeways. Natural harbours provide good locations for 
ports and the industrial complexes often found at ports. 
Climate: Some industries such as aerospace and film benefit directly from 
a sunny climate. Indirect benefits such as lower heating bills and a more 
favourable aualitv of life mav also be aooarent. 

The combined influence of a range of factors will 
have an impact on the decision-making of a company 
in terms of the fo ll owing: 

• Location - companies decide on particular 
locations for a variety of reasons. Most will look to 
the loca tion that is seen as the ' least-cost location ' 
or the ' highest-profit' location. A poor choice of 
location can mean a company making a loss and 
eventually closing. An excellent location, resulting 
in considerable profits, may prompt a company to 
expand. 

• Scale of production - the amount of a product a 
company plans to produce will be an important 
factor in deciding location. Companies can achieve 
economies of sca le by manufacrnring more of a 
product. H owever, if they decide on a larger scale 
of production they have to be sure that they (a) 
have a physical site large enough for the desired 
scale of production, (b) can recruit suffici ent skilled 
labour in the region and (c) will have enough 
customers fo r their higher scale of production. 

• Methods of organi sation - companies can fo ll ow 
vari ous methods of organisation from traditional 
to hig hly innova tive. Loca tion factors can influence 
such decisions. The most advanced companies in 
an industry tend to be very capital intensive while 
more traditional companies tend to be more labour 
intensive. 

• The product or range of products manufactured -
many large companies produce a range of products. 
Some locations may be more suited to the 
production of one product than another because of 
the cost factors involved. 

Industrial agglomeration 

Human factors 
Capital (money): Business people, banks and governments are more 
likely to invest moneyinsomeareasthanothers. 
Labour: Increasingly it is the quality and cost of labour rather than the 
quantity that are the key factors here. The reputation, turnover and 
mobility of labour can also be important. 
Transport and communications: Transport costs are lower in real 
terms than ever before but remain important for heavy, bulky items 
Accessibility to airports, ports, motorways and key railway terminals 
may be crucial factors for some industries. 
Markets : the location and size of markets is a major influence for some 
industries 
Government influence : government policies and decisions can have a 
big direct and indirect impact on the location of industry. Governments 
canencourageindustriestolocateincertainareasanddenythem 
planning permission in others. 
Quality of life: highly skilled personnel who have a choice about 
where they work will favour areas where the quality of life is high 
(leisurefacilities,aood housina,attractivescenervetc). 

• Industrial agglomeration 
Industrial agglomeration is the clustering together 
of economic activities. Agglomera tion can result 
in companies enjoying the benefits of external 
economies of scale. This means the lowering of a 
firm 's costs due to external factors. The success of 
one company may attract other companies from the 
same industry group. External economies of scale can 
be subdivided into: 

• urbanisati on economies, which are the cost savings 
resulting from urban location due to factors such 
as the range of producer services available and the 
investment in infrastructure already in place 

• locali sa tion economies which occur when a firm 
locates close to suppliers (backward linkages) 
or firms that it supplies (fo rward linkages) . 
This reduces transport costs, all ows for faster 
delivery, and facilitates a hi gh level of personal 
communication between firms. 

Industrial estates 
An industrial estate is an area zoned and planned 
fo r the purpose of industrial development. Industrial 
estates are also kn own as industrial parks and trading 
estates. A more ' lightweight' version is the business 
park or o ffice park, which has offices and light 
industry, rather than larger- scale industry. 

Industrial estates can be found in a range of 
loca tions, from inner citi es to rural areas. Industrial 
estates are usually located close to transport 
infrastrucrnre, especially where more than one form 
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of transport meet. The logic behind industrial estates 
includes: 

• concentrating dedicated infrastructure in a small 
area to reduce the per-business expense of that 
infrastructure 

• attracting new business by providing an integrated 
infrastructure in one location 

• separating industry from residential areas to try to 

reduce the environmental and social impact 
• eligibility of industrial estates for grants and loans 

under regional economic development policies. 

The changing location of manufacturing 
Changes in the location of manufacruring industry 
can be recognised at a range of scales: 

• The global shift in manufacruring industry from 
the developed world to NI Cs and developing 
countries has already been mentioned as part of the 
process of globalisation (see Topic 3.1 ). 

• Within each country, rich or poor, there are areas 
where manufacturing is highly concentrated and 
other regions where it is largely absent. In the USA 
the north-east 'manufacniring belt', which covers 
only one-eighth of the country, has over 35 per cent 
of all manufacturing jobs although one hundred 

years ago the figure was around 70 per cent. Over 
the last 60 years in particular, industry in the USA 
has been drawn towards the 'sun belt' states of the 
south and west for a number of import.mt locational 
reasons. Similar concentrations can be recognised in 
other countries as well as changes in location over 
time. Everywhere the most significant locational 
change has been from traditional manufacturing 
regions, more often than not on coalfields, to higher 
quality oflife regions offering the hard and soft 
infrastrucniral requirements of modern industry. 

• Within individual regions or countries, 
manufacturing has historically concentrated in and 
around the major urban areas. However, in recent 
decades there has been a significant shift of industry 
towards greenfield rural locations. This movement 
has been so great that it is generally recognised 
as the most important locational change of 
manufacturing in the developed world since 1950. 

• At the urban scale the relative shift from inner 
city to suburbs increased as the twentieth century 
progressed. Although there has been much 
debate about the demise of the inner city in the 
developed world, many would agree that the loss of 
employment, much of it in manufacturing, was the 
initiating factor in the cycle of inner city decline. 

Figure 2 In 2012, Vietnam was the fourth largest footwear producer in the w orld after China, India and Brazil 



Activities 
1 Describe and explain two physical factors and two 

human factors that affect the location of industry. 
2 Why does industrial agglomeration occur? 

Industrial agglomeration 

3 What is an industrial estate? 
4 Suggest reasons for the shift of manufacturing industry 

from urban to rural areas. 

c+Miitffi@ Bangalore - India's high-tech city 
Bangalore (Figure 3) is the most important city in India for 
high-technology industry. Bangalore's pleasant climate, 
moderated by its location on the Deccan Plateau over 
900m above sea level, is a significant attraction to foreign 
and domestic companies alike. Known as the 'Garden City', 
Bangalore claims to have the highest quality of life in the 
country. Because of its dust-free environment, large public 
sector undertakings such as Hindustan Aeronautics Ltd and 
the Indian Space Research Organisation were established 
in Bangalore by the Indian government. In addition, 
the state government has a long history of support for 
science and technology. There are many colleges of higher 
education in this sector and there has been large-scale 
investment in science and technology parks. The city prides 
itself on a 'culture of learning' which gives it an innovative 
leadership within India. 

In the 1980s Bangalore became the location for the 
first large-scale foreign investment in high technology in 
India when Texas Instruments selected the city above a 
number of other possibilities. Other TNCs soon followed 
as the reputation of the city grew. Important backward 
and forward linkages were steadily established over time. 
This was a classic example of the process of cumulative 
causation. Apart from ICT industries, Bangalore is also India's 
most important centre for aerospace and biotechnology. 

Figure3 LocationofBangalore 

India's ICT sector has benefited from the filtering down of 
business from the developed world. Many European and 
North American companies which previously outsourced 

their ICT requirements to local companies are now using 
Indian companies. Outsourcing to India occurs because: 

• labour costs are considerably lower 
• a number of developed countries have significant ICT 

skills shortages 
• India has a large and able English-speaking workforce 

(there are about 80 million English speakers in India). 

Since 1981, Bangalore's population has grown from 
2.4 million to over 9.6 million in 2011. The city has grown 
into a major international hub for ICT companies. It has 
the nickname of the 'Silicon Valley of India'. Bangalore has 
steadily built up a large pool of highly skilled labour that can 
undertake a wide range of complex tasks in high-technology 
industries. There has been very high investment into the city's 
infrastructure to accommodate such a high rate of expansion. 
The city's landscape has changed dramatically, with many 
new glass and steel skyscrapers and numerous cybercafes. 

Bangalore 

• Bangalore is the fourth largest technology cluster in 
the world after Silicon Valley, Boston and London. 

• The number of ICT companies increased from 13 in 
1991 to 2200 in 2013. 

• The ICT industry is divided into three main clusters: 
Electronics City, International Technology Park and the 
Software Technology Park. New, smaller clusters have 
emerged in recent years. 

• Major companies include Hewlett Packard, Siemens, 
Tata Consulting Services (TCS), Infosys Technologies, 
Wipro and Kshema Technologies. 

• The city has attracted outsourcing right across the IT 
spectrum from software development to IT enabled 
services. 

• The city boasts 21 engineering colleges. 
• NASDAQ, the world's biggest stock exchange, opened 

its third international office in Bangalore in 2001. 
• 80% of global ICT companies have based their India 

operations and R&D centres in Bangalore. 
• Companies in Bangalore employ about 35% of India's 

pool of ICT professionals. 
• Bangalore accounts for half of the 260 biotechnology 

companies in India. 

Fi9ure4Bangalorefactfile 

Case study analysis 
1 Describe the location of Bangalore. 
2 Explain the reasons for the development of Bangalore 

as a major international ICT hub. 
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Key questions 
• What are the reasons for the growth of tourism in 

relation to the main attractions of the physical and 
human landscape? 

• What are the benefits and disadvantages of tourism to 
receiving areas? 

• Why is carefu l management of tourism required in 
order for the industry to be susta in ab le? 
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Figure 1 Growth in global tourism 

Over the last 50 years tourism has developed into a 
major global industry which is still expanding rapidly 
(Figure l ). It is one of the major elements in the process 
of globalisation. Tourism is defined as travel away from 
the home environment (a) for leisure, recreation and 
holidays, (b ) to visit fiiends and relations (VFR), and 
( c) and for business and professional reasons. 

• The growth of tourism 
Tourism has developed in response to the main 
attractions of the physical and human landscape. The 

0 

medical profession was largely responsible for the 
growth of taking holidays away from home. During 
the seventeenth century doctors increasingly began to 
recommend the benefits of mineral waters, and by the 
end of the eighteenth cenrnry there were hundreds of 
spas in existence in Britain. Bath and Tunbridge Wells 
were among the most famous (Figure 2 ). The second 
stage in the development of holiday locations was the 
emergence of the seaside resort. Sea bathing is usually 
said to have begun at Scarborough in Britain about 
1730. Those who could afford it were beginning to 
appreciate coastal landscapes in a new way. 

Figure 2 The historical mineral waters in the spa tow n of Bath 

The annual holiday, away from work, for the masses was 
a product of the Industrial Revolution, which brought 
big social and economic changes. H owever, until the 
latter part of the nineteenth cenrnry only the very rich 
could afford to take a holiday away from home. 

The first package tours were arranged by Thomas 
Cook in 184 1 in the UK These took travellers 
from Leicester to Loughborough, 19 km away, to 
attend temperance (abstinence from alcoholic drink ) 
meetings. At the time it was the newly laid railway 
network that provided the transport infrastructure 
for Cook to expand his tour operations. Of equal 
importance was the emergence of a significant 
middle-class with time and money to spare for 
extended recreation. It was not long before such 
activities spread to other countries. There was a 
growing appreciation of what human landscapes 
could offer, in particular the attractions of\arge cities 
such as Paris, Rome and London. 

By far the greatest developments have occurred 
since the end of the Second World War, arising from 
the substantial growth in leisure time, affiuence and 
mobility enjoyed in developed countries. However, 



it took the jet plane to herald the era of international 
mass tourism. In 1970 when Pan Am flew the first 
Boeing 747 from New York to London, scheduled 
planes carried 307 million passengers. By 2012 the 
number had reached 2.9 billion. 

Reasons for the growth of global 
tourism 
Table 1 shows the range of factors responsible for the 
growth of global tourism. More and more people have 
become aware of the attractions of the physical and 
human landscape in their own country and abroad, 
and rising living standards have allowed an increasing 
number of people to experience such attractions. 

Table 1 Factors affecting global tourism 

Economic 
• Steadily rising real incomes 
• The decreasing real costs of holidays 
• Widening range of destinations within the middle-income range 
• Heavy marketing of shorter foreign holidays aimed at those who 

have the time and disposable income to take an additional break 
• Expansion of budget airlines 
• 'Air miles' and other retail reward schemes aimed at travel and 

tourism 
• 'Globalisation' has increased business travel considerably 

Social 
• Increase in the average number of days of paid leave 
• Increasing desiretoexperiencedifferentculturesand landscapes 
• Raised expectations of international travel with increasing 

media coverage of holidays, travel and nature 
• High levels of international migration over the last decade or 

so, which means that more people have relatives and friends 
living abroad 

Political 
• Many governments have invested heavily to encourage tourism 
• Government backing for major international events such as the 

Olympic Games and the World Cup 

Global totals 
ITA(lnternational 
Tourist Arrivals) 
1035million 
ITR (lnternational 
Tourist Receipts) 
$1075 billion 

The growth of tourism 

Recent data 
ln 2012 international tourist arrivals (overnight 
visitors ) worldwide exceeded 1 billion for the first 
time ever, reaching a total of 1035 million tourists. 
In 1950 there were only 25 million international 
tourists. The World Tourism Organization forecasts 
an increase to 1.8 billion in 2030. International 
tourism receipts reached $1075 billion in 2012. 
Tourism accounts for 9 per cent of global GDP and 
one in eleven jobs. Europe remains the world region 
with the greatest number of both tourist arrivals and 
tourism receipts (Figure 3). People from developed 
countries still dominate global tourism but man y 
emerging economies have shown very fast growth 
rates in recent years . When people can afford to travel 
they usuall y do. Tourist generating countries have a 
big impact on the flow of money around the world. 

Fifty-two per cent of inbound tourism is for the 
purpose of leisure, recreation and holidays (Figure 4 ). 
The second most important reason is visiting friend s 
and relatives. Inbound tourism by mode of transport 
in 2012 comprised: 

• air 52 per cent 
• road 40 per cent 
• water 6 per cent 
• rail 2 per cent. 

Seasonality is the major problem with tourism as a 
source of employment, having a major impact on 
incomes and the quality oflife during the less popular 
times of the year. Many popular tourist destinations 
try to extend the tourist season by staging music 
festivals and other events. 

Africa 
rTA52million(5%) 
rTR$34billion (3%) 

Europe 
ITA 534 million (52%) 
ITR $458 billion (43%) 

Asia and Pacific 
ITA 234 million (23%) 
ITR $324 billion (30%) 

Middle East 
ITA 52 million (5%) 
ITR $47 billion (4%) 

l 
Figure 3 International tourist arrivals and international tourism receipts, 2012 
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Figure 4 Inbound tourism by purpose of visit 

Figure 5 The London Eye - one of the most popular tourist destinations 
in the UK 

Interesting note 
In 2012 the countries with the largest numbers of 
international tourist arrrivals were France (83 million), 
USA (67 million), China (58 million), Spain (58 million) 
and Italy (46 million). 

Activities 
1 Describe the growth of global tourism (Figure 1). 
2 What were the factors responsible for the early 

development of tourism? 
3 Discuss the economic, soc ial and political factors 

affect ing modern tourism. 
4 Produce a bullet-point summary of the in formation 

shown in Figure 3. 
5 Write a brief summary of Figure 4. 

• The benefits and 
disadvantages of tourism 
to receiving areas 

The economic impact 
Many countries, both developed and developing, 
have put a high level of capital investment into 
tourism. This is money invested in hotels, attractions, 
airports, roads and other aspects of infrastructure 
that facilitate high-volume tourism. There has been 
considerable debate about the wisdom of such a 
strategy. Do the economic benefits outweigh the 
economic costs? The majority of people concerned 
with the tourist industry think they do, but critics of 
the impact of tourism have presented some strong 
arguments of their own. Figure 6 shows that tourism 
has many indirect as well as direct effects. 

Whatisthoughtofasthe'tourismindustry'isonlythetipoftheiceberg 

Supporters of the development potential of tourism 
put forward the following arguments: 

• It is an important factor in the balance of payments 
of many nations. Tourism brings in valuable foreign 
currency. This foreign currency is necessary for 
countries to pay for the goods and services they 
import from abroad. Many small developing 
countries have few other resources that they can 
use to obtain foreign currency. 

• Tourism benefits other sectors of the economy, 
providing jobs and income through the supply 
chain. It can set off the process of cumulative 
causation whereby one phase of investment can 
trigger other subsequent phases of investment. 

• It provides governments with considerable tax 
revenues which help to pay for education, health 
and other things for which a government has to 
find money. 



The benefits and disadvantages of tourism to receiving areas 

• By providing employment in rural areas it can help 
to reduce rural-to-urban migration. Such migration 
is a major problem in many developing countries. 

• A major tourism development can act as a growth 
pole, stimulating the economy of the larger region. 

• It can create openings for small businesses such as taxi 
firms, beach facility hire companies and small cafCs. 

• It can support many jobs in the informal sector, 
which plays a major role in the economy of many 
developing countries. 

Figure 7 Beach artist, Agadir, Morocco - an example of informal sector 
employment 

However, critics argue that the value of tourism is 
often overrated because of the following: 

• Economic leakages (Figure 8) from developing 
to developed countries run at a rate of between 60 
and 75 per cent. Economic leakages arc the part of 
the money a tourist pays for a foreign holiday that 
docs not benefit the destination country because 
it goes elsewhere. With cheap package holidays, by 
far the greater part of the money paid stays in the 
country where the holiday was purchased. 

DEVELOPING WORLD TOURIST DESTINATION 
Total money spent on tourism to this destination 

Transport costs paid Payments to foreign 
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FigureB Economic leakages 

• Tourism is labour intensive, providing a range 
of jobs especially for women and young people. 
However, most local jobs created arc menial, low-

paid and seasonal. Overseas labour may be brought 
in to fill middle and senior management positions. 

• Money borrowed to invest in the necessary 
infrastrucrnrc for tourism increases the national debt. 

• At some destinations tourists spend most of their 
money in their hotels with minimum benefit to the 
wider community. 

• Tourism might not be the best use for local resources 
which could in the fi.1rnrc create a larger multiplier 
effect if used by a different economic sector. 

• Locations can become over-dependent on tourism 
which causes big problems if visitor numbers fall. 

• The tourist industry has a huge appetite for 
resources which often impinge heavily on the 
needs of\ocal people. A long-term protest against 
tourism in Goa highlighted the fact that one five
star hotel consumed as much water as five local 
villages, and the average hotel resident used 28 
times more electricity per day than a local person. 

• International trade agreements such as the General 
Agreement on Trade in Services (GATS) allow the 
global hotel giants to set up in most countries. 
Even if governments favour local investors there is 
little they can do. 

Figure 9 Cruise ship on the River Nile - tourism is Egypt's main source of 
foreign currency 

The social and cultural impact 
The traditional cultures of man y communities in 
the developing world have suffered because of the 
development of tourism. The disadvantages include 
the following: 

• the loss of\ocally owned land as tourism companies 
buy up large tracts of\and in the most scenic and 
accessible locations 

• the abandonment of traditional values and practices 
• displacement of people to make way for tourist 

developments 
• changing community structure - communities that 

were once very close socially and economically may 
be weakened considerably due to a major outside 
influence such as tourism 
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• abuse of human rights by large companies and 
governments in the quest to maximise profits 

• alcoholism and dru g abuse as drink and dru gs 
become more available to satisf).1 th e demands of 
fo reign to urists 

• crime and prostitution, sometimes involving 
children - 'sex touri sm' is a big issue in certain 
locatio ns such as Bangkok, but it is also present 
in some degree in most locatio ns visited by large 
num bers of international tourists 

• visitor congesti on at key loca tio ns, hindering the 
movement oflocal people 

• local people denied access to beaches to provide 
' exclusivity' fo r visitors 

• loss of housing for local people as more visitors buy 
second ho mes in po pular tourist areas (Figure 10 ). 

Figure 11 shows how the attitudes to tourism can 
change over time. An industry which is usuall y seen 
as very beneficial initially can evenrnall y become the 
source of considerable irri tation, parti cularly where 
there is a big clash of culrnres . 

Figure 10 Entrance to a National Park inAndalucia, 5pain . The graffiti 
refers to the number of foreigners buying up houses in the nearby village 
ofFrigiliana. 

1 Euphoria 

Enthusiasm for tourist development 

• Mutual feeling of satisfaction 
• Opportunities for local participations 

• Flows of money and interesting contacts 

2 Apathy 

• lndustryexpands 

• Touriststakenforgranted 

• More interest in profit making 

• Personal contact becomes more formal 
3 Irritation 

• Industry nearing saturation point 

• Expansionoffacilitiesrequired 

• Encroachment into local way of life 

4 Antagonism 

• Irritations become more overt 

• The tourist is seen as the harbinger of all that is bad 

• Mutual politeness gives way to antagonism 

5 Finallevel 
• Environment has changed irreversibly 

• The resource base has changed and the type of tourist has 
also changed 

• If the destination is large enough to cope with mass tourism 
itwillcontinuetothrive 

Figure 11 Doxey's 'Index of Irritation' caused by tourism 

However, tourism can also have positive social and 
cultural impacts: 

• To urism development can increase the ran ge of 
social faci lities fo r local people. 

• It can lead to greater understanding between 
people o f different cultures . 

• Family ti es may be strengthened by visits to 
relatives living in other regio ns and countries. 

• Visiting ancient sites can develop a greater 
appreciation of the historical legacy of host countri es. 

• It can help develop foreign language skills in host 
communiti es. 

• It may encourage migratio n to major tourist 
generating countri es . 

• A multitude o f culrnres congregating together fo r 
major international events such as the O lympic 
Games can have a very positive global impact. 

The tourist indu stry and the various scales of 
government in host countri es have become 
increasingly aware of the problems the industry 
creates . They are now using a range of management 
techniques in an attempt to mitigate such effects. 
Educati on is the most impor tant element so that 
visitors are made aware of the most sensitive aspects 
of the host culture. 



Figure 12 Armed tourism pol ice on a Nile cru ise ship 

Activities 
1 Compare the direct and ind irect effect s of t ourism. 
2 Explain how economic leakages occur. 
3 Explain the sequence of changes ill ustrat ed in Doxey's 

Index (Figure 11). 
4 Research the social impact of internat io nal t ourism in 

one destination. 

• The management and 
sustainability of tourism 

Tourism has reached such a large scale in so many 
parts of the world that it can only continue with 
careful management. In most popular tourist 
destinations the stated objective is that touri sm should 
be sustainable. H owever, sustainable tourism strategics 
have been much more succcssfiil in some areas than 
o thers. Sustainable tourism is tourism orga nised in 
such a way that its level can be sustained in the furnrc 
without creating irreparable environmental, social and 
economic damage to the receiving area. 

As the level of global tourism increases rapidly 
it is becoming more and more important fo r the 
industry to be responsibly planned, managed and 
monitored. Tourism operates in a world of finite 
resources where its impact is becoming of increasing 
concern to a growing num ber of people. At present, 

The management and sustainability of tourism 

going to increase substantially, putting even greater 
pressure on tourist destinations. 

Environmental groups arc keen to make travellers 
aware of their destination footprin t. This is the 
environmental impact caused by an individual tourist 
on holiday in a particular destination. 

They arc urging people to: 

• ' fly less and stay longer' 
• carbon-offse t their flights 
• consider 'slow travel ' . 

Touri sts might consider the impact of their activities 
both for individual holidays but also in the longer 
term. For example, they may decide that every 
second holiday will be in their own country (not 
using air transport). It could also involve using locally 
run gucsthouscs and small hotels as opposed to 
hotels run by international chains. This enables more 
money to remain in local communities . 

Figure 13 Sand dune restoration w orks, County Kerry, Ireland 

Virrnally every aspect of the industry now recognises 
that tourism must become more sustainable. 
Eco tourism is at the leading edge of this movement. 
Ecotourism is a specialised fo rm of tourism where 
people experi ence relatively untouched m rn ral 
environments such as coral reefs, tropical fo rests and 
remote mountain areas, and ensure that their presence 
docs no further damage to these environments . 

only about 5 per cent of the world 's population have Figure 14 Combating severe informal footpath erosion on Mt 

ever travell ed by plane. However, this is undoubtedly Vesuvius, Italy 
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Protected areas 
Over the course of the last 130 years or so, more and 
more of the world's most spectacular and ecologically 
sensitive areas have been designated for protection 
at various levels. The world's first National Park was 
established at Yellowstone in the USA in 1872. Now 
there are well over 1000 worldwide. Many countries 
have National Forests, Country Parks, Areas of 
Outstanding Narural Beauty, World Heritage Sites and 
other designated areas which merit special stanis and 
protection. Wilderness Areas with the greatest restrictions 
on access have the highest form of protection. 

In many countries and regions there arc often 
differences of opinion when the issue of special 
protection is raised. For example, in some areas jobs in 
mining, forestry and tourism may depend on developing 
presently unspoilt areas. So it is not surprising that 
values and attitudes can differ considerably when big 
decisions about the fimirc of environmentally sensitive 
areas arc being made. Often, a clear distinction has 
to be made between the objectives of preservation 
and conservation. Preservation is maintaining a 
location exactly as it is and not allowing development. 
Conservation is allowing for developments tl1at do not 
damage the character of a location. 

Tourist hubs 
The concept of tourism hubs or clusters is a model that 
has been applied in a number of\ocations. The idea is 
to concentrate tourism and its impact in one particular 

area so that the majority of the region or country feels 
little of the negative impacts of the industry. Bcnidorm 
in Spain and Cancun in Mc.xico are examples where 
this model was adopted but botl1 locations show how 
difficult it is to confine tourism witl1in preconceived 
boundaries as the number of visitors increases and 
people want to travel beyond the tourist enclaves. 

Quotas 
Quotas seem to be one of the best remedies on offer. 
111c UK Centre for Future Studies has suggested a 
lottery-based entrance system, an idea endorsed by 
Tourism Concern. Here, the number of visitors would 
not be allowed to exceed a sustainable level. TI1is is an 
idea we arc likely to hear much more about in tl1c fiiturc. 

Ecotourism in Ecuador 
Ecuador's tourism strategy has been to avoid becoming 
a mass market destination but to market 'quality' and 
'exclusivity' instead, in as eco-fiicndly a way as possible. 

Ecotourism has helped to bring needed income 
to some of the poorest parts of the country. It has 
provided local people with a new alternative way 
of making a living. As such it has reduced human 
pressure on ecologically sensitive areas. 

The main geographical focus of ccotourism has 
been in the Amazon rainforest around Tena, which 
has become the main access point. The ecotourism 
schemes in the region arc usually run by small groups 
of indigenous Quichua Indians ( Figure 15 ). 

The Quichua people 
insist that all visitors 
must abide by 
certain rules and 
regulations 

Exchanges of clothing or other 
personal items with community 
members are not a llowed . Nor 
are community members 
allowed to accept gifts. 

Avoid any displays of 
affection, even with close 
friends.In this community 
it is considered rude to 
hold hands or kiss in public. 

Whenwa lkinginthera inforest: 
• do not touch any branches 

w ithout looking carefully first. 
They may carry thorns, dangerous 
insects or even snakes 

If you need to go to the 
toilet.and facilities are not 
immediately available, go 
tothesideoftherainforest 
track, never in or near a 
stream or lake. 

All rubbish,e.g. 
empty bottles and 
tubes, must betaken 
away by visitors. 

Figure15 EcotourisminEcuador'srainforest 

• do not pull on branches or 
vines - they may fall down on top 
of you. 

Always check first before touching plants 
or animals. They may cause a rash, or 
sting you. Do not collect plants, insects 
or an imals unless you have permission. 



Activities 
1 Define 'sustainable tourism'. 
2 What do you understand by the term 'destination 

footprint'? 
3 Which environments in the region in which you live 

are protected and why? 
4 What do you think of the idea of quotas for visitor 

numbers at certain locations? 
5 What do you understand by the concept 'slow travel'? 
6 Describe the operation of ecotourism in Ecuador's 

rainforest. 

The management and sustainability of tourism 

cfuhiitffi@ Jamaica - the benefits and disadvantages associated with the 
growth of tourism 

Economic importance 
Tourism has become an increasingly vital part of Jamaica's 
economy in recent decades. The contribution of tourism 
to total employment and GDP has risen substantially. It 
has brought considerable opportunities to its population, 
although it has not been without its problems . Jamaica 
has been determined to learn from the 'mistakes' of other 
countries and ensure that the population will gain real 
benefits from the growth of tourism . 

Tourism's direct contribution to GDP in 2012 amounted 
to almost $1.3 billion or 8.4 per cent of total GDP. Adding 
all the indirect economic benefits increased the figure to 
almost $4.1 billion or 27 .4 per cent of total GDP. Direct 
employment in the industry amounted to 90000 but the 

overall figure which includes indirect employment is over 
three times as large. In the most popular tourist areas the 
level of reliance on the industry is extremely high . 

Tourism is the largest source of foreign exchange for the 
country. The revenue from tourism plays a significant part 
in helping central and local government fund economic 
and social policies . Special industry taxes have gone 
directly into social development, healthcare and education, 
all of which are often referred to as 'soft infrastructure'. 
However, tourism has also spurred the development of 
'hard infrastructure' such as roads, telecommunications 
and airports . Also, as attitudes within the industry itself are 
changing, larger hotels and other aspects of the industry 
have become more socially conscious. Classic examples are 
the funding of local social projects. 

Caribbean Sea 

f 
0 30km 
L____J Caribbean Sea 

Figure 16 Jamaica'sNationalandMarineParks 
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National Parks and ecotourism 
Figure 16 shows the location of Jamaica's National and 
Marine Parks. Further sites have been identified for future 
protection. The Jamaican government sees the designation 
of the parks as a positive environmental impact of tourism. 
Entry fees to the Parks pay for conservation . The desire 
of tourists to visit these areas and the need to conserve 
the environment to attract future tourism drives the 
designation and management process. 

The marine parks are attempting to conserve the coral 
reef environments off the coast of Jamaica. They are at risk 
from damage from overfishing, industrial pollution and 
mass tourism. The Jamaica Conservation and Development 
Trust is responsible for the management of the National 
Parks, while the National Environmental Planning Agency 
has overseen the Government's sustainable development 
strategy since 2001 . 

Figure 17 A beach fringed with palm trees in Montego Bay Marine Park 

Ecotourism is a developing sector of the industry with, 
for example, raft trips on the Rio Grande river increasing 
in popularity. Tourists are taken downstream in very 
small groups. The rafts, which rely solely on manpower, 
leave singly with a significant time gap between them to 
minimise any disturbance to the peace of the forest. 

Community tourism 
Considerable efforts are being made to promote 
community tourism so that more money filters down 
to the local population and small communities. The 
Sustainable Communities Foundation through Tourism 

(SCF) programme has been particularly active in central 
and south-west Jamaica. Community tourism is seen as an 
important aspect of pro-poor tourism. This is tourism that 
results in increased net benefits for poor people. 

The Jamaica Tourist Board (JTB) is responsible for 
marketing the country abroad . Recently it used the fact 
that Jamaica was one of the host countries for the 2007 
Cricket World Cup to good effect. The JTB also promotes 
the positive aspects of Jamaica culture and the Bob Marley 
Museum in Kingston has become a popular attraction . Such 
attractions are an important part of Jamaica's objective of 
reducing seasonality. The physical attractions of Jamaica 
almost sell themselves, so the government is putting much 
effort in trying to boost the island's human attractions. 

The disadvantages of tourism 
The high or 'winter' season runs from mid-December to 
mid-April when hotel prices are highest. The rainy season 
extends from May to November. It has been estimated that 
25 per cent of hotel workers are laid off during the off
season . This has a major adverse impact on the standard of 
living of households reliant on the tourist industry. It also 
of course means that expensive tourism infrastructure is 
underused for part of the year. 

Although seasonality is seen as the major problem 
associated with tourism in Jamaica, other negative aspects 
include: 

• the environmental impact of tourism which includes 
traffic congestion and pollution at popular locations, 
and the destruction of the natural environment to make 
way for tourism infrastructure 

• the heavy use of resources, particularly water, by hotels 
• under-use of facilities in the off-season 
• socio-cultural problems, illustrated by the behaviour of 

some tourists which clashes with the island's traditional 
morals - and some people have a negative image 
of Jamaica because of its level of violent crime and 
harassment. 

Case study analysis 
1 Explain the importance of tourism to the economy of 

Jamaica. 
2 Describe the location of Jamaica's National and Marine 

Parks. 
3 Define (a) 'community tourism' and (b) 'pro-poor 

tourism'. 
4 Discuss the main problems associated with tourism . 



@ Energy 
~~~~~~~~~~. 

Oil refinery, M ilford Haven, UK 

Key questions 
• How important are non-renewable fossil fuels, 

renewable energy supplies, nuclear power and 
fuelwood; globally and in different countries at 
different levels of development? 

• What are the benefits and disadvantages of nuclear 
power and renewable energy sources? 

• Non-renewable and 
renewable energy 
supplies 

Non-renewable sources of energy are the fossil 
fuels and nuclear fuel. Fossil fuels consisting of 
hydrocarbons (coal, oi l and natural gas) were 
formed by the decomposition of prehistoric 
organisms in past geological periods. These 
resources are finite so that as they are used up 
the supply that remains is reduced. Eventually, 
these non-renewable resources could become 
completely exhausted. The burning of fossil fuels 
creates considerable amounts of pollution and is the 
major source of greenhouse gas emissions. Climate 
change due to these emissions is by fur the biggest 
environmental problem facing the planet. 

Renewable energy can be used over and over 
again. These resources are mainly forces of nature 
that arc sust'linable and which usually cause little 
or no environmental pollution. Renewable energy 
includes hydro-electric, biofuels, wind, solar, 
geothermal, tidal and wave power. 

At present, non-renewable resources dominate 
global energy. The challenge is to transform the 
global energy mix to achieve a better balance 
between renewables and non-renewables. 

There is a huge gap in energy consumption between 
rich and JXX)r countries. Wealth is tl1e main factor 
explaining tl1e energy gap. The use of energy can 
improve the quality oflife in so many ways. That is why 
most people who can afford to buy cars, televisions 
and washing machines do so. However, tl1cre are other 
influencing factors , with climate at the top of the list. 

The demand for energy has grown steadily over 
time. Figure I shows a global increase of over 60 
per cent between 1987 and 2012. The fossi l fuels 
dominate the global energy situation. Their relative 
contribution in 2012 was: oil 33 per cent, coal 
30 per cent, natural gas 24 per cent. In contrast, 
hydro-electricity (HEP) accounted for 6.6 per cent 
and nuclear energy 4.5 per cent. Figure 1 includes 
commercially traded energy only. It excludes 
fuels such as wood, peat and animal waste which, 
though important in many countries, are unreliably 
documented in terms of consumption statistics. 
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Figure 1 Changes in world energy consumption by type, 1987- 2012 

Figure 2 Aircraft refuelling at Gatwick airport, UK 
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Consumption by type of fi1cl varies widely by world 
region (Figure 3): 

• Oil - only in Asia Pacific is the contribution of oil 
less than 30 per cent and it is the main source of 
energy in four of the six regions shown in Figure 3. 
In the Middle East it accounts for almost 50 per 
cent of consumption. 

• Coal - only in the Asia Pacific region is coal the 
main source of energy. In contrast it accounts for 
less than 5 per cent of consumption in the Middle 
East and South and Central America. China 
was responsible for 50.2 per cent of global coal 
consumption in 2012. 

• Natural gas - natural gas is the main source of 
energy in Europe and Eurasia and it is a close 
second to oil in the Middle East. Its lowest share 
of the energy mix is 11 per cent in Asia Pacific. 

• Hydro-electricity - the relative importance of 
hydro -electricity is greatest in South and Central 
America (25 per cent). Elsewhere its contribution 
varies from 6 per cent in Africa to less than I per 
cent in the Middle East. 

• Nuclear energy - nuclear energy is not presently 
available in the Middle East and it makes the 
smallest contribution of the five traditional energy 
sources in Asia Pacific, Africa and South and 
Central America. It is most important in Europe 
and Eurasia and North America. 

• Renewables - consumption of renewable energy 
other than HEP is rising rapidly, but from a very 
low base. Rcnewablcs made the largest relative 
contribution to energy consumption in Europe and 
Eurasia. 
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Figure 3 Regionalenergyconsumptionpatterns,2012 

Figure4 FuelstationontheriverAmazon 

Figure 5 shows per capita energy consumption 
around the world. The highest consumption 
countries, such as the USA and Canada, use more 
than 6 tonnes oil equivalent per person, while 
almost all of Africa and much of South America 
and Asia uses less than I. 5 tonnes oil equivalent 
per person. Figure 6 is a model showing the 
relationship between resource use in general and 
the level of economic development. This model 
applies well to energy usage, with the newly 
industrialised countries having the highest rates of 
growth. 

In terms of usage by type of energy, some general 
points can be made: 

• The most developed countries tend to use a wide 
mix of energy sources as they arc able both to 
invest in domestic energy potential and to buy 
energy from abroad. 

• The high investment required for nuclear electricity 
means that only a limited number of countries 
produce electricity this way. However, many 
countries that could afford the investment chose 
not to adopt this strategy. 

• Richer nations have been able to invest more 
money in renewable sources of energy. 

In the poorest countries fi.1elwood is an important 
source of energy, particularly where communities 
have no access to electricity. 
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Figure 5 Energy consumption per capita, 2012 
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Figure6 Modeloftherelationshipbetweenresourceuseandthelevelof 
economic development 

Fuelwood in developing countries 
In developing countries about 2.5 billion people 
rely on fuelwood, charcoal and animal dung for 
cooking. Fuelwood and charcoal are collectively 
called fi.1elwood, which accounts for just over half of 
global wood production. Fuelwood provides much 
of the energy needs for Sub-Saharan Africa. It is also 

Non-renewable and renewable energy supplies 
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the most important use of wood in Asia. In 20 10, 
1.2 billion people were still living without electricity. 
Figure 7 shows the countries with the greatest 
number of people lacking access to electricity. 

Although at least one study claims that the global 
demand for fuelwood peaked in the mid-l 990s, there 
can be no doubt that there are severe shortages in 
many countries. This is a major factor in limiting 
development. 

In developing countries the concept of the 
'energy ladder' is important. H ere, a transition from 
fuelwood and animal dung to 'higher level' sources 
of energy occurs as part of the process of economic 
development. Income, regional electrification and 
household size are the main factors influencing the 
demand for fuelwood. Forest depletion is initially 
heavy near urban areas but slows down as cities 
become wealthier and change to other forms of 
energy. It is the more isolated rural areas that are 
most likely to lack connection to an electricity grid. 
In such areas the reliance on fuelwood is greatest. 
Wood is likely to remain the main source of file! for 
the global poor in the foreseeable future. 

The coll ection of fuel wood does not cause 
deforestation on the same scale as the clearance of 
land for agriculture, but it can seriously deplete 
wooded areas. The use of fuelwood is the main cause 
of indoor air pollution in developing countries. 
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Millions of people 

India 
Nigeria 82.4 

Bangladesh 66.6 
Ethiopia 62.9 

Dern. Rep. congo 56.9 
Tanzania 38.2 

Kenya 31 .2 
Sudan 30.9 

Uganda 28.5 
Myanmar 24.6 

Mozambique 19.9 
Afghanistan 18.5 
south Korea 18.0 
Madagascar 

Philippines 15.6 
Pakistan 15.0 

Burkina Faso 14.3 
Niger 14.1 

Indonesia 14.0 
Malawi 13 .6 

Figure 7 Electricity access deficit, 2010 

Interesting note 
The individual countries consuming the most energy in 
2012, as a percentage of the world total, were: China 
(21 .9), USA (17.7), Russia (5 .6), India (4.8) and Japan (3 .8) . 

Activities 
1 List the non-renewab le sources of energy. 
2 Descr ibe the changes in world energy consumption 

shown in Fi gure 1. 
3 To what extent do the types of energy consumption 

vary by world reg ion? 
4 Provide a bu llet-po int summary of Figu re 5. Refer to 

a ll classes in the key. 
5 a What is fue lwood? 

b Why is it such an important source of energy in the 
deve loping world? 

• The benefits and 
disadvantages of nuclear 
power and renewable 
energy 

Nuclear power 
Until a few years ago the future of nuclear power 
looked bleak, with a number of countries apparently 
'running down' their nuclear power stations and 
many other nations firmly set against the idea of 
introducing nuclear electricity. However, heightened 
fears about oil supplies, energy security and climate 

C 

change have brought this controversial source of 
power back onto the global energy agenda. 

No other source of energy creates such heated 
discussion as nuclear power. Concerns include the 
following: 

• Power plant accidents - could release radiation into 
air, land and sea. 

• Radioactive waste storage/disposal - most concern 
is over the small proportion of'high-level waste'. 
This is so radioactive that it generates heat and 
corrodes all containers. It would cause death within 
a few days to anyone directly exposed to it. In tl1e 
UK this amounts to about 0.3 per cent of the total 
volume of all nuclear waste. However, it accounts 
for about half the total radioactivity. No country 
has yet implemented a long-term solution to the 
nuclear waste problem. The USA and Finland have 
plans to build waste repositories deep underground 
in areas of known geological stability. 

• Rogue state or terrorist use of nuclear fuel for 
weapons - as the number of countries with access to 
nuclear technology rises, such concerns are likely to 
increase. An interim report published in December 
2008 by tl1e US Congressional Commission on the 
Strategic Posture of the United States concluded, 
'It appears tl1at we are at a "tipping point" in 
nuclear proliferation. Part of the concern is that 
some countries which claim to be developing 
nuclear electricity only may well put themselves in a 
position to develop nuclear weapons.' 

• High construction and decommissioning costs -
recent estimates put an average price of about 
$6.3 billion on a new nuclear power plant. When a 
nuclear plant has come to the end of its useful life, 
the costs of decommissioning are high. 

• Because of the genuine risks associated with nuclear 
power and the level of security secrecy required, 
it is seen by some people as less 'democratic' than 
other sources of power. 

• The possible increase in certain types of cancer near 
nuclear plants - tl1ere has been much debate about 
this issue, but the evidence appears to be becoming 
more convincing. 

At one time the rise of nuclear power looked 
unstoppable. However, a serious incident at the Three 
Mile Island nuclear power plant in Pennsylvania USA 
in 1979, and tl1e much more serious Chernobyl 
disaster in the Ukraine in 1986, brought any growth 
in the industry to a virtual halt. No new nuclear 
power plants have been ordered in the USA since 



The benefits and disadvantages of nuclear power and renewable energy 

then, although public opinion has become more 
favourable in recent years as (a) Three Mile Island and 
Chernobyl recede into the past and (b) worri es about 
polluting foss il fiiels increase. Most of the recent 
nuclear power plants constructed have been in Asia. 

The advantages of nuclear power are : 

• Zero emissions of greenhouse gases - this has 
become more and more important as concern 
about climate change has risen. Along with 
hydropower, nuclear electricity is the major source 
of 'carbon-free' energy used today. 

• Reduced reliance on imported fossil fuels - more 
countries have become concerned about energy 
security. Energy insecurity may lead to increased 
geopolitical tension and the potential fo r conflict as 
consumers attempt to secure supplies. This will be 
most likely within a 'business as usual' frame\vork 
of reliance on fossil fi.1el s. Nuclear power is seen by 
a number of governments as a tried and tested way 
of redu cing reliance on energy im ports. France is a 
classic example of how this has been done. 

• Nuclear power is not as vulnerable to fuel price 
Aucniati ons as oil and gas - uranium, the fiiel for 
nuclear plan ts, is relatively plentiful . Most of the main 
uranium mines are in politically stable countries. 

• In recent years nuclear plants have demonstrated 
a very high level of reli abili ty and efficiency as 
technology has ad vanced and experience has been 
built up. 

• Nuclear technology has spin-offs in field s such as 
medicine and agriculture. 

This decade will be crucial to the future of nuclear 
energy, with many countri es making fin al decisions 
to extend or begin their nuclear electrici ty capabili ty. 
The nuclear energy issue is likely to be a major 
political battleground in some countries . 

Activities 
1 State three adva ntages and three disadva ntages of 

nuclea r powe r. 
2 When did the nuclea r acc id ents at Three Mile Island 

and Ch erno byl occur? 
3 Why mi ght nuclea r el ectricity become mo re important 

in th e future? 

Renewable energy supplies 
Countries are eager to harness renewable energy 
resources to: 

• reduce their reliance on often dwindling domestic 
foss il fi1el resources 

• lower their reliance on costly foss il fuel imports 
• improve their energy security with higher domestic 

energy production 
• cut greenhouse gas emissions for a cleaner 

environment and to satisfy international obligations. 

Hydro-e lectr icity 

Of the traditional five major sources of energy, HEP 
is the only one that is renewable. It is by fur the most 
important source of renewa ble energy. The ' big four' 
HEP nations of C hina, Brazil , Canada and the USA 
account fo r almost 53 per cent of the global total 
(Table 1). 

Table 1 HEP consumption, 2012 

Rank Country M illion tonnes % share of 
o il equiva lent world tota l 

China 194.8 23.4 

2 Brazil 94.5 11.4 

3 Canada 86.0 10.4 

4 USA 63.2 7.6 

5 Russia 37.8 4.5 

6 Norwa 32.3 3.9 

Most of the best HEP locations are alread y in use, 
so the scope fo r more large-scale development 
is limited. However, in many countri es there is 
scope fo r small -scale HEP plants to supply local 
communities. 

Although HEP is generally seen as a clean fo rm of 
energy, it is not without its problems which include: 

• large dams and power plants can have a huge 
negative visual impact on the environment 

• the obstruction of the river fo r aquati c li fe 
• deteri orati on in water quali ty 
• large areas of land may need to be flooded to fo rm 

the reservoir behind the dam 
• submerging large fo rests without prior clearance 

can rel ease significant quantities of methane, a 
greenhouse gas. 

Newer alternative energy sources 
The first major wave of interest in new alternative 
energy sources resulted from the energy crisis of the 
early 1970s. H owever, the relatively low price of o il 
in the 1980s, 1990s and the opening years of the 
present cenniry dampened down interest in these 
energy sources. Then renewed concerns about energy 
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in recent years and corresponding price increases 
kick-started the alternative energy industry again. 

The main drawback to the new alternative energy 
sources is that they invariably produce higher cost 
electricity than traditional sources. However, the cost 
gap with non-renewable energy is narrowing. Figure 8 
shows the sharp increase in the consumption of 
renewable energy ( other than HEP) in the last decade. 
In 2012, this accounted for 1.9 per cent of global 
primary energy consumption. The newer sources of 
renewable energy making the largest contribution to 

global energy supply are wind power and biofuels. 
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Figure 8 Renewable energy consumption by world region, 1992- 2012 

W ind power 
The worldwide capacity of wind energy reached 
almost 237GW by the end of 2011, up from lOGW 
in 19981 The leaders in global wind energy are China 
(62GW), the USA (47GW), Germany (29 GW) and 
Spain (22 GW). Together these countries account for 
over 67 per cent of the world total. In recent years 
wind energy has reached the 'take-off' stage both as 
a source of energy and a manufacturing industry. The 
main advantages of wind energy are that compared with 
most other forms of renewable energy it can generate 
significant amounts of electricity, and it can be harnessed 
to a reasonable degree in most parts of the world. 

Figure 9 A wind farm in California 

Apart from establishing new wind energy sites, 
repowering is also beginning to play an important 
role. This means replacing first generation wind 
turbines with modern multi-megawatt turbines which 
give a much better performance. As wind turbines 
have been erected in more areas of more countries, 
the opposition to this form of renewable energy has 
increased. For example: 

• People are concerned that huge turbines located 
nearby could blight their homes and have a 
significant impact on property values. 

• There are concerns about the hum of turbines 
disnirbing both people and wildlife. 

• Skylines in scenically beautifiil areas might be 
spoiled forever. 

• Turbines can kill birds. Migratory flocks tend to 
follow strong winds but wind companies argue that 
they don't place turbines near migratory routes. 

• Suitable areas for wind farms are often near the 
coast where land is both scenically beautiful and 
expensive. 

The development oflarge offshore wind farms, for 
example in UK waters, has become an increasingly 
debatable issue, mainly due to the visual impact of 
such large installations. Safety concerns with regard 
to the movement of shipping are also an issue. 

There has also been increasing debate about how 
much electricity wind rnrbines in many areas actually 
produce. There can be a big difference between the 
technical capacity of a wind turbine and the amount 
of electricity it actually produces. 

Biof uels 
Biofuels are fossil fuel substinnes that can be made 
from a range of crops including oilseeds, wheat and 
sugar. They can be blended with petrol and diesel. 
The biggest producers ofbiofuels are the USA, 
Brazil and China. By increasing biofuel production 
these countries have reduced the amount of oil they 
need to consume, which is the main reason behind 
biofiiel production. Advocates ofbiofuels also 
argue that biofiiels come from a renewable resource 
(crops ); they can be produced wherever there is 
sufficient crop growth, helping energy security; and 
often produce cleaner emissions than petroleum
based fuels. 

However, there are clear disadvantages in biofuel 
production. Increasing amounts of cropland 
have been used to produce biofuels, adding to 
the 'global food crisis'. Large amounts of land, 
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water and fertilisers arc needed for large-scale 
crop production. The manufacture ofbiofuels 
also uses significant amounts of energy, creating 
greenhouse gas emissions. In addition, biofuels 
have a lower energy output than traditional 
fuels. Initially, environmental groups such as 
Friends of the Earth and Greenpeace were very 
much in favour of biofuels, but as the damaging 
environmental consequences have become clear, 
such environmental organisations were the first to 
demand a rethink of this energy strategy. 

Geothermal electricity 
Geothermal energy is the natural heat found in the 
Earth's crust in the form of steam, hot water and hot 
rock (Figure I 0 ). Rainwater may percolate several 
kilometres down in permeable rocks where it is 
heated due to the Earth's geothermal gradient. This 
is the rate at which temperature rises as depth below 
the surface increases. The average rise in temperature 
is about 30 °C per km, but the gradient can reach 
80 °C near plate boundaries. This source of energy 
can be used directly for industry, agriculture, bathing 
and cleansing. For example, in Iceland hot springs 
supply water at 86 °C to 95 per cent of the buildings 
in and around Reykjavik. 

Naturalfissure:steam 
from the heated 

'-<~--------~ - Impermeable 
Surfacewaterruns 
down fissures into 
hot permeable rock t Heat from volcanic 

activity and other 
processes 

Figure 10 Geothermal power 

rock 

The USA is the world leader in geothermal 
electricity. H owever, total production accounts for 
less than 0.4 per cent of the electricity used in the 
USA. Other leading countries using geothermal 
electricity arc the Philippines, Italy, Mexico, 
Indonesia, Japan, New Zealand and Iceland. At 
present virrnally all the geothermal power plants in 
the world operate on steam resources, and have an 
extremely low environmental impact. 

Figure 11 Geothermal power, Wairakei, New Zealand 

The advantages of geothermal power for those 
countries that have access to this form of energy arc: 

• extremely low environmental impact 
• geothermal plants occupy relatively small land areas 
• not dependent on weather conditions (like wind 

and solar power) 
• relatively low maintenance costs. 

The limitations of this form of energy are: 

• there arc few locations worldwide where significant 
amounts of energy can be generated 

• total global generation remains very small 
• some of these locations are far from where tl1c 

energy could be used 
• installation costs of plant and piping arc relatively high. 
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Solar pow er 

Figure 12 Solar electricity being generated by photovoltaic panels in Spain 

From a relatively small base the install ed capacity of 
solar electricity is growing rapidly. In 201 2, global 
solar power capacity passed 100 000 MW. This 
amounts to about 0.4 per cent of all global electricity 
generation. Exper ts say that solar power has huge 
potential fo r technological improvement which could 
make it a major source of glo bal electrici ty in years 
to come. Germany, Italy, the USA, C hina and Japan 
currently lead the global market fo r solar power. 

Solar electrici ty is currently produced in two ways: 

• Photovoltaic systems - these arc solar panels that 
convert sunlight directly into electricity. 

• Concentratin g Solar Power (CS P) systems - they 
use mirrors or lenses and trackin g systems to focus 
a large area of sunlight into a small beam. This 
concentrated li ght is then used as a heat source fo r 
a conventio nal thermal power plant. 

Table 2 Advantages and disadvantages of solar power 

Advantaaes Disadvantages 

A completely renewable resource Initial high cost of solar plants 

No noise or direct pollution Solar power cannot be harnessed during 
durina electricit , aeneration storms, on eh ..ru day.; or at ni ht 

Very limited maintenance required Of limited use in countries with low 
tokeepsolarplantsrunning annual hours of sunshine 

Solar power technology is Large areas of land required to capture 
improving consistently over time the sun's energy in order to generate 
and reducing costs significant amounts of power 

Can be used in remote areas 
whereitistooexpensiveto 
extend the electricity grid 

A generally positive public 
perception 

Tida l and wave power 
Although currently in its infancy, a study by the 
Electric Power Research Instirutc estimated that as 
much as 10 per cent o f US electrici ty could eventually 
be suppli ed by tidal energy. This potential could be 
equall ed in the UK and surpassed in Canada. So fo r 
some countri es, potential energy productio n from 
this source could be very high. 

Tidal power plants act like underwater windmill s, 
transforming sea currents into electrical current. Tidal 
power is more predictable than solar or wind power, 
and the infrastructure is less obtrusive. H owever, 
start-up costs are high. Thus, the 240MW Rance 
facili ty in north-western France is the only utili ty
scale tidal power system in the world. However, 
the greatest po tential is Canada's Bay ofFund y in 
Nova Scotia, but there are environmental concerns 
here. The main concerns arc potential effects o n 
fish populations and other marine life , levels o f 
sedimentation building up behind facilities, and the 
possible impact on tides alo ng the coast . 

Because predicted building and maintenance 
costs arc expensive, the return on investment takes 
a long time. Also, whil e generally predictable, tidal 
energy is not as dependable as foss il -fired or nuclear 
generati on. 

Wave energy is where generators are placed 
o n the ocean 's surface and energy levels arc 
determined by the strength of the waves . The first 
experimental wave farm was opened in Portu gal 
in 2008 at the Agucado ura Wave Park . H owever, 
due to technical pro blems the facility was shut 
down two mo nths after opening . A number of 
research pro jects arc in o peratio n including o ne off 
the shores o f Oregon in the USA. The costs and 
benefits o f wave energy arc broadl y similar to those 
o f tidal power. 

Activities 
1 Expl ain th e difference between renewa ble and non

renewa ble sources of energy. 
2 Give two adva ntages a nd two di sadva ntages fo r each 

of the fo ll owing fo rms of renewa ble ene rgy: wind , 
bi ofuel s, solar, geothe rma l, t ida l. 

3 Apart from hydro-electri city, why does renewa bl e 
energy contribute so littl e to global energy supply? 

4 For th e country in which you live, find out whi ch 
fo rms of renewabl e energy are used and how much 
th ey cont ribute to tot al energy production. 
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c¥h¥Jtffi@ Energy supply in China 
China overtook the USA in total energy usage in 2009. 
The demand for energy in China continues to increase 
significantly as the country expands its industrial base. In 
2012, China's energy consumption breakdown by energy 

• coal 68.4 per cent 
• oil 17.6 per cent 
• hydro-electricity 7.1 per cent 
• natural gas 4.7 per cent 
• nuclear energy 0.8 per cent 
• renewables 1.2 per cent. 

China's energy policy has evolved over time. As the 
economy expanded rapidly in the 1980s and 1990s, much 
emphasis was placed on China's main energy resource, 
coal. China was also an exporter of oil until the early 
1990s although it is now a very significant importer. 
Chinese investment in energy resources abroad has risen 
rapidly. Long-term energy security is viewed as essential 
if the country is to maintain the pace of its industrial 
revolution. 

In recent years China has tried to take a more balanced 
approach to energy supply and at the same time reduce its 
environmental impact through: 

• energy conservation 
• placing a strong emphasis on domestic resources 
• diversified energy development 
• environmental protection 
• mutually beneficial international cooperation. 

The development of clean coal technology is an important 
aspect of China's energy policy. China is constructing clean 
coal plants at a rapid rate and gradually retiring older, 
more polluting power plants. China has recently built a 
small experimental facility near Beijing to remove carbon 
dioxide from power station emissions and use it to provide 
carbonation for beverages. 

The further development of nuclear and hydropower is 
another important strand of Chinese policy. The country 
also aims to stabilise and increase the production of oil 
while augmenting that of natural gas and improving the 
national oil and gas network. 

China's strategic petroleum 
reserve 
Priority was also given to building up the national oil 
reserve. In 2007 China announced an expansion of its 
crude reserves into a two-part system. Chinese reserves 
would consist of a government-controlled strategic reserve 
complemented by mandated commercial reserves. The 
government-controlled reserves are being completed in 
three phases. This will protect China to a certain extent 
from fluctuations in the global oil price, which can arise for 
a variety of reasons. 

Renewable energy policy 
Total renewable energy capacity in China reached 226GW 
in 2009. This included: 

• 197GW of hydro-electricity 
• 25.8GW of wind energy 
• 3.2 GW of biomass 
• 0.4GW of grid-connected solar PV. 

China's wind power capacity grew thirty-fold between 
2005 and 2009 to become the second largest in the world 
behind the USA. China's wind turbine manufacturing 
industry is now the largest in the world. China is now also 
the largest manufacturer of solar PV. 

The Three Gorges Dam 
The Three Gorges Dam across the Yangtze river is the 
world's largest electricity generating plant of any kind. 
This is a major part of China's policy in reducing its reliance 
on coal. The dam is over 2 km long and 100 m high. The 
lake impounded behind it is over 600km long. All of the 
originally planned components were completed in late 
2008. There are 38 main generators giving the scheme a 
massive 22 SOO MW generating capacity. The dam supplies 
Shanghai and Chongqing in particular with electricity. This 
is a multipurpose scheme that also increases the river's 
navigational capacity and reduces the potential for floods 
downstream. However, there was considerable opposition 
to the dam for a number of reasons (see p. 112). 

Figure 13 The Three Gorges Dam 

Case study analysis 
1 When did China overtake the USA in total energy 

usage? 
Describe China's energy consumption by source. 
What are the main principles of China's current energy 
policy? 

4 What name is given to China's stock of oil kept aside in 
case of an emergency? 

5 Why has the Three Gorges Dam been so important to 
energy development in China? 
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Reservoir with water tower in Wales 

Key questions 
• What are the methods of water supply? 
• How does the use of water vary between countries at 

different levels of economic development? 
• What are the reasons for water shortages in some areas? 
• Why is carefu l management required to ensure future 

supplies of water? 

• The global water crisis 
The longest a person can survive without water is 
about ten days. All life and virtuall y every human 
activity needs water. It is the world's most essential 
resource and a pivotal clement in poverty reduction. 
But for about 80 countries, with 40 per cent of the 
world's population, lack of water is a constant threat. 
And the situation is getting worse, with demand for 
water doubling every 20 years. In those parts of the 
world where there is enough water, it is being wasted, 
mismanaged and polluted on a grand scale. In the 
poorest nations it is not just a question of lack of 
water; the paltry supplies available are often polluted. 

• Methods of water supply 
Water supply is the provision of water by public 
utilities, commercial organisations or by community 
endeavours. The objective in all cases is to supply 
water from its source to the point of usage. In 2010, 
about 85 per cent of the global population had access 
to a piped water supply through house connections 
or an improved water source through other means 

than house supply, including standpipes, water kiosks, 
spring supplies and protected wells. This left almost 
900 million people who did not have access to an 
improved water source and had to use unprotected 
wells or springs, canals, lakes or rivers for their water 
needs. 

Dams and reservoirs 
In the twentieth century, global water consumption 
grew sixfold , twice the rate of population growth. 
Much of this increased consumption was made 
possible by significant investment in water 
infrastrucrnre, particularly dams and reservoirs 
affecting nearly 60 per cent of the world's major river 
basins. Figure 1 shows water supply and management 
methods in the large Canadian province of Alberta 
where water supply is a concern in many parts of the 
region. 

A dam is a barrier that holds back water. Dams are 
mainly used to save, manage and prevent the flow of 
excess water into specific regions. They may also be 
used to generate hydro-electricity and provide road 
bridges across valleys. A reservoir is an artificial lake 
primarily used for storing water. Not all reservoirs are 
held behind dams, but the really large ones usually 
are. These are 'on channel' reservoirs where a dam 
has been built across an existing river (Figure 1 ). 
In contrast, 'off channel' reservoirs usually use 
depressions in the existing landscape or human-dug 
depressions to store water. They may be in close 
proximity to rivers so that water can be moved from 
one to the other, depending on whether storage or 
supply is the immediate objective. 

The world's major dams are really massive 
strucrnres capable of holding huge amounts of 
water in the reservoirs behind them. The volume of 
water in Lake Kariba, held behind the Kariba Dam 
in Zimbabwe, is a staggering 180.6km3! This water 
can be released gradually as and when required by 
the settlements downstream of the dam. Reservoir 
storage needs have increased as world population 
has grown. There are approximately 80000 dams 
of varying sizes in the USA alone. Globally the 
construction of dams has declined since the height 
of the era in the 1960s and 1970s. This is because 
most of the best sites for dams are already in use or 
such sites are strongly protected by environmental 
legislation and therefore off-limits for construction. 
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Figure 1 Alternative water supply and management methods in Alberta, Canada 

An alternative to building new dams and reservoirs 
is to increase the capacity of existing reservoirs by 
extending the height of the dam. For example, the 
San Vicente Dam Raise Project in southern California 
is adding 36 m to the existing 67 m structure. At a 
cost of$530 million it will more than double the 
current capacity of the reservoir. 

Wells and boreholes 
A well or borehole is a means of tapping into various 
types of aquifers (water-bearing rocks), gaining 
access to groundwater. They are sunk directly down 
to the water table. The water table is the highest 
level of underground water. For many communities 
groundwater is the only water supply source. Aquifers 
provide approximately half of the world's drinking 
water, 40 per cent of the water used by industry and 
up to 30 per cent of irrigation water. 

Typically a borehole is drilled by machine and is 
relatively small in diameter. Wells are relatively large 
in diameter and are often sunk by hand, although 
machinery may be used. 

Water from groundwater sources can be used 
directly or stored (Figure 1) to build up a considerable 
surface supply. Figure 2 shows two types of artesian 

well. These are wells sunk tl1rough impermeable strata 
into strata receiving water from an area at a higher 
altirude than tlut of tl1e well, so tlut tl1ere is sufficient 
pressure to force water to flow upwards. The well on 
the left in Figure 2 will require pumping or manually 
drawn buckets to bring water from tl1e level to which 
it rises to the surface. The artesian well on tl1e right is 
below the water table, so water will flow to tl1e surface 
unaided (a flowing artesian well). About 35 per 
cent of all public water supply in England and Wales 
comes from groundwater. Groundwater is even more 
important in arid and semi -arid areas. This is the main 
source of water in oasis settlements such as those in 
the Sahara desert in north Africa. 

Figure2 An aquifer and artesian wells 
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Desalination: the answer to water 
shortages? 
Desalination plants are in widespread use in the 
Middle East where other forms of water supply are 
extremely scarce. Most of these plants distill water 
by boiling, generally using waste gases produced by 
oil wells. Without the availability of waste energy the 
process would be extremely expensive. This is the 
main reason why desalination plants arc few and far 
between outside of the Middle East. 

However, another method of desalination docs 
exist. Originally developed in California in the 
mid-1960s for industrial use, the 'reverse osmosis' 
technique is now being applied to drinking water. 
Recent advances have substantially reduced the cost 
of reverse-osmosis systems. Large-scale systems using 
this new technology have been built in Singapore 
and Florida. 

The sea water will still have to undergo 
conventional filter treatment to rid it of impurities 
such as microbes pumped into the sea from sewage 
plants. Thus it is likely that even when the technology 
has been highly refined , desalinated water will always 
be more expensive than water from conventional 
sources. However, desalination does have other 
advantages: 

• It does not affect water level in rivers. 
• It could mean that controversial plans for new 

reservoirs could be shelved. 

However, desalination plants are expensive and do 
not offer a viable solution to the poorest countries 
unless costs can be drastically reduced. 

Cloud seeding 
Cloud seeding is a technique used to increase 
rainfall (or snowfall) in an area. It can be used 
directly over an agricultural area where rainfall is 
required immediately, or mountain or "orogenic' 
cloud seeding can be used for snowpack 
augmentation, particularly in snowmelt-dominated 
basins like those originating in the Rocky 
Mountains in the USA and Canada (Figures I 
and 3). The more snow that falls in winter, the 
more water from snowmelt in spring. Cloud seeding 
is also sometimes used in major ski resorts to 
increase snowfall. 

Figure 3 How cloud seeding v,,orks 
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Other methods of water supply 
Other methods of water supply, shown on Figure I , 
are largely self-explanatory: 

• Forest water management can be very important in 
many areas. Land management activities can affect 
water flow and degrade the quality of water. Many 
countries rely on 'protection forests' to preserve the 
quality of drinking water supplies, alleviate flooding and 
to guard against erosion, landslides and the loss of soil. 

• Water can be stored underground as well as on 
the surface, thus reducing losses from evaporation. 
Underground storage usually uses existing 
chambers such as abandoned mines. 

• Water pricing and the granting oflicences to use 
certain amounts of water from the public supply are 
now commonplace measures for large-scale users of 
water. !f a licence holder does not need to use all 
the water it is entitled to use under the licence, the 
surplus water can be sold (wa ter licence exchange). 

• H ouseholds may be encouraged to use water butts 
and to trap rainwater by other methods, thus 
taking less from the piped public supply. They may 
also be encouraged to use 'grey water' to water 
gardens, for example. Grey water is water that has 
already been used, such as bath water. 

• How water use varies 
Figure 4 shows the contrasts in water use in 
developed and developing countries. In the latter, 
agriculrnre accounts for over 80 per cent of total 
water use, with industry using more of the remainder 
than domestic allocation. In the developed world 
agriculrnre accounts for slightly more than 40 per 
cent of total water use. This is lower than the amount 
allocated to industry. As in the developing world, 
domestic use is in third place. 



As developing countries industrialise and urban
industrial complexes expand, the demand for water 
grows rapidly in the industrial and domestic sectors. 
As a result the competition with agriculrnre for 
water has intensified in many countries and regions. 
This is a scenario that has already played itself out 
in many developed countries where more and more 
difficult decisions are having to be made about how 
to allocate water. 

There can also be large variations in water allocation 
within countries. For example, irrigation accounts for 
over 80 per cent of water demand in the west of the 
USA, but only about 6 per cent in the east. In general, 
precipitation declines from east to west in the USA. 

The amount of water used by a population depends 
not only on water availability but also on levels of 
urbanisation and economic development. As global 
urbanisation continues, the demand for potable 
water ( drinking water) in cities and towns will rise 
rapidly. In many cases demand will outstrip supply. In 
some countries water is delivered on a daily basis to 
urban areas that are not yet connected to the mains 
supply (Figure 5 ). 

In terms of agriculture, more than 80 per cent of 
crop evapotranspiration comes directly from rainfall 
with the remainder from irrigation water diverted 
from rivers and groundwater. However, this varies 
considerably by region. In the Middle East and 
North Africa, where rainfull is low and unreliable, 
more than 60 per cent of crop evapotranspiration 
originates from irrigation. 

Developed countries 
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Figure4 Waterusedforagriculture,industryanddomestic 
purposes in the developed and developing worlds 

Figure 5 Water collection and distribution in central Asia 

Water shortages 

Figure 6 A public drinking water point in Vienna, Austria 

• Water shortages 
l 10000km3 of precipitation falls onto the Earth's 
land surfuce each year. This would be more than 
adequate for the global population's needs, but much 
ofit cannot be caprnred and the rest is very unevenly 
distributed. For example: 

• Over 60 per cent of the world's population live in 
areas receiving only 25 per cent of global annual 
precipitation. 

• The arid regions of the world cover 40 per cent of 
the world's land area, but receive only 2 per cent of 
global precipitation. 

• The Congo river and its tributaries account for 
30 per cent of Africa's annual run off in an area 
containing 10 per cent of Africa's population. 

Water scarcity is to do with the availability of potable 
water. Physical water scarcity is when physical access 
to water is limited. This is when demand outstrips a 
region's ability to provide the water needed by the 
population. It is the arid and semi-arid regions of the 
world that are most associated with physical water 
scarcity. Here temperarnres and evapotranspiration 
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rates are very high and precipitation low. In the worst 
affected areas, points of access to safe drinking water 
are few and fur between. Egypt is a clear example of 

Figure 7 The dried-up bed of the Rio Oja, northern Spain 

Economic water scarcity exists when a population 
does not have the necessary monetary means to 

utilise an adequate source of water. The unequal 
distribution of resources is central to economic 
water scarcity where the crux of the problem is lack 

Figure 8 Physical water scarcity and economic water scarcity worldwide 

Securing access to clean water is a vital aspect of 
development. The lack of clean, safe drinking water 
is estimated to kill over 4000 children per day. While 
deaths associated with dirty water have been virtually 
eliminated from developed countries, in developing 

physical water scarcity, having to import more than 
half of its food because it docs not have enough water 
to grow it domestically. 

of investment. This occurs for a number of reasons 
including political and ethnic conflict. Figure 8 shows 
that much of Sub-Saharan Africa is affected by this 
type of water scarcity. 

- Little or no water scarcity 

D Approaching physical 
water scarcity 

- Physicalwaterscarcity 

D Economicwaterscarcity 

D Not estimated 

countries most deaths still result from water-borne 
disease. 

Water scarcity has been presented as the 'sleeping 
tiger' of the world's environmental problems, 
threatening to put world food supplies in jeopardy, 



limit economic and social development, and create 
serious conflicts between neighbouring drainage basin 
countries. The UN estimates that two-thirds of the 
world's population will be affected by 'severe water 
stress' by 2025. The sirnation will be particularly 
severe in Africa, the Middle East and South Asia. The 
UN notes that already a number of the world's great 
rivers such as the Colorado in the USA arc running 
dry, and that groundwater is also being drained faster 
than it can be replenished. Many major aquifers have 
been seriously depicted, which will present serious 
consequences in the future. In China, the over
exploitation of aquifers has been a major factor in the 
decline in rice production in some areas. 

The .Middle East and North Africa face the most 
serious problems. Since 1972 the Middle East has 
withdrawn more water from its rivers and aquifers 
each year than is being replenished. Yemen and Jordan 
arc withdrawing 30 per cent more from groundwater 
resources annually than is being narnrally replenished. 
Israel's annual demand c.xcccds its renewable supply by 
15 per cent. In Africa, 206 million people live in water 
stressed or water scarce areas. 

A country is judged to experience water stress 
when water supply is below 1700 cubic metres per 
person per year. When water supply falls below 1000 
cubic metres per person a year, a country faces water 
scarcity for all or part of the year. 

The Water Project, a leading NGO, has recently 
stated the following with regard to water: 

• At any one time , half of the world's hospital beds 
arc occupied by patients suffering from water
borne diseases. 

• Over one-third of the world's population has no 
access to sanitation facilities. 

• In developing countries, about 80 per cent of 
illnesses arc linked to poor water and sanitation 
conditions. 

• One out of every four deaths of children under the 
age of5 worldwide is due to a water-related disease. 

• In developing countries, it is common for water 
collectors, usually women and girls, to have to walk 
several kilometres every day to fetch water. Once 
filled, pots and jerry-cans can weigh as much as 20 kg. 

The link between poverty and water resources is 
very clear, with those living on less than $1.25 a 
day roughly equal to the number without access to 
safe drinking water. Access to safe water is vital in 
the prevention of diarrhoeal diseases which result 
in 1.5 million deaths a year, mostly among children 

Water management 

under 5. Improving access to safe water can be among 
the most cost-effective means of reducing illness and 
mortality. The UN World Water Dcvclop,ncnt Report 
stated: 'The real tragedy is the effect it has on the 
everyday lives of poor people, who arc blighted by the 
burden of water-related disease, living in degraded 
and often dangerous environments, struggling to get 
an education for their children and to cam a living, 
and to get enough to cat. The brutal truth is that 
the really poor suffer a combination of most, and 
sometimes all, of the problems in the water sector.' 

The future 
Scientists expect water scarcity to become more 
severe largely because: 

• the world's population continues to increase 
significantly 

• increasing affiucncc is inflating per capita demand 
for water 

• of the increasing demands of biofucl production -
biofucl crops arc heavy users of water 

• climate change is increasing aridity and reducing 
supply in many regions 

• many water sources arc threatened by various forms 
of pollution. 

• Water management 
The general opinion in the global water industry is that 
in the past the cost of water in tl1c developed world has 
been too low to encourage users to save water. Higher 
prices would make individuals and organisations, botl1 
public and private, tl1ink more carefully about how 
much water they use. Higher prices would: 

• encourage the systematic re-use of used or 'grey' water 
• spur investment in recycling and reclamation systems 
• lead to greater investment in the reduction of water 

losses. 

However, many consumers still sec water as a 'free' 
or very low-cost resource, and camp-aign groups arc 
concerned tl1at higher prices would have an unfair impact 
on people on low incomes. Water pricing for both 
domestic and commercial users is a sensitive issue. It has 
also become much more ofa political issue as more and 
more countries have privatised tl1cir water resources. 

Conserving irrigation water would have more 
impact than any other measure. Most irrigation is 
extremely inefficient, wasting half or more of the 
water used. A 10 per cent increase in irrigation 
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efficiency would free up more water than is 
evaporated by all other users. The most modern drip 
irrigation systems arc up to 95 per cent efficient, but 
require significant investment. 

Although some industries have significantly 
reduced their use of water per unit of production, 
most water analysts believe that much more can be 
done. For example, production of l kg of aluminium 
can require up to 1500 litres of water. Other 
industries, such as paper production, arc also very 
water intensive. Some countries such as Japan and 
Germany have made considerable improvements in 
industrial water use. For example, Japanese industry 
recycles more than 75 per cent of process water. 

As water scarcity becomes more of a problem, the 
investment required to tackle this global challenge 
will rise. Table l shows the estimated investment 
needed by regions of the world for the period 
2005- 30. There are very large contrasts between 
the different regions. Delivering water to the points 
where it is required is a costly business in terms of 

both constructing and maintaining infrastructure. 
Overall, the sums of money illustrated in Table l are 
huge and money may need to be diverted from other 
sectors of national government funding. However, 
investment in water as a proportion of GDP has fullen 
by half in most countries since the late 1990s. 

Urban sanitation services are very heavy users of 
water. Demand could be reduced considerably by 
adopting dry, or low-water use, systems such as dry 
composting toilets with urine separation systems. A 
number o f pilot projects are in operation, such as the 
Gebers Housing Project in Stockholm. 

Table 1 Water investment needs by area, 2005- 30 

S (trillions) 

Asia/Oceania 9.0 

South/Central America 5.0 

Europe 4.5 

USA/Canada 3.6 

Africa 0.2 

Middle East 0.3 

(ff1J1ffij@ The water problem in south-western USA 
The USA is a huge user of water. Over the country as a 
whole there wou ld not seem to be a water problem. 
However, the western states of the USA, covering 60 
per cent of the land area with 40 per cent of the total 
population, receive on ly 25 per cent of the country's mean 
annual precipitation. Yet each day the west uses as much 
water as the east. It is the south-west in particular where 
the water problem is most intense . This is the area of the 
USA most vulnerable to water shortages. 

Figure 9 Desert region in south-western USA 

The south-west has prospered due to a huge investment 
in water transfer schemes. Thi s has benefited agriculture, 
industry and settlement. Hundreds of aqueducts take 
water from areas of surplus to areas of shortage . The 
federal government has paid most of the bill but now the 
demand for water is greater than the supply. If the west 
is to continue to expand, a solution to the water problem 
must be found. 

Although much of the south-west is desert or sem i
desert, large areas of dry land have been transformed 
into fertile farms and sprawl ing citi es. It all began with 
the Reclamation Act of 1902 wh ich allowed the building 
of cana ls, dams and hydro-electric power systems in the 
states that lie, a ll or in part, west of the 100th meridian. 
Water supply was to be the key to econom ic development 
in general, benefiting not only the west but the USA as a 
who le . 

California has benefited most from this investment 
in water supply. A great imbalance exists between the 
distributions of precipitation and population in the state. 
Seventy per cent of runoff originates in the northern one
third of the state but 80 per cent of the demand for water 
is in the southern two-th irds. Wh il e irrigation is the prime 
water user, the sprawl ing urban areas have also greatly 
in creased demand. The 3.5 million hectares of irrigated 
land in California are situated mainly in the Imperial, 
Coachella, San Joaquin and lower Sacramento valleys. 
Figure 10 shows the major component parts of water 
transfer and storage in the state . 
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Figure 10 Water management schemes in California 

Agriculture uses more than 80 per cent of the state's 
water, though it accounts for less than a tenth of the 
economy. Water development, largely financed by the 
federal government, has been a huge subsidy to California 
in general and to big water users in particular. However, 
recently there has been a move to bringing the price 
mechanism to bear on water resources. 

The Colorado: a river under 
pressure 
The 2333 km long Colorado river is an important source 
of water in the south-west. Over 30 million people in the 
region depend on water from the river. The river rises 
4250 m up in the Rocky Mountains of northern Colorado 
and flows generally south-west through Colorado, Utah, 
Arizona and between Nevada and Arizona, and Arizona 
and California before crossing the border into Mexico. The 
river drains an area of about 632 000km2. 

The Colorado was the first river system in which the 
concept of multiple use of water was attempted by the 
US Bureau of Reclamation. In 1922 the Colorado River 
Compact divided the seven states of the basin into two 
groups: Upper Basin and Lower Basin. Each group was 
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allocated 9.25 trillion litres of water annually, wh il e a 
1944 treaty guaranteed a further 1.85 trillion litres to 
Mexico. Completed in 1936, the Hoover Dam and Lake 
Mead marked the beginning of the era of art ificia l control 
of the Colorado. Despite the interstate and international 
agreements (between the USA and Mexico), major 
problems over the river's resources have arisen because 
population has increased along with rising demand from 
agriculture and industry. 

The $4 billion Central Arizona Project (CAP) is the latest, 
and probably the last, big money scheme to divert water 
from this great river (Figure 11 ). Before CAP, Arizona 
had taken much less than its lega l ent itl ement from the 
Colorado. It cou ld not afford to build a water transfer 
system from the Colorado to its main cities and at the 
time the federal government did not feel that national 
funding was justified. Most of the state's water came from 
aqu ifers but it was overdrawing this supply by about two 
million acre-feet a year. If thirsty Phoenix and Tucson were 
to remain prosperous, someth ing had to be done. The 
answer was CAP, wh ich the federal government agreed to 
part-fund. Since CAP was completed in 1992, 1 .85 trillion 
litres of water a year has been distributed to farms, Indi an 
reservations, industries and fast-growing towns and citi es 
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along its 570km route between Lake Havasu and Tucson. 
However, providing more water for Arizona has meant 
that less is available for California. In 1997 the federal 
government told California that the state would have to 
learn to live with the 5427 million m3 of water from the 
Colorado it is entitled to under the 1922 Compact, instead 
oftaking 6414 million m3 a year. 

Figure 11 PartoftheCentralArizonaProject 

Resource management strategies 
Implementation of the following strategies would 
conserve considerable quantities of water in the south
west ofthe USA: 

• measures to reduce leakage and evaporation losses - up 
to 25 per cent of all water moved is currently lost in 
these ways 

• recycling water in industry where, for example, it takes 
225000 litres to make one tonne of steel 

• recycling municipal sewage for watering lawns, gardens 
and golf courses, which could be implemented or 
extended, as Los Angeles has already shown 

• introducing more efficient toilet systems 
• charging more realistic prices for irrigation water - many 

farmers pay well below the true cost of water pumped 
to them, while the rest is subsidised by the federal 
government 

• extending the use of the most efficient irrigation systems 
• changing from highly water-dependent crops such as 

rice and alfalfa to those needing less water 
• requiring both cities and rural areas to identify the source 

of water to be used before new developments can begin. 

Future options 
Several ideas have been put forward for future strategies: 

• New groundwater resources could be developed. 
Although groundwater has been heavily depleted in 
many areas, in regions of water surplus such as northern 
California they remain virtually untapped. However, 
the transfer of even more water from such areas would 
probably prove politically unacceptable. 

• It has been claimed that various techniques of weather 
modification, especially cloud seeding, can provide 
water at reasonable cost. However, environmental and 
political considerations cannot be ignored here. 

• In 1991, after several years of drought, the city of Santa 
Barbara approved the construction of a $37 .4 million 
desalination plant. Although much too expensive for 
irrigation water, it is likely that more will be built for 
urban use. 

• The frozen reserves of Antarctic water could be 
exploited . Serious proposals have been made to find a 
100 million tonne iceberg (1 .5km long, 300m wide, 270m 
deep) off Antarctica, wrap it in sailcloth or thick plastic, 
and tow it to southern California. The critical questions 
here are cost, evaporation loss, and the environmental 
effects of anchoring such a huge block of ice off an arid 
coast. There could also be political implications. 

• Offshore aqueducts might be constructed that would 
run under the ocean from the Columbia river in the 
north-west ofthe USA to California. 

There is now general agreement that planning for the future 
water supply of the south-west should embrace all practicable 
options. Sensible management of this vital resource should 
rule out no feasible strategy if this important region is to 
sustain its economic viability and growing population. 

Interesting note 
The water level in the Colorado-fed Lake Mead, the 
USA's largest reservoir, has dropped by more than 30 m 
since the beginning ofthe twenty-first century. The 
basin is now only just over half full! 

Case study analysis 
1 Describe the imbalance in population and precipitation 

between the eastern and western parts of the USA. 
Discuss the main uses of water in California. 
Why is the Colorado river under so much pressure? 
Explain the resource management strategies that can 
be used to try to improve the balance between supply 
and demand. 



Environmental risks of economic 
@ development 

Polluting factories and smog over Ulaanbaatar - flights in and out o f 
the airport are regularly delayed due to smog in one of the world's most 
polluted cities 

Key questions 
• How ca n economi c activiti es pose threats to the natural 

enviro nment, loca lly and globally? 
• How impo rtant are sustainabl e develo pment and 

manage ment to eco nomic deve lopment? 
• How impo rtant is reso urce conservati on? 

Figure 1 How exposure to pollution can affect human health 

• The threat of economic 
activities to the natural 
environment 

As the scale of global economic activity has increased, 
bringing considerable benefi ts to many people, the 
strain on the narnral environment has become more 
obvious at all scales from local to global. The planet 
is experiencing a range of seri ous environmental 
challenges, many of which are interlinked . At the largest 
scale enhanced global warming is having an impact, or 
will have an impact, on the whole of the world. 

Pollution 
Po llutio n is contaminati on of the environment . It 
can take many fo rms - air, water, soil , noise, visual 
and others. Pollutio n has a major impact on people 
and the environment. Figure 1 shows how people 
arc exposed to chemicals and how exposure to these 
chemicals can affect human health. The methods of 
exposure to pollutants arc: 

• breathing in chemical vapours and dust (inhalation ) 
• drinking or ea ting the chemical (ingestion ) 
• absorbing the chemical through the skin (absorption ). 
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Air pollution 
Of all types o f pollution , air pollution has the 
most widespread effects on human health and the 
environment. Air pollution affects people and the 
environment at a ran ge of scales, from local to 

For example, prevailing winds in Europe generally 
carry pollution from west to cast. Thus the p roblems 
caused by acid rain in Scandinavia have been due 
partly to industrial activity in the UK. Dry and wet 
deposition can be carried fo r considerabl e distances. 
For example, pollutio n found in Alaska in the global. In many parts of the developing world indCXJr 

air pollutio n is more severe than that experi enced 
outdoors. This is the result of the use o f bio mass fuels 
for cookin g and heating. In many poor countri es this 
is the only option available. 

1970s was traced back to the Ruhr industri al area in 
Germany. 

Table 1 The most polluting industries 

Industrial sector Examples 
Virtually every substance is toxic at a certain 

dosage. The most seri ous polluters are the large
scale processing industri es which tend to fo rm 
agglomerations as they have similar loca tio nal 
requirements (Table 1 ). The impact of a Li.rge 
industrial agglomeration may spread well beyond the 
locality and regio n to cross internatio nal borders. 

Fuel andn''"""r Powerstations,oilrefineries 
Mineral industries Cement,glass,ceramics 

Waste disposal lncineration,chemicalrecoverv 
Chemicals Pesticides, pharmaceuticals, organic and 

inorganic chemicals 
Metal industries lronandsteel,smeltina,non-ferrousmetals 
Others Paper manufacture, timber preparation, uranium 

processinq 

Table 2 Major air pollutants 

Pollutant 

Ozone: a gasthatcanbe found in 
two places. Near the ground (the 
troposphere) it is a major part of smog. 
This should not be confused with the 
protectivelayerofozonein the upper 
atmosphere(stratosphere),which 
screensoutharmfulultravioletrays. 
Carbon monoxide: a gas that comes 
fromthebumingoffossilfuels,mostly 
incars. ltcannotbeseenorsmelled. 

Nitrogen dioxide: a reddish-brown 
gasthatcomesfromthebumingof 
fossil fuels. It hasastrongsmellathigh 
concentrations. 

Particulate matter: solid or liquid 
matter thatissuspendedintheair. To 
remain intheair,particlesmustusually 
be between 0.00005mm and 0.1 mm. 

Sources 
Ozone is not created directly, but is formed when 
nitrogen oxides and volatile organic compounds mix in 
sunlight.Nitrogenoxidescomefrombuminggasoline, 
coalandotherfossilfuels. Themanytypesofvolatile 
organic compounds come from sources ranging from 
factories to trees. 

Effects 

Ozone near the ground can lead to more frequent 
asthma attacks in people 'Mlo have asthma, and 
can cause sore throats, coughs and breathing 
difficulty,evenleadingtoprematuredeath.ltcan 
also damage plants and crops. 

Carbon monoxide is released when engines bum Carbon monoxide makes it hard for body parts 
fossi l fuels. Emissions are higher when engines are to get the oxygen they need. Exposure to carbon 
not tuned properly, and when fuel is not completely monoxide makes people feel dizzy and tired and 
burnt. Cars emit a lot of the carbon monoxide found gives them headaches. In high concentrations it 
outdoors. Furnaces and heaters in the home can emit can be fatal. 
high concentrations of carbon monoxide if they are not 
properly maintained. 

Nitrogen dioxide mostly comes from power plants and 
cars. It is formed in two ways: when nitrogen in fuel is 
burnt, and when nitrogen in the air reacts with oxygen 
atveryhightemperatures. ltcan alsoreactinthe 
atmosphere to form ozone, acid rain and particles. 

High concentrations of nitrogen dioxide can give 
people coughs and make them short of breath. 
People exposed to nitrogen dioxide for a long 
timearemorevulnerabletorespiratoryinfections. 
Nitrogen dioxide reacts in the atmosphere to form 
acidrain,'Mlichcanharm lantsandanimals. 

Particulate matter can be divided into two types: coarse Particulate matter that is small enough can enter 
and fine. Coarse particles are formed from sources the lungs and cause health problems, for example 
such as road dust, sea spray and construction. Fine more frequent asthma attacks, respiratory 
particles are formed when fuel is burnt in vehicles and problems and premature death. 
power plants. 

Sulfur dioxide: a corrosive gas that Sulfur dioxide mostly comes from burning coal or oil Sulfur dioxide exposure can affect people who 
have asthma or emphysema by making it more 
difficultforthemtobreathe. ltcanalsoirritate 
eyes,nose andthroat.ltcanharmtreesand 
crops, damage buildings, and reduce visibi lity. 

cannot be seen or smelled at low levels, in power plants. Also from factories making chemicals, 
but has a 'rotten egg' smell at higher paper or fuel. It reacts in the atmosphere to form acid 
concentrations. rain and particles. 

Lead:ablue-greymetalthatisvery 
toxic;foundinavarietyofformsand 
places. 

Outside, lead comes from cars using fuel that is not 
unleaded. Also from power plants and other industrial 
sources.lnside,leadpaintcanstillbefoundinolder 
houses; old lead pipes can be a source of lead in 
drinking water. 

Large amounts of lead can affect young children's 
braindevelopmentandcausekidneyproblems. 
For adultsexposuretoleadcanincreasethe 
chanceofheartattack andstroke. 
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Toxic a ir po ll utants: includes a 
numberofchemicals,forexample 
arsenic, asbestos, benzene,dioxin. 

Each pollutant comes from a different source, but 
many are created in chemical plants when fossil fu els 
arebumt.Somepollutantscanbefoundinbuilding 
materials or in food and water supplies 

Toxicairpollutantscancausecancer,andsome 
can cause birth defects, skin and eye irritation, 
and breathing problems. 

Stratosphericozonedepleters: 
chemicalsthatcandestroytheozone 
in the stratosphere. These include 
chlorofluorocarbons (CFCs), halons, 

CFCs are used in air conditioners and refrigerators, as 
t hey work well in coolants. Also in aerosol cans, fire 
extinguishers and solvents. 

If stratospheric ozone is destroyed, people are 
exposed to more ultraviolet radiation from the 
sun, which can leadtoskincancer andeye 
problems. It can also harm plants and animals. 

chlorine and bromine. 

Greenhousegases:gasesthatstay 
intheairforalongtimeandwarm 
theplanetbytrappingsunlight. This is 
calledthe'greenhouseeffect' because 
thegasesactl ikeglassinagreenhouse. 
Greenhouse gases include carbon 
dioxide, methane and nitrous oxide. 

Carbon dioxide is the most important greenhouse gas. The greenhouse effect can lead to changes in the 
It comes from burning fossil fuels in vehicles, power climate, for example more extreme temperatures, 
plants, houses and industry. Methane is released during higher sea levels, changes in forest composit ion, 
t he processing of fossil fuels; also from natural sources which in tum cause health problems for people. 
such as cows and padi-fields. Nitrous oxide comes from 
industrial sources and decaying plants. 

Table 2 summari ses the sources and effects o n people 
and the environment of the major air pollu tants . Air 
pollutio n is a massive environmental problem leading 
to, amo ng other things, global warming, acid rain 
and the deterioration of the ozone layer. 

Pollution is the major cxtcrnali ty o f industrial 
and urban areas. Externalities arc the side-effects, 
positive and negati ve, o f an economic activity that arc 
experienced beyond its site. Pollution is at its most 
intense at the focus of pollutio n-causing activities, 
declining with distance from such concentratio ns 
(Figure 2 ). For some sources of pollutio n it is 
possible to map the cxtcrnality gradient and field . In 
general, health risk and environmental damage arc 
greatest immediately around the source of pollution 
and the ri sk decreases with distance fro m the source. 
However, atmospheric conditions and other facto rs 
can complicate this pattern. 

Maximum enviro nmenta l 
impact 

Locatio n of 
industry 

Exte rnalityfleld 

Distance 

Figure 2 Externalitygradientandfield 

Interesting note 
Th e countries with the la rgest tota l ca rbon dioxide 
emissions are China, the USA, Indi a, Russ ia and Japan. 
In te rms of emissions per ca pita, the USA and Ru ssia are 
th e largest polluters. 

Wat er pollution 
Each year about 450km3 ofwastcwatcr arc discharged 
into rivers, streams and lakes around the world . While 
rivers in mo re affiu cnt countries have become steadily 
cleaner in recent decades, the reverse has been true in 
much of the developing world . It has been estimated 
that 90 per cent of sewage in developing countries 
is discharged into rivers, lakes and seas without any 
treatment. The UN estimates that almost half the 
population in many developing world cities do not 
have access to safe drinking water. For example, the 
Yamuna river, which flows th rough Delhi , has 200 
million litres of sewage drained into it each day. For 
many people the only alternative to using thi s wa ter 
fo r drinking and cooking is to turn to water vendors 
who sell tap water at grea tly inflated prices. 

Although most people in developed countri es 
thin k that their wa ter suppli es arc clean and healthy 
there is growing concern in some quarters about 
traces o f potentially dangerous medicines that may be 
contaminating tap water and putting unborn babies 
at ri sk, accordin g to a report published in the UK in 
September 2008 . O ne newspaper headline read ' ls 
our water being poisoned with a cocktail of dru gs?'. 
Scientists arc worried that powerful and toxic anti 
cancer dru gs arc passing unhindered th rough sewage 
works and making their way back into the water 
supply. 
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Figure 3 A polluted river in Christchurch, New Zealand 

China's rapid economic growth has led to widespread 
environmental problems. Pollution problems arc so 
severe in some areas that the term 'cancer village' 
has become commonplace. In the village of Xiditou, 
south-cast of Beijing, the cancer rate is 30 times the 
national average. This has been blamed on water 
and air contaminated by chemical factories. Tests on 
tap water have found traces of highly carcinogenic 
benzene that were 50 per cent above national safe 
limits. In the rush for economic growth, local 
governments eagerly built factories, but they had very 
limited experience of environmental controls. 

• The Chinese government admits that 300 million 
people drink polluted water. 

• This comes from polluted rivers and groundwater. 
• 30000 children die of diarrhoea or other water

borne illnesses each year. 
• The river Liao is the most polluted, followed by 

waterways around Tianjin and the River Huai. 
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Figure 4 Heathrow airport, with surrounding noise levels 

Noise and light pollution 
Not all pollution involves inhalation, ingestion and 
absorption. Noise and light pollution are increasing 
hazards in developed societies. Noise pollution is 
disturbing or excessive noise that may harm the 
activity or balance of human or animal life. LVlost 
outdoor noise is caused by machines and modes of 
transport. Outdoor noise is generally referred to as 
'environmental noise' 

The increase in air traffic is one of the major 
contributors to noise pollution (and air pollution). 
A large area is currently affected by aircraft noise 
from Heathrow airport, near London, stretching 
from the southern outskirts of Maidenhead in 
the west to the edge of Camberwell in the east 
(Figure 4 ). In this area, 600 OOO people are affected 
by noise levels of 55 decibels or over. People living 
close to the airport are affected by noise levels of 
75 decibels. Significant annoyance from aircraft noise 
begins at 50decibels. 

The proposed third runway at Heathrow will 
increase the number of flights from 420 OOO a year 
to 700000 and will bring far more people within 
the area affected by aircraft noise. A recent study has 
highlighted the link between exposure to noise and 
ill health, noting in particular exposure to night-time 
aircraft noise and high blood pressure. The latter can 
lead to heart attacks and strokes. 

Light pollution is excessive or obtrusive artificial 
light. It is an externality of a developed society. Its 
sources include the interior and external lighting 
of all sorts of buildings, advertising and street 
lighting. It is most severe in highly industrialised and 
densely populated areas. It can have a serious impact 
on human health, causing fatigue, loss of sleep, 
headaches and loss of amenity. 

Noisy restaurant 
Loud radio music 



The relative risks of incidental and 
sustained pollution 
It is important to consider the different impact 
between incident'll pollution ( one-off pollution 
incidents) and sustained pollution (longer-term 
pollution). The former is mainly linked to major 
accidents caused by technological failures and human 
error. Causes of the latter include ozone depiction 
and global warming. Some of the worst examples of 
incidental pollution arc shown in Table 3. 

Major examples of incidental pollution such as 
Chernobyl and Bhopal can have extremely long-lasting 
consequences which arc often difficult to determine in 
the earlier stages. The effects of both accidents arc still 
being felt more than two decades after they occurred. 

Table 3 Major examples of incidental pollution 

Location Causes and consequences 

Seveso, In July 1976 a reactor at a chemical factory near Seveso 
Italy in northern Italy exploded, sending a toxic cloud into the 

atmosphere. An 18 km2 area of land was contaminated 
with the dioxin TCDD. The immediate after-effects - a 
small number of people with skin inflammation - v,,ere 
relatively mild. However, the long-term impact has been 
much worse. The population is suffering increased 
numbers of premature deaths from cancer, cardiovascular 
disease and diabetes. 

Bho pal, A chemical factory owned by Union Carbide leaked deadly 
India methyl isocyanate gas during the night of 3 December 

1984. The plant was operated by a separate Indian 
subsidiary which worked to much lower safety standards 
than those required in the USA. It has been estimated 
that 8000 people died within two weeks and a further 
8000 have since died from gas-related diseases. The NGO 
Greenpeace puts the total fatality figure at over 20000. 
Bhopalisrecognisedastheworld'sv.urstindustrialdisaster. 

Chernobyl, The world's worst nuclear power plant accident occurred 
Ukraine at Chernobyl, Ukraine in April 1986. Reactor number four 

exploded, sending a plume of highly radioactive fallout 
into the atmosphere which drifted over extensive parts 
of Europe and eastern North America. Two people died 
in the initial explosion and over 336000 people were 
evacuated and resettled. In total,56directdeathsandan 
estimated 4000 extra cancer deaths have been attributed 
to Chernobyl. The estimated cost of S200 billion makes 
Chernobyl the most expensive disaster in modern history. 

Harbin, An explosion at a large petrochemical plant in the north-east 
China Chinese city of Harbin in 2005 released toxic pollutants into 

a major river. Benzene levels were 108 times above national 
safety levels. Benzene is a highly poisonous toxin which is 
also carcinogenic. water supplies to the city were suspended. 
Five people were killed in the blast and more than 60 injured. 
Ten thousand residents were temoorarilv evacuated. 

It is usually the poorest people in a society who arc 
exposed to the risks from both incidental and sustained 
pollution. In the USA the geographical distribution 
of both ethnic minorities and people on the lowest 

Enhanced global warming 

incomes has been found to be strongly linked to the 
distribution of the worst kinds of pollution. 

Activities 
1 Define pollution. 
2 What are the means of human exposure to pollutants? 
3 Wh ich industries are the largest polluters? 
4 Describe the sources and effects of two major a ir 

pollutants. 
5 Briefly exp la in Fi gure 2. 
6 Why is water pollution much more of a problem in the 

developing world than in the developed world? 
7 What are the main sources of noise pollution? 
8 Define light pollution. 
9 What is the difference between incid enta l pollution 

and susta ined pollution? 

• Enhanced global warming 
Economic activities generating 
greenhouse gases 
There is no doubt amongst geographers and scientists 
that the Earth 's climate is changing and that human 
economic activities arc at the very least a significant 
cause of these changes . The Earth-atmosphere 
system has a naniral greenhouse effect (Figure 5) 
that is essential to all life on Earth, but large-scale 
pollution of the annosphcrc by economic activiti es 
has created an enhanced greenhouse effect. This 
is causing temperatures to increase beyond the 
limits of the natural greenhouse effect . Many parts 
of the world arc experiencing unexpected changes 
in their weather. Some of these changes could have 
disastrous conseq uences for the populations of the 
areas affected if they continue to get more severe. 
Human activity has significantly increased the amount 
of greenhouse gases in the atmosphere and this has 
caused temperature to rise more rapidly than ever 
befo re. As the economics of C hina, India and other 
N I Cs expand even further, greenhouse gas emissions 
will continue to increase. 

• The present rate of change is greater than anything 
that has happened in the past. In the twentieth 
century, average global tcmpcrarurcs rose by 
0.6 °C. Most of this increase took place in the 
second half of the century. 

• The predictions arc fo r a fiirth cr global average 
temperature increase of between 1.6 °C and 4.2 °C 
by 2100. 
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The main greenhouse gases being created by human 
activity arc: 

• carbon dioxide 
• methane 
• nitrous oxides 
• ch lorofluorocarbons 

Sun's rays pass 
through the 
atmosphere without 
being absorbed 
(short-wave 
radiation), though 
some is reflected 
back into space by 
the clouds 

Figure 5 The greenhouse effect 

Earth 

The consequences of enhanced global 
warming 
There arc many potential consequences of enhanced 
global warming including the following: 

• Global temperature variations and heatwaves: 
in general, higher lati tudes and continental 
regions will experience temperature increases 
significantly greater than the globa l average. 
There will be a rising probability of hcatwavcs 
with more extreme heat days and fewer very 
cold days. 

• Rising sea levels: sea levels will respond more 
slowly than temperatures to changing greenhouse 

gas concentrations. Sea levels are currently 
rising at around 3 mm per year and the rise 
has been accelerating. Rising sea levels are due 
to a combination of thermal expansion and 
the melting of ice sheets and glaciers. Thermal 
expansion is the increase in water volume due 
to temperature increase alone. A global average 
sea level rise of0.4m from this cause has been 
predicted by the end of this century. 

• Increasing acidity in oceans: as carbon dioxide 
levels rise in the atmosphere, more of the gas 
is dissolved in surface waters, creating carbonic 
acid. Since the start of the industrial revolution 
the acidity activity of the oceans has increased by 
30 per cent. This is having a significant impact on 
coral reefs and shellfish. 

• Melting of ice caps and glaciers: satellite 
photographs show ice melting at its fastest rate 
ever. The area of sea ice in the Arctic Ocean has 
decreased by 15 per cent since 1960, while the 
th ickness of the ice has fa ll en by 40 per cent. In 
2007, the sea ice around Antarctica had melted 
back to a record low. At the same time, the 
movement of glaciers towards the sea has speeded 
up. A satellite survey between 1996 and 2006 
found that the net loss of ice rose by 75 per cent. 
Temperatures in western Antarctica have increased 
sharply in recent years, melting ice shelves and 
changing plant and animal life on the Antarctic 
Peninsula. lee melting could cause sea levels to rise 
by a further Sm (on top of thermal expansion). 
Hundreds of millions of people live in coastal areas 
within this range. 



Figure7 lcemeltingattheedgeofAntarctica 

• The warm water of the Gulf Stream: the Gulf 
Stream originates in the Gulf of Mexico, and its 
continuation the North Atlantic Drift has a major 
influence on the climates of the cast coast of North 
America and western Europe. Climatologists 
arc concerned that melting Arctic ice could 
disrupt these warm ocean currents resulting in 
temperatures in western Europe falling by at least 
5°C. Winters in the UK and other neighbouring 
countries would be much colder than they arc now. 

• Thawing peat bogs: an area of permafrost 
spanning one million km2 has started to melt for 
the first time since it formed 11 OOO years ago at the 
end of the last ice age. The area, which covers the 
entire sub-Arctic region of western Siberia, is the 
world's largest frozen peat bog and scientists fear 
that as it thaws, it will release billions of tonnes of 
methane, a greenhouse gas 20 times more potent 
than carbon dioxide, into the atmosphere. 

• El Nitio: this phenomenon is a change in the 
pattern of wind and ocean currents in the Pacific 
Ocean. This causes short-term changes in weather 
for countries bordering the Pacific, such as flooding 
in Peru and drought in Australia. El Niiio events 
tend to occur every two to seven years. There is 
concern that rising temperatures could increase 
their frequency and/or intensity. 

• Growth of the tropical belt: a srndy published 
in 2007 warned that the Earth's tropical belt was 
c.xpanding north and south. A further 22 million 
krn2 of the Earth arc experiencing a tropical climate 
compared with 1980. The poleward movement of 
subtropical dry belts could affect agriculrnrc and 
water supplies over large areas of the Mediterranean, 
the south-western USA, northern Mexico, southern 

Enhanced global warming 

Australia, sou thern Africa and parts of South 
America. The extension of the tropical belt will put 
more people at risk from tropical diseases. 

Figures Giantclimatechangeb.lnner,Brussels 

• Changing patterns of rainfall: the amount and 
distribution of rainfall in many parts of the world 
could change considerably. Generally, regions that 
get plenty of rainfall now arc likely to receive even 
more. And regions with low rainfall arc likely to get 
less. The latter will include the poor arid and semi
arid countries of Africa. In 2009, the heaviest rain in 
53 years battered Dhaka, the capital of Bangladesh. 

• Declining crop yields: higher tcmpcrarnrcs have 
already had an impact on global yields of wheat, 
corn and barley. A recent study revealed that crop 
yields fall between 3 and 5 per cent for every 0.5 °C 
increase in average temperature. Food shortages 
could begin conflicts between different countries. 

• Impact on wildlife: many species of wildlife may 
be wiped ou t because they will not have a chance 
to adapt to rapid changes in their environment. 
For example, the loss of Arctic ice wi ll have a huge 
effect on polar bears and other species that live and 
hunt among the ice floes. 



3.7 ENVIRONMENTAL RISKS OF ECONOMIC DEVELOPMENT 

Activities 
1 a Describe the natural greenh ouse effect. 

b How has this effect bee n 'enhanced' by eco nomic 
activiti es? 

2 List the main greenh ouse gases . 
3 Disc uss three potenti al consequences of enhanced 

g lobal wa rming . 

• Soil erosion and 
desertification 

The extent and causes of soil erosion 
Soil degradation is a global process. It involves 
both the physical loss (erosion ) and the reduction 
in quality of topsoil associated with nutrient decline 
and contamination. It has a significant impact on 
agriculture and also has implications for the urban 
environment, pollution and flooding. The loss of the 
upper soil horizons containing organic matter and 
nutrients and the thinning of soil profiles reduces 
crop yields on degraded soils. Soil degradation can 
cancel out gains from improved crop yields. The 
statistics on soil degradation make worrying reading: 

• Globally it is estimated that 2 billion hectares of soil 
resources have been degraded. This is equivalent to 
abou t 15 per cent of the Earth's land area. 

• During the past 40 years nearly one-third of the 
world's cropland has been abandoned because of 
soil erosion and degra.da.tion. 

• In Sub-Saha.ran Africa, nearly 2.6 million km2 of 
cropland has shown a 'consistent significant decline' 
according to a March 2008 report. Some scientists 
consider this to be a 'slow-motion disaster' 

• It takes natural processes about 500 years to 
replace 25mm of topsoil lost to erosion. The 
minimum soil depth for agricultural production is 
150mm. 

In temperate areas much soil degradation is a result 
of market forces and the attitudes adopted by 
commercial farmers and governments. In contrast, 
in the tropics much degradation results from 
high population pressure, land shortages and lack 
of awareness. The greater climate extremes and 
poorer soil structures in tropical areas give greater 
potential for degradation in such areas compared 
with temperate latitudes. This difference has been a 
significant factor in development, or the lack ofit. 

Agricultural 
mismanagement -
27% 

Industry and 
urbanisation 1% 

Overgrazing35% 

Figure9 Causesoflanddegradation 

Deforestation/fuelwood 
consumption37% 

The main cause of soil degradation is the removal 
of the natural vegetation cover, leaving the surface 
exposed to the elements. Figure 9 shows the human 
causes of degradation, with deforestation and 
overgrazing being the two main problems. The 
resulting loss of vegetation cover is a leading cause of 
wind and water erosion. 

Deforestation occurs for a number of reasons 
including the clearing of\and for agricultural use, for 
timber, and for other activities such as mining. Such 
activities tend to happen quickly whereas the loss of 
vegetation for fuelwood, a massive problem in many 
developing countries, is generally a more gradual 
process. Overgrazing is the grazing of natural 
pastures at stocking intensities above the livestock 
carrying capacity. Population pressure in many areas 
and poor agricultural practices have resulted in serious 
overgrazing. This is a major problem in many parts of 
the world , particularly in marginal ecosystems. 

Agricultural mismanagement is also a major 
problem due to a combination ofa lack of 
knowledge and the pursuit of short-term gain against 
consideration of\onger-term damage. Such activiti es 
include shifting cultivation without adequate fallow 
periods, absence of soil conservation measures, 
cultivation of fragile or marginal lands, unbalanced 
fertiliser use and the use of poor irrigation techniques. 

Local soil degradation 
Figure l O illustrates how a combination of causes 
and processes can operate in an area to result in soil 
degradation. The diagram shows a range of different 
economic activities which have an impact on the 
soil. Can you think of other economic activities that 
you could reasonably expect to find in such an area? 
What impact would these activiti es have on the soil? 
Notice how the diagram shows an increase in the area 
characterised by sealing as the urban area expands at 
the expense of farmland. 



Soil erosion and desertification 

• Blocking of soil 
functions 
important to the 
ecology of the 
landscape 

• Gradual 
destruction 
of soils 

• Changes in 
the structure 
of soi ls 

• Contamination of soils and groundwater w ith 
applied agrochemicals and atmospheric 
pollutants 

• Destruction of soil 

• Reduction in 
soil fertility 

• Reduction in 
soil fertility 

• Changes in soil composition 

• Destruction of soil • Adverse impacts on living organisms in the soil 

Figure 10 The causes and processes of local soil degradation 

Environmental and socio-economic 
consequences of soil erosion 
The environmental and socio-economic 
consequences of soil degradation are considerable. 
Such consequences can occur with little warning as 
damage to soil is often not perceived until it is far 
advanced. Socio-economic consequences are both 
on -site (local ) and off-site (beyond the locality ), 
while environmental consequences are primarily 
off-site. 

Desertification is the gradual transformation 
of habitable land into desert. It is arguably the 
most serious environmental consequence of soil 
degradation. Desertification is usually caused by 
climate change and/or by destructive use of the land. 
Natural causes of desertification inch1de temporary 
drought periods of high magnirude and long-term 

Table4 The consequences of desertification 

Environmental Economic 

climate change towards aridity. The main human 

• overgrazing 
• overcultivation 
• deforestation. 

Desertification occurs when already fragile land in arid 
and semi-arid areas is over-exploited. It is a considerable 
problem in many parts of the world, for example on 
the margins of the Sahara desert in north Africa and the 
Kalahari desert in southern Afiica. In semi-arid areas 
such as the edge of the Kalahari desert in southern 
Africa, a combination oflow and variable precipitation, 
nutrient-deficient soils and heavy dependence 
on subsistence farming makes soil degradation a 
significant threat. At present, 25 per cent of the global 
land territory and nearly 16 per cent of the world's 
population are threatened by desertification. Table 4 
summarises the consequences of desertification. 

Social and cultural 

• Loss of soil nutrients through w ind and 
water erosion 

• Reduced income from traditional economy 
(pastoralism and cu ltivat ion of food crops) 

• Loss of traditional knowledge and skills 
• Forced migration due to food scarcity 

• Changes in composition of vegetat ion 
and loss of biodiversity as vegetat ion is 
removed 

• Reduction in land ava ilable for cropping 
and pasture 

• lncreasedsed imentationofstreams 
because of soil erosion and sediment 
accumulations in reservoirs 

• Expansion of area under sand dunes 

• Decreased availability of fuelwood, 
necessitating purchase of o iVkerosene 

• Increased dependence on food aid 
• Increased rural poverty 

• Social tensions in reception areas for 
migrants 
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Dust storms, which can seriously damage crops, 
may also be a problem in such areas. Dust storms 
occur naturall y wherever dry soils and strong winds 
combine, but human activity can increase their 
severity significantly. These human activities are 

removal of vegetation, overgrazing, overcultivation 
and surface disturbance by vehicles. All these practices 
can add to the severity of the problem. In the Sahe! 
the increase in dust-storm frequency has been shown 
to coincide with periods of severe drought. 

Figure 11 Darkhan, Mongolia: (a) on a clear day and (b) duri ng one of the regular dust storms that are contributing to soil degradation. The number 
and strength of dust storms has increased in recent years. 

Soil degradation: a threat to food 
security? 
The increasing world population and the rapidly 
changing diet of hundreds of millions of people 
as they become more affiuent is placing more and 
more pressure on land resources. Some soi l and 
agricultural experts say that a decline in long-term 
soil productivity is already seriously limiting food 
production in the developing world. 

Activities 
1 W hat is soil erosion? 
2 To what extent is so il eros ion a major global problem? 
3 Discuss the causes and processes of loca l soil 

degradation shown in Figure 10. 
4 a Define desertification. 

b Expla in the causes of desertification. 
5 Compare the photographs in Figure 11. 

• Examples of environments 
under threat 

Agricultural change in Argentina's 
pampas 
Traditionally, cattle rearing has dominated farming in 

world 's great grasslands. It is a flat prairie with deep, 
fertile topsoil. H owever, rapid change is underway as 
crop production replaces cattle rearing over significant 
areas of the pampas. There are undoubted benefits 
to this process as farmers are responding to changing 
patterns of global demand. But there are also risks 
involved in such a radical change in land use. 

The change from pastoral to arable fanning has 
considerably increased chemical input onto the land. 
11lis is having a significant impact on the ecosystem. 
111e World Wide Fund for Narure (WWF) is concerned 
that the pampas is now being over-farmed.111is is 
endangering wildlife, including South American ostriches, 
pumas and wildcats. 111e W\iVF is also concerned about 
the widespread desmiction of native grass. 

the pampas of Argentina. The pampas is one of the Figure 12 The pampas - cropland 



Oil production in the Niger delta 
The Niger delta covers an area of70000km2, making 
up 7.5 per cent of Nigeria's land area. It contains 
over 75 per cent of Africa's remaining mangrove. 
A report published in 2006 estimated that up to 
1.5 million tonnes of oil has been spilt in the delta 
over the past 50 years. The report compiled by WWF 
says that the delta is one of the five most polluted 
spots on Earth. Pollution is destroying the livelihoods 
of many of the 20 million people who live there. The 
pollution damages crops and fishing grounds and 
is a major contributor to the upsurge in violence in 
the region. People in the region are dissatisfied with 
bearing the considerable costs of the oil industry but 
seeing very little in terms of the benefits. The report 
accused the oil companies of not using the advanced 
technologies to combat pollution that are evident in 
other world regions. However, Shell claims that 95 
per cent of oi l discharges in the last five years have 
been caused by sabotage. 

The flaring (burning) of unwanted natural gas 
found with the oi l is a major regional and global 
environmental problem. The gas found here is not 
useful because there is no gas pipeline infrastructure 
to take it to consumer markets. It is estimated 
that 70 million m3 are flared off each day. This is 
equivalent to 40 per cent of Africa's natural gas 
consumption. Gas flaring in the Niger delta is the 
world's single largest source of greenhouse gas 
emissions. 

Figure 13 Environmental problems in the Niger delta 

The threat to Australia's Great 
Barrier Reef 
The Great Barrier Reef (Figure 14) is one of the 
great tourist attractions in Australia. It includes 
over 2900 reefs, around 940 islands and cays, and 

Sustainable development and management 

stretches 2300km along the coast of Queensland. 
The Great Barrier Reef Marine Park covers an area 
of 345 OOO km 2. This is an ecosystem of immense 
diversity. H owever, there are several significant 
problems relating to the Great Barrier Reef: 

• The impact ofland-based pollution from 
agriculture, industry, residential areas and tourism 
is causing significant damage to the reef ecosystem. 

• Overfishing - the use of dragnets in particular - can 
damage the coral. 

• Coral bleaching is exacerbated by increasing sea 
temperatures due to global warming. This causes 
coral polyps to die, leaving only the white 'skeleton' 
of the coral, and the range of colours is lost. 

• Tourists visiting the reef cause damage by dropping 
and dragging anchors, walking and diving on the 
reef and by pollution from the tourist boats visiting 
the area. 

Figure 14 TheGreatBarrierReef,Australia 

• Sustainable development 
and management 

The two key terms that have become increasingly 
important in terms of economic activity are resource 
management and sustainable development. 
Resource management is the control of the 
exploitation and use of resources in relation to 
environmental and economic costs. Sustainable 
development is a carefully calculated system of 
resource management which ensures that the current 
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level of exploitation docs not compromise the ability 
of future generations to meet their own needs. 

Resource management in the 
European Union 
Figure 15 shows what has happened in so man y 
of the world's fishing grounds. Without careful 
resource management fish stocks could be totally 
depleted in some areas. Yet it is often difficult to get 
countries to agree on what to do. The European 
Union's Common Fisheries Policy is perhaps the 
most advanced international attempt to manage 
the fishing grounds belonging to this group of 
countries. While the fishing industry in the EU 
frequently complains that the amount offish it is 
allowed to catch (the total allowable catch) is too 
low, environmental groups argue that the total 
allowable catch is much too high and that fishing in 
EU waters cannot be sustainable in the long term. 
Other people have an interest too. For example, 
consumers worry that if fewer fish arc caught the 
price will increase. 

Need for resource 

Then fish stocks 
fa l l, reducing 
reproduction 

Figure15 Fishing and resource management 

CAP was reformed to take greater account of the 
environment. For example, farmers can now receive 
payments for taking their land out of agricultural 
production (set-aside ). 

It can be argued that the CAP is still a long way 
from truly sustainable agriculrurc, but there is 
no doubt it is moving in the right direction. The 
development of sustainable policies often occurs in 
stages. 

Environmental impact statements and 
pollution control 
Most countries now require some form of 
environmental impact statement for major projects 
such as a new road, an airport or a large factor y. 
The objective is to identify all the environmental 
consequences and to try to minimise these as far as 
possible. 

Industry has spent increasing amounts on 
research and development to reduce pollution -
the so-called 'greening of industry'. In general, 
after a certain stage of economic development the 
level of pollution will decline (Figure 16). This 
is because countries have become more aware of 
their environmenta l problems with higher levels of 
economic activity and they have also created the 
wealth to invest in improving the environment. 

The 1990s witnessed the first signs of 'product 
stewardship' This is a system of environmenta l 
responsibility whereby producers take back a 
product, recycling it as far as possible, after the 
customer has finished with it. For example, in 
Germany the 1990 'take-back' law required car 
manufacturers to take responsibility for their vehicles 
at the end of their useful lives. 

GDP 

f 
The European Union also tries to manage agriculture (5 Pollution 

in its member countries through its Common 
Agricultural Policy (CAP). In the early years the 
CAP's generous incentives for farmers encouraged 
high levels of production and the farming of 
marginal lands. It didn't seem that there was much 
thought about the environmental and other adverse 
conscqt1cnccs of maximising production. However, 
as the disadvantages became more obvious the 

Incentives to protect 
the environment 

introduced 

Cleaner and 
more efficient 
technologies 
adopted in 
response 

Time 

Figure 16 The relationship between GDP and pollution 
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Internationa l action 
Increasingly, successful poli cies developed in 
one country are being fo llowed elsewhere. 
A good example is the role of ecotourism in 
rain fo rest conservation (Figure 17). International 

organisations are th e only hope of getting to grips 
with the really big problems, such as climate change. 
The success of international cooperation in tackling 
the hole in the ozone layer gives us reasonable hope 
fo r the future. 

Financial 
contribution 

Conservation of 
rainforest 

Safeguarding 
ecosystem servkes 

Loss of rainforest 
diversity 

Pressure on 
rainforest ecosystems 

High proport ion of 
b iodiversity located in 
developing countries 

• Unique vegetation 
• Popular or rare animals 
• Spectacular landscapes 

• Demand for nature-based 
vacations 

• Willingness to pay for 
conservation 

Figure 17 Theroleofecotourisminrainforestconservation 

Activities 

Developing 
countries 

Developed 
countries 

1 W hat is meant by the t erms (a) resource ma nagem ent 
and (b) sust ain able d evelo pment? 

2 Explain the seque nce of events shown in Fi g ure 15. 
3 Loo k at Figure 17 . Describe and expla in how 

ecot o urism ca n enhance rainforest conservati o n. 

• The importance of 
resource conservation 

The conservation of resources is the management 
of the human use of narural resources to provide 
the max imum benefit to current generations while 
main taining capacity to meet the needs offi.1ture 
generations. Conservation includes both the 
protection and rational use of natural resources. 
Conservation and the use of natural resources are 
social processes since they rely on people's behaviour, 
valu es and decisions. Both the demand fo r, and 
supply of, resources need to be planned and managed 
to achieve a sustainable system. In addition, there is 
growing pressure from individual governments and 
international organisations fo r a greater degree of 
equi ty in the use of the world 's resources. They argue 

I Problems I • Population growth 
1-------1 • Lack of capital 

• Foreign debt 

that there is a need fo r environmental poli cies and 
laws that contribute to more equitable sharing of the 
costs and benefi ts o f conservation. 

Conservation involves actions to use these resources 
most efficiently, thus extending their life as long 
as possible. For example, by recycling aluminium, 
the same piece of material is re-used in a seri es of 
products, reducing the amount of aluminum ore that 
must be freshly mined. Similarly, energy-efficient 
products help to conserve fossil fuels since the same 
energy services, such as lighting or transportation, can 
be attained with small er amoun ts of fu el. 

Figure 18 Various categories of recycling awaiting collection outside a 
suburbanhouseinlondon,UK 
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Conservation also involves the re-use of 
resources. Plastic bags are an obvious example, 
but there are many others. Returning wire clothes 
hangers to dry cleaners, donating clothes and other 
items you no longer want to charities rather than 
dumping them, and repairing household items 
where possible rather than buying anew arc all 
common examples in developed countries. In the 
recent recession, many shoe repairers increased their 
trade as people looked to extend the life of their 
shoes rather than have the expense of buying new 
shoes. 

In many developing countries reusing plastic 
bottles, tins and other containers is a common form 
of conservation. There has long been a culture of 
re -use and recycling because people could not afford 
to buy new replacements. It is a common sight to 
see waste collectors roaming streets in search of 
re -usable items. The re-use of rubber tyres is an 
example. 

Renewable resources, in contrast, can be seriously 
depleted if they are subjected to excessive harvest or 
otherwise degraded. No substitutes may be available 
for food products such as fish or agricultural crops. 
When the demise of biological resources causes 
the complete extinction of a species or the loss of a 
particular habitat, there can be no substitute for that 
diversity of life. 

Various strategies can be used in the attempt 
to conserve resources. The agreement of quotas 
is an increasingly frequent resource management 
technique, illustrated by the EU's Common 
Fisheries Policy. Quotas involve agreement between 
countries to take only a predetermined amount of 
a resource. Quotas may change on an annual or 
longer time period basis .• Vluch further along the 
line is rationing. This is very much a last-resort 
management strategy when demand is massively out 
of proportion to supply. For example, individuals 
might only be allowed a very small amount of 
fi1el and food per week. Some senior citizens will 
remember that this happened during the Second 
World War. 

At various times the use of subsidies has been 
criticised by environmentalists. It has been argued 
that reducing or abandoning some subsidies would 
aid conservation. 

Figure 19 Green w aste recycling in the UK 

Waste reduction a nd recycl ing 
Recycling involves the concentration of used or waste 
materials, their reprocessing, and their subsequent 
use in place of new materials. lf organised efficiently, 
recycling can reduce demand considerably on fresh 
deposits of a resource. Recycling also involves the 
recovery of waste. New technology makes it possible 
to recover mineral content from the waste of earlier 
mining operations. However, the proportion of a 
material recycled is strongly related to the cost in 
proportion to the price of the original raw material, 
although governments are doing more and more to 
weaken this relationship. 

Supermarkets have made significant efforts in 
recent years to reduce the number of plastic bags 
used. Some now charge for bags while others just 
encourage re -use of bags. Supermarkets like Tesco 
in the UK claim to have drastically reduced the 
number of new plastic bags used by customers each 
year. However, environmental groups are putting 
pressure on supermarkets to do more, claiming that 
many products have fur too much packaging and the 
supermarkets themselves are high users of energy. 

Recycling not only conserves valuable resources, 
it is also fundamental in the reduction oflandfill. 
Landfill is undesirable for a number of reasons: 

• Leachate pollution: leachate is solution formed 
when water percolates through a permeable 
medium. The leachate may be toxic or carry 
bacteria when derived from solid waste. 



• Biodegradable waste rotting in landfill creates 
methane which is 2 1 times more potent as a 
greenhouse gas than carbon dioxide. 

• I ncrcasingly large areas ofland arc required for 
such sites. 

Figure 20 Collecting and sorting plastic bottles in Ulaanbaatar, 
Mongolia 

Product stewardship 
Product stewardship is an approach to 
environmental protection in which manufacnircrs, 
retailers and consumers arc encouraged or required 
to assume responsibility for reducing a product's 
impact on the environment. Also called 'extended 
producer responsibility' it is a growing aspect 
of recycl ing. In many cases this is a system of 
environmental responsibility whereby producers take 
back a product, recycling it as far as possible , after 
the customer has finished with it. For manufacnircrs, 
this includes planning for - and if necessary paying 
for - the recycling or disposal of the product at 
the end of its useful life. This may be achieved, in 
part, by redesigning products to use fewer harmful 
substances, to be more durable, rc-uscablc and 
recycla ble, and to make products from recycled 
materials. 

Substitution 
Substitution is the use of common and thus less 
valuable resources in place of rare, more expensive 
resources. An example is the replacement of copper 
by aluminium in the manufacnirc of a variety 
of products. Historically, when non-renewable 
resources have been depicted, new tcclmologics 

The importance of resource conservation 

have been developed that effectively substitute for 
the depicted resources . New technologies have often 
reduced pressure on these resources even before 
they arc fully depicted. For example, fibre optic 
cables has been substinitcd for copper ones in many 
electrical applications. 

Activities 
1 Explain the term 'conservation of resources'. 
2 Define (a) re-use (b) recycling. 
3 What is product stewardsh ip? 
4 How can subst itution help to conserve important 

resources? 

Energy efficiency 
Meeting future energy needs in developing, 
emergent and developed economics while avoiding 
serious environmental degradation will require 
increased emphasis on radical new approaches which 
include: 

• much greater investment in renewable energy 
• conservation 
• recycl ing 
• carbon crcdi ts 

• 'green ' taxation. 

Managing energy supply is often about balancing 
socio-economic and environmental needs. We have 
all become increasingly aware that this requires 
detailed planning and management . Carbon 
credits and carbon trading arc an important part 
of the EU's environment and energy policies. 
Under the EU's emissions trading scheme, heavy 
industrial plants have to buy permits to emit 
greenhouse gases over the limit they arc allowed 
(carbon credits ) by government. However, this 
could be extended to other organisations such 
as banks and supermarkets. From 2008 the UK 
government has been offering the free provision 
of visual display electricity meters so that people 
can sec exactly how much energy they arc using at 
any time. Many countries arc looking increasingly 
at the concept of community energy. Much 
energy is lost in transmission if the source of supply 
is a long way away. Energy produced loca ll y is 
much more efficient. This will invariably involve 
microgeneration. 
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Table 5 summarises some of the measures 
governments and individuals can undertake to reduce 
the demand for energy and thus move towards a 
more sustainable situation. 

Tables Examplesofenergyconservationmeasures 

Government 

• Improve public transport to encourage higher levels of usage. 
• Set a high level of tax on petrol, aviation fuel etc. 
• Ensure that public utilityvehiclesareenergyefficient. 
• Set minimum fuel consumption requirements for cars and 

commercial vehicles. 
• Impose congestion charging to deter non-essential car use in 

city centres. 
• Offer subsidies/grants to households to improve energy 

efficiency. 
• Encourage business to monitor and reduce its energy usage. 
• Encourage recycling. 
• Promote investment in renewable forms of energy. 
• Pass laws to compel manufacturers to produce more efficient 

electrical products. 

• China's Pearl river delta 
The Chinese economy has attained such a size and 
is continuing to grow so rapidly that it is now being 
called the ' new workshop of the world', a phrase first 
applied to Britain during the height o f its industrial 
revolutio n in the nineteenth century. H owever, in 

Figure 21 Microgeneration - a small wind turbine on the roof of a school 

Individuals 

Transport 
• Walk rather than drive for short loca l journeys. 
• Use a bicycle for short to moderate distance journeys. 
• Buy low fuel consumption/low emission cars. 
• Reduce car usage by planning more 'multi-purpose' trips. 
• Use public rather than private transport. 
• Join with others in a car pool. 
In the home 
• Use low-energy light bulbs. 
• lnstallcavitywallinsulation. 
• Improve loft insulation. 
• Turn boiler and radiator settings down slightly. 
• Wash clothes at lower temperatures. 
• Purchase high energy efficiency appliances. 
• Don't leave appliances on standby. 

the main industrial areas the environment has been 
put under a huge strain, leaving C hina with some 
of the worst pollutio n problems o n the planet. 
One o f China's main industrial regions is the Pearl 
river delta. It faces the challenge of continuing 
to grow economically while trying to protect its 
environment. 

Cff1Jjtffi@ Environmental problems in the Pearl river delta 
The Pearl river delta region, an area the size of Belgium, in 
south-east China (Figure 22) is the focal point of a massive 
wave of foreign investment into China. The Pearl river 
drains into the South China Sea. Hong Kong is located at 
the eastern extent of the delta, with Macau situated at the 
western entrance. The region's manufacturing industries 
already employ 30 million people but this number will 
undoubtedly increase in the future. Major industrial 
centres include Shunde, Shenzhen, Dongguan, Zhongshan, 
Zhuhai and Guangzhou. 

In 2011, the Pearl river delta accounted for: 

• 4.2 per cent of China's population 
• 9.2 per cent of China's GDP 
• 26 .7 per cent of China's total exports. 

The region is gradually growing into a single colossal 
megalopolis as individual cities expand outwards and move 
closer together. 
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Figure22 The Pearl river delta 
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The three major environmental problems in the Pearl river 
delta are air pollution, water pollution and deforestation. 
In 2007, eight out of every ten rainfalls in Guangzhou were 
classified as acid rain. The high concentration of factories 
and power stations is the source of this problem, along with 

China's Pearl river delta 

the growing number of cars in the province. The city has 
the worst acid rain problem in the province of Guangdong. 
The province's environmental protection bureau has 
reported that two-thirds of Guangdong's 21 cities were 
affected by acid rain in 2007. Overall, 45 per cent of the 
province's rainfall in 2007 was classified as acid rain. 

Almost all the urban areas have overexploited their 
neighbouring uplands, causing a considerable reduction 
in vegetation cover. This has resulted in serious erosion. 
Half of the wastewater in Guangdong's urban areas is not 
treated before being dumped into rivers, compared with 
the national average of 40 per cent. Chemical oxygen 
demand (COD) is a key measurement of water pollution. 
Guangdong's government is working to reduce COD and 
also to cut sulfur dioxide emissions. 

The environmental protection bureau classifies 
the environmental situation as 'severe' and says the 
government is committed to taking the 'necessary 
measures' to reduce pollution. Among the measures used 
to tackle the problems are (a) higher sewage treatment 
charges, (b) stricter pollution regulations on factories and 
(c) tougher national regulations on vehicle emissions. 

Analyses of pollution problems in the Pearl river 
delta and elsewhere in China have focused strongly on 
institutional factors relating to the incentive structure 
for local government officials (to achieve a high level 
of economic growth) and the limited powers and 
independence of the Minist.ry of Environmental Protection. 

Case study analysis 
1 Describe the location of the Pearl river delta. 
2 What are the causes of pollution in the Pearl river delta? 
3 List the main measures used to tackle pollution in the 

Pearl river delta. 
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• End of theme questions 
Topic 3.1: Development 

Where a Billion People Still Live Without Electricity 
According to a new report from the World Bank, 1.6 billion people gained access to electricity between 
1990 and 2000, 70 percent of them in urban areas. But, as of 2010, 1.2 billion people were still living 
without it-173 million of them in urban areas. Because urban populations have been swelling even as 
access to electricity has grown, the global urban electrification rate actually hasn't changed much in 30 years, 
sittingataround95 percent: 

- Total Rural - Urban 

Figure 1 Global trends in the e lectrificat ion rate, 1990-2010 

The numbers in rapidly urbanising countries like India are particularly stark. Here are the populations, 
in millions of people, without access to electricity in the 1 o countries with the farthest to go, as of 201 O: 

Electricity access deficit 
(millions of people) 

Figure 2 Electricityaccessdeficitforthe 10major countries 

1 a How many people worldw ide still lack access to 
electricity? 

b Describe the trends illustrated in Figure 1. 
2 a Discuss the reasons for the different access rates in 

urban and rural areas. 
b Why has there been littl e or no change in the overa ll 

access to electricity? 

3 a Comment on location and characteristics of the 10 
countries w ith the greatest electricity access deficit 
(Fi gure 2) . 

b How does lack of access to electricity hinder the 
development process? 



Topic 3.2: Food production 
Table 1 Adverse influences on global food production and 
distribution 

Nature of adverse Effect of adverse influence 
influence 
Economic • Demand for cereal grains has outstripped 

supply in recent years 
• Rising energy prices and agricultural 

production and transport costs have 
pushed up costs along the farm-to
market chain 

End of theme questions 

Topic 3.3: Industry 

Four factories located separately along trunk road 

~'-''_"_'~~------~~ 
• Serious underinvestment in agricultural A467 

~:~~~:i1~:dai~dp:~~;~!~~~i~i~:~~~ r-~~~~~ ~=_=-=_-) ---------< 
underdeveloped rural infrastructure 

• The production of food for local markets Four factories grouped on an industrial estate 
has declined in many LEDCs as more food 
has been produced for export Figure 3 Groupings of factories 

Ecological 

Socio-political 

• Significant periods of poor weather and 
a number of severe weather events have 
had a major impact on harvests in key 
food-exporting countries 

• Increasing problems of soil degradation 
in both MEDCs and LEDCs 

• Declining biodiversity may impact on 
food production in the future 

• The global agricultural production and 
trading system, built on import tariffs 
and subsidies, creates great distortions, 
favouring production in MEDCs and 
disadvantaging producers in LEDCs 

• An inadequate international system of 
monitoring and deploying food relief 

• Disagreements over the use of trans
boundary resources such as river systems 
and aquifers 

1 a Why has the demand for cereal grains increased in 
recent years? 

b Suggest why the demand for cereal grains has 
outstripped supply. 

c Why has the production of food for local markets 
declined in many developing countries (LEDCs)? 

2 a Discuss the ways in which severe weather conditions 
can reduce food production. 

b What is soil degradation and how does it affect food 
production? 

3 a What is food aid (food relief)? 
b Why are people often critical of the way is which 

food aid is organised? 

1 a How do Plans A and B differ? 
b Describe the characteristics of an industrial estate. 
c Suggest two ways in which the factories might save 

money by locating together on an industrial estate. 
2 a Why might the local council and people living in the 

general area prefer Plan B to Plan A? 
b Discuss one possible disadvantage to the local 

community of Plan B to Plan A. 
3 Suggest why high technology industries often cluster 

together. 
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Topic 3.4: Tourism 

Tourism in the 
world: 
key figures 

9 o/o of GDP· direct, ind irect 
and induced impact 

I in II jobs 

$1.3 t ri ll ion in exports 

6% of the 
world's exports 

from 25 million international 
tourists in 1950 

to 1035 mill ionin2012 

5 to 6 bill ion 
domestic tourists 

1.8 bill ion international 
tourists forecast 
for2030 

Tourism key t o development, prosperi ty and well-being 

• An ever increasing number of denstinations have opened up and 
invested in tourism, turning tourism into a key driver of socio-economic 
progress through export revenues, the creation of jobs and enterprises, 
and infrastructure development . 

• Over the past six decades, tourism experienced continued expansion 
and diversification, becoming one of the largest and fastest-growing 
economic sectors in the world. Many new destinations have emerged 
apart from the traditional favourites of Europe and North America. 

• Despite occasional shocks, international tourist arrivals have shown 
virtually uninterrupted growth - from 25 million in 1950, to 278 million in 
1980, 528 million in 1995, and 1035 million in 2012. 

Long-term outlook 

• International tourist arrivals worldwide will increase by 3.3% a year from 
2010 to 2030 to reach 1.8 billion by 2030 according to UNWTO long 
term forecast, Tourism Towards 2030. 

• Between 2010 and 2030, arrivals in emerging destinations (+4.4% a 
year) are expected to increase at double the pace of those in advanced 
ecconomies (+2.2% a year) . 

• The market share of emerging economies increased from 30% in 1980 
to 47% in 2012, and is expected to reach 57% by 2030, equivalent to 
over one billion international tourist arrivals. 

Figure 4 Tou rism in the world - key figures 

1 a Define tourism. 
b Describe the increase in internationa l tourism 

between 1950 and 2012 and the forecast for 2030 . 
c Discuss three reasons for the growth of internat iona l 

tourism. 
2 a What proportion of global employment is related to 

tourism? 
b Explain the difference between direct and indirect 

emp loyment in the tourist industry. 
3 a What proportion of world trade is related to 

tourism? 
b Why is tourism more important to the economies of 

some countries than others? 
4 Discuss the disadvantages of tourism to developing 

countries . 



Topic 3.5: Energy 
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Figure 5 Global nuclear e lectricity production 1971-2012 

1 a How many countries operate nuclear power reactors? 
b Name two countries that produce nuclear e lectricity. 

2 a Describe the changes in g loba l nuc lear e lectric ity 
production between 197 1 and 2012 (Figure 5). 

b Suggest reasons for the changes you ident ify. 

Topic 3.6: Water 

BILLIONS DAILY AFFECTED BY 
WATER CRISIS 

Without water, life w ould not exit. It is a prerequisite fo r a ll 
human and economk development. 

Yet today, 780 million people - about one in nine-lack access to 
clean wat e r. More than twice that many, 2.5 billion people, don't 
have access to a to ilet. 

In most developed nations, we take access to safe water for 
ground But this wasn't a lways the case. A lit tle more than 100 years 
ago, New york. London and Paris were cente rs of infectious disease. 
Child death rates were as high then as they a re now in much of 
sub-saharan Africa. It was sweeping reforms in wat er and sanitation 
that enabled human progress to lea p fo rward. It should come as 
no surprise that in 2007, a po ll by the British Medical Journal fo und 
that clean wat er and sa nitat ion comprised the most important 
medica l adva ncement since 1840. 

The health and economic impacts of today's global wat er crisis a re 
staggering. 

• More than 3.4 million people die each year from water, 
sanitation and hyg iene-re lated casuses. Nea rly a ll deaths, 
99 percent, occur in the developing world. 

End of theme questions 

There a re now over 430 commercial nuclear power 
reactors operat ing in 31 countries. About 70 more 
reactors are under construct ion . Sixteen countries 
depend on nuclear power fo r at least a quarter of 
the ir e lectricity. In 20 11 and 2012, output dec lined 
due to cutbacks in Japan and Germany fo llowing 
the Fukush ima accident. 

3 a Some countries that cou ld bu il d nuclear power pla nts 
have dec ided not to. Exp la in three concerns about the 
production of nuclear e lectric ity. 

b Give three advantages of nuc lear power accord ing to 
peop le who support t he use of th is form of e lectric ity 
production . 

• 2.5 billion people lack access to improved sanitation; 
1.1 billion still pract ise open defecation. 

• Lack of access to clean water and sanitation kills children at 
a rate equ ivalent of a jumbo jet crashing every fo ur hours. 

• 443 million school days a re lost each year due to water-re lated 
illness. 

• Women and children bear the primary responsibility fo r water 
collection in the majority of households. This is time not spent 
working at an income-generating job, caring fo r fa mily 
members or attending school. 

Fi gure 6 The globa l water crisis 

1 a How many people worldwide lack access to c lean 
water and proper san itat ion? 

b In wh ich parts of the world a re these problems most 
severe? 

c How do water and san itation problems impact on 
i) hea lth ii ) education and iii ) employment? 

2 a Define potab le water. 
b Exp la in t he d ifference between physica l water 

scarcity and econom ic water scarc ity. 
3 How can the prob lems of lack of access to clean water 

a nd proper san itation in poor countries be tack led? 
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Topic 3.7: Environmental risks of economic 
development 

produces 

7.Stonnesofwheatgrain 
(11,SOOloavesofbread) 

produces 

_,., 
0.3tonnesofbeef 

(1200steaks) 

Figure 7 The efficiency of energy conversion in arable and 
pastoral farming 

Increasing demand for meat 

Greater amounts of cattle feed required 

Environmental impact, particularly the 
clearin ofrainforest 

Figure 8 The environmental impact of the increasing demand 
for meat 

1 a Compare the production of wheat grain and beef 
from one hectare of land. 

b Which type of farming will feed the most people? 
2 a To what extent and why does the consumption 

of meat vary between developed and developing 
countries? 

b Why is the global demand for meat increasing at a 
significant rate? 

3 Discuss the impact of this increasing demand for meat 
on the environment. 





§ Geographical skills 

68 69 70 71 72 

Fig ure 1 Part of the 1 :50000 map of Jamaica • 

• Scale 
Most Ordnance Survey maps that we use arc either 
ata l:50000ora l :25000 scale.Ona 1:50000 
map, 1 cm on the map relates to 50000cm on the 
ground. On a 1:25000 map every 1cm on the 
map relates to 25000cm on the ground. In every 
kilometre there arc l 00 OOO centimetres ( 1 OOO m x 
100cm ). So: 

• on a 1 :50000 map every 2cm corresponds to a 
kilometre 

• on a 1:25000 map every 4cm corresponds to a 
kilometre. 

A 1:25000 map is more detailed than a 1:50000 map 
and is therefore an excellent source for geographical 
enquiries. l :50 000 maps provide a more general 
overview of a larger area. Yo u may come across other 
scales, for example l :10000 and 1 :2500. 
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Measurement on maps is made easier by grid lines. 
These are the regular horizontal and vertical lines you 
can see on an Ordnance Survey map. 

The horizontal lines are called northings and 
the vertical lines are called castings. They help to 
pinpoint the exact location of features on a map. 

• Grid and square 
references 

Grid references are the six -figure references that 
locate precise positions on a map. The first three 
figures are the castings and these tell us how far a 
position is across the map. The last three figures are 
the northings and these tell us how far up the map 
a position is. An easy way to remember which way 
round the numbers go is 'along the corridor and up 
the stairs'. 

In Figure 1, the church at Rose Hill is located at 
691045 and the church at Davis Town is found at 
737043. 

Sometimes a feature covers an area rather than a 
point, for example all of the villages and the areas 
of woodland in Figure 1. Here a grid reference 
is inappropriate, so we use four-figure square 
references. 

• The first two numbers refer to the castings. 
• The last two numbers refer to the northings. 

The point where the two grid lines meet is at the 
bottom left-hand corner of the square. So in Figure I , 
most of the village ofSeafield is found in 7504. 
Some features may occur in two or more squares, for 
example Long Bay is found in squares 7006 and 7106. 

• Direction 
Directions can be expressed in two ways: 

• compass points, for example south -west 
• compass bearings or angular directions, for 

example 45°. 

Sixteen compass points are commonly used. Some of 
these are shown in Figure 2. 

Compass bearings are more accurate than compass 
points but they can be quite confusing. Compass 
bearings show variations from magnetic north. 
This is slightly different from the grid north on the 
Ordnance Survey map (which is the way in which the 
northings go). True north is different again - this is 
the direction of the North Pole. 

North 
360°/000° 

Figure2 Compass points 

Relief and gradient 

NNE 

SSE 

• Relief and gradient 
Contour lines 
A contour line is an imaginary line that joins places 
of equal height. 

• When tl1e contour lines are spaced far apart the 
land is quite flat. 

• When tl1e contour lines are very close together the 
land is very steep (when the land is too steep for 
contour lines a symbol for a cliff is used ). 

• When contour lines are close together at the top, and 
then get further apart, tl1is suggests a concave slope. 

• When contour lines are close together at tl1e bottom 
and far apart at tl1e top, tl1is suggests a convex slope. 

Figure 3 Cable car from Lago di Fadala to Marmaloda Glacier • 
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Figure 4 Part of the 1 :25000 map showing Marmaloda Glacier and Lago di 
Fadala 

Activities 
Study the OS map shown in Figure 1. 

1 How farisit : 
a in a straight line 
b by road 
from the school in Goodwill to the school in the 
middle of Dundee? 

2 What is the length of the coastline (to the nearest 
kilometre) as shown on the map extract? 
Approximately how long is the air strip? 
How w ide is (a) the coral in Long Bay and (b) the 
mangrove forest between Minto and Salt Marsh? 

S What is the six-figure grid reference for : 
a the two schools at Dundee 
b Greenwood Great House? 

6 What is found at 705023? 

Grad ients 
The gradient of a slope is its steepness. We can 
get a rough idea of the gradient by looking at 
the contour pattern. lfthc contour lines are 
close together the slope is steep, and if they are 
fur apart the land is quite flat . However, these 
are not very accurate descriptions. To measure 
gradi ent accurately we need two measurements: 

• the vertical difference between two points 
( this can be worked out using the contour 
lines or spot heights) 

• the horizontal distance between two pbces -
this may or may not be a straight line (for 
example, a meanderin g stream would no t be 
straight). 

Work ing out gradient 
Make sure that you use the same units fo r both 
vertical and horizontal measurements . 

Divide the difference in horizontal distance (D ) 
by the height ( H ). If the answer is, for example, 
' 10' or ' 5' express it as ' l : 10' ('one in ten') or 
'l :5 ' ('one in five'). This means that fo r every 
10 metres along you rise (or drop) one metre, or 
for every five metres in length the land rises ( or 
drops) one metre. Alternatively, divide the height 
(H ) by the difference in horizontal distance (D) 
and multiply by 100 per cent (H / D x 100%). 
This expresses the gradi ent as a percentage. 

7 Give the four-figure grid reference for Chatham and 
for Davis Town. 

8 Suggest reasons why there is an airstrip in grid 
square 6905 . 

9 In what direction is: 
a Long Bay from Davis Town 
b Goodwill from Rose Hill? 

Study Figures 3 and 4. 

10 In what direction is the cable car moving (towards 
the glacier)? 

11 Approximately what is the altitude of (a) the lake, 
and (b) the Marmaloda glacier? (Note that contours 
are shown at 25 m intervals.) 

12 Using map evidence, suggest why a hydro-electric 
power station was built at the head of Lago di 
Fadala . 



Relief and gradient 
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Figure 5 Part of the 1 :25000 map of northern Montserrat 
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Activities 
Study Figure 5. 

1 What is the height of (a) Silver Hill (8658) and 
(b) Baker Hill (8455)? (Note that the contours on this 
map are drawn at 50 feet interva ls; assume that 3 feet 
equa ls 1 m.) 

2 In what direction does Little Bay (8457) face? 
3 How steep is the slope between Silver Hill and the 

coastline at Thatch Va lley (8659)? Measure from the 
peak of Silver Hill to the nearest point of the coast in 
Little Redonda. Express your answer as a 'one in x slope' . 

• Cross-sections 
A cross-section is a view of the landscape as it would 
appear if sli ced open, or if you were to walk along 
it. It shows vari ations in gradient and the location of 
important physical and human features . H ere's how to 
draw a cross-section: 

1 Place the straight edge of a piece of paper between 
the two end points (Figure 6 ). 
a Mark off every contour line (in areas where the 

contours are very close together you could measure 

Figure 6 Drawing across-section 

4 Describe the relief (height and gradient) of squares 
8658 (S ilver Hill), 8457 (Potato Hill) and 8655 (Judy 
Piece). 

5 Following an eruption ofthe Soufriere volcano in 
1997, much of the southern third of the isl and was 
evacuated . Plans were made to develop the northern 
part of Montserrat. Study the map: 
a Comment on the problems of developing the 

northern part of the island . 
b Wh ich, in your opini on, is the best location to 

develop housing, services and econom ic activity. 
Give reasons for your answer. 

every second contour or significant contours, 
fo r example every 100m). 

b Mark off important geographical fea tures . 
2 Align the straight edge of the piece of paper against 

a horizontal line on graph paper, which is exactly 
the same length as the line of the section. Use a 
vertical scale of I cm:50m, or 1 cm:lOOm; if you 
use a smaller scale (fo r example 1 cm:Sm) you will 
end up with a slope that looks Himalayan! 
a Mark off with a small dot each of the contours 

and the geographic fea tures. 
b Join up the dots with a freehand curve. 
c Label the fearnres. 
d Remember to la bel the hori zontal and vertical 

scales, the title, and the grid references fo r the 
starting and finishing points. 

Figure 5 shows a cross-section of an extinct volcano 
in France. See how steep the volcano looks when a 
scale of 1 cm:50 m is used compared with 1 cm: 1 OOm. 

Meters 

cm:50 fTI 

Meters 

n ooL--l--l---l-H00---+--+-__,_ 

1000 7 "---- 1 

96-€ 93 97553 
Hori ontal s ale 

1:25 000 

Figure7 Cross-sections of Puyde Vichatel 

cm:10 m 



• Describing river 
landscapes 

The long profile of a river can be shown on a line 
graph when the height of a river above base level is 

Upper course 
vertical erosion 
weathering 
headwarderosion 

• V-shapedvalley 
• potholes 
• interlocking spurs 
•waterfalls 

Describing river landscapes 

plotted against distance from its source. As rivers 
evolve through time and over distance, streams pass 
through a series of distinct changes. Figure 8 shows 
the long profile of a river and illustrates these 
stages. 

• rapids Middle course 
lateral erosion 
transportation 

Lower course 
transportation 
deposition • asymmetrical channel 

• floodplain • large channel 
•braiding • truncated spurs 

• meanders • oxbow lakes 
• river cliff 

Figure 8 Features associated withdifferentstages ofariver 

Describing the stage of the river 

• ls the river in its upper, middle or lower course? 
• Use the contour lines to describe the shape of the 

river valley - a V-shaped valley with close contour lines 
suggests the upper course; more gentle slopes with a 
broad, flat floodplain suggests the lower course. 

• Look at the size and shape of the river channel. 
• Is the channel constrained by relief- that is, does it 

flow around interlocking spurs? 
• Does the river meander across a flat floodplain? 
• \iVhat are the feanires of the river? Can you identify any 

of the fcarnres listed in Figure 8 from map e\~dence? 

Rivers have had a profound effect on both the site and 
sirnation of human settlements. Human activities have 
also had an increasing impact on drainage basins and 
river channels. Map evidence can be used to identify 
the relationship between rivers and human activities. 

Describing a river's influence on site 
and situation 

• Is the river navigable? (Is it straigh t and wide 
enough to allow boats to pass up it? ) 

• large floodplain 
•bluffs 
• levees 
• deltas/estuaries 

• Does the river valley provide the only flat land in an 
area of rough terrain? 

• Does the valley provide a narnral routeway for 
roads and railway lines? 

• Do settlements avoid the river's floodplain and 
locate on higher dry-point sites? 

• Are settlements located at crossing points on a 
river? (The name endings of the settlement, such as 
'ford' and 'bridge', are evidence of this. ) 

The human impact on river systems 

• Is there evidence of forest clearance and wetland 
reclamation for agricu lture? 

• Does the map show any of the following land 
use changes which can affect a river and its 
drainage basin: mining activity, industrialisation, 
urbanisation, land drainage schemes? 

• Has there been any direct interference with 
rivers through reservoir construction, channel 
straightening, dams, new channels? 

• Are there any obvious sources of pollution 
(industry, sewage works ) on the map? 
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01 02 03 

Figure 9 Part of the 1 :14000 map of the West Coast Trail in British Columbia, Canada 

Activities 
Study Figure 9. 

1 Describe the relief (height and gradient) of the map 
extract. 

2 In which direction does the Fairy Creek flow? 
3 a Describe the valley of the San Juan river. 

b How does this compare with the southern part of 
Fairy Creek? 

• 

4 a What is the altitude (height) of the source (start) of 
Fairy Creek? 

b What is its altitude when it reaches Fairy Lake? 
c What is the distance from the source of Fairy Creek 

to Fairy Lake? 
d What is the gradient of Fairy Creek between its 

source and Fairy Lake? (Express the answer as a 
1 :x gradient, where gradient= vertical difference/ 
horizontal distance.) 



• Coastal landforms 
Descri b ing coast a l scenery 

• Docs the coastline have steep slopes and cliffs 
suggesting a coastline of erosion? Or arc there wide 
expanses of sand and mud suggesting deposition? 

• Arc there many headlands and bays indicating local 
changes in processes? 

• Is the coastline bro ken by river mouths or estuaries? 

Figure 10 Extracts from a map 
of Antigua 

Coastal landforms 

• What is the directi on o f the coastline? 
• ls there any evidence o fl ongshorc drift, for 

example spits, bars, tombolos? 
• Arc any o f the features named? Give names and 

grid references . 
• ls there any map evidence of human attempts to 

pro tect the coastline, fo r example groyncs, sea 
walls, breakwaters? 

• Docs the map tell you whether the stretch o f 
coastline is protected or open? 

Figure 11 Some coastal landforms in Antigua 
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Activities 
1 Match each of the map extracts in Figure 10 with the 

three photographs in Fi gure 11. 
2 Try to identify the cliff that is shown on Figure 11 c. 

What is the map evid ence to support your answer? 
3 What type of feature is shown in Figure 11? Try to find 

the named example of the feature on one of the maps. 
4 What features are shown in Figure 11 b? Find located 

examples of these features on the map extracts. 
5 What is the map evid ence to suggest that tourism and 

recreation are important to this area? 
6 Using map evidence, suggest how easy or difficult it 

may be to develop tourism further in the area . 

• Describing volcanic 
landscapes 

When describing volcanic landscapes consider the 
following questions: 

• ls the land gently sloping or steep? 
• Is there a crater present at the top of the volcano? 
• Is there a central cone or are there lots of 

secondary cones? 
• Are there any lava flows present? 
• Is there vegetation present? 
• Is there any other map evidence (quarrying, mining, 

tourism) that can be used to infer volcanic activity? 

Figure 12 Extract from the 1 :25000 map of Lac d'Aydat 

Activity 
Using Figure 12, give reasons why this area may be 
volcan ic in orig in. 

• Rural settlement 
Geographers should be able to find various types 
of information when snidying rural settlements on 
a map. They should be able to comment on the 
following key terms: 

• Site: the immediate location of a settlement - that 
is, the land upon which it is built, for example on a 
floodplain, close to a river, on a south-facing slope, 
on a crossroads, at a wet point or dry point. 

• Situation: the relative location of a settlement to a 
larger area. 

• Function: any service or employment opportunities 
that a settlement offers, for example commercial, 
recreational , industrial, agricultural, etc. 

• Shape: the appearance of the settlement, for 
example linear, compact, T-shaped. 

Describing and explaining the site and 
importance of a settlement 

• Describe its location in relation to the relicfoftl1e 
area, for example valley floor, near or away from 
a river, direction of slope, dry point, wet point, 
exposed, sheltered, etc. 

• Describe how many routes there arc and 
which forms of transport are available. How 
important are the routes that meet at the 
settlement? How docs the relief affect these routes? 

Describing the form or shape of a 
settlement 

• Is it nucleated or dispersed! 
• Is it a linear or cruciform settlement? 
• Is any ofit modern? (Modern settlement may be 

recognised by a regular geometric street pattern 
and more widely spaced houses. ) 

• Have physical features influenced its shape? For 
example, a steep hillside or a floodplain may limit 
the growtl1 of a town so that it becomes elongated, 
following the direction of the level or dry land. 



Describing the size and function of a 
settlement 

• What is the size o f the settlement? H ow many grid 
squares does it cover? (Each grid square represents 
lkm2.) 

• Are the houses tightly packed together or dispersed ? 
• What functions are evident? Fo r example, is it 

residential (ho using), commercial (post o ffice, 
administrative buildings ), schools, industrial 
(works, qu arries, railway sidings) and/or tourist
related (tourist in fo rmatio n centre, viewpoin ts)/ 

Describing the situation of a settlement 

• Using the whole map area, describe the site of 
the settl ement in relation to large urban centres, 
motorways, roads, large ri vers or other large-scale 
physical fearnres such as hills or valleys. 

Figure 13 Masca,Tenerife 

Rural settlement 

• ls the settlement on a rail link? 
• H ow accessible is th e settl ement to motorways, 

railways and large urban areas? It might be situated 
close to a motorway but have no direct access to it. 

Describing and accounting for the 
general distribution of settlement 

• Loca te areas with littl e or no settlement. Account 
fo r the lack of settl ement in terms of natural 
disadva ntage, for example exposed positio n, steep 
gradient, flat land in danger of fl oodin g . H ow is 
this land used ? 

• Loca te areas o f fairly close settl ement. Account 
fo r this in terms of natural advantages fo r land use 
and occupatio n, fo r example farmin g, wa ter, soil or 
south-facing slope. 
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Figure 14 Part of south-west Tenerife, Canary Islands 



Activities 
Study Figure 14. 

1 Describe the pattern of settlement (grey squares) as 
shown on the map extract. 

2 Describe the relief and grad ient of the area west of Masca. 
3 Describe the road network (yell ow lines) on the map 

extract. 
4 What opportun iti es does this environment offer? 

Suggest reasons and use the map evidence and 
Figure 13 to help you . 

5 What difficulties does this environment create? Aga in 
g ive evid ence and suggest reasons. 

Note: The red lin e is a hiking trail, the dashed red lin e is 
a steep hiking trail, and the red dots are climbing trails. 

• Urban settlement 
Urban landscapes 
It is important to identify different land use types 
when describing an urban landscape. 

• Identify the lines of communication, for example 
roads, railways, airports. 

• Identif).1 the types of land use, for example 
residential, industrial, commercial. What kind 
of residential land use is it? Is it terraced , semi 
detached, working class, middle class? Is there 
industry present? Ifso, what kind/ Can you see a 
CBD or grouping of shops? 

• If the map is ofa whole settlement, can you 
identify old and new areas? 

• Use descriptive words when discussing the area: 
high-density/low-density housing; regular/ 
haphazard roads; derelict/high-tech industry. 

• Can you identify any other land uses, for example 
green spaces, derelict land, churches, schools, 
hospitals? 

Industrial location 
The factors determining industrial location are 
changing. In the early part of the twentieth 
cenrury, heavy industries like iron and steel and car 
manufacturing were located close to raw materials 
and/or markets. Today, manufacturing industry is 
drawn to out-of-town or edge-of-town sites. One 
of the factors is space and another is cost. There is a 

Pie charts and proportional pie charts 

more, cheaper land available away from the built-up 
areas of urban areas. Another fuctor is accessibility: 
edge-of-town sites are closer to communications 
(motorways and railways ) and the residential areas 
where workers live. For many heavy industries, 
location by a deepwater channel is important for the 
import of raw material and the export of finished 
goods. 

Activities 
Study Figure 15. 

Describe the site of St Catharines. 
Suggest contrasting reasons for the lack of 
settlement in parts of squares 4081 and 4679 . 

3 a What industries are located in 4681 and 4781? 
b Suggest reasons for the large-sca le industry in 
squares 4581 and 4681. 

4 Describe the distribution of shoppin g centres, as 
shown on the map. 

5 Contrast the pattern of roads in square 4280 with 
those in 4183 and 4083. 

6 Give a four-f igure grid reference for (a) Martindale 
Pond and (b) Port We ller Harbour. 

7 Give a six-figure grid reference for Niagara College 
(near the centre of St Catherines). 

Study Figure 16. 

8 Give the square references for two (industrial) 
estates. 

9 Compare the two sites that you have identified . 
10 Suggest the reasons for the development at Tseung 

Kwan O industrial estate . 
11 Approxim ately what size are Sheung Tak Estate and 

Tseung Kwan O? 
12 How does the land in the two estates differ from 

the land on the rest of the island, as shown on the 
map? 

• Pie charts and 
proportional pie charts 

Pie charts 
Pie charts are subdivided circles. These are frequently 
used on maps to show variations in the composition 
of a geographical fearure, for example gross regional 
domestic product (Figure 17). The pie chart may 
also be drawn proportional in size, to show an extra 
dimension, in this case the size ofGRDP. 
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Figure 15 1 :50000 map of St Catharines, Ontario, Canada 



Figure 16 1 :50000 map of Hong Kong 

Pie charts and proportional pie charts 
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Figure 17 Example of the use of pie charts: employment and gross 
regional domestic product (GRDP) in South Korea, 2000 
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Plotting the pie chart 
The fo ll owing steps should be fo ll owed in the 
constructio n of a pie chart: 

1 Convert the data into percentages. 
2 Convert the percentages into degrees (by 

multiplying by 3.6 and rounding up or down to 

the nearest whole number). 
3 Draw appropriately located circles on your base map. 
4 Subdivide the circles into sectors using the figure 

obtained in step 2. 
5 Differentiate the sectors by means of different 

shadings or colours. 
6 Draw a key explaining the scheme of shading and/ 

or colours. 
7 Give your diagram a title. 

Bar charts 
In a bar chart, the length of the bar represents the 
quantity of the compo nent being measured , fo r 

Activities 
Table 1 Foreign investment into Korea (USS million) 

Year Total USA Japan UK 

1985 532.2 108.0 364.3 12.3 

1995 1947.2 644.9 418.3 86.7 

2000 15216.7 2922.0 2448.0 84.0 

2005 11563.5 2689.8 1878.8 2307.8 

1 a Using the data in Table 1, draw a compound bar 
graph to show how foreign investment varied 
between 1985, 1995 and 2005. Draw one bar for 
1985, one for 1995 and one for 2005. 

b Describe the changes as shown in your bar chart. 

• Scatter graphs 
Scatter graphs show how two sets of data arc 
related to each other, fo r example populatio n 
size and number of services, or di stance fro m the 
source o f a river and average pebble size. To plo t a 
scatter graph , decide which variable is independent 
(population size/distance from the source) and 
which is dependent (number of services/average 
pebble size). The independ ent is plo tted on the 
hori zo ntal or x ax is and the dependent on the 
vertical or y axis. For each set o f data , project a line 
fro m the corresponding x and y ax is and where the 
two lines meet mark the point with a do t or an X 
(Figure 18). 

example places or time intervals. The vertical axis has 
a scale which measures the quanti ty. There are four 
main types of bar chart: 

• Simple bar charts - each bar indicates a single 
factor. 

• Multiple or group bar chart - features 
arc grouped together o n one graph to help 
comparison. 

• Compound bar chart - various elements or factors 
arc grouped together o n one bar ( the most stable 
clement or factor is placed at the bottom of the bar 
to avoid confusion). 

• Percent"lge compound bar chart - this is a 
variati on o n the compound bar chart. It is used 
to compare features by showing the percentage 
contribution. These graphs do not give a total 
in each category but compare relative changes in 
terms of pcrccn rages. 

Table 2 Contribution of the main economic sectors to Korea's GDP 

Agriculture Industry Services 

I 2.6% I 39.2% I 58.2% I 

2 a Using the data in Table 2, draw a pie chart showing 
the contribution of each economic sector to Korean 
GDP. 

b Comment on the chart you have drawn. 

The effect of gross domestk income (GDI) on 
the tot al fertility rate in selected countries 
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Figure18 Scattergraph 



• Triangular graphs 
Triangular graphs are used to show data that can 
be divided into three parts, fo r example soil (sand , 
silt and clay), employment (primary, secondary and 
tertiary), or population (young, adult and elderly) 
(Figure 19). They require that the data are in the fo rm 
of a percentage and that the percentages total 100%. 
The main advantages of the triangular graph are: 

• they allow a large number of data to be shown 
on one graph (think how many pie char ts or bar 
char ts would be needed to show all the data on 
Figure 19) 

• groupings are easily recognisa ble, for example in the 
case of soils groups of soil texture can be identified 

• dominant characteristics can be shown easily 
• cl assifications can be drawn up . 

Triangular graphs can be tricky and it is easy to get 
confused, especially if ca re is no t taken, but they 
do provide a fast , reliable way of classifying large 
amoun ts of data which have three components. 

Activities 
1 Construct a scatter graph using the data in Table 3. 

Table3 

Site Discharge (m3/sec) Suspended load (g/ml) 

0.45 10.8 

0.42 9.7 

0.51 11.2 

0.55 11.3 

0.68 12.5 

0.75 12.8 

0.89 13.0 

0.76 12.7 

0.96 13.0 

10 1.26 17.4 

When all the data are plotted, a line of best fit is 
drawn. This does not have to pass through the origin. 
It is useful to label some of the points, for example 
the highest and smallest anomalies (exceptions), 
especially if these are referred to in any later 
description. 

2 On a copy of Figure 20 and using the data in Table 4, 
show how the workforce of Korea has changed 
over time. 

LDCs Less developed countries 
MDCs More developed countries 
UK United Kingdom 
Fr France 
Sw Sw eden 
Jp Japan 
Bo Boliv ia 

Triangular graphs 

Children Adults 
(0- 19) (20-59) 

Elderly 
(60+) 

Figure 19 Triangular graph to show population composition in selected 
countries 

Table 4 Percentage of Korean workforce employed in primary, 
secondary and tertiary industries, 1970-2000 

Primary Secondary Tert iary 
industries industr ies industries 

1970 50.4 14.3 35.3 

1980 34.0 22.5 43.5 

1990 17.9 27.6 54.5 

2000 10.9 20.2 68.9 

% employed in primary industry ---

Figure 20 Outlineforatriangulargraph 
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• Sketch maps and 
annotated photographs 

You can label a photograph or diagram to make it 
very informative. It is important that you label clearly 
all the important features. 

Figure 21 Aerial view of Hyundai shipyard in Pusan, Korea 

Figure 22 SketchdrawingofFigure21 

A.fany photographs that are used in exams are aerial 
views which show industrial , residential , recreational 
and commercial land uses. In your projects, however, 
you are more likely to use much simpler photos. If 
you study these carefully you can find out a number 
of interesting features. Examine Figure 21 and then 
answer the questions in the following Activities. 



Activities 
1 a Study Figure 21. Copy Figure 22 and add the 

following labels in the most appropriate locations. 

Harbour wa ll to reduce wave energy 
Flat land for large-sca le industrial development 
Lack of development on steep ground 
Deep estuary allows development of port industries 
High-rise residential accommodation 
Large docks for ships to be repaired or built 

b Add a couple of other labels based on your own 
observations. 

2 Study Figure 23. Make a sketch diagram of the resort 
and add the following labels: 

Purpose-built holiday resort 
Easy access to the beach 
Boat moorings 
Fine, white sandy beach 
Bay 
Lagoon 

3 Make a sketch of Figure 24, the Caledonian Canal, and 
add the following labels: 

The main river 
The Caledonian Canal 
Alack 
Barges and river boats 
Large pastoral fields 
An arable field 
Areas of woodland 
Settlement - possibly tourist accommodation 

Figure23 JollyHarbourresortinAntigua 

Sketch maps and annotated photographs 

Figure24 CaledonianCanal 



Riskassessmentisessentialforallgeographicalinvestigations 

For Paper 3, which is enti tl ed 'Coursework', a 
school -based assignment set by teachers ofup to 
2000 words must be completed. The proposals for 
the coursework undertaken by candidates must be 
approved beforehand by the examination board, 
Cambridge International Examinations. An example 
of an outline submission to Cambridge International 
Examinations is provided in the syllabus document. 

The coursework investigation can be based on 
human geography, physical geography, or on an 
interaction between the two. The assignment must be 
clearly related to one or more of the syllabus themes. 
The piece of coursework undertaken must cover the 
assessment criteria in the following proportions: 

• Knowledge with understanding - 12 marks 
• Skills and analysis ( observation and collection of 

data, organisation and presentation of data, analysis 
and interpretation) - 12 marks each, giving a total 
of 36 marks 

• Judgement and decision making (conclusion and 
evaluation) - 12 marks. 

Examples of suitable coursework assignments can be 
found in the syllabus document. The wide -ranging 
scope of this syllabus offers many possibilities for 
coursework. 

Paper 3 is not a compulsory paper, as Paper 4 
'Alternative to coursework' can be taken instead. 
Here candidates answer two compulsory questions, 
completing a number of written tasks based on the 
three themes covered in Paper I. The questions in 
Paper 4 involve an appreciation of techniques used 

0 

in fieldwork studies. The marks allocated to the 
assessment criteria for Paper 4 are exactly the same 
as for Paper 3. Guidance on the enquiry skills for 
Paper 4 is provided in the syllabus document. 

This component of the syllabus ( either Paper 3 or 
Paper 4 ) accounts for 27.5% of the total assessment, 
the same weighting as Paper 2. The information 
provided in this section of the book is applicable to 
both Papers 3 and 4. 

The enquiry skills for Paper 3, known as the route 
to geographical enquiry, can be set out in the 
following stages: 

1 Identification of an issue, question or problem 
2 Defining the objectives of the study 
3 Collection of data 
4 Selection and collation of data 
5 Presentation and recording of results 
6 Analysis and interpretation 
7 Conclusions, evaluation and suggestions for further 

work. 

• Identification of an issue, 
question or problem 

This section effectively forms your introduction to 
the investigation. Here you clearly identify a topic for 
investigation through observation, discussion, reading 
or previous srudy. Many geographical investigations 
begin by stating one or a number of hypotheses used 
to test the issue, question or problem. Hypotheses are 
the ideas you intend to test. Before you can set out 
your hypotheses with confidence you need to ensure 
that you have a good understanding of the topic (for 
example, sand dunes ) under consideration. Studying 
the geographical background should ensure that 
you have a clear knowledge and understanding of the 
theories or models that are used to try to explain 
your enquiry. You will refer back to these theories and 
models in your conclusion. 

Examples of hypotheses are: 

• Pedestrian density is highest at tl1e centre of the CBD, 
and declines with increasing distance from tl1e centre. 

• The sphere of influence of settlements increases 
with settlement size. 

• The pH of sand dunes decreases witl1 distance inland. 



• Population density is higher in inner urban areas 
than in the suburbs. 

• Average temperatures in urban areas are higher 
than in surrounding rural areas. 

For each hypothesis you investigate you should 
descri be what you expect to find and explain why. 
Within this section o f the investigation you sho uld 
also justify the geographical location o f your 
inquiry. It should clearly be a good location to 
address the issue, questi on or problem you intend 
to investi gate. Make sure that you include the area's 
site as well as its regio nal situation. Incl ude clearly 
labell ed locati on maps. Give each map or diagram 
used in this section a figure num ber. For example, 
a map showing the locatio n of your study area 
within its wider regio n might be labelled ' Figure 1: 
The location of Studland in Dorset' Follow this 
procedure fo r all illustrations used throughout your 
investigation. Also make sure that you refer to each 
' Figure' in your text . 

A geographical investigation of London Docklands 

• Defining the objective 
of the study 

Yo u now move on to define the objectives of the 
study in specific terms, refinin g the content o f 
the previous secti on. You will also make decisio ns 
concernin g: 

• what da ta are relevant to the study 
• how the data can be collected . 

It is useful in this secti on to briefly state the sequence 
o f investi gation you are going to fo llow. This should 
ensure that you are clear about the remaining stages 
o f the investigati on and that you tackl e the route to 
geographical enquiry in a logical manner. 

Collection of data 

• Collection of data 
Data can be coll ected on a group or individual basis 
which may include: 

• fieldwork to coll ect primary data 
• gathering data from secondary sources such as from 

census in fo rmation and published maps. 

Make sure that you clearly explain the difference 
between primary data and secondary data. Use as 
many different techniques as possible to gather 
in fo rmati on, fo r example interviews, o bservations, 
surveys, questionnaires, maps and looking at fi gures. 
Describe and justi fy each method . Describe the use 
of primary fieldwork methods and in particular the 
method and/or equipment used to coll ect each type 
of in fo rmatio n. Equally, describe and explain the use 
of secondary sources, fo r example parish records. 

Explain clearly how you decided to use your 
figures, maps, answers to questions etc. Some 
reasoning is necessary here - that is, justi fy why 
you used that method or source. Explain in detail , 
fo r example, how you questioned people, coll ected 
census figures, obtained maps etc. Write thi s up 
almost like the method fo r a scientific experiment. 
You can use a planning sheet here, stating when 
you coll ected data, where fro m, at what time, places 
you visited , o bservations you made, interviews you 
conducted etc. If you are using a questi onnaire then 
you must justify the questions that yo u use, fo r 
example explain why you have recorded the age and 
gender of respondents in a shopping survey. You 
need a range o f methods to obtain full marks. 

To coll ect data in a sound and logical way so that 
valid conclusions can be drawn you should be aware 
of the characteristics and importance of: 

• sampling 
• pilot surveys 
• questio nnaires and interviews 
• methods of observing, counting and measuring 
• health and safety and other restrictions. 

Samp ling 

The reasons for sampling 
For many geographical investigati ons it is impossible 
to o btain 'complete' info rmatio n. This is usually 
because it would just take too lo ng in terms o f both 
time and cost . For example, if you wanted to stud y 
the shopping habi ts o f all 1000 ho useholds in a 
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suburban area by using a doorstep questionnaire, it 
would be a huge task to visit every household. 

However, it is valid to take a 'sample' or 
proportion of this total 'population' of 1 OOO 
households, providing you follow certain rules. The 
idea is that you arc selecting a group that will be 
representative of the total population. 

You might decide to take a 5% or 10% sample 
which would involve talking to 50 or 100 of the 
1000 households in the area. But how do you decide 
which 50 or 100 households to sample? There are 
three recognised methods of sampling which are 
considered scientifically valid. All three methods 
avoid bias which would make results unreliable. 

Sampling types 
Before selecting the sampling method you need to 

consider how you are going to take a sample at each 
location. There are three alternatives: 

• Point sampling - making an observation or 
measurement at an e,x:act location, such as an individual 
house or at a precise six-figure grid reference. 

• Line sampling - taking measurements along a 
carefully chosen line or lines, such as a transect 
across a sand dune ecosystem. 

• Quadrat (or area ) sampling - quadrats are mainly 
used for surveying vegetation and beach deposits. 
A quad rat is a gridded frame. 

All three sampling types are shown in Figure 1. Here 
all of the sampling types are illustrated using the 
systematic method of sampling. When you have read 
the next section you might think how these diagrams 
would look using random and stratified sampling. 

Point Line Quad rat 

Figure 1 Point, lineandquadratsampling 

Sampling methods 

Random sampling 
This method involves selecting sample points by using 
random numbers (Figure 2 ). Tables of random numbers 
can be used or the numbers can be generated by most 
calculators. The use of random numbers guarantees that 
there is no human bias in the selection process. 

61 89 04 24 98 65 96 96 
33 79 53 35 51 56 11 78 
96 84 68 33 84 15 08 10 
28 34 05 81 54 02 60 18 
19 35 37 56 39 97 66 15 

37 21 22 09 18 99 33 03 
46 77 77 83 19 39 43 48 
12 44 97 58 79 57 42 30 
08 91 47 87 38 21 74 24 
98 17 54 62 62 21 06 90 

73 53 29 99 11 76 30 00 
35 28 06 62 12 99 48 48 
50 34 68 74 61 42 19 63 
95 49 75 96 49 81 93 10 
22 30 86 92 56 79 71 50 

68 83 63 59 30 55 37 20 
69 67 64 05 14 37 16 36 
04 43 66 24 01 62 72 98 
03 40 89 99 66 22 11 32 
95 44 09 92 08 41 49 27 

Figure 2 Section of a table of random numbers 

Systematic sampling 
With this method the sample is taken in a regular 
way. It might, for example, involve every tenth house 
or person. When using an Ordnance Survey map it 
might mean analysing grid squares at regular intervals. 

Stratified sampling 
Here the area under study divides into different 
natural areas. For example, rock type A may make up 
60% of an area and rock type B the remaining 40%. 
If you were taking soil samples for each type, you 
should ensure that 60% of the samples were taken on 
rock type A and 40% on rock type B. 

Random Systematic Stratified 

Figure 3 Random, systematic and stratified sampling 

Deciding on the size of the sample 
The larger the sample the more likely you are to 
obtain a true reflection of the total population. 
However, this could happen with a very small sample 
by chance. But equally a small sample could give a 
very misleading picture of the total population. 

A good rule to follow at !GCSE with regard to 
sample size is to take as many samples as possible with 
regard to: 



• the time available 
• available resources 
• the number o f samples required fo r a particul ar 

statistical technique such as Spcarman 's Rank 
Correlatio n Coefficient 

• your capacity to handle the data collected ( there arc 
many computer programs available to help with this). 

Figure 4 How a grid and map can be used for random sampling 

Pilot surveys 
A pilot study or tri al run can play an important role 
in any geographical investi gation. A pilot study 
involves spending a small amount of rime testing your 
methods of data coll ecti on. For example: 

• If you arc using equipment, docs all the equipment 
work and can everyone in the group use it correctly? 

• If your data collection involves a questionnaire, can tl1c 
people responding understand all tl1c questions clearly? 

• !f a method of sampling is used , docs everyone 
know how to select the sample poin ts accurately? 

A small -scale pilo t study all ows you to make vital 
adjustments to your investi ga tio n before you begin 
the main survey. This can save a great deal of rime in 
the long nm. 

Activities 
1 W ork in groups t o provide outlines of different 

geographica l investigations that would involve 
(a) random sa mpling, (b) systematic sa mpling and 
(c) stratified sa mpling . 

2 W hy might it be benefi cial t o conduct a pil ot study 
pri or t o beg inning a geographi ca l investigati on? 

Collection of data 

Questionna ires and interviews 
Questi onnaire surveys involve both setting questions 
and obtaining answers. The questions arc pre
planned and set out on a specially prepared fo rm. 
This method of data coll ection is used to o btain 
opinions, ideas and info rmation from people in 
general or from different groups of people. The 
qu estionnaire survey is probably the most widely used 
method to o btain primary data in human geography. 
In the wider world questi onnaires arc used fo r a 
variety of purposes, including market research by 
manufacturing and retail companies and to test public 
opinion prior to political electio ns. 

O ne o f the most important decisio ns you arc 
going to have to make is how many questionnaires 
you arc going to complete. The general rules to 
fo llow here arc similar to those fo r sampling, set out 
in the previous section. Remember, if you have too 
few questi onnaire results, you will not be able to 
draw valid conclusions. For most types of study, 25 
qu estionnaires is pro bably the minimum you would 
need to draw reasonable conclusions. On tl1c other 
hand it is unlikely you would have rime for more than 
100 unless you were coll ecting data as part o f a group. 

A good questionnaire: 

• has a limited number o f questions that take no 
more than a few minutes to answer 

• is clearl y set out so that the questioner can move 
quickly from one questi on to the next - people do 
not like to be kept waiting; the careful use of rick 
boxes can help this objective 

• is carefully worded so that the respo ndents arc clear 
alx mt the meaning of each questi on 

• fo llows a logical sequence so that respondents 
can sec 'where the questio nnaire is going' - if a 
questio nnaire is too complicated and lo ng-winded 
people may decide to stop halfway thro ugh 

• avoids questio ns tl1at arc too personal 
• begins with the quickest questions to answer and 

leaves the longer/ more difficult questio ns to tl1 c end 
• reminds the questio ner to thank respondents fo r 

their cooperation. 

The disadvantages o f qu estionnaires arc: 

• .\1any people will not want to cooperate fo r a 
variety o f reasons. Some people will simply be 
too busy, others may be uneasy about talking to 
strangers, while some people may be concerned 
alx mt the possibili ty of identi ty theft. 
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• Research has indica ted that people do no t always 
provide accurate answers in surveys. Some people 
are tempted to give the answer that they think the 
questioner wants to hear or the answer they think 
shows them in the best lig ht. 

As with other forms of data collection, it is advisable to 

carry out a brief pilot survey first. It could be that some 
words or questions you find easy to understand cause 
problems for some people. Amending the qu estionnaire 
in the light of the pilot survey before you begin the 
survey proper will make things go much more smoothly. 

Deliveri ng t he questionnaire 
There are really three optio ns here: 

• Approac h people in the street or in ano ther public 
environment. 

• Kn ock o n people's doors. 

• Pos t questi o nnaires to people. With this app roach 
you could either coll ect the qu es tionnaire later 
or enclose a stamped addressed envelope. This 
last method is costly and experi ence shows that 
respo nse rates arc rarely above 30 per cent. 
Ano ther di sadvantage is that yo u will be unable to 

ask fo r clarifica ti o n if some respo nses arc unclear. 

If you arc conducting a survey of shopping habi ts 
you may want to find out if there arc significant 
differences between males and females and between 
different age groups. In this case you would use 
a stratified sample divid ed by gender and the 
percentage of population in each age group . 

The time of day may also be important. In the 
example given above, very few people in some age 
groups may be around at a certain time of day. For 
example, most teenagers will be in school or college 
at mid-morning o n a weekday. 

A good questionna ire A bad questionnaire 
Int roduction : 'Excuse me, I am doing a school Introduction : 'Excuse me, but I wonder if I could ask 
geography project. Could I ask you one or two quick you some quest ions7' 
questions about where you go shopping?' 

1 How often do you come shopping in this town 
centre7 

More than once a week D 

WeeklyD Occasionally D 

2 How do you travel here? 

Walk D CarD Bus D Train/Tube D 
Other __________ _ 

3 Roughly where do you live? _____ _ 

4 Why do you come here rather than any other 
shoppingcentre7 

Near to home D 

MorechoiceD 

Near to work D 

PleasantenvironmentD 
Other __________ _ 

5 What sort of things do you normally buy here? 

Groceries D Clothes/shoes D 

EverythingD 

Other-----------

6 Do you shop anywhere else, and if so w here? 

7 Why do you go shopping there7 

8 Whatdoyoubuythere7 

9 Sex: MD F D Age (estimate) under 20 D 
20-30 D 3D-60 D Over 60 D 

'Thankyouverymuchforyou help' 

Figure S Two questionnaires, one good and one bad 

1 Where do you live? 

2 How do you get here7 

3 Do you come shopping here often7 

4 Why do you come here7 

5 Do you buy high-or low-order goods here7 

6 Is this a good shopping centre and if so, w hy? 

7 Where else do you go shopping? 

8 Do you shop there because it is cheaper or nearer 
to your home? 

9 How old areyou7 _______ _ 

'Right,that'sitthen.' 



Interviews 
Interviews are more detail ed interactions than 
qu esti onnaires. They will generally involve talking 
to a relatively small number o f people. A study of an 
industrial estate might involve interviews if you were 
trying to find out why companies chose to locate on 
the estate. An interview is much more o f a di scussio n 
than a questio nnaire, although you sho uld still 
have a pre-planned questio n sheet . It can be a good 
id ea to record interviews but yo u should ask the 
interviewee's permission first . 

Health and safety and other restrictions 
It may be sensible to work in pairs when conducting 
questionnaires as some people can act in an 
unfri endly manner when approached in the street . 
Workin g in pairs can also speed the process up 
considerably, with one person asking the qu estions 
and the other no ting the answers. Also be aware 
that shopping malls, individual shops and o ther 
private premises may no t allow you to conduct 
qu estionnaires without seeking permission 
beforehand. 

Activities 
1 Design a questionnaire that might be used as part of 

an investigation into tourism in a sma ll resort. 
2 Briefly outl ine a geograph ica l investigation in your 

loca l area that cou ld invo lve the use of interviews. 

Observations, counts and 
measurements 

Field sketches 

Collection of data 

Personal observations or perceptions may fo rm an 
important element of a coursework investigation. 
A field sketch is a hand-drawn summary of an 
environment you are looking at. In both urban and 
rural environments field sketching is a very useful way 
of recordin g the most important aspects of a landscape 
and noting the relationships between elements of such 
landscapes. The action of stopping for a period of time 
to sketch the landscape in front of you will often reveal 
details that may not have been immediately apparent. 

Figure 6 is an example o f a good field sketch. This 
sketch highlights the important geographical feanJres 
of the landscape. Key features should be clearly 
labell ed but make sure that your sketch is not too 
cluttered . This will detract fro m the really important 
detail s. A good field sketch will be viewed as a higher
level technique by your coursework moderator. 

Annotated photographs 
Annotated photographs should be seen as 
complementing field sketches rather than just being 
an alternative to them. Like field sketches, good , 
fully annotated photographs are regarded as a higher
level skill. Always record the precise location and 
conditio ns o f the photographs you take. This should 
include a grid reference, the directio n the photograph 
was taken in , weather conditions and time of day. 

R~ emberyouare 
not drawing an 
arti,ticpictu re. 

Ma ke your,ke tch Don 't exaggerate Simplifythe landKape - A •ingle line is 
as large as possible. the ,ize of a hill. don't try to incl ude enough to show the 

U,e colouronlyifilreallyaddstothe 
sketch.ltmightbeanideatolabelphysiail 
featuresinone colourandhumanfeatu res 
inanot her colour(ashere). 

Figure 6 Example ofafieldsketch 

every de tail. outline of a hill. 

Onlylabel t hose featu res youwant Keepthe ,ketchu 
to drawalterit ionto.Toomany •imple upos,ible. 
label,willdutteryour,ketchand 
di,gui,e the mainfeat ure,. 

Use shading only 
to show the angle 
and character of 
slopes. 
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Such information will make annotation quicker and 
easier in the long run. 

An annotated photograph shows yo ur key 
perceptions about a location you have visited on 
fieldwork. A series of such photographs might 
show: 

• how the type and quality of housing varies in an 
inner city or suburban area 

• how a river and its valley changes from source to 

mouth. 

Annotations should be in the form of short, sharp 
sentences (Figure 7) .. Moderate abbreviation is fine 

Fields inundated 
as the river has 
topped its banks 

providing the meaning of the comment remains clear. 
Some annotations will be just descriptive, but where 
the opportunity arises some explanation should also be 
included. Annotation can be most effective when the 
photograph is placed on the page in landscape format, 
which will allow more space for annotations on all 
four sides. As with field sketches, a series of annotated 
photographs could form a very effective part of your 
analysis. You should look to correlate annotated 
photographs with the tables and graphs showing your 
data analysis. Photographs are also useful to show how 
you carried out surveys and field measurements. 

Flat.marshy 
floodplain 

Road built 
on an 
embankment 

Limited number 
of trees to 
intercept rainfall 

Settlement built 
on slightly higher 
ground 

Figure 7 Exampleofanannotatedphotograph 

Activities 
1 a Draw a field sketch of an urban or rural 

environment within easy reach of your school. 
b Suggest why this location has geographical interest. 

2 Annotate a photograph of a location of interest you 
have visited. 

I 
Park -" 
High Lodge 120 
Forest Park 

Ditchingham 25 
Estate Park 

Long Stratton 4 
Park 

Castle Mall 
Gardens 

d .,, 
1l it ~ 

~ i; 
"li ~€ E 
·o. ", .e 5 
~ -~ 8 

; ,a., c- ·5 
.51- i!:!2 ~ &~ 

Figure 8 Example of a recording table showing park facilities 
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Recording t ables 
The most straightforward method of observation is 
noting whether a physical or human feature exists in 
an area or not. Figure 8 is an example of a recording 
table showing park facilities. The objective here is to 
compare the facilities in four parks before attempting 
to explain the differences between them. Recording 
is done by placing a tick in the appropriate square. 
Notice that there is a final column to accommodate 
any unexpected findings. 

• .. 
~ .ii il. 

5 .ll ~ 
t 
i Other 

Maze, 
jrriflegym 

Skare ramp 

View,x,int 



Scoring systems 
Scoring systems are used in quality o flife and other 
types of survey. Figure 9 is an example of a scorin g 
system used to study vari atio ns in environmental 
quali ty in different parts of a residential area . Figure 
9a shows that in this example ten local environmental 
factors are being o bserved. Figure 9 b shows how 
the scoring system works. Here a score of 5 is the 

Collection of data 

maximum possible fo r the best environmental 
conditio ns. The minimum score is 1. For each 
locatio n the individual environmental scores are 
added together to achieve a total environmental 
score. In this example, the lowest possible total 
score is 10, and the highest is 50. It can be useful to 
practise the system in class using pho tographs before 
going out to condt1ct fieldwork. 

Ward name: Location 

Factor 

1 Condition of brickwork/paintwork 

2 Condition of oioes, autterina, w indows 

3 Quality/state of repairs of pavements 

4 Quality/state of repair of roads 

5 Extentoflitter 

6 Extentofgraffiti 

7 Presence/condition of vegetation 

8 Availability of parking 

9 General condition of front of house 

10 Age/number of vehicles 

Total: 

Ward total: 

Average Location Score: 

Explanation of the ranking system used for the environmental checklist 

Factor Explanations 

1 Condition of brickwork/paintwork 1Worstcondition S Best condition 

2 Condition of pipes, guttering, windows 1Worstcondition 5 Best condition 

3 Quality/state of repairs of pavements 1Worstcondition 5 Best condition 

4 Quality/state of repair of roads 1Worstcondition 5 Best condition 

5 Extent of litter 1 Most litter 5 No litter 

6 Extent of graffiti 1 Large amount present 5 None present 

7 Presence/condition of vegetation 1Worstcondition/none 5 Best condition 

8 Availabilityofparking 1 None noticeable 5Spacefor1+car 

g General condition of front of house 1Worstcondition 5 Best condition 

10 Age/number of vehicles 1 Outdated/no vehicle 5 New models/+ 1 vehicle 

Figure 9 Example of an environmental scoring system 

Tally charts 
Coun ts of vari ous kinds are an element o f many 
geographical inves ti gations. Figure 10 is an example 
o f a tally chart used to record visito r numbers at 

key locatio ns in a park. The convention is to show 
counts in groups of five with the fifth count as 
a horizontal line drawn across the previous four 
counts. 
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Children's Sports 
playground ground 

Male .!Hfll Utflm'"III 

Female .!Hflll 

Figure10 Exampleofatallychart 

You will notice that Figure 10 docs not give a time when 
the count took place or state how long counting went 
on. In this example the number of visitors could vary 
significantly according to the time of day. It is th erefore 
very important to plan carefi1lly for your counts so that 
when you have collected and presented your data you 
can justify the conclusions you have drawn. 

Pedestrian counts often form part of urban 
geography investigations. You could see how 
pedestrian counts decline with distance from the 
centre of the CBD. Pedestrian counts cou ld be 
conducted every 50 or 100 m from this point. 

Activities 
1 Produce a recording table that cou ld be used as part 

of a geographical investigation in your loca l area . 
2 Look at the scoring system shown in Figure 9. Discuss 

the merits and limitations of this example. 

• Presentation and 
recording of results 

A wide variety of graphical techniques can be used to 
present geographical data. The skill is in choosing the 
best type of graph for the particular data set under 
consideration. Coursework marks can be lost by the 
incorrect use of graphical techniques. You should also 
consider the size of any graph or diagram you use. 
It is important that the labels of a.xes and all other 
information can be clearly read. 

It is important to integrate all maps, graphs, 
photographs and diagrams with the text. The most 
elementary way of doing this is to use a sentence 
such as 'Figure 4 is a line graph showing temperature 
change in my garden'. 

Line graphs 
A line graph shows points plotted on a graph 
whereby the points are connected to form a line. This 
type of graph is used to show continuing data. It 
shows the relationship between two variables which 
are clearly labelled on both axes of the graph. Many 
line graphs show changes over time. H owever, time 

does not have to be one of the variables of a line 
graph. Examples of the use of line graphs include: 

• temperature changes during the course of a day 
• pedestrian counts by time of day 
• temperature change with altitude. 

The axes ofa line graph should begin at zero and the 
variable for each axis should be clearly labelled. Be 
careful with the choice of scale as this wi ll determine 
the visual impression given by the graph. Figure 11 
is an example of a line graph. Here, only one line has 
been drawn but it is valid to show a number of lines 
so long as the course of each line is absolutely clear 
from start to finish. 

The distance people travelled to come to the town centre 

18 

16 

14 

f 12 

~ 10 

o 8 

~ 

1-2km 3-4 km 5--6km 7-8km Over8km 

Distance 

Figure 11 Example ofalinegraph 

Median-line bar graphs 
Median-line bar graphs are usefid when the objective 
is to show both positive and negative changes. The 
median line is set at zero with the positive scale 
above the median line and the negative scale below it 
(Figure 12 ). This type of bar graph can create a very 
good visual impression. You can see instantly whether 
changes are positive or negative and exactly what the 
extent of the individual changes are. 

Percentage change in mode of travel to school, 2000-07 

+30 

-30 

Figure12 Exampleofamedian-l inebargraph 



Histograms 
A histogram is a special type of bar graph (Figure 13). 
lt shows the frequency distribution of data. The x axis 
must be a continuous scale with the values marked 
on it representing the lower and upper limits of the 
classes within wh ich the data have been grouped. The 
y axis shows the frequency within which values fall 
into each of the classes. A vertical rectangle or bar 
represents each class. The bars must be continuous 
without any gaps between them. 

Pebble size 
(length of Ta lly marks 

longest made in the 
axis in mm) field Frequency 

40 

Oto<5 IIIJ 
5to <10 JIIIJl<I 
10to<15 .llll'J!lt'.llll'J!lt'\! 

10 20 30 
(mm) 

JUfJ!lt'.llll'.llll'.lltt.llll'J!lt'II 
Jllf'.1111'.llttlll 

Jl<I 
II 

Table of data about the 
sizes of pebbles collected 

ona beach, and a histogram 
drawn from these data 

Figure 13 Example of a histogram and the data used 

Choropleth maps 

11 
22 
37 
18 

Choroplcth maps can use variations in colour or 
different densities of black and white shading. 
The following steps should be followed in the 
construction of a choroplcth map: 

• Look at the range of data and divide it into classes. 
There should be no less than four classes and no 
more than eight. 

• Allocate a colour to each class. The convention is 
that shading gets darker as values increase. 

• Now apply each colour to the applicable areas of 
the map. 

• Provide a key, scale and north point. 

Proportional circles 
Proportional circles arc the next step up from 
pie charts. While pie charts arc viewed as a basic 
graphical technique, proportional circles arc a higher
level technique. Proportional circles arc useful when 
illustrating the differences between two or more 

Presentation and recording of results 

amounts. They arc particularly effective when placed 
on location maps. ln Figure 14 the three circles 
shown arc proportional in area to the total number 
of offences recorded in the three urban areas. The 
method used to decide the radius of each circle is as 
follows: 

• Write out each of the total figures for which circles 
arc to be drawn in the first column. 

• Find the square root for each figure and write this 
down in a second column . 

• Use the square root fur the radius of each circle. 
By doing this the area of each of the circles will be 
mathematically proportional to the figures they arc 
representing. For the radii you can use any units 
you want providing they arc the same for each of 
the circles . 

Table 1 shows a very simple example. 

Number of offences 
committed 

Dunder750 

0750-999 

D 1000-1249 

D 1250-1499 

- 1500+ 

- Boundaryof 
beat areas 

Types of crime 

- Violent/sexual assau lt 

0 Burglary 

0 Theft 

D Theft of/from motor 
vehicle(carcrime) 

- Criminal damage 

- Other (including 
robbery) 

Figure 14 Example of a choropleth map with proportional circles 
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Flow-line diagrams 
Flow-line diagrams and maps arc used to illustrate 
movements or flows. One might be used to show the 
variation in volumes of traffic from different smaller 
settlements into a larger settlement. Straight lines are 
used but the width of the individual flow lines will be 
proportional to the amounts of traffic they represent. 
Thus, a line l O mm wide may represent 500 vehicles 
an hour along a road. On the same scale a line 2 mm 
wide would represent 100 vehicles an hour. Flow 
lines could also be used to show the number of buses 
coming into a town on a particular day. 

Ray diagrams 
There are two main types of ray diagram: wind roses 
and desire lines. Ray diagrams are made up of straight 
lines (rays ) which show a connection or movement 
between two places. 

Wind rose diagrams (Figure 15 ) show the variations 
in wind direction for a certain time period. The 
direction of each ray to the centre is the direction 
from which the wind is blowing. Each ray is 
proportional in length to the number of days the wind 
blew from that direction. 

W ind directions recorded for one year at a school weather 
station in Liverpool, UK 

Direction of wind N NE E SE S SW W NW Calm 

Number of days 26 37 39 32 30 57 60 53 51 
per year 

Figure 15 Example of a w ind rose diagram 

Desire-line diagrams show movement from one place 
to another. This type of diagram could be used to 
show where people live and the supermarket they 
use. If there are four supermarkets in an area then the 
rays would focus on four points rather than just one 
as in a wind rose diagram. Desire-line diagrams are 
therefore more complicated than wind rose diagrams. 

Semantic differential profiles 
Semantic differential profiles (SDPs) (Figure 16) are 
useful for recording perceptions of environmental 

C 

quality. They consist of a series of pairs of words 
with opposite meanings. There should generally 
be a minimum of five gradations between each 
pair of words. The observer must decide where to 
place a cross or other mark to state the condition of 
the environment they arc observing. VVhcn all the 
observations have been made the crosses arc joined 
up with a ruler. If, for example, you were studying 
three different housing areas in a town you could 
show all three profiles on one SD P diagram by using 
different colours for each area. 

The average semantic differential profile for Graveny ward 

Quiet ~~~ ~~~ Noisy 

Friendly ~~ ~~~~ Unfriendly 

Healthy ~~ ~~~~ Unhealthy 

Safe ~~ ~~~~ Unsafe 

Tidy ~~ ~~~~ Untidy 

Attractive ~~~ ~~~ Unattractive 

Interesting ~~~ ~~~ Boring 

Pleasant ~~~ ~~~ Unpleasant 

Improving ~~ - - - ---1 Deteriorating 

Spacious ~~~~ ~~ Cramped 

Rich ~~~~ ~~ Po~ 

Planned ~~ ~~~~ Unplanned 

Varied ~~~~ ~~ Monotonous 

Figure 16 A semantic differential profile 

Radial (circular) graphs 
Radial ( or circular) graphs (Figure 17) can be used to plot: 

• a variable that is continuous over time, such as 
temperature data over the course ofa year 

• data relating to direction using the points of the 
compass. 

The two axes of a radial graph arc the circumference 
of the circle and the radius. Values increase from the 
centre of the circle outwards. 



Rate of weathering: Rahn's index 

A radial graph to show the influence of aspect on gravestone 
weathering. The graph shows the mean of Rahn's index for 

each compass direction. 

Rahn'sindex 
Class Description 
1 Unweathered 

Slightly weathered: faint rounding to corners of letters 
Moderately weathered : gravestone rough, letters legible 
Badly weathered : letters difficult to read 
Very badly weathered : letters indistinguishable 
Extremely weathered : no letters left, scaling 

Figure 17 A radial graph 

lsoline diagrams 
Isolines join points of equal value on a map. They 
are similar to contours on an Ordnance Survey map. 
Isolines can only be drawn when the values under 
consideration change in a fairly gradual way over the 
area of the map. Data for quite a large number of 
locations arc required in order to draw a good isolinc 
map. !saline maps arc unsuitable for patchy data. 
Figure 18 is an isoline map showing pedestrian flow 
in and around a central business district. 

Activities 
1 Find two examples of line graphs in a geography 

textbook. What do the line graphs show in these 
examples? 

2 What is the difference between a histogram and an 
'ordinary' bar graph? 

3 Discuss the merits and limitations of choropleth maps. 
4 Draw a series of proportional circles using fieldwork 

data or data from a textbook. 
5 Construct a semantic differential profile that could be 

used in your local area . 
6 Look at Figure 18 which shows an isoline map. Suggest 

two more examples for which isoline maps could be 
drawn. 

Analysis and interpretation 

Pedestrianflowinandaroundacentralbusinessdistrict e Sampling point with number of pedestrians 

-- lsolines of pedestrian flows at 10 interval increases 

Figure 18 Anisoline map 

• Analysis and 
interpretation 

Here you will analyse and interpret your findings 
on the issue/question/problem set out in the first 
section of your investigation. This will be done with 
reference to relevant geographical concepts. 

You need to describe the patterns in data presented 
in your graphs and tables of results. 

• After each graph or technique, describe fully 
the results or trend or association (using simple 
descriptive statistics ). What do your results tell you? 
Describe your findings in detail by quoting the 
evidence from your methods of analysis. 

• Do the graphs and other techniques used help to 

answer the question set? 
• Make comments to link the data. For example, 

show how one diagram, graph or map relates to 

others. 
• Where relevant, consider the values and attitudes of 

people involved. 
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• Making effective 
conclusions 

Using the evidence fro m the data you sho uld be able 
to make judgements o n the validi ty of the original 
hypothesis or aims of the assignment . Compare the 
resul ts of the data analysis against standard models 
and theori es. 

Link what yo u have discovered in your enq uiry to 

what you have studied in the syllabus. For example, if 
yo u have looked at shopping, have you talked about 
high-order and low-order shops, shopping hi erarchies 
and o ther relevant concepts? If your investigatio n 
is o n leisure, have you linked thi s to the amount 
ofleisure time people have, spheres of influence 
o fleisurc centres, how accessible places are, and 
o ther key aspects of the topic? These things should 
be mentioned b ri efl y in the first section o f your 
assignment and need to be discussed now in relatio n 
to your findings. 

H aving descri bed your resul ts, you need to explain 
and discuss them. Why have you arrived at such 
resul ts? Do they confirm (accept) or refine (reject ) 
yo ur hypotheses? 

• Evaluation and 
suggestions for further 
work 

Yo ur investigation is likely to be sli ghtly less than 
perfec t , and you need to show the examiner that you 
are aware oftl1is. It is important to realise that you 
will not be marked down fo r showing an awareness o f 
the limi tations of methods, results and conclusions. 

There may be limi ts to where and when you could 
carry out a survey, or the number of people you 
could interview. There may be constrain ts in terms 
o f expense, in terms of the equipment you are able 
to use, or how often you can visit the fieldwork 
location(s). The last item can also be due to a 
busy school timetable which can mean your time 
at a fieldwork locatio n is limited. In vestigatio ns in 
physical geography may be hampered by un expected 
conditio ns. For example, river measurements may be 
affected by fl oods or a d rought. 

You need to make an assessment and state 
whether or not such limitati ons have impaired 
your investiga tion . If they have, then your results 

are likely to be compromised, and so will any 
conclusions that yo u have drawn. For example, a 
survey of tourists to Oxford on a Tuesday afternoon 
in April found that most people were attracted 
to the university buildings and the coll eges , and 
listed the poor weather as their main criticism . H ad 
the survey taken place in another kind of tourist 
destinati on , the attractio ns li sted would have been 
very different. Similarly, had the survey taken 
place in July or August the wea ther might no t 
have been mentio ned as a pro blem. O n the other 
hand, congestion du e to too many to uri sts might 
have been mentio ned. This example shows that the 
methods (including the date and rime o f any survey ) 
produce results that can affect our conclusio ns 
and , therefore, our evaluati o n. Ano ther survey at 
another rime might give a different set of results and 
conclusions. 

The fin al part of your evaluati on can lead you to 
suggest future lines of enquiry from the insigh ts 
you have d eveloped by fo llowing the ro ute to 
geographical enquiry in your investigation. 

• Case studies 
Ana lysing sa nd dunes 

Sanddunesat Studland, Dorset,UK 

Sand dun es provide an interesting and manageable 
ecosystem fo r srudy at !GCSE. This is because 
significant changes can be identified over a relatively 
small area . In a sand dune system the most recently 
fo rmed dunes are by the sea . The dunes become 
older with distance inland. Sand dun es fo rm a seri es 
of rid ges with intervening 'slacks' between them. 



A usefii l starting point is to survey the morphology 
(size and shape) of the dunes . Figure 19a shows 
how measurements can be taken across a sand dune 
ecosystem using a tape measure and a clinometer. The 
transect line should be at right-angles to the coast. 
The first ranging pole is carefully placed where there 

Case studies 

is a distinct break in slope from the back of the beach, 
marking the beginning of the sand dunes. The second 
ranging pole is placed at the next break of slope. 
The angle of slope is read from the clinometer. This 
process is repeated fo r each break of slope. With about 
four people working as a team, all the measurements 

"' Sight 1.Sm 
o n ra ng ing 
po le 

there is a break in 
the slope 

Rea d 
ang le off 

~~~m;2er 

~ Sight 

a t 1. Sm o n 
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Sand dune transect recording sheet 
LOCATION : Nailsworth-upon-Sea DATE: 

Angle(") Vegetation Number Maximum Dominant plant Wind Soil .I Soil Soi l 
from sea (uphill ) of vegetation species speed moisture organic pH 

(ml (% ) species height(ml (m/s) content (%) content(% 

10 +5 50 0.51 Marramqra55 7.3 8.7. 0.2 6.9 

10 +8 92 0.56 Seacouchqra56 4.4 25.9 0.4 6.8 

20 +6 86 0.48 Marramqra55 3.4 11.2 f.8 6.8 

30 +4 95 0.51 Seacouch qra56 3.0 25.0 3.3 6.8 

40 -f 96 0.69 Marramqra55 2.4 54.4 3.6 6.8 

6 50 -6 94 0.7.1 Marramqra55 3.2 9.f 3.7. 6.7. 

60 -f 89 0.7.5 Seacouchqra56 3.0 24.1 4.6 6.9 

- "' -,,...._ -Figure 19 Conducting a survey of a sand dune ecosystem 



4.2 GEOGRAPHICAL INVESTIGATIONS: COURSEWORK AND THE ALTERNATIVE TO COURSEWORK 

required to draw a cross-section of the dunes 
(Figure 19b) can be taken in a couple of hours. If a 
larger group of people is available a number of transects 
could be taken across the sand dunes. Transects could 
be compared and any differences discussed. 

As the dune survey proceeds, other measurements 
can also be taken. At regular locations across the sand 
dune system the following can be measured: 

• vegetation cover, with the dominant plant species 
noted 

• maximum height of vegetation 
• wind speed 
• soil moisture content 
• soil organic content 
• soil pH. 

Figure 19c provides an example of a recording sheet 
that could be used for such a survey. While the 
first few readings might take a little time, once you 
become fumiliar with what is required the process 
should speed up considerably. 

All these measurements can be used to test the 
standard theories about sand dunes presented 
in textbooks , which can be set out in a series of 
hypotheses to be tested: 

• Vegetation density increases with distance inland. 
• The number of species increases with distance 

inland. 
• The height of vegetation increases with distance 

inland. 
• Soil organic content increases with distance inland. 
• Soil pH decreases with distance inland. 
• Wind speed decreases with distance inland. 

Investi gating rive rs 
Streams and small rivers are a popular focus for 
geographical investigation because most schCXJls will 
not be too far from a suitable example. Figure 20 
shows some of the measurements that can be taken 
at various locations along the course of a river. For 
safety reasons it is best to avoid working in streams 
above the height of your knees. 

For most river srndies you will want to produce a 
cross-section of the river channel. The method is as 
follows: 

• Use a tape measure to assess the channel width. 
This should be done at right-angles to the course 
of the river. If you want to produce a cross-section 
of the river when discharge is at its highest you 
should lCXJk for evidence of the highest point the 
water reaches on each bank. This will give the 
bankfull width. 

• Channel depth should be measured at regular 
intervals across the river using a metre stick or 
ranging pole. Every 20 or 30cm should provide an 
adequate sampling interval. 

• A cross -section can then be drawn using graph 
paper (Figure 21 ). As with all cross-sections, careful 
choice of scale is important. 

Although various types of float can be used to 
measure river velocity, it is best to use a flow meter. 
The impeller (screw device ) is pointed upstream at 
the same points across the river used to calculate the 
depth intervals. You will be able to see how velocity 
varies with distance from the banks and how velocity 
varies with depth. You could also calculate the mean 
flow rate for this stage of the river. 

The discharge of the river can be calculated by 
multiplying the velocity by the cross-sectional area 
(Figure 21 ). The gradient of a river can be measured 
using ranging poles and a clinometer, in the same way 
that sand dune measurements were carried out in the 
previous example. 

Bedload measurements can also be taken to assess 
the impact of attrition with increasing distance 
downstream. Ensure that the samples ofbedload 
are selected randomly by a ranging pole or metre 
stick at intervals across the river. Collect the stones 
that are touching the pole or stick. Measure the 
long axis, shape and radius of curvature of each 
stone. 

As in the sand dune case study, a series of 
hypotheses based on textbook theor y can be set up to 
be tested. 



Measure wetted perimet:::;,,,, 
putting a rope or tape measure ', ...... 
across the bed of the stream Do -a-,-=-.....-,,-c 
thisatthesameplaceyoumeasure 
the width. This is best done on a 
warm day! 

Figure 20 Ta king river measurements 
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Load measurements: collect stones at each 
point across the stream bed. Shut you r eyes 
and take the first stones you touch to give a 
random sample. 

Case studies 

NOtetl1drhbers-1n1-.-1 rr1eH 20 )li /icliCate--.....-+nflsCIUarl!S-1htsl!ctt·o 

'Wet' part 

,,'\'h.. 
122 

dth- i: -n,cm) 

Area= 470 squares. This number has to be converted, according to the sca le. The sca le 4 cm = 1 m means that each 2-m illimetre 
square on the graph paper represents0.0025 m2 in reality (11~ . lfthescale had been 1 cm= 1 m then the sca ling factor wou ld be 
1/100 = 0.01 m2. In this example470 x 0.0025 = 1.175m2. 

Figure 21 A river cross-section 



Glossary 
Abrasion ( or corrasion): a type of erosion in whid1 rock 

fragments carried by waves or a river scrape and grind away a 
surf.tee such as a cliff fuce. 

Accessibility: the ease with which a place may be reached. 
An area with high accessibility will generally have a well
developed transport network and be centrally located. 

Active volcano: a volcano currently showing signs of activity. 
Afforestation: planting of trees in areas that have not previously 

held forests. Trees may be planted ro increase interception 
by vegetation, ro bind soil together and reduce overland 
runoff and thus soil erosion. 

Age-specific mortali ty rates: mortality rates specific to a single 
year of age, for example the infunt mortality rate, or an age 
range, for example the child mortality rate. 

Agriculmral technology: the application of techniques to 

control the growth and harvesting of animal and vegetable 
products. 

Air pressure: the pressure at any point on the Earth's surfuce 
that is due to the weight of the air above it; it decreases as 
altitude increases. At sea level the average pressure is 1013 
millibars (mb ). Areas of relatively high pressure are called 
anticyclones; areas of low pressure are called depressions. 

Altimde: measurement of height, usually given in metres above 
sea level. Temperature declines, on average 1 °C for every 
100m (and therefore rises l °C with every decrease in 
altitude of 100 m ). 

Anti-natalist policies: policies that aim to reduce population 
growth. 

Aquifer: a body of rock through which large amounts of water 
can flow. The rock of an aquifer must be porous and 
permeable so that it can hold and transmit water. 

Amble farms: involves cultivating crops; there is no involvement 
with livestock. 

Arch: a natural bridge-like feature formed by erosion. Arches 
are formed from the erosion of a headland where two caves 
meet and break through the headland. 

Arid: arid areas are usually defined as areas that receive Jess than 
250mm ofrainfull each year. 

Ash: very fine-grained volcanic material. 
Aspect: the direction in which something fuces. 
Attrition: the process by which particles of rock being 

transported by a river or the sea are rounded and bec.ome 
smaller in size by being struck against one another. 
Particles become smaller and more rounded as the distance 
downstream in a river increases. Particles near the shoreline 
become smaller and more rounded due to more frequent 
attrition. 

Backwash: the movement of water back down the beach due to 
theeffi:ct of gravity. 

Bar: a depositional feature - a long ridge of sand or pebbles 
running parallel ro a coastline that is submerged at high 
tide. Some bars develop as offshore bars when waves disturb 
sediments on the sea bed and form them into a submarine 
ridge or bar, while others form from the development of a 
spit across the whole of a small bay. 

Bay: a wide, open curving indentation of the sea. 
Beach: a feature of coastal deposition, consisting of pebbles 

on exposed coasts or sand on sheltered coasts. It is usually 
defined by the high and low water marks. 

Bid rent: a model which states that land value and rent decrease 
as distance from the central business district increases. 

Biodiversity: biological diversity, a measure of the variety of 
the Earth's plant and animal species, of genetic differences 
within species, and of the ecosystems that support those 
species. 

Biofuels: any fuel produced from organic (once living) matter, 
either directly from plants or indirectly from industrial, 
commercial, domestic, or agricultural wastes. Fossil fuel 
substitutes tl1at can be made from a range of crops including 
oilseeds, wheat and sugar. 

Birth rate: the number oflive births per tlmusand population in 
a year. 

Braided channel: tl1e sulxiivision of a river into several charu1els 
caused by deposition of sediment as small islands in the main 
channel. Braided channels are common in glacial meltwater 
streams. 

Brand: a distinguished name and/or symbol intended to identify 
a product or producer. 

Brown Agenda: the range of environmental problems associated 
with large cities. 

By-product: something that is left over from the main 
production process whicl1 has some value and therefore can 
be sold. 

Carbon credits: a permit that allows an organisation to emit a 
specified amount of greenhouse gases. 

Carbon trading: a company that does not use up the level 
of emissions it is entitled to can sell the remainder of its 
entitlement to another company. 

Carrying capacity: the largest population that the resources of a 
given environment can support. 

Cave: coastal caves are large holes formed where relatively soft 
rock containing lines of weakness is exposed to severe wave 
action. 

Central bus iness district (CBD ): the CBD of a town or city is 
where most oftl1e commercial activity is found . 

Chamber: the reservoir of magma located deep inside the 
volcano . 

Cinders: small rocks and coarse volcanic materials. 
Cliff: a rock-fuce along the coast, where coastal erosion, 

weathering and mass movements are active and the slope 
rises steeply (over 45 °) and for some distance. The nature of 
the cliff depends on the nature of the rocks, their hardness 
and jointing pattern. 

Climate: tl1e combination ofweatl1er conditions at a particular 
place over a period of time - usually a minimum of 30 years. 
Climate thus includes the a\·erages, extremes and frequencies 
of all meteorological elements such as temperature, 
atmospheric pressure, precipitation, wind, humidity and 
sunshine. 

Cloud: water vapour condensed into millions of minute water 
particles that float in tl1e atmosphere. Clouds are formed by 
the cooling of air containing water vapour, which generally 
condenses around tiny dust or ice particles. 

Coastal managem ent strategies: measures taken to prevent 
coastal erosion and/or flooding. To reduce erosion, several 
different forms of coastal protection are used. These can be 
divided into hard engineering and soft en gineering. 

Coastline: the area of contact between land and sea. 



Collision boundary: a plate boundary where two plates are 
converging. These include (a) destructive boundaries where 
an oceanic plate meets a continental plate and (b ) collision 
boundaries where the two plates are both continental plates. 

Commercial farming: furming for profit, where food is produced 
forsaleinrhemarket. 

Communications systems: the ways in whid1 information 
is transmitted from place to place in the form of ideas, 
instructions and images. 

Community en ergy: energy produced close to the point of 
consumption. 

Community tourism: a form of tourism that aims ro include 
and benefit local communities, particularly in developing 
countries. 

Commuter: a person who rravels into a large rown or city for 
work but lives in a different settlement. 

Concentric model (Burgess): a model of urban land where 
different activities occur at different distances from the urban 
centre. The result is a sequence of concentric circles or rings. 

Cone volcano: steep volcano formed of sticky (viscous) acidic 
lava,ash and cinders. 

Confluence: the point at which two rivers meet. 
Conser vatio n: allowing for developments that do not damage 

the character of a location. 
Conser vation of resources: the management of the human use 

of natural resources to provide the maximum benefit to 
current generations while maintaining capacity to meet the 
needs of future generations. 

Conser vative plate boundary (or transform plate boundary): 
where two plates slide past one another without loss of 
material. 

Constructive plate boundary: a plate boundary where new 
material is being formed by the upwelling of magma from 
within the Earth's interior. 

Constructive wave: a wave with a long wavelength and a low 
height. They help to build up beaches by deposition. 

Consumer culture: the equation of personal happiness with 
consumption and the purchase of material possessions. 

Convectional rainfall: rainfull associated with hot climates, 
resulting from the rising of com•ection currents of warm 
air. Air that has been warmed by the extreme heating of the 
grow1d surf.tee rises to great heights and is cooled quickly. The 
water vapour carried by the air condenses and rain fulls hea\ily. 
Convectional rainfull is usually associated with a thunderstorm. 

Coral: living organisms that may form large reefs. Coral reefs 
provide a habitat for a diversity of living organisms. 

Counterurbanisation: the process of population decentralisation 
as people move from large urban areas to smaller urban 
settlements and rural areas. 

Crater: depression at the top of a volcano following a volcanic 
eruption. It may contain a lake. 

Cross-profile: the cross-section of a river valley. 
Crucifo rm settlem ent: occurs at an intersection of roads and 

usually consists of lines ofbuildings radiating out from the 
crossroads. 

C ulmral diffusio n: the process of the spreading of cultural traits 
from one place to another. 

C umulative causation: the process whereby a significant increase 
in economic growth can lead to even more growth as more 
money circulates in the economy. 
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Dam: structure built to hold back water in order to prevent 
flooding, to provide water for irrigation and storage, and to 
provide hydro-electric power. 

Death rate: the number of deaths per thousand population in a 
year. 

D ecentralisation: the movement of people or industry away from 
the centre of the city to the suburbs or the edge of town. 

Deforestation: destruction of forest for timber, file!, charcoal 
burning, and clearing for agriculture and extractive 
industries, such as mining. It causes fertile soil to be blown 
away or washed into rivers, leading to soil erosion, drought, 
flooding, and loss of wildlife. 

Delta: a landform formed when a river, heavily laden with 
sediment, enters a body of standing water, such as a Jake or a 
sea with negligible currents. The lack of velocity in the lake 
or sea causes the river to deposit its load. 

Demographers: people who study human populations. 
D emographic divide: the difference between countries where 

population growth remains high and those \\itl1 very slow 
gro,,ing, stagnant or declining populations. 

Demographic m om entum: altlmugh tl1e global population 
growth rate has been declining for decades, the number of 
people added each year remains very higl1 because there are 
currently so many women in the child-bearing age range. 

Demographic transition model: a model illustrating the 
historical shift ofbirtl1 and death rates from high to low 
levels in a population. 

Densely populated: having a high population density. 
D ependency ratio: the ratio of the number of people under 15 

and over 64 rears to those in tl1e 15--64 age group. 
Depopulation: a decline in tl1e number of people in a 

population. 
Deposition: the laying down of material carried by rivers or the 

sea because ofa reduction of velocity or discharge (both 
causing a loss of energy), often caused by increased friction 
with vegetation or coarse particles. 

Deprivation: a condition in which a population group suffers 
from a poor quality of economic, social and environmental 
conditions. 

D esert: a dry area with limited vegetation. Deserts can be either 
hot or cold. Characteristics common to all deserts include 
irregular rainfull ofless than 250mm per year. 

Desertification: the gradual rransformation of habitable land into 
desert. 

Destination footprint: the environmental impact caused by an 
individual tourist on holiday in a particular destination. 

Destructive plate boundary: plate boundary where an oceanic 
plate meets a continental plate. The ocean plate is more 
dense than the continental plate so it sinks below the 
continental crust. 

D estructive wave: a wave \vitl1 a high height and a short 
wa\·elengtl1 which helps erode beach materials and cliffs. 

Development: the use of resources to improve tl1e quality of life 
in a country. 

Development gap: the differences in wealtl1, and other 
indicators, between the world's richest and poorest countries. 

Diffusion: tl1e spread of a phenomenon over time and space. 
Discharge: the volume of water passing a certain point per unit 

of time. It is usually expressed in cubic metres per second 
(cumecs). 
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Dispersed settlement : a settlement pattern in which most of the 
houses are scattered in the countryside rather than being 
concentrated in towns and villages. 

Dormant volcano: a volcano that has not erupted for a very long 
time but could erupt again. 

Dormitory settlem ent: a settlement that has a high proportion 
of commuters in its population. 

Drainage basin: the area ofland drained by a river system (a river 
and its tributaries) . 

Drought: an extended period of dry weather leading to 

conditions of extreme dryness. Absolute drought is a period 
ofat least 15 consecutive days with less than 0.2mm of 
rainfull. Partial drought is a period of at least 29 consecutive 
days during which the average daily rainfall does not exceed 
0.2mm. 

Dry po int site: an area free from flooding in an othenvise wet 
region, for example a hilltop site surrounded by a marsh. 

Dust storm: a severe windstorm that sweeps clouds of dust 
across an extensive area, especially in an arid region. 

Earthquake: a sudden movement of the Earth's crust. 
Economic leakage: the part of the money a tourist pays for a 

foreign holiday that does not benefit the destination country 
because it goes elsewhere. 

Economic water scarcity: when a population does not have the 
necessary monerary means to utilise an adequate source of 

Economies of scale: the reduction in unit cost as the scale of an 
operation increases. 

Ecosystem: an integrated unit consisting of a community ofliving 
organisms (animals and plants) and the physical environment 
(air, soil, water and climate ) that they inhabit. Individual 
organisms interact with each other and with their habitat. 

Ecotourism: a specialised form of tourism where people 
experience relatively untouched natural environments such as 
coral reefs, rropical forests and remote mountain areas, and 
ensure that their presence does no further damage to these 
environments. 

Emigration rate: the number of emigrants per thousand 
population leaving a country of origin in a year. 

Energy mix: the relative contribution of different energy sources 
to a country's energy consumption. 

Enhanced greenhouse effect: global warming caused by large
scale pollution of the atmosphere by economic activities. 

Environmental impact statement: a document required by law 
detailing all the impacts on the environment of an energy or 
other project above a cerrain size. 

Epicentre: the point on the Earth's surface directly above the 
focus of an earthquake. The strength of the shockwaves 
generally decreases away from the epicentre. 

Erosion: wearing away of the Earth's surface by a moving agent, 
such as a river, glacier or the sea. In a river, there are several 
processes of erosion including hydraulic action, abrasion, 
attrition, and solution. In coastal areas, hydraulic action is 
the most potent form of erosion. 

Evaporation: the process in which a liquid mrns to a vapour. 
Evapotranspiration: the combined water losses of evaporation 

and transpiration. 
Extensive farming: where a relatively small amount of 

agriculmral produce is obtained per hectare ofland, so such 

farms tend to cover large areas of land. Inputs per unit of 
land are low. 

Externalities: the side -effects, positive and negative , of an 
economic activity that are experienced beyond its site. 

Extinct volcano: a volcano that has shown no signs of volcanic 
activity in historic times. 

Fetch: the disrance of open water over which wind can blow to 
create waves. The greater the fetch the more potential power 
waves have when they hit the coast. 

Floo d: a discharge great enough to cause a body of water 
to overflow its channel and submerge (flood ) the 
surrounding area. 

Floodplain: area of periodic flooding along the course ofa river 
valley. When river discharge exceeds the capacity of the 
channel, water rises over the channel banks and floods the 
adjacent low-lying lands. 

Focus: the position within the Earth where an earthquake occurs. 
Earthquakes may be divided into shallow-focu s and deep 
focus earthquakes depending on how far below the surface 
they occur. 

Footloose industries: industries that are not tied to certain areas 
because of energy requirements or other factors. 

Form: the shape of a settlement, mainly influenced by its physical 
geography and topography. 

Formal sector: that part of an economy known to the 
government department responsible for taxation, and to 
other government offices. 

Fossil fuel s: fuels comprising hydrocarbons (coal, oil and namral 
gas ), formed by the decomposition of prehistoric organisms 
in past geological periods. 

Function: a classification of settlements based on their socio
economic functions, for example market towns, commuter 
towns and ports. 

Gabion: a wire basket filled with rocks or stones used for 
stabilising slopes and protecting the base of cliffs in areas of 
coasral erosion. 

Gentrification: the movement ofhigher social or economic 
groups into an area after it has been renovated and restored. 
This may result in the our-migration of the people who 
previously occupied the area. It most commonly occurs in 
the inner city. 

Geothermal energy: the natural heat found in the Earth's crust 
in the form of steam, hot water and hot rock. 

Gini coeffici ent: a technique used to show the extent ofincome 
inequality. 

Global city: a city that is judged to be a significant nodal point 
in the global economic system. These are major financial and 
decision-making centres. 

Globalisation: the increasing interconnectedness and 
interdependence of the world economically, culturally and 
politically. 

Gorge: narrow, steep-sided valley that may or may nor have a 
river at the bottom. A gorge may be formed as a waterfall 
retreats upstream. 

Greenfield site: an area of agricultural land or some other 
undeveloped site that is a potential location for commercial 
development or industrial projects but has not yet been 
developed. Such sites are normally on the edge of town and 
have good transport links. 



Green village: a \illage that consists of dwellings and other 
buildings, such as a church, clustered around a small village 
green or common, or other open space. 

Gross National Product: the total value of goods and services 
produced by a country in a year, plus income earned by the 
country's residents from foreign investments and minus 
income earned within the domestic economy by overseas 
residents. 

G ross National Product per capita: the total GNP of a country 
divided by the rota! population. 

G roundwater: water stored underground in a permeable rock, 
e.g. chalk or sandstone. 

Growth pole: a particular location where economic development 
is focused , setting off wider growth in the region as a whole. 

Groyne: wooden or concrete barrier built at right angles to a 
beach in order to block rhe movement of material along 
the beach by longshore drift. Groynes are usually successful 
in protecting individual beaches. H owever, as they prevent 
beach material from being transported along the coast 
they can starve beaches forth er down the coast of sand and 
shingle; hence these beaches may be at increased risk of wave 
erosion. 

Hamlet: a small rural settlement that is more than just an isolated 
dwelling but not large enough to be a village. Typically it has 
11-100 people. In the UK, it may have a church and a pub 
but very little else. 

Hard engineering: any coastal ( or river) protection scheme that 
involves altering the natural environment with concrete, 
stone, steel, metal etc., for example the use of sea walls, 
gabions, groynes and revetments. Artificial structures are 
built in order to protect the natural environment from 
erosion. 

Headland: a point of land projecting into the sea, also known as 
a cape or a promontory. 

Hierarchy: the organisation and structure of settlement based on 
size and the number of fiinctions that a settlement has. At 
the top of the hierarchy are cities and conurbations. At the 
base are individual farmsteads and hamlets. 

High o rder goods/services/functions: expensive services and 
goods (comparison goods) such as electrical goods and 
furniture , that the shopper will buy only after making a 
comparison between various models and different shops. 

Hotspot: a relatively small area where magma rises through a 
continental or oceanic plate. As the plate moves across the 
hotspot a chain of volcanoes may form, e.g. the Canary 
Islands and the H awaiian Islands. 

Human Development Index (HDI ): the United Nations 
measure of the disparities between countries using life 
expectancy at birth, mean years of schooling for adults aged 
25 years, expected years of schooling for children of school 
entering age, and GN I per capita (PPP$ ). 

Humidity: the quantity of water vapour in a given volume 
of air (absolute humidity), or the ratio of the amount of 
water vapour in the atmosphere to the maximum amount 
the air can hold (relative humidity). At dew point the 
relative humidity is 100% and the air is said to be saturated. 
Condensation (the conversion of vapour to liquid) may then 
occur. 

Hurricane (tropical cyclone): a region of very low atmospheric 
pressure in tropical regions. Hurricanes originate in latitudes 
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between 5° and 20° north or south of the equator, when the 
surface temperature of the ocean is above 27°C. A central 
calm area, called the eye , is surrounded by inwardly spiralling 
winds (anticlockwise in the northern hemisphere ) ofup to 
320km/hr. 

H ydr.mlic action: the erosive force exerted by water. It is 
particularly effective on jointed rocks, especially during 
storm conditions. 

H ydrological cycle: the water cycle, by which water is circulated 
between the Earth's surface and its atmosphere. 

Hypermarket: a very large self-service store selling a wide range 
of household and other goods, usually on the outskirts of a 
town or city. 

Immigration rate: the number of immigrants per thousand 
population entering a receiving country in a year. 

Incident1.l pollution: one-off pollution incidents. 
Industrial agglomeration: the clustering rogether of economic 

activities. 
Industrial estate: an area zoned and planned for the purpose of 

industrial development. 
Infant mo rt1.li ty rate: the number of deaths of children under 

one year of age per thousand live births per year. 
Infiltration: the movement of water into the soil. The rate at 

which water enters the soil ( the infiltration rate ) depends on 
the intensity ofrainfull, the permeability of the soil, and the 
extent to whicl1 it is already saturated with water. 

Informal sector: that pan of the economy operating outside 
official recognition. 

Inner city: the area that surrounds the central business district 
of a town or city. In many cities this is one of the older 
industrial areas and may suffi:r from decay and neglect, 
leading to social problems. Inner cities are characterised 
by poor-quality terraced housing with old manufacturing 
industry nearby. 

Inputs: (1) a farm requires a range of inputs such as labour and 
energy before anything c.lse can happen; (2 ) the elements 
that are required for processes to take place. Inputs include 
raw materials, labour, energy and capital. 

Intensive farming: characterised by high inputs per unit ofland 
to achieve high yields per hectare. 

Interception: the precipitation that is collected and stored by 
vegetation. 

Internally displaced people: people forced to flee their homes 
due to human or environmental fac.tors but who remain in 
thesamecounrrv. 

Internet: a group of.protocols by which computers 
communicate. 

Involuntary (forced) migration: when people are made to 
move against their will due to human or environmental 
factors. 

Irrigation: supplying dry land with water by systems of ditches 
and also by more advanced means. 

Knick·point: an indent or abrupt change in the smooth , concave 
long profile of a river. Knick-points usually mark the location 
of a waterfall. 

Lagoon: a coastal body of shallow salt water, usually with limited 
access to the sea. The term is normally used to describe the 
shallow sea area cut off by a coral reef or a bar. 

Landfill: a site at which refuse is buried under layers of earth. 
Land tenure: the ways in which land is or can be owned. 
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Lava: molten magma that has reached the Earth's surfuce. It may 
be liquid or may ha~·e solidified. 

Least Developed Countries (LDCs): the poorest of the 
developing countries. They have major economic, 
institutional and human resource problems. 

Levl!e: raised bank found along the side of a river channel. 
Life expectancy at birth: the average number of years a newborn 

infunt can expect to live under current mortality levels. 
Linear settlement: housing that has grown up along a route 

such as a road. Many settlements show this pattern, since 
roads offer improved access to employment centres. 

Load: material transported by a river. It includes material carried 
on and in the water (suspended load ), material carried in 
solution (soluble load ) and material bounced or rolled along 
the river bed (bedload ). 

Long profile: the cross-section of a river from its source to its 
mouth. 

Longshore drift: the movement of material along a beach. When 
a wave breaks obliquely (at an angle to the beach), pebbles 
are carried up the beach in the direction of the wave (swash ). 
The wave returns to the sea (backwash) at right-angles to the 
beach ( direction of steepest slope ), carrying material with it. 
In this way, material moves along a beach. Longshore drift 
may erode beaches and form spits and bars. Attempts to halt 
longshore drift include the erection of barriers known as 
groynes. 

Loss of sovereignty: this results from the ceding of national 
autonomy to other organisations. 

Low-order goods/services/functions: items or services that 
are purchased/required frequently (convenience goods), 
such as milk or bread. People are not prepared to travel fur 
to buy such items and there is no real saving in shopping 
around. 

Magma: molten rock within the Earth. When magma reaches the 
surf.ice it is called lava. 

Managed retreat: the coastline is allowed to retreat (erode) in 
certain areas where tl1e population density or tl1e value of 
land is low, so that nature takes its course. 

Mangroves: salt-tolerant forests of trees and shrubs that grow in 
the tidal estuaries and c.oastal zones of tropical areas. 

Mass media: a section of the media specifically designed to reach 
a large audience. The term was coined in tl1e 1920s with tl1e 
advent of nationwide radio networks, and mass circulation 
newspapers and magazines. 

Mass migration: a large -scale migration between a particular 
origin and a particular destination. 

Maximum-minimum thermometer: a tl1ermometer which 
shows both tl1e maximum temperature in a given time period 
and tl1e minimum temperature in tl1e same time period. 

Meander: shaped curve in a river flowing sinuously across 
relatively flat country. 

Megacit.y: a city with more than 10 million inhabitants. In 1997 
tl1ere were 18 megacities, 13 of tl1em in developing countries. 

Megalopolis: the term used to describe an area where many 
conurbations exist in relatively close proximity. 

Mercalli Scale: a scale of eartl1quake intensity based on 
descripti,·edata. 

Microgeneration: generators producing electricity with an 
output of less than 50 kW. 

Migration: the movement of people across a specified boundary, 
national or international, to establish a new permanent place 
of residence. 

Millionaire city: a city with more than l million inhabitants. 
Mixed farming: involves cultivating crops and keeping livestock 

together on a farm. 
Monsoon rain: tl1e rainy phase of a seasonally changing pattern 

ofrainfu.11. 
Mouth: the point where a river enters the sea or a lake. 
Multiplier effect: the idea that an initial amount of spending 

or investment causes money to circulate in the economy, 
bringing a series of economic benefits over time. 

Natural hazard: a natural event that puts people, property and 
lh•elihoods at risk. 

Natural vegetation: the vegetation type that would be found 
in an area iftl1ere was no human impact. For example, tl1e 
namral vegetation of the British Isles is oak woodland, as 
that is tl1e species best able to tolerate the temperate climate 
of that part of the world. 

Newly industrialised countries (NI Cs): nations that have 
undergone rapid and successful industrialisation since tl1e 
1960s. 

Nucleated settlement: a settlement in which houses and otl1er 
buildings are tightly clustered around a central feature such 
as a church, ,illage green or crossroads. 

Optimum population: the best balance between a population 
and the resources available to it. l11is is usually viewed as the 
population giving the higl1est average living standards in a 
country. 

Organic farming: does not use manufactured chemicals and thus 
occurs without chemical fertilisers, pesticides, insecticides 
and herbicides. 

Out-of-town location: a location found on the edge of town (often 
a greenfield site) where land prices are lower, land is available 
for development, and accessibility to private cars is higl1. 

Outputs: ( 1) what a furm produces, such as milk, eggs, meat and 
crops; (2 ) the finished product or products that are sold ro 
customers. 

Overpopulation: when there are roo many people in an area 
relative to tl1e resources and the level ofteclmology available . 

Overgrazing: tl1e grazing of natural pasmres at stocking 
intensities above tl1e livestock carrying capacity. 

Overland runoff: overland movement ofwarer after rainfu.11. 
Oxbow lake: curved lake found on the floodplain of a river. 

Oxbows are caused by the loops of meanders being cut off at 
times of flood and the river subsequently adopting a shorter 
course. 

Package tour: tl1e most popular form of foreign holiday where 
travel, accommodation and meals may all be included in the 
price and booked in advance. 

Padi-fields: flooded parcels ofland used for grm,ing rice. 
Pastoral farming: invokes keeping livestock such as dairy cattle, 

beef cattle, sheep and pigs. 
Physical water scarcity: when physical access to water is limited. 
Plantation: a large furm or estate where one crop is produced 

conm1ercially, such as palm oil in Malaysia or tea in Sri Lanka. 
Plantations are usually owned by large companies, often 
multinational corporations. Many plantations were established 
in countries under colonial rule, using slave labour. 



Plunge pool: deep pool at the bottom of a waterfall. It is formed 
by the hydraulic action of the water and abrasion by the 
more resistant rock. 

Pollution: contamination of the environment. It can take many 
forms - air, water, soil, noise, visual and others. 

Population density: the average number of people per square 
kilomeue in a country or region. 

Population distribution: the way that the population is spread 
out over a given area, from a small region to the Earth as a 
whole. 

Population explosion: the rapid population growth of the 
developing world in the post-1950 period. 

Population policy: encompasses all of the measures taken by a 
government aimed at influencing population size , growth, 
distribution, or composition. 

Population pyramid: a bar chart arranged vertically, that shows 
the distribution of a population by age and gender. 

Population structure: the composition of a population, the 
most important elements ofwhid1 are age and sex (gender). 

Potable water: water that is free from impurities, pollution and 
bacteria, and is thus safe to drink. 

Pothole: small hollow in the rock bed of a river. Potholes are 
formed by the erosive action of rocky material carried by 
the river (abrasion), and are commonly found along the 
river's upper course, where it tends to flow directly over solid 
bedrock. 

Precipitation: water that fulls to the Earth from the atmosphere. 
It is part ofthe hydrological cycle. Forms of precipitation 
include rain, snow, sleet, hail, dew and frost. 

Preservation: maintaining a location exactly as it is and nor 
allowing development. 

Prevailing wind: the direction from which the wind most 
commonlr blows in a region. In the British Isles, for 
example., the prevailing wind is south -westerly, blo\\ing from 
the Atlantic Ocean and bringing moist and mild conditions. 

Primary product dependent: coLU1tries that rely on one or 
a small number of primary products for all their export 
earnings. 

Primary sector: industries that exploit raw materials from land, 
water and air. 

Pro-natalist policies: policies tl1at promote larger fumilies. 
Pro-poor tourism: tourism tl1at results in increased net benefits 

for poor people. 
Processes: ( 1) the operations tl1at take place on a furm, such as 

ploughing and harvesting; (2 ) tl1e industrial acti,ities that 
take place in a factory to make the finished product. 

Product chain: the full sequence of activities needed to mm raw 
materials into a finished product. 

Product stewardship: an approach to environmental protection 
in which manufucturers, retailers and consumers are 
encouraged or required to assume responsibility for reducing 
a product's impact on the emironment. 

Programme food aid: food that is provided directly to tl1e 
government of a country for sale in local markets. This 
usually comes with conditions from the donor country. 

Project food aid: food that is targeted at specific groups of 
people as part of longer-term development work. 

Purchasing power parity (PPP ): income data tl1at have been 
adjusted to take account of diffi:rences in the cost of living 
between countries. 
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Push and pull factors: push factors are negative conditions 
at the point of origin which encourage or force people to 
move. In contrast, pull fuctors are positive conditions at tl1e 
point of destination which encourage people to migrate. 

Pyroclastic flow: superhor (700°C) flows of ash, pumice (volcanic 
rocks) and steam moving at speeds of over SOOkm/hr. 

Quaternary sector: industries using high technology to provide 
information and expertise. 

Quota: agreement between countries to take only a predetermined 
amount of a resource . 

Rainfall: a form of precipitation in which drops of water full to 
the Earth's surface from clouds. The drops are formed by 
the accumulation of fine droplets tl1at condense from water 
vapour in the air. TI1e condensation is usually brought about 
by rising and subsequent cooling of air. 

Rain gauge: an instrument used to measure precipitation, 
usually rain. It consists of an open-topped cylinder, inside 
which there is a dose-fitting funnel that directs the rain to a 
collecting bottle inside a second , inner cylinder. 

Ranching: a commercial form of pastoral farming which involves 
extensive use oflarge areas ofland for grazing cattle or 
sheep. Ranches may be very large, especially where tl1e soil 
quality is poor. In the Amazon basin some deforested areas 
are used for beef cattle ranching. 

Range: tl1e distance tl1at people are prepared to travel to obtain a 
good or service. 

Rate of natural change: tl1e difference between tl1e birth rate 
and the death rate. !fit is positive it is termed natural 
increase. If it is negative it is known as natural decrease. 

Rate of net migration: the diffi:rence between the rates of 
immigration and emigration. 

Rationing: a last-resort management strategy when demand 
is massively out of proportion to supply. For example, 
individuals might only be allowed a very small amount of 
fuel and food per week. 

Re"u se: extending the life of a product beyond what was tl1e 
norm in the past, or putting a product to a new use and 
extending its life in this way. 

Recycling: the concentration of used or waste materials, tl1eir 
reprocessing, and tl1eir subsequent use in place of new 
materials. 

Refugees: people forced to flee tl1eir homes due to human or 
environmental fuctors and who cross an international border 
into another country. 

Relief food aid: food tl1at is delivered directly to people in times 
of crisis. 

Remittances: money sent back to tl1eir fumilies in tl1eir home 
communities by migrants. 

Renewable energy: sources of energy such as solar and wind 
power that are nor depleted as they are used. 

Resource management: the control of the exploitation and use 
of resources in relation ro environmental and economic 
costs. 

Revetment: a form ofhard engineering in which the energy 
of the waves is absorbed by wooden planks or reflected by 
concrete strucmres. 

Ria: a drowned V-shaped valley and its tributaries. 
Richter Scale: an open-ended scale to record the magnitude of 

earthquakes: tl1e higher the number on tl1e scale the greater 
the strength of the earthquake. 
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River cliff: steep slope forming the outer bank of a meander. It is 
formed by the undercutting of the river current, which is at 
its fustest when it sweeps around the outside of the river. 

Rural depopulation: population decline in a rural area. It is 
usually the most isolated rural areas that are affected. 

Rural"to-urban migratio n: the movement of significant 
numbers of people from the countryside to towns and cities. 

Rural-urban fringe: the boundary area of a town or city, where 
new building is changing land use from rural to urban. It is 
often a zone of planning conflict. 

Saltation: the bouncing of rock particles along a river bed. It is 
the means by which bedload (material that is too heavy to be 
carried in suspension) is transported downstream. 

Sand dune: a mound or ridge of wind -drifted sand common on 
coasts and in deserts. In coastal areas, sand is trapped by 
vegetation, notably sea couch grass and marram grass, to 
form stable dunes. 

Sea level: an a\·erage le\·el of the sea, between high water mark 
and low water mark. 

Secondary sector: industries that manufacture primary materials 
into finished products. 

Sector m o del (Hoyt ): a model of urban land use in which the 
various land use zones are shaped like wedges radiating from 
the central business district. 

Shanty town: unplanned, illegal shelters constrncted from cheap 
or waste materials (such as cardboard, wood, and cloth). 
Shanty towns are commonly located on the outskirts of cities 
in developing countries, or within large cities on derelict 
land or near rnbbish tips. 

Shield volcano: a gentle, low-angled volcano formed of runny, 
basaltic lava, e.g. ,\fauna Loa in Hawaii. The lava is capable 
of flowing long distances before cooling. 

Shifting cultivation: a farming system in which farmers move 
on from one place to another when the land becomes 
exhausted. The most common form is slash·and -burn 
agriculmre: land is cleared by burning, so that crops can 
be grown . After a few years soil fertility is reduced and the 
land is abandoned. A new area is cleared while the old land 
recovers its fertility. 

Site: the immediate location in which a settlement is located. 
Sirnation: the relative location in which a settlement is located. 
Shun: an area of poor-quality housing. Slums are typically found 

in parts of tl1e inner city in developed countries and in older 
parts of cities in developing countries. Slum housing is 
usually densely populated, in a poor stare of repair, and has 
inadequate services. 

Social norms: tl1e general attitudes of a population to importam 
issues such as fumily size, contraception, religion, politics etc. 

Soft en gineering: any form of coastal ( or river) protection 
that involves the use of natural means, e.g. sand dunes, 
saltmarshes, tree planting and/or beach replenishment. 

Soil: the outermost layer of the Earth's solid surface consisting 
of weathered rock, air, water and decaying organic matter 
overlying the bedrock. Soil comprises minerals, organic 
matter ( called humus ) derived from decomposed plants and 
organisms, living organisms, air and water. 

Soil erosio n: the wearing away and redistribution of the Earth's 
soil. It is caused by the action of water, wind and ice, and 
also by unsustainable methods of agriculture. 

Solution (or corrosion ): the process by which the minerals in 
a rock, notably calcium ions, are dissolved in acid water. 
Solution is one of the processes of erosion. 

Sparsely populated: areas with a low population density. 
Sphere of influence: every settlement serves a specific area for a 

\'ariet:y offimctions such as education, healtlicare, shopping 
and recreation. 

Spit: a ridge of sand or shingle connected to the land at one end 
and in tl1e open sea at the other end . It is formed by tl1e 
interruption of longshore drift due to wave refraction, river 
currents, secondary winds and/or changes in the shape of 
the coastline . 

Spring line settlem ent: a line of settlements at a site where water 
is available. 

Stack: an isolated upstanding pillar of rock that has become 
separated from a headland by coastal erosion. It is usually 
formed by the collapse of an arcl1. 

Steven son screen: a box designed to house weather·measuring 
instruments such as thermometers. It is kept off tl1e ground 
by legs, has louvred sides to encourage tl1e free passage of 
air, and is painted white to reflect heat radiation. 

Stump: an eroded stack tl1at is exposed only at low tide. 
Subduction zone: tl1e area where one plate slides beneatl1 

another, a process known as subduction. One plate (usually 
a dense oceanic plate) plunges LU1derneath a less dense 
continental plate. As it sinks, it melts and is destroyed, 
forming magma, which in mm may reach the surf.tee 
througl1 \'olcanicactiviry. 

Subsidy: financial aid supplied by the gm·ernment to an industry 
for reasons of public welfare. 

Subsistence farming: the most basic form of agriculmre where 
the produce is consumed entirely or mainly by the fumily 
who work the land or tend the livestock. If a small surplus is 
produced it may be sold or traded. 

Suburb: outer part ofan urban area. Suburbs generally consist 
of residential housing and shops of a low order (newsagent, 
small supermarket). Often, suburbs are the most recent 
growth ofan urban area. Their growth may result in urban 
sprawl. 

Super volcano: a volcano witl1 a Volcanic Explosive Index (VEI ) 
ofS or more. 

Suspension: the movement of fine -grained material, such as clay 
and silt, in a river by mrbulent flow. 

Sustainable development: a carefully calculated system of 
resource management which ensures that the current level 
of exploitation does not compromise tl1e ability of fumre 
generations to meet their own needs. 

Sus tainable to urism: tourism organised in such a way tl1at 
its level can be sustained in tl1e fumre without creating 
irreparable environmental, social and economic damage to 

the receiving area. 
Sustained pollution: longer-term pollution. 
Swash: the movement of material up the beach in the direction 

of the prevailing wind. 
System: a simation in which there are recognisable inputs, 

processes and outputs. 
Terrace: a levelled section of a hilly cultivated area. 
Tertiary sector: the part of the economy that provides sen•ices 

to businesses and to people. 



Thermal expans ion: the increase in water ,·olume due to 

temper.i.mreincrease. 
Threshold: the minimum number of people necessary before a 

particular good or service will be provided in an area. 
Tombola: a bar that links an island to the mainland. 
Total fertility rate: the average number of children a women has 

during her lifetime. 
Tourist generating countries: countries from which many 

people take holidays abroad. 
Toxic: toxicity is a measure of the degree to which something is 

poisonous. 
Traction: the movement oflarge-sized materials in a rh·er bed by 

rolling. 
Transnational corporation (TNC): a firm that owns or controls 

productive operations in more than one country through 
foreign direct investment (FDI). 

Tr.i.nspirntion: the loss of water from a plant by evaporation. 
Transport system s: the means by which materials, products and 

people are transferred from place to place. 
Tributary: a stream or river that joins a larger river. 
Tropical rainfo rest: dense forest usually found on or near the 

equator where the climate is hot and wet. The vegetation 
in tropical rainforests typically includes a canopy formed by 
high branches of tall trees providing shade for lower layers, 
an intermediate layer of shorter trees and tree roots, lianas, 
and a ground cover of mosses and ferns. 

T sunami: a wave in the water generated by an earthquake. Most 
tsunamis are generated by submarine earthquakes, volcanic 
eruptions or landslides. 

Underpopulation: when there are too few people in an area to 
use the resources available effectively. 

Underemployment: a situation where people are working less 
than they would like to and need to in order to earn a 
reasonable living. 

Urbanisation: the process by which the proportion of a 
population living in or around towns and cities increases 
through migration and natural increase. 

U rbanisation of poverty: the gradual shift of global poverty 
from rural to urban areas with increasing urbanisation. 

Urban land u se: a simplified model of the land use (such as 
industry, housing, and commercial activity) that may be 
found in towns and cities. 

Urban renewal: an urban area where existing buildings are either 
demolished and rebuilt or renovated. 

Urban sprnwl: outward spread of built-up areas caused by their 
expansion. Unchecked urban sprawl may join cities into 
conurbations. 

V"shaped valley: river \'alley with a V-shaped cross-section. 
These valleys are usually found near the source of a river, 
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where the steeper gradient means that there is a great deal 
of abrasion along the stream bed and there is more ,·ertical 
erosion than lateral (sideways) erosion. 

Vent: the cl1annel through which volcanic material is ejected. 
Village: a small assemblage ofhouses; smaller than a town or city 

and larger than a hamlet. 
Volcano: a cone-shaped mountain formed by material (magma, 

ash and cinders ) erupted from below the Earth's surf.tee. 
Voluntary migrntion: when the individual has a free choice 

about whether to migrate or not. 
Waste product: all manufucturing industries produce waste 

product which has no value and must be disposed of. Costs 
will be incurred in the disposal of waste product. 

\Vaterfall: cascade of water in a river or stream. It occurs when 
a river flows over a bed of rock that resists erosion. Weaker 
rocks downstream are worn away, creating a steep, vertical 
drop and a plunge pool imo which the water fulls. 

Water scarcity: when water supply fulls below 1000 mJ per 
person a year, a country faces water scarcity for all or part of 
the year. 

\Vatershed: a ridge or other line of separation between two river 
basins or drainage systems. 

\Vater stress: a country is judged to experience water stress when 
water supply is below 1700 m3 per person per year. 

\Vave: circular or elliptical movement of water near the surf.tee of 
the sea. 

Wave-cut platform: a gently sloping rock surf.tee found at tl1e 
base of a coastal cliff It is covered by water at high tide bur 
is exposed at low tide. It is formed by the erosion (by waves) 
ofaformerclifffuce. 

\Vave refraction: the way in which a wave changes shape and 
loses speed as it comes into contact witl1 the sea bed. If 
refraction is complete, waves break parallel to the coastline. 
If refraction is not complete, longshore drift occurs. 

Weather: day-to-day variation of atmospheric and climatic 
conditions at any one place over a short period of time. Such 
conditions include humidity, precipitation, temperature, 
cloud cover, visibility and wind, together with extreme 
phenomena such as storms and blizzards. Weather differs 
from climate in that tl1e latter is a composite of the average 
weather conditions of a locality or region over a long period 
oftime (at least 30years). 

Wet point site: a settlement with a reliable supply of water in an 
otherwise dry area. 

Xerophyte: a plant adapted to live in dry conditions. Common 
adaptations include a reduction ofleafsize, leaf hairs to 

trap a layer of moist air, water storage cells, s1mken stomata, 
and permanently rolled lea,'es or leaves tl1at roll up in dry 
weather (asinmarramgrass). 
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